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5.4 FISCHER-TROPSCH BASED PROCESS
3.4.1 DEVELOPMENT STATUS

Development of Fischer-Tropsch technology by Drs. Fischer
and Tropsch in Germany during the 1920s led to construction of the first
commercial plant in 1936. In 1939, nine plants existed in Germany with

a total rated capacity of about 750,000 mtpy of liquids.

SASOL 1 in the Republic of South Africa is a Fischer-TIropsch
niant that is raported to have produced and processed in exceszs of §.5 mil-
lion standard cubic meters per day of syngas and has been in operation sincc
1955. A program is now under way to. construct SASOL I1 which will be on
the order of & to 3 times larger and was scheduled to begin operation in
1980.

Fischer-Tropsch chemistry 15 long established and proven.
There is an incentive to develop plant designs with increased efficiency
and improved ecomomics. The Pittsburgh Energy Research Center (PERC) of
DOE, the U. S. Bureau of Mines, and its predecessor R&D Activity Uander has
inavestigataed the use of Elame sprayed catalysts for use in Fischer-Tropsch
and methanaticn conversions over a l5-year period. A concepfual design
has indicated rhat this system has potential advantages.s PERC is now
initiatiag a small scale piletr plant test program to further investigate
this method of reactor design and catalysis te determine if che potencial

advantages can be achieved.
$.4.2 DATA SOURCES AND FIXED CAPITAL INVESTMENT BASES

The data for the Fischer-Tropsch coal conversion process
and its yields were taken from 2 report prepared by Parsons for ERDA.5
This report also supplied the bases Eor the fixed capital investment esti-
mate. The ¢oal conversion uanits shown in the block flow diagram also came

from chis report.
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3.4.3 PROCESS DESCRIPTION

The Fischer-Tropsch (F-T) process is shown schematically

in the block flow diagram designated as Drawing R-04-FS-1.

Here the prepared coai is gasified in two-stage, entrained,
slagging-type gasifiers at aboutr 470 psig. The product gas, consisting
primarily of a mixture of carbon monixide and hydrogen (syngas), is cleaned
to remove particulates by scrubbers and electrostatie precipitaters. Part
of the syngas is then sent to an isothermal, sour shift conversion unit

to adjust the H, to CO ratio to that required for the F-T synthesis reactor.

2
The clean, shifced syngas is then treated in a selective acid gas removal
unit o remove CO2 and HQS. The syngas sulfur content is then reduced to
0.6% ppm by zinc oxidefcobalt-molvbdenum guard reactors before entering

the synthesis reactors. The F-T reactors are extended surface {finned-tube)
heat exchangers with a {lame-sprayed iron oxzide catalyst deposited on the
osutside surface. The exothermic reaction is controlled by tne generation

of high-pressure stezm in the tubes; the ratio of cold recycle gas to [resh
feed syngas is 1.5:1. The reactor operates at about 500°F and 400 psig-

Methane trich gases {C, and lighter), comtaining some unreacted

2

CO and H,, are separated from the F-T liguids and sent to the methanation

2,
unit to produce SNG.

The liquids producad in the F-T synthesis step, which are
essentially sulfur free, are separated in the liquid product recovery unit

inte CSKCQ, ¢.~400°F and 4OD°F~p1us fractivons.

5
The 400°F-plus liquid, which is highly paraffinic, is sent

to the catalytic cracking unit te reduce the pour point. Heavy eycle oil,

afrer fractionstion, is sold as low-sulfur residual fuel ¢il; light cycle

oil, after hydrotreating to saturate the liquids in ordér to reduce the

tendency to form gum, is sold as low sulfur No. 2 fuel ¢il; light and heavy

catcracked gasoline are sent [o gasoline blending. The propylene and butylene

produced by the catalytic cracking unit zre combined with the propane and

i
1

i
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butane stream Erom F-T synthesis; this stream is dabutanized and then cataly-
tically polymerized. Polymer gasoline is sent to gasoline blending. The
propane and butane from catalycic polymerization are fractionated to produce

propane for use in SNG and butane for LPG and gascline blending.

The C, - 400°F naphtha, which is paraffinic and has a low
octane number, is hydrotreated and catalytically reformed to produce 2 high

octane Cs-plus reformate 2nd sent to gascline blending.

The F-T synthesis unit produces a condensate stream which
contains oxygenates, such as alcohels, aldehydes, ketones, and organic acids.
plus water. The alcohol is separated in the chemical recovery unit froem

the organic acid and water stream.

The plant is a self-contained facilicy produciag all of its
own power, steam, and fuel gas. High pressure steam, which is generated
in the process gasification uniz, is used for plant sceam requirements and
to generate electricity for the plant power requirements. Significant quan-
tities of high pressure steam are also produced in the shifc conversien,

F~T synthesis, and methanation units.
5.4.4 ASSESSMENT OF PROCESSING OTHER CDALS

Table 3-3 compares gasification yields from several ccals;2

these Ln curn largely determine Che impact on the F-T process.

The data indicata that for a constant quantity of syngas
(H2+CD) faed to the F-T synthesis step, the Eastern Coal Province coal and
ocxygen requirements would be about 3% and 3% less, respecrively, than the
Interior Coal Province ¢val. Therefore, the capital cost should decrease
slightly since the coal preparation area and the oxygen plant would be smallwn
There sheuld ba litcle change in plant thermal efficiency since the decreasc

coal feed rate is offset by the higher HHV of the Easctern coal.

The data indicate, however, that the Rocky Mounrain Coal

Province coal and oxygen feed rates would each be about 10% greater tham
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for the Interior case to produce che same quantity of syngas. On this basis,
the capital cost would increase slightly and the thermal efficiency would
remain essentially unchanged since the lower HHV of the Rocky Mountain coal

would of{sat the incrcased coal feed rate.

However, the Rocky Mountain Coal Province run—of-mine-coal
has a water content of approximately 25% and an ash content of only about
6%. Therefore, the coal preparation facilities would be deleted since the
aah content is sufficiencly low; however, extensive drying facilicties would
be required to reduce the water content to 2.7%. Thus, the net change in
processing Rocky Mountain coal would be a decrgase in thermal efficiency
and an increasc in [ixed capital cost. The higher capital cost is cxpected
to be offset by the significantly lower coal cost than the Eastern and

Interior coals.



