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1. Introduction 

The Seward Generating Station (Seward) and Conemaugh Generating Station (Conemaugh) are both coal-fired electric 

generating stations located in southeastern Indiana County, PA. The stations are situated approximately 2 miles (3.3 

km) apart from each other (Figure 1-1) adjacent to the Conemaugh River.  In this area, the river is the jurisdictional 

boundary between Indiana County and Westmoreland County, PA.  The coal-fired boilers at the stations are significant 

point sources of sulfur dioxide (SO2) emissions that can impact areas located within Indiana County and areas outside 

of Indiana County (i.e., portions of Westmoreland and Cambria Counties).  Impacts within Indiana and portions of 

Armstrong counties were addressed in the Indiana, PA Nonattainment Area SO2 National Ambient Air Quality Standard 

(NAAQS) State Implementation Plan (SIP) revision that was approved by the U.S. Environmental Protection Agency 

(EPA) in September 2024.1  Following approval of that SIP revision, EPA finalized a study that evaluated impacts in 

areas outside of Indiana County. The study included a dispersion modeling effort that utilized recent actual emissions 

from the two stations and historic meteorological data that were generated from a meteorological monitoring site located 

between the two stations. The findings from that modeling effort resulted in EPA redesignating select portions of 

Westmoreland and Cambria Counties as non-attainment for the 2010 SO2 NAAQS.2 Within this area of interest 

(Cambria-Westmoreland area) lies a significant elevated terrain feature known as Laurel Ridge. As shown in Figure 1-

2, this ridge is oriented northeast to southwest and is primarily located in eastern Westmoreland County and western 

Cambria County. 

The significant rise in elevation that is presented by Laurel Ridge relative to the boiler exhaust stack heights at Seward 

and Conemaugh is much more pronounced than any other surrounding terrain feature within 20 km of the facilities. The 

vast majority of the ridge has terrain elevations above 600 meters above sea level (ASL), with some of the highest 

elevations nearing 1,000 meters ASL. These heights are considerably higher than the stack tops of Conemaugh (490 

meters ASL) and Seward (513 meters ASL), thus meeting the definition of complex terrain relative to the emission 

sources being modeled. 

 
1 Air Plan Approval; Pennsylvania; Attainment Plan for Indiana Nonattainment Area for the 2010 1-hour Sulfur Dioxide National 
Ambient Air Quality Standard. 89 FR 74836. Published September 13, 2024 with an effective date of October 15, 2024. Available at: 
https://www.federalregister.gov/documents/2024/09/13/2024-20598/air-plan-approval-pennsylvania-attainment-plan-for-the-indiana-
nonattainment-area-for-the-2010  
2 Redesignation of Portions of Westmoreland and Cambria Counties, Pennsylvania for the 2010 Sulfur Dioxide National Ambient Air 
Quality Standards. 89 FR 101910. Published December 17, 2024 with an effective date of January 16, 2025. Available at: 
https://www.federalregister.gov/documents/2024/12/17/2024-29229/redesignation-of-portions-of-westmoreland-and-cambria-
counties-pennsylvania-for-the-2010-sulfur 
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Figure 1-1: Cambria-Westmoreland, PA 1-hour SO2 NAAQS Modeling Area of Interest 
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Figure 1-2: Elevation of Model Area of Interest 
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1.1 Unique Site-Specific Conditions 

The topographic setting along with the orientation of the complex terrain relative to the SO2 emission sources introduces 

unique challenges to dispersion modeling for this site-specific area. The first challenge involves strong wind directional 

shear. Given that the sources and the site-specific meteorological tower are located within the valley, the wind up to 

approximately 100 meters follows the terrain features and is predominantly from the southwest to northeast, as depicted 

in Figure 1-3 (a and b).3 At higher levels, closer to stack top and above terrain heights the flow begins to turn more out 

of the west. This shift in direction with height is known as wind directional shear. While dispersion models, like AERMOD, 

are designed to account for this effect for steering the plume centerline, AERMOD does not consider the fact that the 

top and bottom of the rising plumes are being steered in different directions, thus resulting in additional horizontal 

spreading that AERMOD’s formulation does not consider.  In that respect, the horizontal plume extent can be 

underestimated by AERMOD. 

There are other physical processes that act to expand the plume’s horizontal spreading when it is forced to “wrap 

around” a complex terrain feature.  Briggs (1982) noted that the plume trajectory tends to favor the “grain” of the terrain 

rather than going across it. Another physical process in complex terrain is the enhancement of turbulence due to eddy 

formation created by the flow of air passing over and around terrain obstacles. Hanna (1980), see Attachment A, found 

that sigma-theta values were increased by a factor of 1.6 during neutral conditions when the wind direction was 

perpendicular to the terrain.4  

The current model formulation of AERMOD, in its regulatory form, is not configured to account for the shape of a 

complex terrain feature; the configuration is limited to the height of the top of the hill that each receptor is associated 

with.  Accordingly, AERMOD configuration excludes the orientation of the terrain feature such as Laurel Ridge.  For the 

critical case of plumes with insufficient kinetic energy (due to buoyancy / mechanical lift) to lift over the hilltop, AERMOD 

simply sends the plume “through” the hill and does not consider any additional dispersion due to the need for the plume 

to go around the hill whose shape is unaccounted for in the model.  As shown in Figure 1-3 (c and d), the predominant 

westerly flow at higher levels will orient the plumes from Conemaugh and Seward stacks more perpendicular to the 

higher Laurel Ridge terrain downwind. In contrast, Briggs’ findings would indicate that the Seward and Conemaugh 

plumes should travel along and around the long axis of the hill, resulting in a substantial more pronounced “wrap 

around” effect than AERMOD would be capable of simulating. 

As discussed, the area downwind of the predominant flow of Conemaugh of Seward, which is dominated by Laurel 

Ridge, is unique and complex in terms of dispersion modeling. AERMOD with default options would not be an 

appropriate model as it would tend to underestimate the plume meandering, which can be exacerbated under light 

winds at night, and lead to an overprediction bias of ground-level concentrations. As a result, a site-specific alternative 

model is warranted to more appropriately address this issue.  

  

 
3 Figure 1-3 (a) shows the winds at 150 meters from the Ash Valley Tower that collected data in the early 1990s. Figure 1-3 (b) 
illustrates the winds from the more recent 2015-2016 Ash Site #1 Tower at 100 meters. Together with the wind roses from the select 
SODAR level (Figure 1-3 (c and d)) show the change in wind patterns with height for this area. 
4 Hanna, S. R., 1990. Lateral Dispersion in Light-Wind Stable Conditions. Il Nuovo Cimento C 13, 889-894. 
https://doi.org/10.1007/BF02514777  

https://doi.org/10.1007/BF02514777
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Figure 1-3: Wind Roses 

(a) Ash Valley Tower at 150-m (b) Ash Site #1 Tower at 100-m 

 

 

(c) Ash Site #1 SODAR at 350-m (d) Ash Site #1 SODAR at 400-m 

  

Note: SODAR winds from the southwest were affected by Conemaugh cooling tower plumes. That was documented in the Indiana, 

PA SIP. Therefore, the data underrepresents the frequency of southwesterly to westerly flow. Also, the base elevations between the 

Ash Valley Tower and Ash Site #1 are about 140 meters, with the Ash Valley Tower being at a higher base elevation. 

1.2 Clean Data Determination Dispersion Modeling 

Following enactment of the Clean Air Act (CAA) Amendments of 1990, EPA established the “Clean Data Policy” for the 

1-hour ozone NAAQS.5 The Clean Data Policy states that for a nonattainment area that can demonstrate attainment of 

the standard prior to the implementation of CAA nonattainment measures, that no additional control measures would 

be required so long as air quality continues to meet the standard. In an April 23, 2014 memorandum entitled “Guidance 

for 1-hour SO2 Nonattainment Area SIP Submissions”, EPA provides guidance and a rationale for the application of the 

Clean Data Policy to the 2010 1-hour primary SO2 NAAQS.6 Under the Clean Data Policy, a state may notify EPA that 

 
5 57 FR 13498, 13564 (April 16, 1992). 
6 Guidance for 1-hour SO2 Nonattainment Area SIP Submissions. April 23, 2014. Available at: 
https://www.epa.gov/sites/default/files/2016-06/documents/20140423guidance_nonattainment_sip.pdf 
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it believes a nonattainment area is attaining the 2010 1-hour SO2 NAAQS and request a Clean Data Determination 

(CDD). 

On April 8, 2025, the Pennsylvania Department of Environmental Protection (PA DEP) and EPA Region 3 informed 

Conemaugh and Seward that a CDD modeling demonstration is an available option to evaluate the 1-hour SO2 NAAQS 

attainment status on and in the vicinity of Laurel Ridge (i.e., portions of Cambria-Westmoreland Counties). Conemaugh 

and Seward elected to proceed with a CDD approach. The CDD modeling should involve the use of recent actual SO2 

emissions data and meteorological data from the Ash Site #1 tower and SOnic Detection And Ranging (SODAR). 

The Ash Site #1 meteorological station was comprised of a multi-level tower equipped with sensors at 2, 10, 50, 75, 

and 100 meters (m) along with a SODAR wind profiling system (with measurements starting at 50 m and extending 

vertically in 50-m increments to 500 m). The location of Ash Site #1 was approximately halfway between the Seward 

Generating Station and Conemaugh Generating Station, as shown in Figure 1-4. Tower and SODAR turbulence 

measurements (both the standard deviation of the horizontal wind direction (sigma-theta) and the standard deviation 

of the vertical wind speed (sigma-w)) were collected in addition to the typical wind speed and direction, ambient 

temperature, and other meteorological measurements (e.g., atmospheric pressure, precipitation, etc.).  

In an attempt to address concerns about potential model overprediction bias for impacts along the higher terrain of the 

ridge based on the discussion outlined in Section 1.1, the Stations propose to evaluate the model’s performance and 

identify appropriate refinements based on a historical field study that involved the same primary SO2 sources 

(Conemaugh and Seward) and SO2 monitors located along the ridge within the CDD modeling area. The intention is to 

apply the refinements from the model performance evaluation that identify a better performing alternative model for this 

site-specific application and use it for the CDD modeling demonstration. 

Figure 1-4: Location of Ash Site #1 Meteorological Tower and SODAR 
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1.3 Purpose 

The purpose of this modeling protocol is to address requirements in Appendix W (40 CFR, Part 51, available at 82 FR 

5182 (Federal Register,  November 29, 2024), Section 3.2.2 (b)).7 This section of Appendix W states that an alternative 

model shall be evaluated from both a theoretical and a performance perspective before it is selected for use. Any one 

of the following three (3) separate conditions may justify use of an alternative model: 

 

1. If a demonstration can be made that the model produces concentration estimates equivalent to estimates 

obtained using a preferred model; 

2. If a statistical performance evaluation has been conducted using measured air quality data and the results 

of that evaluation indicate the alternative model performs better for a given application than a comparable 

model in Addendum A; or 

3. If there is no preferred model. 

A statistical performance evaluation (option 2) has been selected to justify an alternative model for the modeling of 

portions of Cambria and Westmoreland Counties with SO2 emissions from Seward and Conemaugh. The statistical 

performance evaluated will be conducted using measured air quality data and the results of that evaluation indicate the 

alternative model performs better for the given application than a comparable model in Addendum A [of the guideline]. 
This modeling protocol describes the proposed approach to conduct a site-specific model evaluation to support the use 

of an alternative model. The proposed approach involves a historical field study that was located in the same area of 

Laurel Ridge that involves the same key SO2 emission sources and similar meteorological profiles. The previous study 

has the three key elements necessary to perform the statistical analysis; (1) concurrent hourly source emissions, (2) 

representative hourly meteorological data, and (3) hourly monitoring data. A description of the historical field study is 

discussed in the following section. The 2015-2021 Ash Site #1 data collection period lacks concurrently hourly SO2 

monitoring data.

 
7 Guideline on Air Quality Models (Appendix W of 40 CFR Part 51). November 29, 2024. Available at: 
https://www.epa.gov/system/files/documents/2024-11/appendix_w-2024.pdf  
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2. Theoretical Technical Justification for Increasing the Minimum Sigma-v in 
AERMOD for this Site-Specific Application 

During low wind speed (LWS) conditions, in both complex and simple terrain situations, the dispersion of pollutants is 

limited by diminished fresh air dilution.  Anfossi et al.8 noted that in LWS conditions, dispersion is characterized by 

meandering horizontal wind oscillations. Sagendorf and Dickson9 and Wilson et al.10 found that under LWS conditions, 

horizontal diffusion was enhanced because of the meander, and the resulting ground-level concentrations could be 

much lower than that predicted by steady-state Gaussian plume models that did not account for the meander effect. 

It’s worth pointing out that in the evaluation conducted by Anfossi et al., measured turbulence was used as input to the 

modeling, but for Sagendorf, Dickson, and Wilson et al., turbulence was not used to calculate sigma-v or effective wind 

speed. Therefore, irrespective of measured turbulence, model performance was improved by adjusting the meander 

effect for these studies involving complex terrain areas.   

 

Anfossi et al. conducted an analysis of sonic anemometer data in low wind speed conditions, which they discuss as 

being wind speeds under 2 m/s (and especially under 0.5 m/s in stable conditions and 1.2 m/s in unstable conditions).  

These data, with instruments having near-zero starting wind speed thresholds, were taken in two locations: one site 

featured complex terrain near Graz, Austria; and the other site in simple terrain was near Tisby, Sweden. In general, 

these researchers consider that slow mesoscale motions (i.e., wind fluctuations with periods of 20-30 minutes) exist 

under all these meteorological conditions, but, as the small-scale turbulence decreases with low wind speeds, these 

slow mesoscale motions become the most important factor for the total variance observed in such conditions. Anfossi 

et al. further note that when the wind speed decreases below a certain threshold value (about 1.5 m/s), it is no longer 

possible to define a precise mean wind direction, and the wind direction oscillates with periods of the order of half-an-

hour or more. This oscillation (meandering) seems to depend neither on topography (since it occurs also in flat terrain) 

nor on diurnal cycle or season. The slow mesoscale motions seem to set a lower limit for the horizontal wind component 

variance (the square of the standard deviation) as was also found by Hanna (1990), and not accounting for this effect 

can result in substantial under-predictions of plume spreading horizontally.   

 

Other researchers have found that the amount of wind (and plume) meander in low-wind speed conditions is a function 

of the averaging time. For example, Finn et al. (2017)11, Sun et al. (2012)12, and Mortarini et al. (2016a)13 found in 

recent tracer experiments in the very stable boundary layer with low wind speeds that crosswind turbulence motions 

could be small for time scales on the order of 10 minutes or less, comparable to classical results such as Project Prairie 

Grass. However, wind direction and plume behavior is also observed by these investigators to abruptly shift within a 

typical time frame of about 30 minutes by several tens of degrees, and then remain steady for another several minutes 

before shifting direction again. AERMOD attempts to model this situation by weighing the plume dispersion between a 

random state and a Gaussian distribution. However, the rapid, episodic wind direction shifts in plume direction that are 

now better documented and acknowledged warrant additional model treatment to avoid simulating plume meander that 

is too small.   

 

As previously introduced in Section 1.1, plume meander can also be greatly affected by vertical shear, terrain induced 

eddies, and flow perpendicular to significant terrain features. A parameter that is used in the computation of the 

horizontal plume spreading in AERMOD (which accounts for meandering in low wind conditions) is the above-

mentioned standard deviation of the crosswind component, sigma-v (σv), which can be parameterized as being 

 
8 Anfossi, D., D. Oettl, G. Degrazia, A. Goulart. 2005. An analysis of sonic anemometer observations in low wind speed conditions. 
Boundary Layer Meteorology 114, 179–203. 
9 Sagendorf, J. F. and Dickson, C. R. 1974. Diffusion under Low Windspeed, Inversion Conditions. NOAA Technical Memorandum 
52, 89 pp. http://www.arl.noaa.gov/documents/reports/ARL-52.pdf.  
10 Wilson, R. B., Start, G. E., Dickson, C. R., and Ricks, N. R. 1976. Diffusion under low wind speed conditions near Oak Ridge, 
Tennessee, NOAA Technical Memorandum ERL ARL-61, 83 pp. http://www.arl.noaa.gov/documents/reports/ARL-61.pdf.  
11 Finn, D., K.L. Clawson, R.M. Eckman, R.G. Carter, J.D. Rich, B.R. Reese, S.A. Beard, M. Brewer, D. Davis, D. Clinger, Z. Gao, and 
H. Liu, 2017.  Project Sagebrush Phase 2. NOAA 380 Tech. Memo OAR ARL-275, Air Resources Laboratory, Idaho Falls, ID. 392 pp, 
381 https://doi.org/10.7289/V5/TM-OAR-ARL-275. 
12 Sun J., L. Mahrt, R. Banta, and Y.L. Pichugina, 2012. Turbulence regimes and turbulence intermittency in the stable boundary layer 
during CASES-99. J. Atmos. Sci. 69, 338-351.  https://doi.org/10.1175/JAS-D-11-082.1. 
13 Mortarini L., M. Stefanello, G. Degrazia, D. Roberti, S. Trini Castelli, and D. Anfossi, 2016. Characterization of wind meandering in 
low-wind-speed conditions. Bound.-Layer Meteorol. 161, 165-182. https://doi.org/10.1007/s10546-016-0165-6. 

http://www.arl.noaa.gov/documents/reports/ARL-52.pdf
http://www.arl.noaa.gov/documents/reports/ARL-61.pdf
https://doi.org/10.7289/V5/TM-OAR-ARL-275
https://doi.org/10.1175/JAS-D-11-082.1
https://doi.org/10.1007/s10546-016-0165-6
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proportional to the friction velocity, u* (Smedman, 1988; Mahrt, 1998)14,15. These investigators found that there was a 

minimum, non-zero value of σv that can be attributed to wind meandering over the course of a given hour. Hanna11 

found that the hourly-averaged σv has a non-zero minimum value of about 0.5 m/s as the wind speed approaches zero. 

