
UNIT 3600 - ACID , GAS STRIPPING [RECTISOL) 

i. SCOPE 

Benzene-rich methanol and sour methanol, lrich in 

carbon dioxide and hydrogen sulfide, from Unit 2600 are 

regenerated in this unit. Benzene, a carbon dioxide 

rich stream, and a hydrogen sulfide rich stream are 

recovered from the methanol. The Unit consists of six 

Separation columns, a recycle compressor and other auxil- 

liary equipment. 

2. DESIGN CONDITIONS 

This unit is designed to regenerate the sour methanol 

for return to Unit 2600 while producing a carbon dioxide 

rich gas containing less than 5 PPM hydrogen sulfide, a 

hydrogen sulfide rich acid gas containing a minimum of 

25 mol percent hydrogen sulfide, and a liquid benzene 

fraction. 

3. PROCESS FLOW .... 

The system is shown on Process Flow Diagram #1843- 

36.00-7G. To the benzene-water-methanol mixture from 

Unit 2600 is added water from the bottom of the methanol/ 

water separator. The benzene f~action is then separated 

from the methanol-water mixture in the decanter and sent 

to Unit 1400. The methanol-water mixture is then sepa- 

rated in a simple distillation column, the water is pumped 

back to the decanter, and the methanol pumped back t6~the 

benzene wash tower in Unit 2600. Acid gases dissolved in 
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the methanol and strippedout in the separator are sent 

to the H2S rich acid gas stream. Sour methanol from 

the H2S wash tower and CO 2 wash tower in Unit 2600 enter 

the stripping columns where the dissolved methane is 

stripped off. The stripped gas is then compressed and 

sent to Unit 2600. A portion of the CO2 rich methanol 

from the stripping column is expanded. The released CO 2 

joins the CO 2 rich stream, the expanded methanol is sent 

to the H2S wash column in Unit 2600. The remainder of the 

sour methanol from the stripping columns is expanded into 

the CO 2 stripping column. In this column the CO 2 rich gas 

is purified and H2S is concentrated in the methanol. The 

CO 2 ~ich gas stream is then heated up in Unit 2600 prior 

to going to the stack. 

The H2S rich methanol from the CO 2 stripping column 

is pumped to the methanol regeneration column. The sweet 

methanol from the column is pumped to CO 2 wash tower in 

Unit 2600. The H2S rich acid gas from the column is sent 

to Unit 3200. 

8-A19s 
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4. UTILITIES SUMMARY 

Cooling Water 

Boiler Feedwater 

Steam Generated 

Steam Consumption 

* Motor Horsepower 

Air Cooler Fan Power 

Refrigeration 

Methanol Loss 

- 727 GPM 

- None 

- 830 Lbs/Hr @ 50 PSIG, Sat. 

- 18,100 Lbs/Hr @ 100 PSIG, Sat. 

- 30,500 Lbs/Hr @ 50 PSIG, Sat. 

- 4850 HP (Operating) 

- 150 HP 

- (Normal) 910 T/Hr @ (-) 50OF 

- (Max) 1140 T/Hr @ (-) 50OF 

- 135 Lbs/Hr 

* 500 HP credit for power recovery turbine Item #36.08-08. 

SPECIAL NOTE 

This design is part of LINDE AG'S RECTISOL Process. 

Due to the proprietary nature of this process, the Process 

Flow Diagram and the descriptive write-up in this report 

have been simplified and condensed. The cost estimate is 

based on a complete confidential design disclosure by 

LINDE AG, 

V-3600-3 

8-A196 



¢ ~  I ' , -  

r--,  _ j  
L ~  

I : 

- J  

(#~ I _ 
, i 

1 I " i J 

e ~ ' 
a , .  1 ~ 

I ,w, N " c =' = 
> -  

- !: ' ~ ' ,J . . . .  . . _ I ~ .  
, ( 3  p . , .  

8 - A 1 9 7  



m,. 
~ Z  
, . - ~ C  

e"a ...../ 

~.1 ,-L 

c 

Wo" 

| 

8-A178 



UNITS 4100, 4300, and 4400 - GAStIOUS WASTE TREATMENT 

1. SCOPE 

These units cover the waste treatment requirements 

for the several gaseous effluents from the Demonstration 

Plant which cannot be released" directly to the atmosphere, 

due to air'pollution standards. These gaseous effluents, 

and the plant units for their treatment, are as follows~ 

a. Ugit 4100 -Power Plant Stacb Gas Scrubb!~ ~ . 

This unit includes the equipmen~ for treatment 

of the stack gas for SO 2 removal, from the "on- 

site" I10 MW power plant, Unit 5100. Primary 

fuel for the boilers of the power plant is ap- 

proximately 60 tons/hr of spent char from the 

reactor, The char has a heat value of 9227 

BTU/lb. The char has a sulfur content of 2.74%; 

which amounts to 3288 pounds per hour of sulfur 

and results in 6570 pounds per hour of SO 2. 

Secondary boiler fuel will be "off-gas" from the 

Coal Pretreatment operation, Unit 1300. TEe volume 

of this gas is 200,890 ACFM at 140oF and 0.5 PSIG~ 

Heating value is 39 BTU~CF. The gas contains 

0.452% S02, which amounts to 8035 pounds per hour 

of SO 2 . 

Coal will be used as a supplementary boiler fuel. 

Approximately i0 tons/hr of coal will be required. 

VI-4100-1 
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b. 

The coal has a heat value of 12,670 BTU/LB (LHV), 

and a sulfur content of 4.42%.' This amounts to 

885 pounds per hour of sulfur, and results in 1770 

pounds per hour of SO 2. 

The power plant flue gas will amount to approxi- 

mately 843,900 ACFM, at 300OF and 14.2 PSIA. The 

flue gas will contain 0.286% SO2, which amounts to 

16,200 pounds per hour of SO 2. The gay volume is 

calculated on the basis of 33% excess air. 

Unit 4300 - Incineration and Tail Gas Treatment 

c. 

from the Claus Sulfur Recovery Plant 

This unit includes the equipment for treatment (by 

incineration and scrubbing) of the H2S and SO 2 gas- 

eous tail gas effluents from the Claus sulfur re- 

covery plant, Unit 3200. The volume of the flue 

gas from this incinerator will be 26,230 ACFM, at 

750°F and 16 PSIA. The flue gas will contain 1.13% 

of SO2, which amounts to 1,410 pounds per hour Of 

SO 2 • 

Unit 4400 - Limestone Slurry Supply 

This unit includes the equipment for limestone re- 

ceiving and storage, grinding, slurrying, pumping, 

and disposal of the gypsum by-product. 

The primary concern in the treatment of these gas- 

eous effluents will be to design waste treatment 
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facilities for removal of sulfur dioxide [SO 2) --- 

to acceptable limits for atmospheric' discharge, 

from these two gas streams. Removal of the H2S 

in the Claus plant tail 9as will be by combustion, 

to form SO 2, and subsequent scrubbing with the 

balance of the SO 2. 

2. DESIGN CONDITIONS 

A. Air Pollution Standards 

. Federal and State Standards 

It will be requited that proper equipment and 

systems be applied to any and all emissions which 
/ 

exceed the limits established by the Environmen- 

tal Protection Agency of the Federal Government. 

At the present tZme these requirements have not 

been definitely established, and have only recent- 

ly been promulgated I by the EPA. The States were 

requested to make definitive replies on the "plan 

for implementation, maintenance and enforcement ... 

of the standards ... etc., ''2 by January 30, 1972. 

if: Ambient Air Quality Standards 

Federal Register 4/30/71 
Volume 36 No. 84 
PP 8186-8201 

Standards of Performance for 
New Stationary Sources 

Federal Register 12/23/71 
Volume 36 No. 247 
PP 2-4876-24895 

2Ref: Requirements for Preparation 
Adoption & Submittal of 
Implementation Plans 

f 

Federal Register 8/14/71 
Volume 36 No. 158 
PP 15486-15506 

Federal Register 10/23/71 
. Volume 36 No. 206 

P 20513 
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It should be pointed out that the federal standards 

will be the minimum requirements. Any given State 

may establish criteria which are more severe than 

the federal standards. 

NOTE: 

Minimum standards will be established for the 

emission to the atmosphere of: 

- Sulfur Oxides 

- Particulate Matter 

- Carbon Monoxide 

- Nitrogen Dioxide 

- Photo-Chemical Oxidants 

The State of Illinois Environmental Protection Agency 

has not announced a date when Illinois standards will 

be finalized. However, tentative standards are as 

follows: 

(See Pollution Control Board R-71-23. The CO figure 

was received verbally.) 

Visual Emission Standard 
1.0 Ringelman 

Particulate Emission Standard 
0.i0 Lbs Particulate/Miilion BTU of Actual Heat Input 

Sulfur Standard 
1.20 Lbs SO2/Million BTU of Actual Heat Input 

Carbon Monoxide EmissiQn Standard 
200 PPM (Corrected to 50% Excess Air) 

Nitrg@en Oxides Emission Standard 
0.70 Lbs NOx/Million BTU of Actual Heat Input 

The above is predicated on a boiler size greater than 

250 Million BTU/hr. 

VI-4100-4 
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. State of the . Technology 

It is generally considered that methods and equip- 

ment are now available for particulate removal from 

most gaseous effluents. However, now with the in- 

creased interest in pollution from other contami- 

nants, particularly SO 2 removal from stack gases, 

new methods are being considered for dust control in 

conjunction with gas pollution control. Wet scrubbing 

systems for SO 2 removal are also capable of particu- 

late removal although they impose higher pressure drop 

on the flue gases when designed to perform both func- 

tions, than when used with an electrostatic precipitator. 

At the presen~ time, there are no full-scale "commer- 

cially proven" methods for SO 2 removal from stack ga§es. 

However, due to the tremendously expanded interest in 

emission control of all kinds, particularly of SO 2 gases, 

numerous processes are being developed at this:time. 

Several large, experimental pilot plant installations 

are being installed for testing and evaluation purposes 

for stack gas cleaning in power plants. Similar work 

is being done in other industrial plants such as refin- 

eries, sulfuric acid manufacturing, and the metal ore 

smelting industries. A large number of other new tech- 

nologies are still in the design stage. Results of 

some of the early large test work will become available 

during 1972. 

VI-4100-5 
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B. Methods of Air Pollution Control 

i. Particulate Removal 

System design and equipment required for particu- 

late removal from gaseous effluents is well under- 

stood and offers few problems in reaching removal 

efficiencies in excess of 99% (by weight). Elec- 

trostatic precipitators and/or scrubbers, properly 

sized,will meet any reasonable criteria set by EPA 

and/or the State of Illinois. 

2. SO 2 Removal 

With the present state of the technology for S02 

removal, there are two principal methods that are 

currently being considered by many industrial and 

utility plants. These are: 

I. Recovery Methods (Systems for the Recovery 

and/or Production of): 

a. Elemental Sulfur 

b. Sulfuric Acid 

2. Throw-away Methods (Systems which require 

disposal of a by-product called gypsum, 

or spoil): 

a. Lime Slurry Scrubbing 

b. Limestone Slurry Scrubbing 

In general, recovery systems require high capital 

costs. This can be offset somewhat by the sale of 

the sulfur or sulfuric acid produced. However, the 
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market price of sulfur is not presently economic- 

ally attractive, and this situation is not expected 

to improve. In addition, freight rates may contri- 

bute to the marginal profitability of the sale of 

the sulfur or sulfuric acid. 

One bigadvantage of the recovery methods, however, 

is the minimizing of the solids or by-product gyp- 

sum which must be hauled away, or removed to a near- 

by land fill. Thus, both material handling and 

real estate costs are minimized with recovery meth- 

ods. Despite this advantage of recoverysystems, 

however, it is believed that the throw-away methods 

portend to be the best overall system in view of 
# 

present-day technology. These methods involve lower 

capital cost, lower operating cost~, and are feasible 

for plants located in less populated areas, and where 

nearby land fill is available. 

For the throw-away method, there are two principal 

raw materials available for effecting the gas-liquid 

reaction - these are lime slurry or limestone slurry 

for use in a gas scrubbing system. Removal efficien- 

cies well above,90% can be obtained with lime slurry 

and removal up to 90% is possible with limestone 

slurry. Although lime is more effective and smaller 

quantities are required, the cost is high - i.e., 
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on the order of $20 per ton, delivered. In con- 

trast, limestone is quite generally available and 

delivered costs range from $4 to $12 per ton. For 

comparative purposes, and for these percentages of 

SO 2 removal, operating costs of a limestone scrub- 

bing system are approximately 50% of a lime system. 

Capital costs are essentially equal. 

Description of Operation 

A. Typical LimestoneSlurry Scrubbing System 

A typical limestone slurry scrubbing system is 

shown in Figure i, attached. 

