- UNIT 3600 - ACID GAS STRIPPING (RECTISOL)

1. SCOPE

Benzene-rich methanol and sour_metﬁanol,'rich in
carbon dioxide and hydrogen sulfide, from Unit 2600 are
regenerated in this unit. Benzene, a carbon dioxide
fich stream, and a hydrogen sulfide rich stream are
recovered from the methanol. The unit consists of six
separation columns, a recycle coméressor 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 fraction is then sepérated
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 i§\pupped

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 stripped out in the separator, are sent
to the H3S rich acid gas stream. Sour methanol from
the H,S wash tower and COz 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 COy rich methanol
from the stripping éolumn is éXpanded. The released CO,
joins the COj riéh stream, the expanded methanol is sent
to the HyS wash column in Unit 2600. The remainder of the
sour methaﬁol,from the stiippingycolumns is ex?anded into
the COz stripping column. In this column the CO, rich gas
is purified and H;5 is concentrated in the meﬁhanbl. The
COz rich gas stream is then heated ﬁp in Unit 2600 prior
to going to the stack. |

The HpS rich methanol from the COzrstripping column
is pumped to the methanol régeﬁeraiion column. The sweet
methanol from the column is‘pumped to CO; wash tower in

Unit 2600. The H3S rich acid gas from the column is sent

to Unit 3200.
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4.

UTILITIES SUMMARY

Cooling Water - 727 GPM

Boiler Feedwater - None

Steam Generated - 830 Lbs/Hr @ 50 PSIG, Sat.
Steam Consumption - 18,100 Lbs/Hr @ 100 PSIG, Sat.

= 30,500 Lbs/Hr @ 50 PSIG, Sat.
* Motﬁr Horsepower - 4850 HP (Operating)
Air Cooler Fan Power - 150 HP
Refrigeration - (Normal) 910 T/Hr @ (-) S50CF
. - (Max) 1140 T/Hr @ (-) 50°F

Methanol Loss

135 Lbs/Hr
* 500 HP credit for power recovery turbine Item #36.08-08.

SPECIAL NOTE

This design is part of LINﬁE AG'S RECTISOL Process.
Due to the proprietary nature of this process, the Process
Flow Diagram and the descriptive write—~up in thié report
have been simplified and condensed. The cost estimate is
baséd on a complete confidential design disclosure by

LINDE AG.
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UNITS 4100, 4300, and 4400 - GASLQUS WASTE TREATMENT

1. SCOPE

These units cover the waste treatment regquirements
for the several gaseocus effluents from the Demonstration
Plant which cannot be released directly to the atmoépherep
due to éir“pollution standérds. These gaseous effiﬁents,
aﬁd the plant units for their tréatment, are as follows:

a. Unit 4100 - Power Plant Stack Gas Scrubbing

This unit includgs the equipment for treatment

of the stack gasvfor SO0z removal, from the “on-
site" 110 'MW power plant, Unit 5100. Primary

fuel for the boilers of the power planf is'ép—
proximately 60 tons/hr of spent char from the
reéctor. The char has a heat value 6f 9227_

BTU/1b. The char has a sulfur content of 2.74%; -
which amounts to 3288 pounds per hour of sulfur K

and results in 6570 pounds per hour of SO5.

Secondai& boiler fuel will beée “off-gas" from the
Cdal Pretreatment operation, Unit 1300. The volume
of this gas is 200,890 ACFM at L40OF and 0.5 PSIG.
Heating yalue is 39 BTU/SCF. The gas contéins
0.452% S02, which amounts to 8035 pounds per hour

of S03.

Coal will be used as a supplementary boiler fuel.

Approximately 10 tons/hr of coal will be required.
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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 S0,.

The power plant flue gas will amount to approxi-
mately 843,900 ACFM, at 300°F and 14.2 PSIA. The
flue gas will contain 0.286% SO,, which amounts to
16,200 poﬁnds per hour of S03. The gas volume is

calculated on the basis of 33% excess air.

Unit 4300 -~ Incineration and Tail Gas Treatment

from the Claus Sulfur Recovery Plant

This unit includes the equipment for treatment (by
incineration and scrubbing) of the H3S and 50, 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
7500F and 16 PSIA. The flue gas will contain 1.13%

of 802,.which amounts to 1,410 pounds per hour of

05 .

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 removai of sulfur dioxide (805) ---
to acceéiable limits for atmospheric' discharge,
from these two gas streams. Removal of the H;S

in the Claus plant tail gas will be by combustion,
to form SO5, and sﬁbsequent scrubbing with the
balance of the S0;.

2. DESIGN CONDITIONS

A. Air Pollution Standards

1. Federal and State Standards

It will be required that proper equipment and
systems be applied to any and all emissigns which
exceed the limits established by the Environmen-

tal Protection Agency of the Federal Government.

. At the present time these requirements have not
. ' been definitely established, and have only recent-
ly been promulgatedl 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.

:f: Ambient Air Quality Standards 2Ref: Requirements for Preparation
Adoption & Submittal of

Federal Register 4/30/71 Implementation Plans

Volume 36 No. 84 . _

PP 8186-8201 » Federal Register 8/14/71
\ Volume 36 No. 158

Standards of Performance for PP 15486-15506

New Stationary Sources

. Federal Register 10/23/71
Federal Register 12/23/71 .. Volume 36 No. 206

Volume 36 No. 247 P 20513

PP 24876-24895 '
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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.

Minimum standards will be established for the
emission to the atmosphere of:

— Sulfur Oxides

- Particulate Matter

- Carbon Monoxide

- Nitrogen Dioxide
3 - Photo-Chemical Oxidants
The State'of Illinqis 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 verbélly.)

Visual Emission Standard
1.0 Ringelman

Particulate Emission Standard
0.10 Lbs Particulate/Million BTU of Actual Heat Input

Sulfur Standard
1.20 Lbs S503/Million BTU of Actual Heat Input

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

Nitrogen Oxides Emission Standard
0.70 Lbs NO,/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 50, removal from stack gases,

new méthods are being considered for dust control in
conjunction with gas pollution control. Wet scrubbing
systems for S0 removal are also capable of particu-
late removal although they impose higher pressure drop
on the flue gases when designed ;6 perform both func-

tions, than when used with an electrostatic precipitator.

At'the present time, there are no full-scale "commer-
cialiy proven" mefhods for SO, removal from stack gases.
However, due to the tremendously éxpanded interest in
emission control of all kinds, particularly of S0, 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 stili in the des}gn stage. Results of
some of the early large test work will become a&ailable

during 1972.
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B.

Methods of Air Pollution Control

1.

Particulate Removal .

System design and equipment required for particu-
late femoval 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 éf Illinois,

502 Removal

With the present state of the technology for S04
removal, there are two principal methods that are
currently being considered by many industrial and

utility plants. These are:

1. 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 Sy-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 big advantage of the recbvery 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 f£ill. Thus, both material handling and

ieal estate costs are minimized with recovery meth-
ods. Despite this advantage of recovery systems,
however, it is believgd that the throw-away methods
portend to be.the best overall system in viey of
present—day technology. These methods involve lower
capital cdst, lower operating costs, and are feasible

for plants loéated'in less popuiated areas, and where

nearby land f£ill is available.

For the throw-away method, there are two principal
raw maﬁerials avéilable 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 5e obtained with lime slurry
and removal up to 90% is possible with iimestone

- 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
SO0, removal, operating costs of a limestone scrub-
bing system are approximately 50% of a lime systém.
Capital costs are essentially equal.

Description of Operation

A. Typical Limestone- Slurry Scrubbing System

A typical limestone slurry scrubbing system is

shown in Figure 1, 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 temperéture (which normally ranges
from 115°F to 135°F). Fly ash is also removed
in this cooling procéss, 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 content
of the gas is reduced. The main reaction taking
place in the absorption section of the scrubber
is as follows:
2Ca C03+2502+2H20 —= Ca (HS03); +Ca (HCO3),
A stoichiometric excess of 50-60% limestone is .
assumed.
VI-4100-8
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A nacondary reaction which may take place is:
Cas0y+ 1502 — (CaBly
The extent of this reaction will range from

10-50% of the CaSO4 produced.

This reaction has no effect on the SOy removal,
howéver, the CasOy maylcause 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, that may be formed
in the scrubber. The desupergaturation of the

CaS04 solution occurs in the recycle tank.

The effluent slurry flows to the thickener, o.

settling pond.

The thickener underflow, whic¢h contains 30% solids
is pumped to é vacuum filter in which filter cake
conéaining 60% solids is formed, and then sent to
disposal. The moisture’contained in the filter

cake is normally sﬁfficient blow-down for the en--

" tire system, and no additional liduid 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
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It is not practicai to send the gases to Be
treated to a central scrubbing system. Thére—
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 taﬁks, makeup tanks, pumps, etc. for
‘slurry preparation and handliﬁg,.as well as facil-
ities for the disposal of the by-product gypsum
or spoil, will be located af 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 (CaSO3 x 2H50, CaSO4 X 2H20,
CaCO4, etc.) - and moisture will amount

to 53 Tons/Hr.

VI-4100-10
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UNIT 4500 - FOUL WATER DISPOSAL

l.

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 required for their treatment, are as

follows. The various liquid effluents and treating systems

~ are shown on Figures 1, 2, and 3, attached.