Chowdhury et al. (2016)16 noted, based upon research conducted by Hanna (1983) and Etling (1990)17 that a minimum 

σv of 0.5 m/s is justified as a part of the formulation for the advanced puff model SCICHEM.   

 
Introduced in AERMOD version 12345, LOWWIND1 and LOWWIND2 non-default options were introduced to address 

concerns regarding model performance under low wind speed conditions. LOWWIND1 and LOWWIND2 increased the 

minimum sigma-v value from 0.2 m/s (default) to 0.5 m/s and 0.3 m/s, respectively. Both were hardcoded values that 

the user could not modify. LOWWIND3 was later introduced in AERMOD version 15151 that also increased the 

minimum sigma-v to 0.3 m/s but included the use of the non-default FASTALL approach. In AERMOD 18181, a new 

LOW_WIND keyword option replaced the former LOWWIND1, LOWWIND2, and LOWWIND3 options. The LOW_WIND 

option, which is a non-default alpha option in AERMOD 24142, allows the user to specify values for minimum sigma-v, 

minimum horizontal wind speed, and maximum meander fraction. 

 

We are proposing to use LOW_WIND option for this application (when modeling with the on-site meteorological data 

for high terrain areas on portions of Laurel Ridge) that specifies a minimum sigma-v of 0.5 m/s, based on Hanna (1990), 

with support from a site-specific field study, which is fulfilled here by the 1990-1991 study on Laurel Ridge.  Besides 

the technical issues about meander in stable conditions discussed above, the proposed LOW_WIND option has the 

effect of introducing more meander into the plume centerline concentration that results from complex terrain and wind 

shear effects that are characteristics of the perpendicular flow across the Conemaugh River Valley and into Laurel 

Ridge.  

2.1 Prior Demonstration Using LOW_WIND AERMOD Option 

A similar approach to using AERMOD with the LOW_WIND adjustment of the minimum sigma-v value for a rural 

modeling application was proposed in 2014 for an industrial facility in Tennessee (Eastman Chemical Company). A site-

specific model performance evaluation study was conducted to model 1-hour SO2 emissions from this facility. The 

evaluation used hourly data from a 100-meter tall tower and SODAR and the key SO2 monitor was located in complex 

terrain that was oriented at an angle to the flow. After reviewing the modeling, EPA stated the following in their June 1, 

2015 Approval of Alternative Model Request letter to Eastman Chemical: 

 

“Based upon the site-specific model performance information provided by Eastman, it appears 

that use of the LOWWIND2 beta option with a single minimum sigma-v value of 0.4 m/s 

significantly improves model performance for the Ross N. Robinson, Meadowview, Skyland 

Drive, and B-267 monitors when compared to the regulatory default version. We are approving 

a minimum sigma-v value of 0.4 m/s (versus the current default value of 0.3 m/s associated 

with the beta LOWWIND3 option) for Eastman specific case due to the complex environment 

with very low wind speeds and nearby complex terrain. These influences are likely to result in 

significant vertical wind shear that could contribute to increased lateral plume dispersion.” 

 

While this case in Tennessee ultimately pivoted from using the LOW_WIND alternative modeling approach to a 

reclassification of the environment from rural to urban18, it still demonstrates EPA’s willingness to accept a higher 

increased minimum sigma-v value in certain complex terrain areas where the lateral dispersion parameter in AERMOD 

is likely underestimated under low wind conditions. A copy of the approval letter from EPA is included in Attachment B. 

 
14 Smedman, A. S. 1988. Observations of a Multi-Level Turbulence Structure in a Very Stable Atmospheric Boundary Layer. Boundary 
Layer Meteorol. 66, 105–126. 
15 Mahrt, L. 1998. Stratified Atmospheric Boundary Layers and Breakdown of Models. Theor. Comput. Fluid Dyn. 11, 263–279. 
16 Chowdhury, B., R. I. Sykes, D. Henn, P. Karamchandani. 2016.  SCICHEM Version 3.0 Technical Documentation.  Available at 
https://sourceforge.net/projects/epri-dispersion/files/SCICHEM/SCICHEM-3.0_TechnicalDoc.pdf/download.  
17 Etling, D. 1990. On plume meandering under stable stratification, Atm. Env., 24A, 1979-1985. 
18 In subsequent action for the Tennessee modeling application, EPA later considered an urban dispersion modeling approach 
which used the default AERMOD model.  However, for the rural modeling approach, the larger minimum sigma-v clearly led to 
improved model performance. 

https://sourceforge.net/projects/epri-dispersion/files/SCICHEM/SCICHEM-3.0_TechnicalDoc.pdf/download
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3. Proposed Alternative Modeling Approach 

The proposed approach for conducting dispersion modeling within the Cambria-Westmoreland area, as shown in 

Figure 1-1, will incorporate a site-specific alternative model. We propose the use of the LOW_WIND option in AERMOD 

that enables the user to increase the minimum sigma-v from the default of 0.2 m/s. The revised value will be based 

upon the 0.5 m/s from the 1990 Hanna paper and the outcome of a model performance evaluation using a field database 

that was conducted for the Laurel Ridge area. 

 

The field dataset to be used is discussed in more detail below. It was conducted in the early 1990s and consisted of 

several SO2 monitors, on-site meteorological tower, and the same key SO2 sources that existed during the study are 

still in existence (i.e., Seward and Conemaugh). We are proposing to demonstrate the applicability of the LOW_WIND 

option (increasing the minimum sigma-v value) to address the default model’s bias by revisiting the model performance 

that was performed in the 1990s using AERMOD for the same key sources with peak impacts occurring in the same 

high terrain area (i.e., Laurel Ridge). 

 

Following the model performance evaluation between the regulatory model and the proposed alternative model 

(minimum sigma-v of 0.5 m/s) using the Laurel Ridge database, a second set of model runs will be conducted. This 

second set of model runs will use the same Laurel Ridge input data, except for the meteorological dataset. Instead, 

these model runs will utilize the Ash Site #1 meteorological dataset (September 2015 through August 2016) that will be 

used for the CDD modeling. The purpose of this round of analyses is to demonstrate that the alternative model will still 

result in improved performance compared to the regulatory model with the CDD meteorological dataset that includes 

both measured sigma-theta and sigma-w parameters.  The 2015-2016 meteorological data has a similar wind pattern 

at the 150-m level relative to the 1990-1991 data (see Figure 1-3), and since the evaluation considers comparisons of 

observed and modeled concentrations that are unpaired in time, the second meteorological database is a reasonable 

supplemental check on the superior model performance of the proposed alternative model.
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4. Field Study Description 

In the early 1990s, a field study was conducted by TRC to determine suitable modeling approaches, especially in 

elevated terrain, for several coal-fired electric generating stations located in Indiana County (funded by Penelec, the 

former owner or operator of the four stations that were the focus of the 1990-era modeling study). Ten (10) ambient air 

SO2 monitors were deployed in 1990 in the vicinity of the Keystone, Homer City, Seward, and Conemaugh stations, 

with several of the monitors located in areas on Laurel Ridge, as shown in Figure 4-1. The purpose of this study was 

to evaluate alternative modeling approaches for estimating air quality impacts from the stations in areas that included 

elevated terrain on Laurel Ridge and Chestnut Ridge. At the time the study was conducted, the 1-hour SO2 NAAQS 

had not yet been established (it was promulgated in 2010). As a result, the analysis conducted by TRC focused on 3-

hour, 24-hour, and annual average time periods. However, hourly averaged emissions data (collected by state-of-the-

art Continuous Emissions Monitoring Systems (CEMS) at the time) and hourly averaged monitored concentrations 

were collected. Consequently, the ability to conduct 1-hour averaged modeling is readily available.  

 

The one-year field study database includes the following elements:  

• one-year (August 1, 1990 to July 31, 1991) of hourly measurements of SO2 concentrations from ten 

(10) monitors with four (4) sited along high terrain of Laurel Ridge (Baldwin Creek, Powdermill Run, 

Sugar Run, and Terrys Run);  

• one-year of tall-tower meteorological data from the 150-m Ash Valley meteorological tower (location 

is shown in Figure 4-1); and  

• one-year of hourly SO2 emissions and stack exhaust data from the stations involved in the study.   

Additional details on the study can be obtained from the 1993 and 2003 TRC reports that are provided as attachments 

to this modeling protocol. 

 

Of the 10 monitors shown in Figure 4-1, there are four monitors to the west and south that are not relevant for this area 

of Laurel Ridge (Luciusboro, Marshall Heights, Penn View, and Bear Cave). For Laurel Ridge itself (see the local area 

in Figure 4-2), the Rager Mountain monitor should not be included in the evaluation because it was situated well to the 

northeast of the stations and is located in an area beyond the current modeled impact area of concern. The Little Mill 

Creek monitor was located in the Johnstown, PA airshed southeast of the ridge centerline, and it is the closest monitor 

to the city. During the 1990-1991 period, this airshed experienced substantial undocumented SO2 emissions from a 

sprawling Bethlehem Steel mill, coke oven works, wire manufacturing, and other associated industries (see the photo 

in Figure 4-3 as an example of the industrial activity); the steel operations closed in 1992). EPA was involved in litigation 

at the time with Bethlehem Steel due to air quality violations (Journal of Commerce, 1987; Los Angeles Times, 1992) 

including excess sulfur emissions. Due to the local impacts of those sources on any monitor on the southeast side of 

Laurel Ridge, the Little Mill Creek monitor should not be included in this model evaluation exercise because impacts at 

that monitor more than any other were likely influenced by undocumented large SO2 sources in Johnstown. Therefore, 

monitors on Laurel Ridge that we are proposing to select for this model evaluation study and would be impacted by 

Conemaugh and Seward stations rather than steel mills in Johnstown are the following four (4) sites: Powdermill Run, 

Baldwin Creek, Sugar Run, and Terrys Run.   

 

The primary SO2 emission sources were the coal-fired boilers at the Keystone, Homer City, Seward, and Conemaugh 

stations which were not equipped with SO2 flue gas desulphurization (FGD) systems at the time of the field study. The 

ambient air monitors were sited to detect peak impacts from the stations; extensive planning efforts were expended 

into the siting of the network of monitors. The monitors situated along Laurel Ridge were designed to capture impacts 

primarily from Conemaugh and Seward, given their closer proximity, as Homer City and Keystone were located more 

than 20 km and 40 km away from the ridge, respectively. A modeling and monitoring protocol was prepared by TRC 

and approved by PA DEP and EPA and are included in Attachments C and D, respectively.19,20   

 
19 TRC, 1993. Revised Final Report on the Model Performance Comparison Study for Laurel Ridge and Chestnut Ridge. TRC. January 
13, 1993. 
20 TRC, 2003. Final Report. AERMOD Modeling Analyses for SO2 NAAQS Compliance for Power Plants in the Laurel Ridge and Chestnut 
Ridge Region of Pennsylvania. TRC. March, 2003. 
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In 1993, EPA formally requested this database from Penelec to use in its evaluation of a new model at that time, 

AERMOD. EPA said that they have  

“…reviewed many data bases that have been collected throughout this county. We believe that 

the Indiana County SO2 data base could provide an excellent test of the new model’s capability 

to accurately predict multi-source impacts in complex terrain.”21  

 

A copy of this 1993 database request from EPA is included in Attachment E. It turns out that this database, although 

sent to EPA, was not used by EPA in its AERMOD evaluations during the development of the AERMOD model. However, 

it was clear to EPA that it is a useful evaluation database, and is well suited to evaluate the performance of AERMOD. 

 

4.1 Local Terrain Affecting Field Study 

As previously discussed in Section 1.1, the location of the key SO2 sources from the stacks at Conemaugh and Seward 

situated in the Conemaugh River Valley and the high, perpendicular (to the flow) terrain of Laurel Ridge to the east 

establishes a very unique dispersion environment. Figure 4-4 illustrates the 1990 field study on a terrain map with a 

cross section extending west of Chestnut Ridge, passing through the Ash Valley meteorological tower collection site, 

across Laurel Ridge, and extending to the Johnstown SO2 monitoring site. Figure 4-5 shows the elevation profile path 

of the cross section and clearly shows the heights of the Conemaugh and Seward stacks are well below Laurel Ridge. 

This figure also provides a good illustration of the meteorological site relative to the localized terrain. 

 

 

 
21 US EPA, 1993. EPA letter to Mr. Vincent Brisini of PENELEC. US EPA Region III. June 3, 1993 (provided as Attachment E to this 
document). 
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Figure 4-1: Location of SO2 Monitors, Meteorological Tower, and Sources for Historical Field Study 
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Figure 4-2: Focus of Field Study Near Laurel Ridge 
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Figure 4-3: Johnstown, PA Industrial Activity during Period with Bethlehem Steel Production 

  

Source: https://www.indarch.mtu.edu/view.php?viewtype=item&id=1332. 
  

https://www.indarch.mtu.edu/view.php?viewtype=item&id=1332
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Figure 4-4: Map of Laurel Ridge Study and Elevation Cross-Section Path 

 

Figure 4-5: Cross-Section Profile Path 
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5. Proposed Modeling Procedures Using Historical 1990 Laurel Ridge Study 

5.1 Dispersion Model Selection 

The proposed 1990 Laurel Ridge modeling analysis will use the AERMOD dispersion model22 (Version 24142), current 

as of November 2024. The AERMOD modeling system consists of two preprocessors and the dispersion model.  

AERMET is the meteorological pre-processor component and AERMAP is the terrain pre-processor component that 

characterizes the terrain and generates receptor elevations along with critical hill heights for those receptors.   

 

There will be two separate model runs, each with the following options applied:  

 
1) AERMOD default option (regulatory model) 

2) AERMOD alpha option with LOW_WIND, minimum sigma-v = 0.5 m/s (alternative model) 

 

Both model runs will utilize the same model inputs (i.e., meteorology, emissions, etc.) as described below. 

5.2 Land Use Classification 

One of the factors affecting input parameters to dispersion models is the selection of either rural or urban conditions 

near the source site and the meteorological site(s). The choice of rural or urban for dispersion conditions at the source 

site depends upon the land use characteristics within 3 kilometers of the facility being modeled (Appendix W to 40 CFR 

Part 51)23. Factors that affect the rural/urban choice, and thus the dispersion, include the extent of vegetated surface 

area, the water surface area, types of industry and commerce, and building types and heights within this area.   

According to Section 7.2.1.1 of EPA’s Appendix W, either a land use (Auer method) or a population density procedure 

should be used in determining the selection of urban vs. rural dispersion. For this application, the Auer method will be 

selected.   

 

Using the Auer method recommended by the US EPA (US EPA, 2024a), urban land use types are classified as 

categories I1, I2, C1, R2, and R3. Table 5-1 describes these categories and maps them to reasonably equivalent USGS 

Annual National Land Cover Database (NLCD) categories. While the Auer method and NLCD do not use the same 

terms to define their categories, the similarities between the five Auer categories and NLCD categories 23 and 24 are 

apparent. Thus, it is reasonable to classify annual NLCD categories 23 and 24 as urban land use.  

The annual NLCD data were processed with US EPA’s AERSURFACE processor (version 24142) to determine the 

different land use types within 3 km of the Stations. AERSURFACE is typically used to process the annual NLCD data 

for input to AERMET, the AERMOD model’s meteorological data processor. In this case, AERSURFACE output in the 

form of the pixel count for each of the annual NLCD’s land use types will be used to determine the total pixel count of 

urban land use types within 3 km.  

As noted above, urban land use types were assumed to be NLCD categories 23 and 24: “Developed, Medium Intensity” 

and “Developed, High Intensity”, respectively. The pixel count for these categories was less than 4% for Conemaugh 

and less than 2% for Seward of the total pixel count for all categories. Thus, the overwhelming majority (>95%) of the 

3 km area around the Stations can be classified as rural land use and AERMOD will not be applied with any urban 

source options. Table 5-2 and Table 5-3 provide the pixel counts as reported in the AERSURFACE output along with 

respective percentages for the annual NLCD years during the study period (1990 and 1991) for Conemaugh and 

Seward stations, respectively.  

 
22 See the AERMOD system documentation at https://www.epa.gov/scram/air-quality-dispersion-modeling-preferred-and-
recommended-models#aermod.  
23 EPA’s Guideline on Air Quality Models, available at https://www.epa.gov/system/files/documents/2024-11/appendix_w-2024.pdf.  

https://www.epa.gov/scram/air-quality-dispersion-modeling-preferred-and-recommended-models#aermod
https://www.epa.gov/scram/air-quality-dispersion-modeling-preferred-and-recommended-models#aermod
https://www.epa.gov/system/files/documents/2024-11/appendix_w-2024.pdf
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Table 5-1.  Comparison of Auer and NLCD Land Use Categories 

Auer Urban Land Use Categories(1) USGS Annual NLCD Categories(2) 

Type Use and Structure Vegetation Category Description 

R2 Dense single/multi-family < 30% 23 

Developed, Medium Intensity – Areas 
with a mixture of constructed materials 
and vegetation. Impervious surfaces 
account for 50% to 79% of the total 
cover. These areas most commonly 
include single-family housing units. 

R3 Multi-family, two story < 35% 

24 

Developed, High Intensity – Highly 
developed areas where people reside or 
work in high numbers. Examples include 
apartment complexes, row houses and 
commercial/industrial. Impervious 
surfaces account for 80% to 100% of the 
total cover. 

