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ABSTRACT

This report contains information on expected emissions from a large coal
gasification complex based on Lurgi technology. Use of best available control
technology was assumed and two different schemes for sulfur removal were ex-
amined. The coal gasification plant was divided into 15 sections, with each
section discussed in a separate chapter. Areas were identified in which pro-
jected emissions data were deemed inadequate for evaluating environmental im-
pact. No major data gaps or inconsistencies were found, but more and better
information is needed concerning effluents resulting from the venting of
pressurization gas from the coal feed lock hoppers. This part of the plant
is a potential source for emitting significant quantities of pollutants, par-
ticularly carbon monoxide. A summary of desirable information presently
lacking in other areas is discussed also.
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1. INTRODUCTION

1.1 SCOPE OF EFFORT

This document is a first generation standards of practice manual. Due to
the interest in the subject matter, this report is being published in its pre-
sent form. The technical scope of information that will be addressed in future
standards of practice manuals will be expanded. It is the objective of future
manuals to provide all environmental requirements for a given plant type in one
report.

The report is the result of a task group effort to review the state of the
art for emission controls in first generation coal gasification plants. The
objective of this effort was to provide to the Environmental Protection Agency
a compilation of technical background information for use in assessing the need
and Tevel of New Source Performance Standards for coal gasification plants.
Organizations involved in this task and the principal contact for each 1included
Cameron Engineers, Inc. (J. E. Sinor), Catalytic, Inc. (J. Cicalese), Hittman
Associates (D. B. Emerson), and Radian Corporation (W. C. Thomas). The analytical
technique used was to take published flow sheets for a particular plant and assign
the various sections to different groups who would attempt to define all internal
stream flows and effluents. Following the completion of the analysis of one par-
ticular plant design, it was anticipated that the next step would be to examine
the effect of variations in coal feed, geographical location and process techno-
logy. This report covers only the first phase work -- analysis of a specific
process and coal feed.

Major goals were the identification and characterization of all effluent
streams. Where such information was not available from published design esti-
mates, an attempt was made to provide "best guess" approximations. The time
and funding available did not allow for rigorous design calculations. The
scope of the analysis was specifically limited to the use of Lurgi gasifiers.
Since there are no operating Lurgi installations in the U.S.A., information on
detailed operating procedures is often sketchy and incomplete. Where operating
procedures could affect the generation of effluents, it was necessary either to
use engineering judgment in assuming a particular mode of operation or to con-
sider more than one alternative procedure.
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1.2 PROCESS SELECTION AND DEFINITION

The process design selected for analysis is that presented in "Second
Supplement to Application of E1 Paso Natural Gas Company for a Certificate
of Public Convenience and Necessity, Docket No. CP73-131, October 1, 1973".
This was judged the most complete single source of publicly available design
information for a coal gasification plant. Daily output of this plant is
288,600,000 standard cubic feet of synthetic pipeline gas with a heating
value of 954 BTU/SCF. The coal feed is a low-sulfur subbituminous coal.

The coal mining operation is not considered to be a part of the gasification

plant. Heating value of the input coal is assumed to be 489.5 x 109 BTU/day.

Fuel for power and steam generation within the plant is obtained by
gasifying coal in a set of air blown Lurgi gasifiers to produce a low-BTU
fuel gas. This fuel gas is desulfurized before combustion. Overall plant
balances for this design will thus be appreciably different than for a case
where coal or tar is burned directly for on-site power generation.

The basic acid gas cleanup system considered is the Lurgi-licensed
Rectisol process, as used in the E1 Paso design. Two different acid gas
cleanup schemes are considered. Case 1-A uses Rectisol I with sulfur recovery
via the Stretford brocess. Case 1-B considers the use of Rectisol II com-
bined with a Stretford and a Claus unit for sulfur recovery followed by tail
gas treatment.



2. EXECUTIVE SUMMARY

2.1 PROCESS SUMMARY

Estimated effluents from coal gasification plants have been published in
a number of places, including environmental impact statements, FPC applications
and various EPA reports. This report is a detailed review of emissions for one
particular plant design -- the E1 Paso Burnham complex. Figure 2-1 is a summary
of input, product and effluent streams for the complete plant. Each effluent
stream is numbered and the same number key is used in Figure 2-2. Figure 2-2
shows the source for each stream in terms of the section of the p]anf involved
and the chapter in this report which describes that section.

Table 2-1 presents a summary of all major streams recognized in this
analysis. Air emissions are listed in Table 2-2. These values should be
considered by plant designers as representative of achieveable effluent levels
for steady-state operation. Practical operating considerations for a plant
of the size and complexity being studied will dictate that regulatory perfor-
mance standards must allow some leeway for plant upsets, feed variations and
general performance variations.

While the plant has been designed with extensive pollution controls, a
number of streams must still be discharged to the environment. The magnitudes
and characteristics of these streams are -discussed in the following sections.

2.2 ENVIRONMENTAL CONCERNS

2.2.1. Air Emissions

Based on currently available data, the major streams contributing to air
pollution appear to have been reasonably analyzed in previous efforts. No
major data gaps or inconsistencies were discovered in the number presented in
the E1 Paso FPC application, although the discussion of coal lock vent gases
was incomplete and inadequate. The major pollutants discharged to the environ-
ment from the gasifier section consist of vent gases from the coal Tock hopper.
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TABLE 2-1. STREAM FLOWS FOR FIGURES 2-1 AND 2-2

Total Flow
Stream Number 1bs/hr
INPUTS:
1. Coal 2,706,000
2. Water 3,650,000
3. Air 2,593,968
PRODUCTS & BY-PRODUCTS:
4. Tar Qils 24,588
5. Naphtha 20,005
6. Tar 88,824
7. Ammonia ' 21,422
8. Sulfur 15,582
9. Phenols 11,271
10. SNG 513,760
11. Coal Fines 211,960
EFFLUENTS & WASTES:
12. Stretford Unknown
13. Coal Refuse 139,973
14. Ash 476,000
15. Flare Unknown
16. Sluice Vent Unknown
17. 0ff-Gas 1,803,872
18. Evaporation 80,210
19. Tank Vents 12.5
20. Incinerator 78,278
21. Nitrogen 1,587,462
22. Exhaust Stack 6,483,000
23. Cooling Loss 1,483,000
24. Hopper Vent 2,573
25. Fugitive Dust 121



TABLE 2-2. AIR EMISSIONS SUMMARY

AIR EMISSIONS, LBS/IR.

Total Flow (1) (2) (3)

Stream Zdbs/he 1S €0 che MM S0, A0y MM g €0, M 0 Oust
Flare Unknown
Sluice Vent Unknown
Of f-Gas 1,803,872 13 1784 3231 5782 ’ 2390 ° 1,598,558 128,346
Evaporatlion 80,210 tr. tr. 80,210
Tank Vents 12.5 - 11 1.5 1
Incinerator 78,278 50 8 49,912 29,280 4,613
Nitrogen 1,587,462 1,587,462
Exhaust Stacks 6,960,390 325 496 629,453 5,041,980 271,121
Cooling Loss 1,483,000 tr. tr. 1,483,000
Hopper Vent 2,573 14 649 188 38 26 1,320 262 17
Fugitive Dust 121 121
Totals, lbs/hr "2 2433 3419 5831 375 501 1.5 2427 2,279,243 6,787,338 1,838,961 121
Totals, Vbs/MMBTU 0.006 0.116 0.168 0.0286 0.018 0.025 -- 0.119 112 333 90 0.006

(1) Including COS & CSZ

{2) Hon-methane hydrocarbons
(3) Hon-methane, - ethane hydrocarbons



The lock hoppers are pressurized with cooled raw product gas. After reaching
system pressure, coal is fed into the gasifier. When the coal lock hopper is
empty, the pressurizing gas is vented to a lock gas holding vessé] which operates
near, but slightly aboye, atmospheric-pressure. As the fresh'charge of coal is
dumped into the hopper, it displaces to the atmosphere the residual gases remain-
ing in.the hopper.

Estimates made in this study show that the gas vent rate is about 2,573
1b/hr. and contains H,S, CO,, CH,, CO, non-methane and non-ethane hydrocarbons,
and coal dust. A number of different gas compositions could be vented and
varying amounts of individual constituents would be discharged depending on
the source of the gas used. If the gas were not recycled at all but completely
vented, the total discharge would be on the order of 82,000 1b/hr. Worst-case
emission, relative to coal feed rate, would be as follows:

Potential
Emissions
Components 1bs/10°% BTU Coal
H,S 0.022
co 1.0398
CH, 0.310
NMH 0.083

Carbon monoxide emissions from uncontrolled venting could be a major
problem. Because of the economic value of the pressurizing gas, however, it
would undoubtedly be recycied to the maximum extent possible. Further con-
trol, if needed, could be accomplished by the use of exhaust fans and incinera-
tion.

Atmospheric discharge streams from the sulfur recovery section include
vent streams from the lean H,S absorber and oxidizer (stream #17), and stack
gas from the H,S incinerator (#20). The vent stream from the absorber and
oxidizer contains appreciable quantities of COS (67 ppmv), some H,S and traces
of CS,. Total hydrocarbons including CH, and C,Hs are 9,400 ppmv and CO
emissions are 1500 ppmv. The high levels of hydrocarbons, CO, and COS released
are a major source of concern and various control methods should be studied.



At present, the only proven method for treatment would-be the incineration of
organic sulfur compounds and hydrocarbons. It should be noted that the emission
levels are based on study group estimates. Exact emissions from an operating
plant could vary considerably.

The incinerator stack gas (#20) consists of C0», H,0, SO,, and NOX. The
estimated SO, and N0x levels are 350 ppmv and 70 ppmv, respectively. These
gases may require desulfurization because of the relatively high SO, content.
Various venturi scrubbers/packed column systems are available for gas treating.

