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September 21, 2007

Ms. Nancy Wrona

Director, Air Quality Division

Arizona Department of Environmental Quality
1110 W. Washington St.

Phoenix, Arizona 85007

RE:  Chemical Lime Company
Nelson, Arizona Facility
BART Applicability Modeling Analysis

Dear Ms. Wrona:

Chemical Lime Company (CLC) is submitting the enclosed Best Available Retrofit Technology
(BART) Applicability Modeling Analysis in response to your letter dated July 13, 2007,
requesting a response to the initial determination that the kilns at the CLC Nelson Facility are
potentially subject to BART. In accordance with “Option C” described in the letter, CLC is
providing the enclosed modeling report to demonstrate that the BART-¢ligible emission units at
the CLC Nelson Facility are not subject to BART.

Your letter requested that CLC submit a response to the Arizona Department of Environmental
Quality (ADEQ) by September 14, 2007. In a telephone conversation on September 13, 2007,
Mr. Eric Massey from ADEQ granted CLC an extension of one week to complete the analysis
and respond to the ADEQ’s request.

As described in the enclosed report, CLC performed a BART applicability modeling analysis of
emissions of visibility-affecting constituents from BART-cligible emission units at the Nelson
Facility. The results of the analysis indicate that the 3-year average of the 8" highest visibility
change is less than 0.5 dv in all Class I areas. The analysis demonstrates that the BART-¢ligible
sources at the CLC Nelson Facility do not cause or contribute to visibility impairment in any
Class I area. Therefore, the emission units at the CLC Nelson Facility are not subject to BART.

Chemical Lime Company

15333 North Pima Road, Suite 200
Scottsdale, Arizona 85260

Phone: (800) 288-9676 (480) 368-4200
Fax: (480) 368-4220
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CLC would greatly appreciate concurrence from the ADEQ on this determination. If you have
any questions or require any clarification, please feel free to contact me at (480) 368-4239.

Sincerely,

CHEMICAL LIME COMPANY

f /’ /35:5/?_ /

Ed Barry
Western Regional Environmental Manager

Enclosures
cc: Mr. Eric Massey, ARIZONA DEPARTMENT OF ENVIRONMENTAL QUALITY

Mr. Leonard Montenegro, ARIZONA DEPARTMENT OF ENVIRONMENTAL QUALITY
Mr. Grant Smedley, TRINITY CONSULTANTS
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1. INTRODUCTION

Chemical Lime Company (CLC) owns and operates a lime manufacturing facility in Nelson, Arizona
(Nelson Facility). The Nelson Facility is considered eligible to be regulated under the U.S.
Environmental Protection Agency’s (U.S. EPA) Best Available Retrofit Technology (BART)
provisions of the Regional Haze Rule. This report describes the methodology utilized and results
obtained in a CALPUFF modeling analysis performed to demonstrate that the CLC Nelson Facility
does not cause or contribute to visibility impairment in any federal protected Class I area.

1.1 BEST AVAILABLE RETROFIT TECHNOLOGY RULE BACKGROUND

On July 1, 1999, the U.S. EPA published a final rule regarding Regional Haze Regulations and BART
Determinations, known as the Regional Haze Rule (RHR). The objective of the RHR is to improve
visibility in 156 specific areas across the United States, known as Class I areas. The Clean Air Act
defines Class I areas as certain national parks (over 6000 acres), wilderness areas (over 5000 acres),
national memorial parks (over 5000 acres), and international parks that were in existence prior to
August 7, 1977,

1.1.1 DETERMINATION OF BART ELIGIBILITY

On July 6, 2005, the EPA published amendments to its 1999 RHR to include guidance for making
source-specific Best Available Retrofit Technology (BART) determinations. The BART rule defines
BART-eligible sources as sources that meet the following criteria:

n Have potential emissions of at least 250 tons per year of a visibility-impairing pollutant,
) Began operation between August 7, 1962 and August 7, 1977, and
(3) Are listed in one of the 26 source categories in the guidance.

Lime manufacturing plants are one of the listed source categories, and include operations that are
considered to be part of major SIC code “32” — Stone, Clay, Glass, and Concrete Products. Kiln #1
and Kiln #2 at the CLC Nelson Facility have been determined to comprise the BART-eligible source
because the units operate at a lime manufacturing plant, were in existence on August 7, 1977, and
began operation after August 7, 1962, and have potential emissions of greater than 250 tpy of NOyx
and SO,. Specific information about the emission units that comprise the BART-eligible source is
provided in Section 2 of this report.

