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Transportation and Toxics Unit 
Region 8 

This memorandum is in response to a request to use an alternative formulation of surface friction 
velocity (ADJ_U*) in the American Meteorological Society/Environmental Protection Agency (EPA) 
Meteorological Model (AERMET). In May 2016, EPA Region 8 received a request from the North 
Dakota Department of Health (NDDH) and operators from the Montana-Dakota Utilities Company 
(MDU) to utilize the adjusted u* (ADJ_U*) non-regulatory default option in AERMET (version 15181) 
to characterize Sulfur Dioxide (S02) emissions from the R.M. Heskett station located near Bismarck, 
North Dakota for the S02 Data Requirements Rule (S02 DRR-40 CPR Part 51, Subpart BB). The 
request and supplemental information were provided in a modeling protocol submitted by MDU for the 
R.M. Heskett station, and attached to this memorandum (see Attachment l). 

EPA Region 8 is recommending approval of this request and is seeking concurrence from the Office of 
Air Quality Planning Standards - Air Quality Modeling Group Model Clearinghouse. Based on the 
information provided in the request, EPA Region 8 has concluded that the second condition of Section 
3.2.2(b) of Appendix W has been satisfied by the submittal from MDU, and would like to approve the 
use of the ADJ_ U* option in AERMET version 15181 as the meteorological preprocessor for AERMOD 
version 15181 for this modeling analysis. 

The remainder of this memorandum includes a Technical Report that discusses the specific attributes of 
the facility proposing to use the ADJ_U* non-regulatory default option in AERMET, version 15181, and 
information that supports our request for approval. 



Thank you for your careful attention to this matter and we look forward to your response. Please contact 
me at 303-312-6867 with any questions about this request or the attachment. 

Attachment 1 - Montana-Dakota Utilities Co.: S02 Characterization for the R.M. Heskett Station 
Modeling Protocol 
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Request Background 

Technical Report 

Dr. Rebecca Matichuk 
EPA Region 8 Air Quality Modeling Contact 

June 20, 2016 

In August 2015, 1 the U.S. Environmental Protection Agency (EPA) issued the S02 Data 
Requirements Rule (DRR), which directs state and tribal air agencies to identify maximum 
ambient air 1-hour S02 concentrations in areas with sources of S02 emissions with annual 
emissions greater than 2,000 tons for the most recent year for which emissions data are available 
as necessary to characterize S02 concentrations in the vicinity of these sources. The affected 
sources are those that were not previously captured as part of EPA's initial non-attainment area 
designations for the 1-hour S02 National Ambient Air Quality Standard (NAAQS) in August 
2013 and those that were not identified in the March 2015 Consent Decree. 2 According to the 
DRR, the method of characterizing the S02 concentrations around each source can be done by 
either (1) installing and operating an ambient air monitoring network; or (2) performing an air 
dispersion modeling study. Alternatively, instead of a source characterization, each identified 
source can modify its air operating permit prior to January 13, 2017. 

The North Dakota Department of Health (NDDH) has been consulting with the owners and 
operators of stationary sources in the State of North Dakota subject to the S02 DRR. One of 
the S02 sources subject to this rule includes the Montana-Dakota Utilities Company (MDU) 
R.M. Heskett Station (R.M. Heskett), located northwest of Bismarck, North Dakota. 
Currently, MDU is pursuing the air quality modeling study option to characterize the S02 
emissions. This option involves developing an air quality modeling protocol and coordinating 
the air quality modeling efforts with NDDH and EPA Region 8. The coordination efforts 
among the MDU operators, NDDH, and EPA Region 8 regarding the air quality modeling 
analysis as part of the S02 DRRbegan in March 2016. 

In the latest version of the modeling protocol developed by MDU for the R.M. Heskett station, 
MDU requested the approval to use the adjusted u * (ADJ_ U*) option in AERMET version 
15181 without the use of turbulence data (which is not measured at the Bismarck airport ASOS 
measurement site). The version of the modeling protocol referenced here is dated May 2016, and 
included as Attachment 1. The modeling protocol also notes that the LOWWIND3 option in 
AERMOD version 15181 will not be requested for approval to utilize in the modeling protocol 
and air quality analysis at this time. However, MDU provided information in the modeling 
protocol pertaining to the LOWWIND3 option and requested the opportunity to apply for 
approval of the application of LOWWIND3 in the future. While this information was provided to 
EPA Region 8, EPA will not be reviewing the information associated with the LOWWIND3 

1 Docket ID No. EPA- HQ-OAR- 2013-0711, August 10, 2015. 
http://www.epa.gov/oaqps001 /sulfurdioxide/pdfs/so2_drr_ final_081215.pdf. 
2 Entered in Sierra Club, et al. v. McCarthy, Case # 13-cv-03953-DI (N.D. Cal. March 2, 2015). 
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option at this time and the request for approval at this time is strictly to support the utilization of 
ADJ U* in AERMET version 15181 for the R.M. Heskett Station. 

Source Information 

The R.M. Heskett Station is located about 10 kilometers northwest of Bismarck, North Dakota in 
Morton County. This Station has two existing coal-fired boilers (Unit 1 & Unit 2), each of which 
exhaust through their own, separate 298.8-foot stacks. The total annual emissions in 2014 for the 
R.M. Heskett Station is 3369 tons. Table 1 shows the physical stack parameters for the R.M. 
Heskett Station units. 

