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1.0 INTRODUCTION

The Desolation Flats air quality impact assessment was conducted in accordance with a modeling
protocol (Buys and Associates, 2000) methodology that was developed by Buys and Associates
and the BLM. The modeling protocol was reviewed and accepted by interested parties prior to
conducting the analysis. The protocol specified three analytical regimes: sub-grid, near-field, and
far-field. The sub-grid analysis was for receptors less than 4 kilometers (km) from the source (as
4 km is the grid spacing for the near- and far-field analyses). Near-field is the region within 50 km
of the Desolation Flats project area, and far-field is the full modeling domain (400 km north-south
by 500 km east-west) and includes sensitive area receptors as much as 300 km from the
Desolation Flats project area. This technical report addresses the Sub-grid ambient air quality
analysis. A separate technical report (Buys and Associates, 2001) addresses the near- and far-field
analyses (since both the near- and far-field analyses are based on the CALPUFF model). The
sub-grid impact analysis is based on the Industrial Source Complex (ISCST3) model to assess
point and area source impacts and the CALINE4 dispersion model to assess roadway traffic
impacts.

The ISCST3 dispersion model (Version 00101) was utilized for the point and area source sub-grid
impact analysis. ISCST3 is an EPA regulatory model designed to calculate downwind
concentrations of air pollutants for various averaging times. The model includes specific controls
to account for stack-tip downwash, buoyancy-induced dispersion, final plume rise, calm winds, and
default values for wind profile exponents and the vertical potential temperature gradients. To
account for possible building downwash affects on the plume, the Building Profile Input Program
(BPIP) Model (Version 95086) was also used. The BPIP model creates an input file that is used
in ISCST3 downwash calculations. ISCST3 uses actual meteorological data to calculate
concentrations. The South Baggs meteorological data from the Continental Divide/Wamsutter
II/South Baggs near-field air quality impact analysis (BLM, 1999) for December 1994 through
November 1995 was used to represent calendar year 1995 in the ISCST3 model. CALINE4 is a
line source model that uses hypothetical meteorological data to calculate a worst-case ambient
concentration related to emissions from vehicles traveling on linear roadways.

The primary input variables in all of the models are the emission rates for the pollutants of interest.
The emission inventory for the project is documented in a separate technical report (Buys and
Associates, 2001). In general, the emissions fall into the following five categories, for which the
resulting impacts are discussed separately in the following sections:

1. Individual well site emissions (along with the well site’s short access road) of CO,
NO/NO,, SO,, PM,,, and PM,;

2. Combined emissions of CO, NO/NO,, SO,, PM,,, and PM, . from a central gathering
station / gas plant and nearby wells;

3. Emissions of VOCs and NOx leading to photochemical reactions and potential
increased ozone concentrations;

4, Hazardous air pollutant emissions, and

5. Traffic emissions of CO, NO/NO,, SO,, PM,,, and PM, . on the support roads leading

to well site access roads.
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Individual well site emissions are described in the Emissions Inventory Technical Report (Buys and

Associates, 20
1.

2.

01), and include the following:

Fugitive dust emissions that could occur during well pad and access road
construction, drilling, and completion;

Heavy equipment and vehicle tailpipe emissions of CO, NO/NO,, SO,, PM,,, and
PM, . during construction, drilling, completion and production;

Emissions of CO, NO/NO,, SO,, PM,,, and PM, ¢ from diesel-fueled drill rig engines
during drilling;

Emissions of CO, NO/NO,, PM,,, and PM,., from completion flares (during
completion) and production heaters (during production);

VOC emissions from dehydrators and condensate storage tanks during well
production;

Fugitive dust caused by wind erosion of exposed, un-reclaimed surface areas during
construction, drilling, completion, and production.

Central gathering station / gas plant emissions that include emissions from nearby
individual well sites (once the wells are in production) and emissions of CO,
NO/NO,, PM,,, and PM, ¢ from natural gas-fueled compressor engines.

The purpose of the sub-grid modeling analysis is to identify the maximum predicted concentrations
in the vicinity of project emission sources for the emitted pollutants. The predicted maximum

concentrations

are compared with the applicable ambient air quality standards and PSD Class II

increments. The objective of the sub-grid modeling is to identify impacts at receptors very near (on
the order of 100 meters) the sources that would not otherwise be evaluated in the 4-km grid
CALPUFF model used for the near-field and far-field impact assessment. The ambient air quality

standards (Wy

oming, Colorado, and National) and PSD Class | and Il increments are shown in

Table 1-1, as well as the assumed background concentrations for the area. The PSD increments
are shown for informational purposes only, as this impact analysis is not a regulatory increment

consumption a

nalysis. Such an analysis is conducted under separate regulatory authority by the

Wyoming Department of Environmental Quality (WDEQ).
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Table 1-1 Background Concentrations, Ambient Air Quality Standards, and PSD Increments (: g/m?)

Pollutant Background Wyoming Colorado National PSD PSD
and Concentration | Ambient Air | Ambient Air | Ambient Air Class | Class Il
Averaging Quality Quality Quality Increment Increment
Time Standards Standards Standards
Carbon Monoxide (CO)
CO 1-hr 2,2992 40,000 40,000 40,000 None None
CO 8-hr 1,148°% 10,000 10,000 10,000 None None
Nitrogen Dioxide (NO,)
NO, Annual 10° 100 100 100 2.5 25
Ozone (O,)
O, 1-hr 144 ¢ None None 235 None None
O, 8-hr 139¢ 157 157 157 None None
Particulate Matter less than 10 microns (PM,,)
PM,, 24-hr 20°¢ 150 150 150 30
PM,, Annual 12°¢ 50 50 50 4 17
Particulate Matter less than 2.5 microns (PM,)
PM, s 24-hr 10° None None 65 None None
PM, . Annual | 6° None None 15 None None
Sulfur Dioxide (SO,)
SO, 3-hr 29f 1,300 700 1,300 25 512
SO, 24-hr 18" 260 365 365 5 91
SO, Annual 5' 60 80 80 2 20
Note: Effective February 27, 2001 the U.S. Supreme Court upheld the EPA’s position on the proposed

national 8-hr ozone and PM2.5 standards. Implementation of these standards is pending.

The ozone 1-hour background concentration represents the 90™ percentile of the annual maximum daily
1-hour concentrations for the months April through August.

The 8-hour ozone background concentration represents the average annual 4™ highest daily maximum
8-hour average.

Other short-term background concentrations represent the second highest measured value.

Sources:
a.

b.

C.

CDPHE, 1996 - Data collected at Rifle and Mack, Colorado in conjunction with proposed oll
shale development during early 1980s.
BLM, 1996 - To supplement monitored NO, data, a separate NO, modeling analysis was
performed which included many NO, emission sources.
WDEQ-AQD, 1997 data collected for the Carbon County UCG Project, data collected 9 miles
west of Rawlins, WY, June 1994-November, 1994
Clean Air Status and Trends Network, n.d. - Data collected at Pinedale, Wyoming (1997 -

1999).

Background PM, . concentrations estimated at one-half of PM,, values based upon EPA

literature.

CDPHE-APCD, 1996 - Data collected at the Craig Power Plant site and at Colorado Oil Shale
areas from 1980 to 1984.
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2.0 INDIVIDUAL WELL SITE EMISSIONS IMPACT ANALYSIS

Individual well site emissions are related to the individual well pad (4 acres or 16,130 km? or 127
m by 127 m square) and the short (1.5 mile or 2.4 km by 40 feet or 12.2 m) access road. The
layout of the well pad, access road, and receptor grid is presented in Figure 2-1.

Receptors were located 200 meters from the access road and 400 meters from the well pad at 100
meter spacing. Since the impacts are within a few hundred meters of the source, it was assumed
that all receptors were at the same base elevation of the source. The 200 meter/400 meter
minimum distance corresponds to a reasonable distance that heavy equipment operators would
prevent the public from approaching during construction of the road and the minimum distance that
wells are allowed to be sited from residences. Emissions of CO, NO/NO,, SO,, PM,,, and PM, .
were modeled as area sources, with the area of the well pad used for well site emissions and
twelve 200 meter by 12.2 meter area sources representing the road. The 200 meter distance of
the road area sources was chosen to correspond to the minimum receptor distance, which helps
avoid unrealistic ISCST3 model results for area sources when receptor distances are much less
than area dimensions.

Two sets of emission rates were used in the model corresponding to the ambient air quality
standards and increments of interest; short-term and long tern. The short-term emission rates are
the maximum hourly emission rates that are used to assess one to 24-hour average standards and
increments. The long-term emission rates are the annual average emission rates used to assess
annual average standards and increments. Short-term emissions were assumed to occur eight
hours per day and annual emissions assumed to occur 24 hours per day.