1.1.2 SCREENING ASSESSMENT OF BART APPLICABILITY

A BART-eligible source is determined to be subject to BART if the source causes or contributes to
visibility impairment at a federally protected Class I area. Per guidance from the Arizona Department
of Environmental Quality (ADEQ):

“Arizona has chosen to consider a source that is responsible for a 1.0 or more deciview (dv)
change relative to natural background conditions in a Class I area to “cause” visibility
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impairment. Arizona has also chosen to consider a source that is responsible for a 0.5 or
greater dv change relative to natural background conditions in a Class I area to “contribute
to” visibility impairment in a Class I area. Finally, Arizona has also chosen to compare the
3-year average of the 98" percentile of CALPUFF modeling results to the “contribution”
threshold in order to determine which sources would be potentially subject to BART.” !

This approach for evaluating visibility impairment is consistent with U.S. EPA BART guideIines.2

Visibility impairment is quantified using the light extinction coefficient (by), which is expressed in
terms of the haze index expressed in dv. The haze index (HI) is calculated as follows:

b,
HI(dv) =10 In| -2
@ =10m( 22

The impact of a BART-eligible source is determined by comparing the HI attributable to a source
relative to estimated natural background conditions. The background extinction coefficient
Dextpackground 18 affected by various chemical species and the Rayleigh scattering phenomenon and can
be calculated as shown in the following equation.

bc.\'.',backgmwni (Mm_] ) = bSO4 + b}\’()3 + bO(' + b.?oif + b(‘aar.te + bap + bRay
where,
by, = 3[(NH,),s0, U(RH) [(NH4 ),80, ]denotes the ammonium sulfate concentration
byo, = 3[NH,NO, |/ (rH) [NH,NO, | denotes the ammonium nitrate concentration
by =4[OC] [OC]denotes the concentration of organic carbon
b, = 1[Soil] [Soil]denotes the concentration of fine soils
Bryrs = 0.6[Coarse Mass] [Coarse Mass] denotes the concentration of coarse dusts
b, = 10[}3(3] [EC]denotes the concentration of elemental carbon
b, = Rayleigh Scattering (] 0Mm™ by default) Rayleigh Scattering is scattering due to air molecules

f(RH)= Relative Humidity Function

[ ]= Concentration in pg/m?

Particulate species that affect visibility are emitted from anthropogenic sources and include coarse
particulate matter (PMC), fine particulate matter (PMF), and elemental carbon (EC), as well as
precursors to secondary organic aerosols (SOA) and fine particulate matter such as SO, and NOx.
The extinction coefficient due to emissions of visibility-affecting pollutants from a single BART-
eligible source bey source 18 calculated using an air quality model. The extinction due to the BART-
eligible source will be calculated as shown in the following equation.

b

ext source

-1
(M L )= byo, +byo, + bere + by + bsou + b+ byo,

1
Letter from Nancy Wrona, ADEQ, to Michael Stags, CLC Nelson, dated July 13, 2007.
2
40 CFR Part 51, Appendix Y, Guidelines for BART Determinations Under the Regional Haze Rule, July 6, 2005,
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where,

be, = 3[(NH i )ZSO 4 U(RH ) [(NH4 )1804]de110tes the ammonium sulfate concentration

B, = 3[N H4N03]f(RH) [NH,NO, |denotes the ammonium nitrate concentration

begy = 4[30 A] [SOA]denOtes the concentration of secondary organic aerosols
b = I[PMF] [PMF]denotes the concentration of fine PM

Brage = 0.6[PMC] [PMC]denotes the concentration of coarse PM

by = IO[EC] [EC]denotes the concentration of elemental carbon

buo, =0. 33[N 02] [NO, ]denotes the concentration of nitrogen dioxide

7 (RH)= Relative Humidity Function
[1=

= Concentration in ug/m3

The change in the haze index, in deciviews, also referred to as “delta dv,” based on the source and
background light extinction is based on the following equation:

+b

ext, background

b

ext, source

Adv = 10*In

ext, background

1.1.3 REFINED ASSESSMENT OF BART APPLICABILITY

More recently, the Interagency Monitoring of Protected Visual Environments (IMPROVE)
workgroup has proposed a more robust equation for calculating light extinction, as described in detail
in a report entitled “Revised IMPROVE Algorithm for Estimating Light Extinction from Particle
Speciation Data.”’ The updated algorithm, which has been approved by the IMPROVE Steering
Committee and is currently undergoing peer review, provides a more refined calculation by including
visibility impairment due to the following processes:

*  Visibility impairment due to different sizes of sulfates, nitrates, and organic carbon

*  Visibility impairment due to sea salt particles

* Distinct water growth curves (i.e., ARH)) for small sulfates and nitrates, large sulfates
and nitrates, and sea salt

* Elevation-dependent (hence Class I area dependent) Rayleigh scattering coefficient

*  Visibility impairment due to gaseous nitrogen dioxide (NO,)