I1 Heavy Industrial < 5% 

I2 Light/moderate industrial < 5% 

C1 Commercial < 15% 

Notes: 
(1) US EPA, 2024a. 
(2)Multi-Resolution Land Characteristics Consortium (MRLC).  
https://www.mrlc.gov/data/legends/national-land-cover-database-class-legend-and-description 
 
 

  

https://www.mrlc.gov/data/legends/national-land-cover-database-class-legend-and-description
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Table 5-2.  Land Cover Within 3 km of Conemaugh Station AERSURFACE Log File  

  NLCD 1990 NLCD 1991 

USGS 
Annual 
NLCD 
Category 

Description Pixel counts Percent of 
Total Pixels 

Pixel counts Percent of Total 
Pixels 

0 
Missing, Out-of-Bounds, or 
Undetermined 0 0.00% 0 0.00% 

11 Open Water 582 1.85% 557 1.77% 

12 Perennial Ice/Snow 0 0.00% 0 0.00% 

21 Developed, Open Space 1990 6.34% 1980 6.30% 

22 Developed, Low Intensity 1545 4.92% 1548 4.93% 

23 Developed, Medium Intensity 670 2.13% 685 2.18% 

24 Developed, High Intensity 236 0.75% 236 0.75% 

31 Barren Land (Rock/Sand/Clay) 1041 3.31% 1037 3.30% 

32 Unconsolidated Shore 0 0.00% 0 0.00% 

41 Deciduous Forest 22981 73.16% 22989 73.19% 

42 Evergreen Forest 4 0.01% 4 0.01% 

43 Mixed Forest 876 2.79% 876 2.79% 

51 Dwarf Scrub 0 0.00% 0 0.00% 

52 Shrub/Scrub 1 0.00% 0 0.00% 

71 Grasslands/Herbaceous 99 0.32% 111 0.35% 

72 Sedge/Herbaceous 0 0.00% 0 0.00% 

73 Lichens 0 0.00% 0 0.00% 

74 Moss 0 0.00% 0 0.00% 

81 Pasture/Hay 1091 3.47% 1093 3.48% 

82 Cultivated Crops 0 0.00% 0 0.00% 

90 Woody Wetlands 290 0.92% 291 0.93% 

91 Palustrine Forested Wetland 0 0.00% 0 0.00% 

92 Palustrine Scrub/Shrub Wetland 0 0.00% 0 0.00% 

93 Estuarine Forested Wetland 0 0.00% 0 0.00% 

94 Estuarine Scrub/Shrub Wetland 0 0.00% 0 0.00% 

95 Emergent Herbaceous Wetland 4 0.01% 3 0.01% 

96 Palustrine Emergent Wetland  0 0.00% 0 0.00% 

97 Estuarine Emergent Wetland 0 0.00% 0 0.00% 

98 Palustrine Aquatic Bed 0 0.00% 0 0.00% 

99 Estuarine Aquatic Bed 0 0.00% 0 0.00% 

 Total 31410 100% 31410 100% 

Urban land use types are shown in red, bold text. 

Source: AERSURFACE (US EPA, 2024d) 
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Table 5-3.  Land Cover Within 3 km of Seward Station AERSURFACE Log File  

  NLCD 1990 NLCD 1991 

USGS 
Annual 
NLCD 
Category 

Description Pixel counts Percent of 
Total Pixels 

Pixel counts Percent of Total 
Pixels 

0 
Missing, Out-of-Bounds, or 
Undetermined 0 0.00% 0 0.00% 

11 Open Water 666 2.12% 660 2.10% 

12 Perennial Ice/Snow 0 0.00% 0 0.00% 

21 Developed, Open Space 2409 7.67% 2406 7.66% 

22 Developed, Low Intensity 1537 4.89% 1540 4.90% 

23 Developed, Medium Intensity 379 1.21% 375 1.19% 

24 Developed, High Intensity 29 0.09% 29 0.09% 

31 Barren Land (Rock/Sand/Clay) 812 2.58% 806 2.57% 

32 Unconsolidated Shore 0 0.00% 0 0.00% 

41 Deciduous Forest 23601 75.13% 23605 75.15% 

42 Evergreen Forest 4 0.01% 4 0.01% 

43 Mixed Forest 337 1.07% 337 1.07% 

51 Dwarf Scrub 0 0.00% 0 0.00% 

52 Shrub/Scrub 8 0.03% 5 0.02% 

71 Grasslands/Herbaceous 127 0.40% 131 0.42% 

72 Sedge/Herbaceous 0 0.00% 0 0.00% 

73 Lichens 0 0.00% 0 0.00% 

74 Moss 0 0.00% 0 0.00% 

81 Pasture/Hay 1278 4.07% 1288 4.10% 

82 Cultivated Crops 0 0.00% 0 0.00% 

90 Woody Wetlands 220 0.70% 222 0.71% 

91 Palustrine Forested Wetland 0 0.00% 0 0.00% 

92 Palustrine Scrub/Shrub Wetland 0 0.00% 0 0.00% 

93 Estuarine Forested Wetland 0 0.00% 0 0.00% 

94 Estuarine Scrub/Shrub Wetland 0 0.00% 0 0.00% 

95 Emergent Herbaceous Wetland 5 0.02% 4 0.01% 

96 Palustrine Emergent Wetland  0 0.00% 0 0.00% 

97 Estuarine Emergent Wetland 0 0.00% 0 0.00% 

98 Palustrine Aquatic Bed 0 0.00% 0 0.00% 

99 Estuarine Aquatic Bed 0 0.00% 0 0.00% 

 Total 31412 100% 31412 100% 

Urban land use types are shown in red, bold text. 

Source: AERSURFACE (US EPA, 2024d) 
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5.3 Meteorological Data Processing of 1990 Ash Valley Tower 

The meteorological data required for input to AERMOD for the model evaluation will be processed with the latest version 

of AERMET (version 24142) using default options in a single control file (i.e., Stages 1 and 2 processed in the same 

file). One year (August 1, 1990 to July 31, 1991) of meteorological observations from the 150-m Ash Valley tower 

meteorological tower along with one year of concurrent upper air data from Pittsburgh International Airport, PA (for 

cloud cover and pressure) will be used as input to AERMET. Quarterly data capture from the Ash Valley dataset is 

above 96% for each quarter as shown in Table 5-4. Figure 5-1 shows the meteorological tower location and measured 

parameters and the 150-meter wind rose is shown in Figure 5-2. AECOM used the TRC-generated meteorological 

database as input to AERMET for the on-site meteorological data component. Site-specific turbulence data (standard 

deviation of the horizontal wind direction (sigma-theta) was collected and therefore will be included in the AERMET 

processing. Sigma-theta was available from the tower at the 10-meter level. As such, the ADJ_U* option will not be 

used in conjunction with the on-site turbulence data, as recommended by EPA in Section IV (A)(2) of Appendix W. 

AERMET creates two output files for input to AERMOD: 

• SURFACE: a file with boundary layer parameters such as sensible heat flux, surface friction velocity, convective 

velocity scale, vertical potential temperature gradient in the 500-meter layer above the planetary boundary layer, 

and convective and mechanical mixing heights.  Also provided are values of Monin-Obukhov length, surface 

roughness, albedo, Bowen ratio, wind speed, wind direction, temperature, and heights at which measurements 

were taken. 

• PROFILE: a file containing multi-level meteorological data with wind speed, wind direction, temperature, sigma-

theta () and sigma-w (w) when such data are available.  In this application, turbulence data (sigma-theta) will 

be included as input.   

For all meteorological data parameters included in the modeling, the hourly-averaged values from the dataset will be 

used as input to AERMET. For modeling purposes, no replacements of calms will be attempted; the meteorological 

tower instrumentation had a starting threshold level of 0.5 m/s and this information will be provided as input to AERMET.   

Table 5-4: Quarterly Meteorological Data Capture 

Quarter Month, Year % Data Capture1 

1 January – March, 1991 99.54% 

2 April – June, 1991 96.15% 

3 July 1991, August – September, 1990 98.69% 

4 October – December, 1990 99.18% 

1 Data capture from AERMOD output. 
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Figure 5-1: Ash Valley Tower Parameters 

 

 

Note that this figure was taken from the 1993 TRC report. 
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Figure 5-2: Ash Valley Tower Wind Rose at 150 Meters 
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AERMET requires specification of site characteristics including surface roughness (zo), albedo (r), and Bowen ratio 

(Bo).  These parameters were developed according to the guidance provided by EPA in the November 2024 version of 

the AERMOD Implementation Guide24 (AIG).  The AIG provides the following recommendations for determining the site 

characteristics: 

1. The determination of the surface roughness length should be based on an inverse distance weighted 

geometric mean for a default upwind distance of 1 kilometer relative to the measurement site.  

Surface roughness length may be varied by sector to account for variations in land cover near the 

measurement site; however, the sector widths should be no smaller than 30 degrees. 

 

2. The determination of the Bowen ratio should be based on a simple un-weighted geometric mean 

(i.e., no direction or distance dependency) for a representative domain, with a default domain defined 

by a 10-km by 10-km region centered on the measurement site. 

 

3. The determination of the albedo should be based on a simple un-weighted arithmetic mean (i.e., no 

direction or distance dependency) for the same representative domain as defined for Bowen ratio, 

with a default domain defined by a 10-km by 10-km region centered on the measurement site. 

 

The AIG recommends that the surface characteristics should be determined based on digitized land cover data. EPA 

has developed a tool called AERSURFACE that can be used to determine the site characteristics based on digitized 

land cover data in accordance with the recommendations from the AIG discussed above.  AERSURFACE25 incorporates 

look-up tables of representative surface characteristic values by land cover category and seasonal category.  

AERSURFACE was applied with the instructions provided in the AERSURFACE User’s Guide. 

Figure 5-3 shows an aerial photo (taken in 1994) of the area within about 1 kilometer of the tower location. AERSURFACE 

(Version 24142) will be used to subjectively estimate surface characteristics (roughness, Bowen ratio, and albedo) around 

the Ash Valley tower, which are required inputs to AERMET. Digitized land cover data will be obtained from the USGS 

National Land Cover Data archives26 (NLCD). Since the meteorological data collection spanned across two calendar years 

(1990 and 1991), both annual-based NLCD files will be processed. The NLCD 1990 will be used to assign surface 

characteristics to the months of August through December, while the NLCD 1991 dataset will be used for January through 

July.  The NLCD files were downloaded from USGS on July 15, 2025 and will be supplemented with the concurrent tree 

canopy and impervious surface data files. 

 

In accordance with Section 3.1.1 of the AIG, a land cover analysis should be conducted to evaluate the 

representativeness of the surroundings of the meteorological tower and the sources to be modeled. To demonstrate 

this, land cover counts from the AERSURFACE log file for a 1-km radius from Conemaugh and Seward were compared 

to land cover counts for a 1-km radius from the Ash Valley site. Details of this analysis are presented in Attachment F. 

Furthermore, the annual average values of albedo and Bowen ratio were compared between the three (3) sites (Ash 

Valley, Conemaugh, and Seward). All three (3) sites revealed the same albedo value of 0.16 for both 1990 and 1991 

land cover data files. For Bowen ratio, Ash Valley yielded 0.69 for both 1990 and 1991, while Conemaugh and Seward 

were both 0.70 for both land cover dataset years. Based on this analysis, the surrounding land cover is very similar 

between the Ash Valley site and the stations. Therefore, the location and ground cover around the meteorological 

dataset to be used in this model performance evaluation is representative of the sources to be modeled. 

As recommended in the AIG for surface roughness, the 1-km radius circular area centered at the meteorological station 

site can be divided into sectors for the analysis. The last roughness parameter for defining sectors is the “roughness 

flag”, which can be used to apply an adjustment factor to the default roughness values for the developed categories 

(21, 22, 23, 24) and for pasture (81) and cultivated crops (82) categories. For the developed categories, HighZo would 

be used for sectors that have buildings/structures while for sectors that do not have buildings/structures and/or are 

predominantly paved surfaces, LowZo would be used. Based on visual inspection of the aerial and land cover within 1 

km of the Ash Valley meteorological tower, all sectors will be assigned LowZo. Five (5) sectors were identified through 

visual inspection and professional judgement. These sectors are shown on the land cover imagery (Figure 5-4). 

 
24 Available at https://www3.epa.gov/ttn/scram/models/aermod/aermod_implementation_guide.pdf. 
25 Documentation available at http://www.epa.gov/ttn/scram/dispersion_related.htm#aersurface.  
26 See additional information at http://landcover.usgs.gov/natllandcover.php.  

https://www3.epa.gov/ttn/scram/models/aermod/aermod_implementation_guide.pdf
http://www.epa.gov/ttn/scram/dispersion_related.htm#aersurface
http://landcover.usgs.gov/natllandcover.php
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Figure 5-3: Area Surrounding the Ash Valley Tower in Year 1994 

 

A red circle represents a 1-km radius around the Ash Valley Tower. 
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Figure 5-4: AERSURFACE Sectors Land Cover Data 
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In AERSURFACE, the various land cover categories are linked to a set of seasonal surface characteristics.  As such, 

AERSURFACE requires specification of the seasonal category for each month of the year.  The following five seasonal 

categories are supported by AERSURFACE, 

 
1. Midsummer with lush vegetation; 

2. Autumn with un-harvested cropland; 

3. Late autumn after frost and harvest, or winter with no snow;  

4. Winter with continuous snow on ground;  

5. Transitional spring with partial green coverage or short annuals; 

 

Consistent with the modeling conducted for the Indiana, PA SIP by EPA in their TSD27, the following months will be 

assigned to each season for the AERSUFACE processing. These include the following: 

─ Winter – November, December, January, February, and March; 

─ Spring – April and May; 

─ Summer – June, July, and August; 

─ Autumn – September and October. 

For Bowen ratio, the land use values are linked to three categories of surface moisture corresponding to average, wet, 

and dry conditions. The surface moisture condition for the site may vary depending on the meteorological data period 

for which the surface characteristics will be applied.  AERSURFACE applies the surface moisture condition for the 

entire data period.  Therefore, if the surface moisture condition varies significantly across the data period, then 

AERSURFACE can be applied multiple times to account for those variations. 

As such, the surface moisture condition for each month was determined by comparing precipitation for the period of 

data to be processed to the 30-year climatological record, selecting “wet” conditions if precipitation is in the upper 30th-

percentile, “dry” conditions if precipitation is in the lower 30th-percentile, and “average” conditions if precipitation is in 

the middle 40th percentile.  The 30-year precipitation dataset selected will be from 1960 – 1989 and was obtained from 

the National Climatic Data Center for Pennsylvania Climate Division 9.28 The monthly precipitation totals for the 

modeled period, which is the Pennsylvania Climate Division 9 dataset for 1990 and 1991, will be compared to the 30-

year climate period. Table 5-5 summarizes the monthly precipitation totals from Pennsylvania Climate Division 9 from 

1960 through 1991. The monthly designations of surface moisture that were input to AERSURFACE are summarized 

in Table 5-6. 

The closest available snow cover dataset that was used to determine winter months with snow versus winter months 

without snow was retrieved from the NCEI Daily Summaries Station Records.29 Table 5-7 summarizes the days with at 

least 1 inch of snow cover on the ground for the Derry 4 SW, PA site. Based on this data, no month will be classified 

with snow cover as no month in the modeled period meets the “at least 50%” threshold criteria.   

The default method for determining surface roughness length (ZORAD) will be used, as recommended by EPA’s 

AERSURFACE User’s Guide30.

 
27 EPA’s Docket EPA-R03-OAR-2024-0024, see document EPA-R03-OAR-2024-0024-0014 
28 https://www1.ncdc.noaa.gov/pub/data/cirs/climdiv/  
29 https://www.weather.gov/wrh/climate?wfo=ctp  
30 https://gaftp.epa.gov/Air/aqmg/SCRAM/models/related/aersurface/aersurface_ug_v24142.pdf 

https://www.regulations.gov/search?filter=EPA-R03-OAR-2024-0024
https://www.weather.gov/wrh/climate?wfo=ctp
https://gaftp.epa.gov/Air/aqmg/SCRAM/models/related/aersurface/aersurface_ug_v24142.pdf
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Table 5-5: PA Climate Division 9 Monthly Precipitation (inches): 1960-1991 

