16--AIR POLLUTION CONTROL FOR
SYNTHETIC LIQUID FUEL PLANTS

- "

By Evan E, Iughes, Patricia Buder Simmon,
and Ronaldé K, White

A, Introduction

1. Drganization of the Discussion

In the assessment of the need for new technology for air pol-
Tution control in a future synthetic liguid fuel industry, the major
steps are the following: (1) description and evaluation of the proc-
esses, emissions, and controls that can be used in the production of
synthetic liquid fuels from coal and oil shale, (2) modeling the dis-
persion of pollutants emitted to the atmosphere, (3) comparing calcﬁ—
lated ambient concentrations of pollﬁtants with air guality standards’
that could apply in regions where the plants may bé built, and (4) draw-
ing conclusions regérding the adequacy of air pollutioni control tech-
nology for synthetic fuel plants, These steps are amplified in Sec-
tions B through E of this chapter, a2s indicated in the following

paragraphs.

Section B identifies the sources of emission of air pollutants
from various synthetic fuel processes by unit operation within the proc~
ess and specifies the emissions that could he expected with hest avail-
able control applied to each unit. Explicit assumptions about what
constitutes the best available control are given and some of the choices
ihat'must_be made in selecting the control technology to be applied to
various unit operations within the process are discussed. Tables are

given to summarize the resulting emission characteristics of each of the
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processes considered, Two processes for makiﬁg syunthetic crude vil are
emphasized: TOSCO II reterting of oil shale and H-Coal liquefaction of

western coal,

Section C uses the emission characterization of Section B to
specify the source terms for atmospheric dispersion modeling, Reason-
able assumptions regarding stack configurations and parameters are com-
bined with meténrological data from energy resource regions in Colorado
and Wyoming to calculate ambient conecentrations of air pollutants. The
calevlated values are compared with various ambient air guality stand-
ards, Finally, the results of a preliminary sensitivity analysis are
presented as an indication of the range of control requirements that

could be derived from such calculations.

| Section D summarizes the two preceding sectiohs by presenting
our best estimates of the percent additioﬁal control reguired to meet
the Class II nondegradaticn standards. These standards are expeciéd to
apply in the oil_shale and coal regions of Colorado and Wyominé, as well

as to other energy resource regions of the western United States.

-

Section E presents conclusions and recommendations based on

this analysis of air pollution control for synthetic ligquid fuel plants.

2, Background

The assessment reported is a continustion of SRI work for EPA¥
in which the environmental implications of the development of solar,
geothermal, oil shale, and solid waste energy sources were studied,?
Phase 11 of that work focused on determination of the requirements for

additional air pollution control for an oil shale inclustryg and is the

*Under contract No, 68-01-0483,
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prototype for the analysis presented here on the broader problem of air

pollution control for synthetic liquid fuel plants.

The context for this discussion of air pollution contral is
established in Chapters 4, 6; and 9 of this report, Chapter 4 on the
technology of alternative fuel production is most cloéely related to Ehe
air pollution problems and is referred to for some description of the
processes. However, Chapter 6, on maximum credible implementation sce-
narios, and Chapter 9, on decision making for synthetic fuels, while
not referred to explicitly here, help to éet the stage for this discus-
sion by indicating the possible magnitude of a major shift to synthetic

ligquid fuel production.

3. Air Pollution Standards

Standards play a key role in this assessment of air pollution

control regquirements.

Emission standards regulate the quantities of pollutants that
can be emitted to the atmasphere from various specific” processes or fa-
cilities, 8uch standards may be expressed as the amount of pollutant
ﬁllowed per unit weight or volume of the total emission stream or as the
amount of pollutant allowed per unit level of operation of the facility.
Examples of the former are (1) the Colorado emission standard of 500
parts per million (ppm) of SO, relative to the total flue gas emitted
from a stack and (2) the so-called "new source performance standard’ for

- * :
municipal incinerators of 0,18 g/m- (0,08 gr/8CF ) of

#Grains per standard cubiec foot, One pound equals 7000 grains. A
standard eubic foot of any gas is the amount of gas that pecupies a
cubic foot at a standard temperature and pressure, in this case a tem-
perature of 15°C (BO°F) and a pressure of 1 atmosphere.
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particulates in the exit flue gas. The latter type of emission standard
1s expressed in units -used for "emission factors,” such as pounds of sul-
fur dioxide (S0;) released to the atmosphere per ton of copper are proc-
essed in a smelter or kilograms of nitrogen oxides (NOx) per gigajoulé

(GF) of energy consumed in a hoiler,

The emission standards referred to in this chapter are among
the "new source performance standards” promulgated by EPA. These regu-—
lations set mﬁximum emission rates for a number of industrial processes
and facilities. 'New source’ is used to designate the fact that these
standards apply only to facilities begun after some date specified in
the notice of the standard. When new source performance standards are
set by EPA, the nature of the processes employed in the industry and the
availability of control measures that can be applied at reasonable costs
are taken into account. New source performance standards for industrial
boilers that consume solid, liquid, or gaseous fossil fuelé are variously
referred to in this chapter as power plant emission standards, utility

boiler standards, or fossil fuel-fired boiler étandards.