Initially, the construction-related emissions were run, with one set of runs for short-term emission
rates and one set of runs for long-term emission rates. The ISCST3 model was then run 36 times
for each set of construction related emissions, with the orientation of the access road/well pad
combination incrementally rotated 10 degrees for each run (a total of 72 runs). This allows for the
worst-case wind angle to be determined, and it was found that the worst-case wind angle was
different for short-term versus long-term emissions. The short-term worst-case wind angle was then
used for all additional short-term impact analyses, and the long-term worst-case wind angle was
used for all additional annual average impact analyses.

Desolation Flats Buys & Associates, Inc.
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Figure 2-1
Individual Well Site Recpetor Grid

(distances in meters)
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The emission characteristics for each source analyzed in the model are as follows:

Release height of heavy equipment and vehicle emissions: 2 m

Release height of wind erosion: 2 m

Stack Height of drill rig engines: 7.62 m

Stack height of the flare: 0.305 m

Stack height of the heater: 3.66 m

Stack height of the dehydrator: 3.66 m

Stack height of the condensate storage tank vent: 6.86 m

Exit temperature and velocity of drill rig engines: 800 degrees K, 50 m/s, 0.1 m

diameter
Exit temperature and velocity of the flare: 800 degrees K, 33 m/s, 0.116 m diameter
. Exit temperature and velocity of the heater: 700 degrees K, 10 m/s, 0.153 m
diameter
. Exit temperature and velocity of the dehydrator: 377 degrees K, 0.5 m/s, 0.051 m
diameter
. Exit temperature and velocity of the condensate storage tank vent: 282 degrees K,

10 m/s, 0.051 m diameter

Table 2-1 presents the potential ambient air quality impacts for each development phase of an
individual well. The maximum impact for each individual phase of operation was added to the
monitored background concentrations and compared to the applicable ambient air quality
standards. As presented in Table 2-2, potential impacts for a single well will not cause an
exceedance of the state or federal ambient air quality standards.

Table 2-1 Ambient Air Quality Impacts Adjacent to a Single Well

Averaging | Construction Drilling Completion | Production [ Maximum
Pollutant Period Impact Impact Impact Impact Impact
(-g/m°) (zg/m’) (:g/m’) (:g/m’) (:g/m°)
NO, Annual 0.0026 1.92 0.014 0.02 1.92
(6{0) 1-hour 22.83 123.61 438.83 0.22 438.83
Cco 8-hour 4.00 59.79 191.64 0.09 191.64
SO, 3-hour 0.83 5.93 0.012 0 5.93
SO, 24-hour 0.17 2.29 0.0027 0 2.29
SO, Annual 0.00005 0.032 0.00001 0 0.032
PM,, 24-hour 23.69 3.48 4.99 0.03 23.69
PM,q Annual 0.0015 0.047 0.012 0.001 0.047
PM, ¢ 24-hour 3.29 2.72 2.05 0.02 3.29
PM, Annual 0.00037 0.038 0.002 0.001 0.038
Desolation Flats Buys & Associates, Inc.
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Table 2-2 Maximum Ambient Air Quality Impacts for an Individual Well

Maximum | Monitored | Maximum | National | Wyoming | Colorado | Percentage

Single Back- Impact | Ambient | Ambient | Ambient of Most
Pollutant | Averaging Well ground Plus Air Quality [Air Quality |Air Quality| Stringent
Period Impact Level Back- Standard | Standard | Standard | Ambient Air
ground | (zg/m® | (zg/m® | (zg/m®) Quiality
(zg/m® | (zg/m® (zg/m®) Standard
NO, Annual 1.92 10 11.92 100 100 100 12%

CO 1-hour | 438.83 2,299 2,738 40,000 | 40,000 | 40,000 7%
Cco 8-hour | 191.64 1,148 1,340 10,000 | 10,000 | 10,000 13%

SO, | 3-hour | 5.93 29 3493 | 1,300 | 1,300 | 700 5%
SO, | 24-hour | 2.29 18 20.29 365 260 365 8%
SO, | Annual | 0.032 5 5.032 80 60 80 8%
PM,, | 24-hour | 23.69 20 43.69 150 150 150 29%
PM,, | Annual | 0.047 12 12.047 50 50 50 24%
PM,. | 24-hour | 3.29 10 13.29 65 NA NA 20%
PM,. | Annual | 0.038 6 6.038 15 NA NA 40%

Note: PM, ¢ background assumed to be one-half of PM,, background.

By adding the maximum modeled concentrations at the model receptors to representative
background concentrations, it was demonstrated that both short- and long-term total predicted
criteria pollutant impacts are less than applicable WAAQS, CAAQS, and NAAQS, with the
maximum impact being less than 40% of the PM,. NAAQS. Note that adding the modeled
maximum to the background results in an overestimate of actual impacts because these two events
would occur under very different meteorological conditions, which are not expected to coincide.
Furthermore, since no background PM, . data are available, it was assumed that background PM, .
concentrations were one-half of the PM,, background concentrations. This is most likely a
considerable overestimate as well since the primary source of background particulate in Wyoming
and Colorado is dust generated by processes other than chemical reactions (e.g., vehicle traffic on
dirt roads, wind blown dust, etc.) within which the fraction of PM, . tends to be much lower than one-
half of the PM, level.

Although presented in Table 2-2, it should be noted that particular matter emissions associated
with temporary construction activity do not consume PSD Class Il increments. Atthe Federal level,
all temporary emissions of any pollutant are excluded from increment consumption:

The EPA allows for the exclusion of temporary emissions (e.g., emissions occurring during
the construction phase of a project) when establishing the impact area and conducting the
subsequent air quality analysis (EPA 1990).

Desolation Flats Buys & Associates, Inc.
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In Wyoming, particular matter emissions are excluded according to Chapter 6, Section 4 (b)(iii):

Temporary particulate matter emissions such as those associated with the construction
phase of the source shall not be included in the determination on the issuance or denial of
a required permit sand shall not be taken into account when determining compliance with
the maximum allowable increments... (WDEQ-AQD 1999).

“Temporary” is defined as less than 2 years in both the EPA and Wyoming regulations. Clearly, the
road and pad construction emissions, drilling, and completion activities are construction-related,
and each well site requires far less than 2 years to construct. Consequently, the particulate matter
PSD Class Il increment regulations do not apply.

Desolation Flats Buys & Associates, Inc.
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3.0 COMBINED IMPACTS OF CENTRAL GATHERING STATION AND NEARBY WELLS

In order to assess the combined impacts of a central gathering station (with compressor engine
emissions) and nearby wells, two sets of ISCST3 model runs were completed. The first set was
to identify the significant impact area of the central gathering station emissions alone in order to
determine how many nearby wells could significantly contribute to a combined impact.

The significant impact level (SIL) runs for the central gathering station alone were made assuming
that there would be a total of four 1,250 horsepower and one 1,000 horsepower compressor
engines located at the gathering station / gas plant. The modeled stack emission characteristics
for the compressor engines are as follows:

. Stack height: 9.3 m, vertical orientation

. Exit Temperature: 800 degrees K

. Stack Diameter: 0.305 m

. Exit Velocity: 13.7 m/s

. Compressor Building Horizontal Dimension: 10.97 m by 8.13 m

. Compressor Building Height: 6.09 m

. Stack Location: Short side of compressor building, about 1 m away from building

Emissions of both NOx and PM10 were modeled to evaluate the SIL since these are the largest
emissions from compressor engines. The USEPA definition of SIL was used, i.e., 1 zg/m* annual
average concentration. It was found that the SIL for NOx was much greater than PM,, Again, just
as in the individual well site analysis, the worst-case wind angle was used for the SIL modeling.
The results are shown in Figure 3-1. Note from Figure 3-1, that for the SIL analysis, standard
Wyoming DEQ procedures of a 100 meter spacing receptor grid was used from 100 meters away
from the boundary fo the site to 1 km, and a 500 meters spacing receptor grid beyond 1 km from
the boundary. The gathering station site dimensions were conservatively chosen as 350 meters
by 350 meters.

Figure 3-1 shows that the maximum SIL area is less than about 1.5 km from the gathering station,
however, the largest concentrations (2 :g/m?* and greater) are well within 1 km from the gathering
station. Therefore, in order to determine maximum combined impact concentrations of the
gathering station and nearby wells, a set of 9 wells was assumed to be located at the same location
as the maximum gathering station impacts. This configuration is shown in Figure 3-2. Note that
one well was assumed to be located in the center of the gathering station, and the remaining 8
wells assumed to be located at the minimum well spacing that could be encountered of one well
every 400 meters.

