3. INDIRECT LIQUEFACTION WITH KOPPERG-TOTZEK
GASIFICATION AND FISCHER-TROPSCH TECHNOLOGIES

This section addresses indirect 1iguefaction faci!ities for the production
of synthetic fuels by mezns of apper<-Totzek (K-T} coal gasiffcation followed
by Fischer-Tropsch (F-T) product synthesis. Facilities of this type utilize
all of the process operations normaily associated with indirect }igquefaction,
namely coal praparation; coal gasification and raw gas cleaning; shift conver-
sion and acid gas removal; and synthesis of the desired fuel product. Auxi-
Tiary processss required to support these production operations are those re-
quired for oxygen production, raw water t{reatment and process cooling. Depend-
ing upon the local avaflabiiity and cost of electric power, on-site auxildary
power generation facilities ray also be required.

Both the X-T and F-T processes are commercially proven and are currantly
in yse abroad. The K~7 process, as developed and licensed by Krupp-Koppers,
GmbH, Essen, West Germany (Gesellschaft fur Kohle-Techmplogie {GKT) 4n the
U.S.}, is a commercially viable process which has been widely used outside the
U.5. to produce industrial fuel gas and synthesis gas from coal. To date, the
GKT K-T process has been used with & variety of coal feeds, ranging from brown
coals through 1ignite and kitimincus ranks and emcompassing the full breadth
of coking tendencies. The F-T synthesis process has been commercizlly zpplied
for the production of liquids from coal.derived synthesis gases; the largest
commercial application of F-T technology is SASOL facility in South Africa.

A wide variety of domestic coals are potential feedstocks for K-T bassd
synthetic fuels facilities. In general, specific characteristics of the coal
feedstocks will determine the characteristics of process and waste streams.

To date, the North Alabsma Coal Gasification Consortium has performed large
scale K-T gasification tests only with an I11inois No. 6 coal (1). Thus, an
INTinois No. & coal was chosen for examination to provide a basis for sizing
and characterizing base plant process and waste streams and evaluating waste
stream contro) options. Characteristics of the base plant [N1t{nois No. 3 coal
are surmarized in Table 3-7.
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TABLE 3-1. CHARACTERISTICS OF ILLINOIS HO. 6 COAL SELECTED FUP USE IN
IMDIRECT LIQUEFACTION BASE PLANT {2,3)

A Revized Basis {wt %} Dry Basis {(wt b4

Moisture 10.23
Yolatile Matter 34.7¢
Fixed Carbon 45.90
Ash 9.15 10.15
< 84.16 71.47
H LM §.83
0 B.1 9.02
s ' 2.87 ) R E
N 1.2 1.28
Heating Value
(AR 25.63 #1.67
Maior and Minor Elsmants ia Cpal
{%. on moIstura—Tree Whole coal basis)
A y.20 Mg 0.04
Ca 0.92 Ka 0.060
c1 0.28 sf : 2.4%
Fe 1.50 R I 0.06
X . 0.16

Trace Elements
{ppm, oF moisture-free whole codl basis)

As 1.0 Hy 1.1
) 132 #a 7
Be 1.4 M 2c
Br 17 R 14
cd <0.4 4 Vil
{o L . Pb 1a
Ce 20 5b 0.1
Cu 12 Se 1.2
¥ 79 Y 20
Ga 4% n 43
Ge 5.0
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In developing the base plant materfal flow estimates, a2 fixed coal feed
rate of 27,216 Mg per day {(as received basis) to gesification was used. In
addition to the gasifier coal requirements, some K-T based synfuels facilities
mey include on-site coal-fired auxiliary boiiers for power generation. Coal
requirements for any such boilers wiil depend upon the amount of purchased
electricity from off-site sources. Boiler fuel requirements could also be off-
set by using high energy process offgases as fuel. For K-T based F-T facili-
ties which are self-sufficiant in energy, auxiliary boiler energy requirements
for electric power are assumed to be approximately 26% of the coal emergy in-
put to the gasifier (based upon an assumed process thermal efficiency of 40%).
It should be noted that most plants are potaentially self-sufficient with re-
spect to steam and, depending upon the cost of electric power, an on-site power
boiler may mot be needed at all.

A typical upgraded product slate for the K-T based F-T plant examined
in this study is summarized in Table 3-2. The principal products are gasoline
and SNE with lesser amounts of oils, alcohols and EPG,

TABLE 3-2. ESTIMATED PRODUCT/BY-PRODUCT SLATE FOR K-T BASED F-T
SYNFUELS PLANT*

Products/

By-Products Mg/day TJ/day
gasoline ' 3630 172
Riesel Q11 735 34.6
Fuel 011 215 9.91
LPG 273 13.6
MG 2920 127
Alcohols 525 19.7

Total 8398 376.8

*Coal fead rate to gasification is 27216 Mg per day (as recefved basis).

3.1 BASE PLANT DESCRIPTION

Base plant process aperations consist of csal preparation, coal gasifica-
tion. gas purification and upgrading, crude product synthesis and separation,
and product upgrading. In addition, the auxiliary procasses required to
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support & fully integrated, self-sufficient, 1iyuld fuels production fuciltty
would include raw water treatment, power generation, and oxygen production,
Pellution control processes applicable to the base plant are described & dis-
cussed subsequently in Section 3.2, Processes comprising the base plant and
their assoclated waste straams are descrioed briefly in this section. Simpli-
fied process flow diagrams are presented in Figures 3.1, 3-2, 3-3, and 3-4.