Table 5-3 - Gasifier Yields For Several Coals

+ Item

Interior

Coal Province

Eagtern

Coal Provinge

Rocky Mountain

Loal Province

Coal Proximate Analysis2 (Wt %)

Moisture

Ash

Volatile Matter
Fixed Carbon

Hily, Btu/lb

Coal Ultimate Analysis? (Wt %)

Carbon
Hydrogen
Nitrogen
Sulfur
Oxygen
Moisture
Ash

Gasifier Gas, Volume % (Dry]a

Hydrogen, Hsz

Nitrogen, N2

Carpon Monoxide, CO
Carbon Dioxide, €02
Hydrogen Sulfide, HzS
Carbon Oxysulfide, COS
Methane, CH4

Relative Rates for
Constant (Hy+C0)
Production

Coal Feed
Qxygen Feed

U L2
— 00 OOt
= O3

1

o
o
o

. 12,425

00 B WD A = O
PN VAT, RN e

—
=
(=
<

F =9
oo

)

ot
-t

3 o« e or o=

oW O oo

—
L=
b
L]

v
-1 = 00 M
Qo O~

oy
=
o
o

13,590

e |

00 P U e e B LA
o|lo 1o OOy 00 )

[
Q
o

41.

—
OO

PR R

[ - = B P SRR 5 R )

—
L=
=
f=

B DO b
= k> O~

o
e

4.
4
10

11,211

o

-
o R OO o B O

[ BRI N e R ™

100.0

39.

bk
O
P L
o2 0o O Qo WO

-
o
o
o’

%Calculated

5-33




HYILS ~

L0 dRIVLS)

[l UL EIVEC S
YINGd OV WVILS

——————  WY¥11S§

H11vH

RECE TP E e —

SV 01V URoS

i iin]

NOLIVHYd 4
WO

o — ! 1]

NO1EVHVY DY
13 AMUIIS
ﬁ ov1s
ONERYITY NOILY21 1SV
SY9 D 5532044
| ]
1
NOISHYIANDD
141 i

IRV
NIZAXO

fgp———————— YV




SO |
STV WIS LG
TOAY ARVIH R
: el
2 svY
1517 HM IV - (A g dn.
- ; - i —
- V9 101y ‘n
1INV SV TENT Y
T NIV |y
HMIAWLY] +4o00% ]
. . AANDI3Y
. . - WNKIH -
_ i VA
swo oy . # e
¢up¢uzhm=a>=
- g * ALV 5
1 3 . -
oU0¥ i 3900872 I1YSHAONDD -
¥ V9 di
—_— N z
_ SHORIV TN
Sl w3003 [ amdir ] SISIHLNAS 4 TVAGHIY
€ _. 1300084 210017 HISOUL-4INISE4 [ T sve v [
= BTV * . i V) 390
5, Pasty 18TA
03
) NOTLYNVHLIH MK
m e o~V
: 3 ns J
h SYD NI SN
YD

WIS



e l— 1 —

NP e

LEIUER IR

TG ATIAT AAVIH

ALVTLISIA

[t

10 I1I4D LH3L1

S¥9 121U oK
- see e e INV1d SV
3 ONIXOVED
- N IAWLY)
S¥o 31w H
ILAMHO043Y 47 S| j
- 39004-52 _
111 ¥y ; .
Y9 HOIY i
LAY
= V5D a3 ¥ L%
A 10d HAZIVENGI ) o
L NIAWLYY [ YA AZinving - SFar

[ RPN B



555

=

-

-S4-t0-y

- L]

1-8595

Ol #0+

LILTE e e BT T T ]
ANVdAQ)}
SHOSud M HYIYE 3HL

$5900ud {I55) HISIDY1-YIMIS1A
HYHOWL0 HOT4 YIDI6
AIAUNS 50004 HOILWAINDIT WD)

R TTTEIT T (0 3A1%) s
= - .
ot s e f e UQ 1IN LAY
Ti[ar]  180JIN 804 INSS] 2
R OO O T I 306 a0 7 N T -
T ONUIOSVD dBOMEDIVD AN o D
fuls P -
199 = 001 X 009 CAINIDIA WWyE MINUSYY ORSADEVT 1in
T OINTIBERE-A I
104 STTHHVE INDTOSY) ]
] ™ 31 T -
ey
009 015" 601 56651 Wi0L
nving
- Al *NANS I
i 501 Lt {#n4ns 218 0°0)
19 1304 AV
91 5222 0¥ 110 164 7 CON
- - BITINVAONAID  fuy
£l a9’ ove SILYHIDAXD nving
61 565" 25 569" b T RIIEES ) 3
15 a5zt 561" SIKULNA Hirgoud
91f (S2E) »599°25 s2't {415/019 Zi6) T
oNS
016 ObE"9E W0 6334
(AHM) {0125k AVA/SkOL . ~ T
O/N1RHIM 540 W s




L1

ol

SECTION &

ENVIRONMENTAL

6.1 GCENERAL

This section defines the environmental procedures and eguipment included
in the designs of the five high potential processes selected, and compares

projected effluents with applicable and related environmental stamdards.

Two major environmental aspects were considered in detail: air emis-
sions and water treatment and supply. These aspects are discussed at first
independently for each process; they are then compared with each other and
with applicable standards to determine rhe relative environmental acceptabillity
of eaéh_high‘potentiéi hrbcess:' bthermaépeéfé; such és.géherétion and disposal
of solid wastes, biohazards of the intermediztes and products, and environ—

mental aecceptability of the fuels produced are also briefly reviewed.

The same data base utilized for the "Description of the High Petential
Processes' (Section 5) was used to develop quantitative projections for
air emissions and water consumption and discharge. All processes were

assumed to use an I[1linois No. & coal (3.4% sulfur, 7.1% ash) as raw material.

6.2 AIR EMISSIONS

The major air pellution abatement effort is aimed at removing partica-
lates and sulfur dioxide from the gases generated during the c¢oal conversion

process to make the fuels produced enviroumentally acceptable.

The air pollution abatement procedures followed for each process are
mclined in block flow diagrams, which also show projections for ths types
and amcunts of the streams vencted to the air from specific units. Effluents

from various units are often combined inte a main plant sctack; amournts and
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concentrations emicted to the air from specific stacks for each process
are detailed in z series of tables. Applicable standards and compliance

of the individual gaseous emissions are discussed in the following sections.
6.2.1 SRC I1 PLART

The gencration and centrel of air emissions for the SRC II
Plant ars caclined in Tigure 6-1, which also shows the nature and amount
0f al) ecrepms vented to the air. The effluent gases are shown vented sepa-
rately Lo thoe ait to identify the contribution of specific.process units,
Howsver, tiw gazscous elfluents from the selective acid gas removal unit
and the tai. vas treatment unit are combined in a single stack before venting

to the air.

The cosl drying unit is the only major scurce of particulate
emisssion. A ¢yclone followed by a baghouse remove the majority of the

particulates from the vent scream.