The by-product storage area will also represent a pollution source for
the complex. Discharges (#19) will result from tank breathing, leaks, spills
and venting of tanks during filling. Estimated emission rates for the tank
farm are as follows:

° Crude phenol - 1.5 1bs/hr.
) Tar 0il - 2.6
) Naphtha - 2.1
e  Ammonia - 1.5
° Product gases - 3.2
. Methanol - 1.6

Control of vapor emissions could be achieved by a vent condenser which
circulates refigerated brine at 0°F or by scrubbing the vent vapors with a
Tow volatility solvent.

Evaporation from the waste pond (#18) and misting and evaporation losses
from the cooling towers (#23) add about 1,563,210 1bs/hr. of water vapor plus
traces of organic compounds, and non-methane, non-ethane hydrocarvons
to the atmosphere. Although only trace amounts of these contaminants are
expected, no hard data exists on the exact quantities. Further studies are
needed to determine the amounts emitted and effects on the immediate environ-
ment.



Discharge of the hot gasifier ash in the ash transfer sluice, produces
a small but totally undefined stream to the atmosphere. The hot ash is quenched
with contaminated process water and produces varying amounts of steam. This
steam contains ash particles and possibly traces of organic compounds which
could be formed from contacting the waste water (which has a high organics
content) with hot ash containing unreacted carbon. The nature and quantity
of these compounds is unknown, as well as the amount of steam produced. It
is not expected that this discharge would present a hazard. but more infor-

mation should be obtained to confirm that it does not.

By far the largest single discharge from the compiex is the stack gases
generated by combustion in the steam and power generation section of the plant.
The total stream flow rate (#22) is approximately 6,960,390 1bs/hr. of com-
bustion products such as SO,, NOx, H.0, CO., CO, hydrocarbons and air. Since
the fuel to the combustion operations is treated fuel gas, the stack gases
-contain negligible amounts of particulate matter. Use of excess air during
combustion will minimize the amount of CO and hydrocarbons in the gas. The

total effluent from the stacks meets current air pollution standards and there-
fore is discharged directly to the atmosphere.

Emissions from the coal handling and preparation area consists of fugitive
dust (stream #25) produced by the crushing, screening, conveying, stockpiling,
reclaiming, and coal fines cleaning operations. The control method proposed
by E1 Paso would use water sprays with a wetting agent installed at transfer
points, truck dump hoppers, etc. It is estimated that the total fugitive dust
emissions would not exceed 121 1bs/hr. The control method chosen is an effec-
tive proven method and the emissions listed are probably the minimum achievable
level without the addition of other equipment such as exhaust fans and hoods.

Although carbon dioxide emissions are usually considered to be inert,
the large amounts emitted from a commercial gasification facility call for a

careful evaluation of local effects. Although similar in quantity to that
emitted at a large power plant, the effect of Tower stack temperatures should
be studied carefully in dispersion models.

A summary of air emissions is given in Table 2-2.
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2.2.2 Water Effluents

The geographical location of the E1 Paso complex makes it possible to
design for zero discharge of water effluents. In other parts of the country,
where it is not possible to dispose of contaminated water by solar evaporation,

water pollution may be a major concern.

The contaminated water discharge to the evaporation pond is not considered
an effluent since none of the water is returned to the San Juan River.
However, two potential escape routes for the water from the holding pond
exist. One route would be an accidental breaching of the pond dikes. In
this case, contaminant control measures would be immediately enforced and
damage to the area minimized. - The second route, which is potentially more
troublesome, involves the possibility of permeation of contaminated water
through the pond bottom. This migration could expose groundwater in the area
to all the components in the pond water, and create an extreme pollution
problem. Extraordinary care should be used in construction of the pond and

monitoring of possible waste water migration.

In some areas the coal seam being mined constitutes a part of a ground-
water aquifer. Leaching of ash and other plant wastes which have been returned
to the mine for disposal can then result in a deterioration of groundwater
quality. Although such concerns are outside the scope of this study, much
more attention should be devoted to ash leachability in areas with significant
groundwater flow.

2.2.3 Solid Waste Disposal

Coal refuse from preparation and handling, and ash from the gasifiers
are the two major solid discharge streams. The coal refuse from the preparation
section is trucked back to the mine site for disposal. This is an effective
method of control and disposal for this material. The ash from both the
oxygen and air blown gasifiers is transported to ash handling with contami-
nated process water. The ash siurry undergoes classification and dewatering.

The coarse, dewatered ash is transferred to the mine for disposal. Fine ash

- 11 -



from the classification step and the main water stream are sent to a thickener.
The underflow containing the ash fines are sent to a fine ash settling pond.
The settled fines in the pond are periodically removed and sent to the mine
site for disposal. While the ash itself is well contained by burial, a

number of constituents in the ash could become a poliution hazard if leaching
were to occur. An uncertain amount of trace elements are concentrated in the
ash and various organics from the quench water are also present. As pointed
out in the discussion of water effluents, the possibility of water pollution
due to leaching from the solid wastes is highly dependent on local climate,
rainfall and groundwater conditions. A thorough analysis of all these factors
is required for each plant site in order to determine the best procedure for
solids disposal.

2.2.4 Qccupational Health Issues

Health statistics on occupational groups in other coal conversion operations,
such as coke ovens and coal tar processing, have shown significantly higher
lung cancer rates than groups without such occupational exposdre. Several
other diseases and types of cancer may be found to have higher incidences
also. Although no comparison should be made between coke ovens, where worker
exposures are extremely high, and gasification plants where process streams
are almost totally controlled, the fact that the same types of materials will
be present indicates that occupational health concerns must be addressed
carefully and thoroughly. No data were discovered in this study to suggest a
significant health problem with the proposed plant design.

2.2.5 Trace Metals

Because of the large quantities of raw materials consumed, on the order
of 20,000 to 30,000 tons of coal per day, there is a potential for discharge
of large quantities of material which may be present only in very low con-
centrations. Neither the fate nor the effects of trace elements are clearly

understood, but many are either toxic or carcinogenic and others may act as
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mutagens or teratogens.

Nickel, arsenic, cadmium and lead are among the hazardous metals whose
flow rate through the plant can be as high as several pounds per hour. If

released to the environment in sufficient quantity these materials could lead
to undesirable environmental effects.

2.2.6 Polycyclic Aromatic Hydrocarbons

Many of the by-product streams will have high concentrations of poly-
cyclic aromatic hydrocarbon compounds. The concentrations will be much
higher than in comparable petroleum derived liquids. As a general class,
many of'these compounds are known or suspected carcinogens. Eventual use of
the by-products by consumers, or ultimate disposal of manufactured products
should be investigated to be sure that environmental contamination by PAH's
does not occur. Within the gasification plant itself, workers must be pro-

tected from exposure, even to relatively low levels of PAH in the atmosphere.:

This analysis did not reveal any obvious route for substantial quantities
of PAH to be released. One possible source could be the vent gas from the
coal lock hoppers. It is recommended that such gases be controlled and
collected locally by hoods and exhaust fans as necessary.

2.2.7 Secondary Pollution Effects

Secondary effects are defined as those which result off-site from the
use of plant products, by-products or waste streams. In order to assess the
overall environmental impact from a gasification complex, any such secondary
poliution should be identified.

The product gas will be pipeline quality; that is, it will satisfy
various standards set up by the government and the natural gas industry. It
will be distributed in the existing natural gas pipeline system for residential,
commercial and industrial usage. The composition of the final SNG product
stream is estimated to be as follows:
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Component Volume % Flow Rate, 1bs/hr

CH, 92.92 473,512
H2 4.15 2,661
CO- 1.81 25,310
Nz + Ar 1.08 12,106
co 0.910 122
Other HC's 0.0116

No information developed in this analysis would indicate that burning
SNG will result in any new or different pollution than burning natural gas.
Certainly the use of SNG will result in much Tess sulfur pollution at the
point of final consumption than would the use of an equivalent amount of coal
or 0il at the same point. As nearly as can be determined, all volatile trace
metals and heavy polycyclic hydrocarbons should be removed from the product
streams. However, this assumption should be verified carefully in an operating
plant to be sure that trace metals or compounds such as carbonyls do not appear

in the product by unforeseen mechanisms.

Useful by-products from the gasification plant include tars, tar oils,
naphtha, ammonia, sulfur and phenols. The tars, tar oils, naphtha and phenols
could be burned directly as fuel or used as raw materials for a large variety
of chemical products. If used directly as fuel, the sulfur and trace metal
contents may be of concern. The sulfur content of the tar is estimated to be
0.77% and of the tar oil 0.29%. In general, in order to meet sulfur emissions
limitations, a high sulfur fuel oil will be blended with a Tow sulfur oil until
an accpetable sulfur level results. The same technique could be applied to
combustion of the tars.

Due to the large pitch or residue content of the tar, excessive soot may
be formed in some equipment. These particulates would then be discharged
with the stack gases.

Many of the trace elements found in coal may be found in the tar. Some
of these include antimony, arsenic, boron, bromine, cadmium, fluorine, lead,

mercury and nickel. During combustion, some of these elements may be released
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to the atmosphere in various forms. Data are lacking with respect to both the

quantities of various elements and the actual compounds formed.

Acceptable technology for control of sulfur emissions are available in-
cluding desulfurization of the fuel, blending with low-sulfur fuels, stack
gas scrubbing, etc. Sulfur in coal tars can be controlled by any of these
methods, so no new problems are likely to occur. <Lontrol and removal of
trace elements may be a much more difficult probiem. When coal is
burned directly, most of the trace elements are recovered in either the
bottom ash or the fly ash. Extensive research has shown, however, that many
trace elements are released and their buildup in areas downwind from the
plant can be carefully analyzed. The concentration of any trace elements in
the tar, along with the Tower ash content and different burning characteristics
of tar could result in an entirely different spectrum of emissions from a
tar-burning boiler. More studies are needed in this area.

Recycle of tar back to the gasifier is a direct method of control which

has been proved in operation.

Tar oils, as with tar can be burned directly or refined. An advantage

of tar oil is that it is a much lighter stock and more easily refined.