3
http://vista.cira.colostate.edu/IMPROVE/Publications/GrayLit/gray_literature.htm.
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The revised IMPROVE light extinction algorithm takes the following form:

2-2fs (RH)[NH4(SO4)2 ]small Gl 4‘8ff, (RH)[NH4 (804)2 ]La,ge *
- 2’4fs (RH)[NH4N03 Llnall +5.11, (RH)[NH4N03 ][,argc *
~ 2.8[0Ck 1+ 6.1[0C] o + 10[EC]+ 1[PMF] + 0.6[PMC] +
1.4 fo(RH )[Sea Salt]+ b +0.33[NO, |

ext
ite—specific Rayleigh Scattering

In this analysis, if the light extinction calculation performed using the screening approach in
Section 1.1.2 indicates an exceedance of the contribution threshold in any Class I area, CLC
implemented the revised IMPROVE algorithm as a refined approach for calculating light extinction.

1.1.4 WRAP PRELIMINARY DETERMINATION OF BART APPLICABILITY

In order to perform a preliminary assessment of BART applicability, ADEQ provided information on
all potentially BART eligible emissions units to the Western Regional Air Partnership (WRAP)
Regional Modeling Center. WRAP performed a screening CALPUFF modeling analysis as a
preliminary evaluation of BART applicability for each BART eligible source. Based on the results of
this analysis, sources that were determined to be potentially subject to BART were requested to
pursue one of the following options in response to the potentially-subject-to-BART determination: )

1. Conduct a BART analysis
2. Demonstrate that the emissions units are not BART-eligible
3. Demonstrate that the emission units are not potentially-subject-to-BART

CLC is submitting this modeling analysis in response the request from the ADEQ as a demonstration
that the BART-eligible emission units at the CLC Nelson Facility are not subject to BART, in
accordance with Option #3 above. The approach presented in this report is consistent with guidance
from the U.S. EPA BART guidelines, ADEQ guidance, and the WRAP screening modeling protocol.5

1.2 LOCATION OF SOURCES AND RELEVANT CLASS I AREAS

Class I areas are defined by the U.S. EPA as those areas of the nation that are of special natural,
scenic, recreational, or historic interest to the public. Class I areas are designated by the Clean Air
Act and have a separate set of standards from Class Il/unclassified areas. Class I areas are managed
by Federal Land Managers (FLMs).

There are nine Class | areas within 300 km of the CLC Nelson Facility. The distance and FLM for
each Class I area is listed in Table 1-1. The Nelson Facility is shown in Figure 1-1.

4
Letter from Nancy Wrona, ADEQ, to Michael Stags, CLC Nelson, dated July 13, 2007.

’ WRAP, CALMET/CALPUFF Protocol for BART Exemption Screening Analysis for Class 1 Areas in the Western United
States, August 2006.
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TABLE 1-1. CLASS I AREAS WITHIN 300 KM OF CLC NELSON FACILITY

Name Minimum Distance to CLC (km) Fesderal Lany
Manager
Grand Canyon National Park 26 NPS
Sycamore Canyon Wilderness 121 USFS
Zion National Park 182 NPS
Pine Mountain Wilderness 189 USFS
Mazatzal Wilderness 196 USFS
Bryce Canyon National Park 232 NPS
Joshua Tree National Monument 244 NPS
Sierra Ancha Wilderness 279 USFS
Superstition Wilderness 279 USFS

FIGURE 1-1. LOCATION OF CLC NELSON FACILITY RELATIVE TO CLASS I AREAS WITHIN 300 KM
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1.3 CALPUFF MODELING ANALYSIS

As recommended by the U.S. EPA BART guidelines, ADEQ guidance, and the WRAP screening
modeling protocol, the CALPUFF modeling system was used to compute the 24-hour average
visibility impairment attributable to the CLC Nelson Facility for comparison with the 0.5 dv
contribution threshold. CALPUFF is a refined air quality modeling system that is capable of
simulating the dispersion, chemical transformation, and long-range transport of multiple visibility-
affecting pollutant emissions from a single source and is therefore preferred for BART applicability
and determination analyses. The CALPUFF modeling system is described in technical detail in the
screening modeling protocol. ‘

6
WRAP, CALMET/CALPUFF Protocol for BART Exemption Screening Analysis for Class I Areas in the Western United
States, August 2006.
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2. EMISSION SOURCE DESCRIPTION

Whereas the BART eligibility determination relies on potential emissions of visibility-affecting
pollutants including particulate matter (PM), sulfur dioxide (SO,), and oxides of nitrogen (NOx), the
U.S. EPA BART guidelines specify that the emissions utilized in the BART applicability modeling
analysis should be based on the following:

“the 24 hour average actual emission rate from the highest emitting day of the
meteorological period modeled that is representative of steady-state operating conditions
during periods of high capacity utilization.”