Table 1. R.M. Heskett - Source Characteristics 
I Stack Elevation Stack Height 

····-

Flue l>iameter Rates 
Unit · Description 

! {n1 msl) _ (m) (m) (Btu/hr) 
Unit 1 Spreader Stoker 505 .2 91.08 2.21 387x106 

Unit 2 Atm. Fluid Bed 505.2 91.08 3.66 916x106 

The location of the plant is shown in Figure 1, and a topographic map of the area surrounding the 
RM. Heskett Station is provided in Figure 2. As shown in Figure 2, there is complex terrain 
(with elevations above stack top) within four kilometers of the plant. As shown in Figure 1 and 
Figure 2, the area in the immediate vicinity (i.e., within 3 km) of the R.M. Heskett Station can be 
characterized as having a rural land use type. 

Figure 1: Location of the R.M. Heskett Station. 
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Figure 2: Topography in the Vicinity of RM. Heskett Station and Location of Meteorological 
Stations Relative to R.M. Heskett Station. 
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The hourly meteorological data for the RM. Heskett Station will be represented by surface 
observations from the Bismarck Municipal Airport in Bismarck, North Dakota along with 
concurrent upper air data from Bismarck, ND. Missing upper air data from Bismarck, North 
Dakota will be substituted with data from Glasgow, MT. Figure 2 above shows the location of 
meteorological stations in relationship to the RM. Heskett Station. The AERMET inputs will 
also be based on surface meteorological data from the National Climatic Data Center' s (NCDC) 
Integrated Surface Hourly (ISH) database, along with both I-minute and concurrent 5-minute 
Automated Surface Observing System (ASOS) data. A wind rose for Bismarck Municipal 
Airport for the most recent three years (2013-2015) is shown in .Figure 3. 

Figure 3: Wind Rose for Bismarck Municipal Airport, Bismarck, North Dakota (KBIS). 
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Background on Default Surface Friction Velocity and ADJ U* Option in 
AERMOD/AERMET Version 15181 

Region 8 is evaluating the ADJ_ U* non-regulatory default option in AERMET/ AERMOD 
version 15181 request from the R.M. Heskett Station based primarily on the work performed by 
OAQPS and documented in Appendix F of the Addendum to the User's Guide for the AMS/EPA 
Regulatory Model-AERMOD, September 2004, Updated June 2015. 3 Additional information 
on the impact of the ADJ_U* option was also gathered from an EPA Region 10 approval for use 
with a gold mining source located in Alaska. 4 OAQPS concurred with the request to approve the 
use of ADJ_U* in a Clearinghouse Memorandum approved on February 10, 2016.5 EPA Region 
1 also requested an approval to use ADJ_ U* for an energy generating facility located in 
Portsmouth, New Hampshire. 6 Similar to the EPA Region 10 request, OAQPS concurred with 
the request to approve the use of ADJ_ U* in a Clearinghouse Memorandum approved on April 
29, 2016. 7 

The ADJ_ U* option was first integrated as a beta option in Stage 3 of the AERMET 
meteorological processor version 12345. The option was developed based on peer-reviewed 
journal articles by Qian and Venkatram 8 and Luhar and Rayner. 9 That initial AERMET model 
change, along with additional modifications impacting the ADJ_ U* option, are described below: 

1. Version 12345: Initial incorporation of a new non-regulatory default surface friction 
velocity adjustment option (ADJ_ U*) for low-wind/stable conditions based on Qian, W. , 
and A. Venkatram, 2011: "Performance of Steady-State Dispersion Models Under Low 
Wind-Speed Conditions", Boundary Layer Meteorology, 138, 475-491. 10 

2. Version 13350: Subroutine UCALST was modified based on AECOM' s recommended 
corrections to the vertical temperature gradient parameter (theta-star). Also, modified 
subroutine BULK.RI to incorporate a modified Bulk Richardson Number approach under 
the ADJ U* non-regulatory default option. 11 

3. Version 14134: Subroutine BULK.RI was modified to include the THSTAR (theta-star) 
adjustment for low solar elevation angles and for the ADU_ U* non-regulatory default 
option associated with BULKRN.12 

3 EPA. 2015 "Addendum: User's Guide for the AERMOD Meteorological Preprocessor (AERMET) OAQPS, 
AQAD, June 2015 . 
4 EPA Region 10 Memorandum from Herman Wong (RIO) to Alan Schuler (ADEC), October 20, 2015. 
5 EPA Clearinghouse Memo from George Bridgers (OAQPS) to Janis Hastings, Acting Director, Office of Air, 
Waste, and Toxics, Region 10; February 10, 2016. 
6 EPA Region 1 Memorandum from Leiran Biton to George Bridgers, April 7, 2016. 
7 EPA Clearinghouse Memo from George Bridgers to David Conroy, April 29, 2016. 
8 Qian W. and Venkatram A. 2011 "Performance of Steady-state Dispersion Models under Low Wind-Speed 
Conditions" Boundary-Layer Meteorology 138:475-491. 
9 Luhar AK and Rayner KN 2009. "Methods to Estimate Surface Fluxes of Momentum and heat from Routine 
Weather Observations for Dispersion Applications under Stable Stratification." Boundary-Layer Meteorology. 
132:437-454. 
10 AERMET Model Change Bulletin (Version 12345) dated December 10, 2012. Office of Air Quality Planning and 
Standards, RTP, NC. 
11 AERMET Model Change Bulletin (Version 13350) dated December 16, 2013. Office of Air Quality Planning and 
Standards, RTP, NC. 
12 AERMET Model Change Bulletin (Version 14134). Office of Air Quality Planning and Standards, RTP, NC. 
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4. Version 15181: Subroutines UCALST and MPPBL were modified to incorporate a 
constant value of theta-star of 0.08, full inclusion of the displacement height, and a 
modified formulation for Monin-Obukhov length for the AJD _ U* option. Subroutine 
UCALST was also modified to adjust USTAR for winds speeds below the "critical" wind 
speed. BULKRI was modified to use BETAM = 0.5 instead of0.47 for ADJ_U*. Lastly, 
BULKRI incorporated additional refinements to ADJ_ U* in conjunction with the Bulk 
Richardson Number option, including a more refined method for calculating theta star 
and extending its applicability to very stable/low wind conditions. 

