a, Characterization of Emission Sources

Table 18-16 and Figure 16-6 preSeht_the emission source
characteristics of a 16,000-m°/day (100,000-B/D) coal ligquefaction plant
employing thelH~Coa1 process. The emission rates are taken from the
process and control descriptions of Section B of this chapter. These
rates are for a highly controlled plant, one employing the best availahle
control technologyl(Section B). Stack characteristies (Table 16-16) were
estimated on the basis of reasonable combustion conditions and other
process reqﬁirements, as well as by analogy to the Colony plans for an
0il shale plant. The stack configuration shown in Figure 16-6 was
chosen to occupy an avea of about 1 million ®m° (250 acres)® and to re-
flect likely capacities of various process units and their associated
stacks. Radical changes in the assumed configuration could result in
concentrations somewhat different from those calculated here.

b, Characterization of-Powder River Coal Region

(1) Topography.* The strippable coal reserves of the
Powder River ﬁasin are concentrated along a north-south linc through
Gillette, Wyoming. The eastern Powder River Coal Basin lies within the
Missouri'Plateau in the drainage basin of the Missouri River. The land-
scape consists primarily of plains and tablelands and iow-lying hills,
Some areas feature entrenched river valleys, isolated uplands, flat-
topped buttes and mesas, long narrow divides, and ridges 30 to 150 m

{100 to 500 £t) high.

*This area for the conversion process units is eoncistent with the land
requirement scaling factor given in Chapter 4 and with a published de-
sign for an SRC cozl liguefaction facility.lq

tThe information contained in this section was extracted from Refer-
ence 18,

5350

Pl



(33 0DAV

Yy W OOERL JO UoRlwaats us ol Auipuodsasaos (ArooIow Jo s2udul §'Gg) ED FULE IO ganssard 1V}

‘g-97 eanfTd UY umols I8 SUOTIEIOT HITEFH

- - "at - £°0% £1 <L T BE LG juyrd InFng 9
a’s vS¥E 6 LY 47T gLy ¢ cL ¥ cQ 6EY (rany 1eod) ueld 4
2°0 LT ﬁ@.c E°T 1761 "€ DE 1 aue SET {191} sed) Jueld ¥
o' FL 61°0 8°5 T LT 'E [EIY G 09t e09 APWAOFAI WEIRG £
2P LS8 1°L8 g'n 9'6T ‘e S4 14 oo LLE uorlsaquod--Iafip TECD 4
- - - Fid "6 ¥ og ot £9 0071 ggadox1d--I244p TROD r
o mmm €03 S EINDT118d nw\&u. () (e} gx0wls (0, (87 gW) TTun JO uoridriosaq . ON

(s/3) A}TOOTUA Ja)auwi( JulTel Io “dimay, (5¥oE98 11®) HOULS

{syowls (U} STOTSSTUR 11IXY SEH HIElS NIEIS QN +wp«m waTA

Tvoo HEATH HACACH ONTEN INVIE Tvo2-H (0/8-000°007T)
Avp; m-000‘9T ¥ YO SHLYY NOISSIKA ANV SHLLZWVIVA NOVLS

9T-9T7 F1qEL

551



BOCm

o

LNYTd NOILOVAINOIT W00 U404 NOLLWHNOIINOD MIVLS '9-9) I4N914

®
S1-91 F3TAYL 0l H3434 . SYHIGWNN HOYLS :3LON
| ®
e B 60, ®
0
€ | ,
® ®
- ® ® ® Q®
® ®
®
®
' . 00 ®
| .Jf ©
" ®

woozl

L

552



The coal basin is part of .a topographic depression that
lies between the Black Hills and the Bighorn Mountains, The central
part of the basin consists of a broad plateau, with the strippable coal
near the eastern edge of the rolling, grass-covered upland. Irregular,
rough, broken terrain borders the shallow coal deposits., To the east,

erosion has reduced the terrain to knobs and ridges.

Tn the northern part of the topographic basin, there are
high open hills north of Gillette and tablelands south of Gillette. The
open hills have a local relief of 120 to 240 m (400 to 800 ft) and the
gently sloping plains and tablelands have loeal relief of 60 to 120 m
(200 to 400 ft). The southern part of the basin is characterized by |

rolling grass-covered prairie cut by broad steam valleys.

(2} Meteorology. Sufficient meteorological data for
application of the CDM are not available for potential coal liquefaction
plant sites within the boundaries of the coal reserve region., However,
a complete weather gtation is located at Moorcroft, Wyoming, about 25 km
(15 miles)east of Gillette, and from freguency distributions of meteo-
rological conditions observed there the (DM was used to calculate annual
averages. Considering the topography of the region and the proximity of
VMoorcroft to possible plant sites, the meteorology of Mgorcroft is a
good approximation of the meteorology of futu}e coal plant sites.  The
same type of argument that applied to Grand Junetion for the oil shale
region applies here, but with the advantage that the topography ot the
Wyoming coal Teserves is far less rugged and varied than that found in

the oil shale bearing portions of Colorado.