3.1.1 ¢oal Prapiration

The coal preparation operation in a K-T based synf. acitity wiitl be
similar to those found in other coal-based plants such as pulverized coal-
fired power plants. Equipment is provided to receive, transpert, and store
coal, and to prepars pulverizaed coal for gasification and ¢onsumption in on-
site power boilers. Coal is received by conveyor, train, barge, or truck and
is stored in efther an active or inactive (emergency) siorage pile, as neces-
sary. Coal from storage is prepared for gasification/combustion by screening,
¢rushing, drying, and puiverizing to a size predominantly less than 0.1 mm.
Prepared coal moisture contents of 1 to 2% are required for gasification of
bityminous coals (4,5). OUried and sized coal is stored in silos erd transport-
ed to gasifiers and boilers as required.

Major waste stresms assaciated with the coal preparatian operation are
storage pile runoff (Stream 201); fugitive dust emissions from coal storage
and transport (Stream 200}; dust from coal screening, crushing, and pulveriz-
ing (Streams 202 through 205); and coal dryer offgases {Stream 20€). Storage
runoff tends to contain high levels of suspended and dissolved s50lids and can
be quite acldic in the case of Midwestern and Eastern coals. Dust from coal
preparation consists of matural soil and overburden material as well as coal.
Coai dryer offgases contsin 5C,, N0, CO, and particulate matter (coa2l dust).

3.1.2 K-T Cgal Gasification

The Kk-T process involves low pressure (s1ightly above atmospheric), en-
tratned-fiow slagging coal gasification in the prasence of staam and OXygemn.
Flame temperatures may range from 2000-Z300K during gasification with reactor
temperatures of 1510-1860x (4.€,7,8). The gasifier is a water-cooled steel
vessel with a refractory Tining, which, in the most common two-headed config-
uration, resembles an ellipsofd with horizontally oppesing burners at the
apices. The newest installations (three gasifiers each at Ramagundam and
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Talcher, India) employ four-headed gasifiers which resemble two intersecting
ellipsoids with burners located 90 degrees aspart at sach of the four apices.
Coal is introduced coni:immusly into the gasifier through screw feeders at
the burner heads and then entrzined in @ stream of Tow prassure steam and
high purity oxygen. Partial oxidstion reactions occur rapidly within the
central portion of the gasifier; coal residence time is less than a second,
Raw product gas and entrained dust exit the gasifier vertically upward through
2 waste heat boiler system producing high pressure saturated steam. Molten
slag exits the bottom of the gasifier and falls into 2 quench tank where cir-
gulating cooling water causes it to shatter {nio granular form. Slag is
removed from the quench tank by & drag chain cenveyor on which dewatering
sccurs prior to subseguent slag disposal.

The principal waste stream associated with the gasification operation is
quenched slag (Stream 207). K-T slag 15 a coarse, pebble sized material which
is physically stable and essentially inert. Quenched s'Iag'has about the same
composition as the parent cral ash and retains about 10% moisture, Depending

upon the guench water quality, and whether the slag is rinsed. contaminants
such as m: and 5CN” may be present in the slag moisture.

3.1.3 Gas Purification and Upgrading

The gas purification and upgrading operation consists of: (1) gas cooling
and dust removal; {2) Ne, reduction; (3) raw gas compression and cooling; {4)
cyanide washing; {5) shift conversion; (6) acid gas removal; and (7) trace sul-
fur removal.

Gas Cooling and Dust Removal

Hot raw gas from the waste heat boiler 5 cooled and scrubbed of entrain-
ed ust in two stages by means of direct water contacting. Final de-dusting
is provided by a wet electrostatic precipitator. The collscted dust slurry
js pumped to settling basins for thickening. Mast of the clear water gver-
flowing the settlers is indirectly cooled and recycled. The settler under-
flow is filtered to produce dewatersd dust {up to 50% moisture) and filtrate
which 1= combined with a portion of the clarifier overflow as biowdown for
controlling the buildup of dissolved components within the washer system.
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Waste sireans associated with the gas cooling &nd dust removal process
are dewaterd dust (Stream 209) and Blcwdown -(Stream 210). BGasification dust
consists primarily of eoal ash and unreacted carbon. The dust is combustible
and has leachable components. In sddition, misture associated with the dust
wi11 be similar ia composition to the wagher biowdown, containing contaminants
such as N, CH s SCN's 5,03 505, €17, and other gpecies.

N0, _Reduction

The NOx reduction unit catalytically hydrogenates nitrogen oxides and
oxygen present in the raw synthesis gas tp aliminate associated fouling on
compressor blades and in the acid gas removal system. Al fhough such 2 unit
js currently in usz at an operating K-T pased facility (9), details regarding
unit performance and reaction chemistry are not available. The only waste
stream expected from this unit 1s spent cobalt molybdate catalyst (Stresm 212)
which will periodically require disposal.

Raw Gas Cumgress'lon and Cooling

¥oppers-Totzek technology involves coal gasification 2t essentially at-
mospheric pressure. However, downsiyeam aperations such as cyanide wash,
shift conversion, acid gas removal, and 1iquid product synthesis are more
. efficient and economical at elevated pressures. Therefore, raw Jas #rom cool-
ing and dust removal is compressed to about 3 MPa prior t0 subsequent treat-
ment. The temperature rise of the gas during compression 1is controlied by
fntercoolers and an aftercooler, consistent with materials 1imitations and
tempersture requirements of downstream processes.

The principal waste stream from raw gas compressfton and cooling 15 com-
preassion condensate {$tream 211). contaminants expected i pe nresent in the
condensate include Mg, €17, 5 » SC7. 2 eN.