The gas, which may consist of any combination 

of power plant flue gas, and incinerated Claus 

tail gas enters the cooling section of the scrub- 

ber. Here the gas is brought to an adiabatic 

saturation temperature (which normally ranges 

from II5°F to 135°F). Fly ash is also removed 

in this cooling process, which is done by spray- 

ing with recycle liquor and fresh water. 

The saturated gas then enters the absorption 

section of the scrubber, in which the SO 2 content 

of the gas is reduced. The main reaction taking 

place in the absorption section of the scrubber 

is .as follows: 

2Ca C03+2SO2+2H20 ~ Ca (HS03) 2 +Ca (HC03) 2 

A stoichiometric excess of 50-60% limestone is 

assumed. 

VI-4100-8 
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B. 

A Recondnr 7 rr.acl 1orl which may tako place is: 

CaS()3~02 ~ CaS04 

The extent of this reaction will range from 

10-50% of the CaSO 4 produced. 

This reaction has no effect on the SO 2 removal, 

however, the CaSO 4 may cause scaling problems. 

In order to prevent this scaling, the slurry con- 

centration in the scrubber recycle stream is kept 

to 5-10% and provides sufficient seeding of the 

supersaturated solution of CaSO 4 that may be formed 

in the scrubber. The desupersaturation of the 

CaSO 4 solution occurs in the recycle tank. 

The effluent slurry flows to the thickener, o~ 

settling pond. 

The thickener underflow, which contains 30% solids 

is pumped to a vacuum filter in which filter cake 

containing 60% solids is formed, and then sent to 

disposal. The moisture contained in the filter 

cake is normally sufficient blow-down for the en- 

tire system, and no additional liquid purge is 

necessary. 

The thickener overflow is returned to the scrub- 

bing system. 

Scrubbing System for Demonstration Plant 

A limestone slurry scrubbing system is proposed 

for the effluent gases of Units 4100 and 4300. 

VI-4100-9 

8 -A Z07 



It is not practical to send the gases to be 

treated to a central scrubbing system. There- 

fore, a common central location, Unit 4400, for 

receipt, storage and processing of the limestone 

raw material seems more economically attractive, 

with the scrubbers located near the gas source. 

Auxiliary equipment such as grinding equipment, 

mixing tanks, makeup tanks, pumps, etc. for 

slurry preparation and handling, as well as facil- 

ities for the disposal of the by-product gypsum 

or spoil, will be located at this central loca- 

tion. 

The system is shown schematically in Figure 2, 

attached. 

The system for the Demonstration Plant will re- 

quire approximately: 

Limestone - 22 Tons/Hr, 93% limestone 

Makeup water required = 320 GPM 

The gypsum, or spoil, for disposal from 

the system (CaSO 3 x 2H20, CaSO 4 x 2H20, 

CaCO 3, etc.) - and moisture will amount 

to 53 Tons/Hr. 

VI-4100-10 
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UNIT 4500 - FOUL WATER DISPOSAL 

I. SCOPE 

This unit covers the waste treatment requirements for 

the several liquid effluents from the Demonstration Plant 

which cannot be released directly to natural waterways, 

due to water pollution standards. These liquid effluents, 

and the facilities requi~ed for their treatment, are as 

follows. The various liquid effluents and treating systems 

-'are shown on Figures i, 2, and 3, attached, 

a. Unit 5300 - cooiin~ Tower. Blowdown 

Approximately 800 GPM is discharged from the cool- 

ing towers as a control for dissolved solids build- 

up. Dissolved solidsconcentration (magnesium and 

calcium salts, and silica) is estimated at i000 PPM. 

Where a chromate corrosion inhibi£or is used in con- 

junction with cooling tower water conditioning, then 

a chrome treatment facility is required. This fa- 

cility will reduce hexavalent chrome (estimated at 

20 mg/1) to tri-valent chrome and precipitate'out a 

chromic hydroxide by the addition of lime. Hexava- 

lent and t~i-valent chrome must be removed prior to 

discharge to a natural waterway, and cannot be dis- 

charged to the biological treatment system due to 

the toxic effect of chrome on the biological popu- 

lation. The total cooling tower blowdown of 800 GPM 
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b. 

is treated to prevent contamination of surface 

and ground water with chrome. 

A portion of the treated cooling tower blowdown 

is used in the limestone slurry system, Unit 4400. 

The remainder of the treated blowdown will be dis- 

charged with the final effluent of the biological 

system. 

Unit 1300 - Coal Pretreatment Off-Gas Condensate 

C. 

Approximately 47 GPM of condensate (containing no 

~pollutants) is produced, all of which is used in 

the limestone slurry system. 

Unit 1600 - Char Recovery Centrifuge Centrate 

Approximately 495 GPM of highly contaminated Waste- 

water is discharged from these centrifuges. This 

wastewater contains high concentrations of ammonia, 

hydrogen sulfide and various hydrocarbons. (Approx. 

composition: NH3-1654 mg/l, H2S-368 mg/l, Benzene- 

210 mg/l, Toluene-155 mg/l, Naphtha-40 mg/l, Phenol- 

10 mg/l, Creosol-0.3 mg/l, Oils-21 mg/l, and sus- 

pended solids-30 mg/l.) 

Stripping of the ammonia and hydrogen sulfide is 

required to reduce the concentrations of these con- 

taminants to 100 PPM each, so as to render the 

• remaining concentration amenable to economical and 

'efficient biological treatment. 
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d. 

e. 

f. 

Unit 3500 - Ammonia Separation (PHOSAM) 
Stripper Bottoms ..... 

Approximately 38 GPM of highly oontaminated 

wastewater is discharged from the ammonia strip- 

per. This wastewater is high in ammonia (apprgx- 

imately 954 mg/l) and caustic ~a0H) (approximately 

1496 mg/l 0) and must be stripped further prior to 

subsequent biological treatment. The caustic con- 

tent will aid in the stripping of ammonia. This 

wastewater will be combined With the centrate from 

char recovery prior to stripping. 

Units 2600 & 3600 - (Rectisol) 
Methanol Separator Bottoms 

Approximately 0.2 GPM (with approximately 100 mg/l 

Methanol) will be discharged from these units at a 

pH of approximately 6-6.5. This discharge will be 

combined with the bottoms from the ammonia stripper 

(approximately 533 GPM) for subsequen£ treatment in 

the biological treatment system. 

Unit 5200 -Power Plant Water Treatment Regeneration 
and Backwash Water Discharges 

Approximately 36,000 gallons of regeneration Water 

will be discharged from the power plant water treat- 

ment facilities once each day. This discharge will 

take place over a time interval of one (I) hour 

(average discharge rate = 600 GPM) and will be col- 

lected in a holding tank which will also collect the 
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g. 

water softener backwash water. The contents of 

this tank will then be pumped out at a controlled 

rate, to be combined with the ammonia stripper 

bottoms prior to biological treatment. Approxi- 

mately 168,000 gallons of water softener backwash 

water will be discharged to the above sump three 

times per day. The duration of this discharge will 

also be approximately one hour (average discharge 

rate = 2800 GPM). The total combined discharge from 

the sump will be approximately 570 GPM which will 

allow for increases in volumes or frequency of 

occurrence for the above discharges. Total dissolved 

solids content of this stream is estimated at 1000 

PPM. 

Process Units and Boiler Steam Blowdown 

A total of approximately 206 GPM will be discharged 

from various steam generating facilities in the 

plant. These waters will contain dissolved solids 

and be at elevated temperatures. (Dissolved solids 

content of these streams are approximately: Process 

Units Steam B. D.-4000 PPM; EG Boiler B. D.-3000 PPM; 

and H. P. Process Boiler B. D.-2000 PPM.) 

These discharges will combine with the final efflu- 

ent of the biological system prior to discharge to 

a natural waterway. 

VI-'4500-4 
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. REGULATORY AGENCY STANDARDS 

The design of the Foul Water Disposal System, Unit 

4500, will be required to meet the standards of the 

State of Illinois. 

These standards are covered in a publication en- 

titled, "TECHNICAL RELEASE 20-22" - Second Edition 

(Revised April l, 1968) of the Illinois Pollution 

Control Board. These standards cover Sewage and Indus- 

trial Waste Treatment, Requirements and Effluent Criteria. 

The complete standards are too lengthy to be included 

in this report, however, certain excerpts are included 

below to illustrate the nature of these requirements. 

Technical Release 20-22 - Second Edition 

Revised April I, 1968. 

i. 

INDUSTRIAL WASTE TREATMENT 

All industrial facilities for treatment of deoxygenat- 

ing waste shall provide at least'secondary biological 

treatment, or advanced waste treatment adequate to re- 

duce the organic pollution load of the treatment works 

effluent at the final treatment structure to a maximum 

of 40 mg/l of five-day BOD and 45 mg/l suspended solids, 

or less. (Guide lines to limit of ranges are noted 

below 2 . Final treatment structure may be considered to 

be the last point of access before discharge to waters 
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of the State. This would permit the use of non-pol- 

luted industrial water for dilutlon after waste treat- 

ment. Effluents shall meet all criteria expressed in 

item 2. 

All facilities for the treatment of municipal wastes, 

industrial wastes or other wastes shall provide for the 

fo 1 lowing : 

a) Substantially complete removal of settleable solids 

and removal of suspended solids to a maximum efflu- 

ent content of 45 mg/l. 

b) Removal of floating debris, oil, grease, scum or 

sludge solids. 

c) Removal of color, odor or turbidity to below ob- 

vious levels. 

d) Removal of heavy metals or toxic and odor-producing 

substances in accordance with the minimum levels 

listed below. 

CHEMICAL CONSTITUENTS 

Effluents as discharged to waters of the State are not 

to exceed the following specific concentration at any 

time: (More restrictive limits may be imposed by the 

Sanitary Water Board for all or portions of specific 

streams or for specific discharges). 

8-AZI4 
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Constituent Concentration m~/l 

Ammonia Nitrogen (N) Not to increase 
stream content 2,5 

*Arsenic 1.0 
*Barium 5.0 
*Cadmium 0.05 
*Chromium-Hexavalent 

(Chromate or Dichromate) 0.05 
*Chromium-Trivalent 

(Chromic or Chromite) 1.0 
*Copper 0.i 
Cyanide Reduced at leas~t to Cyanate 

and approach zero as CN. 
Iron (Total) Free of color, 

floating or suspended iron. I0.0 
*Lead 0.1 
Nickel 2.0 
Nitrate (as NO 3) 45.0 
Oil Substantially free of visible 

floating oil and not to exceed 15.0 
pH 6.6 - i0.0 
Phenols 0.2 
*Selenium 0.01 
*Silver 0.05 
*Zinc 1.0 

*Heavy Metals 

0.025 

Dissolved solids added to water supply: Not to exceed 

750 mg/l as a monthly average value, nor 1000 mg/l at 

any time. 

STORAGE FACILITIES 

Storage facilities for materials which are hazardous to 

health and welfare, and for oils, gases, fuels or other 

materials capable of causing water pollution, if acci- 

dentally discharged, shall be locatedso as to minimize 

or prevent any spillage which might result in water pol- 

lution. Engineering measures to entrap spillage, such 

as catchment areas, relief vessels, or entrapment-dikes, 
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Type 
Treatment 

Secondary 

Secondary 

Secondary 

Tertiary 

Advanced 

should be installed at existing facilities and shall 

be installed at all new facilities so as to prevent 

accidental pollution of water, and shall be required 

following any'such occurrence of pollution of water. 

GUIDELINES REGARDING RANGE OF TREATMENT 

Hereafter, secondary treatment is required on the 

Mississippi, Ohio, and Wabash Rivers. Secondary treat- 

ment resulting in effluents ranging from 20 to 30 mg/l 

five-day BOD and 25 to 35 mg/1 suspended solids is ac- 

ceptable on the Illinois River and lower Des Plaines 

River. Tertiary (or other advance treatment) or modifi- 

cations of conventional treatm'ent will be specified for 

all intermittent streams ahd small or low flow streams. 

Permissive Treatment & Effluent Requirements 
'Based on Average Strength Municipal Wastes 

Effluent 
BOD Effluent Suspended Type Stream 

Reduction BOD Solids Facilities Requirements 

80% 40 mg/1 45 mg/1 Biological Lake Michigan, 
Mississipi & 
Ohio Rivers 

85% 30 mg/l "35 mg/l Trickling 
Filter 

Illinois and 
lower Des Plaines 
Rivers 

90% 20 mg/1 25 mg/l * 
• Activated Sludge (or trickling filter 

& supplemental treatment) 

2 to 1 dilution 

95% 10 mg/1 13 mg/1 Secondary + 1 to 1 
Supplemental dilution 

98% 4 mg/1. 5 mg/l Series 
Units 

Less than 1 to 1 
dilution 
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Disinfection with up to 1 mg/l of chlorine residual 

in the final effluent discharged to the stream to 

reduce coliform to 5000/100ml or less, or reduce 

fecal coliform to 400/100ml in primary contact rec- 

reation areas or to 2000/i00mi in secondary contact 

recreation areas. 