Particulates present in the gas séream generafed by the pro-
cess gasifier are removed by a cyclone followed by a dust filter. The solids
collegcted (char znd ash) afe returned to the gasifier. After shift conver-
sion the acid geses (mainly hydrogen sulfide, hydrogen cyanide, carbon oxy-
sulfide and cerbon dioxide) present in the process gasifier stream are sepa-
rated from the other main syngas components {hydrogen, carbon monoxide,
and methans) in a selective acid gas removal unit. On regeneration of the
solvent, carzon dioride with traces of carbon monoxide and ﬁydrogen sulfide
is separared irom the ocher acid gases and vented to the air; hydrogen sulfide

and other comtaminants are conveyed to the sulfur recovery plant.

fcid guses originating from the dissolver and consisiting
mainly of hydroger suliide are Temoved by amine scrubbing in an acid gas
removal unit. On regeneration of the amine, the hydrogen sulfide liberated

iz conveved to the sulfur recovery plant.

The sulfur recovery plant receives the two hydrogen sulfide

i

streams mentioned above, plus a similar stream from the sour water stripping
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unit, and converts approximately 95% of the sulfur present to elemenral
sulfur; other contaminants are thermally oxidized to inoffensive compounds.
The remainder of the sulfur is converted in a tail gas Creatment unit, where
sulfur species are reduced to hydrogen sulfide, absorbed by an alkaline
redox solution, and oxidized to elemental sulfur. The final effluent, com-
taining carbon dioxide plus traces of carben oxysulfide, hydrogen sulfide,

and carbon monoxide, is vented to the air.

The lower-Btu gas stream produced by the fuel gasiiier is
freed of particulates by a cyclone followed by an electrostatic precipLtator;
the solids collected (ash and char)} are returned to the gasifizr. Practi-
cally all remaining traces are removed by wet contact in the sulfur removal
unit downstream. The hydrogen sulfide presemt is absorbed and converted
to elemental sulfur in this uvnit using a redox process analogous to the
one employed in the tail gas treatment unit mentioned zbove. The cleaned
fuel gas is utilized for steam generation and proczss heating; on combustien
of the fuel gas, carbon dioxide, sulfur dioxide, and nitrogen oxides are

emitted to the air.

Amgunts and concentrations of the combined effluents emitted
to the ailr are detailed in Table 6-1, while the sulfur balance for the plant
is presented in Table 6-2. Compliance with applicable standards is discussed

in Section 6.2.6.
6.2.2 H~CDAL PLANT

The dissolver in the H-Cozl Plant emplovs a catalvtic process,
while the SRC II employs a psuede-catalytic technology. Other kew units
emploved in the H-Coal and in the SRC LI plants serve similar purposas.

The genmeration and control of air emissions for the H~Coal Planc are out-
lined in Figure 6-2; amounts and concentrations of the combined efZlusnts

emicted to the air are detailed in Table 6-3, while the sulfur balance is

1.

presented in Table 6-4. The differenc dissolving process is zeflects
in differing ratios of individual pellutants when composed with the ZRC II

plant.
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6.2.3 CSF PLART

The generation and control of air emissions for the CSF Plant
arc outlined in Figure 6-3, while it also shows the nature and amount of
all streams vented to the air. The effluent gases are shown vented separately
to the air to identify the contribution of specific process units. However,
the gaseous wifluents from the acid gas removal unit and the tail gas treat-

ment unit are combined in a single stack before venting to the air.

The cozl preparation unit is the only major scurce of particu-
late emissions. & cyclone followed by a baghouse remove most af the particu-

lates from the vent stream.

Particulates present in the gas stream generated by the process
gasifier zre remaved by a cyclone followed by an electrostatic precipitator.
The solids collected (ash and char) are returned to the gasifier. The gas
stream is then split into rwo fractions. One fraction undergoes shift com-
version, then is copveyed to an acid gas removal unit; where the acié gases
present (mainly hydrogen sulfide, hydrogen cyanide, carbon oxysultide, and
carbon dioxide) are separated from the other main syngas components (hydro-
gen, carbon fonoxide, and methane). On regeneration of the solvent, carbon
dioxide with traces of carbon monoxide and hydrogen sulfide is separated
from the other acid gases and vented to the air; hydrogen sulfide and other

contaminants are conveyed to the sulfur plant.

The other fracrion is conveved to a sulfur removal unit where
the hydrogen sulfide present is absorbed bv an alkaline redox sclution and
oxidized to elemental sulfur. The cleaned lower-Btu gas produced is used
as plant fuel, in process heaters and steam boilers; on combustion of the
fuel gas, carbon dioxide, sulfur dioxide, and nitrogen oxides are emitted

to the air.
Gases produced on extraction and low temperature carboniza-

tion are treated similarly in a hydrogen sulfide removal uvnit. The desulfur-

ized gas is alse used as plant fuel.

P



The sulfur plant receives the hydrogen sulfide stream from
the acid gas removal unit and cenverts approximately 95% of the sulfur present
to elemental sulfur; other contaminants are thermally oxidized to-incffensive
compounds. The remainder of the sulfur is converted in a rtail gas treatment
unit, where sulfur species are reduced to hydrogen sulfide, absorbed by
an alkaline redox solution, and oxidized to elemental suliur. The final
effluent, containing carbon dioxide plus traces of carbon oxysulfide, hydro-

gen sulfide, and carbon monoxide, is vented to the air.

Amounts and concentrations of the combined effluents emitted
to the air are detailed in Table 6-5, while the sulfur balance of the plant
is presented in Table 6-6. Compliance with applicable standards is discussed

in Section 6.2.6.

6.2.4 FISCHER-TROPSCH PLANT
Thé'geheréfion andlﬁoﬁﬁfﬁi of Qig'eﬁisﬁibn§:f5? thel?{échérif'-
Tropsch {(F-T) Plant are outlined in Figure 6-4, which also shows the naturé'
and amount of all streams vented to the air. The effluents are shown vented
separacely to the air to identify the contribution of specific process units.
However, all gaseous effluents are combined in a single plant stack before

venting to the air.

The coal drying unit is the only major source of particulate

emissions. A baghouse removes most of the particulates from the vent stream.