Cyanide Wash

Hydrogen cyanide and any residual ammon?a present in the vaw synthesis
gas are remved by absorption in cold methanal, Rich methanol from the ab-
sorber is regensrated by dapressurint‘!un and indirect heating to also yield
a sour flash gas. Water vapor coabsorbed with the cyanide is recovered from
the process aethanol by distillation.

3-10
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The major waste stream associated with a methanol-based cyanide wazh pro-
cess is sour fash gas (Stream 214). Sour flash gas from a methanol-based
cyanide wash 15 expected to consist primarily of HaS, C0, HCN, CD,, COS, Hy,
and methanol vapor.

Shift Conversion

Gases suitable for feed to Fischer-Tropsch synthesis should have somewhat
greater than a 2:1 ratic of K, to CO and no more than & few percent CQ,. The
Hy 0 CO ratio in raw K-T gas typically ranges from 1:2 to 1:2.5, well beiow
the ratic required for 1iquids synthesis. Thus, a shift conversion step is
» necessary part of the gas upgrading. A!) commercial scale X-T based coal
gasification facilities emplay a shift conversion unit which follows raw gas
sulfur removal and precedes cuz removal, and this approach has been incorpor-
ated intc the base plant design. This approach enables the use of conven-
tional iron-chromium or copper-zinc shift catalysts. Also, due to the favor-
abla st to c02 ratio before shift conversion, it facilitates production of an
HyS-rich offgas for economic sulfur recovery.

Streams produced by shift conversion are spent shift catalyst {Stream
217) which perfodically requires repiacement and shift comdensste biowdown
which is reused as makeup water to the gasification quench circuit.

Acid 6as Removal

Removal of st and other sulfur compounds present in the raw K-T ga.
is necessary to prevent catalyst poisuning in subsequent shift conversion,
and Fischer<Tropsch synthesis operations. Bulk removal of €0, fs necessary
to obtain a composition meeting the stolchiometric requirements for synthesis
feed gas. The two-stage selective Rectisol acid gas removal process has baen
included in the base plant design, since all commercial scale K-T based coal
gasification facilities utilize two-stage selective Rectisol units and the
only X-T based indirect l1iquefaction facility proposed in the U.5. {The

North Alabama Coal Gasiffcation Tunsertium Project) is also expected to use
this process.

Rectisol is a physical absorption process using low temperature methanol
as 2 solvent. In two-stage selective Rectisol systems, sulfur compounds are
removed from the raw gas prior to shift conveérsion and subsequent Cﬂz removal .
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This facilitatas high process selectivity due to the favorable Has 0 coz
ratio before shift conversion. Sulfur lagen methanol from sulfide absarption
is enriched by flashing and stripping a portion of the absorbed (O, and then
regenerated 1n a hot stripper to produce 2 sulfur-rich offgas {Stream 216)
typically containing 25 to 35% HZS. Carbon dioxide laden methanal from the
COZ absorber is regenerated by flashing and stripping with N2 to produce a
CO,-rich offgas (Stream 219). An additional waste stream from the Rectisol
system i5 still bottoms {Stream 220} from & methanol/water distillation unit
which controls moisture buildup in the methanol soivent.

Trace Sulfur Removal

To protect synthesis catalysts from sulfur pofsoning, zinrc oxide guard
beds may be used following the Rectisel process to remove residual traces of
syl fur compounds. Ordinarily the Rectiso)l process can attain Tevels of less
than 0.1 ppmv tatal sulfur species in the synthesis feed gas, vut InQ provides
for temporary removal during periods of Rectisol process upsets, Periodi-
cally, sulfur guard material must be deconmissioned and replaced, This gen-
erates a solid waste (Stream 221) consisting of spent Zn0/ZnS. '

3.1.4 Product Synthesis

Hydrocarbon production via Fischer-Tropsch (F-T) synthesis can be re-
presented by the follawing reaction:

nCd + (2n + 0.5x) H2 - CnH + nH20 + heat

2n+x

where n ranges fror 1 to about 20, x = 2 for paraffins and x = O for olefins,
The mix of F-T products obtained ({.e., the range of n and x values) is
dependent upon several factors including the reactor design, temperature,
pressure, and type of catalyst used. Synthasis gas usually contains some

CDZ in additisa to CO and HZ' Because synthesis catalysts are 2150 active

for the hydrogenmation of cuz. the presence of 602 does not create probioms

as long as the synthesis gas contains the proper ratio of Hzf(CO + 002).

F-T synthesis procesd over fron=based catalysts at 600K and 2.3 MPa {fluidized
bed reactors) or 500K and 2.7 MPa (¥ixed bed reactors)(18).

The crude Tiguid fusl products will require upgrading (probably onsite)
to yield final products which are marketable as substitutes for petroleum-
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derived fuels. This is particularly true for motor gasolfines, whers crude
coal-derived gasoline fractions would not meet octane requiraments for the
retail market In the U.5. F-T products could be upgraded by catalytic alky-
l1ation of the 53-64 fraction to yield gasoline-bland hydrocarbons and com-
mercial grade LPG by hydrotreating for destruction of olafins and oxygenated
organics, by catalytic reforming to previde more cyclic and branched chain
hydrocarbons, by C5/c6 1somerization te increase the anti-knock gquality of
pentanes and hexanes, and by catalytic poiywmerizstion toc corvert propene/
butene fractions into higher melecular weight gasoline biending compounds.
A1l of these upgrading processes will utilize conventional petroleum refinery
technology and have been incleded in the base plant. It should be noted,
however, that the specific uwpgrading processes empioyed will depend largely
on the desfred product characteristics,

Synthetic 1iguia fusls synthesis generates a purge gas containing com-
pounds such 8s unmreacted carbon oxides, hydrogen, methane, and methanal.
Several options are available to hand)e the purge gas including use as an
on-site fuel, reforming %o generate additional synthesis gas, or conversion
of the residual hydrogen and carbon oxides into methane to produce SANG.
Because supplemental fuel ma required for power generation, use of these
purge gases as an on-site f . ~ selected for analysis purposes. In actual
practice, the deacision regardi.., the disposition of synthesis purge gases
involves site- and design-specific considerations which are outside the scope
of this study.