Q.

Unit 5300 - Cooling Tower Blowdown

Approximately 800 GPM is discharged from the cool-
ing towers as a control for dissolved solids build-
up. Dissolved solids .concentration (magnesium and

calcium salts, and silica) is estimated at 1000 PPM.

Where a chromate corrosion inhibitor 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/l) to tri-valent chrome and precipitate out a
chromic hydroxide by the addition of lime. Hexava-
lent and tri-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‘éhrome oﬁ the biological popu-

lation. The total cooling tower blowdown of 800 GPM

VI-4500-1
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is treated to prevent contamination of surface

-and ground water with chrome. o .

A portion cf the treated cooling tower blowdown

is used in the limestone slurry system, Unit 4400.
The remainder of the treated Elowdown will be dis-
charged with the final effluent of the biological

system. '

Unit 1300 - Coal Pretreatment Off-Gas Condensate

Approximately 47 GPM of condensate (containing no
pPollutants) 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: NHé—1654 mg/l, Hy5-368 mg/l, Benzene-
210 mg/l1, Toluene-155 mg/l, Naphtﬁa—40 mg/l, Phenol-
10 ‘mg/1, Creosol—0;3 mg/l, 0ils-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.

VI-4500-2
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Unit 3500 - Ammonia Separation (PHOSAM)
Stripper Bottoms

App;okimately 38 GPM of highly contaminated
wastewater is discharged from the ammonia strip-

per. This wastewater is high in ammonia (approx-

imately 954 mg/l) and caustic (NaOH) (approximately

1496 mg/1l) and must be stripped further prior to
subsequent biologicai'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 approx1mate1y 100 mg/l
Methanol) will be dlscharged 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 subsequent treatment in
the -biological treatment system. |

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

Approximate}y 36,000 gallons ef regeneration water
will be dischargeé from the power plant water treat-
ment facilities once each day.' This discharge will
take place over a time interval of one (1) hour
(average discharge‘rate = 600 GPM)'ahd will be col-‘

lected in a holding tank which will also collect the

VI-4500-3
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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 diséharged 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’wili
allow for increasés 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 contéin dissolved solids
and be at ele;ated temperatures. (Dissolved solids
content of thése streams are approximately: érocess
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 1, 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 iengthy to be included
in this report, however, certain exce;pts are included’

below to illustrate the nature of these requirements.

Technical Release 20-22 - Second Edition‘

Revised April 1, 1968.

INDUSTRIAL WASTE TREATMENT

1. All indﬂstrial facilities for treatment of deoxygenat-
ing waste shall provide at least' secondary biological
treatment,.or advanced waste treatment adequate to re-
duce the organié pollution load of the tfeatment works
effluent at the final treatment structure to a maximum
of 40 mg/1 of five-day BOD and 45 mg/l suspended solids,
or less. (Guide lines to limit_of ranges\are'noted
below) ., 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 dilutloﬁ after waste treat- .
ment. Effluents shall meet all criteria expressed in
item 2.
All facilities for the treatment of municipal wastes,
industrial wastes o; other wastes shall provide for the
following:
a) Substantially completé 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).

Vi-4500-6
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Constituent Concentration mg/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 0.1
Cyanide Reduced at least to Cyanate

and approach. zero as CN. ) 0.025
Iron (Total) Free of color, ’

floating or suspended iron. 10.0
*Lead 0.1
Nickel 2.0
Nitrate (as NOj) 45.0
Oil Substantially free of visible

floating oil and not to exceed 15.0
pH , 6.0 - 10.0
Phenols ‘ : 0.2
*Selenium . 0.01
*Silver " 0.05
*Zinc . 1.0

*Heavy Metals '
Dissolved solids added to water supply: Not to exceed

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

1

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 bellocated'so as to minimize
or prevent any spillaée which might result in water pol-
lution. AEngineeringvmeasurés to entrap spillage, such

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

VI-4500-7
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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/1l

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

ceptable on the Illinois River and lower Des Plaines

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

cations of conventional treatment will be specified for

all intermittent streams and small or low flow streams.

Permissive Treatment & Effluent Requirements

Based on Average Strength Municipal Wastes

Effluent
Type BOD Effluent Suspended Type Stream
Treatment Reduction BOD Solids Facilities Requirements
Secondary 8Q% 40 mg/l 45 mg/l Biological Lake Michigan,
. Mississipi &
Ohio Rivers
Secondary "85% 30 mg/1 '35 mg/1 Trickling Illinois and
Filter lower Des Plaines
Rivers
Secondary 90% 20 mg/1 25 mg/1 * . 2 to 1 dilution
* Activated Sludge (or trickling filte
& supplemental treatment)
Tertiary 95% 10 mg/1 13 mg/1 Secondary + l to 1
Supplemental dilution
Advanced 98% 4 mg/l. 5 mg/1 Series Less than 1 to 1
, Units dilution
VI-4500-8
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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 5000/106ml or less, or feduCe
fecal coliform to 400/100ml in primary contact rec-
reation areas or to 2000/100ml in sécondary contact

recreation areas.

Bypass flows in excess of waste treatment works capa-
city shall be given pfimary treatment, and chlorina-
tion in auxiliary facilities.

°INDUSTRIAL RESIDUE

Waterborne industrial residues generaily require treat-
ment before diécharge to_a watercoufse. Thisvmay in-
clude cooling water and boiler blowdown water. A review
of treatment method and design of facilities by the
Illino;s 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 dischaige of any
wastes'ﬁirectly into the waters of thg State, is re-
quired by the Sanitary Water Board Act (Chap. 19, Para.
©145.11, 111. 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 apd capacity of the receiving waters of the State.
In general, this will continue to be the case and con-
ferences with the Sanitary Water Board-staff are desir-
able during the planning and design phases of waste
reduction or treatment facilities. Certain basic para-
meters or criteria have be?n followed by the staff over
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 26—12;
Mine Drainage Control Méasures; 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-A218

~
)




3.

DESCRIPTION OF TREATMENT PROCESSES

a.

Ammonia Stripper

Approximately 533 GPM of high NH3 content wastewater
will be stripped.in the ammonia stripper (to 100 PPM
NH3),using 50 PSIG steam. The stripper bottoms will
ﬁndergo subsequent trea;ment in the aerqted lagoon

and biological treatment system. (The additional am-
monia stripping could be done in Unit 5500, the source
of this stream. However, for puréoses of this study
it has been included in ﬁnit 4500.)

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 laéoon volume is
3.2 miilion 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 aefate the water for cooling
purposes and to raise the dissolvéd oxygen content for
bio;ogical treatment.

/
Biological Treatment System

This system is a two-stage activated sludge system using
an enriched oxygen atmosphere. The first .stage removes
H,S and BODg (biochemical oxygen demand - organic
material). The second stage removes NH,;. The H,S is

converted to sulphites and/or sulphates,
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ofganic‘material is converted to bioclogical cell
mass, water and COp and the NH3 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-
' inglof 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
desirable for the treated effluent to be recycled back
to the plant wéter supply. Normally, the volume of
treated wastewater to be recyéled‘would be approximately
31% of the total average water demand. The.recycle ratio .
of treated wastewater to intake watef supply required t6
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

inténded use for the treated water.
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UNIT 4700 - SPENT CATALYST DISPOSAL

1. SCOPE

Under this ﬁnit number, previously assigned for
the Phase i report, are the equipment neceésary for
disposal of spent catalysts from Units 2400 (Shift)

~ and 2800 (Methangtion), and spent reagent froﬁ Unit
2700 (Sulfur Cleanup Guard Beds).

It now seems unnécessary that a special unit
number Was assigned to this funétion, since no spe—'
cial capital equipment is required for this purpose.
The job of diéposing of spent catalyst will be doné
every one or two years, as required, during the
annual turnaround, using otherwise idle trucks and
manpower. ‘ |

It is assumed these wastés can be dumped along
with the much larger quantities of asﬁ from the power
plant, Unit 5100, and gypsum froﬁ the limestone
élurry scrubbing system, Unit 4400. |

2. DESIGN CONDITIONS

a., Shift Conversion Fore-bed. (Unit "2400)
Once-per-year replacement.

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

Biennial replacement.
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¢c. Guard Chamber .Beds (Unit 2700)

Zinc Oxide replaced and regenerated by

seller at hié plantsite once every two
years. |

d. Methanation Catalyst (Unig 2800)
Predictions és 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 1000 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 - ASH HANDLING -

1.

(Note: This ash handling system is designed for the
large boiler serving the "EG" unit and for the high pressure
process steam boiler.)

The ash handling system continnqgsly 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 system is essentially a closed loop, recirculating
type system which minimizes the consumption of water.

Periodically 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 méy be located up to
several thousand feet from the power plant.

After conveying, water is drained from the a§h 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, agh frbm 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

802 removal.
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2. 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 utiiize one (1) large, slagging type
boiler for furnishing the steam for. electric
power generation for the "EG" unit, and (1)
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-
cit? from each slag tank will be approximately
80 T/Hk, and ash will be discharged sequentially
from each tank. Total conveying time will be
apprbximately 8-hours per day, 4-hours from .

each slag tank.
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PROCESS FLOW DESCRIPTION

The system ié shown on Figure i, attached. Follow- -
ing i1s 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 aécomplished with a water filled
seal trough for the slag neck connections fastened to
the lower part of the furnace. Molten ash discharges
into the slag tanks‘from.the furnace botéom_in a contin-
uous stream.