Fl

Air quality standards regulate the concentration of pa}lutants
found in the "ambient” air that the general population breathes or could
breathe, ~Ambient air is that found in the ordinary environment beyond
the plant boundary, usually at ground level. Concentrations of'pollu—
tants are expressed either in parts per million (a volume of pollutant
te volume of air ratie) or in mass per unit volume. The latter expres-
sion is now preferred, and all of the federal ambient air quality stan-
dards are expressed in units of micrograms per cubic meter of air
(ug/ma). The atmospherie dispersion model used in this wark uses emis-
eion rates, which eould themselves be compared directly only to -emission
standards, and calculates from them the ambient air quality, in ug/mS!

at various pointis in the vicinity of the .emission source. These
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calculated concentrations can be compared directly to ambient air qual-

ity standards.

Ambient air quality standards used in this chapter include:
(1} national primary standards, setlby the federal government at concen-
tratio? ievels intendéd’to be low enough to prevent adverse eflects on
human health, (2) national'secondary standards, aliso set by the federal
government acting under the same law,'but set at lower le}els of concen-
tration intended fc prevent economic damage, especially to living plants,
(3) state air quality standardé, in particular those of Colorado and
Wyoming, and (4) three classes of ambient air guality standards intended
to prevent-significant deterioration of air quality in regions in which

alr pollutant concentrations are currently well below the national

standards.

Standards in the last category are frequently referred to as
"nondegradation standards.” The specific classes and levels of standards
in this eategory have been promulgated by EPA recently.3 EPA proposed
that the states be responsible for designating the clean air regions
within their borders as belonging to one of three classes., Ambient
air gquality standards, expressed as increases in levels of concentfa—
tions of air pollutants to be allowed within the region, were set hy
EPAIfof each of the three classes, Of the three, Class I is the most
strict, intended to keep alr quality virtualiy Enimpaired and consistent
with very minimal industrial development of the regions so classified,.
Class II stan&ards are strict but generally not so strict that substan-
tial development is precluded, provided the development inheludes appreci-
able eifort directed toward zir pollution control, Class IIT standards
allow the zir quality in a region to meet thg national primary or secon-

dary levels, whichever is the strictest.
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The comﬁlete specification of an ambient air guality standard
includes, in addition to a level of concentraticn, the time interval
over which the concentration is to be averaged. 8Standards menlioned in
this chapter involve annual averages, 24-hour averages, and 3-hour aver-
ages, To completely specify standards tied to d daily or hourly average,
the statement of the standard must also name the number of times per
year that the specified level méy ke exceeded, Thﬁs, the 24-hour or
3-hour levels of concentration are viewed as "worst-case” situatiohs,
with worst-case defined as the number of days per year a situation that
severe is to be allowed under the standard. All such standards referred

to in this chapter are to be exceeded no more than one day per year.

Table 16~1 is a summary of the ambient air quality standards
referred to in this chapter. The standards are listed in the order of
lenient to striect. Because background concentrations {(pollutant
levels presentlin the absence of any industrial activity in a region)
must be added to the contributions from synthetic fuel plants for com-
parisons with all the standards other than Class I and Class II, it is
possible that Class 11, and perhaps even Class I, standards may not be
as strict as a state standard in some casés. For example, due to back-
ground levels of S0, present inlthe Piceance Basin of Colorado, it ﬁbuid
be easier for an oil sha}e industry to comﬁly with the Class I néndeg—

radation standard for SOé than with the corrésponding state standard.

B, Synthetic Liguid Fuel Plants: Processes and Emissions of Air
Pollutants ' '

Emissions of air pollutants are estimated for three prineipal

synthetic fuel pnocesses:*

*These and other competitive processes are described and discussed in
Chapter 4.
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Table 16-1

AMBIENT AIR QUALITY STANDARDS

Concentration Level

for Different
Averaging Times

{ug/m>)

Standard Pollutant 1-vr 24-hp 3-hr

Federal® Particulates 75 260 —

primary 50z . 80 365 -

NO, 100 - --

Hydrocarbons (HC) -- i 160

ngerai* . Particulates 80 150 -—

secondary 805 ' -- - 1300

Coloxado® Particulates - 45 150 -

{nondesignated 80, -- 15 -
_areas)

Wyoming Particulates 60 150 - _—

S0, 60 260 1300

NOg 100 - —

HC - - 160

Class IIY Particulates 10 30 -

80, : 15 100 700

Class I* Particulates 5 10 -—

‘ SO, 2 5 - 25

*Federal primary and secondary from The Federal Register, quoted in
Environment Reporter, The Bureau of National Affairs, Inc. {(1973).
tColorado and Wyoming standards from The Federal Register, quoted in
EnviTonment Reporter, The Bureau of National Affairs, Inec. (1975).
#Class I and II from The Federal Register, Vol. 39, No, 235, Part III

(5 December 1974),
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@ TOSCO I1 production of oil from shale
¢ H-Coal production of oil from coal

® SAS0L production of methanol from coal.

As cited earlier (Chapter 4}, these processes were selected for study
because of the advanced or proven development of the process, the sujit-
ability of the product for further refinement into zutomotive fuelg in
substantial proportion, and the avajlability of process data. In addi-
tion, data thaf were available on emissions associated with the Solvent
Refined Coal (SRC) and Cousol Synthetic Fuel (CSF) coal liquefaction

processes have been included for comparison,

The relatively rich shale deposits of the Piceance Basin in Colorado
are the source of raw material for the TOSCO II process. The H-Coal proc-
ess emissions are estimated for two representative coals--a relatively
high sulfur midwestern (Illinois No. ) coal and a low sulfur subbitumi-
nous westcrn (Powder River, Wyoming) coal, The data cited for the SRC
and CSF processes pertain to the use of a "northwest” coal, similar to
the Powder River coal, and a "central” coal, which is similar to the
Illinois coal. The SASOL process consumes a low sulfur "western" coal
similar to Powder River eoal. Two process variations are also considered
in the S8ASOL case: (1) the "design" proeccss in which plant heat demand
is met with a fuel gas manufactured from the coal and (2} an alternative
process in which the necessary coal 1s burned directly. The latter proc-

e55 conserves energy but increases emissions,

In each case emissions from the production of electricity needed by
the plant are estimated. These emissions are ascribed to .the process
regardless of plans to purchase the electricity or generate it on-sjite,
However, the ambient concentration modeling in Section C excludes emig-

sions ascribed to generation of electricity.
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1. Syncrude from 0il Shale