SRI has recently developed a computer program {WRSCASE)
to determinc the days on which worst-case pollutant concentrations oc-
cur., The program takes as input the stack characteristics and emission

rates of a simplified version of a plant and hourly meteorological data
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for a period considered statistically representative (e.g., 3 years). e
It then calculates the hourly pollutant concentrations at several lo-
caticns, computes 24-hour (or 3-hour) average concentrations at each
location, and for each polliutant, selects the sequence of meteorologi-
cal conditions that produces the greatest concentration 1 km or farther
from the plant. This program was used with Moorcroft, Wyoming, meteo-
rological data to determine the worst-case sequence for each pollutant
over the approﬁriate averaging time {24 hours or 3 hours). Table 18~17
1ists these worst-case meteorological sequences determined by thé pro-
gram and used in the 24-hour and 3-hour average coal liguefaction plant
calculations, When the wind is calﬁ, the wind direction af the previous
hour and a wind speed of 1 m/3 are used in model calculations since the

Gaugsian plume formulation does net allow for calm winds.

c. Results of Dispersion Modeling

Dispersion of pollutants from a syncrude plant was cal-
culated using the stack characteristics and emission rates listed in
Table 16-16 and the plant configuration illustrated in Figure 16-6,
Figures 16-7 and 16-8 show isopleths of concentrations for various pol-
Iutants and averaging times. Tables 16-18 and 16-19 summarize diSpersion
- model results for a single coal liguefaction plant. Measured values of
background concentrations of particulates in the coal region range from
13 to 21 ug/m° (see Reference 16-18). Background levels of SO, NO,
and HC have not been measured in the basin, However, 24-hour maximum
and annual average values of S0, background concentrations have been

1e and these values are included for reference

measured in nearby Casper,
in Tables 16-18 and 16-18, BSince it can be expected that background
levels in the basin will be¢ less than those measured in the Casper urban

area, it seems safe to assume that no additional controls will be re-

quired for 850, due to background levels. The methed of calculating the s
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control requirements shown in Tables 16-18 and 16-19 is the same as that

described for oil shale.

The dispersion caleulations (Figures 16-7 and- 16-8;
Tables 16~18 and 16-19) indicate that no additional controls are re-
guired to meet any of the standards except the 24-hour Class I particu-
late and 8Q, standards. To meet the federal "nondegradation” standard
for particulates, emissions must be controlled by an additional 60

percent, and to meet the 'non-degradation' standard for sq,, emissions

must be controlled by an additional 29 percent,

4, Effects of Multiple Plants in a Regioh

2. Assumptions for Modeling

Lack of definite meteorological data and plant site in-
formation makes it necessary to base the modeling of air poliution from
a complex of plants on a possible, but hypothetical, situation. In the
modeling process, a simplified worst-case situation was devised. Four
plants, identical to the single coal liguefaction plant first modeled,
were sited 6 Km apart on a north-south line, The 6-km separation is
about the minimum separation possible for plants using a éoﬁyear supply
of coal from a 9 m (30 £1) seam of Powder River coal, Annual average
pollutant concentrations from the plant complex were caleculated using
the Mooreroft annual frequency distribution, In the actual 24-hour
average worst-case, the meteorological sequence was a wind from the
south-southeast for 22 hours with one hour periods with the wind blow-

ing from adjaccnt sectors.”

For this calculation, the sequence was
rotated clockwisc by one sector so that for 22 hours the wind blew from
the south. Such a sequence, although hypothetical, was judged to be

possible and would represent the worst-case for the complex of plants

*There are 16 wind direction sectors.
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assumed, Thus, for the most part, the wind is assumed to be blowing
along the string of plants, causing superposition of plumes. This syn-
thesized sequence of meteorological conditions is likely to occur and

represent i worst-case wind direction.

b. Results for Complex of Coal Syncrude Plants

Figures 16-9 and 16-10 show the complex of four plants
and illustrate results of the dispersion modeling for the two cases that
lead to maximum control requirements. Similar calculations for compari-
son with the complete set of ambient standards have been made, The re-
sutts for all of the pollutants and averaging times are summarized in
Tables 16-20 and 16-21. Background-concentrations are treated as they

were for oil shale (Tables 18-124 and 16-15),

As shown in Tables 16-20 and 16-21, no additional control
is required to meet the federal primary or secondary standards nor the
Wyoming standards for any of the pollutants modeled, However, Table 16-21
indicates some additional control requirements based on Class I and II
standards. For particulates, 17 percent control is reguired to meet the
annual Class I standard; 75 percent is reguired to meet the 24-hour
Class I standards; and 25 percent is needed to satisfy the 24-hour -

Class 11 standard. The annual Class II standard for particulates can

be met with no additionzl controls, -

Again referring to Table 16-21, no additional controls
are needed to comply with the Class Il SOB standards, For the annual
Class I standard for SO,, an additional 67 percent conirol is needed,

and for the 24-hour Class 1 S0, standard, an additiomal 77 percenl

control is needed.