In-plant energy requirements for process heaters and steam
boilers are satisfied by steam produced by the F-T process. Therefore,
no emissions from combustion of fuel gas are generated. There is only one
gasifier, the process gasifier; the gas stream produced is Ireed of particu-
lates by an abatement system consisting of a cyclone followed by a hot elec-
trostatic precipitator; the solids collected (ash and char) are returned
to the gasifier. Practically all of the remaining particulates are removed
downstream by wet sc-ubbing duriag condensate removal and passage through

cold electrostatic precipitateors. The gas stream is then desulfurized by
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cn acid gas vemoval unlt; the hydrogen sulfide separated is conveved to

& sulfur recovery and then tail gas treatment plant; these units operate
similarly to the units described above for the SRC i1 and CSF plants. The
lagt traces of suvlfur present in the cleaned gas are removed by a zinc oxide
guard bed, to avoid deactivating the F-T catalyst. Passage through the

F-T catalwvtic reactors converts the synthesis gas to sulfur and nitrogen
frec 1iquid hydrocarbons and alcohols. Some CO, 15 also produced, removed
by a {0, removal unit and vented to the air together with minor amounts

of hydrecarbons and carbon monoxide.

Amounts and concentrations of the combined effluents emitted
to the air are detailed in Table 6-7, while the sulfur balamce for the plant
is presented in Table 6-8. Compliznce with applicable standards is discussed

in Secticn 6.2.5.
6.2.5 COMPLIANCE WITH APPLICABLE SOURCE EMISSION STANDARDS

T ?.;4_'den;é;emi$sion.stahda;ds-fbr:Eo§] c6ﬁvé}sionCﬁ1anté'have:n
not heen'iséaed by.EHe Federal Govérnménf; 'ﬁowéver; emis§ion stahdérds -
for Coal Thermal Dryers, present Ln some coal conversion processes have
been issued, and source emission standards.for Petroleum Refinery Sulfur
Recovery Plants, of 2 type similar to the cnes employed in coal conversion

technoloagy, have been prapesed.

Qf the states, only New Mexico has issued specific regulations
covering coal gesification plants. These regulatioﬁs can bg considered
for illustrative purposes only because New Mexico is not included in the
three coal source areas, namely the Appalachian Region of the Eastern Coal
Province, the Eastern Region of the Interior Ceal Province, and the Powder
River Region of the Rocky Mountain Coal Province, selected in Section 3
as typical coal sources for this study. Three states representative of
these regions are West Virginia, Illinois, and Wyoming; these srates have
issued standards for petrochemical and chemical manufacturing processes,

which are related to c¢oal conversion technology.
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Applicable Federal, Illincis, New Mexico, West Vifginia,
and Wyoming source emission standards are listed in Table 6~%. The projected
air emissions of the five high potential cecal liquefaction processes are
listed in Table 6-10; concentrations have been calculated on a dry basis
to conform with the requirements of the standards. Two of the processes,
€SF and Fischer-Tropsch are projected to meet all emission standards. The
two other processes are projected to exceed some of the standards. The
~ SRC II Plent is projected to exceed the allowable hydrogen sulfide emissions
limits and the H~Coal Plant is projected to exceed the.allowable nitrogen
oxide emissions limits. t is believed that application of additional control
technology presently available could bring these two processes intc compli=-
ance with applicable standards. For example, use of countercurrent two-
stage solvent and gas flows in the acid gas removal unit could reduce hydrogen
sulfide emissions for the SRC II plant, while combustion modification could

decrease the nitrogen oxides gemerated by the H-Coal process boilers.

B e = T

6.3 WATER TREATMENT AND SUPPLY .~

Water treatment and supply are major environmental concerns for the
five high potential coal liquefaction processes considered. It is assumed
that for all processas the water is supplied by a nearby river; this water
is pumped and used for-cooling water makeup and boiler feedwater makeup.
The progressive treatment and disposition of the aqueous effluent streams
is considered for each process; the procedures involved are outiimed in
block flow &iagrams, which also show water flow rates for the major streams,

Water consumption is discussed in a separate sectiom.
6.3.1 SRC IT PLANT

The generation and treatment of aquecus contaminants for
the SRC Iz Plant is outlined in Figure 6-5. Wastawater sources are listed
on the left hand side of the figure, with the degree of pollution of the
wastawater streams decreasing from top to bottem. Treatment and dispositiom
of the streams is also shown; approximate flow rates ars reported. The

water supply system is cutlined on the right hand side. Raw river water
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is purificd by fleocculation and settling and used for cooling water makeup
and, after furtner sand filtration and deionizatian, for beiler feedwater

makeup.

The most highly contaminated stream is the sour water generated
by severzl preccess units, such as the gasifiers, the dissolver, and the
prodeet distillation and hydrotreating units. This stream contains hydrogen
sulfide, ammenium sulfide, phenols, ¢resols, thiocyanates, cyanides and
solids (ash and char]. Treatment consists of streamlstripping to remove -
hydrogen sulfids and ammonia; the agueous stream is then used as_reagent
water in the gasifiers, wnere organic contaminants undergo thermal destruc-

tior. Filters on return condensate streams remcove the solids present.

Blowdown waters from the cooling tower and the boilers, con-
taining small amounts of corrosion inhibitors (zinc salts and inorganic
phospha;es} are combined with soluble inerganic salts £rom the deionizer
wastewater, neutralized, and treated Wlth ccagulan s, to prec;pztate suspended
solids, . The clean effluent water- is then-used farzslag.quenchland dust,

control 2s required with the excess returned to the river.
6.3.2 H-COoAL PLANT

The purification of raw river water supply and the generarion
and treatment of aguecus contaminants for the H-Coal Plant is outlined in
Figure 6-6. Except for [low rates, the warer supply and water treatment

system is identicezl with the cne discussed above for the SRC II Plant.
6.3.3 CSF PLANT

The purification of raw river water supply and che generation
and treatment of aquecus contaminants for the CSF Plant is outlined in
Figure 6-7. Except for flow rates, the water supply and water treatment

system is identical with the one discussed above for the SRC Il Plant.

| —
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) ammon:um 3u1fldE, phanals, thlncyanates, trace quant:ty or cyanlues and_r-

8.3.6 FISCHER-TROPSCH PLANT

The generation and treatment of aqueous contaminants for
the Fischer-Tropsch Planct is outlined in Figure 6-8. Wastewater sources
are listed on the left hand side of the figure, with the degree of pollutiom
of the wastewater streams decreasing from top to bottom. Treatment and
disposition of the streams i2 also shown; approximate flow rates are reported.
The water supply system is outlined on the right hand side. Raw river water
is purified by flocculation and settling and used for coeling water makeup

and, after further sand filtration and deionization, for boiler feedwater

" makaup.

The most highly contaminated stream is the sour water gener=
ated by several process units, such as the gasifiers, the product distil-

larion and hydrotreating units. This stream contains hydrogen sulfide,

sollds (ash and char) Treatment cons;sts of steam strlpplng to remove _
hydrogen-sulflde‘and ammcnla; the aqueous stream then undergoes wet oxldatlon
with convérsioﬁ of the organic materials.- te carbon dioxide, nitric oxide,

and sulfur dicxide. These gases are conveyed to the gasifier, where nitric
oxide is reduced to nitrogen and ammoniz and sulfur dieoxide is reduced ro
hydrogen sulfide. The purified aqﬁeous stream is deionized apnd used for

boiler feedwater makeup.