The process of extracting the organic mater;al from oil shale
and of converting and upgrading the material to a suitable product is de-
seribed in Chapter 4 and the analysis of air pollution control neces-
sary for the TOSCO I process2 is summarized here. Also included here
are emissions that result from the generation of electricity supplied to
the plant. Plans for the first TOSCO II installation by Colony Develop-
ment Operation4 call for purchase of electricity; other 1usta11ations‘
may geherate electricity on-site. In either case the resulting emissions
are attributable to the plant. Comparisons with the other synthetic
fuels, those derived from coal, will then include emissions from all
combustion needed for the plant. 1In all cases i; is assumed that coal

is consumed to generate electricity.

In addition, the TOSCO II plant is considered to produce a
sfnthetic crude oil rather than a fuel oil. The difiference in product
does not have a significant effect on the air pollution expected from
the plant. The dominant emissions from the plant are from the ore-
preparation system and the pyrolysis and oil recovery unit, and thesc
processes are the same for either product. Emissions from the ﬁrnduct-
upgradiné units could vary with product changes, but these units consume
relativeiy little fuel and therefore are relatively minor contributors
to emissions, The crude shale oil must be upgraded to some degree in

any case to permit transport by pipeline,

a. Control of Emissions

Emissions of a TOSCO II plant produecing 16,000 ma/day
(100,000 B/D) of syncrude are summarized in Tables 16~2 through 16-5,
Table 16-2 lists emissions aftributed to the generation of clectricity.

Tables 16-3 through 16-35 summarize emissions of each major pollutant
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from individual subsystems in the plant. The only ather substantial o
emission 1s 76 g/s of hydrocarbons from the raw shale preheat system.

An incinerator controls hydrocarbon emissions to this level.

The final column for each table lists the estimate of
emissions remaining after application of "hest contrel.'' The assumptions
leading to establishment of standards for best control are:

® Dust loading contreclled to a level not exceeding

46 mg/m3, equivalent to 0.02 gr/AcF.”

¢ Use of treated fuels, including use of a fuel oil
meeting the federal new source performance stand-
ards for oil fired boilers, to control levels of
80, and NO..

® BSulfur plant emisgsion of 80, controlled to a level
of 250 ppm by volume.

® Electric power plant emission of particulates con-
trolled 98.5 percent and emission of SO2 controlled
90 percent,

L,

A principael uncertainty 1n the estimates is the oil originally intende&
to fuel the plant. Other captive fuels planned for use have relatively
lower emissions than the fuel o0il in all categories.® Colony has indi-
cated that this fuel ¢il will be subjected %o furtherlhydrntreatmeﬁt,
reducing both sulfur and nitrogen content, when it is necessary to in-
sure that the plant meets relevant emission or ambient standards,®

This procedure is said to be expensive, although relatively less costly

than flue gas desulfurization, Until experience is gained with the

*Grains per actual cubic foot; at the elevated temperatures involved,

an actual cuble foot is considerably less dense than a cubic Inot at
normal temperatures and pressures,
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process in its given environment, the present estimates serve hest for

comparison with other synthetlc fuel processes,

A recent discoverySIat Colony, not yet fully confirmed,
adds another elem?nt of uncertainty. It appears that 50, emissions in
the raw shale preheat subsystem (Table 16-4) may be effecetively lowered
by contact with materials present in the raw shale. The effect on emis-
sion levels would be significant since most of 80, is cmitted from this
unit. The tentative finding is that as much as two-thirds of the ex-
pected 80, may be removed from the raw shale preheat exhaust,

»

b, Options for Further Control

Later sections of this chapter indicate that further con-

trol of particulates and. 80, may he required,

It is likely that improved control of particulates can be
obtained. Prineipal sources are shale dust from the ore-preparation sys-
tem and the raw shalc preheat subsystem, Where shale dust is controlled,
estimates of efficlency were derived using the quantities of sludge dis-
posed to estimate loadings before control. This procedure overestimates
efficiency since coarse particles are trapped by gravity to some extent
before final collection. Since no measure of the proportion of fine par-
ticulates was avallable, the estimated emissions must be considered an
upper limit., . In addition to this consideration, the 'best control” level
used here may be counservative, depending on the proportion of fine par-

ticulates present.

Flue gas desulfurization remains an option for further
control of the S0, levels. The cconomics of this process compared with
hydrotreatment of the fuel oil, at the time of plant consiruction and

tater, would determine the selection.
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c, Other Processes

In general, tholestimatés of emissions for ore-prepafation
systems and product upgrading systems assoclated with other surface re-
torting processes would be similar teo TOSCO II, The emissions from a
different retorting module could vary significantly, especially in dust
emissions. The TOSCO II estimates would probably be highest of all
processes under consideration with regard to dust from this module. .
Other emissions would depend primarily om similarity of [uels, Further

discussion of these considerations may he found in Reference 2.