561



DISYANCE - kilometers

30 T 1 T i 1 1 | I I T T ] | | I I I ] 1 1 ] I T ] | T T
: .
— N ——
25 1E _
20 b ]
i ]
L 4
- i
5k i
. J P
0~ -
_ STANDARDS (119/m3 ) -
- . FEDERAL PRIMARY .. - 260
5 | BACKGROUND: J3to2l wg/m3 FEDERAL SECONDARY 150
. FOUR 16,000 m3/doy PLANTS CLass | _ 3
WITH EMISSIONS CONTROLLED CLASS | o
i 1 I ! I 1 i 1 i ] ] | J N | TR | 1 | 11
0 g [s; 20 25 30

DISTANGE - kilgmeters '

FIGURE 16-9. WORST CASE 24 -HOUR AVERAGE PARTICULATE CONCENTRATIONS
(y.g/mz') FOR A COMPLEX OF COAL LIQUEFACTION PLANTS

582

s



DISTANCE - kilometers

40

30

25

20

L]

B S B St Mo S B B Mas ety S St A B R T T T T T
i N .
— -
r- —
N _
- "
- -
- —f
i i
- —
N -
L. . -
STANDARDS (pq/m3)
BACKGROUND . < 5g/m? FEDERAL PRIMARY 80 1
PLANTS WYOMING o
FOUR 16,000 m3/day PLANTS CLASS 11 ® ]
WITH EMISSIONS CONTROLLED CLASS | 2
| S S A B | 1 I_ l [ | N N | i
5 10 25 30

DISTANCE ~kilometers

FIGURE 16-10. ANNUAL AVERAGE S0, CONCENTRATIONS (ug/m3)
FOR A COMPLEX OF COAL LIQUEFACTION PLANTS

563



" pITpuels CON4x
"agad aad 90uU0 uUBY] SICW pPapsAnXd aq O] 30N§
‘(61 sousrayay) IJutwodiy ‘Jadsed e peansesii
‘(6T 20UDIDIOY) UISVY IIATH AOPMOT w:u,nﬁ.ﬁmazmwos+
*Iajdeyo S1¥) JO 4 UOTIO88 UT P2TITDads s® 9IQBITEA®R 389G 9yl 01 UOTIIPPR Uf poITtnbal 10X1u0)y

SUON JUuoN *ooﬂ 001 -- F {("u'e 6-9)
8TY ¢ - o"

auoy suox «400T 5097 -- oF 1L 1 Y

8UON suay @ccmﬂ 00e1 e BE a4 g

IUON SUDBH mowm cog 9T 44 49 $&

auoy suoN 09 08 £9 9 -7 0

IUON SUCN *omH . 09¢ +ﬂm 03 £1 o¥ 19 ¥a

AUON SUNYN 0o as +HN 01 71 9 I8 T Sa3rINOT1IRd
Butmodp AIpUitd Sutumody Arenlta g { i/ 31) ) AmE\mav pOotIad JuaInyIod

Tei12po g jeaepsd punoxiyoeqg pPajlwInoale] dutderoay
(%) (u/3m) W T XY

*umaﬂswum 1oL3uo)d . . plepunlg

SINVId TANHINAS TVOD W<Q\mﬁaocc.wﬂ H00d 40 XATdNOD ¥V WOHA SNOISSIWA NV
SUYVANVLS ALITVAD 4IV ONINOAM GNY AMVAIYd TVHIAEA NO GISVE SINIKAUINDIY TOHLNOO

0z2-9T 21qel

564



" (61 oouatagay) Furwosp ‘radsv) 1° PIIRSEONE
- (8T 20uSIAIAY) UISEY I9ATH I9PROd SUY WI PIInseap
qz03deyd STYY FO g U0TI0eg Ul poljieads s® SIQETTVAE 3Sag oY} O] UOTITPPE UT paatnbos [013U0D«

- AUoN LL - 0ot G . 49T 144
e avoy L9 -— g1 E . £ )
BUON G3 gL Qcy Ge - 0T +ﬁﬂ o3 Ul oF
QUGN JFUOY LT c9 01 S +HN o3 ol 9
Arepuoaag II SSEID 1 SSEID Axepuooag 1T SSBID I SST1D { /31 (,u/87)
1BRIOP3 4 "{eIapag jerapag Teaapad Teaapag 1BIdpag punoadiong POIEIN2T D
{%) (Qu/an) ’ UL E X B
*ﬁuhwzmwm 10X3UC) pIEPUTLS

SLNVId HOOUDNAS TVOD AVA/ B-000'91

HA04 A0 XATANOD V MOUA SNOISSINI ANV STHWINVIS ALTTVOD HIV
11 SSVID ANV ‘I SSVID ‘RUVANODES 'TVHIOIL NO qUsvd SLNIWITH LOOAY TOULNOD

13-91 2192l

L4 pe

IL 1 205

Iy pE

181 s07BINATIIE]

potieg aueiniied
Buiduioay

565



S. Sensitivity Analysis

a, Variation of Stack Parameters

The Gaussian plume formulze used in the CDM assume that
air pollutants originate from a point located along the vertieal axis of
the physical stack. The distance oi. the effective source point above
pround level is called the effective stack height, H. The effective
height is a sum of two terms, the physical stack height, h, plus the

‘plume rise, Ah, i.e., H = h + Ah.