The results of the combined impact modeling are shown in Table 3-1. Note that for the combined
impacts modeling, it was assumed that wind erosion could occur from the gathering station site as
well as the well pads, even though after construction, the gathering station and well pad site
surfaces would rapidly become stabilized, and wind erosion minimized. In addition, the worst-case
wind angle for short-term and long-term concentrations was used in the assessment. The
maximum combined impacts, including background, are 45% of the PM, . standard, but just as in
the case of the individual well pad impacts, this value conservatively assumed that the background
PM, . concentration was one-half the PM,, background.

Desolation Flats Buys & Associates, Inc.
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Figure 3-1
Receptors and Significant Impact Area for A Central Gathering Station
(distances are in meters, concentrations in ug/m3)
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Figure 3-2
Receptor Grid For Combined Impacts

Of Central Gathering Station and

Nearby Wells
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Table 3-1

Gas Plant and Well Field Impact

Gas Plant | Monitored | Maximum | National [ Wyoming | Colorado | Percentage
and Well Back- Impact | Ambient | Ambient | Ambient of Most
Pollutant | Averaging Field ground Plus Air Quality [Air Quality |Air Quality| Stringent
Period Impact Level Back- Standard | Standard | Standard | Ambient Air
ground | (zg/m® | (zg/m® | (zg/m®) Quiality
(zg/m® | (zg/m® (zg/m®) Standard
NO, Annual 4.17 10 14.17 100 100 100 14%
Cco 1-hour 168.39 2,299 2,467 40,000 | 40,000 | 40,000 6%
CoO 8-hour 83.69 1,148 1,232 10,000 | 10,000 | 10,000 12%
SO, 3-hour 0 29 29 1,300 1,300 700 4%
SO, 24-hour 0 18 18 365 260 365 7%
SO, Annual 0 5 5 80 60 80 8%
PM,, 24-hour 7.31 20 27.31 150 150 150 18%
PM,, Annual 1.69 12 13.69 50 50 50 27%
PM, 24-hour 2.58 10 12.58 65 NA NA 19%
PM, . Annual 0.71 6 6.71 15 NA NA 45%

Note: PM, ¢ background assumed to be one-half of PM,, background.
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4.0 POTENTIAL OZONE IMPACTS

Excess ozone may be formed in the lower atmosphere from photochemical reactions involving
ambient concentrations of NO, and VOC. Because of the complex photochemical reactions
necessary to form ozone, compliance with the NAAQS cannot be determined with a conventional
Gaussian dispersion model. Instead, a nomograph developed from the Reactive Plume Model
(Scheffe 1988) was used to predict maximum potential ozone impacts. The screening method,
based on the referenced nomograph for ozone, involves computing the NO, to VOC emission ratio,
and then using this ratio (along with VOC emissions), to obtain incremental ozone concentration
values.

Since ozone formation is a regional issue (as it takes time for the VOC and NOXx to react), to
evaluate the incremental ozone concentrations that could be caused by the Desolation Flats
project, the entire project area production emissions were used in the ozone impact assessment
as well as the “point source” emissions of a gathering station plus nine nearby wells. (The project
total emissions were used to determine the VOC to NOx ratio, while the point source emissions
were used to assess the impact on ambient 1-hour and 8-hour ozone concentrations.) Since well
construction, drilling, completion, and development would occur serially at a maximum rate of 45
wells per year, but once developed, there could be as many as 385 wells operating continuously
each year, the well construction, drilling, completion, and development emissions are considerably
less than the ultimate production emissions. Therefore, production emissions (assuming a fully
developed well field of 385 wells and associated compression) were evaluated for the VOC to NOx
ratio.

At ultimate production, there are 4,358 tons per year (tpy) of VOC from the dehydrators, 10,031.2
tpy from flashing the condensate storage tanks, 365.5 tpy from working and breathing losses in the
condensate storage tanks, 54.5 tpy from compressors, and 0.3 tpy from the heaters; for a total of
14,909.5 tpy of VOC emissions. NOx emissions occur only from the compressor engines (309 tpy)
and heaters (41,525 tpy); for a total of 350.5 tpy NOx. This is a VOC to NOx ratio of 359.1.

The combined emission rate of VOCs from the gathering station and nine wells is 101.9 tpy from
the dehydrators, 234.5 tpy from flashing, 8.5 tpy from condensate tank working and breathing
losses, and 28.97 tpy from compression, for a total of 373.87 tpy. At this VOC emission rate and
a VOC to NOx ratio greater than 20.7, the nomograph (Appendix A, Table 1), yields an incremental
ozone concentration of 0.009 parts per million (ppm). This is equivalent to 18 -g/m®. The results
of the ozone impact analysis are shown in Table 4-1

Desolation Flats Buys & Associates, Inc.
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Table 4-1

Maximum Modeled Ozone Concentration

Ave. Direct Back- Total WAAQS CAAQS NAAQS
Pollutant Time Modeled ground
(ug/m® | (ug/m®) | (ug/m®) | (ug/m®) | (pg/m®) (ug/m°)
Ozone 1-hour 18 144 162 None None 235
Ozone 8-Hour 18 139 157 157 157 157

Note: The 1-hour background concentration is the 90" percentile of the maximum daily 1-hour
concentrations for the months of April through August.

The 8-hour background concentration is the average annual 4™ highest daily maximum

8-hour average.

Table 4-1 appears to indicate that the project could cause a maximum 8-hour 0zone concentration
equal to the AAQS. However, it must be kept in mind that the screening nhomograph is a highly
conservative methodology that intentionally over-estimates the impacts. In addition, the emissions
used in the assessment are conservatively large values. Therefore, an 0zone exceedance is not

expected.
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5.0 HAZARDOUS AIR POLLUTANT IMPACTS

During production, there are potential emissions of six hazardous air pollutants (HAPs): benzene,
toluene, ethylbenzene, xylene (BTEX), n—hexane, and formaldehyde. These emissions can occur
from the compressor engines in addition to producing wells. Therefore, to assess potential HAPs
impacts, the same combined impact scenario of a central gathering station plus nine nearby wells
that was used to assess maximum criteria pollutant impacts (Section 3.0 of this report) was used
to assess HAP impacts. However, two different receptor grids were used, depending upon the
potential health effect to be evaluated.

For potential short-term (i.e., 8-hour exposure) health effects, the HAPs receptor grid was the same
that was used for criteria pollutant impacts: receptors located as near as 100 meters from the site
boundaries out to 1 km, at 100 meter spacing. Short-term health effects were evaluated for all six
HAPs. For long-term health effects (i.e., annual exposure related to possible carcinogenesis), the
nearest receptors were 400 meters from a well pad or gathering station boundary. This
corresponds to the minimum distance that wells are allowed to be built next to a residence. (Itis
possible for a worker to be exposed 8-hours within 100 meters of a well, but not continuously for
365 days, 24 hours per day, as might a resident).

To evaluate the significance of HAP emissions, short-term Acceptable Ambient Concentration
Levels (AACL) were developed and presented in the Modeling Protocol (Buys and Associates,
2000). The short-term AACLs are shown in Table 5-1.

Table 5-1 AACLs for Short-term HAP Exposure

Range of State 8-hour AACL
Pollutant (ug/m?)
Benzene 30 rg7 - 714 s
Toluene 1,870 05 - 8,930 yyos
Ethylbenzene 4,340 \po; - 43,500 gy
Xylene 2,170 ;01 - 10,000 0,
n-Hexane 1,800 ¢ o; - 36,000 1,
Formaldehyde 450 07-71 \wou

Source: EPA (1997a).

cror  Connecticut Department of Environmental Protection, Air Compliance Unit

roy  Florida, Pinellas County Air Pollution Control Board

INOL Indiana Department of Environmental Management

INO3 Indiana, Indianapolis Air Pollution Control Division

woos  North Dakota Department of Health, Division of Environmental Engineering

woi  Nevada Division of Environmental Protection, Air Quality Control

vior  Vermont Department of Environmental Conservation, Air Pollution Control Division.

Desolation Flats Buys & Associates, Inc.
Sub-Grid Ambient Air Quality Technical Report June 2001
17



Comparison of short-term (8-hour) exposure and modeled HAP concentrations to the AACLs is
straight-forward, simply comparing the modeled 8-hour concentration to the AACL On the other
hand, long-term exposure (annual average concentrations) is more difficult, since the AACLs are
based on an incremental cancer risk of one additional cancer per million persons exposed (“one
in a million™). The one in a million criterion is the most stringent normally used in practice, and the
USEPA considers a range of one in a million to 100 in a million as acceptable. However, for this
analysis, only the one in a million criterion will be used.