A second agqueous effluent stream ceontaining large amounts
of organics (alcohols, aldehydes, and organic acids) is produced on condensa-
tion of the Fischer-Tropsch synthesis product stream. This stream undergoes
chemical. treatment with caustic, then is combined with boiler water biow-
down, and concentrated in a triple effect evaporator. The evaperator con-
densate is used for boiler feedwater makeup, while the rasidue is sprayed

on the feed coal te the gasifier.

Blowdown water from the cooling tower, containing small amounts
of corresion inhibitors (zinc salts and inorganic phosphates)} is combined

with soluble inorganic salts from the delonizer wastewater, neutralized,
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and treated with coagulants to precipitate suspended selids. The clean L

effluen: water is then used for slag quench and dust control as required, ’

witihh the excess returned to the river.
6.3.5 APPLICABLE AQUECUS EFFLUEKT STANDARDS

No aqueous effluent standards specifically addressed to coal-
conversion plants have been issued by the Federal Govefnment, or by state
legislatures, Standards that are somewhat related to coal conversion pro-
cesses are the Federal standards issued for petroleum refining. Maximum
concentrations wiich were the base for Petroleum Refining New Source Perfor-
mance Staendards are reparted in Table 6-11; discharges {rom the olants are
expected Lo mevt these standards. Actual information on the composition

of the effluent streams 1s not available.

Many states have issued standards applicable to all sources
discharging 'tv the natuvral waters of the state. For illustration purposes,
standards issued by the State of Illinois are reported in Table 6-12.
Agqueous eifluents from the plants would alsc have to meet these or similar

stete standards.
£.2.6 WATER CONSUMPTION

Kater requirements for the four high potential processes
considered arc listed and compared graphically in Fipure 6-9. The require-
ments are lowest for the SRC I1, H-Coal and the Fischer-Tropsch processes
and nearly 5G¥% higber thnan their average [or the CSF process. As shown
in the figure, most of the water requirements are for cooling water, rather
than for boiler and process water. A decrease in cocling water requirements
could be obtained using wet~dry cooling towers in place of the wet cocling

towers planned for the base case leocation,

6.4 SOLID WASTES

Large amounts of ash and slag (approximately 200 TPD for each planf) £

are evpected to be generated. The available disposal procedures for these
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waste products. are. (1) feturn to the mine for burial with the mine spoils
or {2) discard in a suitable land fill. Contact of these materials with

aquifers sheould be avoided, due to the possibility of leaching of metals.

Wastewater treatment procedures produce treatment sludges which may
be contaminated with metals (e.g. zinc used as corrosion inhibitor). These
sludges could aslo be disposed of at a mine site or landfill, as long as
the possibility of grbund or surface water coutamination by leaching, is

excluded.
6.5 BIQHAZARDS

Of particular interest in coal conversion projects is the possible
formation of carcinogenic compounds on hydrogenaticn and pyrolysis of coal.
These compounds are polynuclear aromatic bydrocarbons and heterocyclics

usuelly found in coal tar.

S e R e T te sagae

Under the operating conditions of'the'ent;ained-slaggihg type coal

gasifiers used in the four processes considered, nil cosl oil end coal rars

are expected to be produced. The entire disscolver trains in the SRC IT
and H-Cosl plants, and the solvent extraction train in the CSF Plant, how-
sver, handle coal-derived oils, and will therefore require strict applica-

tion of industrial hygiene practices.
No dissolvers or solvent extracticon units are included in the design
of the Fischer-Tropsch plant. For this process, therefore, no coal-derived

carcinogenic hazards are expected.

6.6 ENVIRONMENTAL ACCEPTARILITY OF THE FUEL PRODUGTS

Under authority of the Clean Air Act, the Environmentsl Protection
Agerncy has issued regulations concerning the vegistration of commercial
fuels; one of tfhe Tequirements is testing for potential public health
effects, including carcinogenic effacts. This aspec:'has been discussed

in the previous saction:



The fegulations also cover air emissions generated on combustion of
fucls. The synthetic fuel oils produced by direct 1iquefacfion {5RC II,
H-Coal, and CSF processes) may contain 1 to 1.6% nitrogen; the amount of
nitrogen oxides produced on combustion is therefore expected to be higher
than for correspending petroleum derived fuels (most common nitrogen .content,

0.01 teo 0.2%

The same synthetic fuel oils also contain significant amounts of sulfur
(up to Eﬂe 0.5% value of SRC I1I fuel oil), which may prﬁhibi; their use
in low air quality areas. For example, SRC II fuel il and H~Coal residual
fuel oil (0.3% suifur) would not be acceptable in Southern: California, where

the maximum sulfur content allowed in fuel oil in 0.23%.

The fuels produced by indirect liquefaction (Fischer-Tropsch) -on the

other hand, contain nil sulfur ahd nitrogen.



Table 6-1 - Combined Effluents Emitted to the Air, SRC IT Plant

' Concentration
Qutlet Caseous Effluent Amount {ppm)
Main Stack Carbon Dioxide 13,871 TPD -
Carbon Monoxide 6.2 TPD 565
Carbon Oxysulfide (€05) 0.51 TPD 21.7
Hydrogen Sulfide (HaS) 321 1b/day 12.0
Process lleaters | Carbon Dioxide 14,480 TPD -
and Steam . -
Boilors Sulfur dioxide 130 1b/day 0.6
Mitrogen oxides (as NO;) 5 TPD 62.6
Coal Prepara- Particulates 0.8 TPD -

tion Plant

Table 6-2 - Sulfur Balance, SRC II Process

Item TPD
Total Input from the Typical.Feed Coal 1,041.0
Outputs: ’
Recovered as Elemental Sulfur 983.2
As Reduced Sulfur Emissions (36% HaS, 64% COS) 0.4
As Sulfur Dioxide Emissions from Combustion af $.03
Fuel Gas
In the Liguid Fuel Products 52.4
Total 1,041.0
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Table 6-3 - Combined UBffluents Lmitted

to the Alvr, li-Ceal Plant

Outlet

GCasgous Bffluent

Amount

Concentration
(ppm)

Main Stack

Provess lleaters

and Stoan
Boilers

Coal Prepare-
tion IMlant

Carhon Dioxide

Carbon Monoxide
Carbon Oxysulfide (COS8)
Hydrogen Sulfide (I25)