Bypass flows in excess of waste treatment works papa- 

city shall be given primary treatment, and chlorina- 

tion in auxiliary facilities. 

O 

INDUSTRIAL RESIDUE 

Waterborne industrial residues generally require treat- 

ment before dlscharge to a watercourse. This may in- 

clude cooling waker and boiler blowdown water. A review 

of treatment method and design of facilities by the 

Illinois Sanitary Water Board, and a PERMIT for the con- 

struction or use of any new or expanded waste treatment 

works or use of any new outlet for the discharge of any 

wastes directly into the waters of the State, is re- 

quired by the Sanitary Water Board Act (Chap. 19, Para. 

J 145.11, iii. Rev. Stat.). A PERMIT is also required 

for increase in the discharge of wastes directly into 

the waters of the State. 

Policy, under the Act, is to provide that no waste be 

discharged into any waters of the State without first 

being given the degree of treatment necessary to prevent 
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the pollution of such waters. Because of the diverse 

nature of industrial waterborne residue, each proposed 

installation has been considered on its own merit with 

regard to the nature and strength of the waste and the 

use and capacity of the receiving waters of the State. 

In general, this will continue to be the case and con- 

ferences with the Sanitary Water BoardYstaff are desir- 

able during the planning and design phases of waste 

reduction mr treatment facilities. Certain basic para- 

meters or criteria have been followed by the staff over 
o 

the years. Many of these were discussed at conferences 

and in correspondence, while a few have been incorpor- 

ated into Technical Releases. These include TR 20-11, 

Basic Industrial Waste Disposal Requirements; TR 20-12~ 

Mine Drainage Control Measures; TR 20-18, Basic Waste 

Disposal Requirements for Des Plaines, DuPage, Fox, 

Kankakee and Rock Rivers; TR 20-19, Rules and Regula- 

tions Regarding Cyanide; TR 20-20, Basic Waste Dispos- 

al Requirements for Illinois River; TR 20-21, Water 

Works Effluents; and TR 20-23, Bioassays. 

VI-4500-10 

8-AZI8 



3. DESCRIPTION OF TREATMENT PROCESSES ", 

a. Ammonia Strippe r 

Approximately 533 GPM of high NH 3 content wastewater 

will be stripped in the ammonia stripper (to 100 PPM 

NH3]. using 50 PSIG steam. The stripper bottoms will 

Undergo subsequent treatment in the aerated lagoon 

and biological treatment system. (The additional am- 

monia stripping could be done in Unit 3500, the source 
z 

of this stream. However, for purposes of this study 

it has been included in Unit 4500.} 

b. Aerated. Lagoon 

This lagoon is designed to treat approximately 1.6 

million gallons per day (1104 GPM) with a detention 

time of approximately two days. The lagoon volume is 

3.2 million gallons and has an area of approximately 

one acre. The lagoon will have a water depth of 

approximately 10', which will permit the use of 

floating aerators. Approximately three (3) floating 

aerators are required to aerate the water for cooling 

purposes and to raise the dissolved oxygen content for 

biological treatment. 

i 
c. Biol0gical Treatment System 

This system is a two-stage activated sludge system using 

an enriched oxygen atmosphere. The first ,stage removes 

H2S and BOD 5 (biochemical oxygen demand - organic 

material). The second stage removes NH 3. The H2S is 

converted to sulphites and/or sulphates, 

8-AZ19 
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organic material is converted to biological cell 

mass, water and CO 2 and the NH 3 is converted to 

nitrates. The only difference between this system 

and a conventional activated sludge system is the 

use of oxygen instead of air, the covering of the 

activated sludge tanks and the internal partition- 

ing of the activated sludge tanks. Wasted sludge 

will be oxidized in aerobic digestion tanks using 

the waste gas from the activated sludge tanks. 

FUTURE RECIRCULATION SYSTEM 

It is possible that at some future date it would be 

desiraSle for the treated effluent to be recycled back 

to the plant water supply. Normally, the volume of 

treated wastewater to be recycled would be approximately 

31% of the total average water demand. The recycle ratio 

of treated wastewater to intake water supply required to 

meet the average demand would be approximately 1:2 (1700 

GPM of treated wastewater to 3700 GPM of intake water to 

satisfy approximately a 5400 GPM average demand). 

Exactly how much wastewater would require treatment, 

and the degree of treatment required would depend on the 

intended use for the treated water. 

8 -,%220 
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UNIT 4700 - SPENT CATALYST DISPOSAL 

I. SCOPE 

Under this unit number, previously assigned for 

the Phase I report, are the equipment necessary for 

disposal of spent catalysts from Units 2400 (Shift) 

^ and 2800 (Methanation), and spent reagent from Unit 

27.00 (Sulfur Cleanup Guard Beds). 

It now seems unnecessary that a special unit 

number was assigned to this function, since no spe- 

cial capital equipment is required for this purpose. 

The job of disposing of spent Catalyst will be done 

every one or two years, as required, during the 

annual turnaround, using otherwise idle trucks and 

manpower. 

It is assumed these wastes can be dumped along 

with the much larger quantities of ash from the power 

plant, Unit 5100, and gypsum from the limestone 

slurry scrubbing system, Unit 4400. 

2. DESIGN CONDITIONS 

a. Shift Conversion Fore-bed. (Unit2400) 

Once-per-year replacement. 

b. Shift Conversion After-bed. (Unit 2400) 

Biennial replacement. 

8-AZZI 
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c. Guard Chamber Beds (Unit 2700) 

Zinc Oxide replaced and regenerated by 

seller at his plantsite once every two 

years. 

d. Methanation Catalyst (Unit 2800) 

Predictions as to catalyst life are very 

ancertain, but for purposes of this report 

Stage I is assumed to be replaced annually, 

and the other three stages biennially. 

The grand total amounts to approximately 60 tons per 

year of spent catalyst which must be disposed of. This is 

negligible compared with the i000 tons per day of gypsum 

and a minimum of 600 tons per day of ash, which must be 

disposed of. 
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UNIT 4800 - AS}{ HANDLING 

1 • SCOPE 

(Not___~e: This ash handling system is designed for the 

large bo$1er serving the "EG" unit and for the high pressure 

process steam boiler.) 

The ash handling system continuously collects and 

stores the furnace bottom ash in a water filled slag tank 

located under each boiler furnace. The stored slag is then 

periodically sluiced to a dewatering bin. 

This syst=m is essentially a closed loop, recirculating 

type system which minimizes the consumption of water. 

Peniodically the collected ash is discharged from the 

slag tanks and the ash and water slurry is pumped to one 

of the two dewatering bins which may be located up to 

several thousand feet from the power plant. 

After conveying, water is drained from the ash in the 

dewatering bin, and commercially dry slag ash is then dis- 

charged to trucks or railroad cars for disposal by return 

to the nearby mine. While the dewatering bin is being 

dewatered, and then emptied of ash, ash from the slag 

tanks is conveyed to the other dewatering bin. 

Fly ash Will be collected in the boiler dust collectors, 

and electrostatic precipitators, and conveyed to a dry 

storage bin for disposal. Or, fly ash might be collected 

in the stack gas scrubbing system, Unit 4400, used for 

SO 2 removal. 

8-AZZ3 
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. DESIGN CONDITIONS 

The sizing of equipment and the system arrangement 

is based on the following design conditions and assump- 

tions: 

a. The power plant for the Demonstration Plant 

will utilize one (i) large, slagging type 

boiler for furnishing the steam for electric 

power generation for the "EG" unit, and (i) 

high pressure boiler for furnishing process steam. 

b. Total ash produced is estimated at approximately 

26 T/HR, or 624 T/Day. Required conveyor capa- 

city from each slag tank will be approximately 

80 T/HR, and ash will be discharged sequentially 

from each tank. Total conveying time Will be 

approximately 8-hours per day, 4-hours from 

each slag tank. 

: VI-4800-2 
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PROCESS FLOW DESCRIPTION 

The system is shown on Figure I, attached. Follow- 

ing is a brief description of the operation: 

The slag tanks are floor mounted beneath the boiler, 

and a pressure seal which allows movement between the 

boiler and slag tank is accomplished with a water filled 

seal trough for the slag neck connections fastened to 

the lower part of the furn'ace. Molten ash discharges 
• ¢ 

into the slag tanks from the furnace bottom in a contin- 

uous stream. 

The water filled slag tank is furnished with a main - 

tained level control. High pressure agitating jets con- 

tinuously agitate the water surfaceat the point of molten 

ash entry into the water. Thermal shock and the water 

agitation cause the molten ash to fracture and soiid~fy 

into slagparticles. The slag is collected in the tank 

until periodically discharged. 

A continuous recirculation pump furnishes water make- 

up to the slag neck water seal trough, and the slag tank 

water level controls. 
\ 

A separate booster pump furnishes water at I00 PSIG 

for the continuously operating high pressure agitating 

jets. 

The water introduced into the slag tank during non- 

conveying periods overflows the tank into a sump pit, 

from which pumps circulate it back intothe settling tank. 

8-AZZ5 
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The settling tank and surge tank are designed to 

promote the settlement of fines, which collect in the 

tank bottoms and are periodically removed with sludge 

pumps to the dewatering bins. 

At periodic intervals, probably once a day, the col- 

lected slag is emptied from the slag tanks, and the ash 

water slurry is pumped to one of the dewatering bins, as 

pre-selected. The slag is discharged through a hydrauli- 

cally operated gate in the bottom of the slag tank, through 

a power driven clinker grinder, and into the suction pip- 

ing of the ash sluice pump. The conveyor recirculating 

pump is used during the conveying operation. 

The ash deposited in the dewatering bin settles to the 

bottom, and the conveying water overflows, with a minimum 

of slag carryover, into the settling tank, "and then into 

the surge tank. These tanks are large enough so that the 

water velocities are low, and allow settling-out of any J 

fines carried out of the dewatering bin. 

Ash is conveyed into one bin for a day, and in the 

meantime, the other bin is first dewatered, and then the 

commercially dry ash is loaded into trucks or railroad cars 

for ~isposal. Dewatering requires several hours, as the 

discharge velocity must be kept low to prevent carryover 

of slag particles. 

Unloading the slag requires several hours, depending 

on the size of the disposal vehicles and the speed with 

which they can be moved in and out. 
, o 
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UNITS 5100, 5200~ 5300 - WATER & STEAM UTILITIES 

1 .  

. 

! 

SCOPE 

These:units cover the power plant, iwater treatment, 

and cooling tower requirements for the Demonstration 

Plant. The basic design described for the plant includes 

an "in-plant" boiler-turbine-generator set of 110,000 KW 

net capacity, for furnishing the electrical requirements 

for the Electrothermal Gasifier (EG)unit of the main coal 

gasification reactor. 

Purchased power has been assumed for other plantre- 

quirements. Process steam is furnished from a separate 
k 

high pressure boiler. 

In the event ~he plant location requires generation of 

"in-plant" electric power for all plant requirements, a 

second turbine-generator set, of approximately 40,000 KW 

capacity, will be required for operating and plant start-up 

requirements. 

DESICN CONDITIONS 

A. Design Basis 

The design basis for the supply of electrical energy 

to the HYGAS Demonstration Plant is two-fold, namely: 
Z 

i. Electric power for the EG Section of the main 
( 

gasification reactor (15.06-01) will be fur- 

nished from an "in-plant" boiler-turbine-gener- 

ator utilizing spent reactor char as primary 

fuel, pretreater "off-gas" from Unit 1300 as a 

\ 
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secondary fuel, and supplementary coal as • 

required. " 

(Note: Final determination as to the feasi- 

bility of using the low BTU pretreater "off- 

gas" as boiler fuel, together with spent char, 

remains to be confirmed.) 

An estimated 116 MW capacity is required for 

the EG Section, including associated auxilia- 

ries and controls. 

All other electric power requirements for Pro- 

cess Plant drivers and off-site equipment is 

supplied from an outside source (purchased 

power.) 

The "in-plant" electric generation system con- 

sists of a superheat-reheat type steam boiler- 

turbine-generator operating at 1800 PSIG, 1000OF/ 

1000°F, steam conditions, and 3.5" Hg. turbine 

exhaust pressure. 

The system is designed to utilize available 

heat from the process units for feedwater heat- 

ing, in order to provide increased plant effi- 

ciency. Additional work is required for the 

design presented in this report, to maximize 

such process heat availability. Of course, an 

economic balance must be achieved between 

VII-5100-2 
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B. 

additional plant capital investment, and the 

utilization of low level process heat avail- 

able for this purpose. Except for boiler feed- 

water, blowdown, residual process heat absorp- 

tion and emergency power requirements, the "in- 

plant" electrical generation unit will be oper- 

ated as an isolated power generating unit solely 

for supplying the requirements of the EG section. 