Product synthesis and upgrading generates a variety of waste streams.
Gasedus waste streaps inclyde coz offgas from SNG purification (Stream 239},
SNG dehydration offgases (Stream 240}, and flue gases from process heaters
{streams 502 to 507). The principal aguevus waste stream is the F-T waste-
water (Stream 223), although smaller amounts of crganic-centaining waste-
waste (Stream 508) are generated by product upgrading. Synthesis and up-
grading catalysts peripdically require replacement and, in soma cases,
require dispasal. Since KF aTkylation has bsen included in the base plant,
a small volume alkylation sludge (Stream 509) wil? be gensrated,
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i1.5 Agxi1iar1es

The major additfonal auxiliary processing uaits required for self-suffi-
cient K-T based synfueis facilities are: 1) on-site boiler for power genera-
tion; 2) makeup water treatment facilities; 3; process cooling water system;
4) 1iquid product/by-product storage facilitivs: and 5) oxygen production
unit,

The most significant potential source of waste streams from thc auxil-
jary processas is the boiler, The boiler flue gases {Stream 302} are parti-
cularty fmportant because the noifers will generally be coai-fired and are
therefore potentially major sources of 30, N, » and particulate emissions,
in additfon to flue gases, waste streams resulting from the boilers tnciude
biowdown condensates {Strsam 303) and bottom ashes (Stream 104). It should
be again noted that most plants are potentially self-sufficient with respect
to steam and, depending upen the locil ava{lability and cost of electric
- power, an on-site power bo{ler may not be needed.

The major waste streams from makeup water treatment are sedimentation
pond zludges and 1ime/soda softener sludges (Stream 300}, and demineralizet
regeneration wastewaters (Stream 301) from the boiler feedwater Lreatment
unit. Evaporated volatiles and drift (Stream 305), and cooling tower blow-
 dowp {Streom 307) are the major waste streams from the cool ing water system.
Evaporative emissions (Streams 308 through 311) are the major waste streams
from product/by-product storage facilities.

The oxygen plant itself is not a major source of waste streams. How-
aver, as & mijor consumer of ¢nergy, it fmpacts the magnitude of the waste
streams produced in other units, particalarly in the steam/power generation
unit and the cooling water system.

3.1.6 Fugitive and Miscellansous Wasies

In addizion to the waste streams associated with specific processes,
thers are wastes which are of non-specific prigins such as fugitive organic
emissions (Stream 241). There are many potential sources of fugitive organic
emissions in ~n indivect coal liquefaction plant. These include pumps, com-
prasscrs, valves, flanges, and pressure relief devices.
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3.2 POLLUTION CONTROL

At the present time. no K-T based indirect Yiquefaction planis are cpera-
ting in the United States, although the K-T process iz widely used in ctner
sountries for the production of hydnogen_{primarin for ammonia) and fuel gas.
The emphasis on pallution control which has been incorperated into designs
for facilities abroad is generally less than that which is anticipated for
U.S. facilities. Thus, directly applicable performance data for most polin-
tion control technologies are auite 1imited. The potential applicabtlity of
most pollution control technologles to waste streams identified in Section
3.1 has, therefore, been inferred from their use in similar gpplications in
industries such as petroleum refining, coke production, natural gas process-
ing. coal cleaning, and electrical utititigs. This section jdentifies the
pollution control technolagies selected for evaluation. These technoloyies
refiect the types of alternatives which are under consideration for facilities
in the U.S. it should be noted, however, that a variety of contrel tech-
neYogies with simflar performance characteristics are potentiaily applicable
to most waste streams identified in Sectjon 3.1.

3.2.1 Air Pollution Contrpl

Pollution contral technologies considered for gaseous waste streams
presented in Section 3.1 are summarized in Tabie 3-3, along with the secondary
waste streams gemerated Ly the control technologies. Also included in the
table are the pollution control technologies considered for gaseous secondary
wasts streams, As shown in the table, the sour flash gas from cyanide wash
{5tream 214}, the HyS-rich offgas {Stream 216), and the sour stripper offgas
{Stream 441) ara combined for treatment in & common sulfur recovery system.
For evaluation purposes, emissions from the coal-fired thermal dryers
{Stream 206) are zssumed to be combined with the flue gas from power genera-
¢ion (Stream 302) for commoun treatment since the characteristics of these
two streams are essentially tdenticali however, in practice, these straame
may be controlled separately. A1l other streams are control}led indivigually
by methods commonly zpplied to aralogous wastes n otner industries. A1l
the control technologies considered are commercially available, proven pro-

cesses that have been employed in either coal-fired power plants ar petroieum
refineries.
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3,72.2 MWastewater Tr&atnent