The naphtha produced in the plant appears to be much Tike its conventional
petroleum counterpart. Some may be used as a cutter stock to reduce the vis-
cosity of the tar before it is used in boiler furnaces. The trace element
concentrations in naphtha should be minimal, and secondary poliution from

naphtha should be basically the same as from the use of petroleum naphthas.

Ammonia and sulfur streams should be no different than those produced by
other processes.

Possible by-product uses other than fuels are listed below, along with
the current major source for each. Although the gasification by-products
will more nearly resemble coke oven products than petroleum, there are
appreciable differences even here. Gasification tar and tar oil contains
relatively high proportions of solids, water, acids and nitrogen. If the
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Current Dominant Soqurce

Product Petroleéum " Coke QOven
Benzene X
BTX crudes X
Phenol (natural/refined) X
Cresylic acids X

Naphthalene X
Creosote X
Carbon black feedstock X
Electrode pitch X
Delayed coke X
Fluid coke X
Specialty tar coatings, pitches, enamels X
Road tars X
Distillate/residual fuel stocks X
Gasoline pool stocks X

gasification by-products are used to displace petroleum-derived products, then
the much higher content of polycyclic aromatic hydrocarbons may become a matter
of concern.

Without knowing in advance what the actual disposition of the by-products
will be, it is impossible to form even qualitative estimates of secondary

pollution impacts.

2.3 NEW TECHNOLOGY NEEDS

This study suggests that there are two major areas in which new or
improved technology is desirable in order to improve either the efficiency or
the economics of pollution control. The first area is removal of organic
(mostly COS) sulfur from the gas stream. Although sulfur as COS is only a
small percent of the total sulfur contained in the crude gas, by the time
conventional sulfur removal techniques have been applied, COS may be the
major sulfur constituent. Thus a further reduction in sulfur emitted is
possible only by attacking COS.

The second area for improvement is a better technique for control of
hydrocarbon emissions than incineration. In some cases a stream requiring
incineration can simply be added to a boiler furnace so that l1ittle additional
fuel is used. In other cases the stream may be so large that this would not

be practical.
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2.4 PROCESS DATA NEEDS

One of the most troublesome aspects of operating pollution control equip-
ment in coal conversion plants is likely to be the variability of the feed
coal. Coal is not a uniform substance and its chemical properties may change
markedly over short distances in the deposit. These changes can cause fluctua-
tions in the compositions of- all process streams, with resulting fluctuations
in the performance of pollution control equipment. The information upon which
this report was based consists mostly of design data from various proposed
coal gasification projects. These data are really feasibility studies based on
laboratory analysis of coal core samples and engineering estimates for the
composition of process streams. Although the accuracy of the assumptions which
went into the engineering estimates will probably not be critical with respect
to the overall operation of the coal gasification plants, it could have a very

large effect on sulfur emissions and on the efficiency and operability of
emission control devices..

Tests results in.a Lurgi gasifier with American coals exhibit a wide
range of sulfur concentrations in the raw gas due to variability of the
feed. Variations in the coal produced from any one mine will depend
on whether a single or multiple seams are being mined as well as individual
deviations within a seam. A critical parameter is the amount of sulfur appear-
ing as COS, because of the difficulty of removing C0S. According to testimony
presented to the National Air Pollution Control Techniques Advisory Panel,

COS concentrations may be twice as high as that predicted by Lurgi for a given
ratio of organic to pyritic sulfur in the coal.

Actual operating data, in terms of concentrations as a function of time,
rather than grab sample results, are urgently needed. Without information of
this type it is impossible to say whether certain sulfur removal systems would
be effective. Trace metal balances are needed. Although some liquid and solid
trace metal analyses have been conducted, meaningful material balances for
individual elements could not in general be closed with satisfactory accuracy.

As a result, information available to date is only qualitative at best.
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The composition of gases vented during ash quenching is completely un-

known.

The following types of data are the most urgently needed:

1. The time variation of effluent production under normal "steady
state" operations.

2. COS concentrations as a function of definable coal properties.
3. Closed material balances for important trace elements.

4. The influence of operating parameters and fluctuations on crude

product properties.

2.5 RESEARCH DATA NEEDS

The foregoing section discussed data which can only be obtained from a
large operating plant. However, there are many areas in which improved
knowledge of pollution parameters can be obtained by research conducted at a
smaller scale. For instances, pilot plant results for the CO, Acceptor
process have shown essentially zero generation of heavier hydrocarbons in the
raw gas. There is presently no satisfactory explanation for this phenomenon,
but if process conditions can be adjusted to reduce the output of such materials
the effect on pollution control costs could be substantial.

Much additional information on trace element distributions is needed,
including not only their location in various by-product and process streams
but also their form (reactivity, solubility, leachability, etc.). Not all
forms of trace elements are toxic; it is important to know which compounds
are hazardous and which compounds are formed and/or emitted during gasification.
For instance, nickel carbonyl was detected in the product during operation of
a Lurgi gasifier at Westfield, Scotland a number of years ago. This highly
toxic material is known to be carcinogenic in the respiratory system and its
presence in any vent streams cou]d.be~an-occupétiona1 hazard. -
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3. COAL HANDLING AND PREPARATION

3.1 STREAM FLOWS

Figure 3-1 is a schematic flow diagram of the coal handling and prepara-
tion facilities. These facilities produce two sizes of coal feed for the plant
(44.45 mm x 8mm and 8mm x 2mm) plus coal fines (less than 2mm) for sale.

Run-of-mine (ROM) coal will be received from the mine by trucks and dumped
into hoppers with a 36" grizzly on top. The 36" x 0 coal will be fed over a
6" grizzly and the 36" x 6" oversize crushed to minus 6". The 6" x 0 coal will
be primary screened at 1-3/4"(44.45 mm) and the oversize secondarv crushed to minus
1-3/4". The primary and secondary crushers are designed to operate ten shifts
per week at 3,614 TPH.

The coal sampling and stockpiling equipment are designed to operate 10
shifts per week at 3614 TPH and the reclaiming, screening and fines cleaning
equipment are designed to operate 7 days per week, 24 hours per day at 1500 TPH.
Approximate inventory in the four stockpiles is 12 days plant feed (about
350,000 tons).

Table 3-1 lists stream flows for these facilities and Tables 3-2 and 3-3
are the components and trace element analyses of the coal. Stream compositions
for the product from coal fines cleaning and the refuse from the coal fines
cleaning plant were estimated on the basis of 95% of the ash being contained
in the refuse stream.

Table 3-1. STREAM FLOWS OF COAL RECEIVING AND HANDLING FACILITIES
(POUNDS PER HOUR, AVERAGE)

Stream 3.1 3.2 3.3 3.4 3.5
Coal 1,745,370 1,250,310 268,053 52,868 174,129
Ash 520,905 373,220 80,012 64,359 3,388
Water 439,725 314,950 67,522 22,746 34,443

Total 2,706,000 1,938,480 415,587 139,973 211,960
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Figure 3-1. FLOW SCHEME FOR COAL HANDLING AND PREPARATION




Table 3-2. COMPONENT ANALYSIS OF COAL (MAF)

Weight %
Carbon 76.26
Hydrogen 5.58
Nitrogen .32
Sulfur b.07
Oxygen 15.74

Trace Compounds __ .03
100.00

Table 3-3. TRACE ELEMENT CONCENTRATION I[N COAL(S)

Concentration in p.p.m. by weight

Element From To
Antimony 0.3 1.2
Arsenic . 3.0
Bismuth .0 .2
Boron ' 60.0 150.0
Bromine .4 i8.0
Cadmium .2 .4
Fluorine 200 780

Gallium 5 8.0
Germanium . .9
Lead l.4 4.0
Mercury 2 -3
Nickel 3.0 50.0
Selenium ol -2
Zine I.1 27.0
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3.2 POTENTIAL EFFLUENTS

3.2.1 Major Effluents

The major effluent from these facilities is expected to be particulates
produced by the crushing, screening, conveying, stockpiling, reclaiming and
coal fines cleaning operations. Water runoff from the area also may be con-
taminated with suspended coal particles or compounds leached from the storage
pile. Some methane may be evolved from the coal while in storage, as indicated

by sasoL(4).

The E1 Paso FPC application does not characterize these effluents or estimate
their discharge rates. WESCO indicated that only trace amounts of particulates

(2).

estimated particulate emissions of 0.05 pounds per ton of coal for the crushing,

(1)

particulate emissions of 0.025 to 0.04 pounds per ton of coal handled for the

are expected from the coal handling facilities Wyoming Coal Gas Company

screening and conveying operations Wyoming Coal Gas Company also estimated
coal storage and reclaiming facilities. Utilizing these estimates for the El
Paso design results in an estimated 101 ‘to 121 pounds per hour of uncontrolled
particulates emitted from the coal handling and preparation facilities.

The amount of runoff will be highly variable and depend primarily on local
climatic conditions and extent of enclosures for the coal storage area. No
estimate of methane evolved from the coal during storage is available.

3.2.2 Trace Constituents

Trace constituents emitted from these facilities would be those contained
in the coal particulates produced by the crushing, screening and conveying
operations. Table 3-3 is a trace element analysis of the coal.

3.3 CONTROL METHODS

The planned pollution control methods for these facilities as stated in the
E1 Paso FPC application are: water sprays with a wetting agent will be used at
all transfer points, truck dump hoppers, crushers and screens; and dust collectors
will be installed in the screening plant. Water use for dust suppression was
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estimated at 20 gpm per transfer point. Total water use for the estimated

17 transfer points is 340 gpm. This water is supplied by the water stream

indicated for mine use. The physical preparation facilities are not des-

cribed in enough detail to suggest other specific controls. Some potential

methods

e

to minimize or control poliutants include:

enclosing screening and coal fines cleaning operations and
controlling particulates by use of wet scrubbers or baghouses.

collecting and treating runoff from the storage piles.

preventing spontaneous combustion in storage piles by avoiding
segregation of fines and compaction.

covering conveyors.

using a baghouse filter to treat air exhausted from the sampling
facilities.

controlling the height of the stacker such that the free fall
of the coal onto the pile is minimized thus reducing the coal dust
emissions produced during the stacking operations.