With the release of AERMOD and AERMET Version 15181, updated evaluations of the low
wind ADJ_U* non-regulatory default option, along with LOWWINDl, LOWWIND2, and 
LOWWIND3, were included as Appendix F to the AERMOD User' s Guide Addendum. The 
evaluation results provided the basis for EPA proposing to include the non-regulatory default 
options ADJ_ U* and LOWWIND3 as part of the regulatory default mode for AERMOD in the 
July 29, 2015 Federal Register notice proposing changes to the Guideline on Air Quality Models 
(Guideline). 13 It is important to note, however, these changes to the Guideline are only proposed. 
The final version of the Guideline could contain revisions based on comments received. 

The evaluations in Appendix F of the AERMOD User' s Guide Addendum (EPA 2015a) include 
two field studies conducted in 1974 by the Air Resources Laboratory of the National Oceanic 
and Atmospheric Administration to investigate diffusion under low wind speed conditions at 
Idaho Falls and Oak Ridge. It also includes an analysis using the Lovett database. A detailed 
description of the databases and the evaluations are included in Appendix F. The results of the 
analyses showed over-predictions of observed concentrations when using the regulatory default 
options in AERMET and AERMOD for both the Oak Ridge and Idaho Falls. Both evaluations 
showed improved model performance with the ADJ_ U* option in AERMET. 

Both the Oak Ridge and Idaho Falls field studies measured concentrations from low-level, non
buoyant type releases. The Lovett field study measured concentrations from a tall stack (145 m) 
in a rural area in complex terrain. Past evaluations of the Lovett data with AERMOD have 
shown good model performance. Inclusion of ADJ_ U* showed slight improvement in model 
performance without other LOWWIND options and little difference when LOWWIND options 
were used. When the meteorological data was degraded, ADJ_ U* noticeably reduced the model 
over-prediction. 

Another evaluation of the low wind non-regulatory default options was conducted by OAQPS 
and presented in a webinar presented August 12, 2014. 14 That evaluation examined field study 
data collected at the Cordero Rojo Mine in Eastern Wyoming. The emission source was 
primarily roadway re-entrained particulate matter due to vehicular traffic. The results of that 
evaluation indicate statistically significant model performance improvement when using the 
ADJ_ U* option. 

Information provided in the EPA Region 10 approval of the use of ADJ_ U* for a mining source 
in Alaska shows the impact of the ADJ_ U* option versus the default u * for four meteorological 

13 Federal Register, Vol. 80, No. 145, Page 45340. July 29, 2015. 
14 http://www3 .epa.gov/ttn/scram/webinar/AERMOD_14134-N02_Memo/20140812-Webinar_Slides.pdf 
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parameters; calculated surface friction velocity, calculated heat flux, calculated mechanical 
mixing height, and calculated Monin-Obukhov (M-0) length (EPA Region 10). This was done 
for a variety of facility emission sources, including stacks at power plants. When looking at all 
source groups, the ADJ_ U* option increased the values of all four parameters throughout the 
day. The one exception is the calculated Monin-Obukhov length for power plant sources. Just 
less than half the hours throughout the day had a larger M-0 length with the default u*. 15 

Increases in the model estimated values ofu*, M-0 length, mechanical mixing height, and heat 
flux are to be expected given the changes in the ADJ_ U* option compared to the default u *. 

Lastly, a recent request for the use of the ADJ_ U* option was approved and concurred upon for 
an energy generating facility located in Portsmouth, New Hampshire. In this situation, the source 
was located near complex terrain with high modeled concentrations expected to occur under low 
wind, stable conditions. The application of the ADJ_ U* option was deemed to be appropriate 
based upon many of the studies noted above. In addition, the approval notes a site-specific 
evaluation of the impact of the ADJ_ U* option for the source in question at modeled receptors 
located in complex terrain. The assessment determined that the ADJ_ U* option only had a 
significant effect on receptors located at or above the release height. 

Process for Approving an Alternative Model 

According to Section 3.2.2(a) of Appendix W, the EPA Regional Office is responsible for 
determining the acceptability of a model. Specifically, 

Where the Regional Administrator finds that an alternative model is more appropriate 
than a preferred model, that model may be used subject to the recommendations of this 
subsection. This finding will normally result from a determination that (1) a preferred air 
quality model is not appropriate for the particular application; or (2) a more appropriate 
model or analytical procedure is available and applicable. 

Section 3.2.2(b) of Appendix W goes on to describe the approval process for an alternative 
model: 

There are three separate conditions under which such a model may normally be approved 
for use: ( 1) If a demonstration can be made that the model produces concentration 
estimates equivalent to the estimates obtained using the 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 the 
given application than [the prefened model]; or (3) if the preferred model is less 
appropriate for the specific application, or there is no preferred model. 

In December 2015, EPA issued a memorandum that clarified the approval process for non
regulatory beta options in AERMOD that have been proposed as regulatory options in the 
proposed revision to Appendix W. 16 This memorandum confirmed that the use of all non
regulatory default options, including the ADJ_ U* option, in regulatory modeling must receive 
EPA Regional Office approval. 