The water filled slag tan& is furnished with a main-
tained level control. High pfessure agitatind jets con-
tinuously agitate the water surface .at the point of molten
ash entry into the water. Thermal shock and the water
agitation cauée the molten ash to fracture and soiidify_
into slag. particles.. The slag is collected in the taﬁk
until periodically discharged. |

A continuous recirculation pump furnishes water make-
up to thé slag neck water seal trough, and the slag tank
water level controls.

N .

A separate booster pump,furnishes water at 100 PSIG
for the continuously operating high pressure agitating
jets. '

The water introduced into the slag tank during non-
conveying périods overflows the tank into a-sﬁmp‘pit,

from which pumps circulate it back into- the settling tank.
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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 remo;red 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, thréugh
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 .
watér velocities are low, and allow settling-out of any-
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 disposal. 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 thé.disposal vehicles and the speed with

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

l.

SCOPE

These: units cover the power plant,;water treatmént,
and cooling tower requirements for the Demonstration
Plant. The basic design described fbr the piant includes
an "in~-plant" poiler-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 plant re-
quirements. Process steam is furnished from a separate
high pressure b;iler.

In the event the plant location requires generaiion of
"in-plant" electric powef for all plant requirements, a
second turbine-generator set, of approximately 40,000 KW
capacity, will be required for bperating-and plant start-up
requirements. | ‘ .

DESICN CONDITIONS

A. Design Basis
The design basis for the supply of electrical energy
to tﬁe HYGAS Demonstration fiént is two -fold, namely:
1. Electric power for the EG Section of’the main
‘gasification reactor (iS.OG-Ol) will bé fur-
nished ffom an "in-plant" boiler-turbine-genexr-

ator utilizing spen£ reactor char as primary

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

A
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secondary fuel, and supplementary coal as .
required.

(Note: Final determination as to the feasi-
bility of using thé 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-
;urbine—generétor operating at 1800 PSIG, 1000°F/
1000°F, steam conditions, and 3.5" Hg. turbine

exhaust pressure.

The system is designed to utilize available
heat from the process units for feedwéter heat-
ing, in order to provide increased plant effi-
ciency. Additional work is required for the
design presented in this reporﬁ, to maximize
such process heat ‘availability. Of course, an

economic balance must be achieved between
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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 ehe above, and if purchased
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 ie estimated at

approximately 40,000 KW.

B. BOILER FOR PLANT STEAM REQUIREMENTS
‘Plapt precess 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 110,000 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.
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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 éondi-
tioning and water treatment requirements cannot be
specified. It haé been assumed that feedwater for
the high pressure boilers should be high guality de-
mineralized and deionized water. 'Softened water will
be supplied to the low pressure (250 1b. aﬁd lower)
process steém.generators, and for cooling tower makeup.
On this basié, the estimated demineralized (deionized)
water requirement is 1130 GPM and the estimated éoftened
water is 4100 GPM. Allowances for demineralizer and
water softener regeneration,.backwash, and rinse increase
the utility and process units water supply.to an eStif
mated requirement of 5653 GPM. This figure indicates
that a‘water supply of approximaiely 5700-6000 GPM is
needed for the Démonétration Plant, Eonsidering the
additicnal requirements for personnel} sanitary facil-
ities and fire protection.

Since specific information on water supply is not

"available, it has been assumed that cold (709F or less),

clean water will be available to the ﬁattery Limits at

a nomihal pressure of 35 PSIG.. Requirements for develop-
ing this water source, water pietreatment aﬁd clarifica-
tion, treatment fog potability, etc., are not included

in this report.
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Since the "in-plant" electric generating boiler
turbine-~generator is essentially "self-contained",
high quality demineralized water is supplied to the
turbine condenser for makéup and will be deaerated

and heated along with the condensate returned to the

- 1800 PSIG boiler. Demineralized boiler feedwater to

the 1250 PSIG pfocess 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 seiected 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 procesg units. Water to these
systems is softened and suitably treated fo£ low pressure
steam generation. Softened water is also supplied to
cooling towers for makeup. |

PROCESS STEAM GENERATION

1. 1250 PSIG STEAM

Saturated, 1250 PSIG steam will be generated

in the main reactor water jacket‘(Upit 1500) to

4
.

A
provide reactor cooling, and this Will also supply
process steam reguirements for Units 1600, 24007:C,

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

Tae i

ments for the-.process unité%%§ceed the generating

+
Ry

capacity of the reactor,%%%SO PSIG steam, saturated
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and at 1000°F will be generated in an H. P.
process boiler to supplement the steam produced
at the reactor.

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.

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 50°F 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.

50 PSIG STEAM

Steam requirements for the boiler feedwater
deaerators 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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The denerator for the7250 PSIG steam genera-
tor's boiler feedwater is Suppliea from the
Sﬁ PSIG, saturated steam header. A suitable selec~
tion of turbine drivers operating between 50 PSIG
(saturatéd) 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 (l); the EG "in—plant“ steam generator coh-
denser and (2); for process units as follows:

"EG Unit - 70,000 GPM
Process Units - 39,500 GPM

Cold water design temperature is 85C9F with hot
water return temperature at 115°F, for a 300F range.
The éooling towers are envisaged as separéte units, for
possible advantageous loéat;pn relative. to 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,
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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:ta,the limestone slurry facilities, Unit 4400,

and/or to the foul water disposal system, Unit 4500.
3. DESCRIPTION OF OPERATION

A. A tabulation of steam and water requirements, by
units, is shown in Tables 1, 2, 3, 4, énd 5

attached.

B. An overall steam and water block flow diagram is
shown on Process Flow Diagram #1843-51.00-1G.
C. A tabulation of plant electrical requirements is

shown in Table 6, attached..
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TABLE 1

STEAM GENERATION & CONSUMPTION - LBS/HR

1100,1200

1300
1400
1500
1600

2100
2400
2500
2600
2700
2800
2900

3100
3200
3500
3600

To 250
System

H. P.
Boiler

PSIG

"1250 PSIG STEAM

J

GENERATED CONSUMPTION

Sat. 1000°F. Sat. 1000°0F.

99,200 289,210
23,850 |

146,540

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

36,340

Unit 5100 - 109,930 289,210

Total

209,130 289,210 209,130 289,210
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TABLE 2

‘STEAM GENERATION & CONSUMPTION - LBS/HR

250 PSIG STEAM

- UNIT ' GENERATED . CONSUMPTION

Sat. 456°F Sat. 456°F

1100,1200 :
1300 290,240 327,400 65,600

1400 24,150
1500
1600

2100 64,000
2400

2500

2600

2700
. 2800 147,700 60,000
2900

3100 :
3200 15,840 14,000

3500 25,640 -
3600 ’ 18,100 (At 100 PSIG) .

5600 . 91,700

From
1250 PSIG
System 36,340

To )
Superheater (~) 327,400

To 50 PSIG
System ' 68,440

To Utility
Area 58,490

Total 126,380 . 363,740 126,380 363,740
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TABLE 3

STEAM GENERATION & CONSUMPTION - LBS/HR

100 PSIG STEAM

UNIT GENERATEL - CONSUMPTION
sat. Sat.

1100,1200
1300 :
1400 93,100
1500 .

1600

2100 93,100
2400 |

2500

2600

2700

2800

2900

3100
3200
3500
3600

Total 93,100 | . 93,100
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TABLE 4

STEAM GENERATION & CONSUMPTION - LBS/HR

30 PSIG STEAM

UNIT GENERATED - CONSUMPTION
1100,1200

1300 . 65,600 400 180,000

1400 7,790

1500

1600

2100 64,000

2400 69,730

2500

2600

2700

2800 31,000 60,000

2900 540

3100 17,560

3200 ‘ 7,000 14,000 .

3500 30,000

3600 830 30,500

From 250 PSIG
System 68,440

50 PSIG
Steam to
Process 92,040 (~) 92,040

From Utility
Area 5,200
18,900
To Utility
Area 135,470

Utility
Steam 19,100

Total 233,030 180,000 233,030 180,000
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TABLE 5-

CONDENSATE TO COLLECTION SYSTEM - LBS/HR

Lbs/Hr ‘ TemE—OF_
1100,1200 :
1300 180,000 150
400 298
1400 109,460 298 -
1500 .
1600
2100
2400
2500
2600
2700
© 2800
2900 1,860 298
3100 , 17,560 298
3200 |
3500 .
3600 47,770 298
5600 . 91,700 110
From
Utility ’ .
Area 108,920 180
Total = 557,670
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TABLE 6

ESTIMATED ELECTRIC POWER REQUIREMENTS .

(*EXCEPT FOR EG UNIT POWER SUPPLY)

Normal Connected
KW Kva
1. PROCESS DRIVERS 11,830 20,510
(Units: 1100-1le600,
2100
2400-2900,
3100,3200,
3500,3600)
2. UTILITY AREA
- DRIVERS R 9,040 11,020
(Units: 5100,
. 5200,
4500,
4800,
7100)
3. LIGHTING 670 890
(Units: All above,
Buildings,
& Offsites)
Total 21,540 32,420
VII-5100-14
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UNIT 5600 - REFRIGERATION UNIT

I.