Incremental cancer risk is calculated from a Unit Risk Factor (URF) which is the probability of one
additional cancer occurring if a person was exposed continuously for a lifetime of 70 years to an
ambient concentration of 1 :g/m°. URFs are expressed in units of inverse -g/m®. Of the six HAPs
evaluated, only benzene and formaldehyde are suspected carcinogens. The URF for benzene is
7.8 x 10° (:g/m®™ and the URF for formaldehyde is 1.3 x 10 (:g/m®*, assuming continuous
outdoor exposure for a 70-year lifetime. These URFs are based on WDEQ policy for formaldehyde
and USEPA unit risk factors for carcinogenic constituents (EPA 1997b) for benzene.

However, the Desolation Flats project lifetime is estimated at 20 years. Therefore, for comparison
to the Most Stringent AACL, it was assumed that a person could be exposed continuously outdoors
to the maximum modeled annual concentration, for 20 years. For comparison to the “Greatest
AACL", it was assumed that a person would be exposed outdoors 64% of the time, and indoors the
remaining 36% of the time indoors. The indoor concentration was assumed to equal one-fourth the
outdoor concentration. In addition, it was assumed that the duration of exposure was 9 years,
corresponding to a reasonable maximum duration at a single residence. The maximum modeled
annual concentration was that found using the worst-case long-term wind angle. The maximum
modeled concentrations occurred at the closest receptor, and decrease rapidly with small
incremental distances. The results of the HAPs impact analysis are presented in Table 5-2.

Table 5-2 Short-Term Hazardous Air Pollutant Impacts
Combined Range of State Percentage of Percentage of
Hazardous Potential Impact Acceptable Most Stringent Greatest
Air from Gas Plant Ambient Acceptable Acceptable
Pollutant and Wells Concentration Ambient Ambient
(8-hour Average) Limits Concentration Concentration
(zg/m) (zg/md Limit Limit
Benzene 31.21 30to 714 104.0% 4.4%
Toluene 79.73 1,870 to 8,930 4.3% 0.9%
Ethylbenzene 42.81 4,340 to 43,500 1.0% 0.1%
Xylenes 55.9 2,170 to 10,000 2.6% 0.6%
n-Hexane 41.47 1,800 to 36,000 2.3% 0.1%
Formaldehyde 4,13 45t071 91.8% 5.8%

Buys & Associates, Inc.
June 2001

Desolation Flats
Sub-Grid Ambient Air Quality Technical Report
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As Table 5-2 indicates, the short and long-term impacts for all HAPs except benzene and
formaldehyde are much less than even the most stringent AACL. Short-term and long-term impacts
for benzene and formaldehyde are near or slightly over the Most Stringent AACL, but much less
than the Greatest AACL. Table 5-3 presents the benzene and formaldehyde long-term impacts in
terms of incremental cancer risks. Considering the conservatism built into the modeling procedure,
the emissions estimates, and the AACLs themselves, even though the modeled concentrations may
exceed the Most Stringent AACL, HAPs emissions are not expected to cause an adverse
environmental impact.

Table 5-3 Potential Incremental Carcinogenic Risk
Hazardous Incremental Carcinogenic Risk Incremental Carcinogenic Risk
Air Resulting From The Resulting From The
Pollutant Maximum Exposure Scenario Most Likely Exposure Scenario
Benzene 1.6 in one million 0.5 in one million
Formaldehyde 0.9 in one million 0.3 in one million
Desolation Flats Buys & Associates, Inc.
Sub-Grid Ambient Air Quality Technical Report June 2001
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6.0 TRAFFIC EMISSION IMPACTS

The Desolation Flats project may generate additional vehicular traffic on support roads that lead
from the normally traveled roads to the well site access roads. These support roads were assumed
to be unpaved and 15 miles (24 km) long. Emissions from these roads include fugitive dust
generated by construction equipment, light trucks (e.g., half-ton pickup trucks) used by construction
employees, and light trucks used by well field employees; as well as tailpipe emissions from those
vehicles.

In order to assess the impacts, the CALINE4 Model (Version dated June, 1989) was used.
CALINE4 uses hypothetical worst-case meteorology and emission rates to calculate worst-case
hourly concentrations. These hourly concentrations can then be adjusted using USEPA default
averaging time parameters to represent worst-case concentrations for 8-hour, 24-hour and annual
averages. The emission rates used in the modeling are those reported in the Emission Inventory
Report. Four combinations of receptor configuration and meteorology were run:

. F stability, 1 m/s wind speed, 50 meter receptor distance
. F stability, 1 m/s wind speed, 200 meter receptor distance
. D stability, 3 m/s wind speed, 50 meter receptor distance
. D stability, 3 m/s wind speed, 200 meter receptor distance

The remaining input parameters used in the CALINE4 modeling are as follows:

. Wind angle: worst-case

. Mixing height: 1000 meters

. Sigma theta: 20 degrees

. Surface roughness (z,): 100 cm

. Deposition velocity: zero

. Ambient temperature: 10 degree C

. Roadway width: 18 meters

. Base elevation of roadway: 2000 meters

The results of the CALINE4 modeling are shown in Table 6-1. As shown in the table, additional
project-related vehicular traffic on support roads is not expected to cause an adverse ambient air
guality impact.

Desolation Flats Buys & Associates, Inc.
Sub-Grid Ambient Air Quality Technical Report June 2001
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Table 6-1 Vehicle Traffic Impacts
Monitored | Maximum | National | Wyoming | Colorado | Percentage
Vehicle Back- Impact | Ambient | Ambient | Ambient of Most
Pollutant | Averaging | Traffic ground Plus Air Quality [Air Quality |Air Quality| Stringent
Period Impact Level Back- Standard | Standard | Standard | Ambient Air
ground | (zg/m® | (zg/m® | (zg/m®) Quiality
(zg/m® | (zg/m® (zg/m®) Standard
NO, Annual 0.0 10 10 100 100 100 10%
Cco 1-hour 0.8 2,299 2,300 40,000 | 40,000 | 40,000 5.8%
CoO 8-hour 0.6 1,148 1,149 10,000 | 10,000 | 10,000 12%
SO, 3-hour 0.0 29 29 1,300 1,300 700 4.1%
SO, 24-hour 0.0 18 18 365 260 365 6.9%
SO, Annual 0.0 5 5 80 60 80 8.3%
PM,, 24-hour 23.9 20 44 150 150 150 29%
PM,, Annual 6.0 12 18 50 50 50 36%
PM, 24-hour 35 10 135 65 NA NA 21%
PM, . Annual 0.9 6 6.9 15 NA NA 46%

Note: PM, ¢ background assumed to be one-half of PM,, background.

Desolation Flats

Sub-Grid Ambient Air Quality Technical Report
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7.0 SUMMARY

Five emissions scenarios were modeled to assess sub-grid (i.e., 4 km or less) impacts of
Desolation Flats project sources: vehicular traffic on access and support roads, well sites, and
gathering stations. Potential impacts of criteria pollutant (CO, NO/NO,, SO,, PM,,, PM, c and VOC)
emissions and hazardous air pollutant (benzene, toluene, ethylbenzene, xylene, n-hexane, and
formaldehyde) were evaluated. The modeled impacts were compared to various criteria, including
the state (Wyoming and Colorado) and federal ambient air quality standards and Acceptable
Ambient Concentration Levels (AACLs) used by various states for the assessment of hazardous
air pollutant (HAP) impacts.

It was found that the combined impact of a central gathering station and nearby well sites produces
the maximum concentrations of both criteria pollutants and HAPs. Vehicular trafficimpacts are less
than the point source impacts of the gathering station and nearby wells. Maximum criteria pollutant
impacts ranged from 4% to 45% of the most stringent ambient air quality standard (3-hour SO2 and
annual PM2.5, respectively). Short-term (8-hour) HAPs impacts ranged from 0.1% to 6% of the
most stringent AACL and long-term potential carcinogenic impacts ranged from 0.3 to 1.6
incremental cancers per million persons exposed.

