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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/NO2, SO2, PM10, and PM2.5;

2. Combined emissions of CO, NO/NO2, SO2, PM10, and PM2.5 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/NO2, SO2, PM10, and PM2.5 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, 2001), and include the following:

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

2. Heavy equipment and vehicle tailpipe emissions of CO, NO/NO2, SO2, PM10, and
PM2.5  during construction, drilling, completion and production;

3. Emissions of CO, NO/NO2, SO2, PM10, and PM2.5 from diesel-fueled drill rig engines
during drilling;

4. Emissions of CO, NO/NO2, PM10, and PM2.5, from completion flares (during
completion) and production heaters (during production);

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

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

7. 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/NO2, PM10, and PM2.5 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 (Wyoming, Colorado, and National) and PSD Class I and II 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 analysis.  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/m3)

Pollutant
and

Averaging
Time

Background
Concentration

Wyoming
Ambient Air

Quality
Standards

Colorado
Ambient Air

Quality
Standards

National
Ambient Air

Quality
Standards

PSD
Class I

Increment

PSD
Class II

Increment

Carbon Monoxide (CO)

CO  1-hr 2,299 a 40,000 40,000 40,000 None None

CO  8-hr 1,148 a 10,000 10,000 10,000 None None

Nitrogen Dioxide (NO2)

NO2 Annual 10 b 100 100 100 2.5 25

Ozone (O3)

O3 1-hr 144 d None None 235 None None

O3  8-hr 139 d 157 157 157 None None

Particulate Matter less than 10 microns (PM10)

PM10  24-hr 20 c 150 150 150 8 30

PM10 Annual 12 c 50 50 50 4 17

Particulate Matter less than 2.5 microns (PM2.5)

PM2.5 24-hr 10 e None None 65 None None

PM2.5 Annual 6 e None None 15 None None

Sulfur Dioxide (SO2)

SO2  3-hr 29 f 1,300 700 1,300 25 512

SO2  24-hr 18 f 260 365 365 5 91

SO2  Annual 5 f 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 90th 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 4th highest daily maximum
8-hour average.

Other short-term background concentrations represent the second highest measured value.
Sources:
 a. CDPHE, 1996  - Data collected at Rifle and Mack, Colorado in conjunction with proposed oil

shale development during early 1980s.
b. BLM, 1996 - To supplement monitored NO2 data, a separate NO2 modeling analysis was

performed which included many NOx emission sources. 
c. WDEQ-AQD, 1997 data collected for the Carbon County UCG Project, data collected 9 miles

west of Rawlins, WY, June 1994-November, 1994
d. Clean Air Status and Trends Network, n.d. - Data collected at Pinedale, Wyoming (1997 -

1999).
e. Background PM2.5 concentrations estimated at one-half of PM10 values based upon EPA

literature.
f. 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 km2 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/NO2, SO2, PM10, and PM2.5

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.
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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 

Pollutant
Averaging

Period
Construction

Impact
(:g/m3)

Drilling
Impact
(:g/m3)

Completion
Impact
(:g/m3)

Production
Impact
(:g/m3)

Maximum
Impact
(:g/m3)

NO2 Annual 0.0026 1.92 0.014 0.02 1.92

CO 1-hour 22.83 123.61 438.83 0.22 438.83

CO 8-hour 4.00 59.79 191.64 0.09 191.64

SO2 3-hour 0.83 5.93 0.012 0 5.93

SO2 24-hour 0.17 2.29 0.0027 0 2.29

SO2 Annual 0.00005 0.032 0.00001 0 0.032

PM10 24-hour 23.69 3.48 4.99 0.03 23.69

PM10 Annual 0.0015 0.047 0.012 0.001 0.047

PM2.5 24-hour 3.29 2.72 2.05 0.02 3.29

PM2.5 Annual 0.00037 0.038 0.002 0.001 0.038
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Table 2-2 Maximum Ambient Air Quality Impacts for an Individual Well

Pollutant Averaging
Period

Maximum
Single
Well

Impact

(:g/m3)