SCOPE
This unit supplies the refrigeration requirements
for Units 2500, 2600 and 3600 using ammonia as the
refrigerant. The mgjor'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 -50°F to Units 2600 and 3600, and 900
tons of refrigeration at +60°F to Unit 250Q0;

PROCESS FLOW DESCﬁIPTION

The system is shown on Process Flow Diagram #1843-
56.00-1G. Ammonia vapor from_Units,ZGOO and 3600
enters the suction side of the low stage compressor.
The compressor discharge is desuperheated by contacting
it with a low temperature aﬁm&nia 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 thé 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.
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UNIT 5700 - INERT GAS GENERATOR

ll

SCOPE

This system is a Qackaged ine;t 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 dJenerator, two gas compressors, two drying units
(dessicant type), and two receivers.

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 reqpired will be 14,600 SCFH. After cooling, the

gas will be compressed in separate compressors, dried,

and then stored. Inert gas will be supplied to the plant
at 100 PSIG, and at 1250 PSIG. The inert gas will have

an oxygen content of approximately 500 PPM. Cooling water

‘requirements will be’approximately 1000 GPM.

PROCESS FLOW DESCRIPTION

The inert gas generator Shou;d be put in operation
about 30-minutes before plaﬁt start-up, and runs
continuously during plant operation.

The gas from the generator is cooled, cémpressed
separately to 100 PSIG, and 1250 PSIG, dried in dessicant-
type dryers, and then stored in receivers of approximately

6000 SCF capacity each.

VII-5700~-1
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as follows: ' . :

Consumption of the inert gas supply is estimated

100 PSIG System

l. 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 :

1. Unit 2900: 400 SCFM.
2. Purge of high pressure instrument
Icor'mections: 320 SCFM.

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

VLI-5700-2
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Unit 7100 - YARD LINES & TANKS (STORAGE TANKS)

l.

- SCOPE

This unit covers a tabulation of the field storage
tanks réquired for the various process materials, and
by-products associated with the Demonstration Plant.

This tankage, and the respective requirements are
indicated on the following pqge.

The equipment noted herein does not include field
storage of dry sulfur. Two 30-day fields of 3,000 long
tons capaéity each will be required. Each field will

have dimensions of 26' high by 100' long by 20' wide.

VIII-7100-1
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UNIT 8100 - MOBILE EQUIPMENT

1, SCOPE

This is a discussion of the number and types of .

mobile equipment to be included in the plant motor pool.
ihis equipment will be housed in a commén garage, re-
"paired and serviced at a common faciiity, and deprecia-
ted over a five-yéar period (with certain exceptions)
instead of the'twenty-year period used for stationary
items of plant equipment.

Usage, and the equipment required are outlined below:

a. Ash and Gypsum Disposal¥*

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 100 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 piie.:_' |
1 - Clam-shell bucket, rail or caté&pillar

~mounted, self-propelled, 3 cu.fyd; capacity.
1 -~ Heavy-duty bulldozer

2 -jPayloaders

IX-8100-1 .
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c. Mliscellaneous

1 - Sedan automobile for Plant Manager
2 - Inexpensive sedan automobiles

2 - Pickup trucks

1 - Fire engine*
1 - A-frane, 1% ton f£lat bed truck
1 - 1% ton flat bed truck
1l - Dempster dumpster W/4 bins
1 - Ambulanca
* 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.

IX-8100-2
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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 déta to finalize the design of
the reactor.
b. The present design of the reactor has been dis-
cussed with manufacturers and time for f;brica-
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 .
in this section. This chart indicates a 48-month project sched-
ule

1. ENGINEERING

S

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 desidn paraﬁe;ers depend on data

to be obtained from pilot plant operation.

#Editor!'s Note: The time estimates presented here are largely

outdated 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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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'completéd.

Average construction manpower . is estimated at 1100
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-
imgtely thirty-three months fof desigﬁ and field éonstruc—
tion:

The boilers and turbinefgeneratérof_the.power plant
wiil require approximatély tweh£y¥one months for delivery
and subsequent field erection.

These two items govern the procurement requirements,
and the corresponding, overall project schedule;l |

The numerous other heavy wall pressure vessels; and
special'puhps ;nd compressorS'ﬁill 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 can be shortened the Engineering Schedule

could be changed with an improvement in schedule.

8-A253.
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PLANT MANNING ESTIMATE

A. INTRODUCTION

This section presents a plant manning estimate for
Speratioﬁ'and'mainténance'of Ehé EOZMM SCFD ngonéiration
Coal Gasification Plant, covered in this report. A Plant
Manning Organization Cﬂart is shown in Fnigur'e 1 , attached.

Personnel for coal mine opgration are not involved;

B. GENERAL COMMENTS

The plant manning.schedule is based on the following
factors:

1. Operating Department -

- a. The gasification plant operation is con-
tinuoug, 24-hours per Qay, 7 days. per week,
365 days per year, '
b. The work scheﬁglgifor Operating Dept. per-
sonnel is: o ‘ . .“' :
(1) Eight (8) hours, pet day; three (3)
shifts iequiréd pe#.day; B
(2) ‘Férty‘(40) hour,wofk Véek; 5 days
E per week.

(3) Clgssification.of WOrkgfs:t

.
~

(a) Operator

Operators are the team leader for

a group of plant units as assigned.
They are responsible for operation
of . these units, and are assisted by

l'h‘elpers 1" .

’XII—l
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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-
Jjustments to control system settings
- required for proper plant operation,
and logs various(instfument readings for

records and performance calculations.

{a) Shift Breaker Extraman

Normally works l-shift pér week for
-every job (in place of the normal
4-men per job). Also fills-in operat-
ing shifts during vacations, hblidays,_
and other absehces.

2. Maintenance 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 basis.




3. Employee Benefits and Other Factors

. ' a. Employee vacations average three (3) weeks

v per year. |

b. " Employees have ten (10} 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 ére 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 f£illing 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 orgaﬁization
chart is as follows:

1. Management

a. Plant Manager

Responsible for total plant operation.

b. 0Office Manager
Responsible for clerical and stenographic
services, accounting, payroll, personnel

records, purchasing, and warehousing.

XII1-3
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Warehouse Supervisor

Responsible for the warehousing operation,
including inventor} control, issue of mate-
rial, requisition of material, control of
maximum and minimum quantities, and all
otﬁer warehouse operations.

Warehousemen

Responsible for issue and receipt of mate-
rials, warehouse stocking, and issue noti-
fications when supplies are needed.

Safety and Inspection Manager

Responsible for fire and safety equipment,
instructions and counseling on fire and
accident preventioﬁ, record keeping of fires
and accidents, plant and personnél'safety
checks, issuance of safe work permits, in-
spection of equipment, and equipment safety

inspection records.

XII-4
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Tcchnical Manager

Responsible for technical service; general

engineering services, and laboratory services.

In charge of the engineering supervisor and
engineer assisténts, the tecﬁnical service
supervisor and assistaﬁts, and the laboratory
supervisor and technicians. Thevlaboratory
operateé on a three shiftlbasis'and there should
be .two laboiatory techniciaﬁs on duty on each
of the second and.thifa shifts. '

Operating Superintendent

Responsible for operation of plant units and
handling of raw materials and products.

Operations 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

Handling Supervisor

Responsible for routing, an@ 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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“

Maintenance Superintendent

Responsible for maintenance of plant.

Maintenance Planner

Responsible for planning and scheduling
maintenance, repair, and turnaround work.

Maintenance 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:’
l. Pipefitter - Welders

2. Mechanical Repair

3. Electrical - Instrumentation

4. General Utility

XII-6
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Manning Basis:

1.

One (1) Central Control Room for all Pro- .
cessing Units except Units 1100, 1200, 1300,
1400, and Units 5100, 5200, 5300, 5400, 5500,
4100, and 6100. x
Separate Control Room in Power Plant for
Units 5100, 5200, 5300, 5400, 5500, 4100,
4800, and 6100.

Separate offices and work reporting areas

for Units 1100, 1200, 1300, 1400, 4300, 4400,
4700, 4800, 5600, 5700, 7100, and 8200. .If
any particular instrument or control infor-
matibn from the above units is reguired in

the central control unit, the necessary data

is transmitted by -dual instrument or by tele- .

phone.

Total Manpower

Operators - 24
Helpers. o= 96
Boardmen - 12
Shiftbreaker
Extramen - 39 -
Total o 171
XII-1Q
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MAINTENANCE DEPARTMENT PERSONNEL .

Following is an estimate of the plant manning re-

quirements for this department:

1. Classification . Total Personnel
Pipefitter - Welder ° 20
Mechanical Repajir ‘ ' 25
Electrician - Instrumentation 20
General Utility | . © 20
Labor Pool 25

Total 110

a. Pipefitter-Welder responsibiiities:
- All pipefitting, boilermaker &
welding work. |
b. Mechanical Repai; Responsibilities:
Pumps, compressors, mikers, control
valve repairs, turbines, rotating

-

equipment, mobile equipment, conveyors
& tool ébom .

€. Electrician-Instrumentation Responsibilities:
Electrical equipment & devices, motors,
pneumatic & electronic instruments, relief
valve repair & adjustment, control valve

adjustment & repair & adjustment to all

control or electrical devices.
7

XIi-il
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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.