15 EPA Region 10 Memorandum from Herman Wong (RIO) to Alan Schuler (ADEC), October 20, 2015. 
16 Clarification on the Approval Process for Regulatory Application of the AERMOD Modeling System Beta 
Options, Office of Air Quality Planning and Standards, December 10, 2015. 
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The R.M. Heskett Station request intends to use the second condition as its justification, subject 
to the procedures for determining the acceptability of the alternative model using "established 
procedures and techniques" as described in Section 3.2.2(d) of Appendix W. This subsection also 
states that preparation and implementation of the evaluation protocol should be acceptable to the 
state regulatory agency and EPA, as well as the regulated entity. EPA Region 8 held a 
conference call on April 14, 2016 with representatives from the EPA, NDDH, and 
representatives of the R.M. Heskett Station to discuss the process for demonstrating 
appropriateness of an alternative model. This discussion satisfied the requirements for state, 
EPA, and industry participation in the development of an evaluation protocol described in 
Section 3.2.2(d) of Appendix W. 

R.M. Heskett Station Approval Package: Statistical Performance Evaluation and Site
Specific Evidence . 

Available Datasets for Evaluation 

The R.M. Heskett Station submittal cites a field study conducted in Mercer County, North 
Dakota. The Mercer County North Dakota evaluation is highly relevant to the R.M. Heskett 
Station scenario. The Mercer County database consists of approximately four years of S02 
monitoring data (2007-2010), hourly emissions data from 15 point sources in a region with 
complex terrain, and includes five monitors at elevations near or above some stack release 
heights at distances of nearly 10 kilometers. Although this study includes sources as far away as 
50 kilometers, the study focused on two emission sources (Antelope Valley Station and the Great 
Plains Synfuels Plant, operated by the Dakota Gasification Company) that were in close 
proximity to the monitors, meaning that emissions from those facilities dominated the impacts. 
Table 2 provides details about the monitors. For one of these monitoring locations (DGC#l 7), 
modeled concentrations were significantly closer to monitored values, though still somewhat 
over-predicting with the use of the ADJ_ U* option as compared to the regulatory default 
options, while predictions at other monitoring locations did change with use of the ADJ_ U* 
option for this study. 

Table 2: Monitor Locations for the Mercer County North Dakota Study. 

Description 
UTM X UTMY Monitor Elevation 

(m) (m) (m) 

DGC#l2 291011 5244991 593.2 
DGC#14 290063 5250217 604.0 
DGC#l6 283924 5252004 629.1 
DGC#l7a 279025 5253844 709.8 
Beulah 290823 5242062 627.1 

a This monitor's elevation is above stack top for several of the North Dakota sources. 
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The Lovett evaluation database, which is not mentioned in the R.M. Heskett Station submittal, 
but is presented in the most recent AERMOD model evaluation document, 17 provides another 
comparable scenario to that of the R.M. Heskett Station. The Lovett database consists of 2,595 
hours of ambient S02 monitoring data from 12 monitors near the Lovett Power Plant, located in 
a rural area with mountainous terrain along the Hudson River in New York. Some of the 
monitors had elevations above the release height ofLovett's 145 meter stack, and at distances 
from the source of 2 to 3 kilometers. For the Lovett evaluation database, correlation is better with 
the ADJ_ U* option than the regulatory default option at relevant concentrations. 18 In fact, the 
relevant modeled concentrations at Lovett are actually higher using the ADJ_ U* option 
compared with those using the regulatory default. This suggests greater modeled impacts using 
the ADJ_ U* option at near-source locations (i.e. , within several kilometers) than at more remote 
locations. This suggests that it is likely that impacts at nearer source impacts could be higher 
using the ADJ_ U* option. 

At the R.M. Heskett Station, the relevant distances for impacts in complex terrain are about 15 
kilometers or greater away from the source. Though there is no evaluation database analysis for 
impacts in complex terrain at this distance that match the precise characteristics of the R.M. 
Heskett Station scenario, the Mercer County North Dakota study will provide a sufficient basis 
for making an assessment regarding the adequacy of the statistical performance evaluation. This 
approval submittal will focus on the Mercer County N011h Dakota study given the significant 
similarities among the conditions in the Mercer County North Dakota study and R.M. Heskett 
Station. The details of the Mercer County evaluation and its applicability to the R.M. Heskett 
Station are discussed below. 

Better model performance in the near-field may translate into better model performance at longer 
distances. However, no conclusive model performance evaluation was available at the time of 
this review to confirm this notion, and this represents a data gap in evidence provided for this 
alternative model justification. 

Applicability of Mercer County North Dakota Study: Similarities in Terrain Features 

Many similarities exist between the surrounding terrain of Montana-Dakota Utilities R.M. 
Heskett Station and the Mercer County North Dakota evaluation study. R.M. Heskett Station is 
less than 90 kilometers south-southeast from the facilities in Mercer County, resulting in very 
similar climate and terrain. Both facilities are in a river valley with elevated terrain located a few 
kilometers from the emission sources. 

R.M. Heskett Station is situated along the west bank of the Missouri River where the topography 
is dominated by the Missouri Plateau (Figure 2). The Missouri Plateau consists of rolling to hilly 

17 Addendum: User's Guide for the AMS/EPA Regulatory Model- AERMOD. September 2004, up dated June 2015 . 
EPA-454/B-03-001. Appendix F. Evaluation of Low Wind Beta Options. 
18 Because the form of the NAAQS is based on the three-year average of99th percentile of daily maximum S02 

concentrations, the 5-year average 4th highest modeled S02 concentration is the relevant comparison against the 
NAAQS. This process is described in detail in an EPA memorandum on the subject (Memorandum: Applicability of 
Appendix W Modeling Guidance for the I-hour S02 National Ambient Air Quality Standard. From Tyler Fox, EPA 
Air Quality Modeling Group to EPA Regional Air Division Directors. August 23 , 2010). 
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plains, although there are occasional exceptions that include prominent buttes. An expansive area 
of rolling hills, at times rising to near 600 meter in elevation (nearly 100 meters above stack base 
for R.M. Heskett), is one of the more significant terrain features stretching north-south just west 
of the R.M. Heskett Station. One of the notable terrain features is a prominent bluff 
approximately 15 kilometers west-northwest ofR.M. Heskett Station. The bluff, known as 
Crown Butte, peaks at approximately 707 meters above sea level. Crown Butte is marked with a 
blue diamond symbol in Figure 2. The other terrain feature (unnamed) that rises above stack 
height is closer to the R.M. Heskett Station, approximately 2.5 kilometers to the southwest and is 
also denoted with a blue diamond symbol in Figure 2. East of the R.M. Heskett Station, the 
terrain is relatively flat with rolling hills well below stack top height. 