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual 

1960 3.02 3.46 2.06 1.59 5.98 3.46 4.37 2.97 3.24 1.67 1.91 1.81 35.5 

1961 2.20 3.76 4.31 5.83 3.09 4.69 4.98 3.04 2.06 2.82 3.64 2.54 43.0 

1962 2.88 3.66 3.69 3.90 2.62 2.69 3.33 2.49 5.58 2.63 1.93 2.58 38.0 

1963 1.73 2.27 5.83 2.40 2.11 3.53 3.42 2.70 1.61 0.38 4.19 1.96 32.1 

1964 2.85 2.43 5.13 6.43 1.68 5.27 4.46 3.35 1.89 1.36 3.00 4.23 42.1 

1965 4.33 2.64 3.89 2.60 2.39 1.83 2.33 3.42 4.36 3.29 2.60 0.90 34.6 

1966 3.98 3.29 2.26 3.94 3.69 1.47 2.74 3.73 2.73 1.86 4.22 2.21 36.1 

1967 0.95 2.64 6.39 3.86 5.56 1.34 4.89 3.78 2.88 2.81 2.78 2.72 40.6 

1968 2.70 0.75 3.39 2.15 7.15 2.39 1.87 3.82 2.97 2.44 3.60 3.43 36.7 

1969 2.46 0.85 1.31 3.74 2.74 3.43 6.55 3.27 1.87 2.34 2.77 4.66 36.0 

1970 1.84 2.16 3.45 3.94 3.76 5.24 4.59 4.11 3.20 4.32 3.40 3.88 43.9 

1971 3.01 4.17 2.63 1.02 4.29 3.46 4.90 3.95 5.00 1.44 2.90 3.41 40.2 

1972 2.77 3.64 3.91 5.31 2.78 9.34 3.24 2.63 4.36 2.65 4.73 4.48 49.8 

1973 2.22 2.38 3.34 5.47 4.56 4.16 2.96 3.47 4.32 3.80 3.32 3.38 43.4 

1974 4.18 1.75 4.00 3.13 5.53 5.39 4.46 4.30 5.07 1.33 2.78 4.20 46.1 

1975 4.12 4.06 4.34 3.00 4.12 4.85 2.33 6.69 6.04 3.30 2.11 3.38 48.3 

1976 3.84 2.38 3.06 2.42 2.36 4.70 4.06 3.19 3.88 5.76 0.82 2.08 38.6 

1977 1.64 1.30 4.83 4.03 2.52 3.64 6.42 4.12 3.60 2.98 3.02 3.11 41.2 

1978 5.57 0.66 2.05 2.81 5.28 5.20 4.64 4.51 2.80 3.71 2.00 4.97 44.2 

1979 4.96 3.32 2.09 3.78 4.87 2.24 5.37 5.42 4.85 3.79 3.14 2.11 45.9 

1980 1.41 1.38 4.76 3.74 4.36 5.09 6.79 6.06 2.52 2.85 2.69 1.50 43.2 

1981 0.94 4.25 2.01 5.61 3.05 6.69 5.39 2.05 4.55 3.43 1.52 2.59 42.1 

1982 3.65 2.45 3.64 1.56 3.89 4.59 3.26 3.02 3.01 0.74 4.03 2.56 36.4 

1983 1.32 1.53 3.50 5.14 6.07 4.14 3.13 2.86 2.74 3.95 4.13 4.13 42.6 

1984 1.42 2.56 3.06 4.51 5.34 3.85 4.55 5.77 1.72 3.20 3.56 3.72 43.3 

1985 1.75 1.72 4.84 2.01 5.94 3.06 5.39 3.28 1.02 2.64 11.08 2.24 45.0 

1986 2.30 4.21 2.32 2.76 2.62 4.08 6.19 2.84 3.04 4.16 5.13 3.44 43.1 

1987 2.66 0.72 2.61 4.96 4.08 4.31 3.07 5.58 4.97 1.72 2.62 2.81 40.1 

1988 1.72 3.30 2.89 2.60 4.14 1.43 3.76 3.83 3.38 2.05 3.84 2.07 35.0 

1989 2.60 3.67 5.69 2.07 6.49 7.11 3.74 2.14 4.42 3.12 2.43 1.80 45.3 

1990 3.28 3.29 1.57 3.13 5.78 3.84 6.48 3.48 5.45 4.30 2.04 7.21 49.9 

1991 3.24 2.23 3.57 3.51 2.43 1.85 3.66 2.20 2.54 1.14 3.04 4.26 33.7 
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Table 5-6: AERSURFACE Bowen Ratio Condition Designations 

Year Month 
Bowen Ratio 

Category 
Snow / No Snow 

1990 August Average No Snow 

1990 September Wet No Snow 

1990 October Wet No Snow 

1990 November Dry No Snow 

1990 December Wet No Snow 

1991 January Wet No Snow 

1991 February Average No Snow 

1991 March Average No Snow 

1991 April Average No Snow 

1991 May Dry No Snow 

1991 June Dry No Snow 

1991 July Average No Snow 

 

Table 5-7: Monthly Snow Depth/Snow Cover Summary for Derry 4 SW, PA Station 

Year Month 
Days in 
Month 

Days with 
Snow Cover 

Missing Days 
Snow Days 

% 

1990 November 30 0 0 0.0% 

1990 December 31 3 0 9.7% 

1991 January 31 9 2 29.0% 

1991 February 28 6 1 21.4% 

1991 March 31 5 1 16.1% 

Notes: Station elevation is 323.1 meters 
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5.4 Modeled Receptors 

For the model performance evaluation, receptors will be located at the four (4) Laurel Ridge SO2 monitoring sites 

(Baldwin Creek, Powdermill Run, Terry’s Run, and Sugar Run) as presented in Figure 5-5. Consistent with Appendix 

W, a flagpole height of 0 meters will be used. 

Figure 5-5: Proposed Laurel Ridge Receptors (Monitored Locations) 
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5.5 Modeled Stack Heights and Building Downwash 

Consistent with guidance from EPA’s SO2 NAAQS Designations Modeling Technical Assistance Document (TAD) 31, 

actual stack heights will be used so that the modeling analysis can most closely represent the actual ambient air quality 

conditions as influenced by the source. The potential for the source's plume to be affected by aerodynamic wakes 

created by the building(s) should also be evaluated in the dispersion modeling analysis. Conemaugh’s stacks that were 

in service during the 1990 study were both 1,000 feet tall. This puts them beyond the height of downwash. 

The Seward stack was built after 1970 and was built to a height of 604 feet. Inputs to AERMOD for direction-specific 

building dimensions will be calculated with the regulatory-approved version of the US EPA’s Building Profile Input 

Program software (BPIP-PRIME version 04274) for the Seward stack.  The locations and dimensions of the 

buildings/structures relative to the exhaust stacks for Seward is depicted in Figure 5-6.   

It should be noted that the distance from Conemaugh and Seward stacks and the four (4) Laurel Ridge monitors are 

likely beyond the influence of building-induced downwash, given at least 5 km separates the sources and the closest 

monitor. Therefore, minor changes to the buildings would not have any appreciable effect on the model evaluation. The 

subsequent model performance report will include an analysis that compares the modeled concentrations at the monitor 

receptors with and without building downwash. 

Figure 5-6: Seward Stack and Buildings for Plume Downwash 

 

 
31 EPA, 2016. Sulfur Dioxide (SO2) National Ambient Air Quality Standards Designation Modeling Technical Assistance Document. 
August 2016. Available at: https://www.epa.gov/so2-pollution/technical-assistance-documents-implementing-2010-sulfur-dioxide-
standard  

https://www.epa.gov/so2-pollution/technical-assistance-documents-implementing-2010-sulfur-dioxide-standard
https://www.epa.gov/so2-pollution/technical-assistance-documents-implementing-2010-sulfur-dioxide-standard
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5.6 Emissions Data and Stack Parameters 

The hourly SO2 emissions and exhaust parameters (gas exit temperature and velocity) that were collected during the 

study will be used as input to the model. SO2 emissions were collected through the use of Continuous Emissions 

Monitoring Systems (CEMS) for Homer City, while Keystone, Conemaugh, and Seward utilized an alternative, but PA 

DEP-approved, SO2 emissions monitoring and reporting procedures. For this alternative data collection approach, coal 

samplers were deployed to collect integrated coal samples for each 24-hour period (twice hourly for a total of 48 

samples per day). Hourly emissions rates were computed using the 24-hour averaged fuel sampling sulfur content 

values from the Certified Coal Sampling and Analysis System in combination with heat rates and hourly load data. 

These data points are available concurrent with the meteorological data from August 1990 through July 1991. Table 5-

8 summarizes the static stack parameter information of the sources included in the modeling. 

The stack parameter calculations used to generate the hourly files to be used in the modeling were based on those 

described in the 1993 TRC Report. The 24-hour averaged fuel sampling values and hourly load data files are included 

in the electronic modeling archive. 

Table 5-8: Stack Parameters for the Evaluation Modeling Analysis  

Source 

UTM Coordinates (M) 

Stack Height 
Stack 

Diameter1 

Stack Base 

Elevation  
Easting Northing 

Conemaugh Unit 1 664,566.58 4,472,236.03 
304.8 m1 

(1,000 ft) 

8.3 m 

(27.2 ft) 

331.77 m3 

(1,085.0 ft) 

Conemaugh Unit 2 664,624.00 4,472,226.06 
304.8 m1 

(1,000 ft) 

8.3 m 

(27.2 ft) 

331.71 m3 

(1,085.0 ft) 

Seward Units 4 and 5 666,818.48 4,474,801.48 
184.1 m4 

(604 ft) 

5.3 m 

(17.4 ft) 

334.67 m2 

(1,098.0 ft) 

Homer City Unit 1 652,744.07 4,486,392.88 
243.8 m1 

(800 ft) 

7.3 m 

(24.0 ft) 

365.8 m1 

(1,200 ft) 

Homer City Unit 2 652,758.60 4,486,342.52 
243.8 m1 

(800 ft) 

7.3 m 

(24.0 ft) 

365.8 m1 

(1,200 ft) 

Homer City Unit 3 652,734.16 4,486,255.51 
370.6 m1 

(1,216 ft) 

6.9 m 

(22.6 ft) 

365.8 m1 

(1,200 ft) 

Keystone Unit 1 640,186.32 4,502,350.41 
243.8 m1 

(800 ft) 

8.3 m 

(27.2 ft) 

308.5 m1 

(1,012 ft) 

Keystone Unit 2 640,230.15 4,502,398.22 
243.8 m1 

(800 ft) 

8.3 m 

(27.2 ft) 

308.5 m1 

(1,012 ft) 

1 Table 2-1 of TRC Report (1993) 
2 Indiana County 1-hour SO2 SIP (2024) 
3 Google Earth 
4 Seward provided data 
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6. Proposed Model Evaluation Performance Metrics 

As discussed in Section 5, hourly SO2 emissions and meteorology for the one-year period (August 1990 – July 1991) 

from the Laurel Ridge study will be used to generated modeled concentrations at the receptors situated at the four (4) 

monitors (Baldwin Creek, Powdermill Run, Terry’s Run, and Sugar Run). An ambient background value of 26.2 µg/m3 

will be added to each predicted concentration. This background value represents an average concentration when the 

winds were toward the northeast, southwest, and northwest (not placing the monitors downwind of the key SO2 sources) 

as were calculated by TRC and listed in Table 3-6 of the 2003 TRC report. Since this background value was established 

using wind sectors that would likely not be heavily influenced by the four power stations (Seward, Conemaugh, 

Keystone, and Homer City), it is appropriate to include these sources explicitly in the model. 

 

The 8,760 hourly 1-hour predicted concentrations, from both model runs (regulatory with defaults and alternative), and 

the corresponding observed concentrations at each of the four (4) Laurel Ridge monitors will be obtained.  A list of the 

performance measures we are proposing to use in the model evaluation is provided below.  

 
1) 99th percentile design concentration (predicted and observed) at each monitor, and also considering 

all monitors; 

2) Quantile-Quantile (Q-Q) of the ranked hourly SO2 predicted and observed concentrations across all 

four (4) monitors; and 

3) Screening and statistical tests and their statistical measures (Robust Highest Concentrations 

(RHCs), fractional bias, Composite Performance Measure (CPM), and Model Comparison Measure 

(MCM)), described in EPA’s Protocol for Determining the Best Performing Model (EPA-454/R-92-

025)32. 

A software package, developed by Sigma Research Corporation and Sonoma Technology, referred to as the Model 

Evaluation Method (MEM), designed to evaluate model performance by implementing the statistical analysis 

procedures contained in EPA’s Protocol for Determining the Best Performing Model (EPA-454/R-92-025) will be used 

to assist in the performance measure calculations. A discussion is provided below on what is available and how the 

results will be evaluated.   

6.1 Model Evaluation Methodology (MEM) 

The MEM operates in three (3) stages: Screen, Boot, and Combine. Each of these stages have their own individual 

input files (*.INP) that are accepted by the MEM. The MEM software will be used to calculate statistics for the top 25 

ranked modeled and observed concentrations. As a quality control step, the average, RHC, standard deviation, and 

fractional bias of the top 25 concentrations will be independently computed and compared to the output from the MEM. 

The statistics that are computed based upon the MEM’s random number generator (i.e., for the bootstrapping 

technique) will not be independently evaluated due to the dependence on a random number generator. 

6.1.1 Screen Stage 

The first stage in MEM is the Screen Stage. There are five components to the screen input file: Job Control Pathway 

(JB), Observation Pathway (OB), Model Pathway (MO), Statistics Pathway (ST), and Output Pathway (OU). The job 

control pathway contains the keywords that provide the overall control of the model run. This pathway includes a Title, 

the processing option (in the first stage this was Screen), a run or not switch, and an error output declaration. The next 

pathway, OB, contains information about the monitor and the format of the input data set for observed hourly 

concentrations. The MO pathway is the model input pathway which processes the modeled hourly concentrations.  

Statistical analysis is conducted in the ST pathway, ST, where in our case we will base the RHC calculations on the top 

25 concentrations and conducted the statistics on those data points.  Lastly, the OU pathway simply states the file name 

and location of the output data file. All stages also produce a (*.tst) file which is the compilation and statistic result 

output.   

 

 
32 EPA, 1992. Protocol for Determining the Best Performing Model. EPA-454/R-92-025. September 1992. Available at: 
https://www.epa.gov/sites/default/files/2020-10/documents/model_eval_protocol.pdf   

https://www.epa.gov/sites/default/files/2020-10/documents/model_eval_protocol.pdf
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The purpose of the Screen Stage is to identify models that fail to perform at a minimum operation level (e.g., AFB 

exceeds 0.67, which means that the model RHC prediction is not within a factor of 2 of the observed RHC).  

 

6.1.2 Boot Stage 

After the Screen stage has finished, MEM evaluates the Boot input files.  The Boot stage is where bootstrapping 

statistics are run and model statistics are conducted for comparison of individual and model-to-model performance.  

Just like the Screen input file, the JB, OB, and MO, pathways are the same with the exception of the procedure operation 

option being Boot in the JB pathway.   

 

One new pathway is included within the Boot stage, that being the Diagnostic Pathway (DI). The diagnostic pathway 

contains keywords to read in the relevant observed meteorological data.  The meteorological data is used to enhance 

the model evaluation statistics by categorizing the data set hours into wind speed and stability classes. This stage 

calculates the statistics (RHC and FB) grouped on each defined class.  

 

The MEM computes the RHC using the top 26 predicted and observed concentrations, as shown below.   

 

 

𝑅𝐻𝐶 = 𝑋(𝑁) + [𝑋𝑎𝑣𝑒 − 𝑋(𝑁)] ×  ln[
3𝑁−1

2
]      (Equation 1) 

where:  

N         = a user-specified sample size for the top concentrations (typically 25), plus 1; 

Xave     = average of the N-1 (typically 25) largest values; and 

X(N)   = Nth largest value. 

 

In general, the RHC calculations are performed on the entire dataset being evaluated. The fractional bias (see Equation 

2 below) has been selected as the basic measure of performance in the MEM when comparing observed and predicted 

RHC values. Values for the fractional bias range between -2 and +2 (model over-prediction for negative values and 

over-prediction for positive values). Fractional biases that are equal to -0.67 are equivalent to model RHC over-

predictions by a factor of two, while a fractional bias of +0.67 is equivalent to a model under-prediction by a factor of 

two. The absolute fractional bias (AFB) statistic (equation 2), which is the absolute value of the fractional bias (FB), is 

computed for each of the models for each evaluation monitor.   

 

𝐴𝐹𝐵 = |𝐹𝐵| = |2 × [
(𝑂𝑏𝑠𝑒𝑟𝑣𝑒𝑑−𝑃𝑟𝑒𝑑𝑖𝑐𝑡𝑒𝑑)

(𝑂𝑏𝑠𝑒𝑟𝑣𝑒𝑑+𝑃𝑟𝑒𝑑𝑖𝑐𝑡𝑒𝑑)
]| (Equation 2) 

where:  

Observed         = calculated RHC from observed concentrations 

Predicted         = calculated RHC from modeled concentrations 

 

The DI pathway needs a file location and the format of the data set. The data that we will use for this pathway will be 

the 10-m wind speed and PG stability class.  Classifications of meteorological conditions are conducted under the 

DICLASS keyword. For our evaluation, we propose the meteorological classes shown in Table 6-1. 

 

Table 6-1: Diagnostic Meteorological Classes Tested in MEM 

Diagnostic 

Class 
Wind Speed Stability Class 

1 Low wind (0-4 m/s)  Unstable (1-3) 

2 Low wind (0-4 m/s) Unstable/Neutral (3-4)    

3 Low wind (0-4 m/s)  Neutral/Stable (4-6)    

4 High wind (> 4 m/s) Unstable (1-3) 
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5 High wind (> 4 m/s) Unstable/Neutral (3-4)    

6 High wind (> 4 m/s) Neutral/Stable (4-6)    

Diagnostic classes and associated wind speed and stability classes taken from 

example provided in “User’s Guide for the Model Evaluation Methodology (MEM) 

System for Comparing Model Performance”, Version 1.0.  

 

Another parameter in the Boot ST pathway is the resample parameter.  The resample parameter defines which 

“members” within the data set are defined as resample groups, and how the data is divided for resampling. The 

parameters “Resample Piece”, “Resample Blkrange”, and “Resample Number”, denote how MEM shifts the sequenced 

data to reflect seasonal groupings (defined in Blkrange). In our modeling, we intend to use four seasons, as 

recommended by the MEM user guide; the seasons were December – February for winter, March – May for spring, 

June – August for summer, and September – November for autumn. Lastly, the “Composite” pathway allows for 

weighting of the diagnostic and operational components when averaging the ABF, we used the weight of 1 for 

operational and 1 for diagnostic, based upon guidance from EPA33. The last pathway within the Boot stage is the OU 

pathway which declares the name of the output file (*.mcm).   

 

In addition to the RHC and FB, another statistical measure is calculated, referred to as the Composite Performance 

Measure (CPM). The CPM is a weighted linear combination of the individual FB in an attempt to quantify the uncertainty 

in the AFB calculations. The uncertainty can be used to determine whether performances of selected models are 

significantly different for the specific monitor being evaluated. The confidence interval calculated using the bootstrap 

method includes results for both the 90% and 95% levels; 90% has been used by EPA in past evaluations (see, for 

example slides 14 and 15 in the presentation at EPA’s 11th Modeling Conference (August 12, 2015) at 

https://www3.epa.gov/ttn/scram/11thmodconf/presentations/1-5_Proposed_Updates_AERMOD_System.pdf).    

 

The formula for the CPM is shown in equation 3. 

 

 𝐶𝑃𝑀 =  
1

3
(𝐴𝐹𝐵)𝑟,𝑠
̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅ +

2

3
[

(𝐴𝐹𝐵)1

2
] (Equation 3) 

where: 

(AFB)r,s = Absolute Fractional Bias for diagnostic condition r at station s; and 

(AFB)3 = Absolute Fractional Bias for 1-hour averages. 