Monitored
Back-
ground
Level

(:g/m3)

Maximum
Impact
Plus

Back-
ground
(:g/m3)

National
Ambient

Air Quality
Standard
(:g/m3)

Wyoming
Ambient

Air Quality
Standard
(:g/m3)

Colorado
Ambient

Air Quality
Standard
(:g/m3)

Percentage
of Most

Stringent
Ambient Air

Quality
Standard

NO2 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%

CO 8-hour 191.64 1,148 1,340 10,000 10,000 10,000 13%

SO2 3-hour 5.93 29 34.93 1,300 1,300 700 5%

SO2 24-hour 2.29 18 20.29 365 260 365 8%

SO2 Annual 0.032 5 5.032 80 60 80 8%

PM10 24-hour 23.69 20 43.69 150 150 150 29%

PM10 Annual 0.047 12 12.047 50 50 50 24%

PM2.5 24-hour 3.29 10 13.29 65 NA NA 20%

PM2.5 Annual 0.038 6 6.038 15 NA NA 40%

     Note: PM2.5 background assumed to be one-half of PM10 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 PM2.5 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 PM2.5 data are available, it was assumed that background PM2.5

concentrations were one-half of the PM10 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 PM2.5 tends to be much lower than one-
half of the PM10 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 II increments.  At the 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).
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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 II increment regulations do not apply.
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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 :g/m3 annual
average concentration.  It was found that the SIL for NOx was much greater than PM10.  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/m3 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 PM2.5 standard, but just as in
the case of the individual well pad impacts, this value conservatively assumed that the background
PM2.5 concentration was one-half the PM10 background. 
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Table 3-1 Gas Plant and Well Field Impact

Pollutant Averaging
Period

Gas Plant
and Well

Field
Impact

(:g/m3)

Monitored
Back-
ground
Level

(:g/m3)

Maximum
Impact
Plus

Back-
ground
(:g/m3)

National
Ambient

Air Quality
Standard
(:g/m3)

Wyoming
Ambient

Air Quality
Standard
(:g/m3)

Colorado
Ambient

Air Quality
Standard
(:g/m3)

Percentage
of Most

Stringent
Ambient Air

Quality
Standard

NO2 Annual 4.17 10 14.17 100 100 100 14%

CO 1-hour 168.39 2,299 2,467 40,000 40,000 40,000 6%

CO 8-hour 83.69 1,148 1,232 10,000 10,000 10,000 12%

SO2 3-hour 0 29 29 1,300 1,300 700 4%

SO2 24-hour 0 18 18 365 260 365 7%

SO2 Annual 0 5 5 80 60 80 8%

PM10 24-hour 7.31 20 27.31 150 150 150 18%

PM10 Annual 1.69 12 13.69 50 50 50 27%

PM2.5 24-hour 2.58 10 12.58 65 NA NA 19%

PM2.5 Annual 0.71 6 6.71 15 NA NA 45%

     Note: PM2.5 background assumed to be one-half of PM10 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 NOX 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 NOX 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 NOx 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/m3.  The results
of the ozone impact analysis are shown in Table 4-1
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Table 4-1 Maximum Modeled Ozone Concentration

Pollutant
Ave.
Time

Direct
Modeled
(µg/m3)

Back-
ground
(µg/m3)

Total

(µg/m3)

WAAQS

(µg/m3)

CAAQS

(µg/m3)

NAAQS

(µg/m3)

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 90th percentile of the maximum daily 1-hour
concentrations for the months of April through August.

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

Table 4-1 appears to indicate that the project could cause a maximum 8-hour ozone concentration
equal to the AAQS.  However, it must be kept in mind that the screening nomograph 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 ozone 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.  (It is
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

Pollutant
Range of State 8-hour AACL

(µg/m3)

Benzene            30 FL07 - 714 NV01

Toluene       1,870 IN03 - 8,930 NV01

Ethylbenzene      4,340 ND01 - 43,500 VT01

Xylene      2,170 IN01 - 10,000 NV01

n-Hexane     1,800 FL07 - 36,000 CT01

Formaldehyde         4.5 FL07 - 71 NV01

Source: EPA (1997a).