Desolation Flats Buys & Associates, Inc.
Sub-Grid Ambient Air Quality Technical Report June 2001
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This documant provides a sizple seczening sSracadura
Trasantad in tabular form £tz cal-ulazs the cz-ne incrsament dus =a-
a VCC deminatas (i.e, VIC masz 2missisns GTrzzta2r than NHCxk
enlsslcns) pceint scurss, (Tarsughceut tals decuxment, czizne
increment rafars t©s a calaula=-ad increasa in czeone akeve an
assumed amilisnt value due -3 the effact of a sincle zcint
scursa2.] The tacles ars hasad cn a sariss o2 arzlizazicns ef the
Reactive Pluze Mcdel-II (R3M-TI), a Lagrancilan tasad
phctochenical medel. Anciciratad agolica®isns weuld inelude
evaluaticn cI the impact ¢n amtisnt czzne cdue t3 naw cr mcdiliaed
pcint scurcas emisting mers than 25 tzns/year NMOC (nonmmethane
hyérzcarsens). Thae scraening technigiue is presantad as t"c

saparate ta-lss intanded for applicaticn in urkan and rur
arsas, rasgectively,

The user is directad ts sacticn 3 cf this resort far
azclicaticn proceduras needed o cznducst an czene increment
screening analysis. Regquirsd inputs for cetarmi ning an ozzne
increment are ligitad +a estizatas cf NMCC and NOx mass enissicns
rates. As a scrzening tachnigque the przcadur: has keen designed
e kcth rskbuss anc sincle to use, while painza _n_“q saveral
innerent assumpticns whish lead ts cznsa—ra=ive (hich czzne)
czcne increment predicticns. The user is net raguirad to
charactarize amblent metecralcgy cr scurze emissicns and am-iens

teclaticn rc:zles. This t=c“n1que is nct intended t2 tc ke
ubstituted for a resalistic protochemical medeling analysis:
ather it is to Fe usad cnly im tha ccntaxs cf a first-stap
Prececdure which pctentially can praclude further rescurze
intensive analvsas. The ozone increment estimates produced frzm
t2is analysis sheuld ke intergretad as conservative predic=icns
which would exceed czcne forma=ien Frccduced by actual episcdic
evants. -

tn

A descripticn of the prctecol and assuxmptions used in
cevelcping the screening takles is given in Appendix A.



2.7 BACTCECUVD

£stimaticns ¢f izgacss 7 Tcint scurgas emi<tting czzne
PY2CUTSErs (NCX and/cr VCC exissizns) cn enrtiamt czane crovida
TRFULATICY agenciss wWith data So addrass air guality issues
invelving prizcses new cr pmedifiad scurcas. In thecTy many
issuss can be rasclvad kv asTiying 2 phetschemical air cqualisy
nedel. Hewaver, Two cues=ianrs ragariing mcdel azzlicatiszn mus<
Ee rasclved: (1) whats is t=s mest agzrsoriata medel fzroa
Fartlicular arglicatizn, ans (2) hew sheuld that medel ke acplied
(i.e., hew ara mzdel ingu<s cdevelcped and cutzut intarzrazad)?

The Guideline cn Air Quality Mcdels (1986) raccazends
arrlicaticn ¢f two phetochemical mecdels for addressing czzne air
quality issues, the Urtan Alrshed Mcdel (UAM) cr EXMA. The EXO3
mccel is nct designed to handle point scurces, as point scurcs
enissicns are immediately s ad intec a krcadly basad urkan mix
and the individual ccntriby n a2 single peint scurce is
Guenched by such brcad spat uticn. Althcucgh the GaAM
exzlicitly handles sgatial ra ion ¢f point scurces through
ially gridded calls, the cT2e cf rescluticn tvpically
ot by such gridding (4-3 ka) is still insufficient ta

fcr near-scurse kehavisu~-. Also, the resgurcss apnd i
quirad by the UAM zr=s very exTansive; ccnsaguentlv, is
ficient means for evaluating effacts of individual

s o1

The Reactive Plume Mcdel-II (RPM-II) is an alternative adi=
quality mccdel which was cevelecrped in the lates 1970's to address
Bhotochemically reactive plumes. The model's inherant .
flexikility acccmmcdatss recantly develcped chemical mechanisms:
this work was based cn uses cf the Carben Benrd Mechanism-Version
iV (C2M-IV), which is ccnsisten® with other, current EPA
Erhotachenical medels (ROM, EX4).

The RPM-IT is an appregriate choice for casa by case refired
(i.e, nct as an initial Screening estimate) modeling
applications. Hcwever, the Frcspective mcdel user faces the
Pcssibility of conducting an exhaust-ive compilaticn of
meteorological and emissicns scurce data. Cecnseqguently, use of
phetcochemical medels ts assess individual peint scurces has keen
limitad. The develogment of a screening analysis may elinminate,
in certain applicaticns, the need for a meTe intensive refined
medeling analysis. Currant medeling gquidelines da not offer
raccomendations for screening cf individual sourca impacts on
czone. The tables presented herein are intended to serve as a
means for screening effects on ozeone freom individual peint
scurces so that subsaguent, more refined analyses can be focused
Cn ssurces where it is warranted.

l



ir

(1]
|
]
]

-
+
-

The intarzra2zaticn cor definliziszsn cf 2 "ruzal" cor "urban
ar2a wizkin the Iframewerk ¢ tals tachnigue is iatanded ts be
rashar brzad and flexi:ls The raziznala far having rural and
przan =azles stTzms fron the need ts aczsunt £or the courpled
aff2ct ¢f peint scurca emissicns and sackgrsund ¢hensstTy cn
czzne fcrmatisn.  ZEackgrzsund chemistry in tha csontaxt ¢l thls
nrocedurs rafars §©3 2 charactarizaticn cf the amiiant atlcsgheric

memistyy inTs which a peint scurce exits. The uncderlyinc mcdel
sims usad to cdavalcep-tha ruzal tamle (Tacle 1) wers pericrmed
wizh spatially invariant kackgrsund chemistry ragrasantative cf
Welean" csntinental U.S. arsas. Mcdel runs usad to develcn the
urzan taxzle (Takle 2) wersz kasad cn tackgrzund chemistry
incsrperating daily tampcral fluctuaticns ¢ NOx and hydrscartens
asscciated with 2 tvpical urkan atacsthere (rafer ts Appendix A
for de-ails regarding backgzcund chenistry). Backgrsund
chemistyy is an imgertant factsr in estimating czene forzaticn;
hewever, charagtarizaticn ¢f backgrzund chenmistsy is perharps tle
mesT difficult asgect of razactive pluze mcdeling because cI cat:z
scarcizy and the level cf rascurcas raguired ts measure cr mcdal
taz=perally and sgatially) the csmperents necassarxy to
characterizs the axbient atmestharic aleng the trajectcry of a

peint scurca pluze.

Recagnizing the c¢znflicting needs of using simple
charactsrizaticns of kackground chemistries and applying this
scrzening tachnigque in situaticns whers scurcas are lccated in cr
izpact cn arsas wiich can nct be sinply categorized, the
follcwing sters shculd be used to chcecsa an apprepriate table:

(1) I the scurce lccation and downwind impact area can ke
descrired as ruzal and whers czone excaedances have never keen
recortad, chccse the rural arsa table.

(2} T£ the source leccation and dcwnwind impact area are of urzan
charactar, chcecsa the urban area table.

(3) If an urban based source petentially can impact a cdownwind
:ral area, or a rural based scurce can pctentially impact a
downwind urkan area, use the highest value cbtained from acolying
Eoth takles.

The VOC pecint scurce screening tables (Tacles 1 and 2)
pravide czene increments as a functien ol NMQC (noenmethane
rganic carben) mass emissicns rates and NMOC/NOX emissions
ratios. To determine an czcne impact the user is reguired to
arcly best estimates of maximunm daily NMOC emissions rate, and
estimated annual mass emissions rates of NMCC and NOx which are
used to determine NMOC/NCx ratio for ascribing the applicable

celumn in Table 1 or 2. The reasens for basing application on
daily maximum NMCC emissions rates ars (1) to avoid

3



underastinatas rasulting fran dissansin lucus cgerzticns and (2

tle underlying medsling sizula=izns a-=2 Zased cn singls dav
eciscdes. The NUCC exissicns watas in Takles 1 and 2 arza givan
¢l an annual :casis; cSnsagiantly the usar must crodect caily
maxizum €2 annual emissiznms razTas, as lllustratad in the exazzle
agrlizaticn C'ven Selcw. Cne purpcsa cf tais Cachnizue is ns
erzvida a sizgle, nen-rascgurcs inzansive t3el: thersifcre, anmnual
WACC/NCX emissicns ratics ars Usad Cecausa cansiderazicn cf daily
fluctuaticns weuld rsouirs a S<Izening arplicaticn applied ta =
each day.