The plume risé is a function of stack characteristics,
wind speed, and .distance from the source. Ph&sically, the ﬁlume rise 1is
caused by both the upward velocity of the gas emerging from the stack
and the buoyﬁncy of the hot stack gas in the cooler ambient air., The
buoyancy effsct generally dominates. The combined effeet is described
by a buoyancy flux parameter, F, whose value can be calculated from the
ambient air temperature and the stack parameters, namely, gas exit veloe-
ity, gas temperature, and stack diameter. The value of F is'a measure
of the flow (or flux) of heat energy from the stack, with the refcrence
or zZero level of heat energy being set by the ambienf temperature in

accordance with the formula®?

whére g is the acceleration of gravity, V ig the gas exit veloeity, R is

the inner radius of the stack, and T and Ty, are the absolute temperatures
of the gas and the ambient air, respectively. The plume rise itself, Ah,
is proportional to the one-third power of F and is inversely. proportional
to the wind speed., The propertionality constant is different for differ-

ent distances from the source and ranges of F.
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By using the derived parameter F as the indicator of plume
rise it is possible to reduce -the number of possible stack parameters
that must be considered &5 individual cases in determining how changes
in stack parameters can affect the control requirements presented here.
Quantity F was calculated for all of the stacks used in modeling the oil
shale and coal liguefaction plants, and six nonzero values of F were
identified that could be taken to be typical of six groups encompassing
the range of reasonable stack parameters. Table 16-22 lists the six F
values choéen and indicates several sets of stack parameters that would

lead to each of the F values.

Table 16-23 shows how different combinatious of buoyancy
flux, ¥, and physical stack height, h, yield different values of the
caleulated maximum concentration of air pollutants emitted by a singlé
stack, The maximum concentration used to normalirze the values shown in
the fourth column of Table 16-23 is that of Case 1, i.e., at a distance
of 1 km from a iow (15.2 m or 50 ft) stack with no buoyancy fiux.

Higher cdncéntrations less than 1 km from the source are not included
for consideration in the table for the reasons given ahove in Sgction
C-2, namely, the fact that unacceptably high concentrations closc to a
low stack will almost certainly be reduced by ﬁsing higher stacks rather

than by employing more stringent emission control sysfems.
I |

Some meteorological assumptions are indicated explicitly
in Tables 16-22 and 16-23. In both of these, an ambient temperature of
5°C (41°F) was used for the calculations. In Table 18-23 the metecro-
logical assﬁmptions are those appropriate for a worst-case situation,
namely, neutral stability and a wind constant in direction and speed

at 1.5 m/s.

If the ambient concentration of zn air pollutant can be

attributed entirely to a single stack within a plant, results like those
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Table 16=22

STACK CHARACTERISTICS THAT RESULT IN VARIDUS

BUOYANCY FLUX VALUES (F VALUES)

m,
s° Exit Velocity
F* {m/s)
D Any velocity
9 20.4
9 8.6
9 3.9
9 22,5
60 17,8
60 9.3
60 11.9
60 17.0
68 8.6
68 14,9
68 10.8
68 6.8
104 7.9
104 7.4
104 20.6
104 19.0
190 18.0
" 190 10.0
190 7.6
190 17.4
302 21,7
302 14.5
302 10.0
302 14.9

*For ambient temperature equal to 5°C,

Gas Temperature

()

Stack Diameter
(m)

Ambient
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3B
3B
38
100

55
60
300
500

751
V51
500
100

145
500
300

50

260
150
500
700
481
700
300
500

Any diameter

)
e 1]

-

N

R N N I O N N R
MYk S QWO OO0 OO0DOK Moo oO

Wk W oW

ST
d




Table 16-23

SINGLE STACK SENSITIVITY ANALYSIS REsSULTS®

r Distance
Ei Stack Height Normalized from Source

Case gi_ {m) Value {km)
1 o 15,2 1.000 ot
2 0 30.5 1 0.786 it
3 0 61.0 0.164 2
4 0 121.9 0,027 5
5 9 15,2 0.252 1f
6 9 30.5 0.118 Pl
7 ) 45,7 0.066 3
8 9 76,2 0.031 5
9 68 15.2 0.0042 151
10 68 24 .4 0.0042 15
11 68 45.7 0.,0042 ' 15
12 68 76.2 0.0038 15
13 104 38,1 0.0025 20
14 104 45.7 0.0025 20
15 104 76.2 0.0021 20
16 104 121.9 0.0017 20
17 302 15.2 0,0001 -
18 302 30,5 0.0002 _—
19 302 61.0 0.0002 --
20 302 121,89 0.0002 -

*A constant wind direction and neutral stability were used
in this analysis, Results will vary for other stabilities
and a nenconstant wind direction. Wind speed used here is

1.5 m/s.
+4 value greater than that used as the maximum occurred < 1 km

from source.
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displayed in Tables 16-22 and 16~23 arc adequate for assessing the im-
pact of a change in stack parameters. For instance, a stack 76-m high
by 1.3 m in diameter emitting a fixed rate of some pollutant with an
exit velocity of 20.3 m/s and a temperature of 38°C has an F value of 9,
as$ given in Table 16-2¥%, and would be Case 8 of Table 16-23. Replace-
ment of this by a Case 3 stack, one releasing the pollutant at the same
rate but at a height of 61 m and at_ambient temperature, would lead to

a factor of 3.3 (i.e,, 0.164/0.031) increase in the maximum concentra-
tion and would result in the new maximum occeurring at 2 distance of 2 km

from the stack instead of the previous 5 km.