3.4 PROCESS MODIFICATION

None suggested.

- 23 -



REFERENCES

Wyoming Coal Gas Company, "Applicants Environmental Assessment For A Pro-
posed Gasification Project In Campbell And Converse Counties, Wyoming",
October, 1974.

. . WESCO, "Final Environmental Statement - Western Gasification Company,

Coal Gasification Project And Expansion of Navajo Mine by Utah International
Inc.", January 1976.

E1 Paso "Draft Environmental Statement - E1 Paso Coal Gasification Project",
July 1974.

Communication with EPA.

- 24 -



4. GASIFICATION
4.1 STREAM FLOWS

The gas production section of the plant consists of 28 oxygen
blown Lurgi gasifiers operating at 435 psig. Initial plans call for the
use of 24 gasifiers for actual production with 4 gasifiers as standbys.
These units will produce 288 MMSCFD of synthetic crude gas from 23,261
tons of coal feed. The process flow for this section of the plant is
illustrated in Figure 4-1.

Streams to the gasifier consist of coal, steam and oxygen.
Initially, sized coal from coal preparation is fed into the coal bunker
atop the gasifier (see Figure 6-3). The coal is then dropped into the coal
lock which is subsequently pressurized and opened to the gasifier. The
coal then flows down through the gasifier where crude gas, tar, tar oil,
naphtha, phenols and other compounds are formed. This crude gas exits
the gasifier for cooling, separation, and further processing. The re--
maining material, ash and some unreacted coal, are dumped out of the
bottom of the gasifier to a lock and ash quench system. The quenched
material is then transported via a sluiceway to an ash handling area.

4.1.1 Coal Feed

The crushed and sized coal is fed to the gasifiers at the rate
of 1,938,480 1b/hr. Component flow rates are given in Table 4-1.

The component analysis for the moisture and ash free coal is
given in Table 4-2.
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Table 4-1.  MATERIAL BALANCE FOR GAS PRODUCTION

Stream Number 4.1 4.2 4.3 4.4 4.5 4.6 4.7 4.8
Component 1bs/hr 1bs/hr 1bs/hr 1bs/hr 1bs/hr 1bs/hr 1bs/hr 1bs/hr
CO2 1,333,502 729,157 604, 345
H25 13,538 7,403 6,135
C2H4 12,273 6,710 5,563
co 611,677 334,464 227,213
H2 84,859 46,401 38,458
CH4 193,007 105,537 87,470
C2H6 19,730 10,788 8,942
N2 + Ar 10,275 11,861 6,485 5,376

02 460,365 -- -- --
Total Dry Gas 470,640 2,280,447 1,246,945 1,033,502
Water 314,950 1,783,540 ++ 1,394,960 762,764 632,196

Coal (MAF) 1,250,300 19,639 -- -- --

Ash 373,220 373,220 -- -- --
Naphtha 20,005 10,939 9,006
Tar 01l 11,993 28,007 15,314 12,693
Tar 65,811 6,630 3,999 3,315
Crude Phenols 173 8,272 4,991 4,136
NH3 15,978 9,640 7,989
TOTAL 1,938,480 1,783,540 470,640 392,859 3,757,489 2,054,592 1,702,897



Table 4-2. MOISTURE AND ASH FREE COAL ANALYSIS(])

Component Wt % Lb/Hr
Carbon 76.26 953,479
Hydrogen 5.58 69,767
Nitrogen 1.32 16,504
Sulfur 1.07 13,378
Oxygen 15.74 96,797
Trace Compounds 0.03 375

TOTAL 100. 0% 1,250,300

Trace elements in the coal, while averaging only .03% of the
total weight, represent a potential pollution problem. Because of this,
their distribution in the gasifier system will be estimated in Section
4.1.6. Table 4-3 gives a range of trace element flow rates into the
gasifier system based on the trace element concentrations listed in
Table 3-3.

4.1.2 Steam and Oxygen

The sources of steam for the gasifier include the normal steam
generation system as well as steam generated in the gasifier cooling
water jacket. Water feed to these systems consists of treated and
demineralized river water. It will be assumed that this is pure water
and will not contain enough trace constituents to have an effect on the
overall trace constituent balance. The combined steam rate is 1,783,540
1b/hr at 550 psig and 750°F. Oxygen is supplied to the gasifier at 510
psia. This stream consists of 460,365 1b/hr of oxygen with 10,275 1b/hr
of N2 + Ar. The oxygen is produced by standard air separation methods.
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Table 4-3. TRACE ELEMENTS (POUNDS PER HOUR)

Element From To
Antimony 1.5 0.375
Arsenic 3.75 0.125
Bismuth 0.25 0.0
Boron 187.5 75.0
Bromine 22.5 0.5
Cadmium 0.50 0.25
Fluorine 975.0 250.0
Gallium 10.0 0.625
Germanium .625 0.125
Lead 5.0 1.75
Mercury 0.375 0.25
Nickel 37.5 3.75
Selenium 0.25 0.125
Zinc 33.75 1.375

4.1.3 Crude Gas

Processing of the crude gas begins by passing the 650°F gas
through a direct contact wash cooler immediately after the gasifier, to
condense liquids and remove coal dust and ash. The gas is further
cooled to 370°F in a waste heat boiler which produces 100 psig steam.
During the cooling, various amounts of tar, tar oil and trace compounds
are condensed and removed. Steam condensed from the crude gas in
downstream processing is recycled back to the gasifier area for use as
the cooling agent in the direct contact cooler. During this processing,
the crude gas picks up approximately 92,000 1b/hr of water which it
carries out of the area. Immediately following the waste heat boiler,
the gas stream is split. Approximately 45% of the gas is sent to crude
gas cooling while the remainder is sent to the water-gas shift unit for
CO conversion. The composition and flow rate of the crude gas stream as
it leaves the gas production area is given in Table 4-1.

4.1.4 Tarry Gas Liquor

Water condensed from the crude gas in the shift conversion and
gas cooling areas plus recycle water from the gas liquor separation area
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is sent back to the gas production area for use in the wash cooler.
This water stream, along with the tar, tar oil and crude phenols condensed
from the gaseé during cooling comprise the tarry gas Tiquor stream.
Approximately 94.3% of the tar, 44% of the tar o0il and 3.3% of the crude
phenols produced in the gasifier are contained in this stream.

After leaving the gasifier area, the stream is subsequently
processed for removal of the various by-product constituents. The flow
rates of the major components of the stream (excluding trace elements)
are given in Table 4-1. A total flow rate for water, which is the
largest constituent, was not available.

Besides the major components, varying amounts of C02, HZS and
HCN plus coal dust and ash will also be contained in these streams. No
data was available to allow an estimate of these constituents.

The composition'of the tar and tar oil from the gasifier for
the E1 Paso case is not known. However, various operations at the
Westfield test center in Westfield, Scotland using a Lurgi gasifier
generated some data in this area. The exact composition of the tar and
tar o0il will change from coal to coal and is dependent on operating
conditions. Two analyses are given in Tables 8-2 and 8-3, Chaper 8.

The expected sulfur content of the tar and tar oil for the El
Paso design are as follows:

Wt. % Sulfur Pounds per Hour Sulfur

Tar 0.515 339.1
Tar 0il 0.99 118.7
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4.1.5 Ash

Ash produced in the gasifier is discharged through the bottom
of the gasifier via a revolving grate. This 500°F ash falls into a
pressurized ash lock. The lock dumps approximately every 20 minutes
into an ash quench system where a mixture of water streams from the
plant are added. The wet ash and excess water are transferred in a
sluiceway to wet ash dewatering and handling.

During the quenching process a large amount of steam containing
ash dust and clinkers is produced. This mixture is first sent to a wet
cyclone for removal of clinkers and then to a condenser for condensing
the steam and removing fine ash particles. Along with the steam, some
amount of non-condensable gases may be formed due to organic materials in
the quench water and unreacted carbon in the ash. The quantity and
composition of this gas stream is not known, but it will be discharged
from the gasifier.

The major quenched ash components are listed in Table 4-4..

Table 4-4. QUENCHED ASH STREAM

Rate
Component (Pounds per Hour)
Water 422,950
Unreacted Coal 19,639
Ash 373,220
TOTAL 815,809

In order that individual components may be followed, a total
stream analysis is given in Table 4-5,
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Table 4-5. ASH STREAM COMPONENT ANALYSIS

Rate
Unreacted Coal Analysis (Pounds per Hour)
Carbon 14,976
Hydrogen 1,095
Nitrogen 259
Sulfur 210
Oxygen 3,091
Dry Ash Analysis
Si02 231,396
A1203 93,305
Fe203 18,662
Cal 14,556
Mg0 3,359
K20 2,985
Na»0 5,598
Ti&g 3,359

A breakdown of the quench water streams is given in Table 4-6.

Table 4-6. ASH QUENCH WATER

Rate
Source (Pounds Per Hour)
Blowdown 110,338
C-T Blowdown 135,508
Contaminated gas liquor 135,508
Process condensate 413
Utility Water 41,183
TOTAL 422,950
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4.1.6 Trace Elements

Trace elements in the gasification system represent only a
small percentage of the total feed. However, during the year approximately
3.3 million pounds of these elements are introduced into and come out of
the gasification plant. The distribution of these elements must be
known so the environmental impact of their disposal can be accurately
assessed and containment methods can be devised if necessary.

Unfortunately, few quantitative analyses have been made of the
fate of these elements in gasification plants. Various attempts have
been made to follow these materials through the system. A recent
effort(s) at the Pittsburg Energy Research Center involved a trace
element balance around the Synthane PDU. The results indicate a general
pattern for distribution and also emphasize the problem of following
these small quantities of materials. Percent recoveries ranged from
17.2% to 1,103.7%.