CT01     Connecticut Department of Environmental Protection, Air Compliance Unit

FL07      Florida, Pinellas County Air Pollution Control Board

IN01       Indiana Department of Environmental Management

IN03       Indiana, Indianapolis Air Pollution Control Division

ND01     North Dakota Department of Health, Division of Environmental Engineering

NV01     Nevada Division of Environmental Protection, Air Quality Control

VT01     Vermont Department of Environmental Conservation, Air Pollution Control Division.
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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/m3.  URFs are expressed in units of inverse :g/m3.  Of the six HAPs
evaluated, only benzene and formaldehyde are suspected carcinogens.  The URF for benzene is
7.8 x 10-6 (:g/m3)-1 and the URF for formaldehyde is 1.3 x 10-5 (:g/m3)-1, 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 

Hazardous
Air

Pollutant

Combined
Potential Impact
from Gas Plant

and Wells
(8-hour Average)

(:g/m)

Range of State
Acceptable

Ambient
Concentration

Limits
(:g/m3)

Percentage of
Most Stringent

Acceptable
Ambient

Concentration
Limit

Percentage of
Greatest

Acceptable
Ambient

Concentration
Limit

Benzene 31.21 30 to 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 4.5 to 71 91.8% 5.8%
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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
 Air

 Pollutant

Incremental Carcinogenic Risk
Resulting From The 

Maximum Exposure Scenario

Incremental Carcinogenic Risk
Resulting From The 

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
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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 (z0): 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
quality impact.
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Table 6-1 Vehicle Traffic Impacts

Pollutant Averaging
Period

Vehicle
Traffic
Impact

(:g/m3)

Monitored
Back-
ground
Level

(:g/m3)

Maximum
Impact
Plus

Back-
ground
(:g/m3)

National
Ambient

Air Quality
Standard
(:g/m3)

Wyoming
Ambient

Air Quality
Standard
(:g/m3)

Colorado
Ambient

Air Quality
Standard
(:g/m3)

Percentage
of Most

Stringent
Ambient Air

Quality
Standard

NO2 Annual 0.0 10 10 100 100 100 10%

CO 1-hour 0.8 2,299 2,300 40,000 40,000 40,000 5.8%

CO 8-hour 0.6 1,148 1,149 10,000 10,000 10,000 12%

SO2 3-hour 0.0 29 29 1,300 1,300 700 4.1%

SO2 24-hour 0.0 18 18 365 260 365 6.9%

SO2 Annual 0.0 5 5 80 60 80 8.3%

PM10 24-hour 23.9 20 44 150 150 150 29%

PM10 Annual 6.0 12 18 50 50 50 36%

PM2.5 24-hour 3.5 10 13.5 65 NA NA 21%

PM2.5 Annual 0.9 6 6.9 15 NA NA 46%

     Note: PM2.5 background assumed to be one-half of PM10 background.
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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/NO2, SO2, PM10, PM2.5 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 traffic impacts 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

25

8.0  REFERENCES

EPA. 1990.  New Source Review Workshop Manual (Draft) Office of Air Quality Planning and
Standards, Research Triangle Park, North Carolina.

EPA. 1997a.  National Air Toxics Information Clearinghouse (NATICH).  Database, Office of Air
Quality Planning and Standards, Research Triangle Park, North Carolina.

EPA. 1997b.  Integrated Risk Information System .  Database, Office of Air Quality Planning and
Standards, Research Triangle Park, North Carolina

Scheffe.  1988.  VOC/NOX Point Source Screening Tables.  Office of Air Quality Planning and
Standards, Research Triangle Park, North Carolina

Wyoming Department of Environmental Quality.  1999.  Wyoming Air Quality Standards and
Regulations.  Cheyenne, Wyoming.



APPENDIX A 

Scheffe Ozone Screening Methodology
































