- As an alternate to the above, and if purchased 

i power is not available, "in-plant" generation 

of process and off-site electrical energy re- 

quirements will be required. However, this 

alternative is not covered in this study. The 

purchased power requirement is estimated at 

approximately 40,000 KW. , ° 

BOILER FOR PLANT STEAM REQUIREMENTS 

Plant process steam is generated in a separate H. P. 

process boiler to supply requirements for both 1250 PSIG 

1000 ° superheated, and 1250 PSIG saturated steam. The 

operating capacity for this boiler is estimated at 

400,000 pounds per hour of which ii0,000 pounds per hour 

~will be saturated steam. However, since the saturated 

steam produced supplements steam generated in the main 

reactor water jacket, this boiler is sized for additional 

steaming capacity for start-up conditions of 500,000 Lb/Hr. 

VII-5100-3 
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C. WATER SUPPLY & WATER TREATMENT 

Inasmuch as a site has not been selected, data 

regarding the quality of the local water supply is 

not available. As a result, specific water condi- 

tioning and water treatment requirements cannot be 

specified. It has been assumed that feedwater for 

the high pressure boilers should be high quality de- 

mineralized and deionized water. Softened water will 

be supplied to the low pressure (250 lb. and lower) 

process steam generators, and for cooling tower makeup. 

On this basis, the estimated demineralized (deionized) 

water requirement is 1130 GPM and the estimated softened 

water is 4100 GPM. Allowances for demineralizer and 

water softener regeneration, backwash, and rinse increase 

the utility and process units water supply to an esti- 

mated requir@ment of 5653 GPM. This figure indicates 

that a water supply of approximately 5700-6000 GPM is 

needed for the Demonstration Plant, considering the 

additional requirements for personnel, sanitary facil- 

ities and fire protection. 

Since specific information on water supply is not 

'available, it has been assumed that cold (70°F or less), 

clean water will be available to the Battery Limits at 

a nominal pressure of 35 PSIG. Requirements for develop- 

ing this water source, water pretreatment and clarifica- 

tion, treatment for potability, etc., are not included 
-4 

in this report. 

VII-5100-4 
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D. 

Since the "in-plant" electric generating boiler 

turbine-generator is essentially "self-contained", 

high quality demineralized water is supplied to the 

turbine condenser for makeup and will be deaerated 

and heated along with the condensate returned to the 

1800 PSIG boiler. Demineralized boiler feedwater to 

the 1250 PSIG process steam boiler will be deaerated 

and heated in a separate deaerator. The latter will 

be supplied with "clean" 50 PSIG steam which is gener- 

ated in a selected process heat exchanger (Unit 2800) 

using demineralized boiler feedwater as makeup. 

A separate deaerator is provided to supply makeup 

water to low pressure* (250 PSIG, 105 PSIG, and 50 PSIG) 

steam generators in the process units. Water to these 

systems is softened and suitably treated for low pressure 

steam generation. Softened water is also supplied to 

cooling towers for makeup. 

PROCESS STEAM GENERATION 

i. 1250 PSIG STEAM 

Saturated, 1250 PSIG steam will be generated 

in the main reactor water jacket (Unit 1500) to 

provide reactor cooling, and this ~ t~rll also supply 

process steam requirements for Units 1600, 2400~. 

2800, and 2900. However, since the steam require- 

ments for the process " ~ un~ts~:exceed the generating 
÷ 

capacity of the reactor,~50 PSIG steam, saturated --- ~ 
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and at 1000OF will be generated in an H. P. 

process boiler to supplement the steam produced 

at the reactor. 

2. 600 PSIG STEAM 

Unit 2900 requires 600 PSIG saturated steam 

for reboiler service. Steam for this requirement 

is provided via a pressure-reducing station from 

the saturated 1250 PSIG process steam supply. 

3. 250 PSIG STEAM 

Process waste heat recovery exchangers at the 

various units are designed to generate 250 PSIG 

(normal pressure) steam, some of which will be 

superheated approximately 50OF in the Coal Pre- 

treater Reactor, in Unit 1300. This 250 PSIG, 456°F 

plant steam supply will be used for miscellaneous 

turbine drives and exhaust either to a 50 PSIG 

plant header or to condensers. 

4. 50 PSIG STEAM 

Steam requirements for the boiler feedwater 

deairators is supplied from the 50 PSIG system. 

For the H. P. process boiler feedwater deaerator, 

50 PSIG steam will be recovered from flash drums pro- 

~ vided from blowdown of the steam generators supplied 

with deionized boiler feedwater. Residual blowdown 

enroute to waste recovery from H. P. generation is 

exchanged with boiler feedwater for maximum heat 

conservation. 
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F. 

The deaerator for the 250 PSIG steam genera- 

tor's boiler feedwater is supplied from the 

50 PSIG, saturated steam header. A suitable selec- 

tion of £urbine drivers operating between 50 PSIG 

[saturated) and condensing [8" Hg.} has been made 

in order to effect a steam balance for the 50 PSIG 

system. 

CONDENSATE 

Suitable condensate recovery systems will be pro- 

vided for the maximum practical recovery of heat and 

the conservation of water. 

COOLING WATER 

Water cooling towers have been provided'.in this 

study for (i); the EG "in-plant" steam generator con- 

denser and (2); for process units as follows: 

EG Unit - 70,000 GPM 

Process Units - 39,500 GPM 

Cold water design temperature is 85OF with hot 

water return temperature at ll5°F, for a 30OF range. 

The cooling towers are envisaged as separate units, for 

possible advantageous location relativeto the units 

being served, and also because the ultimate Operating 

conditions for the EG Unit may require adjustment for 

circulating capacity and range. It is possible that 

the cooling water" capacity could be accommodated with 

a single combined larger cooling tower; on the other hand, 

VII-5100-7 
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the development of a large storage lake for water. 

supply might economically favor the circulation of 

lake water for the EG Unit condenser, in which case 

a cooling tower for this service would not be needed. 

Obviously, the resources and development of the selec- 

ted site will have considerable influence on water 

treatment and cooling tower requirements. 

Softened water is supplied to the cooling 

towers as makeup; cooling tower blowdown is direc- 

ted to~ the limestone slurry facilities, Unit 4400, 

and/or to the foul water disposal system, Unit 4500. 

DESCRIPTION OF OPERATION 

A. A tabulation of steam and water requirements, by 

units, is shown in Tables i, 2, 3, 4, and 5 

attached. 

B. An overall steam and water block flow diagram is 

shown on Process Flow Diagram #1843-51.00-IG. 

C. A tabulation of plant electrical requirements is 

shown in Table 6, attached. 

VII-5100-8 
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TABLE 1 

STEAM GENERATION & CONSUMPTION - LBS/HR 

1250 PSIG STEAM 

.UNIT 
A 

1100,1200 
1300 
14oo 
1500 
1600 

) 

GENERATED CONSUMPTION 

Sat. 1000OF. Sat. 1000OF. 

99,i00 289,210 
23,850 

2100 
'2400 
2500 
2600 
2700 
2800 
2900 

146,540 

32,000 (Start-up) 
2,400 (At 600 PSIG) 

3100 
3200 
3500 
3600 

To 250 PSIG 
System 

H, P, 

Boiler 
Unit 5100 - 109 , 930 2 89,210 

36,340 

Total 209,130 289,210 209,130 289,210 

'- VII-5100-9 
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TABLE 2 

STEAM GENERATION & CONSUMPTION - LBS/HR 

250 PSIG STEAM 

UNIT 

ii00,1200 
1300 
1400 
1500 
1600 

GENERATED CONSUMPTION 

Sat. 456°F sat. 456°F 

290,240 327,400 

2100 
2400 
2500 
2600 
2700 
2800 
2900 

147,700 

3100 
3200 
3500 
3600 

15,840 

5600 

F rom 
12 50 PSIG 
System 36,340 

To 
Superheater (-) 327,400 

To 50 PSIG 
System 

TO Utility 
Area 

24,150 
65,600 

64,000 

60,000 

14,000 
25,640 
18,100 (At i00 PSIG) 

91,700 

68,440 

58,490 

Total 126,380 363,740 126,380 363,740 

8 -A238 
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TABLE 3 

STE,~4 GENERATION & CONSUMPTIQN 

I00 PSIG STEAM 

- L B S / H R  

UNIT 

1100,1200 
1300 
1400 
1500 
1600 

GENERATEL 

Sat. 

CONSUMPTION 

Sat. 

93,100 

2100 
2400 
2500 
2600 
2700 
2800 
2900 

93,100 

3100 
3200 
3500 
3600 

Total 93,100 9"3,100 
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STEAM 

TABLE 4 

GENERATION & CONSUMPTION 

50 PSIG STEAM 

-  BS/ R 

UNIT 

1100,1200 
1300 
1400 
1500 
1600 

2100 
2400 
2500 
2600 
2700 
2800 
2900 

3100 
3200 
3500 
3600 

From 250 PSIG 
System 

50 PSIG 
Steam to 
Process 

From Utility 
Area 

To Utility 
Area 

Utility 
Steam 

GENERATED 

Sat. Exh. 

7,790 
65,600 

69,730 

31,000 
54O 

64,000 

60,000 

7,000 

830 

14,000 

68,440 

92,040 (-) 92,040 

5,200 
18,900 

CONSUMPTION 

Sat. Exh. 

400 180,000 

17,560 

30,000 
30,500 

135,470 

19,100 

Total 233,030 180,000 233,030 180,000 

8 -A240  
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TABLE 5.' 

CONDENSATE TO COLLECTION SYSTEM - LBS/HR 

ii00,1200 
:1300 

1400 
1500 
1600 

2100 
2400 
2500 
2600 
2700 
"2800 
2900 

3100, 
3200 
3500 
3600 

5600 

F rom 
Utility 
Area 

Lbs/Hr Temp-OF 

180,000 150 
400 298 

109,460 298 

1,860 298 

17,560 298 

47,770 

91,700 

298 

ll0 

108,920 180 

Total 557,670 

8 -AZ41 
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TABLE 6 

ESTIMATED ELECTRIC POWER REQUIREMENTS 

(*EXCEPT FOR EG UNIT POWER SUPPLY) 

i. PROCESS DRIVERS 
(Units: 1100-1600, 

2100 
2400-2900, 
3100,3200, 
3500,3600) 

2. UTILITY AREA 
DRIVERS 
(Units: 5100~ 

5200, 
4500, 
4800, 
7100) 

Normal Connected 
KW KVA 

11,830 20,510 

9,040 11,020 

. LIGHTING 
(Units: All above, 

Buildings, 
& Offsites) 

670 890 

Total 21,540 32,420 

8 -AZ4Z 
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UNIT 5600 - REFRIGERATION LR%IT 

. 

. 

SCOPE 

This unit supplies the refrigeration requirements 

for Units 2500, 2600 and 3600 using ammonia as the 

refrigerant. The major equipment consists of a low 

stage and a high stage compressor, a refrigerant, a 

desuperheater vessel, and a refrigerant receiver. 

DESIGN CONDITIONS 

The unit is designed to deliver 1,500 tons of re- 

frigeration at -50OF to Units 2600 and 3600, and 900 

tons of refrigeration a£ +60°F to Unit 2500~ 

PROCESS FLOW DESCRIPTION 

The system is shown on Process Flow Diagram #1843- 

56.00-IG. Ammonia vapor from Units 2600 and 3600 

enters the suction side of the low stage compressor. 

The compressor discharge is desuperheated by contacting 

it with a low temperature ammonia stream in the desuper- 

heater vessel. Liquid from the vessel is sent to Units 

2600 and 3600. The vapor from the vessel is combined 

with the ammonia vapor from Unit 2500 and fed to the high 

stage refrigerant compressor. The compressor discharge 

is condensed and enters the refrigerant receiver. Liquid 

ammonia from the receiver is sent to Unit 2500 and the 

desuperheater vessel. 

8-AZ~3 
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UNIT 5700 - INERT GAS GENERATOR 

I. SCOPE 

This system is a packaged inert gas generation unit 

designed to produce an inert gas by the combustion of 

product pipeline gas, or sweet gas from Unit 2700 with 

air. The major pieces of equipment will be the inert 

gas generator, two gas compressors, two drying units 

(dessicant type), and two receivers. 

2. DESIGN CONDITIONS 

The inert gas generator will be designed to furnish 

a maximum flow of 2100 SCFM, by the combustion of pipe- 

line gas, or inert gas from Unit 2700, with air. Fuel 

gas required will be 14,600 SCFH. After cooling, the 

gas w~ll be compressed in separate compressors, dried, 

and then stored. Inert gas will be supplied to the plant 

at I00 PSIG, and at 1250 PSIG. The inert gas will have 

an oxygen content of approximately 500 PPM. 

requirements will be approximately i000 GPM. 

3. PROCESSFLOW DESCRIPTION 

The inert gas generator should be put in operation 

about 30-minutes before plant start-up, and runs 

continuously during plant operation. 