The ADEQ also specifically requested that “this demonstration must include documentation of each
unit’s potential to emit.” * The WRAP screening modeling analysis utilized the potential to emit from
the BART-eligible emission units at the CLC Nelson Facility, in the absence of more accurate
emissions data determined in accordance with the U.S. EPA BART guidelines, as described above.

In this report, for the purpose of determining appropriate emissions for use in the BART applicability
modeling analysis, CLC has reviewed representative emissions and production data to determine the
maximum actual emissions in accordance with the U.S. EPA BART guidelines.

The following sections provide a description of the methodology used to determine the maximum
actual emission rates, as well as the stack parameters used in the CALPUFF modeling analysis.
2.1 BART ELIGIBLE EMISSION SOURCE

There are two kilns in operation at the CL.C Nelson Facility:

e Kiln #l
e Kiln#2

Kiln #1 and Kiln #2 at the CLC Nelson Facility have been determined to comprise the BART-eligible
source because the units operate at a lime manufacturing plant, were in existence on August 7, 1977,
and began operation after August 7, 1962, and have potential emissions of greater than 250 tpy of
NOy and SO,.

2.2 EMISSION CALCULATION METHODOLOGY

2.2.1 NOy, SO;, AND PM EMISSION CALCULATIONS

Emission rates of NO,, SO,, and PM for the BART applicability modeling analysis were calculated
based on the maximum production rates achieved by each kiln during the meteorological period

7
40 CFR Part 51, Appendix Y, Guidelines for BART Determinations Under the Regional Haze Rule, July 6, 2005.
8
Letter from Nancy Wrona, ADEQ, to Michael Stags, CLC Nelson, dated July 13, 2007.
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modeled, and representative emission factors from source testing performed at the Nelson Facility.
The following equation was used to calculate emissions for each constituent, from each kiln:

Ib constituent

Emissions {:l—b] = Emission Factor{

P i i 1d
] x Max Daily Production Rate [mn llme] X ay
r

ton lime day 24 hours

The production rates, emission factors, calculated emissions, and detailed sample calculations, are
provided in Appendix A.

2.2.2 PARTICULATE MATTER SPECIATION

Modeling of visibility impairment requires that the PM components of the exhaust stream be
speciated because different types of PM affect visibility to varying extents. The amount by which a
mass of a certain species scatters or absorbs light is termed the extinction efficiency or extinction
coefficient, and dry values range from 0.6 m?/g for coarse PM to 10 m?/g for elemental carbon. Fine
PM (1 m%g) and organic aerosols (4 m*/g) scatter light with intermediate efficiencies, and ammonium
sulfate and ammonium nitrate (that form from precursor SO, and NOy emissions in the presence of
ambient ammonia) are hygroscopic species that are particularly efficient light scatters in the presence
of ambient water vapor [3f{RH) m*/g, where ARH) is a function of the relative humidity]. The size
distribution of particle species is also important, since smaller particles may be transported longer
distances than larger particles and dispersed differently under prevailing ambient conditions. Table
2-1 provides definitions for the nomenclature used herein for speciated PM data.

TABLE 2-1. NOMENCLATURE FOR PM SPECIATION ANALYSIS

Nomenclature Description

PMq Filterable particulate matter with an aerodynamic diameter < 10 um

PMq.10 Filterable particulate matter with an aerodynamic diameter > 6 and < 10 um
PM; 5.4 Filterable particulate matter with an aerodynamic diameter > 2.5 and < 6 pim
PM; s Filterable particulate matter with an aerodynamic diameter < 2.5 pm

EC Elemental carbon

CPM Condensable particulate matter (organic and inorganic)

S04 Primary sulfate

POC Primary organic condensable emissions

TPM, Filterable PM;q + CPM

The emission rates of each of these particulate phases and size categories are modeled in CALPUFF
and grouped according to visibility affecting characteristics. Elemental carbon (EC), if emitted,
typically results from unburned carbonaceous fuel and is distinguished from other PM types because
of its light extinction characteristics. Coarse PM (PMC) comprises PM, 5. and PMg.;o. Fine PM
(PMF) includes PM; 5. Condensable particulate matter (CPM) is comprised of both organic and
inorganic species. The organic fraction of CPM is represented in CALPUFF as primary organic
condensable (POC) emissions, which are direct emissions but are sometimes referred to as secondary
organic aerosols (SOA) by convention and due to the representation of their visibility-affecting
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characteristics in the light extinction equation. Primary emissions of inorganic CPM may contain
hygroscopic sulfates (SO,) and nitrates (NOs), as well as other salts (e.g., carbonates) that may be
hygroscopic to a lesser degree, and hence are considered in a manner similar to PMF (i.e., as soil) in
terms of light extinction.” Therefore, it can be important to distinguish inorganic CPM since certain
hygroscopic species (i.e., sulfate and nitrate species) will have a greater extinction coefficient than
non-hygroscopic (i.e., non-sulfate and non-nitrate) species. However, in this analysis, as a screening
approach, it is conservatively assumed that all inorganic CPM is sulfates.