Paramecars describing kacksround chemis< 7, episcdlic
netacrelegy, and scurcs emissiens sgeciaticn affac: actual czzre
i::ac: preauced by a point scurca. fcwever, as a scraening

"cdclcgf th arrlicaticn shculd ke siz sple, rectust and y* i3
c:n sar/ative (high czcme) values. Thus, cnly NMCC ané NOx
enissicns rates ara requirad as ingut ts Tables 1 and 2.

Rural Examels Arwmlicatinsn

A manufacturing c wpany intends to construct a facility in
an isclated rural le icn whers czcne excasdances have navar
Eeen ckserved., The pc-l;:icn ccnizzl agency recuirss that tha
cimpany submit an analysis sacwing that gperaticn of the ProTess
fac*’*‘v will nct result in am czane ineresmenc gr=atar than X co
in crder to Feralit creration. The estima~ad daily maximum NMOC

nissicns rata is 9000 1bs/day. The annual estiznated emissicns
ra es for NMQC and NGx are 1000 &= ns/yr and 80 taons/yr,
resgectively. The cz mpany's stratagy is to provide a scraening
analysis using the rural arsa table o prove future czcopli anc-.
If the screening result exszeeds X Tem, the c_m“any will initia=e
a detailed mcceling analysis raquiring characterization of scu=c
emissicns speciaticn, ambient chenistry, and episodic
metecrclogy

Screening Estimate:
1 - Determine which column of Table (1) is applicable:

The NMOC/NOx ratio is kasad en 2nnual estimates; thus,

1000/80 = 12.5 and middle cslumn values are applied.

2 = Calculate annual NMOC em! ssicns rates in tons/yr from maxizum
daily rate:

(9000.1bs/day) (1 ton/2000 lks) (365 days/yr) = 1643 tons/yr

3 - terpolate linearly between 1530 tons,/yr and 2000 tons/yr
to p*oduce an 1nt=rpclabed column 2 czone increment:



(1§43-1500) (3.84-3.05)/(2000-1500) + 3.04 = 3.27 pchm

J.2%7pphn(l prm/100 prhm) = 0.0227 =cnm

I£ 0.0327 ppm is kelcw the critarisn value (X crm), no fusther
mcdeling analysis is reguirsd and creratlicn may ke permittad.
Ctierwise, the ccompany will procede with an additicnal case-
stecific medeling analysis.



Table 1. Rurzal kased czzne incrament (pehz) as a functian
cf NMCC enmissions and NMCC/NOx ra-ics.

NMQOC,/NGx
TCNS NMCC/TCNS NOx
(PSMC/PEM)
NMoc |
EMISSIONS | > 20.7 5.2-20.7 < 5.2
(TONS/YR) | (> 20) (5-20) (< 5)
|
|
[
50 | 0.36 0.33 1.05
75 | 0.38 0.44 1.24
100 | 0.42 0.51 1.33
300 | 0.80 1,03 1.71
500 | 1.14 1.44 1.83
750 | 1.58 1.94 2.33
1000 | .2.00 2.35 2.70
1500 | 2.73 3.05 3.30
2000 | 3.36 3.84 3.68
3000 | 4.80 5.19 4.31
5000 | 6.93 7.50 4.83
7500 | 5.73 10.10 5.10
10000 |  12.15 12.86 5.43

* multiply pphm by 0.0l to obtain ppm




Tazle 2. Urkan kasad czcne increment (pchm) as a functien
cf NMCC emissicns and NMOC/NOx ratics.

NMOC/Nox

TONS NMOC/TONS NCx
(PPMC/PEM)

NMOC
EMISSIONS
(TCNS/YR)

I
i
|
!
! TO BEZ AVAILABLE BY
50 | OCTOBER 1, 1982
75 |
100 |
300 |
500 |
750 |
1000 |
1500 |
2000 |
3000 |
5000 |
7500 |
|

10000
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A2TITTTY A

CEITEZLIFMINT CF SCRIZNING TAZLES

M-II CESCRIFTICH

Scresening takles presantad in this rezcrt wers derived using
+he Reachive Flume Mcdel-II (REM-II). REM-II was origimally
cevaleczed by Svstams Avplicatizns, Incorperated (Sal) uncer
cepc=acs to EFA in the la%s 1370's. R3M-II is a lLagranclian kasad
necdel which descrikes the downwind transpert and cihenmical
bPehavicur of a pluze emit<sd from a peint scurse. FPluze

srcentraticns are a func=izn cf metacrolegical, scurce emissizn
amd ambient air quality iaputs. Downwind plume dimensicns are
either calculated thrcugh Caussian dispersicn formulae using

Pasquill-GifZcrd stakility classes, cr dimensions are manually
sat. The plume is rasolved into savaral well-mixed columns
aligrnesd transversely with the mean wind flcw. Mass transier cZ
raact-ive species occurs agrsss cell koundariss. As the pluzxe
exzands it entrains backgound air which tien is incsrperated
izmin the reactive plume mix. A thcrough description ol the
reéel formulation can ke found in the REM~II User's Guide (SAaZ,
1380). Listad belcw ars ceneral catesgcries of mcedel inputs used
during REM-II aprlications fer davelcping the screening tables.

Mccel Inputs:

The follcwing swimary of medel inputs addressas tae major
input data rscuirements used in developing the scraening tables:
a cocmprehensive list cf reguired medeling inputs is fcung in the
Usar's Guide. The RPM-II scurcs code addresses a single inpu=
file which includes the following:

Metacrslegical Considerations - Regquired metecrological inputs
include time-dependent values of wind speed and either stability
class to determine herizental and/or vertical plume dimensicns oT
valuss raflecting usar-determined plume depths and/or horizental
plume widths. The prcgranm has been modified to accept ambient
temperature to adjust temperature dependent reacticn rate

constants.
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AlT Qualitv Comsideraticns - The madal z
11 fmie e ;
a.l C34 surrcgate and explicit sgecies csncae ations, and
Cincentratlons racresentaci ¢l kack und a Time-varian=z
concentrations of backs alr can te input manuallv, e¢r the
medel will calculata tanm = iles of all speczies basad on
d o di al variaticn in ghotelysic

reguires initiali
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User-surplied initial mix a
r2acticn ratas.

|

Ty o= T L T o sm ot o oy ! { 3 ¥
;grfa;czs.;shlmares - frincipal emissions inputs are emissicns
=25 Ol 1lnorganic and crganic sceciss. Although any sgecies

included in the C34 mechanisz can ke declarad as an enissions
input, typlcal inputs include NO; NO,: CO; C34 =urrzgate crganic
groups = parrafins (PAR), clefins (OLZ), higher aldehvdes (ALDZ):
agd expliclt organic groups ~ formaldenvde (TORM) , etﬁylsne

=TH), toluene (TOL) and xylene (X71).

— - a

DERIVATION OF RURAL BASZD SCITINING TABLE(S)

The cencept ¢f a screani
Leset with an immediate cecrte
simple to apply and rcktus<,

ng procedurs for ©zone precursors is
acicticn: A screening tool nust =

_ 2 But the inclusicn of photochenical
phencmena_lg a2 medeling analysis typically is complicatad and
casa spgcmflc._ A major difficulty in applying a medel such as
RPM-IT 15 specifying background concentraticns because the medel
is partlcularly sensitive teo ambient air quality. Eydrocarken
and.NOx caompesiticn vary spatially and teﬁaoraliy throughecut anv
reglen. A thorough refined modeling exercisa would recuirze
temporal profiles cf all dominant incrsanic and crganic sgecies
in thg CB4 mechanism. Such data are scarce for even a siﬁgle
lccation. The preblem is handled explicitly in grid modeling

|
|
|
|
|

(e.qg., UAM application) by assimilat
inventories and generating ambient a

ing approgpriate emissions
ir quality estimates (in

ccmbination with invoking reascnable as

sumpticns regarding

initial and boundary conditicns).,

Similarly, it is feasible to

generate ambient air quality data with a
RPM-II, with appropriate placement of emi

10

trajectory medel like
ssions sources.
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QEVIICEMENT QF BETASOMA2LT WORST-CAST MODEL TNEUTS

.

species (Table Al) assumed
t2 tﬁcse utilized in ruaxal
fermed with EPA's Regicna
Cxidant Mcdel (nOM). Thcsa con -icns wera generatad bV
arplving the C2M-RR chemical mec“an s@ (a mcra detailed version
¢f the carken tend mechanisa) in a batch reactor mode undes

sac entlal l12-hour altarnating pericds of full sunlight anc
darkness until a relatively aged, staady state mixture was
prcduca Initial conc,nt:atlcns of NCx, CO, and NMOC wers
cerived by EPA's Atzmcscheric Scisnce and Research Laboratsry
(Schera, 1988).