To better understand the sensitivity of the dispersion .
pattern of an entire plant, in which emissions from a2 single stack do
not dominate, a two-stack sensitivity analysis was performed, based on
two sets of stack parameters that are fairly characteristic of the many
stacks listed in Table 16-16 for a coal liquefaction plant, A listing
of the buoyancy flux values and stack heights for the coal liguefaction T
plani reveals that a stack having an F value-of ¢ accounts for 18 per- -
cent of the S0, emissions and that stacks having F values near 60 ac-
count for the other 82 percent. We used the CDM to calculate dispersion
patterns resulting from the combination of two stacks having these F
values on an 82/18 ratio of emission rates. The calculations were made
for a variety of assumed stack heights, Results are pregented a§ the
first nine cases shown in Table 16-24. 8Similar listing and érouping
based on the emissions of the other pollutants from the coal liquefac-
‘tion plant leads to a two-stack model that has 90 percent of the emis-
sions from stacks having an F value of about 60 and 10 percent of the
emissions from stacks having an F vglue near 19C. Cases 9 through 18
in Table 16-24 show how the calculated maximum concentration changes

with various combinations of physical stack heights for the two stacks,
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Table 16-24

TWQ-STACK SENSITIVITY ANALYSIS RESULTS*

Maximum Coneentratlion

¥, 8tack L3 Stack Distance from Source of
Ei Height, Ei Height, Normalized Maximum Concentration
Case .s°  (m) i (m) Value (k)
1 9 15 60; 30 1.0 . 1t
2 9 15 60 75 1.0 1t
3 9 15 60 122 1.0 1T
4 9 30 60 30 0,46 . 2!
5 9 30 " 60 75 0.46 of
6 9 30 60 122 0.46 2f
7 9 75 60 30 0.15 =]
8 9 75 60 75 0.14 o
9 9 75 60 122 0.12 5
Fu Stack Fy Stack Distapnce from Source of
m®  Height, w* Height, Normalized Maximum Concentration
Case s° (m) g3 (m) value (km)
10 80 30 1990 30 1.G 10
11 Z10 30 150 80 1.0 10
12 80 30 190 122 1.0 10
13 60 75 180 30 0.75 10
14 an 75 180 60 0,75 10
15 60 75 180 122 Q0,75 i0
16 60 122 120 30 Q.50 14
17 60 122 19Q 60 0.50 14
18 60 122 180 122 0.50 14

¥A constant wingd direction and neutral stability were assumed. Results will
vary for other stabilities and a noncoastant wind directiom.
tWind speed was assumed to bha 1.5 m/s.
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b. Roles of Other Variables

_.""“x
Changes in the counfiguration of stacks loecated within a

plant may or may not have a sighificant effect on pollutant concentra-

tions, If new stack locations_do not differ appreéiably from previously

assumed locations, that is, =stack locations are shifted within the previ-

ougly defined boundaries of the plant, changes in calculated concentra-

tions will be minimal, However,.if the location of a stack is changed

to a position that is removed from the confines of the plant area (or

vice versa), pollutant patterns may be gigrificantly affected, and con-

centrations and resulting control requirements should be recalculated.

Moreover, for a stack having a small effecti?a stack height (the sum of

plume rise and physical stack height), movement of the stack from one

side of the plant boundary to the other may cause an appreciable dif- !
ference in concentrations at receptor locations near the plant houndary.
When a significant portion of the pollutant emissions emanate from such

a stack, the maximum concentration is usually close to the staeck, For
this study, a receptor must be located at least 1 km from the plant’
boundaries to gualify as the point at which the maximum concentration
occurs, Therefore, if the wind direction is roughly constant {(as it is
for 24-hour and 3~hour averages), movement of suéh a stack from the down-
wind edge of the plant boundary to the upwind edge (or vice versa) could
greatly affect the maximum concentration, 1In this case, concentratiéns
and control requirements should be recompu{ed. However, for most stacks,
maximum concentrations occur at distances éufficiently removed from the
plant so that relocation of a stack within the confines of the plant

will alter the shape and magnitude of pollutant concentration patterns

only slightly.

Pollutant concentrations are directly proportional to
emlission rates, Thus, if the emission rates of all stacks within a

plant are changed by the same factor, pollutant concentrations will also '. Pt
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change by that factor. However, if the emission rates of some, bBut not
all, stacks change, pollutant concentrations must be reassessed, unless
the dispersion pattern, or at least the maximum concentration of the
pattern, can be approximatéd as being due to a single emission source.
Such an approximation will be warranted to the extent that a single

stack dominates the emissions,

Finally, the meteorology assumed in a calculation obvi-
ously has.a significant influence on the concentration patiern and lev-
els calculated. While a systematic analysis of meteorological parameters
similar to that just described for stack parameters was not performed,
come indication of the sensitivity of the calculations to meteorological
assumptions can be obtained from a comparison of two CDM results for
the TOSCO II oil shale plant, Reference 2 gives annual average calcu-
lations of ambient air quality near a 16,000-m> /day (100,000-B/D) oil
shale plant bascd on both Salt Lake City and Grand Junction meteorology.
The results presenied here in Tables 16-14 and 16-15 include annual
averages based on Grand Junction data. If Salt Lake City data had been
used instead, the annual aferage maximum concentrations would change
from 15 to 30 ug/m® for particulates, 18 to 15 ug/m”® for $0,, and 23 to
20 ug/m® for NO,. The change for particulates leads to an estimate ol
additional control required that is appreciably higher than those given

in Tables 16-14 and 16-15.