The gas from the generator is cooled, compressed 

separately to i00 PSIG, and 1250 PSIG, dried in dessicant- 

type dryers, and then stored in receivers of approximately 

6000 SCF capacity each. 

Cooling water 

VII-5700-1 
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Consumption of the inert gas supply is estimated 

as follows: 

A. 

B. 

i00 PSIG System 

i. Units 1300 and 1400: 675 SCFM during start-up only. 

2. Purge of low pressure instrument connections and 

relief systems: 500 SCFM. 

1250 PSIG System 

i. Unit 2900: 400 SCFM. 

2. Purge of high pressure instrument 

connections: 320 SCFM. 

3. Cooling of catalyst beds, for shutdown: -800 SCFM. 

8 - A 2 4 6  
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Unit 7100 - YARD LINES & TANKS (STOP~GE TANKS) 

. SCOPE 

This unit covers a tabulation of the field storage 

tanks required for the various process materials, and 

by-products associated with the Demonstration Plant. 

This tankage, and the respective requirements are 

indicated on the following page. 

The equipment noted herein does not include field 

storage of dry sulfur. Two 30-day fields of 3,000 long 

tons capacity each will be required. Each field will 

have dimensions of 26' high by i00' long by 20' wide. 

8 -A Z47 
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UN,IT 8100 - M OBILE EQUIPMENT 

i. SCOPE 

This is a discussion of the number and types of 

mobile equipment to be included in the plant motor pool. 

This equipment will be housed in a common garage, re- 

paired and serviced at a common facility, and deprecia- 

ted over a five-year period (with certain exceptions) 

insteadof the twenty-year period used for stationary 

items of plant equipment. 

Usage, and the equipment required are outlined below: 

a. Ash and Gypsum Dis~osal* 

To haul away 1600-1700 tons per day, seven 

days per week, day shift only. 

Twenty (20) heavy duty off-road dump trucks, 

15 tons payload, 18 operating, 2 in shop. 

b. ~ Bulk Solids Loading* 

To load an average of i00 tons per day of sulfur 

into rail hopper cars, as empty cars become avail- 

able. And to unload and transfer a maximum of 550 

tons per day of limestone to and from the'dead 

storage pile., 

1 - Clam-shell bucket, rail or caterpillar 
k, 

mounted, self-propelled, 3 cu./yd, capacity. 

1 - Heavy-duty bulldozer 

2 - Payloaders 

IX-8100-1 , 
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c° Miscellaneous 

1 - Sedan automobile for Plant Man.ager 

2 - Inexpensive sedan automobiles 

2 - Pickup trucks 

1 - Fire engine* 

1 - A-frm,e, 1% ton flat bed truck 

1 - 1% ton flat bed truck 

1 - Dempster dumpster W/4 bins 

1 - Ambulance 

* Note: 

Hauling of the bulk disposal items as well as fire 

fighting and ambulance service will be contracted 

for with local faci ities, if available. 

Z X - 8 1 0 0 - 2  
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PROJECT SCHEDULE * 

The critical path for the project passes through the 

design, fabrication, erection and piping up of the "Coal 

Gasification Reactor". 

a. We have allowed nine months for obtaining lab 

and pilot plant data to finalize the design of 

the reactor. 

b. The present design of the reactor has been dis- 

cussed with manufacturers and time for fabrica- 

tion, shipping and field erection has been estab- 

lished as 33 months. 

c. We have estimated that six months will be required 

to erect platforms, ready the internals and pipe-up 

the reactor. 

A bar chart illustrating a basic project schedule is shown 

This chart indicates a 48-month project sched- in this section. 

ule 

i. ENGINEERING 
J 

The first 9 months of the engineering time is expected 

to be devoted to preparation of final process and equip- 

ment specifications. Final design of the main gasification 

reactor is one of the major items to be resolved, as well 

as a final evaluation and design of the Electrothermal Gasi- 

fier Unit. Some of these design parameters depend on data 

to be obtained from pilot plant operation. 

~ditor's Note: The time estimates presented here are largely 
outdate~ as the final report of the HYGAS Project work to mid-1972 
is prepared for publication during 197~; revised estimated of gross 
time appear in that report. 

XI-1 
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2 • CONSTRUCTION 

. 

. 

Construction time is indicated as covering a period 

of 2% years. Field construction would begin 18 months 

after engineering started, at which time approximately 

50% of the engineering should be completed. 

Average construction manpower•is estimated'at i100 

men with a peak manpower demand of 1500 - 1600 men. 

PROCUREMENT 

The procurement schedule is basically dictated by the 

Main Hydrogasification Reactor, which will require approx- 

imately thirty-three months for design and field construc- 

tion~ 

The boilers and turbine-generator of the power plant 

will require approximately twenty-one months for delivery 

and subsequent field erection. 

These two items govern the procurement requirements, 

and the corresponding, overall project schedule~ 

The numerous other heavy wall pressure vessels, and 

special pumps and compressors will also require careful 

scheduling control in engineering, procurement and con- 

struction. .; 

GENERAL COMMENTS 

In the event that the critical path for the Coal Gasi- 

fication Reactor canbe shortened the Engineering Schedule 

could be changed with an improvement in schedule. 

~J 
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A. 

PLANT MANNING ESTIMATE 

INTRODUCTION 

This section presents a plant manning~ estimate for 

operation add maintenance of the 80 MM SCFD Demonstration 

Coal Gasification Plant, covered in this report. A Plant 

Manning Organization Chart is shown in Figure •i, attached. 

Personnel for coal mine operation are not involved. 

B. GENERAL COMMENTS 

The plant manning.schedule is based on th e following 

factors : 

i. Operatinq Departmen~ 

a. 

b .  

The gasification plant operation is con- 

tinuous, 24-hours per day, 7 days• per week, 
2 

365 days per year. 

The  w o r k  s c h e d u l e -  f o r  Operat:h%g D e p t .  p e r -  

s o n n e l  is : 

(i) Eight (81 hours per day; three (3) 

s h ' i f t s  r e q u i r e d  per.  d a y .  

(2) Forty (40) hour work week; 5 days 

p e r  w e e k .  

(31 Classification of Workers : 
• ° ,° • : 

t 

(a) Operator 
C 

O p e r a t o r s  a r e  t h e  t e a m  l e a d e r  f o r  

a group of plant units as assigned. 
l 

They are responsible for operation 

of.these units., and areassisted by 

"h@ipers". , ~-' 

~XII-i 
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. 

(b) Helper 

Assist plant operator and work 

under his direction 

(c) Boardman 

Monitors operation of the plant from 

the central control room, makes ad- 

justments to control system settings 

required for proper plant operation, 

and logs various instrument readings for 

records and performance ~alculations. 

(d) shift Breaker Extraman 

Normally works 1-shift per week for 

every job (in place of the normal 

4-men per job). Also fills-in operat- 

ing shiftsoduring vacations, holidays, 

and other absences. 

Maintenanc ~ Department 

a. The work schedule for Maintenance Department 

personnel is: 

(1) Eight (8) hours per day; one shift 

required per day. 

'(2) Forty (40) hour work week; (Monday 

thru Friday). 

(3) Absences are not covered. 

(4) Emergency work required during other 

than normal working hours is done on 

an overtime bas~s. 

XII-2 
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3. Em_Dloyee Benefits and Other Factors 

a. Employee vacations average three (3) weeks 

per year. 

b. Employees have ten (i0) holidays per year. 

c. Approved and unexcused absences - i.e., ill- 

ness, funerals, injury, personal business, 

jury duty, etc. - average 10% of working time. 

Not all of these absences are compensated. 

4. Miscellaneous 
J 

a. For shift personnel, shiftbreak and total ab- 

sences are equal.to 25% of the total work time. 

b. Shiftbreak-extramen when not at work filling a 

scheduled job, work wherever needed in the 

Operating Department. 

C. PLANT MANNING ORGANIZATION CHART 

An explanation of the organization and duties of the 

various departments and personnel shown on the organization 

chart is as follows: 

i. Management 

a. Plant Mana@er 

Responsible for total plant aperatiQn. 

b. Office Manager 

Responsible for clerical and stenographic 

services, accounting, payroll, personnel 

records, purchasing, and warehousing. 

XZZ--3 
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C~ 

Warehouse superyisor 

Responsible for the warehousing operation, 

including inventory control, issue of mate- 

rial, requisition of material, control of 

maximum and minimum quantities, and all 

other warehouse operations. 

Warehousemen 

Responsible for issue and receipt of mate- 

rials, warehouse stocking, and issue noti- 

fications when supplies are needed. 

Safety and Inspection M@nager 

Responsible for fire and safety equipment, 

instructions and counseling on fire and 

accident prevention, record keeping of fires 

and accidents, plant and personnel safety 

checks, issuance of safe workpermits, in- 

spection of equipment, and equipment safety 

inspection records. 

XIX-4 
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d. 

e. 

Technical Mnnager - 

Responsible for technical service; general 

engineering services, and laboratory services. 

In charge of the engineering supervisor and 

engineer assistants, the technical service 

supervisor and assistants, and the laboratory 

supervisor and technicians. The laboratory 

operates on a thr~e shift bisis and there should 

be two laboratory technicians on duty oneach 

of the second and third shifts. 

Operating Super~tendent 

Responsible for operation of plant units and 

handling of raw materials and products. 

Operation 9 Shift Supervisors 

Responsible for the daily operation of plant 

units, scheduling of personnel, maintenance 

work orders, and keeping records of operations. 

Raw Material and Products 

Handlin~ Superviso r 

Responsible for routing, and traffic control 

of raw materials, and plant products. Respon- 

sible for receiving and shipping, tankage and 

intermediate storage of raw materials and 

products. 

XII--5. 
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f. 

% 

Maintenanc 9 Superintendent 

Responsible for maintenance of plant. 

Maintenance Planner 

Responsible for planning and scheduling 

maintenance, repair, and turnaround work. 

Maintenanceo°Supervisor Coordinator 

Responsible for scheduling priorities of work, 

allotment of crews to various jobs, and assign- 

ment of mobile equipment. 

Maintenance Supervisors 

supervisors required in each of the four (4) 

worker classifications: 

i. Pipefitter - Welders 

2. Mechanical Repair 

-3. Electrical - Instrumentation 

4. General Utility 

XII-6 
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Manning Basis: 

i. One (i) Central Control Room for all Pro- 

cessing Units except Units ll00, 1200, 1300, 

1400, and Units 5100, 5200, 5300, 5400, 5500, 

4100, and 6100. 

2. Separate Control Room in Power Plant for 

Units 5100, 5200, 5300, 5400, 5500, 4100, 

r 4800, and 6100. 

3. Separate offices and work reporting areas 

for Units ll00, 1200, 1300, 1400, 4300, 4400, 

4700, 4800, 5600, 5700, 7100, and 8200. If 

any particular instrument or control infor- 

mation from the above units is required in 

the central control unit, the necessary data 

is transmitted by dual instrument or by tele- 

phone. 

Total Manpower 

Operators 

Helpers 

Boardmen 

Shiftbreaker 
Extramen 

Total 

- 24 

- 96 

- 12 

- 39 - 

i 

171 
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MAINTENANCE DEPARTMENT PERSONNEL 

Following is an estimate of the plant manning re- 

quirements for this department: 

1. Classification 

~ipefitter - Welder 

Mechanical Repair 

Electrician - Instrumentation 

General Utility 

Labor Pool 

Total Personnel 

20 

25 

20 

20 

25 

Total ll0 

a. Pipefitter-Welder responsibilities: 

All pipefitting, boilermaker & 

welding work. 

b. Mechanical Repair Responsibilities: 

Pumps, compressors, mixers, control 

valve repairs, turbines, rotating 

equipment, mobile equipment, conveyors 

& tool room . 

c. Electrician-lnstrumentation Responsibilities: 

Electrical equipment & devices, motors, 

pneumatic & electronic instruments, relief 

valve repair & adjustment, control valve 

adjustment & repair & adjustment to all 

control or electrical devices. 

Xli-ll 
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d. General Utility Responsibilities: 

All types of general work not of a 

specific craft category, and not cov- 

ered in the three mechanical classifi- 

cations; such as, painting& insulation, 

mason, sheetmetal, carpentry, etc. 

e. Labor Pool: 

General labor work, janitor, cement 

work, and helpers for general utility 

men. 

Tralning & Promotion in Maintenance Department 

a. General utility men wiil be preassigned 

by choice and assignment,olive (5) each 

to the pipefitter-welder, mechanical re- 

pair, and electric-ihstrument department. 

These men will assist the mechanics as 

helpers when helpers are required or train 

with the mechanics when there is a work 

lull in their work classification. Assigned 

helpers work and train only in their assigned 

classification. 

Promotion to mechanic status is made when 

a need for more mechanics is evident or 

when a vacancy is to be filled. As helpers 

are promoted, senior general utility men 

are given vacated helper assignments. 