2, Syncrude fram Coal

- In estimating the emissions to the atmGSphére from the opera-
tion of an H~Coal plant* producing 16,000 m®/day (100,000 B/D) of syn-
crude two caseé are considered: (1) processing Wyoming Powder River sub-
bituminous coal, and (2) proeessing Illinois No, 6 bituminous coal. The

characteristies of these coals are given in Table 16-6,

a, Control of Emissions

Tables 16-7 and 16-8 contain a summary of the emissions
for an H-Coal plant processing each type of eoal, In contrast to
TOSCO II, a detailed breakdown 'of the fuel consumed in each major unit
of the process is not available. Only two fuels are consumed--a captive
fuel gas and coal. Emission factors for natural gas? were used for the

fuel gas.

For Tllinois coal, adequate guantities of fuel gas are

expected to provide all fuel needed for the process. Coal is combusted

*H-Coal process is described.in Chapter 4 and Reference 6.
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Tahle 16-6

CHARACTERISTICS OF REPRESENTATIVE
WESTERN AND FASTERN COALS

Ultimate Analysis

(% by wt)
Wyoming Powder River Illineis No. 6
Subbituminous Cozl Bituminous Coal |
Moisture 33 10
- Ash ) 5.8 9

Carbon 45.7 62.7
Hydrogen 3.2 4.8
Oxygen 11.1 8.9
Sulfur ' 0.5 3.5
Nitrogen 0.7 1.1

Total 100.0 100,0
Higher heating value

MI kg (Btu/lb) 18 (7800) - 28(11,000)

only to provide the electricity required. For Powder River coal, the
fuel gas evolved in the process is not adegquate to supply fuel needs,
and coal is used to make up the difference as well as to produce elec-

tricity.

The emission factor for coal dust from the dryers is a
pessimistice choice from the range of factors’ that are likely. Removal
of essehtially all moisture is specified for the process.

8 using an

Control of emissions from coal combustion,
electrostatic precipitator and flue gas desulfurization, is estimated
at 99.5 percent for partieculates and at 90 percent for SOz. While "the
estimate for SO, removal may be controversial, the best independent

judgment at present is that it can be met.® A high performance Venturi
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scrubber following multiple cyclones is likely to be necessarya’9 to

meet the propoéed federal standard® for coal drying--70 mg per dry normal
cubic meter (0.03 gr/dSCF).* The efficiencies shown necessary to meet

this standard are judged to be reasonable,®:9

Sulfur plant emissions were calculated from the sulfur
input and output rates. The efficiency of the scrubber applied to the
tail-gas I{rom the sulfur plant was estimated at 853 percent, a commonly

achieved figure.

Combustion caleulations were performed for all fuels (the
fuel gas has a different composition for the different coals) to deter-
mine the flow rates and the set of stack parameters used iun Section C to
calculate the ambient air quality in the plant vicinity. Coal dryer_flow

rates were determined from coal moisture and typical exhaust temperatures,

The plant processing Illincis coal was assumed to be at
sea level, while the Powder River elevation, 1230 m (4000 ft), corre- : o

sponds to a préssure of 87.4 kPa (25.84 in. Hg).

b, Options for Further Control !

The level of control indicated above is estimated in
later sections to be adequate, Should further contyrel become necessary,
particulate emission from the coal dryers would be closely examined.
Some improvement, especially for Powder River coal, secems possible with
the same type of equipment., Improvement in flue gas desulfurization
would bring aboui the best improvement in S0, levels, An alternative

would be to replace at least part of the eoal with a cleaner fuel,

*Grains per dry standard cubic foot. ' - P l
1
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c, Qther Processes

Emissions associated with other coal conversion processes

18 gotal emissions from SRC and CSF

have been estimated hy others.
plants* are given in Table 16-2 for comparisen with other synthetic fuel
processes, Emissions are shown for central coal (25 MJ/kg, 11,3 percent
ash, 3.7 percent sulfur) and nofthwest coal (20 MJ/kg, 6 pefcent ash,

0.5 percent sulfur). These are very similar to Illinois No. 6 and Powder

River coals, respectively {(Table 16-6).

Table 16-9
CONTROLLED EMISSIONST ¥OR SRC AND CSF

COAL LIQUEFACTION PLANTS
(16,000 n° /day)

Emission Rate by

Coal Type
{g/s)
Process and Operation Pollutant Central Narthwest
SRC
Combustion and drying Particulates 34 . 35
Combustion 80, 97 18
Nox 800 200
HC 2.9 2.9
Sulfur recovery 80, 203 32
CSF ©
Combustion and drying Particulates 24 21
Combustion 804 257 44
NO 550 540
HC 2.7 2.5
Sulfur recovery , S0, G4 14

*SRC and CSF processes are described in Chapter 4.
tTIncludes emissions from electricity generation.
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The level of control of emissions assumed for Table 16-9 T
was similar to that used for H-Coal, Coal dryer dust was controlled Lo
the 99 85-percent level with a Venturi or Baghouse following the multiple
cyclones, and sulfur plant tail-gas scrubbing was 95 pércent effective.
The SRC plant derives 92 percent of fuel demand from a captive fuel gas
and the remainder from a product fuel oil, Since the sulfur content of
the fuel gas is negligible, and the fuel o0il contains only 0.28 percent
of the sulfur level of the feed coal, no further control is imposed on
the SRC plant. ?he CSF plant fuel needs are met 84 percent with fuel
gas containing 0.4 percent of the sulfur level of the feed coazl; the
remaining 16 percent fuel needs are satistied with ¢cal. As above, an
electrostatic precipitator plus flue gas desulfurization qontrol emis-
sions from the burning of cbal——ﬁarticulates are reduced 99.53 percent
and 80; is reduced 90 percent (85 percent was assumed in Reference 10--
this was adjusted to” give the data shown in Table 16-9), Emissions
associated with generation of the required electricity are included in