2. Training & Promotion in Maintenance Department

a. General utility men will be preassigned
by choice and assignment,. five (5) each

to the pipefitter-welder, mechanical re-

pair, and electric-instrument 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 wofk 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.

XI1-12
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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 reguired.

XII=-13
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. OQTHER SERVICEE

Certain services will be required which should be

handled by non-employee personnel. These services are

as follows:

1.

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 gater; 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 peréonnel 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.

XII1I-14
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APPENDIX 8-B

Volume II
of the

Preliminary Engineering Study
HYGAS Demonstration Plant

by

Procon, Inc.,
A Subsidiary of UOP

B/




Procon Note

This book conta as preliminary Equipment
Data Sheets and Piping and Instrumentation
(P&l) Diagrams, part of the Preliminary
Engineering Study for a HYGAS Demonstration
Plant. -

Editor's Note

This Appendix 8-B recreates the entire
Volume II of the Procon Preliminary Engineering
Study, HYGAS Demonstration Plant. The engin-
eering materials of Volumes I and II of the
Procon report {(comprising Appendixes 8-A and
8-B, and portions of the body of Part 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—0001-38121), and of March 1972,
Contract No. 14-01-0001-381(2).
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VOLUME II
TABLE OF CONTENTS

SECTION
1. INTRODUCTION
II. PROCESS UNITS - 1000, 2000, & 3000 SERIES,

INCLUDING PRELIMINARY EQUIPMENT DATA SHEETS
AND P & I DIAGRAMS

Units 1100 & 1200 Coal Handling &

Preparation
Unit 1300 Coal Pretreatment
Unit 1400 Char Feed Preparation
Unit 1500 Reactor Section
Unit 1600 Char Recovery
Unit 2100 Raw Gas Quench
Unit 2400 Shift Conversion
Unit 2500 Ammonia Scrub &
Gas Preconditioning _
Unit 2600 Methanol Scrub (Rectisol)
Unit 2700 Sulfur Cleanup Guard Beds
Unit 2800 Methanation Section
Unit 2900 Product Gas Dr§ing.
- Unit 3100 0il Stabilization &
Scavenge Gas Compression
Unit 3200 Claus Sulfur Planf
Unit 3500 Ammonia Separation (PHOSAM)
Unit 3600 Acid Gas Stripping
(Rectisol)




INTRODUCTION

Volume II of the Phase II Report includes pre-
liminary equipment data sheets ané P & I diagrams.
3lthough preliminary, the equipment déta sheets were
used in developing equipment pricing. The P ‘& I
diagrams include the total quantities‘of equig:igt

involved, and the basic piping requirements. -

It should be noted that the P & I diaééams have
not been "engineefed“ for‘the actual instrumentation
required. Tﬁe instrumentation shown should be con-
sidered very preliminary. Pricing of instrumentatiqn

is based on estimated costs.



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 3600, 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:

1. Units 2600 & 3600:

2. Unit 3200:

3. Unit 3500:

The design of these units, used

for sour gas purification, and
solvent regeneration, are part of
the LINDE AG "RECTISOL" process.
The design of this unit, for con-
verting HyS to elemental sulfur,

is the property of the Amoco Pro-
duction Co.

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.

under license.

All these processes are available
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BELT WIDIH
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1L.2000A ~ - 1350 wPh Vibrating Feeder to Breakur
11.33-0bA sL" - 1350 %1 Vibrating Feeder to Collecning
Belt
T, 43024 sL" /54" - 1350 1Y Transfer Thutles
11.17-024& to 11.17-03
} \atirzz | 3¢s | Aveition e 1225 03548
G il/9/71 | ccn FOR TNQUIRY
e, f.’f.‘rE' APPROVED REMARKS

.
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Procon incorporated

DES PLAINES, ILLINOIS U.S.A.

REQUISITION

n048h3~11.17-1
SHEET NO, 2
TOTAL SHEETS 6

DATE  11/8 /71
APPROVED

. v

MATERIAL INCLUDES -

COAL HLKULING SYSTEM

ICT HYGAS PLANT

DESCRIPTION OF MATERIAL

COST ACCOUNT NO.

PURCHASL ORDER NO

LTEM RU. COHVEYCR
BELT WIDI

11.33-03A

12.17-01
12.17-02A
12.17-034A

12.17-03E

12.17-0k

12.17-05A
312.17-0T7 A,B
12.17-08 A,B

12.33-01A
12.33-02

gt
2“ 7"
30"

k2"

y2"
2y"
30"
b2"
h2||

30"

24"

12.33- 0301

Nu._keg'd
14

Length
1000 ft.
(100" rise)

300 Ft.
(50" rise)
60 ft.
{no rise)

60 rt.

Belt Scale

Belt Scale
Flow G:tes
Trippers

No. Req'd
1

1

2

CAPAL LYY
225 TPk

T5 TPH
{#25 TPH Future)

225 TTil
3CY UrH

300 TI'H

(PRAT

{225 1P Future)
225 TPH

0-150 TPH

300 TPH

225 1PN

15 TPH
(225 1PH Future)

225 TH

SFRVICE
Recluim Couveyor Feeders

Power Plant Supply
Pretreater Supply
Transfer Conveyor

Transfer Conveyor

Power Plant Supply

Pretreater Supply
Boiler Plent Supply

Pretreater Supply

Pretreater Supply Feedor

Power Plant Supply Feeder

VIBBATrYG FEE DEPY
FoR? TRANSFER certVEVOCS
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PHOCON Incorporated MO.1843-11.17-1

DES PLAINES, ILLINOIS U.S.A. SHEET NO. 3

TOTAL SHEETS 6
DATE 11/8/71
REQUISITION ' APPROVED

P i

MATERIAL INCLUDES - COAl, NAEDLING SYSTEM
IGT KYGAS PLANT

" DESCRIPTION OF MATERIAL

COST ACCOUNT NO. PURC KASE ORDEQ.NO. ]

Notes: (1) Initisl capacity 1350 WVh, fuiture cspucity 2025 T7H,

(2) Belt conveyor shall be desipred suitable for extenrior approximutely
600 feet in ihe future Lo include eddftional reclaim hoppers.: Motor
driver shall be designed for initiul conditions unless HP rating
for future condition is of small order of magnitude (nexi HP cless)
in which cuse quotaticn shall provide larger motor und be ncted
accordingly.

Reference: Procon Drawing do. 1843-11.00-1G

GENERAL CONDIYICIS:

All equipment shell be designed for hundlirg size 1%" x O Southern Illinois No. 6
Bituminous coel with the following esiinuted size distribution, except for
Items 12.17~02A =nd 12.17-0%A:

;

Tyler Mesh % Regained

15"

1"

3/h n
1]

kll

b
6

M
1hi4
281
35M
100M
Pan

W W AN U =] st

n =
W WA OV ONN) 10 \O 00
QF O~ NW -~ OW

Vw0 wWwoONOVY

Scooaql N ON OV

&

N O
[
fod
(e
o

Bulk density - appros. 50 1bs per cu. ft.

—

I Reprodiced. from, -,
best available -¢opy.
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Procon Incorporated #0.1843-11.17-1
DES PLAINES, ILLINOIS U.S.A. SHEET NO. &

TOTAL SHEETS 6

REQUISITION APPROVED L

MATERIAL INCLUDES -

COAYL, HARILING SYSTEM
1GT NYGA PLANT

DESCRIPTION OF MATERIAL COST ACCOUNT NO. PURCHASE ORDER NO.

cr— of
. PIMA S AN, temT A pemarm S v
GEI.L.\.... Coredmam it Gk W)

Coul Tor Itens 12.17-02A-and 12.17-05A wiil be size "M x 0 which is estimated
to have the following size.

Tyler Mesh % Retained _Cum.%
b 5
8 14 19
18 19 38 !
28 . 20 58
. 48 15 73
100 10 83
Pan . 17 100

Bulk density - epprox. 55 1lus per cu. ft.

Ambient tempcrature renge four cosl hendling sysiem:
’ Sumner 95-1009F
Winter minus 209F

All conveyors, fecders, and separators shall be fwrnished compleie with motor
irivers and recomuended drive auxiliuries (belts, ghcaves, speed reducers,
guards, etc.) Controls for conveyor system shall include necessary interlocks
and safety switches {to be reccmmended by supplier) for a safe and operable
systen,

Tha coal handling system shsil be corirelled by a remotely operated panel with
loeal panel override at the stncker and cosi conditicning houte for manusl
control. It 1s envicaged that the control panels will be by others, however,
conveyors snd equipment shall be provided with components suiistle for remote
panel operstion.

Feeders at ihe coal cbnditioning house shall be suitsble for connections to m dust
recovery systeu.

A1l motor stariers cicept for stacker shall be by others; quctation shsll include &
1list of moiors showing their H® requirercnts and rated HP,

General ail belt ccnveyors shall be enclosed, except Item 11.17-03 in the arca
of Stecker, in order to minimize dust generation by wind nnd to minimize effest
of snovw and rain.

8-B8
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Procon incorporated ' _  {moaB311a7-
DES PLAINES, ILLINOIS U.S.A. SHEETNO. § -
TOTAL SHEETS 6
) DATE 11/8/71
REQUISITION APPROVED

MATERIAL INCLUDES ~ COAT, HANDLLING SYSYEY

IGT HYGAR FLANT

CCST ACCOUNT NO. PURCHASE ORDER NO.