 

 

As described in EPA’s Protocol for Determining the Best Performing Model (EPA, 1992), the smaller the CPM, the better 

overall performance of that model. A positive value indicates the alternative model is performing better, whereas a 

negative means the default model is performing better. If the CPM values for our evaluation result in a lower, yet positive 

value then it can be concluded that the alternative model performs better than the default for this statistical measure. 

6.1.3 Combine Stage 

After the CPM is computed for each candidate model, the MEM calculates the difference in two models’ CPM results; 

the result is the “Model Comparison Measure”, or MCM. The MCM is conducted in the final stage within MEM, referred 

to as the Combine stage. This stage only contains a JB and a CS pathway. The CS pathway groups individual model 

results together for comparison to generate the MCM. This final result is an overall statement of whether the models 

being compared have significantly different performance. A negative CMCM implies that the default model is performing 

better, while a positive value indicates the alternative model is performing better. A significant determination depends 

upon whether or not the confidence interval overlaps zero. If it overlaps zero, then the results are not statistically 

different. If there is no overlap, then there is a statistically significant difference at that confidence interval. 

 

 
33 Email correspondence from James Thurman (EPA) to Bob Paine (AECOM) on June 13, 2025. 

https://www3.epa.gov/ttn/scram/11thmodconf/presentations/1-5_Proposed_Updates_AERMOD_System.pdf
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6.2 Stability Class Determination for MEM Diagnostic Calculations 

In order for the MEM to conduct the diagnostic statistics, which look at how the model performs under certain conditions, 

wind speed and stability class inputs are required. The Ash Valley meteorological tower data that will be processed 

through AERMET (see Section 5.3) will be used to obtain these inputs. The Pasquill-Gifford (PG) stability classes 

needed for the MEM diagnostic tests were calculated using the AERMET SURFACE file output; specifically with the 

hourly Monin-Obukhov length and the surface roughness length. 

 

The PG stability classes were calculated according to the classic Golder (1972) algorithm that establishes a relation 

between the Monin-Obukhov length and surface roughness length (see Figure 6-1)34. To create this relationship, we 

evaluated two points on each quasi-straight line in Figure 6-2 at z0 = .01 meters and z0 = 0.5 meters and created a 

best fit line. Figure 6-2 shows the good fit between these lines and the curves from Golder’s paper. Stability values 

ranging from 1 to 6 will be calculated for every hour of the dataset.  

 
Figure 6-1: Golder (1972) Stability Class as a Function of Surface Roughness Length and 

Monin-Obukhov Length  

The fitted equations for PG stability class boundaries that we determined are:  

Stability A:B = 10(
𝑥+0.05937

0.035315
)
     (brown line in Figure B-13) 

Stability B:C = 10(
𝑥+0.0082

0.02589
)
       (green line) 

Stability C:D = 10(
𝑥−0.002189

0.01059
)
    (blue line) 

Stability D:E =  10(
𝑥−0.000754

−0.00912
)
   (red line) 

Stability E:F = 10(
𝑥−0.004079

−0.03296
)
     (yellow line) 

  

 
34 Golder, D: 1972, ‘Relations Among Stability Parameters in the Surface Layer’, Boundary-Layer Meteorology. 3, 47-58.  We found 
that the LTOPG curves correspond to a region in the middle of the stability classes shown in Figure 1 rather than the edges of the 
stability class areas. 
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Figure 6-2: Best fit lines between stability class regions defined by Golder (1972) 
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7. Summary of Requirements to be Fulfilled by the Laurel Ridge Study for 
Justification of an Alternative Model 

 

Appendix W Section 3.2.2(e) prescribes the conditions that need to be addressed for approval of an alternative 

model.  

 
1) The model or technique has received a scientific peer review.   

The LOW_WIND technique, specifically where the minimum sigma-v is increased, has been evaluated 

using AERMOD in complex terrain (Hanna 1983; Hanna 1990).  

 
2) The model or technique can be demonstrated to be applicable to the problem on a theoretical basis. 

 This application proposed to use a non-guideline, alpha low wind option (LOW_WIND) that EPA itself 

proposed (in a similar form as “LOWWIND3” that was proposed by EPA in 2015 for inclusion in Appendix 

W (as a guideline option). As discussed in Section 2, the site-specific challenges in properly accounting 

for the magnitude of horizontal plume meander can be more appropriately addressed using the 

LOW_WIND option with an increased minimum sigma-v value and is consistent with the findings from 

Hanna (1990). 

 
3) The databases which are necessary to perform the analysis are available and adequate. 

 The relevance of the 1990-1991 field study to the current modeling application are discussed above.  The 

coverage of monitors for this evaluation is comparable to other studies and are well sited relative to peak 

model impacts within the study area.  

 
4) Appropriate performance evaluations of the model or technique are available. 

 These evaluations need to show that the model or technique is not inappropriately biased for regulatory 

application. Specifically, EPA prefers that a statistical performance evaluation has been conducted using 

measured air quality data and the result of that evaluation indicates that the alternative model performs 

better for the given application than a comparable model in Attachment A of Appendix W (default 

AERMOD). The discussions in this document outline how a site-specific performance evaluation using 

ambient monitoring data in the area of the Seward and Conemaugh stations along Laurel Ridge will be 

performed. The set of performance metrics that are being proposed are consistent with other site-specific 

alternative model requests that have received EPA-approval.   

 
5) Modeling procedures to be followed have been established. 

 This modeling protocol provides the modeling procedures for the application of AERMOD using the 

LOW_WIND with a minimum sigma-v of 0.5 m/s for receptors being modeled with the on-site 

meteorological data. The modeling procedures outlined in the protocol are consistent with those described 

in Appendix W. 

 

Upon completion of the model performance evaluation and approval from PADEP and EPA, the Stations would utilize 

the better-performing, site-specific model, which is anticipated to be the alternative model (i.e., LOW_WIND with a 

minimum sigma-v value of 0.5 m/s) to carry out the CDD modeling for the Cambria-Westmoreland area. The CDD 

modeling would use the more recent one-year on-site Ash Site #1 meteorological dataset (September 2015 – August 

2016) and recent 3-year period of SO2 emissions (2022 – 2024) for the modeled sources. The one-year 

meteorological dataset would be repeated for each year of the emissions. The meteorological data to be utilized from 

September 2015 through August 2016 from Ash Site #1 would include measured turbulence of both sigma-theta and 

sigma-w. The subsequent report for this model performance evaluation will include an analysis of the Laurel Ridge 

study emissions and monitoring data with the use of the following two separate meteorological datasets: (1) the 

September 2015 through August 2016 from Ash Site #1 meteorological data and (2) the September 1990 through 

August 1991 collected from the Ash Valley Tower. This supplemental analysis will be used to demonstrate this dataset 

still yields improved performance with the alternative model, while still being conservative relative to the monitoring 

data.
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Hanna, 1990: Lateral Dispersion in Light-Wind Stable Conditions Paper 
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Sullivan County Alternative Model Approval Letter 
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TRC 1993 Model Performance Study for Laurel Ridge 
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EXECUTIVE SUMMARY 

Reliant Energy Mid-Atlantic Power Holdings, LLC. (Reliant Energy) operates three major 

coal-fired electric generating facilities in the Laurel Ridge and Chestnut Ridge area of southwestern 

) Pennsylvania: Keystone, Conemaugh and Seward. Another major power plant, Edison Mission 

Energy's Homer City Station (formerly operated by GPU Genco) is also located within this area. 

These plants are clustered over a relatively small geographical region with complex terrain, which has 

led to regulatory concerns regarding the attainment and maintenance of the National Ambient Air 

Quality Standards (NAAQS) for sulfur dioxide (S02). 
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This report isthe latest update to the compliance demonstrations prepared at the behest of the 

Pennsylvania Department of Environmental Protection (P ADEP). The informal request to update the 

modeling resulted from emission source changes at Seward Generating Station due to the Seward 

CFB Repowering Project. This study supersedes the supplemental AERMOD Modeling Analyses for 

S02 NAAOS Compliance for Power Plants in the Laurel Ridge and Chestnut Ridge Region of 

Pennsylvania (TRC, 1999) that were performed in support of the Modeling Analyses for S02 NAAOS 

Compliance for Power Plants in the Laurel Ridge and Chestnut Ridge Region of Pennsylvania 

(Compliance Demonstration). These original analyses were performed using the Multiple Point with 

Terrain (MPTER) model, the Rough Terrain Diffusion Model (RTDM), and the Large Area Power 

Plant Efiluent Study (LAPPES) model (TRC, 1998b). Other supporting studies previously completed 

include the CALPUFF Application for Laurel Ridge (Earth Tech, 1998) and the Model Comparison 

Study for Seward Generating Station (TRC 1998a). The Compliance Demonstration (TRC, 1998b) 

was intended to provide the basis to establish appropriate S02 emission rate limits for the four Laurel 

Ridge and Chestnut Ridge power plants that will assure attainment and maintenance of the S02 

. NAAQS. 

In 1991, The American Meteorology Society (AMS) and the US. Environmental Protection 

Agency (EPA) formed a joint working group to develop a single model to replace the current 

guideline models for industrial sources and complex terrain. Since 1991, the AMSIEP A Regulatory 

Model Improvement Committee (AERMlC) has been developing and testing the AERMlC Model 

(AERMOD) using several EPA data bases. The results of those tests indicate that AERMOD out­

performs the current guideline models. AERMlC has proposed that AERMOD become a guideline 
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model following public review and comment. Since 1999, AERMIC has released several Beta test 

versions of AERMOD (01247 and 02222) that incorporate the PRIME building downwash 

algorithms. In April 2000, EPA released a Proposed Rule in the Requirements for Preparation, 

Adoption. and Submittal of State Implementation Plans (SIP) (Guideline on Air OualityModels) that 

proposed "revising section 4 of the Guideline to replace ISC3 by AERMOD as a state-of-the-art 

practice technique for mcmyair quality impact assessments." (EPA, 2000a) Currently, EPA 

anticipates that AERMOD will become the Guideline model sometime in 2003. 

When the new, state-of-the-art AERMOD complex terrain dispersion model became available, 

Reliant Energy agreed to provide the additional analyses contained in the previous AERMOD report 

(TRC, 1999). The objective of the revised AERMOD modeling analyses described in this updated 

report is to use the latest version of the model and current plant data to demonstrate compliance with 

the S02 NAAQS in support of the previous compliance demonstrations for the LaureVChestnut Ridge 

region sources combined. 

As described herein, the updated AERMOD compliance demonstration modeling was 

perfonrted by TRC Environmental Corporation (TRC) in general accordance with the previous 

AERMOD and MPTER/RTDMlLAPPES compliance demonstrations, and the model perfonnance 

evaluation for Seward submitted to the P ADEP (TRC, 1999, 1998b and 1998a, respectively). The 

revised AERMOD compliance demonstration modeling analyses were perfonned using revised 

emission rates and stack parameter data provid.ed by Reliant Energy are based on the following 

modifications to the Laurel/Chestnut Ridge sources: 1) Seward Station re-powered and 2) Hornet 

City Unit 3 scrubbed. Because AERMOD is designed to predict air pollutant concentrations in all 

terrain settings, it has been used to evaluate simple, intennediate and complex terrain impacts from 

the four power plants combined for the compliance demonstration. 

The revised AERMOD modeling results for the Laurel/Chestnut Ridge region show 

compliance with the 3-hour, 24-hour and a1mual average S02 NAAQS, based on Seward Station re­

powered and Homer City Unit 3 scrubbed. Thus, compliance has been shown based on the following 

S02 emission rates for each source: 

ii 
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Station 

Conemaugh Units 1 and 2 
Keystone Unit 1 
Keystone Unit 2 
Homer City Unit 1 
Homer City Unit 2 
Homer City Unit 3 
Seward Units 4 and 5 

3-hour average 

0.21bsIMMBtu 
3.92 IbsIMMBtu 
3.92lbslMMBtu 
4.0lbsIMMBtu 
4.0lbsIMMBtu . 
0.41bsIMMBtu 
0.6lbsIMMBtu 

Annual and 
24-hour average 

0.2lbsIMMBtu 
4.0lbslMMBtu 
4.0lbsIMMBtu 
4.01bsIMMBtu 
4.0lbsIMMBtu 
O.4lbsIMMBtu 
0.6lbsIMMBtu 

All ofthe results are consistent with the sources' current allowable S02 emissionratewith the 

exception of Keystone Units 1 and 2. The current allowable limits. at these sources are 4.0 pounds 

per million British thermal units (lbsIMMBtu) as opposed to the modeled maximum emission rate of 

3.92IbsIMMBtu. 
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1.0 INTRODUCTION 

Energy Mid-Atlantic Power Holdings, LLC (Reliant Energy) operates three major coal-fired 

electric generating facilities in the Laurel Ridge and Chestnut Ridge area of southwestern 

Pennsylvania: Keystone, Conemaugh and Seward. Another major power plant, Edison Mission 

Energy's HomerCity Station (formerly 'operated by GPUGenco) is also located within this area. 

These plants are all clustered over arelatively small geographic region. The size ofthe facilities, their 

close proximity to one another, and the complex terrain that characterizes the region have led to 

regulatory concerns regarding the attainment and maintenance of the National Ambient Air Quality 

Standards (NAAQS) for sulfur dioxide (S02) in the region. This report is the latest update to the 

compliance demonstrations prepared at the behest of the Pennsylvania Department of Environmental 

Protection (P ADEP). The informal request to update the modeling resulted from emission source 

changes at Seward Generating Station due to the Seward CFB Repowering Project. 

For many years, Reliant Energy and its predecessors, initially the Pennsylvania Electric 

Company (penelec) and later GPU Genco, have been working in cooperation with the PADEP, 

formerly the Pennsylvania Department of Environmental Resources (pADER), and the U.S. 

Environmental Protection Agency (EPA) Region ill to detemrine appropriate emission limits for the 

four affected power plants. This report presents supporting AERMOD modeling analyses related to 

that effort. 

In the absence of an approved alternative when the studies were initially undertaken, EPA 

guidance would have required the use of two models to detemrine air quality impacts in the region: 

the Multiple Point with Terrain (MPTER) model (EPA, 1980) for simple and intermediate terrain, and 

the Rough Terrain Diffusion Model (RTDM) (ERT, 1987) for intermediate and complex terrain. As 

an alternative, Penelec proposed to use the Large Area Power Plant Effluent Study (LAPPES) model 

which Penelec developed from a field program c(mducted from 1967 to 1972 in the Laurel/Chestnut 

Ridge region of Pennsylvania. Previous studies at other locations have shown that RTDM over­

predicted at elevated terrain locations by more than a factor of twO. In contrast, LAPPES has proven 

to be a modest over-predictor. Therefore, it represented the station operators' preferred model for 

establishing emission limits. A model performance comparison study was carried out to gainP ADEP 

and EPA approval to use LAPPES instead of RTDM to set emission limits for the then Penelec-

1 



operated power plants. EPA's "Interim Procedures" document (EPA, 1984) was followed from the 

) beginning of the study and culminated in a model comparison report which showed the LAPPES 

model to be superior to RIDMIMPTER for determining air quality impacts at elevated locations in 

the Laurel/Chestnut Ridge area of Pennsylvania (TRC, 1993). 
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Although LAPPES was demonstrated to be the best model for use in the compliancemodeIing 

analyses for the Laurel/Chestnut Ridge area, its use was limited under the criteria of the model 

performance comparison study. Initially, it was anticipated that RIDMIMPTER would be used in the 

compliance modeling for Seward Station because prospective monitoring locations on a small portion 

of the elevated terrain on Laurel Ridge were judged to be either inaccessible or logistically 

prolubitive, presumably leaving the testing of model performance for Seward incomplete. However, 

based on model comparison studies, subsequent analyses (TRC, 1998a) have demonstrated that 

LAPPES is more appropriate than RIDMIMPTER for Seward Station. 

Since 1995, Conemaugh has used limestone flue gas de-sulfurization wet scmbbers 

--( scmbbers) to control S02 emissions to satis:ty Phase I of the Acid Rain provisions of the 1990 Clean 

Air Act Amendments (CAAA). The scmbbers exhaust from a new, shorter stack with significantly 

reduced plume rise that could not be evaluated in the model performance comparison study. 

Furthermore, no model comparisons have been conducted to evaluate the performance of LAP PES 

on a plume similar to that produced by the Conemaugh scmbbers. Therefore, RTDMlMPTER were 

used in the compliance modeling to determine S02 emission limits in elevated terrain for Conemaugh, 

while LAPPES was used in elevated terrain for Keystone, Homer City and Seward. :MPTER was 

used for all plants for receptors below stack top and in combination with RIDM for intermediate 

terrain (i.e., between stack top and plume height) for Conemaugh. However, to support the 

compliance modeling analyses obtained using the combination ofRIDM, :MPTER and LAPPES, it 

was recommended that AERMOD be used in a subsequent modeling analysis to confirm the emission 

limits that were derived from the original compliance demonstration (TRC, 1998b) for each power 

plant. 

Since the initial AERMOD modeling analyses were performed (TRC, 1999), Seward Station 

has been re-powered with clean coal technology circulating fluidized bed (CFB) boilers designated to 

combust coal refuse and coal (TRC, 2000), and Homer City has recently installed a wet scmbber on 

2 
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Unit 3. Revised AERMOD modeling analyses have been perfonned for all the LaureVChestnut Ridge 

sources to confinn that the modifications to the Seward Station and Homer City Unit 3 sources 

continue to demonstrate compliance with the NAAQS for S02. 

TRC, on behalf of Penelec, submitted a modeling protocol (TRC, 1994) outlining the 

RIDMIMPTER and LAPPES modeling procedures for all of the thenPenelec-operated power plants 

in the LaureVChestnut Ridge region. P ADEP and EPA reviewed the modeling protocol and provided 

comments in letters dated May 22, 1996 (pADEP, 1996a) and May 28, 1996 (EPA, 1996). GPU 

Genco responded to those comments in a letter dated October 31, 1996 (GPU Genco, 1996), and 

P ADEP approved the protocolwith minor changes in a letter dated December 11, 1996 (p ADEP, 

1996b). The results presented herein reflect the modeling methodology outlined in that protocol, as 

amended in accordance with the P ADEP and EPA comments, and modified to use AERMOD for all 

the LaureVChestnut Ridge power plants, as discussed above. 