XI~-I2 
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b. Labor pool personnel are promoted 

either to the general utility classi- 

fication or to the operating department 

helper classification as needed to fill 

vacancies. 

Labor pool personnel help general utility 

personnel when required. 

XIZ-13 
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. OTHER SERVICES 

Certain services will be required which should be 

These services are handled by non-employee personnel. 

as follows: 

i. Guards 

. 

Guard services are more efficiently handled and 

create less internal problems if they are contrac- 

ted to a service group handling this type of work. 

The number of guards required will depend upon the 

extent of coverage wanted. There should be one 

guard at each open gate. Generally, there are two 

open gate[; one used by the general office employ- 

ees and the plant employees. The other gate would 

be at the product and raw materials entry and exit. 

In some cases it may be desirable to have a peri- 

phery patrol during the off-daylight hours and on 

weekends. These services are generally available 

on a shared basis with other plants. 

Medical Services 

First aid services for minor cuts and bruises will 

be administered by the safety personnel during the 

day shift and by the operating supervisor during 

the off hour shifts. 

Cases requiring more than first aid, or follow-up 

on first aid are handled by a hospital, clinic or 

doctor with whom a contract arrangement has been 

executed. 

XIl-14 
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APPENDIX 8-B 

Volume i i  

of the 

P r e l i m i n a r y  E n g i n e e r i n g  Study 
HYGAS D e m o n s t r a t i o n  P l an t  

by 

Procon, Inc . ,  
A Subsidiary of UOP 



Procon Note 

This book contains preliminary Equipment 
Data Sheet s and Piping and Instrumentation 
(P&I) Diagrams, part of the Preliminary 
Engineering Study for a HYGAS Demonstration 
Plant. 

Editor' s Note 

T h i s  A p p e n d i x  8 -B  r e c r e a t e s  the  e n t i r e  
V o l u m e  II of the  P r o c o n  P r e l i m i n a r y  E n g i n e e r i n g  
Study, HYGAS D e m o n s t r a t i o n  ,Plant.  The  e n g i n -  
e e r i n g  m a t e r i a l s  of V o l u m e s  I and  II of the  
P r o c o n  r e p o r t  ( c o m p r i s i n g  A p p e n d i x e s  8 -A  and  
8-B, and portions of the body of Past 8) are 
presented in conformance with contractual 
obligations of IGT to OCR under Contract No. 
14-01-0001-381 and the amendment s of June 1967, 
Contract No. 14-01-0001 -381(I), and of March 1972, 
Contract No 14-01-0001-381(Z). 
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INTRODUCTION 

Volume II of the Phase II Report includes pre- 

liminary equipment data sheets and P & I diagrams. 

~ithough preliminary, the equipment data sheets were 

used in developing equipment pricing. The P & I 

diagrams include the total quantities of equipment 

involved, and the basic piping requlrements~:!~ ';' 

It should be noted that the P & I diagrams have 

not been "engineered" for the actual instrumentation 

required. The instrumentation shown should'be con- 

sidered very preliminary. Pricing of instrumentation 

is based on estimated costs. 

%. 

... . .  

°, 
: : 0 "  
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A. 

GENERAL COMMENTS 

Process Units 

The following sections present preliminary equipment 

data sheets and P & I diagrams for the process units of 

the coal gasification Demonstration Plant. These are 

Units 1100 through 3~00, in the plant numbering system. 

Due to the proprietary nature of several of the pro- 

cess units, no equipment data sheets, or P & I diagrams 

are included for: 

i. Units 2600 & 3600: The design of these units, used 

for sour gas purification, and 

solvent regeneration, are part of 

the LINDE AG "RECTISOL" process. 

2. Unit 3200: The design of this unit, for con- 

Verting H2S to elemental sulfur, 

is the property of the Amoco Pro- 

duction Co. 

3. Unit 3500: Many features of the design of this 

unit, for the removal of ammonia 

from the other sour gases, are the 

PHOSAM process owned by USS Engineers 

and Consultants. 

Additional design details on these units are available 

only on completion of the necessary secrecy agreements with 

the respective owners. All these processes are available 

under license. 
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Incorporated 

DES" P L A I N E S ,  I L L I N O I S  U . S . A .  

REQUISITION 

A1;£ACHMr,~{'YS 

P r o t o n  Dag. No. 
18~3-II.00-!G, Rev. I 

,'H;II'~JR DATA BEqUIREt:~Z7S 

COAL H/.,'H.)LI'h'G SYST~'.I 
t)T .n lOT HYGAS , .AN. 

.O. 18~3-ii.17-1 

SHEET NO. 1 

TOTAL s.E~,S 6 

APPROVED/.../ / 

[ ,.~/.A" }/-; "1 ] 
v ' I 

IC,,=oo.,-.o 
Ik:~±gn a,,(~ suppzy one eo-..t hanCuLin(~ system Jn occord'~nee with the req~iremehts 
specified or referenced }:erei),. 

OkDER NO 

ITEM NO. CONVEYOR LENGTH CAPACYTY SI;RV] C]',', 
BELT WIDTH 

11.17-01 36" 

I II.17-02A 5~" 

ii,17-03 54" 

ll.17-0h 5h" 

iI.i7-05 5~ (' 

ii.]7-06A h2" 

iI.!7-06~ ~2" 

II.17-07A ~2" 

II.~7-07B hP" 

11.3~,-~;]1 - 

ll. F3-0hA 54" 

~,~3-O2A 5lJ"/5h" 

7o ft. 
(Po' r i s e )  
35 f~. 

(2 '  ~ ' i se)  
ii00 ft. 

(no rise) 

800 ft, (~) 
(90' rise) 
800 ft. (2) 

(90' r i s e ) '  

200 TP]I 

1350 ~'L' 

(~) 

(l) 

900 ?P:': 

900 ~'}t 

1350 TP}i 

] 350 TPI! 

13~0 T]':! 

Ro fu.~,e Conveyor 

Breu.E~.r Col] ectJ n C Conveyor 

Conveyor to SLacker 

Belt Scale 

Traveling StacKer 

Ree] aim Conveyor 

Reclaim Conveyor 

Ma6net ic Separator 

M~, gnetic Separator 

Vibrating Feeder to ]h'eak~'r 

Vibrating Feedur to Co]lc(',.ing 
Bc]t 

T)-~.nsfer Chul e."- 
ll.17-02A to 1]'.17-03 

iit" 
Jc$ 

CCB 

APPROVED 

2 q t ~  ; "TJ o'Y Ot:- /c.,~. :~' ,.. 

FOP, ~);~L'! RY 

REM. ARK$ : , 
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~ro~o~rl lncorporaled 
~,N~S. ,U.,NO,S U.S.A. 

iL 
~Ow- 

:,{,,. 
~¢w W# 

qLm 

2 ~ 

.ill 

REQUISITION 

MATERIALINCLUDES. 
COAl, HANDLING SYSTEM 

,|, 

NO-18/~3-11.17-1 

iSHEtT NO. 2 

TOTAL SHEETS 6 

DATE ]i/8 171 
APPROVED 

IGT }{YG,LS PLANY 

DESCRIPTION OF MATE'RIAL 

l%'gS I~u. C91{ VEY:;i{ 
BE!IP W[ IYlI! 

II.33-03A "h2" 

12.17-0] 24" 

12.17-02A 30" 

12.17-03A 42" 

12.17-03~ ~2" 

12.17-04 24" 

12.17-05A 30" 

12.17-07 A,B 42" 

12.17-08 A,B 42" 

12.33-01A 30" 

12.33-02 2~" 

1 2 . ~ .  c,~ of~, 

I,Ef:Tc;{[ 

No. !<-.cCi ~ 
lh 

]000 f t .  
(i00' ri~e) 

300 Ft. 
(50' rlse) 

60 f t .  
(no rise) 

60 ft. 

~elt Scale 

Belt Scale 

Flow G'-tes 

Trippers 

No. Req 'd 

i 
] 

C SPA (" i','If SEI~VI CE 

PURCHAS£ ORDER NO 

225 gTl: 

75 TPH 
(225 TPH Future) 

225 TI'il 

30',.) TT'H 

300 TI'll 

7~ '::'H 
(22~ TPd }~ture) 

225 TPIi 

0-150 TPH 

300 TPH 

225 TPH 

75 TPH 
(225 TPH }Mture) 

2"2S 7-.~" N 

Reclaim Co:iveyor Feeders 

Z 

Power Plant Supply 

Pretreater Supply 

Transfer Conveyor 

Transfer Conveyor 

Power Plant Supply 

Pretreater Supply 

Boiler Plan' Supply 

Pretreater Supply 

Pretreater Supply Fe~der 

}'owcr Plant Supply Feeder 
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DES ~5A,~.S, illiNOiS U.S.A. 

REOUISITION 
~iE,,A~ ,.6LUOES'- . . . . . . . . .  

COAL HANDLING SYSTEM 

.... u T . . . . . .  

"O-ZS~3-n .ZT-Z 

SHEt~ NO. 3 

TOTAL SHEET$ 6 

DATE 11/8 /71 
APPROVED 

IGT 'v .,~ h ~ G~., l'12d#T 

Notes: (i) 

(2) 

DE~CR~PT|O~ O~ MA~ER|AL J[CO~ ACCOUNT ]Me. i PU~H~ 'DRDE~ NO. 

~nJtia] capacity 1350 'fl 'h, Yutrre cal~acity 2025 qTl(. 

Belt convcy~r shall be desJgn~.d suitable fnr ext~m:'ior, a.nl~rox:mately 
600 feet Lr, the future to Jnclu.lc ac]d.~t~ou~l reclaim hoppers.' Motor 
dr~ver sha]l bu dcsigncJ for in~tiul conditions unless liP rating 
for future cendJtion is of small order of macnitudu (ncxt HP class) 
in vhieh case quoLatie:J shall provide larger motor and be ncted 
accordingly. 

Reference: Procon Drawing ~Io. 18~3-I±.00-IG 

GENERAL COND[TIONS: 
• . 

All equipment shell be designed for hlu,dlinE s~ze 1½" x 0 Southern Illinois No. 6 
Bitu~Linous coal vith the followlng estimated size di:;tribution, except for 
Items I?.17-02A and 12.17-0~A: 

TTlcr Mesh ~ _ . _ ~ R ~  Cure. 

1½" I. 5 
i" 8. l 
3/4" 9.7 
½" 13,5 
V' 27.9 
I,M 2.6 
6M -~" 6.3 
8~I 5.1 
lht~ 8.3 
28r.: 6. I~ 
35M 2. I~ 
lOOM 5.0 
Pan 3.2. 

Bulk density - approx, 50 ibs per on. 

1.5 
9.6 

19.3 
32.8 
60.7 
63.3 
69.6 
71,. y 
83.0 
89. h 
91.8 
96.8 

i00.0 

f t .  

L_ 

[I.R:eprbdi,c~d from "[.. 
!1 # oih le -eopy. 
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 ori Incorporated 
OES PLAINES, ILLINOIS U.S,A. 

ir II~lr 

z. .~_ ° 

m~r 

O0 ,a  
)* iii../ 
w , J -  
i . I ,J~ 
k i n d  
I['1~ Z 
Igo~f 

Or.-= 

L O , J  
. 

,! 

REQUISITION 
MA'i'~ RIAt. tNCLUDE$ i OATE 1 I/8/71 

A,;.OV,D 

COAL HA~'ULI:,'G SYSTEM 
IGT IIYGA:I P[JkIYf 

DESCRIPTION OF MATERIAL 

GE~:".qt'..~3:::'."2Z.~;::; CC.::T'D 
J[ COST ACCOUNT NO. I PURCtlASE ORDER NO. 

Coal for Items ]2.]7-OPA. and 12.17-05A wi~l be size :,5! x 0 which Js esti~:mted 
to have the following size. 

Tyler Me.qhh ~ Retained Cum.~ 
h 5 5 
8 It 19 
18 J9 38 
~6 2o 58 

h8 15 73 
i00 I0 83 
Pan 17 I00 

95-I00OF 
~nus 20°F 

Bulk density - approx. 55 ibs per cu. ft. 

Ambient temperature range for coal hand]in~ system: 
S ~ t ~ L e r  

Winter 

All conveyors, feeders, and separators shall be ftu-nished complete with motor 
irlvers and recu~,~ended drive attxiliaries (belts ~ sheaves, speed reducers, 
guards, etc. ) Controls for conveyor system shall include necessary/ interlocks 
and safety switches (to be race|mr.ended by supplier) for a s~fe and operable 
~ystem. 

The coal handling system sh~]l be contro3h.d by s r~molely oper~tted p.~nel with 
~ocel panel overrJdu at %he stroker and eo.tl eonditicrtin G }louse for :n~-unu,,! 
control. It is envl.csged that it:e eo:|tro] panels wl]l be by others, however, 
conveyors and equipment sh~ll be provided with componellts suitR'&le for remote 
p~nel operation. 