Other Studies(3)(4) have also been conducted which were oniy
qualitative in nature. The E1 Paso EIS does not address the trace
element problem. However, WESCO did attempt to quantify distribution
within their system. An existing NASA computer program was used to
evaluate volatilities, kinetics and chemical interchange of the trace
elements and 200 different oxides, sulfides, hydrides, fluorides and
carbonates formed by the trace elements. The results of this effort are
also qualitative in nature, but are shown in Table 4-7.
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Table 4-7. TRACE ELEMENT DISPOSITION(Z)

1800°F 650°F 45°F _ -50°F

Vapor Condensed - Vapor Condensed Vapor Condensed Vapor . Condensed
Hg Major Ash Hg Pb (PbS) Hg Cd Hg(8.6%) Hg(91.4)

Components .
Sb plus Be and Sb F Te Se Te(6.7)
Se As (estimate Se (6.7%) Sb

4.9 ppm) Te(93.3%)
Te Te
Cd Cd
Pb
F

The Sasol complex in South Africa is currently operating Lurgi
gasifiers to produce town gas. Operating data on trace element distri-
bution has been made available. Although the coal and operating conditions
differ, this data can bé used to estimate the distribution of e]ements
for the E1 Paso complex. Comparing these estimates wifh results of the
studies previously mentioned, indicate that all the results fall into a
general pattern. Tables 4-8 through 4-11 are estimates of the trace
element distributions in the gasifier area.

No breakdown was given for the crude gas. While there will be

some trace elements in the gas, they will ultimately be collected in the
tarry gas liquor stream.
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Table 4-8. TRACE ELEMENT DISTRIBUTION - GASIFIER ASH

Maximum
Element Rate (Lb/Hr)
Antimony 0.75
Arsenic 1.01
Boron 172.50
Bromine 2.44
Cadmium .26
Fluorine 546.0
Lead 4.68
Mercury .191
Nickel 37.33
Zinc 33.75

Table 4-9. TRACE ELEMENTS - TARRY GAS LIQUOR (WATER)

Maximum
Element Rate (Lb/Hr)
Antimony .675
Arsenic 2.49
Boron 12.18
Bromine 20.03
Cadmium .225
Fluorine 428.19
Lead . 1027
Mercury L1511
Nickel .153
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Table 4-10. TRACE ELEMENTS - TAR, TAR OIL
(Maximum Rates, Lbs/Hr)

TAR TAR OIL
DISTRIBUTION DISTRIBUTION
Element Gas Liquor Gas Liquor
Antimony .0032 .053 .0105 .00825
Arsenic .047 .079 .0892 .070
Boron .159 2.64 .0042 .0033
Bromine .0018 .029 -- --
Cadmium .00026 .0042 .0058 .00462
Fluorine .044 .735 .0164 .0128
Lead .0123 .204 .00045 .00035
Mercury .0017 . 0287 .0014 .00107
Nickel .00064 .0106 .0012 .0099
Table 4-11. TRACE ELEMENT% PERCENT BREAKDOWN
A1l Streams\6
Element Ash?% Tarry Gas Liquor% Tar% Tar 0il%
Antimony 50.0 45 3.75 1.25
Arsenic 27.0 66.5 2.25 4.25
Boron 92.0 6.5 1.496 .004
Bromine 10.86 89.0 .14 -
Cadmium 52.0 45.0 .90 2.1
Fluorine 56.0 43.917 .08 .003
Lead 93.6 2.054 4.33 .016
Mercury 50.93 40.30 8.12 .65
Nickel 99.554 0.41 .03 .006
Zinc 100% -~ -- --

Note that bismuth, gallium, germanium and selenjum are listed
as trace constituents in the coal. However, none of the reports referenced
addressed these elements and they are necessarily excluded for that
reason. The trace element values are based on the high range numbers in

Table 4-3.
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4.1.7 Lock Gas

The lock gases for both the coal lock and the ash lock are
discussed in Chapter 6.

4.2 POTENTIAL EFFLUENTS

4.2.1 Major Pollutants

The major process streams from this section are sent to downstream
processing; none are discharged to the environment at this point. There
are, however, various points within the area where the potential for
minor quantities of particulate or gaseous emissions exists. These four
points are the coal feed bin, the coal lock, the ash lock and the ash quench
system. The ash and coal Tock discharges are discussed in Chapter 6.

Emissions from the coal bin will include coal dust and other
coal particulates caused by dumping the coal from the feed conveyor into
the feed bin. Dust could be a major local problem. Potential emissions from
the ash quench system will include fine ash particles, large clinkers, steam
and some non-condensable gases formed during the quenching process. Blowdown

from steam generating equipment associated with the gasifier will be dis-
charged into the plant water system.

Other possible contaminant sources are leaks around heat
exchangers, vessels and pumps. The composition and amount of effluents
emitted will vary from day to day and will be dependent upon the level
of plant maintenance. These items cannot be estimated at this time but
their possible presence should be taken into consideration.

4.2.2 Trace Constituents

No information is available on the distribution of trace
elements in the atmospheric discharge streams. The temperatures and
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pressures involved at the discharge points together with data from the
trace element studies would lead one to believe that little, if any,
trace elements would be contained in those streams.

4.3 CONTROL METHODS

4.3.1 Proven Methods

Control systems for the coal feed bin emissions were not
mentioned in the E1 Paso EIS. The WESCO EIS did state that dust hoods
coupled to baghouses would be used to control particulates emitted from
the coal transfer point. Estimated total particulates to the atmosphere
for this sytem are 0.97 1b/hr.

Control of emissions for the ash quench system will involve a
two stage process. The steam, gases, ash dust and clinkers will initially
be passed through a wet cyclone for removal of the clinkers and some
dust. The remaining material will then go to a condenser where the
steam is condensed. Most of the ash dust will come out in the condensate.
The final fate of the non-condensable gases is not known, since no
information concerning their composition or volume is available. Observations
made about the ash quench operation at the Sasol plant revealed that the
vapor gas generafed during quench is mostly steam. No particulate
emission data for the system are available.

4.4 PROCESS MODIFICATIONS

There is no direct discharge to the environment from the
gasifier section which might suggest modifications to the actual process
equipment. The most effective form of emission reduction would involve
the improvement of "downstream" pollution control equipment. Controls on
the coal feed system may be warranted from the standpoint of worker health.
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5. FUEL GAS PRODUCTION

5.1 STREAM FLOWS

The fuel gas burned to provide steam, electric power, and air
compression for the plant is obtained from a process train consisting of
10 air blown Lurgi gasifiers. These units produce 2,800 MMBTU/HR of
fuel gas with a higher heating value of 193.9 BTU/SCF. The process
scheme for the fuel gas production area is shown in Figure 5-1.

The gasifiers operate similar to those described in Chapter 4
except for the use of air rather than oxygen.

5.1.1 Coal Feed

Sized coal from the coal biending and preparation area is fed
to the gasifier coal bunker at 415,587 pounds per hour. The breakdown
of this feed into major components is given in Tables 5-1 and 5-Z.

Table 5-1. MOISTURE AND ASH-FREE COAL COMPONENT ANALYSIS

Component Wt % 1b/hr
Carbon 76.26 204,417
Hydrogen 5.58 14,957
Nitrogen 1.32 3,538
Sulfur 1.07 2,868
Oxygen 15.74 42,193
Trace Compounds 0.03 80

TOTAL 100% 268,053
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Table 5-2. MATERIAL BALANCE FOR FUEL GAS PRODUCTION

Stream Number 5.1 5.2 5.3 5.4 5.5 5.6
Component 1bs/hr 1bs/hr 1bs/hr 1bs/hr 1bs/hr 1bs/hr

CO2 247,583
HZS 3,050
C2H4 2,606
co 181,670
H2 17,429
CH4 30,290
C2H6 4,242
N, + Ar 406,663 401,113
02 123,100

Total Dry Gas 529,763 882,983
Water 67,522 258,720 90,956 ++ 205,674
Coal (MAF) 268,053 4,209

Ash 80,012 80,012

Naphtha 4,289
Tar 0il 2,578 6,022
Tar 14,107 1,568
Crude Phenols 37 1,963
NH3 3,771

TOTAL 415,587 258,720 529,763 175,177 1,106,270



Table 5-2 is an estimate of flow rates for various trace
constituents in the coal feed.

Table 5-3. TRACE ELEMENTS
(Pounds per Hour)

Element From To

Antimony 0.32 .08
Arsenic 0.80 .027
Bismuth 0.05 0.0

Boron 40.21 16.08
Bromine 4.82 0.1

Cadmium 0.1 .05
Fluorine 209.08 53.61

Gallium 2.14 0.13
Germanium 0.13 0.27
Lead 1.07 0.37
Mercury 0.08 0.54
Nickel 8.04 0.80
Selenium 0.05 0.27
Zinc 7.24 0.29

5.1.1 Steam and Air

Steam to the gasifier comes from conventional steam generating
equipment plus steam produced in the gasifier cooling jacket. This
steam is fed to the gasifier at 550 psig and 750°F.

Air is dried and compressed to 360 psia before being supplied
to the gasifier at a rate of 529,763 pounds per hour.

5.1.3 Untreated Fuel Gas

The crude fuel gas is cooled and washed immediately following
its exit from the gasifier, and is then further cooled in a waste heat
boiler which produces 15 psig steam. After leaving the area, the gas is
subjected to additional cooling and then to treating for sulfur removal.
The composition of the fuel gas ds it leaves the fuel gas production area
is estimated to be as shown in Table 5-2.
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5.1.4 Tarry Gas Liquor

Recycle gas liquor from the gas liquor separation plus the
tar, tar oils and phenols condensed from the gas in the wash cooler and
waste heat boiler comprise the tarry gas liquor stream. This stream is
sent to the gas liquor separation area for tar and tar oil removal.

Flow rates for the major components except water are given in Table 5-2.

Besides these major components, this stream will also contain
varying amounts of COZ, HZS’ HCN, plus coal dust and ash. Not enough
data was available to estimate the amounts of these constituents. The
composition of the tar and tar oil from the fuel gas producer is not
known for the E1 Paso design. As with the tar products from the gasifier,
an estimate can be made using data from runs on Lurgi gasifiers at
Westfield, Scotland. These data are presented in Tables 8-3 and 8-4.