Table 2-2 summarizes the grouping of PM species and extinction coefficient of each component.

TABLE 2-2. ASSIGNMENT OF EMITTED PM SPECIES TO MODELED PM CATEGORIES

Modeled Extinction
Output i
PM Components 2 Coefficient
i Category 2
Category (m’/g)
....EM.Q...............I:T.i.!??r.f.l.t?.ltz.99&!&9.9.@!'.’519165 (PMg.10, PMa.s.6) MG 00

.50, ... Primary inorganic condensable emissions of Sulfates
.POC . Primary organic condensable emissions eSO i
EC Uncombusted carbonaceous fue] EC 10

Modeled PM Category denotes the input of emissions data into CALPUFF,
Qutput Category denotes the assignment of medeled emissions in POSTUTIL for the visibility calculations in CALPOST.

1
2

Since few facilities have the necessary data to accurately quantify speciated PM emissions from lime
kilns, the National Park Service (NPS) and the National Lime Association (NLA) prepared a PM
emissions speciation template that uses filterable or total PM emissions from kilns to estimate CPM,
SO, and EC, and to speciate filterable PM into three size bins (10-6 pm, 6-2.5 um, and less than 2.5
pm) for different types of kilns and control devices. “ These speciation templates are based on AP-42
Section 11.17 and additional data developed by Air Control Technologies under contract to NLA.

CLC used the NPS/NLA speciation profiles to quantify speciated PM emissions for the CALPUFF
modeling analysis. Since both kilns at the Nelson Facility are equipped with fabric filters, the
following PM speciation schemes were used for the kilns at the CLC Nelson Facilty:

e Nelson Kiln #1: Coal-fired rotary lime kilns with fabric filter
e Nelson Kiln #2: Coal-fired rotary lime kilns with fabric filter

Using the PM speciation profiles and the calculated maximum actual 24-hour average PM,, emission
rates, the complete speciated emission profiles were determined. The speciated PM emissions are
presented in Appendix A.

9
The U.S. EPA’s Guidance for Tracking Progress under the Regional Haze Rule identifies carbonates, magnesium oxides,

and sodium oxides as components of the soil mass concentration when analyzed to assess natural background visibility

(Malm 1994).

1

http://www2.nature.nps.gov/air/Permits/ect/ectLimeKiln.cfm.
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2.3 MODELED STACK PARAMETERS

Actual stack parameters for Kiln #1 and Kiln #2 were input to the CALPUFF model to represent the
point of visibility-affecting pollutant emissions. The stack parameters used in this analysis are the

same as those that were modeled by WRAP in the BART CALPUFF screening modeling analysis.
The stack parameters are listed in Table 2-3.

TABLE 2-3. STACK PARAMETERS FOR KILNS 1 AND 2 AT CLC NELSON FACILITY

Stack Location Stack Stack Exit
LCC East LCC North Elevation  Height Diameter  Velocity  Exit Temperature
Source ID (km) (km) (m) (m) (m) (m/s) (K)
Kiln #1 -1462.800 -364.127 1570.3 42.7 3.05 11.55 510.4
Kiln #2 -1462.800 -364.127 1570.3 43.0 3.05 14.69 488.7
Chemical Lime Company 2-4 Trinity Consultants




3. MODELING APPROACH

This section presents a brief overview of the approach used in the BART applicability modeling
analysis. In general, unless stated otherwise, CLC utilized an approach that is consistent with the
WRAP screening modeling protocol for the BART applicability modeling analysis presented in this
report.

3.1 MODEL SELECTION

As recommended by the U.S. EPA BART guidelines, ADEQ guidance, and the WRAP screening
modeling protocol, the CALPUFF modeling system was used to compute the 24-hour average
visibility impairment attributable to the CLC Nelson Facility for comparison with the 0.5 dv
contribution threshold. CALPUFF is a sophisticated air quality modeling system that is capable of
simulating the dispersion, chemical transformation, and long-range transport of multiple visibility-
affecting pollutants and is therefore preferred for the BART applicability and determination analyses.

It should be noted that the CALPUFF model is generally intended for use on scales from 50 km to
several hundred kilometers away from a source. In this analysis, the Grand Canyon Class I area is
less than 50 km from the source. Per ADEQ guidance:

“In specific situations where the distance from the emission point to a Class I area was less
than 50 kilometers, Arizona has exercised its discretion, and has determined that it will
accept the CALPUFF modeling results for any Class I area that is greater than 10 kilometers
from the emission point. Arizona also recognizes that CALPUFF’s results have limited value
at distances greater than 300 km, and has only considered modeling results that occur within

: : 3 p it
the 10 to 300 kilometer distance from the emission point.