Carbon Moxide

Sulfur Diexide

Nitrogen Oxides (as KNO2)

articulites

18310 'IPD
1.7 TPD
0.61 PP

205.9 1b/day

12,701 1D
117 1b/day
4.7 1D

0.94 7P

“table 0-4 - SuIFur'Bulnntd, 11-Coul Process

“item -

TPD

Totul Input

Cutputs:

Recovered as [lemental Sulfur

from the Typical Feed Coal

As Reduced Sulfur lLmissions {23% if»5, 77% COS)

As Sulfur DNoxide Emissions from Combustion of

Iucl Gas

In the Liquid YFuel Products

Total

1,096,7

1,073.8
0.4
0.05

]
[ ]
]

1,096.7

£



Table 6-5 - Combined Effluents Emitted to the Air, CSF Plant

Concentration
Qutlet Gaseous Effluent Amount (ppm)
Main Stack Carbon Dioxide 13753 TPD -
Carbon Monoxide 18.47 TPD 1774
Carbon Oxysulfide (COS) 0.28 TPD 12.5
Hydrogen Sulfide (H,S) 204 1v/day 8.1
Pracess Heaters | Carbon Dioxide 16220 TPD. -
and Steam -
Boilers Sulfur Dioxide 100 1b/day g.6
Nitrogen Oxides (as NOz} { 6 TPD 96
Coal Prepara- Particulates 0.95 TPD -
tion Plant
Table 6-6-- Sulfur Balance, C8F Process - - /s wn g =i
Ttem “TPD'
Total Inmput from the Typical Feed Coal 1,214.53
Qutputs: _
Recovered as Elemental Sulfur 1,201.1
As Reduced Suplfur Emissions (39% HsS, 61% COS) 0.2
As Sulfur [Dioxide Emissions from Combustion of 0.2
Fuel Gas '
In the Liguid Fuel Products 15.0°
Tatal 1,2314.3
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Tahle 6-7 - Compined Lffiuents Emitted to the Alr, Jischer-Trepsch I'lant

Concentration
Qurlet Gascous EfYiuent Amount (ppm)
Piant Stack Carhon Boxide 51,660 10D -
Carbon Monoxide 11.81 Tphh 320
Carbon Dxvsul Tide (C0S) 1.7 PR 215
Hvdrogen Sul fide (11,5 310 1h/day CP
Ua-C Tvdrocarhons F.as T %
(a1 LHJJ
Luad Prepara- Marticuluates .97 TP
tion Ulun® )
Table 6-8 = Sulfur Balance, Fischer-Tropsch rocoss
. ltom

D '

Total input from-the Typical Teed Coal .

" Durputs’

Revovered as Dlemental Sulfur

As Heduced Sulfur bmissions {14% 11,5, 80% CUS)

Totul

1.234.06

.o

1,235.6

6-10
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Table 6~10 - Air Emissions, Coal

Liguefaction Plants

Pollutans "SRC II H-Coal ol 3 Fischer=Tropsch
Particulate matter: 5
3
Volumotric Rate ©0.03 gr/EtS 0.03 gr/ft’ 0.03 gr/fe 0.03 gr/ic
Mres Rake 66.7 1b/hr 78.3 lb/hr 79.2 lb/iT 80.8 1b/hr
3 a s a a
Carhbon Mpnoxide 565 ppm 107 ppm 1774 ppm 320 ppm
Qrganics nil nil o mil 63.1 ppmb
fmechane cxeluded)
Sulfur Diexide il nil nil nil
Nitrogen Oxide nit nil nil nil
livdragen Sulfide:
Emissions 12.0 opm 5.3 ppm 8.1 ppm 3,5 ppm
Fuel Comeont 0.0004 gr/ft? 0.0004 grifr” 0.0004 gr/ft’ nil
Totai Roedoced Sulfur 32,7 ppm 23,1 ppm 23,1 pom 20.1 ppm
{Ha§ = COS = C34)
Hvdrogen Cvanide nil nil nil nil
Wvdrepen Cnipricef ail nil nil nil
Hvdreochloric Acid
Ammoni s nil nil , nil nil
fias Burning Process I nil nil ‘mil c
Boilers, Particulate :
Matter ' . 5
(iaz Burning Process .0.002 1h/MM Btu 0.005 1o/MM Btu 0.001 1b/MM Btu 3
Boilers. 5ulfur
Diowide, HRAY
Gas Burning Procoss 0.00Z 1h/MM Btu 0.005 1b/MM Btu 0.001 1b/MM Btu €
Boilers. Svilfur
Dioxide, LHY
Gas Burning Process 1.12 1b/MM Btu .40 1b/MM Btu 0.11 1b/MM Btu e
Boilers, Witrogen —
Oxides
Goal Burning Process c [ [ e
Bollers, Varticulice
Mactter
Coal Burning Process € [ S ¢
Boilers, Suliur
Dioxige
Coal Burning Process [ [ c c

Boilers, MNitrogen
Dxides

Total Sulfur

0.00! 1b/MM Btu

0.001 1b/MM Btu

0.001 1b/MM Btu

0.002 1b/M4 Btu

2Tf the 50 excess air corraction mentioned in the standaré is applied, these values become:
SRC 11, 8C ppm, li=Ccal, 20 ppm, CSF, 205 ppm Plscher-Tropsch, 126 ppm.

bMorhane oquivalent

“Not applicable because not included in process design.

d . .
Underlinad values excoed gsource emission standarde.
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Table 6-11 - New Source Performance Standards
for the Petroleum Refining Industry

Maximum Concentration ®

Parameter (mg/¢)
BOD-5 10
CoD 60
Total Organie Carbon 21
Suspended 3olids 6
Jil and Grease 3
Ammonia-N 10
Phenol 0.06
Sulfide 0.06
Chromium, Tertiaxy . . o .0.16. .
Chroﬁiuﬁ, Hexavaleﬁ;l . : 0.005'-'

a s L o o
Based on aprlicarion of Best Available Demonstrated

Technology (BADT).

bConverted frem the mass standards reported inm:
"Develocpment Document for Effluent Guidelines and
New Sguree Performance Standards for the Petroleum
Refining Point Source Category." United States
Environmental Protection Agency, Report EPA-440/1-

7d-014a, Washington, D.C., April 1874 (p. 145, 147,

176), Petrochemical Subcategory.




Table 6-12 - Agucous LtTluent Standards, State of [1linois k.