Table 16-9,

3, Methanol from Coal

A general description of the process for producing methanol
from coal is given in Chaptér 4 with the SASOL process described in more
detall in Reference 11, 1In estimating emissions to the atmosphere re-
sulting from the operation of a SASOL plant producing 16,000 m®/day
{100,000 B/D) of methanol, two cases are considered: (1} operation of
the plant as designed1l using a fuel gas manﬁfactured from the coal,
and (2) operation of the plant burning the coal directly to obtain nec-
egssary process steam and electric power, A western coal yielding 20
MJI/kg (8700 Btu/lb) and containing 19 percent ash and 0,69 percent sull

fur is assumed for both cases. This coal is of somewhat lower quality,
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in terms of ash and sulfur content, than the Powder River coal (Ta-~

ble 16-8).
a, Control of Emissions
Tables 16-10 and 16-11 present emissions for a SASOL
plant processing coal to methanol for each fuel scheme. In both cases

all fuel is consumed in a steam and power generation plant, and all
purge gascs {those evolved as a byproduct) are consumed. TFor the case
considered in Table 16-10, part of the coal input is gasified to produce
a fuel gas that ie cleaner burning than the coal. The efficiency of
this conversion is about 67 percent, leading to a total coal input rate
of 35.4 X 10%° kg (39,000 tons) per day., When the cozl is burned di-
rectly (Table 16-11), the total coal input rate is 31,86 X 10° kg (34,800

tons) per day for the same methanol output,

Emission factors for natural gas7 weré used for both the
purge gas and the manufactured fuel gas with one exception. The known
sulfur content’’ of the manufactured fuel gas, in the form of H,S, was
assumed to be entirely converted to SO, during combustion. Sulfur con-
tent of the purge gas was specified11 to he negligible, so th#t the
faétor for natural g357 was used. Emission factors for the coal’ were
calculated from the properties specified above, Bince coal drying is
not specified for this process, no special dust emissions are listed for
this potential source. The uncontrolled emission rate for the sulfur
plant was calculated from the specified'? H S in the tail-gas stream.
This flow was adjusted in Table 16-11 to account for deletion of manu-

factured fuel gas,

No controls are added for the relatively clean-burning
gas. Controls for the ceoal burning are analogous'tn those imposed for

the liguefaction processcs (see Section B=2), A reduction in
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particulatesg-of 99.5 percent is expected for an electréstatic precipi- R
tator followed by flue gas\desulfurization, and a reduction of 50, .
level® is expected to be aboutIQO percent. The tgil-gas écrubber should

ke 95 percent effective in femoving sulfur from the tail-gas stream of

the sulfur plant.

b. Options for Further Control

The clearest option for better control is to select the
process using the manufactured fuel gas. The S0, levels are similar
but the other emissions are considerably lower, The cost in coal feed
is about 12 percent of the total feed rate. Another option would be to
treat the fuel gas for further suliur removal. The SO2 loading from the
fuel gas combustioh is already comparable to the scrubbed flue gas from

the coal.

4. Summary

Table 16-12 summarizes the total emissions from each'procesg—
ing plant and feedstock combination considered., These valueé ineclude
the emissions attributed to genceration of electricity needed fér each
plant. However, the values given in ﬁarentheses in Table 16-12 exclude
the generation of electricify, and are used in Section C to model the
ambient concentrations for those processes. Electricity is assumed to

be generated off-site for the processes modeled.

C. Atmospheric Digpersion Modeling

Requirements for additional control, beyond the levels taken to
represent best available control in the preceding section, are derived
by comparing ambient concentrations of air pollutants that result from

synthetic fuel plant emissions fto ambient air quality standards that

532



could apply in the vicinities of the plants. This section describes fthe
atmospheric dispersion modeling used to calculate ambient concentrations
from emission levels and presents the results of those calculations.
These results are displayed later in this section as possible control
requirements. A subsct of these results forms the basis for estimates

of the applicable control requirements (Section D).

Table 16-12

SUMMARY OF EMISSIONS FROM ALTERNATIVE SYNTHETIC
FUEL PLANTS EMPLOYING BEST AVAILABLE CONTROL*

Total Emissions Including ElectricityT
(g/s)
Particulates SO, NOx HC
TOSCO II 109(103) 420{324) 761(514) BO(76)
H-Coal--Powder River 15(69) 113({921) 1011 (802) 17{13)
H-Coal--Illinois No. 6 28 169 293 4
SRC--Northwest 35 48 200 3
SRC-~Central 34 300 900 3
C8F--Northwest 21 58 540 3
CSF--Central 24 321 550 3
SASOL--Fuel gas 21 161 262 4
SAB0L--Coal _ 75 - 128 B76 i5

#plant size taken to be 16,000 m®/day (100,000 B/D).
tRumbers in parentheses exclude emissions attributed to generation of
electricity.