The facilities involved in the Mercer County North Dakota study are all located within the 
Missouri Plateau region of North Dakota. Figure 4 shows a layout of the sources, monitors, and 
the meteorological station. Complex terrain is noted to the west and northwest of the facilities 
with relatively flat terrain in all other directions, shown in Figure 4. One of the highest peaks, is 
located 7.6 kilometers to the northwest of the facilities with an elevation of 709 meters above sea 
level. Located on this peak terrain feature is the site of one of several ambient S02 monitors sited 
in Mercer County. 

Figure 4: Map of Mercer County North Dakota Model Evaluation Layout. 
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Applicability of Mercer County, North Dakota Study: Similarities in Sources Characteristics 

The tall stacks and base elevations of the sources are also similar for both the R.M. Heskett 
Station and the Mercer County North Dakota study. As discussed above, the R.M. Heskett 
Station has two boiler units (Table 1 ). Exhaust from both boiler stacks are vented through 
separate stacks with height and internal exit diameters as reported in Table 1. Both stacks are 
considered to be tall stacks within a region that includes some areas of complex terrain, as 
discussed in the previous section. This configuration of tall stacks is similar to those modeled in 
the Mercer County North Dakota study. Table 3 provides details about the emission sources from 
the Mercer County North Dakota study. In particular, the stack height of the R.M. Heskett 
Station sources is about 91 meters, and the stack heights of the Mercer County sources range 
from about 30 meters to 200 meters. The stack elevation of the R.M. Heskett Station sources are 
at about 505 meters above mean sea level, and the Mercer County sources are between about 518 
and 602 meters above mean sea level. 

T bl 3 S a e ource Intl ormat10n fi h M ort e ercer c ounty N hD k S d ort a ota tu y. 

Description 
Stack Elevation Stack Height Stack Diameter 

(m) (m) (m) 
Antelope Valley 588.3 182.9 7.0 
Antelope Valley 588.3 182.9 7.0 
Leland Olds 518.3 106.7 5.3 
Leland Olds 518.3 152.4 6.7 
Milton R Young 597.4 171.9 6.2 
Milton R Young 600.5 167.6 9.1 
Coyote 556.9 151.8 6.4 
Stanton 518.2 77.7 4.6 
Coal Creek 602.0 201.2 6.7 
Coal Creek 602.0 201.2 6.7 
Dakota Gasification Company 588.3 119.8 7.0 
Dakota Gasification Company 588.3 68.6 0.5 
Dakota Gasification Company 588.3 76.2 1.0 
Dakota Gasification Company 588.3 30.5 0.5 

Results of Sensitivity Tests and Comparisons to Mercer County, North Dakota Study 

Model Scenarios and Configuration 

The R.M. Heskett Station submittal included two model scenarios to investigate the change in 
predicted concentrations, including a scenario with the AERMOD regulatory default options 
(default scenario) and a scenario with the AERMOD ADJ_U* non-regulatory default option 
(ADJ_ U* scenario). For this comparative modeling, AERMOD/ AERMET version 15181 was 
utilized with the following configurations: 

• Modeling using 3-years (2013-2015) for emissions and meteorological data; 
• Bismarck Municipal Airport in Bismarck, ND used for surface and upper-air 

meteorological data (missing upper-air data substituted with Glasgow, MT); 
• Wind rose from Bismarck from 2013-2015 is shown in Figure 3. 
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• The ADJ_ U* scenario will not utilize turbulence data (which is not present for the 
Bismarck airport meteorological data), as noted in the February 2016 19 and April 201620 

EPA Model Clearinghouse memorandums. 
• A Cartesian receptor grid: 

o 25-m receptor spacing along the RM. Heskett Station and Tesoro Mandan 
Refinery boundaries for the S02 characterization. 

o 100-m receptor spacing extending out 5 kilometers from the grid center (located 
near the Heskett stacks). 

o 250-m receptor spacing between 5.0 and 10 kilometers from the grid center. 
o 500-m receptor spacing will be used beyond 10 kilometers (out to 20 km). 

The emission rates for the RM. Heskett Station were normalized by a constant factor, consistent 
with EPA's Monitor Technical Assistance Document guidance. 21 Ambient background S02 
concentrations were not included in the modeling comparison for either the R.M. Heskett Station 
or the Mercer County, North Dakota database. Additional details of the model input assumptions 
and configuration options are included in the RM. Heskett Station draft modeling protocol for 
the 1-hour S02 ORR modeling activities (see Attachment 1). 

Model Results: Maximum 99th Percentile Normalized Concentrations for R.M. Heskett Station 

The 4th highest (99th percentile) daily I-hour peak S02 concentrations for both the R.M. Heskett 
Station and the Mercer County North Dakota study are summarized in Table 4. The location of 
the 4th highest daily I-hour peak S02 normalized concentration from R.M. Heskett Station is at 
the aforementioned Crown Butte for both model scenarios (i.e., default and ADJ_ U*). Figure 5 
shows an isopleth map of the 4th highest daily 1-hour S02 concentration using default options. 
There is a large concentration gradient that occurs at the location of the more distant Crown 
Butte, with a secondary area of high concentrations to the southwest of the R.M. Heskett Station 
along the nearby complex terrain. As illustrated in Figure 6, the results from the ADJ_ U* 
scenario continues to show the 4th highest daily 1-hour S02 concentration at Crown Butte, but 
there is a more gradual concentration gradient near this bluff. Furthermore, the magnitudes of 
the normalized concentrations at Crown Butte are comparable to those depicted near and to the 
northwest of the R.M. Heskett Station. 