Feeders at .the coal eond/tionina house shall be suitable for con|xeetlons %0 s dust 
rec0.very sys te,.'L. 

All motor starters e::cept for s£acker shf~11 be by others; quotation shall include "R 
list of reelers shovi,,g their HP requirements nnd raLed HP. 

General ~ii belt ccnvcjors oh,d! be ene]o:~ed, e~oept Item II.17T03 in ~|:e area 
of Stacker, Itl order to minir..izu dust £:enersAtiol, by wind r, nd to minimize effect 
of snow and rain. 
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P l o ~ n  Incorporated 

DES PLA1N~S. I l l INOIS U.S.A. 

REQUISITION 

NO.18h3-11.17-1 

SHEET NO. 5 

TOIALSHEETS 

D A T E  11/8/71 

APPROVED 

MATERIAL INCLUDES- COAl, H/UTDI,]I.IG SYSTEM 
IGT IIYGA~ FLA~';'~ 

DI:SCRIPTIONOF'ATERIAL ][CCSTACCOUNTNO. I PURO+ASE ORDer, NO. 
, . .  . . 

GE'IEHAb COI~DITIuN;: cent' d 

Conveyor items ]~.lT-06A'und B are envlzaEe~ a.~ non-paral le l  u,,nveyors having 
spacing o f  20' to bO' in  th, ~ reclaim area and couvergin g at the Cos] Conditioning, 

House. Conse~u(.:~tly in the area of the Cos] Cor, d i t i :m ing  House the two conveyors may 
utilize c o l : ~ o q  structural supports. 

_Tra::eling Coal S t a r k e r  

The co ,d  g t~cker  s h a l l  be r.'.:il mJunted s u i t a b l e  for  t r a n s l a t i o n a l  movement 
parallel to the longitudinal ~,xls of tl,e c~.P.1 pl]e beinc, served. The stacker 
shall be designed for (I) an J|-itial cT.:pacJt-of 1350 TPH, and (2) be suitable for 
i n c r e a s i n K  capacity to 2025 'I"H for  f u t u r e  r equ i r emen t s .  

T rave l  of  s t a c k e r  s h a l l  be BO0 f e e t  i n i t i a l l y ,  to  be extended approximate ly  600 fee~ 
in the future (total 900 feet. ) 

The stacker shall be designed wlth a suitable boom e,d belt conveyor for piling co~l 
on one side (i.e. rotatlot, not required) to a height of 77 feet at a d~stance 
(reach) of approximately Ii0 feet (the triangular section of zhe coal plle to be 
77' x 200). 

'l~:e boom shall be sui.tab]e f~r raise-he the discharge end the required heiEht to 
pile coal to a heiEht of 77 feet, and ibr Icwcrin~, the oischar,.e end to a height 
of approximately 30 feet. The b,,om shall be equJpcd with s~:itab]e probes so that 
a s  the coal is piled the probe:; w~]l prov]¢le n sif.,al for eutomn%~cal]y rair~z,g t.he 
boom or cause the stacker to t:-ave] de],rn~:JP:, tI!,on a l,:'ed~:t6rmJned me, de of 
ape.ration. The boom shall bu sup?lied with s eovu:'Ld ',4' trou~,hed belt conveyor 
to handle the specified capacities. 

The stacker shall be supplied with a tr[)q,er al, d tI'~,n.~er facilities for receiving 
coal from a trou£hed feed convejor runniliC. I"-.rallel to and between the rails 
of the stacker near ~rotmd level, ahd for %|'ansfering lhc coal onl.o the boom 
belt. Stacker shall be comp](.te with ,":i~s, trolley & trolley shoes, motors m/'d ' 

s t a r t e z ' s ,  p i l e  p r o t ( ' : ,  a, ld con%tel ~,a...el. Cont:'ol pane] shall be s u i t a b l e  for 
extend!n& co, trol J'tmctiors :rod operatio,~ i|Jd.[cators to a remote (control house) 
loeatlozl. 
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I ~ O O R  Incorporated 
DES PLAINES, ILLINOIS U.S.A. 

REQUISITION 

No. 1843-11.17-i 

SHEET NO. 6 

TOTAl. SHEETS 6 

DATE 11/8171 

APPROVED 

~ATERIAL|NCLUDE$- COAL HN:DLING SYSTEM 
IGT IIYGAS PIANT 

OE$CRIPIION OF MATERIAL 

Electric;d Charact ~rJ st i c.,, 
II ...... I 

COST ACCOUNT NO. PUPCHASE ORDER NO. 

Motor Size "" Volts Phase Hertz 
One-half }IP m,d smaller 115/230 ~ 
Above ½ liP to 250 KP 460 3 60 
Over 250 HP bOO0 3 60 

Mode of_~erat! on: . 

Initial operations will provide for receiving cos] st the Bre'~kers dtu'in~ a 
single sh~ft operation. ?Luz convt.yors ~d equipment throuJ, and !ncludinf 
the stacker will be for iutormitten~, c.;~eration, ~.o. one ~hift (7 hours) "on"~ 
two shifts "off". StartinF with the -r~1~'~ .,.,~ ...... (~ ..... :"~-') thrzuch %t~e delivery 
conveyors to the Power Plant ~md to the Pretreater all operations are to be 
continuous. 

In the future it is conceived that the supply of coal to the Stacker will increase 
to a two-shlft operation. 

Psi nt~ ng  

All structural steel and cquipn:¢nt to be fun:isLed nhall be commer~,_'ally c3eaned 
in accordance with SSPC-SP6 and receive one coat of shop pz'imc and two coats of 
finish paint (color specifications latPr) in accoldrnce ~'ith supp~Jerb 
reconunendatl ons. 

Inebility %o adhe:'~ strictly to the foreg.oiug s!,vciCicntiou.~ shcdl not d~ter 
supplier from rood;tug a quot,:~tJon. .L!o~ever -uy duvJution.~ or reco:'.mendations 
contrary t.o specifications shull be c'xprcssly stated. 
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Incorporated 

OES PLAINES, ILLINOIS U.S.A. 

REQUISITION 

N0181=3-II.32-I 

SHEET NO. 1 

TOTAL SHEETS 

OATS 10/13/71 

APPROVED 

MATERIAL tNCLUDE$ - 
COAL } '}t}",h.~.:H 

[GT - IIYCA:' F].@rf 

OE$CRIPTIOItOF MAI"ElklAL It COs1 ACCOUNT N O ' ,  . , _ I PURCHASE 

L~'.i£n ena fu~'nish one (I) :.::t.r::~. t31,e cord l~r¢.~-her in accordant- with the 
requi remel- t.s ~pecJ f~ ~d .or z'e Fctv.nced herei n : 

ORDER NO 

] TE!.! Nn. SERVI(": 

Ii. 32-01A COAL .~I,;EAF~;R 

O!qer__=%ti ng ConOJ =. i,',~,s 

Fee~ 1,1,;terial - Southern lll~no!s No. 6 B[tumlnou ~- Coal 
Fe#.d t.~nte .. l~r)~,  rm' "~, ...~c;- hc,';r 
}[ardsrove Orind--biiity Index - Approx..55-60. 
Size. - Bun of mine (6" x 0 approx. ) 
Size distrJbutJor, - Rim of' mine. 
Product size requirement - 1½" x O, with x~inimum fifes cener:,tlon. It J~ 

|mticip=~%ed %h%t a sample of coal will i,e f'.:,-tlishe4 supl.lier 
for a test run when specific coal field is nomlnr, Led. ,'.'.eanwhi].a, 
supplier is requ..'sted to f'~rn~sh h~s bf,"t ostirna:.e of pz'oduel 
:;ize distributio=~ f='cm his experience with Fued ,=.lulerJa] 
speei fled above. 
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PI~OZI Incorporated 
OES PLAINES. ILLINOIS U.S.A. 

REQUISITION 

NO. 18|~3-II.32-I 

SMFET NO. 2 

TOTAl SHEETS 

PA~ 10/!3/71 

APPROVED 

~ATERIAL INCLUDES-  COAl, BHEAKEP, 
IGT - I£YG&~ PLANT 

DESCRIPTION OF MATERIAl. 

General Requi renq.n: s 

][COST ACCOU;h'hO. ] PURCHASE ORDER NO. 

Equipment shall be 'h.~avy duty type suit.:,:)]e l'or continuous operation. 

Bre'c~ker shall be de::iEn~d f:,:- s,:avenci:. E an,] remov.-.l of )'oak and debris via 
a separate d~schnrce. 

The Coal ~;r(:'~:er shall be supplied cO:rl'.Rete with motor and drive train, ceuplincs, 
guard enclosurLs, etc. ~:otor .--hal! bu '[U.:FC for b.%se quotation. However, supplier 
may reeorL~end alt,.r:l~te J,:2t:tllaL~on sche,:les he can :':IpF.].Y for u.~:inc a iess 
expensive motor type afford":, E the ncces.,=,,r~ ~roteetlo:¢ from du ~. ~ -.eeu.~.u]~tiol:. 

The Breaker Jha]l be suppli(,d "with feed r:nd ref,z:;e ehules. All. feed hoppers 
and produel, removal ehutes~ .feeders, cos,venerY, etq., and Breaker supports and 

Electr~cal Charseleristics 

Motors 3/4 }IP to 250 HP sh~]] be b6Ov, 3 phase, 60 cycle. 
HP shall be h0OOv~ 3 phase, 60 cycle. 

Motor starters by others. 

Motors larEer than 250 

_Painting 

All e x t e r m = l  surfaces sh,'t]] l,e pnwor or hf:~d cleaned f o r  the r,:n.nva] o f  call, 
grease, dirt, mi 1] she.I(:, rust and fer~i ~u :'..~t.ter (Lquiva]eh~ Lo SSPC-,C;F6, 
Com:nc~'cial BIa:¢L Cleani,:~:) before r,'ccivll:g one coal of shor ])ri:.ler and finish 
pairlt ~n 8ecordance with s,tpplier's sthn:|az-ds. 

~ e s t  .a~'aiJable"cop~.-, ~ t  
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P r o o o n  Incorporated 

D E S  P L A I N E S ,  I L L I N O I S  U . S . A .  

REQUISITION 
EU, T E R I A L  I N C L U D E S  -;. , 

"J,,'!llx:l': PICA " ' "  '" '~ ........ h. 'D' , .  ,,." . :: ,[~.: 

COAT, CO.D. , IO, , . ,R (CHU,ZI{EI') 
IG'i ' -- {ffG.~S I ' IAIZ[' 

NO.I~3-1R.32-1 

S H E E T  NO,] 

T O T A L  S H E E T S  

DATE ] O/ih/7] 

A P P R O V E D  

DesiGn and supply ol,c (i) z,-,~-Ja ~.,.u~: c,:.i ~ 'e.]iui,~,~.z ~n e.~t.c.:l:mce %'Jib the 
requirenents specified or z'eferenccd hc.r,t.~n. 

]TDI t i e .  SEI{VICE 

] ,% 32 -OIA C(':-I Conditio'1" r 

Oper~.t iE:~{ Condi t i  ons 

Feed Material - Southern ]lllnois ;'b. 6 Iqtu2n~:,c.u,' (.'ml 
Feed ~te - 225 short tor, s !'eL" hour 
H~dgrove Orindr h~!J t)" ]nd('x - Al,prox. 55 t n  60 . 
Food Size - I:=." x O 
7eeLr'Gize Di.~tribulion: .~V] t:r :.'esh 

i!/' 
]" 

3/h" 
.~,, 
~;" 

6:,: 
6;,I 

l t : . !  

251 
35.'.1 

i00~! 
Pml 

ORDERNO 

~.%_,_'!L't'~ { tl,.cl C,u.~ 

1.5 1.5 
8.] 9.6 
9.7 ]9.3 

13.5 3 2 . 8  
2"t', 9 60 .7  
2.6 63.3 
6.3 69.6 
5.1 '(4. ? 
8.3 83.0 

2.1~ 91.8 
5,.O 96.8 
3 - ~  100 .O  

f - , :p  

,,ATE.. A"PROV,i; 
", : .'/,.,z, - ", 

• / 
, J . ,  ± , .  
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Pl"  Incorporaled 
DES PLAINL'S. ILLINOIS U.S.A. 

REQUISITION 

NO. ]8;~3-12.32-i 

SHEET NO. 2 

TOTAL SHeETS 

PATE I0/i~/7~ 

APPROVED 

~ATERIAL INCLUDES - COAL CONDTTIO:~H (CHU;3F:EH) 
IGT - ]D'GA,~ PL/,'.~T 

DESCRIPTION OF MATERIAL ][CO$1 ACCOUNT NO, ' "' I Pu'RCHA'SE ORDE'~--~6[ . . . . . . . . . . . .  