Therefore, in accordance with the above guidance, the modeling in this report was performed using
CALPUFF for all Class I areas within 300 km of the Nelson Facility BART-eligible emission units.

In accordance with the modeling analysis performed by WRAP, modeling for the CLC Nelson
Facility was performed using the versions of the modeling programs listed in Table 3-1.

TABLE 3-1. MODEL VERSIONS

Processor Description Version Level
CALMET Meteorological data processor used by WRAP 6.211 060414
CALPUFF Plume dispersion model 6.112 060412
POSTUTIL Post-processing utility 1.52 060412
CALPOST Post-processing utility for visibility impact 6.131 060410

11
Letter from Nancy Wrona, ADEQ, to Michael Stags, CLC Nelson, dated July 13, 2007.
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3.2 RECOMPILATION OF CALPUFF MODELING PROGRAMS

Due to the large number of grid cells, the number of mesoscale model files, and other parameters
selected by WRAP for the CALMET meteorological domain, it was necessary to recompile the
CALMET, CALPUFF, and CALPOST programs for use in the BART modeling.

The following steps were performed to recompile the programs:

1. Downloaded the source code files for the related program from the TRC website:
http://www.src.com/calpuff/download/epa_codes.htm.

2. Modified certain parameter values in the params file (typically based on the "Large" version
provided in the downloaded file). The names of these files are “params.met” for CALMET,
“params.puf” for CALPUFF, and “params.pst” for CALPOST. All the parameters listed in
the params files are typically used to define the maximum dimensions to be allowed for the
parameter arrays used in the source code. For example, in the BART analysis, the maximum
number of gridded receptors along "x" and "y" directions in the params files were adjusted to
500. This was necessary because the WRAP modeling domain for Arizona is 288 grid cells
in the “x” direction and 225 grid cells in the “y” direction, which exceeds the values used in
the executables posted on the website.

3. Recompiled the program using the Lahey 95 Fortran compiler. The compiling options are
also identical to those prescribed in the downloaded compiling batch file.

The change in the parameter values described in Step #2 above will not affect any scientific
algorithms in the source code, and therefore the modeling results will not be affected by any changes
in the params files. The parameters are used for initiating the array size and the required computer
memory for the program. If a parameter value is not sufficiently large, a run will be stopped and no
results would be generated.

3.3 MODELING DOMAIN

The domain utilized in this modeling analysis is the same as the domain used in the WRAP BART
CALPUFF modeling. The map projection for the modeling domain is in Lambert Conformal Conic
(LCC) and the datum is NWS-84. The reference point for the modeling domain is Latitude 40°N,
Longitude 97°W (LCC point 0, 0). The meteorological grid spacing is 4 km, resulting in 288 grid
cells in the X direction and 225 grid cells in the Y direction. There are 11 vertical layers.

3.4 CALMET

The CALMET input files located on the WRAP RMC website were used in this modeling analysis. "’
The CALMET input files available from WRAP include geophysical data (including terrain and land
use) and Mesoscale Model Meteorological data. WRAP developed three 4-km CALMET

12
http://pah.cert.ucr.edu/aqm/308/bart.shtml.
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meteorological datasets for three years (2001-2003) to span across all potential BART eligible
sources within the southern WRAP states.

During the preliminary CALMET simulations, several CALMET meteorological days corresponding
to the mesoscale model files provided on WRAP’s database ran unsuccessfully. The error
information is provided below:

“In ALOG(x) or LOG(x) or ALOG10(x) or LOG10(x) or ALOG2(x) or LOG2, X.LE.0.0
(x=0.0000e+00)"

Internal debugging indicated that the error occurred due to the fact that the surface relative humidity
(RH) values at some CALMET cells were zero. These days include:

Jan 7, 2001
Jan 19, 2001
Jan 10, 2002
Jan 23, 2002
Mar 2, 2002
Mar 4, 2002
Aug 24,2002
Nov 14, 2002
Nov 19, 2002
Jan 15, 2003
Oct 25, 2003
Dec 14, 2003
Dec 17, 2003
Dec 18, 2003

® © & @ o @& o

L]

To overcome the error, the surface station data recorded in the “surf.dat” file downloaded from the
WRAP database was used as the source of the RH values for these 14 days. To enable this option in
CALMET, IRHPROG was set to zero in the input files for these 14 days only. For all remaining
days, IRHPROG was set to one in accordance with the approach used in the WRAP files, which uses
the mesoscale data as the source of the RH values. The use of an IRHPROG value of zero is
consistent with the most recently U.S. EPA approved version of CALMET (version 5.8), in which the
variable is automatically assigned a value of zero as a default. Following the change in this variable
to a value of zero for the 14 days noted above, CALMET ran successfully for all 14 days.