¢. Conclusions from the Sensitivity Analysis

Because of the relatively small effort within this proj-
ect thal could be devoted to a sensitivity analysis of atmeospheric dis-

persion modeling, the conclusions presented here are tentative.

The very large range of maximum concentrations associated

with the varlous cases of stack parametcrs shown in Tables 16-23 and

573



’

16-24 suggests thét the calculated control requirements are extremely, T
sensitive to the choice of stack parameters. Although the range 1is |
narrowed considerably by selection of stack parameters most ‘likely to

be employed in practice (i.e., notiecc the reduced raunge of maximum con-

ceﬁtratiuns in Table 16~-24, compared with that in Table 16=-23), the un- '
certainty in maximum concentratlons remains substantial. A range of a
factor of 3 or 4 can be fouﬁd in Table 16-24, even after the low (135 m)
stacks are ruled out. The interpretation of the limited sensitivity
analysis performed here is derived from the summary presented in Ta-
ble 16-24 and the results, described above for oil shale, that indicate
the unsuitability of 15 m stacks, On this basis a range of a factor of
3 or 4 (suggested by the 0.12 to 0.46 range in Table 16-24) is probably

a reasonable estimate for maximum concentrations that would be asscei~-

ated with likely stack parameters. Therefore, a wmaximum concentration
calculated to be 100 units could be as low as 40 or 50 units or as high
as 130 or 160 units, depending on the parameters of the stacks employed

in the plants,

The suggestiﬁn that 15 m stacks are unacceptably low as
sources of substantial emissions is one of several implications that
emerge from this sensitivity analysis. Another implication, emphasized
by the F = 0 cases of Tables 16-22 and 18-23, concerns the high potential
for air pbllution assoclated with stacks emitting pollutants at ambient
temperature. The need for very substantial application of particulate
emission control to the ore preparation {(i,e,, crushing) stages of the
TOSCO IT oil shale plant arises from the emission of large guantitijes
of dust at amﬁient tenmperature. A third implication is the significant
improvement in ambient air quality in the vicinity of a plant_that can
be achieved through use of tall stacks, This is most pronounced for fhe
low F values shown in Table 16-23, where increasing a moderate (30 m)

1

stack to a tall (120 m) stack cuts the maximum concentration by a factor S~

ot
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of more than 20. A fourth implication, shown by the increase in distance
of the maximum concentration point as stack height is increased, is that
the lowered maximum concentration is necessarily accompanied by an in-
creased area and distance affected by the air pollution. This fact is
one of those that has led EPA to restrict the stack height that can be
used to meet ambieni air quality standards. (See Section E.) Finally,
an implication that is directly related to the one just named, is that
the overlap of plumes from two or more plants is greater when tall stacks
lead to dispersion over a larger area surrounding the plant. Comparison
of Cases 2 and 4 in Table 186-23 suggests that the area affected_in the
tall (120 m) stack case is 25 times that affected by the moderate (30 m)
stack case, a factor comparable to the reduction in level of the maximum
concentration in the two cases, Thus, the need for a multiple-plant,

regional, air pollution analysis is greater for the tall stack cases,

D, Control Reguirements

To provide a unique estimate of the control required in additien to
the estimates given in Section C (Tables 16-14, 16-15, 16-18, 16-19,
16-20, and 16-21), a particular comparison ambient air quality standard
must be selected. The actual setting of these standards for regions in
which synthetic fuel plants may eventually be located will be one criti-
cal factor that could affect deployment of the plants., In deriving con-
trol requirements, the Class II standards proposed by EPA were selected
as one of three sets of standards that the states could choose to pre-
vent significant deterioration of air quality iu regions now enjoying

relatively unpolluted air.

Of the three levels of standards proposed by EPA, Class II repre-
sents those that are striet but not so strict that they preclude indus-

trial development. The other two levels are Class 1, intended for
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application in regions that are to remzin underdeveloped, and Class III,
equivalent toILhe existing federal secondary standards (or primary when
no secondary standards exist). We have chosen Class II as the comparison
standard because (1) concern over alr pollution in the Coloradeo and
Wyoming areas considered in Section C makes it unlikely that air quality
there will be allowed to be degraded to the most lenient standard, and
(2) the most strict standards will not be applied if a significant syn-

thetic fuels industry is to be brought into existence.