DESCRIPTION OF MATERIAL

GEHERAL CORDITLIuAE cont'd

Conveyor items 11.17-06A"und B are envizaged &s non-paruallel conveyors having

B spacing of 20' to 40' in ik~ reclainm area and converging at the Cecal Conditioning
House. Consejuently in the arva of the Coal Corditioning House the two conveyors ray
utilize copmon siructural supports.

Traveling Conl St-rker

_The cond Stacker shall be ruil mounted suitable for translaticnel movement
parallel to the lengitudinal wxis of the curl pile being scerved., The stacker
shall Le designed for (1) an initial cnpucity of 1350 TPH, and (2) be suiteble for
increasing capacity to 2025 T:if for futurce rcguirements.

Travel of stacker shall be 300 feet initially, io be extended approximately 600 feet
in the future (total 900 fect.)

The stacker shall be designed with a suitable buom end belt conveyor for piling cosl
on one side (i.e. rotation noi required) to & height of 77 feet at a distance
{rcach) of approximately 110 feet (the triarpular section of the coal pile to be

77' x 200). k

The boom shall be suitable for raising the discharge end the required height to
pile coel to a height of T7 feet, and for lewering the aischarse end to a height
of approximately 30 feet. The boom shall Le equiped with suitable probes so that
as Lhe coal is piled the protes will provide o signal for sutometically raicing the
hoom or cause the stucker to travel depenuiry upon o predetermined mode of
vperation. The boom shall be suppliced with 8 coverdd W4t troughed belt conveyor
to handle the specified capacities.

The stacker shall be supplied with o {ripper and transfer facilities for receiving
coal from a troughed feed conveyor rumning purallel Lo and betwevn the rails

of the stacker near ground level, and for {ransfering the coal onlo the boom ]
belt. Stacker shell be complete with reids, trolley & trolley shoes, motors end °
sterters, pile probes, and control paael, Control punel shull be suitable tor
extending, control functions :nd operation indicators to a remote (control house)
locatiown. )

8-B9
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Precon incorporated NO. 1843-11.17-1

DES PLAINES, ILLINOIS U.S.A. SHEET NO. 6

TOTAL SHEETS ©

DATE 11/8/71

URCHASER ANN/OR (TS
ATING TO THME FPROPERT Y

. RRL

MEN™ OF PAYENTYS
2 !KP‘(‘NS!I INCIDENT AL THERMETO,

UITS AND #iLL PAY ALL COSTS AND

~LER ATJREES TO INDEMNIFY AND HOLD MARMLESS "HE P
UlY FOR ALLEGED INFPRINGE

DAMAGE IW INJUR T ARISING OUT SF A € LA OR 3

AND Wi L ASSUME “HE CEFENSE OF AnY AND ALL S5UC

st IPELIFIROD “ENEIN T NE JE

e et s WomT

CUSTCMER FROM ANY LSS,

ReSCRIBED HEREN,

REQUISITION APPROVED
MATERIAL INCLUDES - COAL HARDUING SYSTEM
IGT HYGAS PLANT
COST ACCOUNT NO. PURCHASE ORDER NO. |

DESCRIPTION OF MATERIAL

Electrict] Characteristics

Motor Cize - Volts Pharse Hertz
One-half HP and smaller 15/230 1 0
Above % HP to 750 HP LGo 3 60
Over 250 HP kona 3 €0

Mode of Operation:

Initial operaticns will provide for recciving coal at the Freakers during a

single shifl operation. Thus conveyors wnd equipment Lhrou h and including

the stucker will be lor intermittent cperation, i.z. one shift (7 hours) "en";

two shirts "off". Startins with the »rela’= .tatisee {fniere) Lhrough the delivery
conveyors to the Power Plent and to ithe Pretreater all operations sre io be

cont lnuous.

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

Painting

All structural steel ard eguipment to be furnished shall be commer:iully cleaned
in accordance with SSPC~-5P6 and reccive one coat of shop primc and Lvo coats of
finish paint (color specificaiions later) in accordavice with suppiiers
recormendations.

Inebility 1o adherc strictly to the foregoiug speirications shall rot deter
supplier from nuking a guotation. Hewever wny devistions or recormendstions
contrary to specifications shull be cxprassly stated.

8-Bl0
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Procon incorporated NO18H3-11.32-1

SHEET NO. 1

OES PLAINES, ILLINOIS V.S5.A.
TOTAL SHEETS

DATE 10/13/T1

REQUISITION xPeRpVED
0ty

MATERIAL INCLUDES -
ERIAL INCLUDES COAL I'RWAKER

TGT - HYGAY FLANT

¥ ACCOUNT Nb. PURCHASE ORDER HO
DESCRIPTIGH OF MATEKIAL cosT ac ,

.
Design and furnish one (1) rntary Lype conl hirenker in accordnnes with the
requirements cpeel fied or refercnced herein:

1TR X0, | ~ SERVICE
11.32-01A COAL BEEAKXR

Operating Conditiornsg

Feel Materinl ~ Southern lllinois Ko. 6 Rituminous Coal

Feed Rate » 1360 tara prr houre

Hardgrove Grindebiiity Index - Approx..55-60,

Size - Run of mine (6" x $ approx.)

Size distribution - Run of aine.

Product size requirement - 14" x 0, with ninimum fines peneration. It is
wnticipated that a sample of coal will te furnished svpplier
for a test rumn when specific ccal field is nominaled. Mewnwhile,
supplier is requested to furrnish his best estimate of product '
size dislribution frem his experience with Fued Malerial
specificed abave.

GBED MEREIN, AND Wil L ASSUMY Fu¥f DEFENSE OF ANY AND ALL SUCHK

‘MER FROM ANY LOSS. O

BY ACCEPTING THE GRDER »

[
-

0 | en, |WE |1 tacaw J

REV, DATE, |APPROVED i REMARKS
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O, 420:278+1, 2771

' 1843-11.32-1
Procon incorporated no. 184

DES PLAINES, ILLINOIS U.5.A. SHEET RO. 2

TOTAL SHLETS

DAVE 10/23/71

REQUISITION APPROVED

MATCRIAL INCLUDES ~ COAL BREEKER
' IGP - LiYGAS PLART

MENY OF PLYENTS NELATING TO THE PuOsERYY
NS AND @il PAY ALL COSTS AND EXPENSES 'NCIDENTAL THEPETQD

1 ALY SPECIFIEL ~EREIN THE JELLEY AGNEES TO INDENMNIFY AND MOLD WARVLESS *ME PURCHASER AND/OR 7S

" INIUMY ARiISING OJT SF A CLAMOR BUIT POR ALLEGED INPRINOE

s
ANy WILL AFSLvE “HE OFFENSE OF Any AND ALL SUCV

PR TR
-

AL LR iy L U P
CLETOMEN FROM ANY LGRS, DAMAGE
FTCAIBED NERETN

© -
b

i CO5LT ACCOUNT O, PURCHASE ORDER NO. |
DESCRIPTION OF MATERIAL ) i

-

General Requirenon's

Equipment shall be heavy duty type suitsnle for continuous operwtion.

Breaker shall be dexigned lu» ccavengiig and removel of rock and debris via
a separale dischrrre.

The Ccul Freaker shall be supplied couplete with motor and drive train, couplings,
guard enclosures, ete. Motor shall be TEFC for basce quotation, However, supplier
may recormend alteraste inctallalion schemes he ean cupply for usine e iess
expensive motor type affording the nccessary protection from Gus. eccwrulation.

The Ereeker shull be supplicd with feed end refuase chuies. A1) feed heprers
and product removal chutes, .feeders, conveyors, etc., and Lreaker supports and

FAavedntione £hold L3 by otlars.

Eleectricasl Characteristics

Motors 3/4 HP to 250 HP shall be 460v, 3 phase, €0 cycle. Motors larger than 250
HP shall be 4000v, 3 phase, 60 cycle.

Motor starters Ly others.

Peinting

All externul surfaces shall be power or herd cleaned for the reanval of oil,
grease, dirt, mill seele, rust and forcign ratter (Lauivalent Lo SSPC-SP6,
Comnercial bLlasiL Cieanins) before recciving one coat of shop primer and finish
paint in sccordance with supplier's stunoaards.

'Reproduced “from . © .,
‘ best available copy.”

8-Bl2
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Procon incorporated

DES PLAINES, ILLINOIS U.S.A.