Table 4: Model-Predicted 4th highest (99th percentile) daily 1-hour peak S02 concentrations 
3 µg/m ] for both the R.M. Heskett Station and the Mercer County North Dakota study. 

Model R.M. Heskett Mercer County, North Dakota Study 
Scenarios Station Desi!m Value DGC#l2 DGC#l4 DGC#16 DGC#l7 

Default Options 100.2 174.49 100.77 107.51 110.30 174.49 
ADJ U* 44.09 ' 122.30 100.77 107.51 110.30 122.30 
Observed NA 85.00 81.52 85.00 69.58 73 .76 

NA = Not Applicable 

19 Region 10 MCH Memorandum [February 2016]: 
https :// cfpub .epa. gov/ oarweb/MCHISRS/index.cfm ?fuseaction=main.resultdetail s&recnum= 16-X-O 1 
20 Region 1 MCH Memorandum [April 2016]: 
https ://cfpub .epa.gov/ oarweb/M CHIS RS/index .cfm ?fuseacti on=main.resultdetails&recnum= 16-1-01 
21 Available at https://www3 .epa.gov/airquality/sulfurdioxide/pdfs/S02MonitoringT AD.pdf 
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Figure 5: Isopleth Map of the 99th Percentile Normalized S02 Concentrations Using Default 
Options for R.M. Heskett Station. 
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Figure 6: Isopleth Map of the 99th Percentile Normalized S02 Concentrations Using ADJ_U* 
Option for R.M. Heskett Station 
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Figure 7 presents Q-Q plots paired by receptor are provided for the predicted 3-year averaged 4th 

highest maximum daily I-hour S02 concentrations. Concentrations that correspond with 
receptors in flat terrain follow along the 1: 1 ratio line, where those in the complex terrain have 
higher concentrations from the default scenario. This pattern is very similar to that observed in 
the evaluation study presented in EPA's Model Clearinghouse Memorandums [Dated April 7, 
2016 and April 29, 2016] regarding the approval of ADJ_ U* for the Schiller Station Modeling 
Demonstration. 22 

Figure 7: Q-Q Plot paired by Receptor of Predicted 3-year Averaged 99th Percentile Peak Daily 
1-hour S02 Concentrations from the Default Scenario versus the ADJ U* Scenario. 
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Model Results: Top Ten 99th Percentile Normalized Concentrations for R.M. Heskett Station 

As shown in Figure 8, the top ten 3-year average 4th highest maximum daily I-hour impacts 
predicted under the default scenario were predicted to all coincide with elevated terrain 
associated with Crown Butte. Table 5 presents the hours corresponding to these top ten impacts, 
with all of them occurring during low wind speed, stable conditions. This process is repeated in 
Table 6 for the ADJ_ U* scenario. The top ten impacts from the ADJ_ U* Scenaiio indicate a mix 
between daytime and nighttime hours. The top three 4th highest impacts were still occurring 
under low wind conditions with receptor locations near Crown Butte. The majority of the top ten 
receptor locations for the ADJ_ U* scenario reside near RM. Heskett Station, as shown in Figure 
9. 

22 MCH Approval Memos for Schiller Station Modeling Demonstration: 
https://cfP ub .epa. gov/ oarweb/M CHISRS/index .cfm ?fuseacti on=mai n.resul tdetai ls&recnum= 16-1-0 I 
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Figure 8: Locations of Receptors for the Top Ten 99th Percentile 3-year Averaged Daily Peak 1-
hour S02 Concentrations Using Default Options. 
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Table 5: 4th Highest Daily Peak 1-hour S02 Concentrations (µg/m3) of the Top Ten 3-Year 
Averages for the Default Scenario. 

M 
UTM-14 ax. Dai 1- our Wi 

AD-83] Year u• (m/s) of Sp d 
E (m) Concentra on Day (m/s) 

(ue/ml) 

20 3 uo. 0 .038 8 l .23 2.8 
htH 3 0931.50 5196088.50 20 4 100.7 0.06 22 2.21 3 

20 s 79.S 0 .026 3 0.96 l.9 

2013 11 .9 0 .03 8 .23 l.8 

2nd st 34 3 .SO 5 9658 0 2014 88.3 o .03g 20 1.28 3.0 

201 75.6 0 . 50 23 1. 3.9 
20 3 100.1 0.028 2 1.01 0 

3rd Hi t 3 0931.50 S 96588.SO 96.0 0 .035 1 1.06 2.8 
73.2 0 .029 5 094 2.2 
l .1 .03~ 1 8 3.1 

t 34 3 .50 5196 0 77.5 0 .044 9 1.59 3. 

76.7 0 .065 2.18 .6 

2013 76.8 0 .04.S 23 1. 8 3.5 

t 33993 .50 s 9758 .so 20 4 73 . 0 .033 7 .20 2. 