Ankiant ccncentra=icns cf 2
for :"“a’ back:rcund air ars jiden
Tz, 138

4] ﬂ N
[U i

' H = A

0
F {u
e}
("
g

The ambient NOx and hydrzcarben ccncentraticns in Table Al
reflect generally low czcone precursor csncant*at*ons, wh_ch might
succest a2 minimum of czene forming pctential, relative to a mcre
ccncantrataed urban mix. Alhhough somewhat co unta*-lntu tive,
results derived from running various emissions mixes (VOC
deminated) with rural cr uvban kackground concentrations showed a
greater czone jincrement with rural backgrwund air, undex
equivalent emission rates. This might simply be exnla*ned by
csns'derlng that ozone forming petential alre=dy exzs in urk
air due to a large mass of pollutants implied in urban backg:ouw~
concantrations. In contrast, czcne forming potant*a1 in rural
air may be lacking key ing*adlenus (NOx, resactive VOC) which when
supplied results in a larger incrament. Also, low NO
concentrations in rural air prccably results in less ozone
scavenging through direct titraticn.

Me*ranrolagical and Scurce Sneciation Inouts




A TITsgective user c¢f the SCT2ening tazles weuld salese an
AcTToErlata mass emissien raza ang MCC/UCX enissicns ra=ig ==
cetarzine the czsne incraments cues tso i ividual VCC/NOX scurces.
Tie takles have nc pravisicns far sgecifiving values c7f
zetacrslegical wvariacliass (such rizildizy is ccmmen f2r mess
screening aralvsas). furthermcors, adjustzent cf the mix o<
emitIad nydrscarscn fractiens is netT gpermitiad, again K2ezing
wWithin r2azscraktla rastric=icns ingcsed Bv 2 screening ta2chnicgue.
A basa-case ingus fils 1DCSTECI2Ting 2 single sazt cf kasa-casa
values for mezacrzlzgical Faraznetars and crnie emissicns r2activicy
nix was develcped with the intenticn ¢f creviding cznserrative
(Worst cass) czzne f£cormaticn es=imates. The scr2ening tatlas
racresant rins kasad cn thcsa metacrslegical pafametasrs wich
salected adjustzents in emissicns ra-ass.

The sat cf petecrclogical parametars wera chesen ky runnis
the mcdel cver a range cI discraet

helding all cther variables csnstant. A t-ue factorial analysis
¢Z all pessinle comiinaticns of wind sg22<d, plume dizansicns,
Tarting tize and tangeraturs was not rarformed kecausa o¢f the
range, continucus nature and numkter cf varianlas iavz lved,

——

The prscadurss used to da=a>=ine Easa-case metecozl

ecIoleglcal
inputs ars listad kelew and follewed by a discussicn cf the
resulis from that analysis. rFor clarity, throughcut the
discussion "standa=3 value® r2fers to the value which each
variable is maintained while cther variakles are varied: the

"standard value" shculd nct ke cenfused with "hasa-casga” value,
tle determination of which was the ctject cf this exercise.

Backorsund Aix - Cencantraticns cf CB4 species represanta+<ive of
rural, continental U.S. lcca%iens as Eresentad in Table Al wera
held constant throughout each mcdaling run.

Inissicns - A continucus mass enission rate of 10,000 tons/year

NMOC was used for all runs designed to prcduce basa-case values
for metecrolegical variables. The NMOC/NCOx; NOxX/NQ; CO/NMOC an
hydrocarken speciaticn partitioning were based on EXMA defauls
values (EPA, 1988):

FPM CO/PSMC NMOC - 1.2

PPMC NMCC/PPM NOX - 10

FPM NOx/PPM NO - 4

CB4 grouw fracticn en PPMC basis

12

values for cne variable, while



ETE 0.037
CLZ o9.0:2s
o2 0.052
FCEM C.021
TCL 0.Q39%
LLL 0.117
FAZ 0.3584
NR 0.08:3

2ted issues invclving emissizns scanarics ara

Additienal b
Cw Witlin the ¢zntax= of raacTivicy.

ol
discussad ke

Lecaticn - In tarzs cf medel inzuts, leccation cnly translatas ==
diurnal variation of seclar zemich angle. The EXMA defaul:
lccaticn ¢f Les Angeles, califormia (Lat. 34.053; Long. 118.255;
6§/21/73) was used in all runs; irtually no sensitivity resultad
fren varying lazitude.

-

fared ] es (i.e., pluzme enmergence) wersz
ncrenented heur

T b =
Y Ircm 0800 t2 1200 LST (0800 standard sta-- .

s
1

Wind Steed - Wind sgeeds wers incrermented ky 1 m/s over a range
irzm 1 m/s €92 4 m/s. The standard wind sceed for all runs was 4 -
m/sl

Plupe Width - Spatially variant dewnwind Flume widths were
generated by specifying standard Pasquill-Gifford stabilizy
classas 1-5 with class 3 used as the standard stability class.

Plune Dezth - Plume depths were incremented 200 m over a range
frca 300 m to 1500 m (500m standard depth).

Iemcerature - Temperatures were incrementad 8 K over a range frenm
287 K to 311 K (303 K was standaxd). -

Inissions NMOC Mix - In addition s the standard EXMA mix wikth a
NMCC/NOx of 10, runs wers performed with single-compcnent NMCOC
emissions representing each €34 class (excert isoprene) and
@ifferent NMOC/NOx ratios. To cvercame nurerical proklems
requiring excessive cemputaticnal time for olefins, a mix of 70%
clefins and 30% paraffins was usasd in place of purs olefins.

These single-cempenent emissicns were run with mass
enissions rates of CO and NOx that were identical to these
2pplied for the standard Exa enissions mix. Conseguently,
NMOC/NOx (PFMC/PPM basis) ratios varied scmewhat due to
differences in effective molacular weights among the emissions
scenarics. All NMOC emissicrs were based on the standard mass
enission rate of 10,000 tons/year. Also, additional NMOC/NOx
ratios of 5 and 2 (based on srandard EXMY mix) were applied for
all emissicns mixes.

13



ZSSULTS AND DISCTSSTION

Sensltivities ¢ maxizum ez=na incram;ents wizthin a scinc
seurze plume dus ¢tz indegendant variatisn e savaral
metacrlcgical paramezars ars: prasentad in Figuras 1-3. Zasad cn
tese rasults and considerasicn of cansiszancy azeng
nesacrolegical varianles, the £sllewing values basad cn tha
Suksaguent analvysis wera chesan Scr base-case mevagrcolegical
inzuts t2 preovide conservative czcne incrament estiza-es:

wind sgeed - 1 m/s

horizcntal stasility - class ¢

pPlume dezth - 700

anbient temperazurs - 311 K

start time - 1000 LST (NMCC/NCx > 5)
- 0700 LST (5 > NMOC/NOx > 1)
- 0600 L3T (NMCC/NCx < 1)

t2ySing Time - Only miner sar

2 31
StarTing time from 0630 to 1260 LST for standard mix with
NMCC/NCx = 10 (Figuxa 1). Sensitivity ta starting tize incrasasgas

25 NMOC/NOx ratio decreasad; as lewer NMOC/NOx ratics earlisr

stazting times przcduced larger czone incremenis (Figurass 2-3).
‘Sensitivity to starting time is strongly coupled to

itivity was atiributad +o varying

3

cetinizing both NO teo NoO2 cInversicn and providing adeguate
reactive VOC. At high NMCC/NCx, NO titration of ozcne is nect
Ceainant and expesure of high incident radiatien to concentatad
NMOC (short time after Start-up) prcduces large czcone increments.
In centrast, at low NMOC/NOx ratios NO titration is a prcblem and
tie plume requires ex+tended time to reach optimum czone ferming
pctential. Accordingly, an earlier start time which provides
intense incident radiation upen segments sufficiently downwind

such that a substantial percantage of NO has been cznverted (as
well as diluted).

Wind Sveed - wWind Speed variaticns inmpart the greatest degree o©f
sensitivity on maxinum ozene increments (Figure 4). Successivealy
Szaller decreases in czone impacts occur as wind speed increasas
from 1 to 5 m/s; a reascnable respecnsa since, in effect, a 2-%claé
increase in wind sgpeed reprasents a 50% decrease in the effective
enissicns rate injected ints a Plume segment. In additicn, a
dilution effect due to increased dispersicn near the source
acccmpanies elevated wind speeds.