The output files from CALMET were used, along with the other WRAP output files, as input to the
CALPUFF modeling analysis. The electronic CALMET input files used in the modeling analysis for
the CLC Nelson Facility are included with this report. A list of the files is included in Appendix B.
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3.5 CALPUFF

The CALPUFF model uses the meteorological data from CALMET together with the emission
source, receptor, and chemical reaction information to predict hourly concentrations of modeled
species. Similar to the CALMET simulation, the CALPUFF input files for 2001 were downloaded
from the WRAP website and used as the template to populate the CLC Nelson facility BART
modeling input files generated in this analysis.

WRAP executed daily CALPUFF runs, with the variable MRESTART set to one so that information
for all puffs within the CALPUFF domain are saved to one file to initialize a continuation run. In the
modeling analysis presented in this report, CALPUFF was executed for the complete years (2001,
2002, and 2003). To handle this update, all CALMET output files are referenced in CALPUFF
sequentially for an entire year. This approach does not affect the CALPUFF simulation or the
modeling results obtained.

The electronic CALPUFF input and output files generated in the modeling analysis for the CLC
Nelson Facility are included with this report. A list of the files is included in Appendix B.

3.6 POSTPROCESSING

Using the hourly concentrations of visibility-affecting pollutants computed by CALPUFF, two
postprocessors, POSTUTIL and CALPOST, were used to compute light extinction attributable to the
CLC Nelson Facility. The CALPOST input files for 2001 were downloaded from the WRAP website
and used as the template to generate and populate the CALPOST input files for this analysis. "

3.6.1 POSTUTIL

The first postprocessing step involves running POSTUTIL to calculate the concentrations of
visibility-affecting species, as described in Section 2 of this report. Specifically, POSTUTIL is
executed to group modeled species into visibility-affecting pollutant categories, as shown in Table
3-2.

TABLE 3-2. ASSIGNMENT OF MODELED PM SPECIES TO
LIGHT EXTINCTION GROUPS IN POSTUTIL

Modeled CALPOST Light Extinction Coefficient
Components Extinction Group (m’/g)
PMC800
0 UL . | E— | ———
2.2 SR .. NI . SRy Sa—
SOt
EC

13
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The electronic POSTUTIL input and output files generated in the modeling analysis for the CLC
Nelson Facility are included with this report. A list of the files is included in Appendix B.

3.6.2 CALPOST

CALPOST uses the concentration values from POSTUTIL to calculate light extinction attributable to
the CLC Nelson Facility and the natural background. The equations presented in Section 1 of this
report are used to perform the light extinction calculations.

In accordance with U.S. EPA BART guidance, and the WRAP modeling protocol, the CALPOST
Method 6 option was selected in this analysis. Method 6 calculates hourly light extinction impacts
from the source and background using monthly average relative humidity adjustment factors.
Monthly Class I area-specific relative humidity adjustment factors based on the centroid of the Class I
areas from U.S. EPA guidance will be used. N

In CALPOST, the light extinction attributable to the source is calculated by first using the
hygroscopic components of the source-caused concentrations, due to ammonium sulfate and nitrate,
and monthly Class I area-specific relative humidity values. The contribution to the total source-
caused extinction from ammonium sulfate and nitrate is then added to the other, non-hygroscopic
components of the particulate concentration (from coarse and fine soil, secondary organic aerosols,
and from elemental carbon) to yield the total hourly source-caused extinction.

The electronic CALPOST input and output files generated in the modeling analysis for the CLC
Nelson Facility are included with this report. A list of the files is included in Appendix B.

3.7 NATURAL BACKGROUND CONDITIONS

The visibility goal of the Clean Air Act is both the remedying of existing visibility impairment and
prevention of future visibility impairment. In the BART implementation guidance, U.S. EPA affirms
that it interprets the goal to mean return atmospheric conditions to “natural visibility conditions.” For
the purposes of BART analyses, the U.S. EPA has determined that it

“did not intend to limit States to the use of the 20% best visibility days...States may use 20%
. . Ay " . Ly K3 1 13
best visibility days or annual average” to assess BART applicability.

In accordance with the methodology used by WRAP in generating the screening modeling results,
CLC calculated visibility change in this analysis based on the annual average natural background

" U.S. EPA, Guidance for Estimating Natural Visibility Conditions Under the Regional Haze Rule, Table A-3, Attachment
A, September 2003, EPA-454/B-03-005.