5.1.5 Ash

The ash discharge and quench system for the fuel gas producers
is the same as that for the high BTU gasifiers. Refer to Section 4.1.5
for discussion.

Flow rates and stream compositions of the ash from the fuel

gas producer are given in Table 5-2. A component breakdown for the unreacted

coal and ash is shown in Table 5-4.
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5-5.

Table 5-4. ASH STREAM

Unreacted Coal Analysis

Carbon
Hydrogen
Nitrogen
Sulfur
Oxygen
Ash Analysis

S1’02

A1,0

273

Fe203

Ca0
Mg0
K20
Na20
Ti0

2

A breakdown of the ash water quench stream is given in Table

COMPONENT ANALYSIS

Rate 1b/Hr
3210.0
235.0
55.5

45.0
662.0

49,607
20,003
4,002
3,120
720
640
1,200
720

Table 5-5. ASH WATER QUENCH STREAM

Source

Blowdown

C-T Blowdown
Contaminated Gas Liquor
Process Condensate
Utility Water

TOTAL
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Rate 1b/hr

110,338
135,508
135,508
413
41,183

422,950



5.1.6 Trace Elements

The trace element background information contained in Chapter
4, is also applicable here. The trace element analysis for each stream
in the fuel gas section is given below.

Table 5-6. TRACE ELEMENTS - FUEL GAS PRODUCER ASH
(Pounds per Hour)

Elements Maximum Rate
Antimony .16
Arsenic .216
Boron 36.99
Bromine .52
Cadmium .057
Fluorine 117.08
Lead 1.00
Mercury . 041
Nickel 8.004
lZinc 7.24

Table 5-7. TRACE ELEMENTS - TARRY GAS LIQUOR (STREAM 5.5)
(Maximum Rates, Pounds per Hour)

Element Water Tar Tar 0il
Antimony 144 .0108 .0012
Arsenic .532 .0162 .0102
Boron 2.61 0.54 .00018
Bromine 4.28 .0060 --
Cadmium .049 .000891 .000793
Fluorine 91.82 .150 .00188
Lead .022 . 042 .00005
Mercury .032 .0058 .00015
Nickel .032 .00217 .000144
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Table 5-8. TRACE ELEMENTS - TAR, TAR OIL IN GAS STREAM (5.6)
(Maximum Rates, Pounds per Hour)

Element Tar Tar 0Qil
Antimony .0012 .0028
Arsenic .0018 .0238
Boron .060 .00112
Bromine .00067 --

Cadmium .000099 .0016
Fluorine .0167 .0044
Lead .0046 .00012
Mercury .00064 .00036
Nickel .00024 .00034

NOTE: The trace element values are based on the high range numbers,
Table 5-3.

5.1.7 Lock Gases

The lock gases for both the coal Tock and the ash lock are
discussed in Chapter 6.

5.2 POTENTIAL EFFLUENTS

5.2.1 Major Pollutants

Pollution sources in this section include the coal bunker,
coal lock, ash lock and the ash quench system. All process streams and
major waste streams exit the area for further processing and separation.
None are discharged to the environment at this point. Emissions from
the coal and ash lock consist of residual pressurizing gas forced out by
the incoming coal and ash. These streams are estimated and discussed in
Chapter 6. Emissions from the coal bunker will be coal dust particles
generated by transfer of coal from the conveyor to the bin. The particle
size or concentration of dust in the air at that point is not known.
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The ash quench system generates large volumes of steam containing
fine ash particles, clinkers and non-condensable gases generated from
reactions involving organics contained in the water and unreacted coal
in the ash. The volume of steam, dust and clinker loading and non-
condensable gas composition and volume are not known.

5.2.2 Trace Constituents

No information is available on the trace constituents in these
vent streams.

5.3 CONTROL METHODS

5.3.1 Proven Methods

Control of the particulates from the coal transfer for the
WESCO case will be obtained by the use of dust collection hoods and
baghouses. No information concerning control methods was given for the
E1 Paso design, but it is assumed that the same type of control could
also be used here. Since baghouses are very efficient, the total particulates
emitted to the atmosphere at the exit of the baghouse is estimated to be
about 0.23 1b/hr.

The steam-ash stream generated by the ash quench will initially
be routed to a wet cyclone for removal of the larger clinkers carried by
the stream. The remaining material will be sent to a cooling water
condenser where the steam will be condensed and returned to the ash
transfer sluiceway. It is expected that almost all of the fine ash
particles would remain in the condensate. The fate of the non-condensable
gases is not known. Recommendations for their disposal cannot be made
since information is not available on the composition or volume of this
stream.

- 49 -



5.4 PROCESS MODIFICATIONS
No modifications are suggested from the standpoint of environmental

control. Hooded fans may be required at local points to avoid worker exposure
to gases and dusts.
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6. LOCK HOPPER GASES

6.1 STREAM FLOWS

In the Lurgi process, coal is fed to the gasifier in a cyclic opera-
tion using a pressurized hopper. The pressurizing gas must be vented each
time the feed lock hopper (FLH) is re-charged. MNormal charging frequency

(2)

through another lock hopper which must be vented. Ash hopper discharge

is 15 to 30 minutes. Ash is discharged from the bottom of the gasifier

cycles are about 20 minutes.

Composition of the FLH pressurizing gas can be highly variable, depend-
ing upon the source utilized. In the El1 Paso design, crude gas is withdrawn
just before the final crude gas cooler and compressed directly into the FLH.
For the lTow BTU gasifiers, the FLH gas is withdrawn after the final fuel gas
cooler. The two FLH flow schemes are shown in Figure 6-1.(]) Gas composi-
tions going to the FLH are given in Table 6-1. Flow rates are not given by
ET Paso, but can be estimated as follows. Total coal feed to the high BTU
gasifiers is given as 1,938,480 1b/hr. If it is assumed that the bulk
weight is approximately 60 1b/ft3, then 32,000 ft3/hr is the volumetric
charging rate.

The lock hoppers probably cannot be filled completely. 1If 90% filling
is assumed, and 30% void volume in the coal, then the pressurant gas volume
will be 11,600 ft3/hr at a pressure of 445 psia. With a molecular weight of
21, this results in a gas flow of approximately 20,000 1b/hr for initial
charging of the hopper. Addition of gas during the run to replace the bulk
volume of coal-plus-gas entering the gasifier would require another 49,000
Ib/hr. The total of 69,000 1b/hr represents 3 to 4% of the entire crude gas
make. This figure corresponds to that quoted in Ref. (2). Similarly, it
can be computed that the mass flow rate of FLH gas for the low BTU gasifiers
will be approximately 13,000 1b/hr.
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Table 6-1. COMPOSITIONS OF COAL FEED LOCK HOPPER PRESSURIZING GAS

Volume Percent, Dry Gas

Constituent A B C D E F
CO2 28.03 14.83 28.90 48.88 77.53  95.42
HZS + CO0S 0.37 0.24 .32 0.42 0.76
C2H4 0.40 0.26 0.29 0.78
co 20.20 17.46 19.55 13.96 14.06 0.41
H, 38.95 23.27 38.81 27.84 2.01 0.39
CHy 11.13 5.07 11.09 7.95 4.6 1.85
C2H6 0.61 0.37 1.01 0.72 0.47 1.15
N, 0.31] 38.50 .32 0.23 0.28

(1)

A El1 Paso - High BTU Gasifiers

B E1 Paso - Low BTU Gasifiers(])

C WESCO - Fluor Corp. design

D WESCO - Fluor Corp. design

e wescol3)

FoneeL(d)
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The original WESCO design estimated a crude gas composition given
in Column C, Table 6-1. Presumably this would provide the Tock hopper
feed. However, the FLH vent gas composition was given as Column D. No
explanation was provided for t?g)shift in concentrations. In the WESCO
CO2 (source not given)and the vent gas composition given as Column E,
Table 6-1.

environmental impact statement the pressurizing gas was changed to

In the Natural Gas Pipeline. Co. design(4) FLH pressurizing gas is
obtained from the Rectisol plant vent stream. Composition of this gas
is Tisted in Column F, Table 6-1.

In summary, the composition of the coal FLH pressurizing gas can be
widely variable from one plant to the next, depending upon the plant
designer's choice of a source for the gas. Molecular weight could vary
from 21 to 44. Volumetric pressurant requirements will be unaffected by
changes in composition. Weight flow rates based on Columns A and B,
Table 6-1, are given in Table 6-2.

Flowrates in Table 6-2(A) are based on the assumption that gas is
continually added to the FLH during a run in order to maintain the
pressure slightly above that in the gasifier. This procedure is speci-
fied in the WESCO design. If, instead, the mode of operation is such
that no gas is added during a run, gases from the top of the gasifier
will back flow through the entering coal stream to fill the void being
created in the FLH. Material balances given for the cooling section in
the E1 Paso design indicate that this type of operation is planned. The
49,000 1b/hr gas flow required to replace the coal bulk volume would
then not appear in stream 6.1, Figure 6-1, but would pass from the
gasifier directly to the FLH. For the present analysis it is assumed
that in passing countercurrently through the incoming coal these gases
would be cooled by heat exchange with the coal, and that tars, oil and
water would condense on the coal. The composition of gas in the FLH
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Table 6-2. MATERIAL BALANCES FOR LOCK HOPPER GAS FLOWS

A. Gas Added During Run

STREAM NUMBER 6.1 6.2 6.3 6.4 6.5 6.6

COMPONENT LBS/HR LBS/HR LBS/HR LBS/HR LBS/HR LBS/HR
CO2 40,086 38,918 1,168 3,652 3,501 152
HZS + COS 412 400 12 44 42 2
GZH4 367 356 1 39 38 1
co 18,383 17,848 535 2,736 2,622 114
H2 2,551 2,477 74 263 251 1
CH, 5,805 5,636 169 456 438 19
C2H6 593 576 17 64 62 2
Ny + Ar 358 348 10 6,039 5,788 252
Naphtha 176 171 5 64 62 2
Water 561 545 16 25 24 1
TOTAL 69,292 67,275 2,017 13,382 12,828 556

B. No Gas Added During Run

STREAM NUMBER 6.1 6.2 6.3 6.4 6.5 6.6
COMPONENT LBS/HR LBS/HR LBS/HR  LBS/HR LBS/HR LBS/HR
C02 11,423 38,918 1,168 1,080 3,501 152
HZS + COS 116 400 12 13 42 2
C2H4 104 356 11 12 38 1
co 5,240 17,848 535 809 2,622 114
Ho 727 2,477 74 77 251 11
CH, 1,653 5,636 169 135 438 19
C2H6 168 576 17 19 52 2
N, + Ar 102 348 10 1,786 5,788 252
Naphtha 171 171 5 19 62 2
Water 296 545 16 7 24 1
TOTAL 20,000 67,275 2,017 3,960 12,828 556
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at the end of the coal feeding cycle would therefore be essentially the
same as before. Flow rates for streams 6.3 and 6.2, Figure 6-1, would
be unchanged. A similar situation would prevail for the low-BTU gasi-
fier FLH streams. Material balances for this type of lock hopper
operation are given in Table 6-2(B). The amount and composition of gas
vented from the system will be the same in either case, and only the
internal flow rate for pressurizing gas will be affected.