Control requirements for an oil shale plant, based on application
of Class II standards to the dispersion modeling results of the pre-
ceding section, are shown in Tablec 16-25., The validity of the control
requifements given in Table 16-25 depend not ornly on the comparison
standard chosen but aon the particular inputs of emission and meteorologi-
cal data used in the dispersion modeling. Sensitivify to these inputs
was discussed in Section C-5, To compensate for local effects of un-
necessarily low (about 15 m in height) stacks, only concentrations that
are calculated tolapply over areas more than 1 km® in size and more than
1 km in distancé from the plant are used to derive the control require—
ments given in Table 16-25. Hence, the calculated maximum concentration
of particulates for the 24-hour worst case is taken as 200 ug/m® rather
than the peak concentration greatef than 300 ug{ma shown in Figure 16-3.

Figures 16-4 and 16-5 show other cases summarized in Tablc 16-25.

Table 16-26 presents the control requirements derived for the H-
Coal plant modeled in Section €. Again, Class Il standards are used for
cnmparisdn. In this case, no violation of the Class Il standards indi-
cated by the calculations based on emissions frdm a single 18,000-m2/day
(100,000—B/D).coa1 liguefaction plant. Only the particulate emissions
come close tolexceeding the comparison ambient air guality standard.

Figures 16~7 and 16-8 show the dispersion pattern of the particulate and

30z emissions leading to the control requirements summarized in Table 16-26.
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Table 18-25

CONTROL REQUIREMENTS BASED ON A SINGLE 16,000-m®/DAY
(100,000-B/D) OIL SHALE PLANT®

Calculated Class II Control
Concentration Averaging Standard Requirement*
Pollutant . (qg/ms) Time (ugfma) (%
Particulates ‘200 24 hr 30 85
50 18 1 hr 15 17
NO, 23 1yr 1007 None
HC 11 3 hr 160% None

#plant is controlled to "best available control' level as defined in
Section B. Control requirement is in addition to that level. '
tFederal primary standard for NO,; ne Class I standard exists.
#Federal primary standard feor hydrocarbons, 6-9 a,m,; no Class TII
standard exisls.

Table 16-286

CONTROL REQUIREMENTS BASED ON A SINGLE 16, 000-n" /DAY
(100,000-B/D) COAL LIQUEFACTION PLANT*

Calculated Class II Control
Concentration Averaging Standard Regquiremnent
Pollutant (ug/m>) Time (Lg/m3) (%)
Particulates 25 24 hr 30 . None
80, 2 1 yr 15 None
NO. 15 1 yr 1007 -None
HC 1 3 hr (6-9 1607 None
a.m,}

*Plant is controlled to "best available control” level as defined in
Section B. Control requirement is in addition to that level,
tFederal primary standard for NO;; no Class II standard exists.
tFederal primary standard for hydrocarbons, 3 hr, 6-9 a.m.; no

Class II standard exists. '
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Table 16-27 presents values .for control reguirements for coal
ligquefaction plants based on dispersion modeling of the complex of fouf
plants shown in Figures 16-9 and 16—10. .The combination of plant loca-
tions and meteorology used for the modeling of emlssions from a complex
aof plants represents a worst-case situation. Comparison of Tables 16-26
and 16-27 shows that for multiple plants the maximum concentrations of

pollutants are increased by a factor of approximately 3.

Tabhle 16-27

CONTROL REQUIREMENTS BASED ON A COMPLEX OF FOUR
16, 000-m° /DAY (100,000-B/D) COAL LIQUEFACTION PLANTS

Calculated - Class 1II Control

Concentration Averaging Standard Requirement*
Pollutant (Lg/m3) Time (ug/m>) (%)
Particulates 40 24 hr 30 25
S0, [ 1 vr- 135 None
NO, 40 1 yr 100t None
HC -3 3 hr (6-9 160% None
a.m.)

*Bach plant is controlled to "best available control” level as defined
in Section B. Control requirement is in addition to that level.

tFederal primary standard for NOp; no Class II standard exists,
$Federal primary standard for hydrocarbons, 6-9 a.m.; no Class Il
standard exists, )

The increase in maximum particulate concentration is not as large he-

cause the single-plant maximum in that case is closer to the plant and,
therefore, the overlap between the dispersion patterns of the different
plants occurs farther out from the pd;ition of the single-piant maximum.

The increases over the single-plant case are sufficient to indlcate some

578




need for additional control of'particulate emnissions from coal liquefac-

tion plants.

Table 16-28 summarizes emissions, ambient concentrations, standards,

and control reguirements for synthetic liguid fuel plants,

1. Conclusions

A general conclusion that can be drawn from the foregoing
analysis is that control beyond the best available technology will be
needed for particulate and SO, emissions from synthetic liquid fuel
plants located in relatively undeveloped regions of the United States.
In the absence of nondegradation standards for NO, and HC, there is no

apparent nced for improved control ol these pollutants.
Specific conclusions are as follows:

® Particulate emissions from oil shale plants may have to
be reduced. The TOSCO II retorting process modeled here
requires an additional 85 percent control beyond that of
the best available technology to meet the Class IT 24-
hour standard of 30 ug/m®>. Other oil shale processcs
are expected to have lower particulate emissjon control
regquirements, '

® Sulfur dioxide (80;) emissions from oil shale plants
may have to be reduced by an additional 17 percent
beyond that of the best available technology to mect
the Clags II annual standard of 15 ug/ﬁF

# No additional control on emissions of nitrogen oxides
(NO,) and hydrocarbons (HC) from the oil shale plant
are indicated by comparisons with air qualiiy standards
for nitrogen dioxide (NOg) and hydrocarbons. No
Class I]1 standards exist for these polliutants, Be-
cause the scope of this work did not include photo-
chemical reactions in the dispersion medeling, the
conclusion regérding Nox and HC emisgions is not
based on comparisons with ambient standards for
photochemical oxidant. - .
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2.