Surface Moisture - 6 - 8 % N~,r:~:~1 (!k, zJi:z) 
Up to !5% C:'."v' ~onal M,ixizum 

Product S~ze }~equ~r¢';',.,,~',: I00[ uJnus hM, not mere the:, 5.~ I~M-SM., and 
with a minimum uf fines les:~ than 100M. It is ~.ntJeJp81cd that a 
sample of coal wJ]l be furn_~::hed supplier when coal f~eld is nominated, 
for te&t runs. ,4:.u.:%-h[]e suFplJe,- in ~,.q::csted to :':n':,:sh his bezt 
estimate of pr,',duc% siz~ d~.~:Lri%.utJo,, b:~¢d on hiz expcrierce with Feed 
MaLe,.ia] and F~'::d Size Diztribu'.i~n ~ivel, abe.re. Of ,..pec~al interest is 
supplJcr's cstJra~'.._, of ~:e.-ceI~ of fir,~:" Ic.~ th,~n 100 mesh. 

.General R'..qu~ ~er:enl s 

Equipment shall be heavy duty type suitable fo, continueus operation. 

The coal conditioner sL~e].~ be supp]~..,d complete vith motet cmd drive train, 
coupli,jgs, and guard enclccu~'¢.s. Mf,tur sh~l", he ~E.~'C. for bare quotation. 
Howe%er, supplier may ,',.co:.,:.~end a]ter.~at~, in::t,llation schemes he can supply 
for uslsE a less expepsive .~.otor type which a]no affords the necessary pro~ect-~on 
from dust accumulation. 

El~ct.~J cal Cb:,r':~terJ stJ c.,-" 

Motors 3/~ |'P to 250 |:[' chall b... l;,.':0V, 3 pha::e, 60 cyel4. 
250 HP shall be h000 V, 3 pha:.e, 60 cycle. 

:.:oto.~'s larger than 

Meter s t a r t e r s  by obhv]'s. 

Pa~ nt ink  

All exte,'na] -~urCaces ~ha]l be  power or hand c]eaneJ for the removal of oi], 
gre~.se, dirt, mill .-.ca],,, ru~t :uld fo:'eign ma'e~'ial (Equiv;.lent to S,~:!'C-S}'6, 
CommercJa~ ~]nst Cluani|.6) befol-,: ,'L,'civJng o~:e coat of .~}lop primer and 
finish isain.L in acce1"d:J::,:e with ~up|,ller'-: .~.tu:id:::'ds. 
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: DF_.~;,N DATA 

SPECS. 
.i ,.,,, 

c~s;6 , ,  lINT. =3 PuG@ =~,o *F 
(O,'~[~TmHS..IEXT.. P51(~ 6) "F 

or, rR. P~ESS. t r= PS~ @ z=~o'"7 
RI.DIOGRAPRY t,,,]o 
POST WELl) )tEAT TREAT k] 0 

¢z~:Ro.~oN ~LOWANCE V~" 

WEIeHT 

)PER. W'E'fOHT 
TEST YcE ISH'I' 

MATEKIAI. SPECIFICATIOLIS 

~=.~Ds A -  3 . r ~ S - c  

~ PP..': RT A - % G  
NOZZLE IJECKS A - ~ . ,  A-~-~ 

FLAt4 DEC., A - f i l l  ~ 1 ~ |  
i tFITEr, t~AL5 , ,  , ~  l 

F(:CI'-~SCRIE5 T~ EE SUPPLIED BY FABRICAI,9.R 
P "  I¢  I: L, ~ . . . .  MID PLATFORM (.LIPS ' ~ - ~  

D,~WT SUPPORTS I, J o ,  

PIPE _<JPPORT LU~S V~S 
PIPE ..~JIDE LLI~$ ~ $ 

FIREPROOFIII6 %W l .¢~  O.$ .  

PAINT I',.Io~ ,3 

I I I l l  

. _._~._*..~_~ . . . .  

I l l  I I  LIL~ l II I 
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I 
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I 
I - ' ~ " ~  
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: i  ti . . . .  ® 

~A~.~__. 

~t  I ~  l . ~  ~F ,  I I I I I 
N ~ i l  I(.,"I~', 'P..F.I t ! I 1 ! 

.u~-z ~ - ] ~ I E ~ - ~ - F _ _ I ~ . ~ . ~ _ , p , ~  - I ' ,~ '_------- ' "  . - 1  
~,  lJ~Ll.t.~_'! I÷...~ P.F '~,C,'r~-r . . . . . .  --I l = ' r o u ( . ~ r l  Incorporateo I 
~ / ~ -  I -~  -~ ~ -  ~ . ~ - ~ ~ ~ , ~ , T , ~ " T I  • A r ~ O ~ P ~ E ~ C  C~/Re ! 
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SPECS. 

Oe,l,se. Ii.~r, 4 0  pS l~  60~'F 

OPER. PRE&S. IS  /'SIG ~ Z..RO~F 
RADIOGRAPHY '¢~Pof 

i ~JORRCSI,")N f L LOWANCE 1/$* 
1,14ET FAS. WEI,~.~T K (~.4 | O e 
, EHPIIr V,rE IGHT 
DPIER. WEIGHT 
TEST WEI6HT 

N.ATE E'IAL SPECIFICATIO)$S 
SHrLL ..~ A o Z~So¢ F(~O 
H~0S SA- ZSS-(- . F I ~  
S~oR'r SA- %S%-C 
NOZZLE I J E C K S S A -  I o ~  - ~  
FLAI4G.E~,, ~ A -  I%~- de Z 
~4&N~,LS "rp, S i~ .S l  ~ 

L~DDEK AND FL^T.W6RM (LIPS Y ~  
'DAVIT 5UI'PORT£ N~ 

PiPE 5;}PI,0RT LU3S VLr~ 
PiPE ~UI~: I.U~5 V ~  
FIRE PROOFIN~ ~:=~1" OT/4E~.~) 
Ik~ S/J'LkT I 0/,~ 
PAII4T | SRDe. C#AT_ .Pl~,pfe-'~ 
LiFI"t.G L~J~ yE~, 

A - Z ( 4  (o.~ z ~r , ' , ,~ , , , )  ; 4,'o'Z ZL&S 

-t~. 

I ~ ' t c ~ . , 4 +  

j..l  
NOZZLE 

. " I I I I " I I  ,m  

"~m'~- r ~ < e ~  ~__ ;'Z;~ ~.~.H='~ 
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( ~ - - ~  

~ --- 4 
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t ¢~=R.T VENI" 

I , . . . . . .  
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~:;H£DU: E 

RADIAL 1107~LE AND t4.',u.~IL'E'~,.~:o,JrrTIOil.~ A~t: FROM O.P., 
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H~TEKGRAL REI~,FORGED I~OZZLE5 OR OTHcRt,IISE. ~OTED 
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i 5,P'ECS. " " 

I~,,-'.,~,,,. ~ :  2,-5" ~s,~¥io~>-~ 

OPER. PRESS. le.S PSlG t_~ Z S o ' F  
R/t.~IOG~AI'HY ~ lifo -'r 
POeT WELD HEAT TREAT MO~UE 

O~;.2R,'lS!oi'/ ALLO~'/A~It.E I l i l "  

NET FAB. tVEI.'.,FIT I I ,'l ~ .~oo  ik 
E PIPT'I" I, JIE leaNT 
OPFR. i,3EibST 
TL :,]" WEI-3!IT 

~i~3" E K,*AL SPECIFICATIOt, IS 
S~eLL SA -.z #,&- " F&~ 

S u P ~ T  S~..'L~_ 
NOZZLE HEr.KS ,~..,~. 161 #4 ,., 6. 'K 
FLIHGL~ ~ ' p -  J.~i.L_-~;z'l" 'R- 

~ ~'r.'__L~ L (~!tj.'-.5. ~ .t~...e~.~-~ 
/,CCESSfRI[.~ T,: k =. Su;P'I~D EY FABRICATOR 
LADtrP AN~ ~hJ.,TFoKH 6MP5 ~L"t 

DAVIT $:JPI'ORT 5 ~'£.~, 

PIPE 5UPI.'<,R1 LU.35 y i r~  
PIPE ~,O/~E LUG5 "fE'~ 

FIRE PROOFIN5 YE 6, ~y OTNEP, b 
iISIILt~TI011 VE,.~0 ~)y_ OTHE E5 

LIFTING L U G ~  : ~'F..15 

C/'12~-'~"~'#a ,a. ;PP- ~1(,, .~,S. ~ ' R "  #ftSP~f 
#' ,1-2~#.. , 4 / o , 1 1 ¢ , ~  "~#.'~'¢~0 ~ #' ,~¢=/1 
/,,~,,,~.~, ;%0. 3lt~., . S . l .  

( IN£ . l l ~ ,  - - .  

¢¢. ~.OJ 

@-~- 
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DESIGN DATA 
w 

sT,raP ,.y~, 
PER liPEC, 

ocs,G. I INT- & O  

OPER. PRESS., TFMP. I 

P$1G e I ~ " O  ° 
PSIG ~, °F  

PS~e 1 3 0  "°F 

N o  
RAmOGRAPHING ~ p ~ , - r -  

JOINT EFFICI; NCY jSHELL .~__ ~'~.~H.~ADS | O  ~ 
CORR. ALLU'HAfiCE b ~ _ ~ t . ~ - E A D S ~  ~'~__. 

NET FABR. WT. ILES$1RAYS) Ibs. 
EMPTY WF IGHT Ibs. 
Ot;'ERATIN G WT. IbS, 

TEST ~EIGHT Ibs. 

HEADS .~ f~ll-, , , 'L ~ ~" ' - C  
SUPPORT <~ ~ - ~ r,o 
NOZZLE NECKS ~ , L ~ -  | O G "  /J~ 

GASKETS 

INTERNALS 

CO'JPI.INGS 

JZ+_", T'mk:. COMmP,..., ~%P+~  
c • ¢~,'x" t~.,. 

LINING 
WIND l~w • FT. LBS. 
EARTHQUAKE M E = FT. LOS. 

IQIA~WAY HIN~'O ~ WIBF, STUDS. NUTS& GSKI" 
FIREPROOFING - -  THK 
INSULATION - -  TItK 

N2Jl 112," 

.K. l,,~,+.Is,~.+ I 

- e , -  

,,°.+ P;.P . . , + , o .  .... 
NGZZL~" ~CHFtlU! E 

ACGI'Sr-ORiES TO H'E SUPPLIED BY FABRICATOR . . . . . .  
LAOLIER & PLATFURM CLIPS 

DAVIT SUPPORTS 

B I I I 
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~ : l  $ ,~- .  I . l e~P  
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F'IP£ SUpPOr|T LI;OS ~ _ ~ . . .  
PIPE GUIDE LIjr~-5-"__ . . . . . .  ~J_~ 
I'IRLPRrJCIFIhG k l  rP, CII~'EhTS ~'.'3 

INSUL. CLIPS & i',.IN "~ r tJ~J 
LIFTING LL:G$ +A.,,~..'= 
PAINT / Z.'~.'~,~, ,tt ~'~ll~,'" ,/-,aA.'/a~4~/.=' 

I I ~ I - I I . | ~ I 0  ' i 
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De$1~Pf" I lt~. I (; P~JG @ 2 . o  0 * F 
CoN IT O,S - ;g es,a z . - , ,  ' F  

OP1E'~. PRESS. - IO~vJG , PSIG /_'_'_'_'_'_'_'_'_~) I ~ O  "F 
RADIOGRAP/tY ~PoT  
POST Wi'CP HEAT TREAT F~ o 

(A~ROSlON ALLOWAMCE I / 1 ~  

k~ET F~8. V/EI.',HT I ~  I I G'O.~ 

OPER, I~tEI~HT 

TET.,T YI[#t~HT 
HATERI~L SPE C.,IFICATIGK/S 

, ,A t_ . -  , .  

5U PP,"R T ._~._.~ C,, 
NOZZLE HECI¢'S ~.-. , , I o ~ - A  
FLANGE5 ~ . -  I ~  I -~,.¢ ]* 
~HTEENALS 

/~CCE~.,S~RIF.S "l'.. k ~ . .~L-/a,/£D BY FABRI."ATOR 
LADDEK Alto P-ATF3RM CLIPS Y I~ ,  

D~'~VJ T SUPi'C.I~rS k,O 

PIPE S:JPI'ORT LUGS "~k"~ 
PIPE GUID~ LUgS "f¢~ 
FI,'~PROOFIN6 ~T OTk~l£.S 
"ll~ SU'LATJ ON' 
PAll, IT | $ ~ID~' .~.~t ~ T  ~lB IP1 ¢'¢ 
L drl'iHG UJ~,~ YE6 
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~,'M,~.T~:.~: ! ~.~ ~ H P . A D ,  
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n 
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F. 
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_~.., 5£ KVIC E 
NOZZLE SCHEDULE 
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