Ash is discharged from the bottom of the gasifier in a sequence of
operations similar to that for the FLH. First the top ash lock cone
valve is closed, isolating the ash lock chamber. High pressure gases in
the ash lock at this point are mainly steam. The chamber is vented to a
close coupled direct contact condenser, where the steam is condensed
with a water spray. The bottom ash lock valve is then opened and the
ash falls out. After the ash is dumped, both cone valves are closed and
the ash lock chamber is repressurized with steam. The top ash lock
valve is opened and ash flow from the producer is re-established.

As in the case of the coal feed lock hopper, it is possible that a
different operating procedure could be used, in which the ash lock
chamber is not repressurized before reopening the valve to the gasifier
vessel. In that case gases from the gasifier would flow into the ash
lTock hopper. Venting of the ash hopper on the next cycle could then
result in the emission of some of these gasifier gases.

Several variations are possible in handling the ash as it drops
from the ash lock chamber. In one design, the ash drops into circulating
"mud water" in an ash quench chamber directly below the ash lock. In
the E1 Paso design the ash is apparently discharged dry at about 200° C
into a sluice launder where it is completely quenched and flushed away
by a water stream. Since the gasifier bottom temperature is around
500°C, it is assumed that partial cooling is accomplished by water spray
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before dropping into the sluice launder. Steam generated in the quench-
ing will be condensed either in the direct contact condenser coupled to
the ash lock valve or in a condensing vessel above the sluice launder.

To cool the ash from 500 to 200°C, assuming a specific heat of 0.2, would
require approximately 48,000 1bs of water per hour.

During the ash quenching, large amounts of ash dust are generated
and entrained in the steam passing to the condensers. Some noncondensable
gases may be generated also by reaction between unburned char and steam
or by thermal cracking of organic contaminants in the quenching water.
The water spray in the condenser provides a wet scrubbing action to remove
most of the ash dust from the non-condensable gas which must be vented.
Estimated flow rate is 477,000 1b/hr of ash. Approximately 64,000 1b/hr
of water will be flashed to steam in the two-step quench process. No
information is available for estimating the amount of noncondesnsable gases
formed or the amount of particulates carried by this stream.

6.2 POTENTIAL EFFLUENTS

6.2.1 Major Pollutants

If all FLH pressurizing gases are vented to the atmosphere, then
Table 6-2, and Figure 6-1 may be used to calculate the potential emissions
of major pollutants. Since volumetric requirements are constant regardiess
of composition, inspection of Table 6-1 shows that the use of crude gas
for FLH pressurizing (as in the E1 Paso design) represents a worst case
for potential emissions of carbon monoxide and methane. Hydrogen sulfide
emissions are worst in the WESCO design (gas source not defined in flow
sheet), and non-methane hydrocarbons are maximized in the NGPL design
(using Rectisol vent gases). Worst-case emissions for each component,

assuming the E1 Paso design but without recycling, are summarized in
Table 6-3.
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Table 6-3.

Component

HZS
co
CH4

NMH

Table 6-4.

Component

HZS
co
CH4

NMH

Emissions,
Lbs/Day
11,000
509,000
152,000
40,800

Emissions,
Tons/Yr

2,000
92,900
27,700

7,450

WORST-CASE POTENTIAL EMISSIONS FROM FEED LOCK HOPPERS

Emissions,
Lbs/10” BTU Coal

0.022
1.0398
0.310
0.083

FEED LOCK HOPPER EMISSIONS WITH GAS RECYCLE

Emissions,
Lb/Day
336
15,300
4,460
1,180

Emissions,
Tons/Yr

61
2,790
814
215

Emissions, .
Lbs/100 BTU Coal

0.001
0.031
0.009
0.002



Uncontrolled sulfur emissions from venting all FLH gases are approxi-
mately 2000 tons per year. This is a factor of almost 100 more than some
estimates (p. 3-14, Ref. 9). Hydrocarbon emissions would also be about ten
times larger than estimated in Ref. 9. If the FLH gas is recycled, as in
the E1 Paso design, and only the residual gas remaining in the FLH is vented
to the atmosphere, then total emissions would be as given in Tabie 6-4.
These vents have not been shown on the E1 Paso flow sheets. Even with re-
cycling, the sulfur emissions would be over twice the value listed in Ref.
9. Venting of FLH gases will also be a major source of carbon monoxide
emissions, which were omitted from the Table 3-4 of Reéf. 9. It should be
noted that even if CO2 is used as the FLH gas source, blowback from the
gasifier after the hopper is emptied could result in appreciable emissions
when the hopper is vented.

Vent gases from the lock hopper will contain some entrained coal
dust. Without actual data from an operating gasifier it is impossible to
estimate the quantity invoived. Amounts are likely to be a function of
whether the lock hopper is completely emptied during the charging cycle,
rate of depressurization, size distribution of coal feed, and geometric
arrangement of vent openings.

Noncondensable gases generated in the ash quench chamber will contain

ash dust. Quantities of gas and dust in this stream are unknown.

6.2.2 Trace Constituents

Trace constituents in the FLH vent gases should be the same as in the
source stream. No additional contaminants will result from the pressurizing
process, except for entrainment of coal dust.
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6.3 CONTROL METHODS
6.3.1 Proven

Since the major control methods for FLH vent gases consist of varia-
tions in process design which have not been tried, it is perhaps mislead-
ing to talk about proven methods. The discussion in this section, however,
will concern design variations which are believed to have no known tech-
nical problems. Several choices are available both for the source of the
pressurizing gas and for the disposition of the gas when venting the lock
hopper.

Among the choices which might be considered for a gas source are
(1) raw crude gas, (2) clean crude gas, (3) product gas, (4) Rectisol
vent gas, (5) nitrogen from air plant. Any of these sources could provide
sufficient quantities of gas chemically compatible with the coal in the
lock hopper. Use of nitrogen or incinerator tail gas can probably be dis-
qualified because it would introduce nitrogen into the product gas stream.
The use of any slip stream from the product gas flow, whether raw crude,
clean crude or final product gas, will result in some emission of this gas,
even if most of it is recycled. On the other hand, if CO2 from the Rectisol
vent is used, this is a stream which is vented anyway, so total emissions
may not be changed appreciably. A1l process equipment between the gasifier
and the s1ip stream point must be oversized to handle the approximately 30%
of lock gas which will pass into the gasifier with the coal feed. Therefore
there is an economic incentive to Tocate the bleed point as close to the
gasifier as possible. If Rectisol vent gas is used, then all equipment through
the CO2 absorbtion train must be oversized. Another economic factor is

that bleeding from a high pressure stream rather than a Tow pressure stream
will reduce compression costs.

In disposing of the FLH vent gases, at least four alternatives are
available: (1) Recycling, (2) Venting to atmosphere, (3) Use as plant
fuel gas, (4) Incineration. Not all disposal options could be combined
with every source option. For instance, if the source is CO2 vent gas,
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it would obviously be impossible to dispose by burning as fuel. Figure

6-2 illustrates the various combinations of source and disposal alternatives
with a brief summary of strengths and weaknesses. Since there would be
relatively little difference between using final product gas or clean gas
prior to methanation, only "clean gas" is listed. The ultimate choice

must be based on considerations involving the rest of the plant design.

For instance, if gas is being burned as a plant fuel, then passing a slip-
stream through the lock hopper before burning will not increase overall
plant emissions. In this case, recycle compressors are not needed. If
fuel gas (either crude or cleaned) is chosen to pressurize the lock hopper,
there will be an economic incentive to recover the majority of the gas by
either recycling or using as fuel, so that direct venting is unlikely. If
CO2 is used, then direct venting may be acceptable because this gas would
be vented anyway. In the E1 Paso design, Figure 6-1, the Tow-BTU lock
hopper vent gas is injected into the low pressure Stretford unit which
processes acid gas from the Rectisol unit. This automatically provides

a clean fuel to fire the off-gas incinerator.