1, General Principles

Atmospheric dispersion modeling requires suitable specifica-
tion of input data deseribing both the sources of emission of air pollu-

tants and the region into whieh the pollutants are emitted. The model
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employed here requires a standard sct of data to characterize sources:
the heighis, diameters, temperatures, gas flow rates, pollutdut emission
rates, and positions of the staﬁks comprising the source of emissions,
1% also reqhires'readily available meteorological data. {(Appropriate
data for source characterization are shown in Tables 16-13 and 16-16 and
Figures 16-1 and 16-6 later in this section,) Information on the emis-
sion source is combined with information on the site in gquestion to form
an estimate of the ambient air quality., The reguired data are available

for sites near but not precisely at western oll shale and coal regions.

The model used here for calculation of air pollutant concen-

),2%51% which is a

trations is the €limatological Disper=zion Model (CDM
computerized model that permits calculatioen of scasonal or annual aver-
age pollutant concentration patterns resulting from stationary point
sources and area sources. The fundamental physical assumption of the
model is that the steady-state spatial distribution of pollutant con—l
centration from a continuously emitting point source is given‘by the
Gaussian plume formula. It is assumed that meteorcological conditions
over short periods of timé-(of the order of one hour) can be regarded
as steady-state and that.these-conditions can be approximated with a

constant and spatially uniform wind vector far the entire area.

Gaussian plume assumption is used when there are no restric-
tions on vertiecal diffusien, When vertical diffusion is restricted to
a finite mixing depth, & uniform vertical concentration distribution is

assumed at distances a3 few kilometers downwind,

Equations for the long~term average concentrations due to
'
point and area sources are weighted according to a frequency function to
account for the variability of meteorologiezl conditions. These empiri-
cal functions express the observed joint frequency of occurrence of

various classes of wind diredtion, wind speed, and a stability.
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Integration of the formulac over the area and point sources. describes
the simulated concentration at selected location for a certain set of
metearolopgical conditions. These cancentrations, taken together with
the frequency of occurrence of each combination of cotditiens, produce

the climatologically averaged spatial distribution of concentration,.

The CDM program used in this study assumes that the pollutant
be properly simulated by a single wind vector; thus topographic influ-
ences of complex terrain are not currently incorporated into the dis-
persion model. Topographical featufes of the regions modeled for oil
ghale production in Colorade (Section C-2} and coal liquefaction iﬁ

wWyoming (Section C-~3) are discussed below,

For comparisons with ambient alr quality standards the con-
centration of air pollutants are caliculated here using averaging times
that fit the variocus standards. Four air poliutants are included: par-
ticulates, sulfur dioxide (S05), oxides of nitrogen (Nox) and hydro-
carbons (HC). The time periocds involved afe: annual aversges for ﬁar»
ticulates, S0y, and NO,; 24~hour averages for particulafes and S0g5; and
a 3-hour average for HC. Since photochemical interactions with NO_ and
HC are not considered, no decay with iime of NO, and HC concentrations
is assumed., Decay of S0 is accounted for in model calculations by an

exponential decay term having a 3-hour half life,

The results of the dispérsion modeling are compared with fed-
eral and state ampient air quality standards. Emissions and ambient
concentrations of NO, (combining both NO and NO.) are ¢xpressed as NOg
equivalent and compared to the NO; standard. This amounts to a worst-
case assumption for NO, in that NO, emissions are assumed to consist
entirely of NO.. However, as mentioned above, no photochemical atmo-
spheric dispersion model has been used, and therefore we have not ad-
dressed the possibility that photochemical oxidant formation.dould be
the most significant limit on emissions of NO, and HC. |
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2. Modeling a TOSCO IT1 Oil Shale Plant s

a. Characterization of Emission Source

Table 16=-13 and Figure 16-1 present the émission source
.characteristics reguired as part of the inputs to the CDM. The emission
‘rates given in Table 16-13 are those derived and explained in Section B.
Figure 16-1 shows a possible configuration of stacks comprising the
specific emission sources within the 16,000-°/day (100,600-B!D) oil
shale plant, based on the description of a 8,000-m®/day (50,000-B/D)
TOSCO II oil shale complex given by Colony Development Opcration.4
Radieal changes in the assumed configyration bould result in concentra-

tions somewhat different from those calculated here.

b. Characterization of 0il Shale Region

Meteorology and topog;aphy-will affect the ambienf air
quality from a given emission source. The oil shale regions consildered
here are the Plceance Basin in western Colorado and the Uinta Basin in
eastern Utah., Because the oil shale deposits developed first are most

likely to be in or near the Piceance Basin, that region is emphasized.

(1) T0pography.* The major ©il shale area of the
Piceance Basin lies on the Roan Plateau, hounded by s5teep escarpments in
all directions, The land surface of the region has been shaped by ero-
sion into valleys and ridges oriented in the north and no;theasterly
directions. The difference in elevation frém ridge to valley floor

ranges from 62 to 185 m (200 to 600 ft), and most of the valleys are

. ¥The information contained in this section was extracted from . Refep-
ence 14, ST