3 
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2.0 OVERVIEW OF THE AERMOD COMPLIANCE MODELING ANALYSES 

The locations of the power plants in the Laurel/Chestnut Ridge area and the regional terrain 

are shown in Figure 2-L Previous dispersion modeling has indicated that peak sllOrt-term S02 

concentrations should be expected on the higher terrain of Laurel Ridge and Chestnut Ridge, just 

northwest ofIohnstown, Pennsylvania. The RIDWMPTER model combination predicts violations 

of the short-term NAAQS for S02 at current allowable emission rates. However, for over 13 years, 

an extensive S02 monitoring network operated by Reliant Energy measured peak concentrations 

much lower than those predicted. For the model comparison study period, the monitors recorded 

second high concentrationsthat were all less than 60 percent of the short-term NAAQS. This pattern 

()f disparity led to the aforementioned efforts to obtain regulatory approval for the use of the LAPPES 

model and the submittal of the Compliance Demonstration based on:MPTERlRTDMlLAPPES (TRC, 

1998b). 

Under agreement of the affected parties in 1999, a new, more sophisticated model, 

AERMOD, was investigated to support the MPTERlRIDMlLAPPES Compliance Demonstration of 

the NAAQS for S02. Since 1991, the American Meteotological Society (AMS) and the U.S. 

Environmental Protection Agency (EPA) Regulatory Model Improvement Committee, (AERMIC) 

1 have been developing and testing the AERMIC Model (AERMOD)usingseveral approved EPA 
J 

atmospheric dispersion data sets. The model development process consisted of initial model 

development, evaluation, internal review, revised model formulation, performance evaluation and 

sensitivity testing, external review and submission to EPA's Office of Air Quality Planning and 

Standards (OAQPS) for consideration as a regulatory model (EPA, 1998a). The intent of EPA is to 

use AERMOD as a guideline model to be incorporated into the Guideline on Air Quality Models 

(EPA, 2001). 

AERMOD has been subjected to model performance evaluations against several of the current 

guideline models such as the ISCST3, CTDMPLUS and RIDM models. The results show that 

AERMOD performed just as well as or better than current guideline models in terms of predicting 

concentrations in simple and complex terrain settings. In 1999; the first version of AERMOD 

(98314) was used to support theMPTERlRTDMlLAPPES S02 NAAQS Compliance Demonstration 

for all sources in the Laurel/Chestnut Ridge region. For this updated report, the latest Beta Test 

4 
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version of AERMOD with PRIME (02222) has been used to support an additional S02 NAAQS 

compliance demonstration for all sources in the Laurel/Chestnut Ridge region. 

For the RTDM, MPTER and LAPPES Compli~nce Demonstration modeling analyses, 

P ADEP identified two additional sources in the region which had not been included in previous 

modeling: Cambria Cogen, Inc. and Ebensburg Power Company. These additional sources were also 

modeled using AERMOD and are included in the predictions of the previous and current reports. 

Since there are no other major sources of S02 in the region, background S02 concentratioris were 

developed from the monitored data to represent the contributions of all other S02 sources. . 

Previously, AERMOD was used to predict concentrations in simple, intermediate and complex 

terrain for all S02 emission sources in the Laurel/Chestnut Ridge area. AERMOD was run with the 

same 3 and 24 hour emission rate limits that were developed for the previous 

MPTERlRTDMlLAPPES Compliance Demonstration modeling analyses. For the current modeling 

analyses, AERMOD was run with the revised allowable S02 emission rates. 

For the updated AERMOD analyses, four initial polar receptor grids were developed around 

Keystone, Homer City, Conemaugh and Seward, respectively, using the AERMAP terrain 

preprocessor program. The program requires Digital Elevation Model (OEM) data available from the 

U.S. Geological Survey to extract receptor locations and their heights for each receptor grid. The 30 

meter horizontal resolution, 7.5 minute DEMs were used as AERMAP input. The receptor spacing 

1 included 0.5 Ian increments from 0.5 to 5 km, 1 Ian increments from 5 to 10 Ian and 2 Ian increments 
•. .1 

from 10 to 20 Ian in the four grids. The Keystone, Homer City, Conemaugh and Seward receptor :, 
I grids consisted of 720 receptor points each. This methodology produced a total of2,880 receptor 

.J 
points throughout the Laurel/Chestnut Ridge region. The receptor networks were designed for 

evaluating the single source and· combined source impacts of all the Laurel/Chestnut Ridge power 

plants using AERMOD. Additional refined arrays were included in the areas of predicted maximum 

combined impacts. 

The sources of meteorological input data used for the updated AERMOD compliance 

modeling were the same as those used for the previous MPTERlRTDMlLAPPES Compliance 

Demonstration, i.e., measurements from two on-site meteorological towers at Ash Valley and Manor 

developed from the one-year period from August 1, 1990 through July 31, 1991. The meteorological 
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data were processed using AERMOD's meteorological preprocessor AERMET. This program 

extracted wind speed, wind direction, temperature and the turbulence measurements from the two on­

site meteorological towers at Ash Valley and Manor from all levels to calculate planetary boundary 

parameters for the surface file and profile file thatthe AERMOD modeling system uses to predict 

concentrations. 

The concentration predictions from AERMOD were added to the background concentrations 

and compared to the NAAQS for S02, as shown: below. 

NAAQS Background 

A>'eraging Time Concentrations (Jlglm3
) 

Concentrations 

3-hour 1,300* See Section 3.5 
24-hour 365* 
Annual 80 

. 

* Highest second-high values 
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3.0 MODELING PROCEDURES 

The objective of the modeling analyses is to demonstrate compliance with the S02 NAAQS 

for the LaureVChestnut Ridge sources using AERMOD with the revised source parameter data and 

allowable S02 emission rates to supplement and support the previous MPTERlRTDMlLAPPES and 

AERMOD compliance demonstrations (TRC, 1998b and 1999, respectively). The modeling 

procedures used for the updated AERMODcompliance modeling analyses were condllcted following 

the 1994 modeling protocol for these sources (TRC, 1994), the agency comments on the protocol 

(pADEP, 1996a and b), the latest EPA Guideline on Air QlIality Modeling (EPA, 2001) and the 

Revised Draft User's Guide For The AMSIEP A Regulatory Model-AERMOD. (EPA 2002a, 2002b, 

and 2002c). 

The revised source parameter and allowable S02 emissions data were used for this updated . 

AERMOD stndy, The receptor and meteorological data were re-processed using the latest versions 

of AERMAP and AERMET, AERMOD's terrain and meteorological data pre-processors, 

respectively. These pre-processors are part of the AERMOD modeling system and can only be used 

with AERMOD at the present time. Four polar receptor arrays, centered around each of the 

LaureVChestnut Ridge power plants, were developed using the AERMAP terrain pre-processor, and 

DEMs of the surrounding area. The same on-site meteorological monitoring period used in the 

previous MPTERlRTDMlLAPPES and AERMOD compliance demonstrations was used in the o updated AERMOD modeling. However, the on-site meteorological data were processed using the 

latest version of the AERMOD meteorological pre-processor AERMET. A detailed disCllssion of the 

o meteorological data processing is presented in Section 3.4. The same method used to calculate 

background concentrations in the MPTERlRTDMlLAPPES Compliance Demonstration (TRC, 

1998b) was used in this analysis. The default model options for AERMOD, which follow regqlatory 

default model options, were used (listed in Section 3.6). 

In the RTDMlMPTER versus LAPPES model performance comparison protocol (TRC, 

1994), itwasfound that 100 percent load conditions for each station produced the maximl/IDimpacts. 

Therefore, all power plants were modeled at 100 percent load and allowable S02emission rates for 

the AERMOD compliance analyses. 
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3.1 Source Data 

Characteristics of the power plant stacks and the other modeled sources in the Laurel Ridge 

and Chestnut Ridge area are summarized in Tables 3-1 and 3-2. 

Stack heights for the major sources range from 160 m (525 feet) for Conemaugh to 260 m 

(853 feet) for Homer City Unit 3. Most of the stacks were constructed prior to 1970 and are not 

subject to Good Engineering Practice (GEP) stack height limitations. The exceptions are 

Conemaugh, Homer City Unit 3 and Seward. The Conemaugh stack was constructed to the GEP 

formula height of 160 m (525 feet) to service the scrubber. The new Homer City Unit 3 stack was 

modeled at actual scrubber stack height of260 m (853 feet). This height conforms to GEP stack 

height based on the results of a fluid modeling study to assess downwash due to cooling towers 

(peterson, 1987). 

The Seward stack was built after 1970 and exceeds the GEP formula height based on building 

dimensions. A fluid modeling study for Seward determined that the existing 183 m (600 feet) stack 

height is required to avoid excessive concentrations due to terrain-induced downwash effects 

(peterson, 1989), However, as a result of the CFB re-poweringproject, Seward Station's emission 

characteristics changed, along with the construction of new structures that affected the calculated 

GEP formula height (TRC, 2001). For the S02 compliance demonstration, the CFB boilers' stack 

was modeled at the revised GEP formula height of152 m (500 feet). 

3.2 Receptor Grid 

Four initial receptor grids were developed using AERMOD's terrain preprocessor, AERMAP. 

AERMAP defines a height scale (he) that represents terrain in the vicinity of the receptor. The 

AERMAP processor is a required portion of the AERMOD model package and must be used to 

develop the receptor arrays. 

The receptor grids were constructed using rings of receptors spaced at 10 degree intervals on 

36 radials out to a distance of20 kilometers for the Keystone, Homer City, Conemaugh and Seward 

grids. The grid origins were placed at the locations of the Keystone, Homer City, Conemaugh and 

Seward Stations. The receptor spacing was: 

9 
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TABLE 3-1 
Fixed Stack Parameters Compiled forthe 

Laurel/Chestnut Ridge Compliance Modeling Analyses 

--- ,------, ----- , -- - ---

UTM Coordinates (km) 

, 

Source East North Stack Height Stack Diameter 

Keystone Unit 1 640.18 4,502.15 243.8 m 8.29m 
(800 ft) (27.2 ft) 

Keystone Unit 2 640.18 4,502.15 243.8 m 8.29m 

• 

(800 ft) (27.2 ft) 

Homer City Unit 1 652,77 4,486.11 243.8 m 7.32m 
, (800 ft) (24.0 ft) 

Homer City Unit 2 652.77 4,486.11 243.8m 7.32m 
(800 ft) (24.0 ft) 

Homer City Unit 3 652.77 4,486.11 370,6 m(l) 6.90m 
(I,216ft) (22.6 ft) 

Conemaugh Units , 664.54 4,471.81 160m 12.1 m(2) 
1&2 (525 ft) (39.8 ft) 
Seward Units 4 & 5 666.81 4,474.68 182.9 m(3) 5.26m 

, 

(600 ft) (17.3 ft) 

Cambria Cogen, Inc. 694.80 4,483.30 70.1 m 2.29m 
Units 1 & 2 (230 ft) (7.5 ft) 

Ebensburg Power 691.10 4,481.54 76.2m 2,59m 

'-- ,'----- ----

(250 ft) (8.5 ft) 

1) GEP height: 260 m (853 ft) used for compliance modeling 
2) Effective stack diameter for two adjacent flues within a single stack 
3) GEP height: 152.4 m (500 ft) used for compliance modeling 
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Stack Base 
Elevation (m) 

308 

308 

366 

366 

366 

332 

331 

664 

660 
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Source 
Keystone Unit 1 

Keystone Unit 2 . 

Homer City Unit 1 

Homer City Unit 2 

Homer City Unit 3 

Conemaugh Units 

1&2 

Seward Units 4 and 5 

Cambria Cogen, Inc. 
Units 1 & 2 

Ebensburg Power 
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TABLE 3-2 
Maximum Capacity (100%) Emission Rates and Stack Parameters 

Compiled for the Laurel/Chestnut Ridge Compliance Modeling Analyses 

S02 Emission 
. 

S02 
Factor Limit Heat Input Emission Rate Exit 
(lbIMMBtu) (MMBtulhour) (grams/second) Velocity 
3.92 (3-hour) 8,551 4,309.5 (3-hour) 26.8 mls 

4.0 (24-hour 8,717 4,393 (24-hour . (87.9 ftls) 
and annual) and annual) 

3.92 (3-hour) 8,551 4,309.5 (3-hour) 26.8 mls 

4.0 (24-hour 8,717 4,393 (24-hour (87,9 ftls) 
and annual) and annual) 

4.0 (3, 24 and 6,500 3,276 (3, 24 and 27.4m1s 
annual) annual) (90.0 ftls) 

4.0 (3, 24 and 6,500 3,276 (3, 24 and 27.4 mls 
annual) annual) (90.0 ftls) 

0.4 (3, 24 and 6,800 343 (3, 24 and 27.4 mls 
annual) annual) (90 ftls) 

0.2 (3, 24 and 16,560 417 (3, 24 and 20.1 mls 
annual) annual) (66 ftls) 

0.6 (3, 24 and 5,064 383 (3, 24 and 32.0 mls 
annual) annual) (105 ftls) 

0.495 968 60.5 27.6 mls 
(90.5 ftls) 

.. 
0.537 645 43.6 18.3 mls 

(59.9 ftls) 
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Exit Ii 
I 

Temperature 1 

423 oK 

(3WP) , 

I 

423°K 

(3WP) 

422°K 

(3000 P) 

422°K 

(3000 P) 

3300 K 

(IWP) 

323°K 

i.122°.n 
347°K 

i.1WP) 
466°K 

(3800 P) 

422°K 
(3000 P) 
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500 meter spacing from 0.5 Ian to 5 Ian from the stacks 
1 Ian spacing from 5 Ian to 10 km from the stacks 
2 Ian spacing beyond 10 Ian from the stacks 

. Figures 3-1 through 3-5 depict the four radial receptor grids that were used in the updated 

AERMOD modeling analyses. Figure 3-1 covers the entire study region and shows all the receptors 

in the four radial receptor grids for the four power plants. Figures 3-2 through 3-5 depict only the 

inner portions (i.e., within 10 Ian) of the radial receptor grids for the Keystone, Homer City, 

Conemaugh and Seward Stations, respectively. Although there were no predicted violations on the 

radial receptor grids, maximum impact "hotspots" were predicted at a receptor on the Keystone 

radial grid (3-hour and 24-hour average) and a receptor on the Homer City radial grid (annual 

average). Additional modeling was therefore conducted for two refined Cartesian receptor arrays (2 

km by 2 Ian rectangles with 100 meter spacing), which were centered on these two "hotspots." The 

predicted 3-hour and 24"hour average "hotspots" were primarily attributable to Keystone Station, 

whereas the predicted annual average. "hotspot" was attributable to all four power plants. The refined 

. Keystone and Homer City receptor arrays are shown on Figures 3-1 and 3-2, respectively. A total of 

3,760 receptors were therefore used in the updated AERMOD modeling analyses. 

AERMOD calculates impacts at all receptor locations (simple, intermediate and complex 

terrain); therefore, AERMAP receptors were not eliminated or modified for AERMOD modeling 

throughout the LaureVChestnut Ridge region. 

3.3 Meteorological Data 

On-site meteorological data collected from the Ash Valley (AV) and Manor towers during the 

period of August 1, 1990 through July 31, 1991 were processed for this AERMOD modeling study. 

The instrumentation, their placement on the towers, and data acquisition and processing were 

consistent with regulatory guidance. Thetower site locations are depicted in Figure 2-1. Table 3-3 

shows the tower elevations and coordinates. 

The AV meteorological tower is located approximately 3 Ian northwest of Conemaugh 
-

Station, at a base elevation of 1,401 feet. Data from this tower are representative of transport and 

dispersion conditions in its region and for Conemaugh and Seward Stations. 
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TABLE3~3 
Meteorological Monitoring Sites for the 

Laurel/Chestnut Ridge Compliance Modeling Analyses 

Ll!cation Description ' 

, (a) Ash Valley 150 Meter Tower 
TowerUTM coordinates" 

E=661,722(m) 
N = 4,472,558 (m) 

Tower Base Plate 
Lower Sensor Level 
Intermediate Sensor Level 

.' Upper Sensor Level 
Top Sensor Level 

, ' (b) Manor 100 Meter Tower 
Tower UTM coordinates 

E = 660,560 (m) 
N = 4,492,006 (m) 

Tower Base Plate· 
Lower Sensor Level 
lhtermediate Sensor Level 
Upper ~erisorLevel 

" '. 

* Parameter Identifiers 
Wind Direction 

Elevaticm Above 
MSL(ft.) Grade (ft.) 

, 

1,401 --
1,434 33(10 m) 
1,565 , ' 164 (50m) 
1,695 ,292 (89m) , 
1,893 . 492 (150m) 

I 

. 1,730, ---
1,763 ;33 (10 m) 
1,894 164 (SOm) 
2,058 , 328 (lOOm) , 

WD = 
"WDST= Standard Deviation ofWmd Direction (Sigma Theta) 

Wind Speed ' WS ~ 

AT = Ambient Temperature 

18 

Parameters" 
Monitored, , 

.~-

WD, WDST, WS, AT 
\VD,WS 
WD,WS 
WD,WS 

c-~ , 
WD, WDST, WS, AT 

WD,WS 
WD,WS 



The Manor meteorological tower is located approximately 9 Ian northeast of Homer City . 

fl . Station, with a base elevation of 1,730 feet. Data from this tower are fllpresentative of transport and 

dispersion conditions in its region and for Keystone and Homer City Stations. 
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3.4 Meteorological Data Processing . 