20 s 94 .6 0.066 23 2. 15 4.9 

2013 72.1 0. 1 1.EiO 3.7 

est 0031.50 19558 0 2014 .9 0 .067 7 2..17 5. 
2 1 0 .026 3 .96 1..9 

0 .037 2 1.21 3.9 

7t Hi t 34 31.50 s 97588 . .SO 75.8 0 .020 3 0.65 5 

80.S 0 .029 s 0.94 2.1 
83.2 .OS 1 2. 1 5. 

est 33&43 .50 19758 so 79.1 0 .032 23 1.03 2 

73.4 .063 18 2.28 4.7 
73. 0 .045 23 l . B 3..5 

Hi est 33843 .so S 98088 . .SO 68.7 0 .039 20 1.28 3 0 

89. 0 .066 23 2.15 4.9 

87.2 .048 20 1.76 3.5 

1 Highes 33 3~5 3.S 5 1.30 3 .0 

77.1 .04 23 1.48 ... 
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Table 6: 4th Highest Daily Peak I-hour S02 Concentrations (µg/m3
) of the Top Ten 3-Year 

Averages for the ADJ_ U* Scenario. 

nd 
on" -u ·14 

[ &3] U"' ( / s, 
H4Jurof 

Spe~ 
Obu av 

an Yea 
Dy lenith 

East ( ) ( /s, 
(m) 

( 1£m31 
2013 56.!l 0.093 6 1.69 12.9 

1st s 3 0931. 0 S19GS88.SO 201'1 2.3 0.092 20 1.18 16.8 

2015 0.085 18 1.16 17. l 

2013 .094 2 1 8 1 .9 

2nd H st 340431.SO 197S88.50 2 14 0.1 2.28 18.3 
2 15 0.092 8 . 6 12 . 

2013 35.3 0.093 1.60 13.6 

t 340931.50 5195588.SO 20 .. 50.8 0 09 2 1.59 13.7 
2015 2.8 0.078 10 .33 13.8 

2013 33.6 0. 66 11 6.36 .8 
4th st 531.5 5192788. 0 20H 4.7 .l 0 13 13 -1.9 

15 18.1 .433 17 .7 8. 

2013 6.5 0.099 2 2.01 U.7 

st 339931.50 5197588.50 201 35.0 0[).6 10 0.84 1 3 

2015 3.9 0.119 23 2.15 16.4 

2013 34.1 0. 12 6 .36 -75. 
t 355431. 51 2888.50 2014 73.5 0.1 1.3 -1.9 

20 17.S 0.332 l 4.1 -20.7 

2013 33.l 0.12 9 l .11 . . 9 

7t st 35S431. O 5192788.50 201'1 7 . 0.120 B 137 -1.9 
2015 16.7 0.332 17 .19 -20.7 

20 32. 0. 12 1.76 -2.3 

8 t 5 631.S 5192688. 2014 74.2 0.120 13 1.3 -1.9 

2015 17.1 .474 16 .95 -34. 

2013 35.1 0 12 9 l .11 - .9 
9t st 355631.50 5192788.50 2014 70.B 0.129 10 l . 8 - .9 

2015 17.6 0.371 10 .75 -2 .2 

2013 33.B .150 12 1 76 -2.3 

10th H;,ghest 53 1. 5192888.5 2 1 3.1 .12 1.3 -1.9 

2015 16. 0.383 11 6.16 - l 0 . 

17 



Figure 9: Locations of Receptors for the Top Ten 99th Percentile 3-year Averaged Daily Peak 1-
hour S02 Concentrations from the ADJ_ U* Scenario. 
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Model Results: Comparison of the Results of the Top Ten 99th Percentile Normalized 
Concentrations for R.M. Heskett Station between Default and ADJ U* Scenarios 

The top ten 3-year averaged 4th highest maximum daily 1-hour S02 impacts predicted by the 
ADJ_ U* scenario is compared against the default scenario. Table 7 compares the 3-year 
averaged 4th highest maximum daily I-hour concentrations from default to ADJ_ U* for the 
receptors that correspond to the top ten impacts from the default scenario. The surface roughness 
(u*) values from the default scenario ranges between 0.03 mis to 0.05 mis. When the ADJ_U* 
option is used, the corresponding u* values increase with values ranging from 0.07 mis to 0.10 
mis. As a result, the predicted 3-year averaged 4th highest concentrations at the ten receptors 
around Crown Butte are reduced by 46 percent to 6 I percent. 

Table 7: Comparison of Predicted Concentrations from the Default Scenario versus with the 
ADJ_ U* Scenario at receptors with the Top Ten 3-Y ear Averages 4th Highest Maximum Daily 
1-Hour Concentrations for Default Scenario. 

B1.C1 .I 

a 00 
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As previously mentioned, the location of the receptors corresponding to the top ten 3-year 
averaged 4th highest maximum daily I-hour S02 concentrations are split between those at Crown 
Butte and less than 1 km of R.M. Heskett Station (Figure 9). The predicted 4th highest 
concentrations for the default and ADJ_ U* scenarios are provided in Table 8 based on the top 
ten receptors from the ADJ_ U* scenario. For the receptors that are located at Crown Butte, the 
change in predicted concentrations is similar to those compared in the previous default scenario. 
However, those receptors that are close to R.M. Heskett Station, in the flat terrain, show that the 
use of the ADJ_ U* option in AERMET has no effect on the predicted concentrations. 
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Table 8: Comparison of Predicted Concentrations from the Default Scenario versus the ADJ_U* 
Scenario at receptors with the Top Ten 3-Year Averages 4th Highest Maximum Daily 1-Hour 
Concentrations for the ADJ U* Scenario. 

Mercer County, North Dakota Study: Results of the 99th Percentile Concentrations 

The 4th highest daily peak 1-hour S02 concentrations observed at each monitor location were 
compared against the modeled concentrations. The 1-hour S02 design concentrations for the 
Mercer County North Dakota study are summarized in Table 4 and graphically plotted in Figure 
10. These charts indicate that the model-predicted values are higher than the observed at all the 
sites. The overall results indicate the following: 

• The highest design concentration from all monitor sites for both default and ADJ_ U* 
scenarios are higher than observed. 