536




T

"ORTR A0 ATdignw ‘(a1nurs 48d a8y ATQNd 1E0IIRY KIDV 01 Jaeaudd oLt
fl-yp aIndtg ©3 54391 UQlledo],
canjdeln STu3 0§ uUoiloRs ur paryToads sy poaluos o1QUITEAR )Saq POENSSYy

g'g 80T 2°1 €'CT v 098 514 EASLYeR] ALETTIN ET
- - - £'g 9°0% 5'1 g°ST z ) 9L oHEIOLE &I0 Julld z1
-- - - T°El FA ! g1 RTGl ne 91 £8% AAYENIT [RUT] 1T
—— - -= 80T 2'6% ¥z 61 z 91 9g8 13ysnIa KaBALLG o1
- —-- - 9 ¢ e FANY 2 el 2T 16 &1L ISZTTANISFOU STBYS PIsSsSaoold 6
0 LBT g oL L7 LGa 8 ES 8L 0% 504 (43 - 2% 0911 reayda d Dpeys M 8
9 ER -= £°¢G 1T B'L BT 7 gL [ FFe fuﬁ#m.ﬂadﬂllhwumashunbw wealg L
6" 81 - £°11 680 LT 81 ¥y T [HES 194 Loyod paderay 9
- - T 9T -— 99T 5T oL 1 ' g€ 4] 1ueld InFing g
16 - [ ag'o 9°8 1°& Ive T LEY 1t AB1TDOBd PAILT
’ iuorzeus3oapdy (10 sB0 i
80T - g1 £T0 9°9 BT [ 21 B LT 9E ayway poay
tuoplewndorpdy 110 SBR g
£'g -- E'T S0°0 g'oT G0 0 T LEF L uotjvuadospiy eyiyuden 4
P GET - 0" TR L'¢ L'TE 0°g a“pg [ 092 LiE 11un naSoapdp T
XoN I wcm 533 BIN3 1348 (s /u) () {1a) EN2RIS nuav Am\msu 1TuM jJo worjdrassag +50_udoqu
(5/3} L3To0TRA aagsumeTq 3gaTan Io *dura,, {SHORB1IE TT1%)
($¥DE3S [TE) SUOISSTUY ITXY Smh HIEIS HoBIE "BN ek ) ¥

LOATIONLNOD BNOISSIAN HLIN IKVId II 0J50L (3/8-000"'00T)
a/M-000'9T V HO4 STLVH NOLNSIWM OGNV SHALTNVEVD XOVIS

£1-91 214eL

237



W OQL

NOLLYHNOIINOD INVId T 0JSO0L ')1-91 34nsH14

/f l\‘

ANVd 40 HLNOS WOOSI S Ol H3aWnNN
¢~ 91 3718v. 01 83434 SUIAWNN HIVLS 310N

®6

®E

o 888888

4

W OGOt

Y

538



narrow and steep sided. ILand elevations above mean sca level (MSL) range
from ahout 16800 m (5250 ft) near the White River to about 2800 m (9000 It}

on southern ridge crests.

The Uinta Basin of Utah is a depression bounded by the
Uinta and Wasatch Mountzins, the Roan Cliffs, and the c¢liffs west of the
Doﬁgias Creek Arch, Land features include rough mountains and flat val-
leys, with deep gulleys and rock-capped ridges. Elevations range from

1400 m {4600 ft) to more than 2500 m (8000 ft} WMSL,

In general, these steep-sided valleys are unsuitable lo-
cations for plant sites. Moreover, from the buint of view of minimizing
pollution potential, 611 shale processing facilities should be located
on plateau, rather than valley sites.'® The evidence for the necessity
of such loecation is sufficiently compclling that the dispersion modeling
reported here is based on the assumption that the o0il shale plants will
be located on plateau sites. If an oil shale plant should be located in
é narrow valley, the actual concentrations of pollutants will be higher
than those calculated by the CDM. However, if the facility is located
on a plateau or in a broad valley, as Colony plans for its first plant,

the dispersion model will adequately predict concentration patterns,

(2) Meteorology. The meteorological data required for
application of the CDM are not available within the oil shale region.
Therefore, annual averages were calculated from frequency distributions
of meteorological conditions observed at Grand Junction, Colorade, and
Salt Lake City, Utah because these were the closest weather stations
recording sufficient data. These distributions are the output of the

*

National Climatic Center's™ STAR computer program, However, the wind

*1.8, Depariment of Commerce, National Oceanic and Atmospheric Adminis-
tration, Environmental Data Serviee, National Climatic Center, Federal
Building, Asheville, N.C. 28BOl.
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data for three stations in the oil shale region show that the differ—
ences in the wind direction frequency distributions between any two

of these stations are at least as great as the differences between Grand
Junction and any of these stations.® Therefore we have used Grand Junc-
tion meteorology for calculations .of air poliutant concentrations ex-
pected in the Piceance Basin. All of the annual average calculations
presented here are based on Grand Junction meteorology. Some other re-
sults based onh Salt Lake City meteorology are presented in an earlier
5RI report.2 Senéitivity to meteorology is discussed below in Sectian

C-5.

Twenty-four hour averages and 3-hour averages were cal-
culated using the assumption that worst-case meteorological conditions
prevailed. Statistical weather records indicate that neutral atmoépheric
stability and a light wind of 1.5-m/s occur for 24 hours or longer in the
oil shale region an average of 15 déyﬁ per year, These conditions have
been shown to be representative of worst-case conditions in the oil shale
region and do not involve use of Grand Junction or Salt Lake City meteo-
rological data. The CEM was used to compute the.24—hour and 3-hour av-
erages for various wind directions, assuming 100 percent frequeney of

occurrence of neutral stability and 1.5-m/s5 winds.