The AERMOD meteorological pre-processor, AERMET, was used to process the August 1, 

1990 to July 31, 1991 AV and Manor tower data with NWS surface and morning upper air data 

(RA WINSONDE data) from Pittsburgh, P A. AERMET is a multi-stage processing package that 

ultimately produces two meteorological input files used by AERMOD, the surface file and the profile 

file. The sumce me contains the calculate<fPlanetary Boundary LaYer parameters such as: frl~ion 

velocity, Monin-Obukov length, convective veloCity scale, mechanical and convectivemixin~heights, 

sensible heat fl~ and the lowest level of observed wind data, turbulence and temperature. Surfuce 

characteristics oi'themodeling domain region were selected using site-specific and wind directionally­

dependant median roughness lengths; Bowen ratios and Albedo. The median surface roughness 

'. lengths were calcuiated using a FORTRAN prograinthat was developed in accordance with the latest· 
. . . . 

oll"site meteorological guideline (EPA, 20()Ob): The program reads in the site-specific 10 and 50 

meter levels of wind data and calculates the median surface roughness lengths.. The profile file 

. contains all levels of tower wind speed and direction data, and the 10 meter level temperature and 

sigma theta data. The multiple sensor levels provide measurements to determine vertical profiles of 
. . 

wil1d speed and wind direction. The following sections describe each stage of the meteorological data 

proCeSsing using AERMET. 

3.4J AERMET Stage 1 

Stage 1 processing entails extraction and quality assessment of the National Climatic Data 

Center (NCDC)TD~ 1440 format and TD-620 1 format hourly surface an.d upper air sounding data 

from Pittsburgh, respectively. The period of record was the same as for the on-sltedata ool1eooon'-··· .. ·- .. ·_·_­

AERMET reads. in the data and 9uality assesses (QA) for missing data, values outside of the upper 

and lower bound defanlt values and data·inconsistencies. Currently, AERMET does not replace 

missing.or suspect data. AERMET reads the on-site data from the AV and Manor towers in a 

formatted Fortran READ statement. The data were quality assured and missing data were reported. 
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3.4.2 AERMET Stage 2 

Stage 2 of the processing combines the hourly surface data, upper air data· and on-site 

meteorological data into a single ASClI file. The output file is formatted so that each block of data 

contains 24-hburs of on-site, NWS sUdaee and upper air observations. 

3.4.3 . AERMET Stage 3 
The final stage of processing reads in the merged file output from stage 2 and site-specific 

parameters that characterize the modeling domain and produce !tiO output meteorological files for 

input tp AElUv:fOD. For the Manor and AV towers, the Albedo andBowen ratios were derived from . 

Tables 4~1 and 4-2 contained in the AERMET User's Guide. The land use in the general vicinity of 

the towers was judged to be grassland. In addition, hourly Pittsburgh surface data were reviewed and 

it was determined that the winter ofl990 had below normal snoWfall .. From this, it was determined 

that snow cover was not prevalent during the 1990~1!)91 winter season, and therefore, as 

. recommended in the AERMET User's Guide, the albedo was set to the fall seasonvalueS throughout 

the winter. The Bowen ratios were based on normal rainfall throughout each season of the year. 

TRC calculated site-specific surface roughijess lengths (2<) using the 10- and 50-meter (m) 

level wind sp~ed and wind direction data collected from the A V and Manor towers for the .pe.riod 

from August 1, 1990 through July 31, 199 i. Site-:specific surface foughijt)ss lengths were calCulated 

using 30 and 90 degree wind direction sectors with wind speeds of greater than or equal to 5 meters 

per second (m/s). TRC incOrporated the methodologies in EPA's On-Site Meteorological Program 

&idance For Regulatory MOdyling Ap,plications (EPA, 2000b) b!' calculating the seasonal surface 

roughijess length for the four seasons and two sets of wind direction sectors. 

The program us.es the following equation to calculate 'surface roughijess values based on . 

hourly wind. speed observations at the lowest two levels on each tower: . 

. Z. = e**[uu In (ZL) - UL In (zu)]/(uu- UL) 

. where:· 
e.'= the natural log base (2.781828), 
* * = indicates that the following term is an exponent, 
Uu '" the scalar wind speed at the middle level olthe tower, 
ZL '" the height of the scalar wind speed measurements at the lower level of the tower (10m), 
UL = the scalar wind speed at the lower level of the tower, and 
Zu *' the height of the· scalar wind speed measurements at the middle level of the tower 

(50m). 
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Tables 3-4 and 3-5 provide a summary of the site-specific median ZQ values calculated for the 

AVlManor towers, by 30 degree wind direction sectors, 90 degree wind direction sectors, and 

seasons, Averages of the wind direction sector medians and theoYQraUaverllge Zo values were also 

computed. The lower Zo values are associated with small wind speed differences between the 10 and . 

50 meter levels in a given wind direction sector. These low wind speed differences with height are 

attribut;tble to the existence of very few obstructions upwind in these sectors. Higher Zo values are 

associated with large wind speed differences with height, which are caused by obstructions such as . 

higher terrain and more trees within a given wind direction sector. 

Since t~e number of valid hours in some of the 30 degree wind direction sectors was less than 
1 percent of the total valid hours with wind speeds greater than.5 mls (647 hours for AV and 2,656 .' , . 

hours for Manor), the average of the ':alid m~dian Zo values (6.59 em for AV and 4.73 em for Manor) 

was computed and selected for these sectors (per AERMODUser~s Guide recommendation). As 

showilin Table 3-5, the observed median Zo value was 0.013 em (::>.00013 meters) for the 240-270 

degree wind direction ~ector atthe Manor tower. That \faIlle, however, is below the i\ERMET 

progr!llll'S niIDimum to threshold of 0 . .10 cm (0.001 meters). Since that wind direction sector 

. inclllded many valid hours with wind speeds greater than 5 mis, the substitute Zo value used was the 

0.10 em minimum threShold value instead of the aforementioned 4.73 em average of the valid median 

values. 

When the ~d data were binned into four 90 degree wind direction quadrants, the .calculated 

median to values were lower than the mean values for three of the four bins becauseJarger numbers of 

valid hours with small differences between the wind speeds with height were associated with these 

three quadrants. 

Since the median surface roughness values in 30 degree wind direction sectors provided more 

resolution, these values were used as input to AERMET. The calculated surface characteristics were 
. . 

put into an input file and AERMET Stage 3 was run with the surface, upper air and on-site data to 

calculate Planetary Boundary Layer parameters for the surface rue. A profile file was also generated 

that .contains all levels of wind speed, direction and 10 meter ievel turbuience and temperature data 
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Wind Direction 

TABLE 3"4 
. Site-Spe()ific Surface RoughneSs (Zo) 
Calculated using Ash Valley Met. Data 

No. of Valid Range of. Median . Mean Selected 

Sector (dea.) Hours zo(cm) Zn (em) Zn (em) Zn (cm) 

0.:30· 0 0 0 0 6.59 
30-60* 2 31.41-40.00 35.71 35.71 6.59 
6.0-90' 0 0 0 0 6.59 
90-121)' 0 0 0 0 6.59 

120-150· 6 0.68-24.50 10.94 10.90 6.59 
150-180 31 . 0.06c55.02 4.70 9.02 4.70 
180-210' 5 2.32-20.3 4.43 8~19 6.59. 
210-240 88 2.91-62.60· 18;11 20.16 18.11 
240-270 275 0.85-47.99 10.97 12.65 10.97 
270-300 182 0.01-47.74 . 4.01 4.88 4,01 
300~30 48 0.04-10.51 1.05 2.06 1.05 
330~60 10 0.1IM.81 0.71 0.81 0.71 

Average oHhevali1l meilians 6.59 

0:.90·. 2 31.41-40.00 . . 35.71 35.71 6.63 

.90-180 37 . 0.61-55.02 4.90 9.33 4.90 
180-270 368 0 .• 85-62.60 11.72 14.39 11.72 
270-360 240 0.14-47.74 3.27 4.15 3.27 

Average ofthe val.11l mellians 6.63 

Season 

Winter 275 0.61-55.02 6.18 9 .. 36 6.18 
Spring ·.190 0.01-43.10 7.61 11 .. 39 7.61 

. Summer 10 5.88-45.43 9.20 16.31 9.20 
Autumn 172 10.04-62.60 7.12 10.50 7.12 

Average ofthe valid medians 7.53 

Overall 647 0.01-62.60 7.13 10.37 

• Too few events to compute a valid median 
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Wind Direction 

TABLE 3-5 
Site-Specific Surface Roughness (Zo) 
Calculated using Manor Met. Data 

No. of Valid Range of . Median Mean S.elected 

SemQr (deg.) HQurs Zo(cm) Zo (em) Zo·(em) Zo (em) 

0-30' 0 0 0 0 4.73 
3Q..60· 0 0 0 0 4.73 
60-90' 7 22.85-31.78 28.19 • 27.63 . 4.73. 
90-120 106 0.00-11.3.62 19.47 3().84 19.47 
120.150 326 0.OO~165.50 0.32 7.06 0.32 

.. 
1.50"180 28 0.005-106.96 9.21 18.66 .9.21 
18.0-210 . 51 0.00.62.36 1.78 6.61 . 1.78 
210-24.0 546. 0:00-32.71 0.22 2.;25 0.22 
240-270 530 0.00-293.73 0,013. 2,75. 0.10 
270-300 903 0.00-79.18 0.25 2.24 . 0.25 
300'330 157 0.00-27.18 6.54 7.53 6.54 
330-360' 2 '17.89-'55.71 . ·36.80 36.80 4.73 

Average. of the valii! medians 4.73 

0-90' 7 22.85-31.78 28.19 27.63 1.09 
90-180 460 0.00-165.50 . 2.34 13.25 2.34 
18.0-270 1127 0,00-293.73 0.43 2.66 0.43 
270-360 1062 0.00-79.18 . 0.50 3.09 0.50 

Average of the valid. medians 1.09 

Season' 

Winter 960 0.00-2\)3.73 0.04 3.57 0.04 
spring 630 0.00-165.50 0.32 . 4.75. 0.32 

Summer 191 0.00-113.62 0.94 11.02 0.94 
Autumn 675 0.00-1.06.96 0.86 4.56 0.66 . 

Average ofthe valid medians 0.54 

Overall 2656 O.OD-29;t73 0.25 4.73 

• Too few avantsto compute a valid median 
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for AERMOD. The profile file contains multiple levels for AERMOD to extrapolate wind speeds up' 

to plume height using its internal power la~ equation .. The surface profile files produced by 

AERMETfrom the AV and Manor tower data were used as input ·to AERMOD. 

3.5 Background Concentrations 

Background concentrations were developed to represent contributions from distant and 

unidentified sources not explicitlybeing.modeled in the complianc;e evaluation oftheLanreI Ridge 

and Chestnut Ridge region. These were determined by meteorological category using the full year of 

monitonid data coliectl;ld at all 10 monitors during the model evaluation study. A total of 28 

meteorological categories was used, with average hourly concentrations determined for ~.aeh category 

. based on the average of the mellsurell1ents at all upwind monitors (relative to the plants) under61lch 

category. Forthe compliance evaluation modeling, the background concentration was detennined 

hourly, depending on the meteorological condition. 

. The procedure used is consistent with guidance providedinEPNs modeling gnideline (EPA, . 

2001). The guideline recommends using data for the meteorological conditions 'of concern collected 

at monitors not impacted by the. sources being modeled.' A constant background concentration was 

not sel~cted for all3~hour or 24-hour averages throughout theyeat beCaUse the hourly meteorological 

. conditions do not remain constant throughout the averaging period. 

The background analysis was conducted using A V tower wind speed and wind direction data 

from the 150 meter level and sigma theta stability classification data from the 10 meter level. This 

tower was' us~d because it is the closer. of the two towers to the area of highest predicted 

concentrations. Wind direction was separated into four 90 degree quadrants, wind speed was divided 

into low, medium, and high categorieS, and stability was broken up into stable, unstable, and neutral. 

categories as follows: 

'. Wind ])irection 
Quadrant (degrees)· Stability Wind Speed (m/s) 

1-90 Stable (E,F) .0-3 
91-180 Neutral (D) 3.01-8 
181-270 Unstable (A, B, C) >8.01 
271-360 

.. 
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The meteorological data were then examined on an hour-by-hour basis to dlltermine which of 

the ten monitors were impacted by any of the power plants in the region,. For each hour, a monitor 

,was considered to be impacted by a power plant if it lay anyWhere within a 90 degree sector 

downwind of the plant. This was done for each of the power plants and each 9f the monitors. If a 

monitor was detel1l1ined to be impacted by anyone of the power plllI1ts, its concentration for that 

hour was not used iIi the background calculation. The background concentration was calculated for 

each hour as the average from among all monitors n9t impacted by one of the power plants during the 

hour., Under certain wind directions, all monitors were determined tp btl iuipacted by at least one 

power plant. For each of these conditions, the minimum reported concentration from all of the 

monitors was used for that hour. 

Each hourly average concentration from among all monitors not influenced by a power plant 

during the ho~r was placed in the appropriate meteorological category bin; For the stable and un~, 

stable categories, the medium and high wind speed cases were combined due to the few occurrences 

of <these categories mthe data set.' Thus, thenUinber ofineteorological categories useq totaled 28. 

The concentrations acCumulated iil the above process fot each meteorological data categpry were 

then sunnnedand the average concentration among all hours for each category was determined. A 

file of hourly background concentratious for each of thl;) meteorological c~tegories was created. 

, Table 3-6 lists the resulting backgro)lnd concentrations and related meteor9logical categories. 

The average background concentrations in Table 3-6 werethen.added to each hour's model" 

, predicted concentrations depending upon the meteorological conditions that cause the prediction, 

After the background concentrations were added.to the pourly predictions, total SO~conc,entrations 

for all the appropriate averaging periods were calculated using CALMPRO. 

3.6 Model Options 

Table 3-7 shows the AERMOD model options and, source input echo for a ,sample 24-hour 

'average run. Other averaging periods use different emission parameters as s119wn in Table 3-2. The 

default model options ,shown in Table 3-7 were automatically invoked as per the AERMOD Users 

Guide and follow the latest EPA modeling guidanc~, The base elevation of the anemometer heights 
, ' ' 

shown in,Table 3-3 for both the Manor and Ash Valley towers were used for all the power plants in 

the'Laurel/Chestnut Ridge area, 
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Bin 
Number 

1 
2 
3 
4 
5 
6 
7 

. 

8 
9. 
10 
II 
12 
13 
14 
15 
16 
17 
18 
19 
~O 
21 
22 
23 
24 . 
25 
26 
27 

.28 

.w·,· ";;,,,.,.,.-

TABLE 3-6 
Determination of the 13ackground' S02 Concentrations 

as a FUnction of the Metlioroiogical Conditions. 

Flow . Wind . Aven~ge . Number 
Vector' Stability Speed . (llg/m3) of 

Quadrant (nils) Monitor-
hours 
Used 

· . Northe!lSt . Stable 0-3 34.2 . 3,725 
Northeast· Stable gt3 49.6 8,718 
Northeast Neutral 0-3 47.5 508 
Northeast Neutral 3-8 45.3. 

' ... 
4,355 

Northeast · Neutral gt8 29.0 3,338 
Northeast Unstable 0-3 65.1 2,462 
Northeast Unstable gt3 40.8 .8,256 . 

' .. Southeast Stable 0-3 25.9 234 
Southeast. Stable' gt3 19.5 476 
Southeast Neutral 0-3 28.4 66 
Southeast Neutral 3~8 23~0 1,009 
Southeast . ; Neutral" gt8 ·20.3 475 

. Southeast Unstable 0-3 38.5 272 
Southeast · Unstable· gt3 24.7 J,087. 
Southwest. . Stable 0-3 26.4 975 
Southwest Stable gt3 12.1 . 795 
Southwest Neutral 0-3 20.7 198 
Southwest Neutral .3-8 . 10.0 643 

· Southwest Neutral . gt8 10.7 68 
Soutjlwest Unstable 0-3 28.8 . 1,004. 
Southwest Unstable gt3 8.1 676 
Northwest Stable ··0-3 28.0 2;672 
Northwest . Stable gt3 9.4 2,588 
Northwest Neutral 0-3 24.4 574 

· Northwest NeJ)tral 3.-8 10.7 1,232 
· Northwest Neutral gtS 7.1 263 
Northwest · ,Unstable 0-3 32.S 1,881 
Northwest Unstable gt3 9.5 2,148 

. 
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Number of . Number 
Times ofHoues 

. Minimum in Bin 
Was Used 

0 471 
0 1,131 
0 ·65 
0 591 
0 479 
0 332 
t} 1,164 

119 157 
218 289 

. 34 45. 
566 695 

(116. 251 
139 180 

468. 644 
0 137 
0 108 
0 32 
0 88 
0 10 
0 146 
0 99 
0 3114 
0 364 
O. 85 
0 177 
0 ·39 
0 274 
0 321 
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I TABLE 3-'1 
AE,RMOD Model Op~ons 

~ . Model Is Setup For Calcullition of Average CONCentration V!IIues. 

[1l 
Gl 

o 
] 

J 
J 
] 

J 
J 
:] 

Model Uses RURAL Dispersion Only. 

Model Usei;R~guJatory DEFAULT Options: 
1. Stack-tip Downwasb. 
:2. Model Al;counts for ELEVate4 Terrain Effects. 
3. Use Calms ProeesSingRoutine. 
4. Use Missing Data Processing Routine. 
5. "Upper Bound" V!IIues for Supersquat Buildings. 
6.' No Expontinti!ll Decay 

Model Assumes No FLAQPOLE Receptor Heights; . 

Model Calculates 3 Short TermAverage(s) of: I-RR 3-HR 24-HR and Calculates PERIOD Averages 

This Run Includes: 5 Source(s); 5 Source Group(s); and 441 Receptor(s) 

The Model Asswnes A Pol1utant Type of: So, 

Model Set To Continue RUNning After the Setup Testing. 