Maximum Concentration
Constituent (mg/e)

Arsoenie [totualh 0.25 . . :
Bavime (totall 2.0

BUlY 5 10.40

Codmiom {total) .15

Chrominm (total hexavolent] 0.5

Chromium (toral frivalent) 1.0

Copper (total) .00

Cyanide

Flusride (rtotal)
Iren (total)

Tron (dissolved)
Lead Ttotall
Manganesc (tovil)
Morcury [total)

CoNiclkel (totai)

Oil thexanc solubles or equidvaloent)

pi

Phenots
Seleniam (totali
Silver

Zine {torail

Total Suspended Solids

0.1
1.0
©0.0005

1.0

15.0
Tange 5-10

0.3

1.0

0.1

1.0

12.0

O-20

(=



IUBld 5] JHS “Muelielgy LORNfod Iy
wesBeyq Moy >oojg - §-g eanbiy

e
¥ ddaeir erdng

Y % :.(.@

ads FAd 511 Y I YY

HONMYUINID - - i “ - N3 415v e Yy
IO T WY 218 ¢ IADWIM HITII0R % BPERE & | LEIE & | 3¥D 13114 &tllll]l:..._ pe ax
NIA
Tt £0) L v "o
peerwm Avoray i Fos
edsreeer Ton ) :
(a3 Taws SvD 1104 oul : e
AYD A # : ﬂ. WO AUVIVIS 1 TIAIIN
& NOLYHI T 1
1% KO0} 180 TN TirarsIn
N NCHLYTTULSM T - Amunmovnon £
0 XB0 0] % 'OH 10 303
AL
: 1
o F
u WU DU . L L HIATOEND o
O voee NOLLVNIDOUTAN . Yty TOT]
™o ..._.*
b
< a7 HOHYRHATYY S - UL ] .
HOILYNYIIE w e nay I ATEYD Y
& : g e wave I
-
ohs H o4L (stee Two:y ™voa
NN :
DHNIIY 4 '
£ a4l
& e DRCHLEPSS | UM " UNLYM HNOY * HOIVLMIDIGS
IUVISHHAI 1 - 43
, HALTrS AMO — 40
i IO TIAD - AD
P F3N0NIVE - 1IN
A
S
L UELER]
dal Bt 'x NI
[usdd gpp OtL TH0 30D P
R fmeddt ) ) AUOAET 88 NN n:.w.,«-._u
et AHIADIIH HO AT § £YD 11v4 wed vt - e
L 14 BNATR stk ool B0
Fa) ods izreton
Hsy .@ ta b
TTRONIE SPD o n " . P " & _. Tuira
Al 3A1L93738 4 H#a i X & A HILITYE SAAD0M T gdatire
tHIATOTEO )
e g avorer oot W ‘2 ‘00T
wy
el 50 Odk 440D oL
LWIA

a4l goens Tos

6-21



HiEld {203} WalUieqyy uonnjjog Ny
‘wasbe) moj4 ¥20|g - 2-g sanhiy

L= - WiV e .
a1 L5OC VANS % @ Odi @0 81IVINT LB
SH1ivIH 5933008d - BINATTD
<1 1 ol F. 1 A,
(T ..cuz_-uu wvaly - feRomaL U - Rl A b PRt QdL 0wy
. |
(wdd 15y 87 ON n
T U 31 IR £ T3NS 01) .
Jouda g 0] AYO/EY DL «uu FUVI WAL % . L
aor'kl Fo2 :
&3
HOHAYHLT S " —
o9 rigey © NOIYROHIVS ~ AU TR
WO 3and
__ | "
AINFATOR AHUDM @ - &w B
e
DNENHCE .
. = MAATOSEIT
< AX1108YD NOLLYE ARG AH < o ioer
L+ ] oot = wOli v vIIE _ WAOWIY )
P HNIDOALD < rmmmtemams SVE Qi < di5wn CRIAHO
DMS - : .
g L ERl TS
stn Qay CEFOL WO
el ELTCITY EETF]
_ -
@ INOTENY ACULEdL R 4 e 934w unog DLV GOULIITE ~ 43
SOONIANHY HA4d 16hd = 3O
¥ ARDNIAT - AD
FLAONDVE " AR
HLELEY] 4
T @ onizis
¥ . a
— fudd gg| QdL 45D umu ONINYITD
i L Juatied §) AW OET G50 ™ad
AUIANIIH HAIINS aE—— :
@ Q4L ¢BPE U AINS . Sodl vl {wad ZB1) 04L !_.m:n
quL bSE T0D z
Ay '
wn: ﬁ ﬁ @
AYAOWH L]
.y u—u_ m.ww.ww F —— WIIUSANGD LIHE bt 30 [J—f 4D HI1HEYO SEAD0UA Rar~TreEs
ol

e G Av/ET DIGETH
fuicd gug) 044 09’03

au uEn oz

7

(&

(M FATTDSSI0 (LS
Ha'oa e

6-22



ekt g ) 043 "N
fua g.o) Awaya oob Fox
ool e2z'm foa

TUE|d J§D TVAWBIRGY UONNYOG Y
"weabierq moyd x”uo_m - g-g asnbi4

N

a4, BLL ‘W4 TS

VD 1M N
Iall ‘W ALY LIAIDTYS
MIVIEOILEIFTS = 43
; . IND 12A3 - AD
WOLLYEINDD 3 2 .
T TR bl ! Hnana LY -3 asnoniavd b
B ‘onanAl anau
iy @ . @ ’
o g, }
(wod ) AWTITT 002 '5TH T — . NOMHAANOD P - a s Eve
Jeid 0151) @t WEA 0D avn Qi t JyrT % ._u el i i SEITNE
o vevres Toa I | :
o 1
Q4L 88 HAIWHE #_
ad) Fa ALY WO
LNV 1S MRS I ANIRLYANL
BVD VL
WA _
_ o
a (04K ¥o&'L "UnaIRd 191} 37 #
Bét PO "EN1 W 4% PR I} ANOIET A E T
{ontd nF) 04l DL D SGD HE
{wdd EI M) GLE £9 0 'OD
, ads ama Soa 2
. 29D 1304 Z,
wy unae wrn i nwa - .,m.
Qs HOILveveR
Ong HOLLYND WD
TAGHIY o .
a IPRILARHD 3 BRI Y pte=s FUN YUY MO e
o
iy - n
S ik
[
F1evd B WTISYD 00 > INSA 104
mms o 0N I
ave rw R Aw
. " K
P el 1 NG £1Y WOTLYROPEIVH A RITELY hmeswasann] o vuvan
INFIA2YD ANIIYINIOYTAYH < NIHYRIDTIEAUL e ey moIaYHIE? | ;
ABIAD TN LHIATDS AMOTINIAA QAL WO a3
[y [+3
TEMTR
i32z07 1 L h'g oD
3 oIS
< 1M D 1HOI1
D g 033na 4 - i
INIATOY HONOG W NIDOIDAH v