• The highest design concentration from all monitor sites predicted from the default 
scenario is greater than the ADJ_ U* scenario. 

• For the monitors in simple terrain (DGC#12, DGC#14, and Beulah), the evaluation 
results were similar for both the default and ADJ U* scenarios. 

• The evaluation result for the monitor in the highest terrain (DGC#l 7) shows that the ratio 
of modeled to monitored concentration is more than 2, but when this location is modeled 
with the ADJ_U* option, the ratio is significantly better, at less than 1.3. 
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Figure 10: Histogram of the 4th Highest Daily Peak 1-hour S02 Concentrations from the Mercer 
County, North Dakota Study. 
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Model Results: Conclusions 

The model sensitivity results from the R.M. Heskett Station show very similar dispersion and 
transport patterns to those identified in the Mercer County North Dakota study for the following 
reasons: 

• The peak modeled impacts for AERMOD default options occurred in elevated terrain 
several kilometers away from the source. 

• The peak impacts for AERMOD default options occurred in stable, light wind conditions, 
which are the conditions that the low wind options are designed to address. 

• When the ADJ_ U* option is used, the change in the concentration magnitude is similar 
between the Mercer County North Dakota study and the R.M. Heskett model simulations. 

• When the ADJ_ U* option is used, the concentrations are more homogeneous between the 
flat terrain and high terrain areas for R.M. Heskett, as was observed in the Mercer County 
North Dakota study. 

Receptors in the flat terrain showed that the use of the ADJ_ U* option in AERMET in 
conjunction with AERMOD default options had no effect on the predicted concentrations for the 
R.M. Heskett evaluation study. This is similar to the Mercer County North Dakota study and 
EPA's April 2016 Model Clearinghouse Memorandums regarding the ADJ_U* request for the 
Schiller station in New Hampshire. As described in the Mercer County North Dakota study, the 
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predicted-to-observed ratios of99th percentile S02 concentration using the ADJ_U* option 
remained above 1.0, resulting in an over-prediction. This same result is expected with the 
ADJ_ U* option for the R.M. Heskett Station. 

The RM. Heskett Station submittal indicates that the regulatory default options in AERMET 
version 15181 and AERMOD version 15181 lead to controlling concentrations at receptors on 
Crown Butte at elevations from 656 meters to 678 meters. These concentrations consistently 
occur during low-wind speed and stable boundary conditions. Figure 7 of the submittal indicates 
that default u* values are very low (0.03 mis to 0.05 mis) for hours during which concentrations 
at the top ten receptors in the default modeling are highest. At those receptor locations, using the 
ADJ_U* option increases 3-year average default u* values by 100 percent to 133 percent (to 
0.07 mis to 0.10 mis). As a result of the increase in default u* from the use of the ADJ_ U* 
option, 3-year average 4th highest concentrations at these receptors decreased by 46 percent to 61 
percent (from 75.9 µg/m3 to I 00.2 µg/m3 to 35.6 µg/m3 to 44.1 µg/m3). 

The use of the ADJ_ U* option shifted the majority of the controlling concentrations from the 
more remote ten receptors at Crown Butte to a cluster of six receptors within 1 kilometer of the 
R.M. Heskett Station (see Table 8 and Figure 9). At these receptors, there were insignificant 
changes in default u* values and relevant concentration values between the regulatory default 
and alternative modeling configuration. This indicates that stable low wind speed conditions are 
not controlling at these receptors. For these six receptors, the 3-year average default u* values 
range from 0.03 mis to 0.34 mis for peak concentrations, which range from 41 .0 µg/m3 to 42.1 
µglm3. 

The analysis in the R.M. Heskett submittal indicates that the ADJ_ U* option only has significant 
effects in the modeling domain at receptors with elevations at or above the height of release. 
Specifically, the analysis of the top ten 4th highest 3-year averaged predicted concentrations 
showed that stable conditions with low wind speeds are the controlling meteorological conditions 
for receptors with elevations above 656 meters, and that concentrations at these receptors are 
often lower by more than 46 percent under the ADJ_ U* formulation than under the regulatory 
default formulation. For the top ten 4th highest 3-year average receptors below 656 meters, in the 
analysis, there is little to no change in concentration, indicating that stable conditions with low 
wind speeds are not controlling at elevations below the release height. 

Recommendation 

EPA Region 8 has reviewed the available information relevant to the R.M. Heskett Station 
request for approval to use the ADJ_ U* option in AERMET (without turbulence data) for the air 
quality modeling to support the I-hour S02 Data Requirements Rule. While site-specific 
model/monitor data are not available for this application, the accumulation of the (1) model 
sensitivity analysis provided through the RM. Heskett Station modeling protocol, and the model 
performance information available through journal articles, field studies, and the previous EPA 
Model Clearinghouse approvals noted above provide a significant basis to judge the 
appropriateness of the ADJ_ U* option in this case. Based on that review, we believe that the 
conditions set forth in Section 3.2.2.d of Appendix Win 40 CFR Part 51 (i.e., a statistical 
performance evaluation showing improved model performance) have been adequately addressed, 
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and therefore we recommend approval of the use of the ADJ_ U* option as an acceptable 
alternative model. We request OAQPS concurrence with this recommendation. 

Note that this is a case-specific approval recommendation and is not directly applicable to any 
other sources or other non-regulatory default options. Also, as noted in 40 CFR, Part 52.21(1)(2), 
the information on the use of alternative models must be included in the appropriate public 
notice and comment materials. 
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Attachment I - Montana-Dakota Utilities Co.: S02 Characterization for the R.M. Heskett Station 
Modeling Protocol 
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