Although most of the FLH gas can be collected and disposed of by one
of the options discussed, there will be a residuum of gas in the hopper
when it is opened to receive a new coal charge (the hopper cannot be evacu-
ated, it can only be bied down to some pressure slightly above atmospheric).
During the coal transfer this residual gas will be displaced equal to the
volume of coal being loaded. Several plant designs have discussed the use
of exhaust hoods and vent fans on the gasifier to prevent local escape
of these gases, as e.g. Figure 6-3. This type of control does not affect
the net release to the environment unless the collected gases are then
incinerated. The amount of gas escaping in this way should be only about
3% of the pressurant requirements. Flow rates are given as streams 6.3
and 6.6 in Figure 6-1 and Table 6-2. In the WESCO design it was stated
that these gases would be collected by exhaust fans and vented from
stacks, 150 to 300 ft. high. The flow would be 99.5% air at a rate of
2,934 tons/day. Estimated HZS concentration was 5-10 ppm. If either
clean crude gas or CO2 from the Rectisol vent is used, the HZS level
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Figure 6-2 FEED LOCK HOPPER GAS ALTERNATIVES

Possible ) .
Sources Disposal Options
Crude gas A Prg;gﬂre W_Recycle
Clean gas B Compressor X Vent
C02 vent gas C [_ Low
Pressure Y Gas incinerator
Compressor
Z Fuel gas
Combinations Remarks
AW E1 Paso design - requires oversize gas coolers only
AX Greatest pollution plus economic penalty for loss
of gas
AY Less pollution but same economic penality as AX
AZ No oversize required, no pollution penalty if crude
is to be used as fuel anyway
BW Entire process train to bleed point must be oversized
BX Economically unsound because recycling should be
cheaper than increasing output of entire plant
BY Even greater economic penalty than BX
BZ Represents good control where product gas is used
as fuel
CW Increase equipment size with no benefit over CX -
does not change total vent flow
CX Since gas will be vented whether used for lock hopper
or not, have not increased pollution load
cy Not reasonable
CZ Not practical
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should be much lower. There may be some blowback of gas from the gasi-
fier into the lock hopper during production, so that even if CO2 is used
to pressurize, there may be some HZS in the vent stream. The amount of
any such blowback is impossible to estimate.

Localized control of vent gases from the ash lock quenching and ash
dumping operations can be accomplished also by hoods and exhaust fans. The
exhaust fans for both the coal lock and ash lock can be equipped with
wet cyclone scrubbers to reduce particulate concentration before being
vented from stacks. The WESCO EIS contained an estimate of particulate
emissions from the lock exhaust fans with cyclone scrubbers which amounted
to only 0.1 1b/hr for the coal lock and 0.2 1b/hr for the ash lock.

6.3.2 Potential

Potential methods are considered to be those requiring some process
development before they could be utilized in a plant design. Since ade-
quate control can be achieved with the best of the methods discussed, no
further development is required.

6.4 PROCESS MODIFICATIONS

Most of the control methods discussed are actually process modifi-
cations rather than end-of-pipe methods of treatment. Additional modifi-
cations which could be developed would include the feeding of the exhaust
vent streams to the intake air for air blown gasifiers, gas turbines,
or steam boilers. Since the potential emissions involved are so small
to begin with, there is little incentive to spend effort in investigating
such modifications.

It is apparent that total venting of lock hopper gases could be a
significant source of emissions if the gas is obtained from an internal
process stream. All designs utilizing such internal streams should re-
quire either recycling or routing to a pollution control unit.
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7. SHIFT REACTION

The shift reaction section of the Lurgi high-Btu coal gasification process
is designed to adjust the H,/CO ratio of the synthesis gas to that required in
the methanation section. This is accomplished by the catalyzed reaction of
CO and H»0 according to Equation 7-1.

CO + H,0 = (€02 + Hz + heat (7-1)
7.1 STREAM FLOWS

The process flow scheme and the material balance for the shift reaction
section are given in Figure 7-1 and Table 7-1, respectively. Raw gas from
the gas production section is split into two streams with approximately 55
percent being sent to the shift reaction section. This stream is cooled in a
waste heat boiler that generates 60 psig steam. The water condensed from the
raw gas is sent back to the gas production section for use as a raw gas
quench liquor.

After leaving the waste heat boiler, the raw gas undergoes the reaction
shown by equation 7-1 in two catalytic shift reactors. The hot exit gas
from each reactor is cross exchanged with the reactor inlet gas to maintain
the proper inlet temperature to each reactor. The shifted gas is then directed
to the gas cooling section for further processing.

7.2 POTENTIAL EFFLUENTS
The effluent streams from the shift reaction section include:

Shifted gas

Process Condensate

Waste Heat Boiler Blowdown
Spent Catalyst

Fugitive Emissions (equipment malfunctions)

® © © © ©
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Table 7-1.

MATERIAL BALANCE FOR THE SHIFT REACTION SECTION

Stream Number 7.1 7.2 7.3 7.4
Crude Gas Condensate Crude Gas
Stream Description From Gas to Gasifier to Shift Shifted
Production Quench Reactors Gas
Gas Phase, 1lb/hr
Component Molecular wt.
CO; 44.010 729,158 - 720,545 1,096,707
CO 28.010 334,465 - 334,437 95,029
CH. 16.042 105,537 - 105,532 105,532
H»S 34,082 7,403 - 7,280 7,280
CoHy 28.052 6,710 - 6,710 6,710
CaHg 30.068 10,788 - 10,788 10,788
No+Ar 35.000 6,486 - 6,486 6,486
H, 2.016 46,401 - 46,401 63,632
H,0 18.016 762,763 - 511,750 357,765
Naphtha 78.108 10,939 - 10,939 10,939
Tar 0il 132.196 15,314 - 15,314 15,314
Tar 184.354 3,999 - 3,999 3,999
Phenol 94.108 4,991 - 4,991 4,991
NH, : 17.032 9,640 - 9,640 9,640
Total Gas, lb/hr 2.054,594 - 1,794,812 1,794,812
Liquid Phase, 1lb/hr
Component Molecular wt.
H20 18.016 - 251,013 - -
Tar 0il 132.196 - * - -
Tar 184.354 - * - -
Phenol 94.108 - * - -
Dissolved NH3 17.032 - * - -
Dissolved CO; 44.010 - 8,613 - -
Dissolved H;S 34.082 - 123 - -
Dissolved CO 28.010 - 28 - -
Dissolved CH, 16.042 - 5 - -
Total Liquid, 1lb/hr - 259,782 - -
Temperature, °F 370 358 358 550
Pressure, psia 450 446 446 400
* present, but quantity unknown




The major pollutants in each of these effluent streams are addressed in
Section 7.2.1 while the presence of trace constituents is discussed in
Section 7.2.2.

7.2.1 Major Pollutants

Shifted Gas. The shifted gas contains the same pollutants as the inlet
raw gas stream to the shift reaction section. These pollutants include:

H,S, COS and organic sulfur compounds
NH,

Tars

Tar Oils

Phenols

Naphtha

The anticipated composition of the shifted gas is shown below.

Component Vol% Component Vol%
€02 28.3 H2 35.8
c0 3.8 H20 22.5
CHuy 7.5 Naphtha 0.1
H2S + COS 0.2 Tar 0il 0.1
CaHu 0.3 Tar 0.1
C,Hg 0.4 Phenol 0.1
N2, + Ar 0.2 NH3 0.6

Process Condensate. The condensate from the waste heat boiler contains
dissolved C02, CHy, CO, H2S and Hz. In addition, a portion of the heavy
hydrocarbons present in the inlet raw gas stream would probably be found in

this condensate, although these components are not shown in the material
balance given in Table 7-1.
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Boiler Blowdown. The waste heat boiler in the shift reaction section

uses softened water for boiler feed. This inlet stream contains some dis-
solved solids, consisting mainly of Na*, SO, C17, CO; and silicates. Only
very small amounts of Ca++ and Mg++ are present. To prevent scaling of the
boiler tubes, a portion of the boiler water is removed as blowdown. Since
the boiler operates at approximately seven cycles of concentration, this
blowdown stream contains seven times the inlet concentration of each ionic
species. Since no other pollutants are anticipated to be present in the
boiler blowdown stream, it is directed to the plant cooling system for use

as makeup water.

Fugitive Emissions. Fugitive emissions from the shift reaction section

arise from leaks around valves, flanges, connections, etc. No estimate of

the quantity of fugitive emissions can be made, although high pressures

Tike those found in this section tend to increase the severity of the fugitive
emission problem. Any of the materials present in the process streams found

in this section could be released as a fugitive emission.

7.2.2 Trace Constituents

The inlet gas stream to the shift reaction section may contain any of
the trace elements present in the coal feed to the gas production section.
As the gas is cooled in the shift reaction waste heat boiler, some of the
trace elements present in the gas may enter the process condensate stream.
Similarly, as the gas passes over the shift reactor catalyst, some of the
trace elements may become adsorbed/absorbed on the catalyst. Those trace
elements not entering the process condensate stream or adhering to the shift
reactor catalyst leave the shift reaction section in the gas sent to the
gas cooling section. Table 7-2 lists the trace elements found in the con-
densate streams from one commercial Lurgi coal gasification facility. A
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Table 7-2.

TRACE ELEMENTS FOUND IN GAS LIQUORS

Element Concentration, ppm by wt.
Beryllium - 0.03-0.06
Boron 3.3
Vanadium 0.3
Manganese 1.0-1.7
Uicke] 0.3
"Arsenic 1.7-2.3
Cadmium < 0.03
Antimony 0.1-0.17
Cerium 0.1-0.17
Mercury < 0.03
Lead 0.3-0.6
Bromine 0.3
Fluorine 40
Chlorine 30
Source: Personal comunication with EPA
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trace element balance for the E1 Paso coal feed was calculated and given
in Tables 4-9, 4-10, 4-11, 5-7 and 5-8.

In addition to the potential for trace elements being picked up by the
shift reactor catalyst, sulfur compounds and heavy hydrocarbons may also be
adsorbed/absorbed on the catalyst. At this time no information is available
as to the types or quantities of trace constituents which may be associated
with the spent catalyst.

7.3 CONTROL METHODS

7.3.1 Proven Methods

Shifted Gas. The shifted gas is further processed in other sections to
remove the tars, tar oils, phenols, ammonia and sulfur compounds present in
this stream. These processing areas provide adequate control for this
stream and are discussed in Sections 8 and 9.

Process Condensate. The process condensate stream is recycled to the

gas production section where it is combined with other condensate streams for
use as gasifier effluent quench Tiguor.

Boiler Blowdown., The blowdown stream from the waste heat boiler is

used as makeup water to the plant cooling system. Since the boiler is
operating at a relatively low number of cycles of concentration, the dis-
solved solids content of the blowdown stream is relatively low and does not

represent an environmental problem.

Spent Catalyst. The control methods for spent catal