- ~

1
Yy




Miejg Yasdod | -18yasl g ‘TueLIS By .co_u__..__om_ Ny
‘wiebei(] Moy Hdolg - p-g ambiy

rmas now avargym e

@

) aa arofoa

L LU B )
MGATLIT AR Ve GO A1 O — S

AM0tdad— A3
- W01 PRI Lk DI LG 137 0D - 63
. TrOHE -
aderenstne ——] "HaniE
1mms . ’ ey}

AHTADILN . AP M i I ENOD
P o AR e _ yuus i
1w vang O im0 an .
Fiarsvn @ BRI - -
ROLVILAUND AN
ik HO1 v ' rettr 11 80 KT
A AN A 10" »
" - " ato " - - A
Py PSS Gy Prum— »n nar - PO P
pebereull I ™ uIHIRA g oF Ton oay ol W T TeDD Wy
&
bl Gr——] Dl ymerl AN
- -
. . > _ mLNG
Lt b O €1 masaumaC am Fr F I b a0 Y 0 T ! - Aascan TRV ] B uw 1p0a
e N o - AMidn
il Lyl QM £ ] DY ™ imddglpodiar oo | oo
FLELY [LTE]
: aasawer foo ous oa'vE 0 q
LU LT
10T




JUBLd (| DYS ‘Ajddng pue Jusluiesd ) FTICINY

‘weifiei() mey4 %o0jg - -9 eanbiyg

Wi oKL

wdb gL'z
HAOQMOTE
LN
urdf gL' L1 ‘ AINYI HIAIHYIF 4 i Y 4
HALYM BNITDDD 313138 woo mpiTy unfb cop'z
R wil gop' L
oammmansy ¥
“I0ULNOD 1310 OWY
HININD 618 0L
was prg #ILMJ ONYY L :
‘LiHD
wot ger'e
‘RO THOST A
wal g pi
4 Naaama 18 m
wid pag'z
A M — S uMNDIAA
Ym0 U308 U garvan3ag
aMY myaLs :
wdb pg
ETL 10

BAAIHY T
H371438

NQIYZITYHINSN 4

AMQOMO 1D
winpe

HI128YD 0D

o

NuaDowma1d
HIMak DNITR0T

4 ENLA )
- HIZINDI3a
é«luﬂu'l_ OHkdJIHLE
H21YM H103 Hilvm S5300Hd




| J oL
Juejg 180- {4 'Apddng pue Juatileal | IERA
‘welbeiqy moj4 Y2o|g - 9-9 dinbiy
) Ut
o 0>
o Isanis
wdl JFa'L . s
NNMOOMOTE .
HIMOL @ ) . L
aN1003 el Z4Z'C4 ANV R . N B3 HEYTD
Y o " wdb e u3aLLEg
w3 ¥31VM BNIDDD ¥ai3s \
uh..wﬂ__n___ ; a8 3 " NRGIAMOTE
t \ . Al
: . o0zl e 5t TER T
aawnpan sy V
0u1K0 S SSN0 anv
501
: u.z w.,..ﬂ ._.v._a__ " P NADOMO TS
U212 ANYS . N AVEZIvBAnan [ umaD Frs HimaL ONIOGT
widdl 2py _ T
f LAILG L
wdb gLz ol s
“HOLVHOUYAT " -
T ETEL
» wilk g R S ﬂ UKo py PEFS- Lk L
il NAMOOMO T |m Y . i
i
LdB gLa’ - .
! Ulnoa Tul%&lul. sl uIzinalaqa N .
JTEFR-/VTek kN 2
HAMOS
THY Wi Ls wicth gig X . . " ﬁ
3i5VM L HNCSTH
B B LYTTE ) -
_i3i41mYD Wod % U 3LVA LNOS % WALV SSTODU




ussl o g
WMOORO 1Y

* adiya

el g
"NOILYMOIYA D

e 450 ‘Arddng pue Jusuies ) Je1Em
‘weibeiq Mol XI0|H - £-9 einbiy

=S HLFEL ANIHVR
UAAYE DREICOD

U AdVID
[FERINELS

6D gL B

1

U EARIEES Ly

<

v

o

wiZINOIAq

wdi gy
3ASYM

urtd
o age’s
W@HINDAY 5V vV
-JQ-..-.....-‘QU 1500} WY
HININD ﬂ.d..—d ol

VIBYID
B3 14133

n..aauuu.n.

RAVZ YR INGN

wardIswn 1v03

Chn .mﬁ.@ﬂ

DiilddHAS
YILvAL DS

i KAOGMOTE
N sy PER ]
o MO0 18
-ﬁ“ﬂ"ﬂv
w3 ppa g HIMQL SMIT003
g 3lawvm
il gt HIZMOGEC
ey UR1YM §52308d




wad pol's
MO8

'idisa
well gap"al
‘ML VHOIYAI

= NMDOMOTE

wimdL
BHNIT003

wdl gog

HOivdDIvAT ALY

- wdll pZT'EL AOINVI

B4 143SA0L | -10Yast] ‘AJEdng pUe JusuNEL ] I9BH)
‘wasbely Mo 33o4g - 8-9 asnbyy

1

HILYM DNINQGD

pom—

uIMOA

FEE R[]

4= BALVEAdIYd

aNV WYIiS

!

“uAlanew 19 < Y . | HAHHYTD
©31L13S wdd oz o1 . s UIILLIE
- : - [N
QaHIND I 3V
“|DHLRDD 15NA ANY »
HONZAD OV15 0L ] DamaTD
P HEMOL DMINOGD
WAL ONYES NOLLYZITYHLRAN
....... TAEVRL
Wil goz u2EIWDI3a
sl g6t {421ISVD oLt _——
A . *os'oN"*D2 eSO H
BNIdINHS . WILVIA SEIA0U
.Ath_".l = _ATHJIH
WIZINCIAA e NOLIVOIND 134 b — L34V HADE WILaewD
wdb opy ] .
ALEVM
EO_“—E__DJD uIanog (HINJISYD L}
- _ : S1IVE DINVEIID
] LNINLYAUL u B34 VM 5532014
NOILVLIOdYAI < TV HNTNHD 4 UGLOVAY HISHAULUIHISIS

6-28



WATER
CONSUMPTION
lgpm}
BOILER AND PROCESS
42,000 + WATER
V COOLING WATER
/2 MAKEUP
30,000 +
20,600 <~
7 - | -
16,000 < / /
FROCESS - o
WATER SAL- H-COAL C3F Ef:d ER-
USE {gpmi TROPSCH
BGILER & PROCESS WATER 2,923 2,127 2,285 2,200
COBLING WATER MAKELP 11,015 13262 18.370 12,229
TOTAL WATEH - 13823 15,888 21,853 14420
A

Figure 6-9 - Comparison of Water
Requiremen:s for the Various Processes
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