c. Results of Dispersion and Site Modeling

Pollutant dispersion patterns for a 16,000-m3/day (100,000
B/D) TOSCO II plant were calculated using the emission source character-
istics given in Table 16-13 and Figure 16-1 and the characteristics of
possihle 0il shale sites. Isopletﬁs of dopcentrations for some of the
pollutants and averaging times are shown in Figure 16-2 through 16-5.
Tables 16-14 and 16-15 summarize model results for the TOSCO IT process
and give background concentrations, air quality standards, and the level

of control required to meet each standard. Background concentrations

240

ey




DISTANCE - kilometers

20 T ; 4 ] T - 7 T T T T 1T 1
Y
i -]
L 5 _
15 + -1
B 10 1
O
10+ = -
5 kb BACKGROUND : < IS ug/m’ STANDARDS {pug/m®) i
FEDERAL PRIMARY 75
[~ FEDERAL SECONDARY 8O -
m, PLANT COLORADO 45
B n . CLASS I 10 =
T  REMOTE STACK CLASS 1 5
™ 5,000 m?/doy PLANT WITH EMISSIONS CONTROLLED 7
4] | | H L .l ' I | [ L 1 |
0 5 10 15 20

" DISTAMCE - kilometers
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were taken from the results of monitoring conducted in the Colorado oil

shale region for Colonf Development Operation.ls

In calculating the control requirewments shown in Ta-

bles 16-14 and 16-15, background concentrations and concentrations re-
sulting from o0il shale operations have been considered together for the
federal primary and secondary standards and for the Colorado standards.
This has been done by stubtracting the background concentration from the
standard and computing the level of control needed sc that the concen-
trations resulting from oil shale facilities do not exceed the remaining
portion of the standard. When background concentrations equal or exdeed
a standard, the level of contral has been specified as 99+ percent. Fed-
eral Class I and Class II standards are the so~called "nondegradation”
standards; they refer to increases in concentrations_and do not involve

background concentrations,

The maximum calculated concentretions and the percent
control reguirements given in Tables 16-14 and 16-15 are not always the
same as those that would be derived from a straightforward application
of the calculated dispersion patterns such as Figures 16-2 through 16-5,
Instead, the maximum concentrations used in Tables 16-14 and 16-135 re-
flect our judgment that orly concentrations that occur over an appreci-
able area at some distance beyond the plant boundary should he taken as
the basis for 2 requirement for additional emission control technclogy.
A eontrol requirement should not be based on a calculated concentration
that occurs in the immediate vicinity of a relative low stack because
in actual commercial operations any such problems would be solved by use

of taller stacks.™ Therefore, only congentrations that occur over areas

*The use of talier stacks referred to here concerns replacing relatively
low {about 15 m) stacks with some of moderate height (about 30 m), The
same logic does not apply to avoiding excessive ground level concentra-
tions esscciated with tall {(about 100 m) stacks. BSee the discussion of
the stack height issue in Section E,
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of at least 1 km® at least 1 km away from the plant are included in the

contral requirement calculations shown in Tables 16-14 and 16-15.

The judgment just described is of puch greater signifi-
cance for oil shale case than for coal liquefaction. Stack character—
istics used in 'modeling of the oil shale plant emissions are those pub-
lished by Col‘ony4 as part of their plans for an actual facility. In the
coal liquefaction casc we have chosen reasonable but hypothetical,  stack
parameters for the modeling and have deliberately aveided the low (about
15 m} stacks fhat can cause anomalously high concentrations in the oil

shale case.

Particulate emissions from the TOSCO II process described
will produce concentrations that exceed all standards listed in Ta-
bles 16-14 and 16-15, escept the federal primary and secondary air gqual-
ity standards. Background concentrations for particulates and 505 were
measured in the Parachute Creek area of the Colorado oil shale region by
Colony Deﬁelopment Operation. The analysis of these concentrations'®
revealed that the median of the Z24-hour a#erages was about 15 pg/m°,
The average annual background eoncentration is expected to be less than
15 yg/m*. The combination of background concentrations with plant-
produced concentrations for those standards which are applicable leads
to the cbnclusion that no additional control is needed to imeet the fed-
eral primary 24-bour standard and the Colorado annual standard. The
federal 24-hour secondary standard can be met with approximately 32 per-
cent control of plant cmissions. Approximately 95 percent control will
be needed to meet the Class I 24-hour standard and 67 percent will be
needed to comply with the Class I annual standard. The Class II 24-hour
and annual standards require &5 percent and 33 percent controls, re-

spectively,
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Projected concentrations of 80, do not exceed the federal
primary air quality standards nor the Class I1 24-hour standards, Some
preliminary measurements4 suggested a Z4-hour average background concen-
tration of 80, of 26 ug/m®. This is now known to be too high,® put a
revised measurement has not vet been published. The annual average is
expected to be considerably lower. The addition of background concen-
trations to the calcﬁlated conceﬁtrations resulting from the plant is
not sufficient to exceed the federal primary ailr guality standards.
However, B0, concentrations from the plant exceed the stringent Colorado
annual air quality standard, where 99+ percent control is required, since
background econcentrations alone may exceed thé standard. The federal
Class I annual and 24-hour standards can be met with 82 percent and 96
percent control, respectively. The Class I1I annual standard réquires

only 17 percent additional control.

No additional contrels are indiecated for NO,; and HC in
Tables 16-14 and 16-15. The calculated concentrations of these pollu-
tants are well below the NOp and HC standards shown. However, as men-
tioned above, no analyses of photochemical oxidant concentrations have

been made.

3. Modeling an H-Coal Syncrude Plant

The Powder River Basin of Wyoming was selected for modeling
the air pollution from plants producing synthetic crude oil from coal .
on the basis of physical, economic, and political availability of large
blocks of coal, and the H-Coal process has been selected on the basis of
(1) a relatively well developed technology, (2) high yield of a liquid
product, and (3) availability of process deseriptions in the open

literature,
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