® Emissionsg from a single large coal liquefaction plant
employing best available control will not result in
violation of ambicnt a2ir quality standards for any of
the four pollutants considered. However, particulates
and 850, are within factors of 1.2 and 7.5, respectively,
of violating Class II standards, while the other two
pollutants, NOp end HC, are far from violation of the
relevant comparison standards (federal primary).

® Dispersion modeling based on a worst-case configuration
of a complex of four coal liquefaction plants indicates
a need for 25 percent additional eontrol of particulates.
Ambient concentrations of S0, remain below Class II stand-
ards. Ambient concentrations of Nqa and UC remain well be-
low the federal primary standards for this complex of plants.

"# A preliminary sensitivity analysis indicates that the

calculated concentrations used in determining the above
control requirements should be viewed as accurate to
within 50 percent.

Recommendations

e Control of Particulate Emissions--Appreciable addi-
tional control is indicated for the TOSCO II oil shale
plant. 'Some additional control is indicated for the
coal liguefaction plant. The potential contribution
of higher stacks and more perfectly maintained bag-
houses to the z2ttainment of this additional control
should be determined. Efforts to improve technology
for removal of fine particulates from emission
streams should be continued. '

8 Flue Gas Desulfurization--Control of 50, emissions
from a complex of only four coal liguefaction plants must. be
at least 70 percent to meet Class II standards. ElIforts to
improve flue gas desulfurization (FGD) units capable
of 90 percent control should be continued,

¢ 0il Shale S0, Control--Emissions of 50, from com-
bustion soureces within the 0il shale plant must be
controlled beyond the control considered best available
according to new source performance standards for liguid
fossil-fuel fired beilers.,. FGD and additional hydrotreating
of ligquid fuels burned in the plant are both options for
fuels burned in the plant are both options for
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~control of NOy has been established by comparison of

achieving additional control. Because hvdrotreating Ty
of fuel o0il is an integral part of oil shale proc- :
essing and because additional hydrotreating may be

needed for Nox control, it would be premature to

recommend FGD for oil shale plants. Only the con-

tinued improvement cf FGD technolagy is recommended;

the 90 percent control expected from FGD units would

be adequate to meet the estimated requirement,

011 Shale NOQy Control--No requirement for additiomal

dispersion modeling results with ambient air guality
standards, However, because the achievement of emis-
sions econsistent with best available contrel is likely

to require 2 reduction of the nitrogen content in raw
shale 0il, the feasibility of more extensive hydro-
treating of plant fuels should be studied. This has
significance beyond the oil shale plant because the 1
product oil, with its high nitrogen content, is a .
candidate for sale as a fuel oil as well as a re-

Tinery feedstock.

Air Quality Standards in Undeveloped Regions—-Both the

.setting of nondegradation standards and the designa- M

tion of regions within which the standards will apply
are issues, The conclusions presented in this chapter
based on Class I standards are not the only ones pos-

- sible, and it is recommended that the tables in Sec-

tion C be used by readers interested -ir control re-
quirements based on other standards that could be
applied.

Tall Staéks-—Use of tall stacks (higher than about
100 m) to disperse pollutants sufficiently to avoid
violation of ambient air quality standards in the
vicinity of industrial plants is a subjeet of current
controversy, especially for electric power plants,
The results presented in this chapter illustrate the
sensitivity of control requirements to the height of
stacks employed im a plant. Additiomal analysis of
the physical, economic, and legal aspects of this
issue, should he carried out if more definitive con-
trol requireaments are desired.

Control Requirements Specific to Unit Operations--
Additional dispersion modeling would make it possible
to assign control regquirements to unit operations Ean
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within the -energy conversion facilities, If more
definitive controcl requirements are desired, addi-
tional analysis should be performed to better re-
solve the location within the plant in whieh control
requirements would be most important and productive.

Multiple Plants and Emission Sources in a Region--
The most significant air pollution issue associated
with synthetic liquid fuels concerns the regional
impact of large-scale development of bath energy
facilities and populaticn, The preliminary analysis
oY a complex of four liquefaction plants in the
Powder River Basin has predicted a factor of 3 in-
¢creasc in concentrations calculated for some pollu-
tants and averaging times. Alternative approaches
to determining control requirements based on re-’
gional, multiplant considerations should be iden-
tifled, developed, and compared.

Sensitivity Analysis--The preliminary analysis of
the sensitlvity of the calculations used in this
chapter to variations in emission parameters con-
firmse the importance of specifying these in esti-
mating control requirements, This limited work,
reinforced by implications of the preceding recom-
mendations on tall stacks, unit operations, and
multiple plants, leads us to a recommendation for

further sensitivity analysis. Such work would be
especially important if dispersion medeling cal-
culations become the basis for determining whether
a plant would meet the nondegradation standards at
its proposed location,
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