Pollution contral technologies considered far wastewater streams are
presented in Table 3-4, The principal wastewater streams in terms of loading
of gasification- or synthesis-gensrated contaminants are the conling and dust
removal blowdown {Stream 210), the F-T wastewater {Stream 223), the raw gas
compression and cooling condensate (Stream 211) and the upgrading wastewater
{Stream 508). These streams are combined with the Rectiso! condensate/still
bottoms ($tream 211) for common treatment. Two treatment alternatives were
considered for these streams: 1) activated sludge followed by filtration,
granular activated carbon adsorption and discharge to surface waters; and
2} activated sludge followed by cooling tower comcentration and discharge
to a surface impoundment. Other wastewater streams indicated in the table
are essentially identical tv wastes generated by coal-fired power plants or
rofinerfas and are not unigue to synfuel facilities. These streams are likely
to be treated individually. ’

3.2.3 Solid Waste Management

Based upon salid waste mapagement practices currently appiied in the
synfuels and eothar industries, and those Eeing considered far proposed syn-
fuels plants, many of the solid wastes will be landfilled. As indicated in
Table 3-5, the major solid waste stream, dewatered K-T dust (Stream 209}, is
burned in a fluidized bed combustion {FBC) boiler to recover its energy
valua and reduce the solid waste volume. A limited number ¢f spent catalysts
{e.g., nickel, cobalt, and platinum-based catalysts) are recycled to their
respective vendors for metal recovery or reprocessing and reuse,

3.3 SOURCE TERM ESTIMATES FOR WASTE STREAMS

This section presants source term estimates for Risk Analysis Units
{RAUs} in both uncontrclied waste =treams and discharge streams after waste
treatment. The RAU categaries considered have been previously listed in
Section 1. Data sources Yor characterizing uncontrolled waste sireams
from the KT based F-T synfuels facility and for estimating control tech-
nology performance are briefly described in Section 3.3.1. Source term
estimates for gaseous waste stresms, aquedus waste streams, and solid waste
streams are presentad in Section 3.3.2, 3.3.3, and 3.3.4, respectively.
Where data zre available, source terms estimstes are presented in ranges.
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For the wajority of the waste streams, only 2 singie number is presented for
exch RAU representing a specific set of design/operating conditfons. A single
mgaber does nat imply a high accuracy for source term estimates but, rather,
reflects the absence of data for estimating the influence of varying design/
operating conditions. Uncertainties fin and 1imitations of the source term
estimates presented in this section are prasented in Section 3.4.

3.3.1 Data Sources for Stream Characterization and Control Performance
Estimates -

The major sources of data used to develop base plant/process configura-
tiors and to define the types and characteristics of uncontrolled waste
streams were: 1) test programs at the K-T gasification facility at Modder-
fontein, S.A. {6,9,10); 2) a test progrsm at the K-T facility =t Ptolemais,
Gresce {(4,11,12,13); 3} Linde/Lotepro research and tests at Rectisol fnstalla-
tions (14,15,16,17); 4) gasolinre-from-coal resesrch studies conducted by Mebil
Research and Development Corporation {18); and 5) permit filings, environ-
mental impact statements, and design studfes for various proposed K-T based
domestic synthetic fuel facilities (19,20,21,22,23).

Characteristics of treated waste streams depend largely upon the perfor-
mance of the contro] techrologiss employed. Data sources used to estimate
control performance inciude published performance data, contacts with control
equipment vendors, information an experience with the control technologies in
related conventional industries, experimental data regarding the performance
of controls on K-T gasification waste streams, and engineering avaluations.
Since essent{ally none of the control technologies considered have been rou-
tinely employed in K-T gasification or F-T facilities, some extrapoclation
has gensrally been reguired in projecting contro] performance as & K-T based
F-T facility.

3.3.2 Sourge Term Estimates for Gaseous Waste Streams

Source tarm sstimates for uncontrolled and controlled gaseaus waste
ctreams are presented in Tables 3-6 and 3-7, respectively. Uncontrolled
fugitive dust (Stream 200) and fugitive particulata {Streams 202 through
205) emissions estimates ware based upon pubiished emissions data from other
industries with similar coa) handling/preparation operations (24,25,26).

321,
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Dust and particulate were assumed t0 have the same composition as the parent
coal with respect to ash and trace elements, regardliess of particle size.

In the case of uncoatrolled fugitive dust, the tabulated range of respirabie
particulate corresponds 5 to 100% of the uncontrolled emission. A fugitive
dust control efficiency of 90% was assumed. In the case of uncontrolied
fugitive particulate, the tabulated range reflects the pubiished emission
range. A fugitive particulate control efficiency of 90% was assumed for the
lower leval of uncontrolled emissions and a control efficiency of 97% was
assumed for the upper level of uncontrolled emissions.

A coal-fired thermal dryer was utilized to provide the 1-2% coa) mois-
ture Tevel requirad for KT gasification of bituminous caal. Uncontrolled
particulate emfssions associated with thermal drying are primarily coal-fines
carryover which 1s recovered for gasification. B82seous constituents of the
emissions from thermal drying (Stream 206) are essentially identical in com-
sosition to the flue gas from power generation (Stream 302) and simiiar con-
trols are applicable to both streams. Thus, tabulated emissions from thermal
drying include only the c¢oal-fines carryover and emissions of gaseous com-
ponents are inclwded in tha fiue gas from power Jeneration. Coal burned in
the drvsr corresponds to'apprnximately 4% of the ¢oal burned ir power genera-
© tion. A1l particulate emissions from thermal drying were assumed to be
. respiratle and a particulate control efficiency of 98% was assumed.