’

n01843-12,32-1
SHEET NO, 1

TOTAL SHEETS

DATC  19/il/T2
REQUISITION APPRQVE®
o ,‘)/
PN DATA RIS [vesd sne S
MATERIAL INCLUDES - .
- COAL COMDITIONER {CRUSHER)
IG% -- HYGAS PIART
. OUNT NQ. PURCHASE ORDER NO
DESCRIPTION OF MATERIAL _] COST ACCOUNT KO .
Decign and supply ont (L) rue.sy tobu uend o 'ediliones dn &cver dunce with the
requircments speciied o referenced herein,
JTEM NO. SLRVICE
12.32-014 Conl. Conditioner
Operuting Conditions
Feed Material - Southern lllinois #o. 6 Ritumincur (aal
Feed Rate - 225 short tons per hour
Hydgrove Grirndibility Index - Approx. 55 ta 60 .
Fced Size ~ 1¥" x O . -
Teed Bize Distribulion: Tyles Mesh % itetsined O &
1" 1.5 1.5
1" 8.1 9.6
3/L 9.7 19.3
3" 13.5 32.8
B 27.9 €0.7
It 2.6 63.3
M 6.3 69.6
& 5.1 .7
1Ly 8.3 83.0
261 6.4 8u.4
354 2.4 91.8
100M 5.0 9G. 8
Pan 3.2 100.0
3
(Y A7, do
0 /. d;/ l__.,') e -.;JJI’/I
REYV, DATE, APPROVED REMARKS
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Prccon incorporated NO. 1843-12. 32-1
DES PLAINTS, ILLINOIS U.S.A, SHEET NO, 2

TOTAL SHEETS

OATE 10/14/71

REQUISITION APPROVED

MATERIAL INCLUDES - COAL COKLTIONER (CRUSHLR)

14T - KHYUAs PLANT

DESCRIPTION OF MATERIAL €051 ACCOUNT NO, PURCHASE ORDER HO.

D ExSENSES -NCIDENT AL THERETD

*S AND WLl PAY ALL CO5TS AN

-

-

T ACLAWM IR S T KO ALLEGED 'NFRINGEVENTY OFf PATENTS, RELATING TO “H“E AOOPCRYTY

CTAMAGE TO N3 AT ARIS NG T~
N, AN WILL ASSUME T CEFENSE OF Anr AND ALL SU

TBED HENE

Y ALLE S TING §ME CHIOER SDR THE ML LE AL S SHEC/SED WECEIN THE ST L E® AGREES TO INDEVAFY AND 14, 0 <ARULESS "HE PURCHASE® 4nn /DR vy
USTCMER TRUM ANY % 5Y,

)

e e aead

Gpereling Conditions (eent'e)

Surfece Moisture - A - 8 % Norzal (Desipn)
Up to 15% veewr Jonal Maximun

Product Size Keguireren's: 1007 ninus 4M, not mere then 5% L¥-84, and
with a minimum of fines lesy than 100M. It is wnticipsied that a
sempls of coal will be Tfurnizhed supplier when coal rield is noninasted,
for test runs. siruwawhile supplier is rsoquested to furnish his best
estimate of product size dicvritution biscd on his experience with Feed
Muterial and Feed Size Dictribulion given sheve, OF special interest is
supplicr's estimule of percent of finee less than 100 mesh.

General Requirerents

Fquipment shall be heuvy duty type suitaeble for continucus operation.

The coal conditioner s1211 be supplicd comnlete with motor and drive trsain,
couplings, ané guard enclccures. Motor she2l? ke TEFC for bare quotation.
However, supplier muy »ceolmend elierqate instsllation schemes he can supply

for wsing a less expenrsive motor Lype which also affcrds the necessury protection
from dust accumulation.

Electricel Charocteristics

Motors 3/L EP to 250 kI' chall be- h{OV, 3 phasc, 60 cyclé. Notors lerger ihan
250 HP shell be LOOG V, 3 phasc, GO cycle.

Mctor starters by olhurs.

Painting

All external sarfaces shail be power or hand clewned for the removal of oil,
greese, dirt, mill scale, rust wind foreien na'oriul (Lquivilent to S8I'C-SPE,
Commereial Blast Cluuning) before ruceiving ouse coet of chop primer and
finish painl in mcecvdanee With :upplier's stunduvds.

8-Bl4
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DESIGN DATA
CODE ASME ComsTR. 187) S 7, Tl DIV |
SFECS.
[ INT. |5 PSIG 2080 F
CONDIMONS  |EXT PsiG @ F
| OPEK. MRESS. q PSIG @ |50 °F _Searan
memmmv “Nomz -
P05T WELD HEAT TREAT Nowe )
JONT EFF, £0° sHELLd Haans
COKROSION ALI G/ANCE /g™
WET FEC. WEIHT 25100
T EIPTY WEFGCHT
GPER. VILIZHT
ST wéfdJT_ )
= _*P@Ekiiﬁﬂﬂﬁiﬂi___.
SHIL! binC.c
I f .
9
fLes _A-S3y A3 -
: Aq%lch
INTET NALS .S . T .
GSET. anLdMaanEiEEZT
—— ] 102."1.9. R
MANV/AY (R'NAED G CAVITED) 8
ACCESSTRICS To PR SUMPLIED BY FAERICATOR |
LECLCR AHD FIPTFORM CLIS  YES |
DAVIT SUI'T'ORTS . Na !
PIFE SUPIORT Lus: T Nes. ¥ _"__.._@
FIPE GUIDE "165 Yes 1
FIRLPROOFING : No . y 'r
RSULA 10N No ] Senad N, A 1
PAINT 1 =Shob CoAT 21 CRE4NTE B 3@"‘ ~ ‘\,-L
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"DESIGN DATA
CODE pSME ConsR, K1) SECT. WY Div!? @

SPECS.
- i %R
OEslen . |INI__ D PSIG @ 200 °F Py~
CONDITIONS  [EXT. . PSiG @ °F . _SEAMg B -+
T

OPER. PRESS. 1S PSIG @ 250 °F
RACIOGRAPHY Mo '
POST WELD HEAT TREAT KNgo
JOINT EFF, 6O %0 ToTAL VEYZL
CORROSION ALLOWANCE lg® !
NET FAB. WEIGHT T 2 boac®
EMPTY WEIEHT
OPER. WEIGHT
TEST WEIGHT

MATERIA|, SPECIFICATIONS
SHELL  A-28%-¢
HEADE  A-1LAS-¢
SUPPZRT A=y, . L tahe, L __3/8"Q
NGZ2LE MECKS A-03 Ao R .
 FLANZES A-18] GR 1\
INTERNALS 2.5,
LESET. Vit Tux. J Mo oA EQUAL !

: (o H—®

alY

r
-

Bo

| MANWAY (FINZED Smbaniedsp)

| ACCESSCRIES T2 2E SURELICD BY FABRICAIOR | iy S N S

LACLEL WD FLATFORM CLIPS  NES P I __.\;(. ELY-Be
DAVIT SUPPORTS Ne. n = Y W Unkbowdule S « |
"PIPE SJPPORT LusS YES ¢ 1

PIPE SUILE LUGS YES m 48" L Soe
FIREPR20FING 2" 1.5% 0.5, o 1.0

INSULATION 1" BBY OTHIENS.

PAINT  Nowe ' -
o i L _@.
\']:)LQ'.: ©.&,HEAD

@ 5/.;"1(]“.1”&1 .

frdie] 2 12" 120" |RE | 1e

N | 1| 12" 160" RP

Ne | { L[4 RE

Na [t e ]1So"RE

M2, {1 1411302 IRF lounieT W inT.PiPEL R FLo, [NO. | REVISION pate| =y Jou<.
211 Fl1So% RF_IINVET of INT, PrPe

-,%'- T gg RCIL DL'{:"T Procon incorporated

Mie2] 2 1247|150 | R F_(MaNHore ofBF., sTups oTs dasit| - A TMOSPRHERIC  CHAR

W"}* et s SIZt [RETINE [ricwg €TrUCE CODLER - STRIPPER VESIEL

NIZZLE SCHLDULE TITEM NO 13.06-08 UMIT 7300

R T Hans

INTERGRAL REMFORCED MOZILES ozz'o',";s-m:ns}..'zorfo; /6T CHICAGD, TLr
SiZE PRCJECTION S2E FROJECTION gz GATE

——THRU | e—— —THRY ____ —— CHLCKLD

L ThRU _ e Tuku__ —— | APPROVED DWG. NO A
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CBSSN DATA /
CODE ABME ST Vil BIV )
SPECS,

oesisN . [N 4D PS5 ® bco'F
COUDITIONS [EXT, .~  PSI6 & o °F
OPER. PRESS. 1S rsic ® 2SO°F
REDIOGRAPHT <PoT

POST WELD HEAT TREAT MO

JOINT EFFIspece 259, [Homs 859%
CORROSION 1 1L OWANCE lrg’ '

NET FAG. WEIKT 72 Alp @& &' THE. TYP, 31 6 59, VMR . Overcukn)

EMPIY V/EIGHT RIESH B LamyeT . Zi1 G.E.HEAO
OPER. WEIGHT worn 7ol € Brae. TYP. BOTH BNDS.)

TEST WEIGHT GrIRs. z ! )

MATERIAL SPECIFICATIONS o : 1.4
SHLLL S A- 288-¢ FBO % NS J

HEADS S A-7286-C FRQ ¥ -&’}‘L‘&
| SUrPORT A-28B3-C : -t
NGZZLE MECKS S A- 106 -B %
FLANGES SA- [a-Gel ¥
INTERNALS TP, 3¢ ..

GSKT. - 1 Tax. ConPr. As@ , T s

§ MANY/AY (winzED phipelateel)

ACCESSORIES T2 2€ SUPPLIED B FABRICATOR
LADDCR AND FLATFGRM CLIPS VYES
DAVIT SUIPORTE No

PIPE SUFPORT LU3S YEDS

FPE GUIDE LUGS veS
FIREPROOFING BY oTHeeS
INSULATION

PAINT | SHoe CopT  PRimce
LIFING LUGS YES

W CLAD SHLL AND HEADS
Wern T, NG 5:%. PR ASTM™
A264 (028" aesn): OTLLLS
LNMED & FACED tirH 70. 314 $.5.

lev ]2 4T = [~ saRtvenr '
SA_ 2 |8’ - ~ | SwiRT Access

So | t a6 -~ | - | SurT OPENING
M1 tie] ¢ # MANWAY WBF, L1uds MuTs £ Gk T+

Na] ;e icung ND, REVISION] ORTE] &Y [enx.