Stabjlitv Class (Horizontal dispersion) - Ozone formation
increased as stability classes were changed frem Class A(l) to
Class E(5) (Figure 5), an exzected response related to
successively less downwind dilution when proceeding through

e D e T e B~ .. PO BN S BN e Seme .

ol
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higher stability catagerias, Ia the czntaxs cf t-ig analysis
Class D anc I stabilizles yield larga czcre increamenzs: hus- thesa
classas ars claarly iacansistans with cther cptizmal ezoma Izmming
cznditisnas (Sull sunlighs, lizhT winds). zIn fellewing a )
cofsarvat.ovae azgrcach csnsistant with any scrsening Tratzczl
saleculicn ¢ Class C szatilicy is approsriaza. AczTually, the
Seisctizsn ¢ a2 mcr2 stazla dlsrersicn scanaric is cansiswan-= wish
Tle netlicn ¢f plume meangar wiarsny plume disgersisn calculazad
f£reo standard disgersicn paramesars ENCINTasSsSas a csmpleta
crasswind proilile dus Tao pluze zeandsr, vel tha eiiactiva
cresswind pluze dizensicn (whers raaczicns o Tur) is gzvarned by
o instantanecus creosswind dimensisn. Whilas plume meander )
Certainly incr2ases arsal exgesurs $2 a par=icular Eluze,
2activity is derendent cen actual crssswind dizesicns az a roins
in tize.
Plums decth - The czcne formatian resgensa to plume depth (held
csnstant tarsughout time) is similar ts that for wind stead
(Figuxa &), an artarent dilusiecn cherczenca, Tha salecticn ¢f a
700 m maxizmua plume degth is, adzittadly, scmewhat arziszary.
Certainly an urper bcund mus= ke inpesed to acczunt for leow
rixing heights, cthervisz a rplu=e weuld gTcw indefinitaly, and

ralher rapidly, over time. While th e existanca of 700 m mixing
heizghts is nct uncemzen, tha cesurrsnce ¢f suck a low mixing
height under crtinmal ozene foraing csnditicns is net likely in
many lecaticns. Nevertheless, an ugger tcund mus: ke inpesad
and, as illustrated in Figurs 6§, the diffarance in maximunm czgne
incraments ketween 700 m and 900 m is abeu= 15 %. Furztherzcre,
ctsarved summertime, aftaerncen measursments of plume depihs takan
from the Tennessee Plume Study (Ludwiq et al., 1581) show cluze
ceptihs typically ranging from S00 m to 700 m.

Iencersture - Ozone formaticn increassd with increasing
temperaturs (Figure 7), a rasult ccnsistent with ckse=ved
correalaticns azong high temperature and high czzne levels. The
selection ef 311 K (100 ©F) is nct unreasonably high. '

-

VOC Emissicons Reac*ive Miw

The apportioning cf emissions by C34 classes would tyrically
be set by a particular scurce profile for a refined mocdeling
aprlication, Since scraening tables are designed ta provide a
sizple and rcbust screening precedure, cut of necessity the
enissions mix becomes a variable which must be addrassad when
ceveloping a werst-case baseline input file. A robust methed
cznceivably should kEracket the limitlass variety cf VOC mixes, a
rather encompassing cbjective. To that end a crude attempt at
bracketing a range of all pcssible VOC point source emissions was
developed by running the RPM-II with single-compeonent NMOC
enissions for each CB4 category.

Results of this analysis ars shewn in Figures 8-10 for three

13



diffarent NMCC/NCx ratiss. All voc enissicns rates wers held a=
10,000 tcns/year, and NMOC/NCx and NMCC/CO ratics were based ep
Cle standard EXMA mix. The large NMCC emissicns rats cZ 1g,00C0

tons/year was net intanded £z ke rscrasantaive; the rats was usg
T3 Cetzar identify trands which othervisa Z.zht have teen lcs

numerical ncisa. The ratics variad slizhtly azeng the Qisfss
mixes tecausa ¢f diffarancaes in VCC mclacular weights. To
rrevide c¢onsistancy all m&Ss ratas fcor NCx (at a given NMGC/NCix
Tatic) and €I wers identical for difZaxnt mixas (the NMCC/MNCx

ratio is vclume based). Consaguently, diffarent NMCC melax

emlssicns razes existed amcng mixas, with hicher meclar enissicn

-

ratas {cr lcower weight classas (e.g. pa-affins).

IZ cne presumes raactivity strictly as a functiocn cf the k
CH reactivity scales, an agrarsnt Eulfering effezt is producad ¢

-l - -

to enfcrcing consistent mass emission ratas ameng mixas (Figures
8-10). A clear exazple is jllustrated Ey the paraffin mix whic:
foras ozone to an extent similar ta toluene and xylene, classas
both with ccensiderakly higher k-OH values and rolecular weights
ralative to raraffins. Similarly, ethylene and olefins faora

larjest czcne increments becausa these classes are hoth reac=ivs
and relatively lcw weigh™., The assccia=agd C34 class k-0OE values
and molecular weights are listad kelow:

. D 2
P

C24 Class Effactive k-QH
Mclecular (min'l)
Weight
ETH 23 5824
QLE 26 20422
ALD2 43 11833
FORM - 30 15000
TQL 92 4497
XYL 106 1284
PAR 14 1203
EXMA MIY 23.16 3080

The decision to base this analysis cn mass emissions is based cn
the expectation that the anticipated users of this screening

16



technique will addrass rernitting issues tased c¢n mass emissian

-t

rates.

AS shcwn in Figuras 8-10, wvariaticn in cigne incrsmenzs
Pradicted for diifarant Cca2: cImIcnents rance Ur t3 akcu= 1.5
tizes the c¢czcne incwamen= cttalined with a standarzd ZXMA urbkan
RBIX. Acssraingly, the IXMA aix is ratained for all scrzening
analyses and aggplicatien will raguira a scale-uz facstzr of 1.5,
It shzuld ke nctad that a 70 % clein mix is unrzalistic as mess
clefin-named czmpcunds a-s csupesad cf chains dcminacad by

Farafin bcnds.

fural Area Screanine Takla

Results from a mairix cf rurs czvering a range cf VGC
emission ratas and NMOC/NOX emissicns ratics are presented in
Table A2. 1In order to maintain a csnsiszent basis for cata
evaluaticn, all Takle A2 resul-s a-= basad en a 1000 LST start
time. Several trands exis< azeng the data in Takle aA2:

* At NMCC ratics gra

a , any incresasa in NMCC
lcading leads ts an

3
sad gzcne maxizmunm

* As VOC lcading rate increases, an critimal NMOC/NOX
enissisons ratic exists, and this ratio shifts to laower.
values as NMOC scurce sizs inersases.

*

L NMOC/NOX emissicns ratics less than 3, VOC leading
licreases can lead t5 relative decreasas in czone
maxinums as well as czcne deficits during one solar
day.

A simplified versicn of Table A2 is presented as the rural
area screening table in secticn 3.0 (Tatle 1). The effects of
NMOC/NOx ratios have been attenuatad scmewhat by presenting three
brecad NMOC/NOx ratics. The results under each range rzflect a
scale-up factor of 1.5 and are based on the mest censervative
(maxinum ozene preducing) NMCC/NOx ratie each range: > 20
(NMOC/NOx = 20); 5-20 (l2- see Figure 11); < 5 (3). In addition
the results in Table 1 are Lasad on cptimal starting times for
different NMOC/NOx ratics and adjusted by using a rasactivity
scale-up factor of 1.5.

17



Table Al. Background sgpecies csncantraticns (gpm) taken
t3 be regressntative of "clean" atmescheric conditicns

T T T R R N L AR e R ke 1 S T L st i | e D e e il s ek e e s D N T A S W i i . e o e e

ALD2 9.005E-3 NO 5.054E-53
H202 1.0842-~3 CH 2.947E-7
MGLY 1.529E-¢ 23>0 4.124Z~9
0 1.4962~10 XIL 1.296E-9
PAR 3.224%Z-3 ETHY 1.631Z=5
X032 1.171=-5 HO2 2.496Z~5
Cc203 7.339E-7 NO2 1.491E~4
HNOZ 1.85%E=-6 QL= 4.676E-9
N20s 1.723E-9 TLA 9,338E-9
Q3 3.193E~2 FORM 1.148E=3
PHEN 4,.286E-5 Isop 0.C00E+0
XO2N 1.417E-6 NO3 2.041E-3
co 5.873E-2 PAN 5.187Z=5
HNO3 1.646E-3 TOL 1.219E-5

from (PEI, 1983)
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OZONE INCREMEMNT (PPHM)
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OZOME INCREMENT (PPHM)
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ponent C34 emissions
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figure 11. NMOC/NOx effect on ozone