Uncontrolled emissicn estimates for the sour flash das from cyanide
washing (Stream 214}, the Rectisol offgases (Streams 216 and 219}, &nd sour
stripper offgas (Stream 441) were estinated based primarily upon datz pub-
11shed by the developers {14,15,16), informetion provided by developers (17,
%7) and engineering extrapolations. The sour flash gas from cyanide washing,
the st-rich offgas {Stream 216) and the sour stripper offgas are combined
for common control trsatment. An overall sulfur recovery efficiency of about
99.9% has been assumed with essentially complete dmstruction of HCN, NH3 and
1ight hydrecarbons. The Cuz-rich vent gas from Rectisol is discharged to the
atmosphars without treatment.

Two routine offgases are associated with the product synthesis section;
1) o, from SNG purification (Stresm 239); and 2) SNG dehydration o?fgas
(Stream 240}. The estimated composition of the CC, from SRG purification
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was estimated based upon published engineering gstimates for SNG production
applications {18,28). This stream was assumed to be controlled by therma)
‘ncineration producing an incinerzted coz offgas (Stream 428) containing 50
ppmy CO and 30 ppmv total hydrocarbons, Although mo characterization data
are available for the dehydration offgas, this stream may contain small
guantities of methanc and glycol sorbent. It has been assumed that the de-
hydration offgas is discharged to the atmosphere without contral.

Fugitive urgnnic emissions from procass equipment (Stream 241} have been
estimated based upon published emission factors Tor pumps, compressors,
valves, flanges and ¢rains {29) and on equipment count for & conceptual FeT
facility {19). Fugitive organic emissions from process equipment in gss or
vapor service were 211 assumed to be hydrocarbon gases (RAU category 6).
Emissions from precess equipment in 1ight 1iguid service were assumed to be
gasoline and mixed alcohols in proportion to the product slate and published
corposition data for these products (18,30}, and 1s the major contributor to
tabulated emissions for RAU categories 13, 14, 27 and 24 in this stream.
Emissions from process eguipment in heavy 1iquid service are 2ssumed to have
a composition similar to petroieum diesel ofl (31) and cuntributes to tabu-
lated emissions from RAU categories 12, 13, 14 and 15 in this stream. An
overall reduction in fugitive organic emissions from process equipment o
72 to 79% was assumed, although higher efficiencies were assumed for 1ight
hydrocarbons and Tower efficiencies were assumed for heavy hydrocarbons (32).

Emissions associated with the flue gas from power generation (Stream
302} were estimated from material balance caiculations and published emis-
sion factors for coal-fired utility boilers (33,38}. Fly ash was assumed
to have the same cemposition of the whole coal ash except that all mercury
in the feed coal is assuncd to be volatilized. Approximately 4% of the uncon-
trolied particulate was assumed to b2 respirable (34). Ranges in emission
estimates for treated flue 525 reflect ranges in NSPS control requiremsnts
for electric utility and industrial staam generation units. Enrichment of
arsenic, nickel, cadmium and lead in the cuntrolled particulate has been

assumed, and approximately 73% of the controlied particulate was assumed to be
respirable (34},
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Evaporative emissions from product and by-product storage {5treams 308
through 311) were based upon published emission factors from other industries
(33). The composition of evaporativa emissions from alcohal storage and gas-
oline storage wers estimated from published composition data {18,30,45}, The
composition of evaporative emissions from diesel ofl storage was estimated
from composition data from petroleum diesel (31). The composition of evapo-
rative emissions from fuel oil storage was estimated assuming that 3§% of
the emissions were saturates (RAU category 13), 40% were aromatics {RAU cate-
gory 14) and 1% were polycyciics (RAU category 15) which s consistent with
trends in shale-derived residual fuels and petroleum diesel {31), In all
cases, evaporative emissions from product and by-product storage were assumed
to have the same composftion as the bulk liquids. This Is a conservative
assumption from the risk assessment standpoint because the hezvier fractions
of the hydrocarbon praducts, those usually associatad with higher risks,
have lesser tendency to be evaporated due to their low vapor pressures. Can-
trol afffciencies for evaporative emissions from product and by-product

‘ storaﬁo were assumed to range from S0 to 98% based upon published emissions
datq from other industries (33)}. Tabulated ranges in uncomtroiied and con-
trolled evaporative emission rates reflect average annual values and maxi-
mun values astimated for a facility located in Southwest Illineis.

The compesition of flue gas from fluidized bed combustion {Stream 413)
of dewatered K-T dust s based upon material balance ca?cu1at1ohs and pub-
Tishegd emission factors for coal-fired boilers (33,34). Characteristics of
the uncontrolled and controlled flue gas were estimated in & manrer similar
to that used for flue gas from power generation {Streams 302 and 430).

Sour stripper of7gas {Stream 441} characteristics were estimated from
saur water composition data provided by the process developer (27). Essens
tially all dissolved acid and aikaiine gases may be stripped from the sour

water to produce tnea stripper offgas and a water of suitable guality for use
as makeaup water to the on-3ite boilers.

Under normal oparating conditions, negligidble ¢ itities of RAU compon-
ents weulo be expactsd Tn the cooling tower evapora. .n and drift {Stresm
305). Howaver, when the cooling tower is used to concentrate wastswater
. from wastewster treatment, residusl contamingnts may be volstiiized and/or
entrained as drift., Estimates of emissions in cooiing tower drift are based
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upon elfectric utility data (47) and wastewater quality estimates {refer to
saction 3.3.3) and an assumed drift generation rate of 0.01% of the rate of

eirculation,

Process heater sizes were estimated based upon published designs for F-1
Facitities {18). Heaters are fired with sulfur-free fuel gas. Flue gas
characteristics are based upon AP-42 emission factors For gas-Fired commer-
eial heaters (33).