Nal ( Ji19"] 1504 -

Na] i |97cns £2rOCON Incorporated

Nt jazlcLg er VENTURI SCRUBBER' SEPRRATOR

Mirsk ci%, [SI7 [RATINe [raciig SERUIGE LTEMN NO. 13.06-00 QMIT L300
NOZZLE SCHEDULE | ' -

IADIAL {1072LE AND MAUMDLE ri:QUf CTIONS ARL FROM OO Hr6RAS

OF -VESSEL 10 EXTRLME FACE OF FLANGD EXCEPT FOR
INTERGRAL REINFORCED NGZZLES OR OTHERVWISE NOTED] /GT CHICRG O, TLL,

SI2E PROJELTION Sz PROJECTION [ STy EN
— THRY ___ e — m—THRY ___ CNECKED - )
h i THRL . —— MY . LPPROVED 2, . DWG, NO . A
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DESIGN DATA -
CODE ASME Secr™Mi) v |
SPECS.

NI, 70 Psic ® 300 °F
PSI6 & ’F

DESISN -
conpiTioys [ExT
OPER, PRESS. A4S  PSIC @ 25 O°F
 RACIOGRAINY SPoT

POST WCLD HEAT TREAT  Mowe

JOINT LFF, swar 85t lnisws  ©S%

CORRNSION ALLOVERLE trg*
NET FAB. WEIAHT 17,500

1)

EMPIY WEISHT
OPER. VICIGHT
TEST WEISHT
MATERIAL ¢ specmcmons
SA - FRa %

SHELL GA - 285 -
HEALS GA. 255 -~ Fbq %

SUPHCRT - SA-193C
NOZZLE MECKS SA-166 A e B X

FLANGED SA- I8 -GeT *
INTERNALS TP, 3/& S.S.
GSKT. = Vi)' THK. ComPr. AsimzoTes)

| MANT/AY (VINZED mmkml{@_
£ SUr

ICCEES"RIEJ T PLIED BY FABRICATOR
'LADCLR Ar AN FULTEGRM CLIPS Yes

FDAVIT SURFORTE ey

PIPE_SUPPCGRT 1155 Yes

PIPE SUIDE LUGS YES

 FIREPROOFING __ YES, By CTHERSD .
| USULATION YeS, By OTHERS |
PAINT | Suor CoaT PrimeR

 LIFTING LUGS e YES

% SUELL AND HEADS CLAD Wit
OLS  arrp). 7P. 376 5.5, pPere ASIAY
A-264 . MOLTLLES LINCD E FACED
Ltry PP 346 S5.8.

{'NCL.
cuno)

B—H .
©&—H

T
24
s

SV

50

| SRT VENT T
Sk.lET OPENING

vK'KT ACCE.SJ

-

Mg 18] Vs MANWAY ¥ BF  STud3,NuTS §Gsts

N¢ oML TS

N

o MIN.THK . 2:1 &&
HEADS (TYP.BOTH-
ENDS) sact. CLAD

We

" 1B

1
& 1) !

'}'@é h

__.60-0"

l 2S5 S/06° 7O S10E rzAYS (BAFFe

TH®

F},
8

12:0

1156w

NO. REVISION BATT| BY

leeng

150+

e fow | fow foe 0] b |

2 L33

‘SER'IICE

o I ..»CHEDL"E

RAUIAL NCTZLL 2HD R NndiLi TROGLCTICHS ARE FROV 0.0, |
OF YE 2L V0 EXTREME TACL OF FLAHF EXCLPT £k
(HTERGRAL KCIMFOKCED MOZZLES OR CIHLRVALD NATTD

sizz PROSECTICN SIZE FkOJEs Tion
Al THRU B e—ee 7" 4% 1Ry &

|10 Tuky R —— _yo'_" AotTuRY VEp—— _

Rrocon Incorporated

PRE TREFTER DUENCH TOWER
LTEM VO 73.06-07 UNIT /7300
HYGAS

CHICRRO,T L,
14

A

ar
DRAVIN
CRLLRLD
EFEPLVED B

T6. DATE

DW6, NO
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DESIGN DATA

[
./4. AN TUK.

2:1 SIE. KA

CODE ASHE SEC. UL -/, 1 STAWP V&S
PER SPEC.
DLSIGN INT. 4O PsiGe SO °F
CONOITIONS [, 5 Rice oF
OPER. PRESS .. TFMP. |2 PSI@® 130 °F
POST WELD HEAT TREAT NO
[RAGIOGRAPHING S PLT
JOINT EFFICIi NCY JSHELL ©, S %[HCADS |O O %
CORR. ALLUWARCE [SHELL Vg [HEADS gy ¥ |
NET FABR. WY. (LSS TRAYS) tbs.
EMPTY WEIGAT bs.
OPERATING WT. bs.
TEST WEIGHT Ihs.

fsmeLu S LS -
HEADS SA. 25 °C
SUPPORT sh: 3

C[NozZLENECKS S A~ oG- A
FLANGES Sa- et -1
GASKETS _ Yieo" yuk, CymPR: ASP,
INTERNALS C . Tl
COUPLINGS
LINING
WIND Myt FT. LBS.
EARTHQUAKE Mg = FT. LBS.
MANWAY HING'D ewliluami® w/BF, STUDS, RUTSE GSKT
FIREPRCOFING  —— _ THK
INSULATION - THK
MI{\ 1870 & | & [MANWAY
N‘ ‘ [1]
__hl$ } N q,u
NZl | J1g¥
WU [17°]igawl RE ,
wK. lats.| sze]| RYG. [Fea. SERVICE

NGZZLE SCHEOUL E

ACCLSSORIES TO BE SUPPLILD BY FABRICATOR

(v{P- BOTH eNos) T b
@—
36 To ]y =0
R
&I
@—H
‘1 N 1
0
Jd
)
; :::___.._J_

PAINT ] Ll CONF PopatE il

LADUER & PLATFUKM CLIPS N
DAVIT SUPPORTS )

FIPE SUPPORT LUGS V2

PIPE CUIDE LUGS 2 BYV B Procon incorporaled
FIRLFROOT TG A1 TACHNERTS A/ OATE 3. 2272 | NiERT GAS QVENCH DRUM
INSUL. CLIPS & NS, 4% CHK'D T ATREM NO 13,06 -4V UniT 1200
LIFTING LUGS L0 APP'D WY G AS

CuICRin L

I T

REQ. NO.

(LIP3 T
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. m’ DATA

COLE ASME_SecT VUl _Div i _
SPECS. |

DESIEN MT. |8 PSIG® 2o0°F e

CONDITIONS |[3T. 4G PSIG @ 249 'F
OPER. PRESS. - 10¥w g PSIG @ 1m0 °F
RADIOGRAPHY SPoT

POST WIilD HEAT TREAT WMo

JOINT EFF. SuaL 25%, Heaes looY

T M, THK . 2: 1 5.8
—_— HEAD,

CORRUSION ALLOWANCE 1797

NET FAB, WEIGHT /9. lco® /
EMPTY WEIGHT rl-—@
OPER, WEIGHT Ye'é b a-al o !
TESY W/EIGHT r

MATERIAL SPECIFICATICNS i 1

[sHElL 4.2 95-¢ FBa

HEAES “
SUPPORY . L1

NOZZLE MECKS  A- |0k - A

FLARGES A- gl -Ge T

180" T/ weLp Line

INTERNALS

MANWAY (HINGED 2R AlsHom) ‘ . ‘“—@

ACCESSCRIES 10 &< SLHP.I'D ay FAERI..ATOR ,ﬁ-"é

LACCER AND FLATFORM CLIPS Yt's —

DAVIT SUFPCeRTS NGO ol Sy

PIPE SUPPORT LUGS YES

PIPE GUIDE LUGS “rs AP

FIRCPROOFING 8T oTkes .

INSULATION

PAINT | SHof CeaT  fRiMre ) 30° .

LIFTING LGS YES

®

~ Vacwws STiFFeming
Rings  peqiy

4

Mt gt MANWAY “FBEF, STuD3,NOTS €6ty

20" . NO, REVISION DATE] &Y JChx.

80

20' Procon incorporated

t
]
f
it 4111507 | B i DRIED FEED SURGE DRUM
< lmes | SiE JRaTING |ecing SERVICE ZI7EMNO. 13.06-492 UNIT /300

N?L ZLE SCHEDULE
u:u:w. NGZ:LF AND MANSOLE FROJECTIONS ARE FROM 0D, HYGAS
OF VESSEL TO EXTREME FACE OF FL/IGE "XL,EPT FOR -
INTLRGRAL REWFORCLD NOZ2LE.: OR QTHEVWISE NOYED ar CAHICAG O, TLc,
S1I2E PROJLCTION (377 4 PROJECTION perun T8 - DATE 1] 4/7%
_TURY __ —— —THOU | - CHECKED ‘
EPPROVED \Q. OwW6, NO A

_JJIHRY e THRY
M et
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