O1)tput Options Selected:. .' .'. .' . . ... 
. . . Model Outputs Tables of PERIOD Averages by Receptor 

Model Outputs Tables of Highest Short Term Values by Receptor (RE(;TABLE Keyword) 
Model Ouq,uts Tables of Overall M;tXimum Short Term VtiIues (MAXTABLE Keyword) 
Moq,el Outputs External File(s) ofConeurrentValues for Posq,rocessing (pOSTFILE Keyword) 

NOTE: The Following Flags May Appear Following CONC VaI\les: c for Cahn Hours, 
m: for Missing Hours, b for Both·CaIm and Missing Hours . 

Misc. Inputs: Base Elev. for Pot. Temp. Profile (m MSL) = 527.30; Decay coer. = 0.000; Rot. Angle = 0.0; 
Emission Units = GRAMSISEC;Emission Rate Unit Factor = 0.10000E+07; Output Units = 
. MICROGRAMSIM3 . . . 

. MODELOPTs: 
CONC 
DFAULT 
ELEV 

SOURCE 
ill 

KEYSI2 
HCITYI2 
HCITY3 
CAMBRIA 
EBENS 

EMMISSION 
RATE 
(gls) 

0.86190E-t{)4 
0.65520E-t{)4 
0.34300E-t{)3 
0.60500E-t{)2 
O.43600E-t{)2 

".".,.,,,,, " 

UTM-X 
(meters) 

640180;0 
652770.0 
652770.0 
694800.0 
691100.0 

POINT SOURCE DATA 
LOCATION STACK 

UTM-Y Z HEIGHT 
(meters) (meters) (meters) 

4502150.0 308.0 244.00 
4486110.0 366.0 244.00 
4486110.0 366.0 . 260.00 
4483300.0 664.0 70;20 
4481540.0 660.0 76.20 

27 

EXHAUST EXIT 
TEMP VEL 'DIAMETER 
f'k) (m/s) (meters) 

423.00 26,80 8.29 
422.00 . 27.40 7.32 
330.00 27.40 6.90 
466.00 27.60 2.29 
422.00 18.30 2.59 . 
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"3.7 Model Application 

The latest version of J\l3;RMOP (02222) was used for this modeling study to update the 

" previous Compliance Demonstration for the SO~ NAAQS for all the LaurellChestnut Ridge region 

sources combined. 

"The source input data Jlsed by AERMOP for the LaurellChestnutRidge sources are shown in 

" Tables 3-1 and 3~2. The tower/! and sensors from which the meteorologicalinput data were obtained " 

to model each source are shown in Table 3-3. The receptor grids shown in Figures 3_1 throu~ 3-5 

were used with AERMOP to predict impacts from all the sources combined. 

III the J\l3;RMOD modeling analysis the Ash Valley meteorological data were used to model 

Conamau~"arid Seward Stations, while the Manor data were ·used to model Keystone and Homer 
. . , ' ' .. 

City Stations. This approach was consistent with the" MPTERlRmMfLAPPES " Compliance 

Demonsttationu!ilizing local meteorological measurements to best represent transport conditions. 

Thus, the available meteorological· data were used to represent the closest sources for the 

" morementioned nieteofologlcal data sets. 
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4.0 MODELING RESULTS 

T!!ble 4-1 summarizes the model predicted S02 regulatory basis concentrations for the 

proposed compliance ennssioll rates based on the source-specific meteorological tower locations. 

The table shows the maximum regulatory aver!!ging period predicted concentr!)tions from any of the . 

modeled receptor grids. The t!!ble reiterates. the source emission rates, provides the impact 

. contributions of each power plant and shows the tot~l predicted concentrations including background 

for th~ 3-hour, 24-hour and annual averaging periods. The table also displ!!ys the location coordina1:l)s 

for the receptors where the controlling concentrations were predicted to occur. The Ebensburg 

Power and Cambria Cogejl sources were predicted to contribute little or no impact to the controlling 

concentrations. 

Table 4-1 shows that the. predicted controlling highest second-high 3-hour and 24·hour 

concentrations occur on the Keystone refined grid at tWo receptors located approximately 3 and 4 

kilometers to the east of Keystone Station with elevationsof308 (I,OiO) and 334 (1,096) meters 

(feet), respectively. Table 4-1 indicates that the predicted 3-hour and 24-hour concentrations are due 

. primarily tothe impacts from Keyst6ne Station(i.e.,96 pereent). All the other nearby sources, i.e.; 

Honier City (Units 1,2 and 3), Conemaugh and Seward,contribute less than 1 percent of the highest 

second-high 3-hour and 24-hour average concentrations, The background concentrations make 

approximately 3.8 and 1.7.5 percent contributions to the highest second-high 3 and 24-hour average 

concentrations, respectively. 

The maximum annual average concentration shown in Table 4-1 occurs on the Homer City 

coarse grid itt a ·receptor locattld approximately 21 kilometers to the east ofHomet City Station with. 

an eleVaiion of606 meters (1,9~8 feet). The maximum predicted r.nnual concentration results from 

contributions from all the sources. Each of the sources, i. e., Keystone, Homer City (Units 1, 2 and' 

3), Conemaugh and Seward, contributes betWeen 1 and 14 percent of the highest annual average 

concentration, with the smallest .contribution from Homer City unit 3 and the largest from 

Conemaugh Station, The background concentration makes the single largest contribution (56 

percent) to the highest annual average concentration. 

The updated AERMOD modeling results show that operation of all of the power plants 

combined at the emission rates specified in Table 3-2 produce modeled compliance with the S02 

NAAQS for all averaging periods as shown in Table 4-1. All of the results are consistent with the 
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~ sources' current allowable SCh emisSion rate with the exception ofl<.eystone urilts 1 and 2. The 

Current allowable limits at these sources are 4.0 IbsIMMBtu as opposed to the modeled maxlmum 

~ emission rate of3.92IbslMMB:tu .. 
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Table F-1.  Land Cover Within 1 km of Conemaugh Station and Ash Valley Tower AERSURFACE Log File (1990) 

  Conemaugh Station Ash Valley Meteorological Tower Percent 
Difference 

USGS 
Annual 
NLCD 
Category 

Description Pixel 
counts 

Percent of Total 
Pixels 

Pixel 
counts 

Percent of Total 
Pixels 

% 

0 
Missing, Out-of-Bounds, or 
Undetermined 0 0.00% 0 0.00% 0.00% 

11 Open Water 192 5.50% 71 2.03% 3.47% 

12 Perennial Ice/Snow 0 0.00% 0 0.00% 0.00% 

21 Developed, Open Space 232 6.64% 307 8.78% -2.14% 

22 Developed, Low Intensity 386 11.05% 35 1.00% 10.05% 

23 Developed, Medium Intensity 416 11.91% 12 0.34% 11.57% 

24 Developed, High Intensity 225 6.44% 1 0.03% 6.41% 

31 Barren Land (Rock/Sand/Clay) 206 5.90% 12 0.34% 5.56% 

32 Unconsolidated Shore 0 0.00% 0 0.00% 0.00% 

41 Deciduous Forest 1624 46.51% 2288 65.46% -18.96% 

42 Evergreen Forest 0 0.00% 0 0.00% 0.00% 

43 Mixed Forest 0 0.00% 102 2.92% -2.92% 

51 Dwarf Scrub 0 0.00% 0 0.00% 0.00% 

52 Shrub/Scrub 0 0.00% 0 0.00% 0.00% 

71 Grasslands/Herbaceous 50 1.43% 4 0.11% 1.32% 

72 Sedge/Herbaceous 0 0.00% 0 0.00% 0.00% 

73 Lichens 0 0.00% 0 0.00% 0.00% 

74 Moss 0 0.00% 0 0.00% 0.00% 

81 Pasture/Hay 24 0.69% 642 18.37% -17.68% 

82 Cultivated Crops 0 0.00% 0 0.00% 0.00% 

90 Woody Wetlands 135 3.87% 21 0.60% 3.27% 

91 Palustrine Forested Wetland 0 0.00% 0 0.00% 0.00% 

92 Palustrine Scrub/Shrub Wetland 0 0.00% 0 0.00% 0.00% 

93 Estuarine Forested Wetland 0 0.00% 0 0.00% 0.00% 

94 Estuarine Scrub/Shrub Wetland 0 0.00% 0 0.00% 0.00% 

95 Emergent Herbaceous Wetland 2 0.06% 0 0.00% 0.06% 

96 Palustrine Emergent Wetland  0 0.00% 0 0.00% 0.00% 

97 Estuarine Emergent Wetland 0 0.00% 0 0.00% 0.00% 

98 Palustrine Aquatic Bed 0 0.00% 0 0.00% 0.00% 

99 Estuarine Aquatic Bed 0 0.00% 0 0.00% 0.00% 

 Total 3492 100% 3495 100%  

Rows with percent difference between station and meteorological tower > 5% highlighted. 
Source: AERSURFACE (US EPA, 2024d) 

  



Table F-2.  Land Cover Within 1 km of Conemaugh Station and Ash Valley Tower AERSURFACE Log File (1991) 

  Conemaugh Station Ash Valley Meteorological Tower Percent 
Difference 

USGS 
Annual 
NLCD 
Category 

Description Pixel 
counts 

Percent of Total 
Pixels 

Pixel 
counts 

Percent of Total 
Pixels 

% 

0 
Missing, Out-of-Bounds, or 
Undetermined 0 0.00% 0 0.00% 0.00% 

11 Open Water 186 5.33% 72 2.06% 3.27% 

12 Perennial Ice/Snow 0 0.00% 0 0.00% 0.00% 

21 Developed, Open Space 227 6.50% 307 8.78% -2.28% 

22 Developed, Low Intensity 386 11.05% 35 1.00% 10.05% 

23 Developed, Medium Intensity 429 12.29% 12 0.34% 11.94% 

24 Developed, High Intensity 225 6.44% 1 0.03% 6.41% 

31 Barren Land (Rock/Sand/Clay) 196 5.61% 12 0.34% 5.27% 

32 Unconsolidated Shore 0 0.00% 0 0.00% 0.00% 

41 Deciduous Forest 1629 46.65% 2289 65.49% -18.84% 

42 Evergreen Forest 0 0.00% 0 0.00% 0.00% 

43 Mixed Forest 0 0.00% 102 2.92% -2.92% 

51 Dwarf Scrub 0 0.00% 0 0.00% 0.00% 

52 Shrub/Scrub 0 0.00% 0 0.00% 0.00% 

71 Grasslands/Herbaceous 54 1.55% 4 0.11% 1.43% 

72 Sedge/Herbaceous 0 0.00% 0 0.00% 0.00% 

73 Lichens 0 0.00% 0 0.00% 0.00% 

74 Moss 0 0.00% 0 0.00% 0.00% 

81 Pasture/Hay 24 0.69% 640 18.31% -17.62% 

82 Cultivated Crops 0 0.00% 0 0.00% 0.00% 

90 Woody Wetlands 135 3.87% 21 0.60% 3.27% 

91 Palustrine Forested Wetland 0 0.00% 0 0.00% 0.00% 

92 Palustrine Scrub/Shrub Wetland 0 0.00% 0 0.00% 0.00% 

93 Estuarine Forested Wetland 0 0.00% 0 0.00% 0.00% 

94 Estuarine Scrub/Shrub Wetland 0 0.00% 0 0.00% 0.00% 

95 Emergent Herbaceous Wetland 1 0.03% 0 0.00% 0.03% 

96 Palustrine Emergent Wetland  0 0.00% 0 0.00% 0.00% 

97 Estuarine Emergent Wetland 0 0.00% 0 0.00% 0.00% 

98 Palustrine Aquatic Bed 0 0.00% 0 0.00% 0.00% 

99 Estuarine Aquatic Bed 0 0.00% 0 0.00% 0.00% 

 Total 3492 100% 3495 100%  

Rows with percent difference between station and meteorological tower > 5% highlighted. 
Source: AERSURFACE (US EPA, 2024d) 



Table F-3.  Land Cover Within 1 km of Seward Station and Ash Valley Tower AERSURFACE Log File (1990) 

  Seward Station Ash Valley Meteorological Tower Percent 
Difference 

USGS 
Annual 
NLCD 
Category 

Description Pixel 
counts 

Percent of Total 
Pixels 

Pixel 
counts 

Percent of Total 
Pixels 

% 

0 
Missing, Out-of-Bounds, or 
Undetermined 0 0.00% 0 0.00% 0.00% 

11 Open Water 195 5.56% 71 2.03% 3.53% 

12 Perennial Ice/Snow 0 0.00% 0 0.00% 0.00% 

21 Developed, Open Space 373 10.64% 307 8.78% 1.86% 

22 Developed, Low Intensity 290 8.27% 35 1.00% 7.27% 

23 Developed, Medium Intensity 43 1.23% 12 0.34% 0.88% 

24 Developed, High Intensity 5 0.14% 1 0.03% 0.11% 

31 Barren Land (Rock/Sand/Clay) 428 12.21% 12 0.34% 11.87% 

32 Unconsolidated Shore 0 0.00% 0 0.00% 0.00% 

41 Deciduous Forest 2027 57.83% 2288 65.46% -7.63% 

42 Evergreen Forest 0 0.00% 0 0.00% 0.00% 

43 Mixed Forest 4 0.11% 102 2.92% -2.80% 

51 Dwarf Scrub 0 0.00% 0 0.00% 0.00% 

52 Shrub/Scrub 0 0.00% 0 0.00% 0.00% 

71 Grasslands/Herbaceous 29 0.83% 4 0.11% 0.71% 

72 Sedge/Herbaceous 0 0.00% 0 0.00% 0.00% 

73 Lichens 0 0.00% 0 0.00% 0.00% 

74 Moss 0 0.00% 0 0.00% 0.00% 

81 Pasture/Hay 27 0.77% 642 18.37% -17.60% 

82 Cultivated Crops 0 0.00% 0 0.00% 0.00% 

90 Woody Wetlands 83 2.37% 21 0.60% 1.77% 

91 Palustrine Forested Wetland 0 0.00% 0 0.00% 0.00% 

92 Palustrine Scrub/Shrub Wetland 0 0.00% 0 0.00% 0.00% 

93 Estuarine Forested Wetland 0 0.00% 0 0.00% 0.00% 

94 Estuarine Scrub/Shrub Wetland 0 0.00% 0 0.00% 0.00% 

95 Emergent Herbaceous Wetland 1 0.03% 0 0.00% 0.03% 

96 Palustrine Emergent Wetland  0 0.00% 0 0.00% 0.00% 

97 Estuarine Emergent Wetland 0 0.00% 0 0.00% 0.00% 

98 Palustrine Aquatic Bed 0 0.00% 0 0.00% 0.00% 

99 Estuarine Aquatic Bed 0 0.00% 0 0.00% 0.00% 

 Total 3505 100% 3495 100%  

Rows with percent difference between station and meteorological tower > 5% highlighted. 
Source: AERSURFACE (US EPA, 2024d) 

  



Table F-4.  Land Cover Within 1 km of Seward Station and Ash Valley Tower AERSURFACE Log File (1991) 

  Seward Station Ash Valley Meteorological Tower Percent 
Difference 

USGS 
Annual 
NLCD 
Category 

Description Pixel 
counts 

Percent of Total 
Pixels 

Pixel 
counts 

Percent of Total 
Pixels 

% 

0 
Missing, Out-of-Bounds, or 
Undetermined 0 0.00% 0 0.00% 0.00% 

11 Open Water 196 5.59% 72 2.06% 3.53% 

12 Perennial Ice/Snow 0 0.00% 0 0.00% 0.00% 

21 Developed, Open Space 373 10.64% 307 8.78% 1.86% 

22 Developed, Low Intensity 291 8.30% 35 1.00% 7.30% 

23 Developed, Medium Intensity 42 1.20% 12 0.34% 0.85% 

24 Developed, High Intensity 5 0.14% 1 0.03% 0.11% 

31 Barren Land (Rock/Sand/Clay) 423 12.07% 12 0.34% 11.73% 

32 Unconsolidated Shore 0 0.00% 0 0.00% 0.00% 

41 Deciduous Forest 2027 57.83% 2289 65.49% -7.66% 

42 Evergreen Forest 0 0.00% 0 0.00% 0.00% 

43 Mixed Forest 4 0.11% 102 2.92% -2.80% 

51 Dwarf Scrub 0 0.00% 0 0.00% 0.00% 

52 Shrub/Scrub 0 0.00% 0 0.00% 0.00% 

71 Grasslands/Herbaceous 33 0.94% 4 0.11% 0.83% 

72 Sedge/Herbaceous 0 0.00% 0 0.00% 0.00% 

73 Lichens 0 0.00% 0 0.00% 0.00% 

74 Moss 0 0.00% 0 0.00% 0.00% 

81 Pasture/Hay 27 0.77% 640 18.31% -17.54% 

82 Cultivated Crops 0 0.00% 0 0.00% 0.00% 

90 Woody Wetlands 83 2.37% 21 0.06% 1.77% 

91 Palustrine Forested Wetland 0 0.00% 0 0.00% 0.00% 

92 Palustrine Scrub/Shrub Wetland 0 0.00% 0 0.00% 0.00% 

93 Estuarine Forested Wetland 0 0.00% 0 0.00% 0.00% 

94 Estuarine Scrub/Shrub Wetland 0 0.00% 0 0.00% 0.00% 

95 Emergent Herbaceous Wetland 1 0.03% 0 0.00% 0.03% 

96 Palustrine Emergent Wetland  0 0.00% 0 0.00% 0.00% 

97 Estuarine Emergent Wetland 0 0.00% 0 0.00% 0.00% 

98 Palustrine Aquatic Bed 0 0.00% 0 0.00% 0.00% 

99 Estuarine Aquatic Bed 0 0.00% 0 0.00% 0.00% 

 Total 3505 100% 3495 100%  

Rows with percent difference between station and meteorological tower > 5% highlighted. 
Source: AERSURFACE (US EPA, 2024d) 

 

 