rstimated stack heights, exit velocities and exft temperatures for gas-
sous wasts streams discharged through stacks are presented in Table 3-8. All
other streams (e.g., fugitive dust and particulate, fugitive organic emissions
and evaporative emissicns) are discharged near ground level at low velocities
and ambient temperature. '

TABLE 3-8. STACK WEISHT AND EXIT PROPERTIES OF GASEQUS DISCHARGE STREAMS

Stack Exit
Stream ' Height, Velacity,  Temperature,
~ Numper Stream Description m* m/sect K
423 Incinerated Cﬁz offgas 46 20 405
a0z Flue ges from power 76 20 405
generation

413 Flue gas from FBC 76 z0 405

428 Incinerated SCOT tail gas 61 20 478

219 COZ vent gas : 46 20 300
502-507 Flue gas from process heaters 46 . 20 478

#3tack hefght Information Obrtasned Trom Reterence 3o,
+No dats on exit velocity are available, Exit velocity was assumed %o Be
20 m/ses, & typical design valocity for gaseous discharges through stacks.

3,3.3 5Source Term Estimates For Agueous Waste Streams

Source term estimates for uncontrolled and controiled agqueocus waste
stresms are prasented 1n Tables 3-9 and 3-10, respectively. Coal starage
pile runoff (Stream 201) flow rates were estimatad based upon rainfall data
for Southern Illinois. Uncontrelled emission rates for trace elements pra-
sant in the runoff were based upon limited published concantrztion ranges
(36,45,47). Trace elements in the runoff were conservatively assumed to be
rampved during neutralization. 331"
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TABLE 3-9, CONTINUED

Nasty Stream erati kg/hr

Deminara) {zer Coolirg sCot 502
. Regentrition Tower Sour Upgrading
Risk Anatysis inits HSTTOMEtET Biowsown  Condemsyte  Was

Carbon monoxida 0 L] ¢

Sultur Jzid:s g g g

Nitrogen oxides

Acid gases 2.0i0 0.042 .87

Alkaline gazka 0.42 0.12 £.029

Mydrocarhon $E5ES

Sorsa i dehyde

volatils urganochlorines

Volatile carboxylic acids

volatile 085 het-ruc{clics

volatile H-hetervcysiics

Benzent

A ipmatic/al doychic

Wonc /Diaromet ic hydrocarbons

(excluding benzene)

Polycyclic aromtic

hydrocarbons

Aliphatts smines (wxeluging

K«hgtrrocys) ics)

Aromatic smines {excluding

K-heterocyslizs)

Atialine oltrogen hatero-

cyclies ["azarenes”]

(excludirg "votatiles®)

19 Neutra! N, 0, 5 netero- 0 0 0 ol
eye) ics (exgluding
“ygletiles”

26 Carboxylic acids : 0 0 1 0
{axcinging "volatiles”)

g1 Phencls 0.013

Z7 Aldmhydes and keTonas 0.213
{~carbonyls™)}{axcluding
formaldwhyde)

23 Nowmterocyed i organs
sulfyr

24 Alcohols

23 RitroaromaTics

6 frters

27 Amidaes

2 Ritriles

25 Tars

X Respirablz particles

3 Arzente

12  Wercury

17 Wickel

3 Codmium

XX Lend

36 Other trace Elememis

37 Radfosctive metariils

% Other ramaining mterials
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dat: are not available,
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Uncontrolled emission rate estimates for cooling and dust removal bilow-
down {Stream 210}, compression and cooling condensats (Stream 211), and Rec-
tisol condensate/still bottoms (Stream 220) were based upon material balance
catculations and published test data {4,56,47). Uncontrolled emission rate .
estimates for F-T wastewater {Stream 223} were based upon s published design
study {18). Uncontrolled emission rate estimates for upgrading wastewsters
{Stream 508) were based upon published refinery test data and design studies
{18,49). These wastewater streams would be combined for common treatment,
and two treatment alternatives were evaluated: 1} activated siudge followed
by filtration, granular activated carbon adsorption and discharge to surface
watees (Option 1); and 2) activated sludge followed, by coaling tower concentra-
tion and discharge to a surface impoundment {Option 2), The assumed psrfore
mance for the Option 1 control alternative included 95X removal of orgamics
{essentially no complex aromztic or heterocyclics are expected to be present
in these wastewaters), 10 ppmv residual dissolved 2lkaline gases, and 1-2
remv residual dissolved acid gases. The assumed performance for the Option 2
control alternative tncluded 85% removal of organics with the same residual
levels of dissolved alkaline and acfd gases as Yndicated for Dption 1. It

. was assumed that neither Dption 1 nor Dption 2 controls removed trace eles

ments from the wastewater.

The guality ¢f uncontrolled demineralizer regeneration wastewater
{$tream 301) and cooling tower blowdown [Stream 307) in the 2bsence of cool-
ing tower concentration is largely dependent upon the quality of available
feed water. Although these streams are 1ikely to contain low levels of trace
elwents, smissions of trace aiements in these stremms are expected to be
small relative ‘- pmissions from other spurces within the facility. Emis-
sjon estimates for these streams are based upon average concentrations in
the electric utility industry {&7). '

The SCOT sour condensata {Stream 405) gquality has been estimated based
upon infornation provided by the developer {27). Sour condensate {s stripped
and reused within the facility as makeup water.

1t should be noted that leachates from solid waste disposal may also
be generated. However, no landfill leachate data relating to the Tandfilled
waste streams are publicly available. The 1imited EPA EP leaching data for
quenched slag and dewalered dusgt are summarized ia Section 3.3.4 {Table 3-11).
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3.3.4 Source Term Estimates for Solid Waste Stireams

A summary of uncontralled solid waste streams and available characteri-
2ation data is presented in Table 3-11. The dewatered k-T dust (Stream 20%)
will Be burned to recover heating value and reduce the waste volume. Spent
methanation, hydrogenation, hydrotreating, {somerization reforming and SCOT
catalysts {Streams 238, 511, 512, 513, 514, and 810) are recycled to their
respectfve vendors for metal recovery or reprocessing and reuse, All other
s07id waste streams are sither landfilled directly or Jandfilled after chemi-
cal fixation or neutralization. very limited composition data and EPA EP
leaching data are available, and mo landfill leachate data for the landfilled
waste streams are publicly available, Hence, source term estimates cannot
be prepared for either the uncontrgiled or controlled selfd waste streams.

3.4 DATA UNCERTAINTY AND L IMITATIONS

In the previous section source term estimates for most of the waste
streams generated by a K-T based F-T facility, particularly waste streams
unique to synfuels fechnologias were presanted. However, available data on
the risk analysis units generally consists of single data sets which may not
include data for all RAUs present in the waste siream. HMoregver, sourca
terms for waste streams from future commercial facilities could differ from
those presented in this report for several reasons. Onpe reason for such
differences would be the uncertainty invalved in estimating emission/effluent
cumpositians at this time; as discussed 1n Seztien 3.3, the envirommental
data are limited, the foreign facilities tested are not entirely representa-
tive of preposed U.S. faci{lities, and there is necessarily some uncertainty
in making engineering estimates of trace components in discharges from come
plex systems.

The major uncertainties and data limitations associated with source term
estimatas for controlled gaseous and aqueous waste ‘treams are summarized in
Tables 3-12 and 3-13. In the case of solid wastes, the composition of uncon-
trollad waste streams is of less significance than the composition of any
teachate resuiting from landf{11ing these wastes. Hence, the mgjor uncer-

tainty associated with solid waste streams relate to leachate characteristics
(Table 3-13).
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0f the parameters influencing waste stream characteristics, variations

in the faed coal composition are the most easily evaluated. Variations in
the characteristics of bituminous coals are summarized in Table 3-14. These
data provide a basis for evaluating ranges in certain waste siream character-
istics. For example, the avarzge sulfur level for bituminous coals is about
10% Jower than the design coal sulfur concentration. Hence, on the averige,
FGD sludge production would be about 10% lower than the rate estimated on
the design sulfur basis. However, on the average, flue gas sulfur emjssions
from tha boailer would be unchanged due to tha 260 ng/Jd 502 requirement speci-
fied by the NSPS for coals in thts sulfur content range. Ash and siag pro=
duction rates will vary in direct proportion to coal ash content. Similarly,
trace elament emissions in all coal derived gaseous and solid wasie streams
would vary in proportion te increases or decreases in their respective con-
centrations in the feed coal. It should be noted that such trace element
extrapolations do not generally apply to 1iquid waste stream or leachats.

T
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TABLE 3-14, VARIATIONS IN CHARACTERISTICS OF BITUMINOUS COAL

Eastarn Situmincus coals 534::1%
asign r

Coal Standard of Data
Coal Component (2,3} Mean __ Deviation Points
Sul fur, 2 (dry basis) 3.12 2.8 0.75 Not Available
Ash, & {dry basis) 10.19 10.8 2.78 Not Available
Trace Elements,
ppmv_(dry basis)

Ag ' - 0.58 0.0 58

As 1 B.82 2 128

B ' 13- 56.5 3 125

Ba a 148 91 164

Be ' 1.6 0.9 0.7 128

Cd <0.4 D.66 0.08 65

Cr - 25.9 23 130

Cu 12 18.1 11.4 N

F 19 102 68.6 Bé

Hg 1.1 - 0.18 0.09 75

Ni 14 17.9 13.7 130

Pb ‘ 10 6.99 5.14 125

Se - 1.3 Z2.60 0.99 €8

v 2 33.5 451 127

in 43 37.8 17.2 3
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source term estimates are based Jargely upon published process conceptual
dasigns and test data obtained from bench-scale, pilot or demonstration
ynits. Moreover, dua to the Timited publicly avallable data relating to the
performance of pollution controls applied to waste streams penerated by syn-
fuels processes, source teym estimates for controlled waste streams reflect
control efficienctes extrapolated from similar applications in other indus-
tries. Results of Task 1 are presented in three separate reporis sddressing
direct coal liguefacticn technolegies, indirect liquefaction technologies
and oil shale extraction technologies, respectively.

The potential exposure created by the transport, storege. and end use
of synthetic fuel products is also one of major concern. To fully assess
the risks associated with product utilization, Task 2 characterized the full
range of products produced by each synthetic fuels process, the likely mode
of transpo=tation and the end uses of each product. Characterization data
are quantified 1~ terms.of RAUs and are based Targely upon pubiished phys1ca1}
chemical data on raw and hydruotreated coal liquids, raw anc hydrotreated -
shale o0l and coal- and shale-derived naphtha and other products. Results
of Task 2 are presented in 2 separate report encompassing all eight setected
synfugls procasses.

This report presents the Task ) results for indirect Vigquefaction tech-
nologies {i.e., Lurgi and K-T based F-T synfuels facilities). Base plant
conficurations evaluated in this report have heen adapted from conceptual
design information compiled for EPA's Pollution Cantrel Tethnical Manuals
(PCTMs) for the subject technologies; hence, process descriptioms presented
herein have been abstracted from these documents. Detaiied references to the

original data sources are provided in this dgncument to support character1zat1an
data from the PCTMs and other publica tions.
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