' U.S. EPA Memorandum from Mr. Joseph Paisie to Ms. Kay Prince, as Attachment A to a proposed settlement agreement
between the Utility Air Regulatory Group and U.S. EPA, published at 71 Federal Register No. 84, pp. 25,838-25,840, May

2, 2006.
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conditions. * The parameters used to calculate natural background light extinction on an annual
average basis were obtained from U.S. EPA guidance.]T

3.8 SCREENING ASSESSMENT OF BART APPLICABILITY

The WRAP modeling protocol represents a screening application of the CALPUFF model for the
purposes of BART applicability assessments. As the name of this technique implies, a screening
analysis is intended to provide a conservative estimate of visibility impacts using computationally
efficient techniques. A refined analysis utilizes less conservative and more representative data and
modeling methods to compute visibility impacts following appropriate guidelines. Screening
analyses may be used to determine that a facility is not subject to BART using a conservative
assessment.

As a preliminary screening step in this analysis, CLC utilized input data and modeling assumptions
consistent with the WRAP screening modeling, with the revised emissions data presented in Section 2
of this report. Per guidance from the ADEQ:

“Arizona has chosen to consider a source that is responsible for a 1.0 or more deciview (dv)
change relative to natural background conditions in a Class I area to “cause” visibility
impairment. Arizona has also chosen to consider a source that is responsible for a 0.5 or
greater dv change relative to natural background conditions in a Class I area fo “contribute
to” visibility impairment in a Class I area. Finally, Arizona has also chosen to compare the
3-year average of the 98" percentile of CALPUFF modeling resulls to the “contribution”
threshold in order to determine which sources would be potentially subject to BART.” "

In accordance with the above approach, and the calculation methodology used by WRAP, the g™
highest visibility impact was calculated for each year of the meteorological period modeled (2001-
2003) as a surrogate for the 98" percentile visibility change. The 3-year average of the 8" highest
impact was compared to the contribution threshold of 0.5 dv as a preliminary assessment of BART

applicability.

For Class I areas in which visibility impairment was predicted to be less than the 0.5 dv threshold, the
demonstration was deemed to be complete and no additional analysis was preformed. For any areas
in which the screening modeling indicated impacts in excess of the 0.5 dv threshold, a refined
approach for calculating light extinction was considered, as described in the following section.

1

. WRAP, Summary of WRAP RMC BART Modeling for Arizona, Draft #5, May 2007,

v U.S. EPA, Guidance for Estimating Natural Visibility Conditions Under the Regional Haze Rule, Table 2-1, Attachment
A, September 2003, EPA-454/B-03-005.

' Letter from Nancy Wrona, ADEQ, to Michael Stags, CLC Nelson, dated July 13, 2007.
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3.9 REFINED ASSESSMENT OF BART APPLICABILITY

If the light extinction calculation performed using the screening approach described in the previous
section indicates an exceedance of the contribution threshold in any Class I area, CLC implemented
the revised IMPROVE algorithm as a refined approach for calculating light extinction in this analysis.

To facilitate the use of the revised IMPROVE algorithm for assessing BART applicability, a
spreadsheet processing tool was developed and distributed by the Visibility Improvement State and
Tribal Association of the Southeast (VISTAS) Technical Advisor for BART modeling projects
performed in the Southeastern United States. The spreadsheet processing tool implements the revised
IMPROVE light extinction algorithm, designated as the CALPOST-IMPROVE Processor Version 2
(September 29, 2006). This processor calculates the reconstructed light extinction using the revised
IMPROVE algorithm and output from the current version of the CALPOST postprocessor.

In this analysis, CLC utilized the spreadsheet tool developed by VISTAS as a refined approach to
calculating light extinction. To implement the CALPOST-IMPROVE Processor, three additional data
points are required: background concentration of gaseous NO,, Rayleigh scattering parameter
corrected for site-specific elevation, and an estimate of the average background sea salt aerosol
concentration. The following specific inputs to the tool were used:

¢ Elevation-dependent Rayleigh scattering coefficient and sea salt background concentration
determined from the Visibility Information Exchange Web System (VIEWS) for the Class |
19
area

e 24-hour average NO, concentration at each receptor attributable to BART-eligible sources at
the CLC Nelson Facility as calculated by an additional CALPOST analysis

The 24-hour average NO, concentration for each day and receptor was calculated by separate
CALPOST processing analyses, and converted from units of micrograms per cubic meter (ug/m’) to
parts per billion as required by the tool. The NO; concentration entered into the CALPOST-
IMPROVE Processor for each 24-hour average visibility impacts corresponds to the specific day and
receptor at which the modeled visibility impact occurs. The NO,/NOx ratio was conservatively
entered as 1.0 in the CALPOST-IMPROVE Processor.

It should also be noted that the natural background concentrations for the Eastern United States were
updated for the Western United States before applying the VISTAS spreadsheet tool.

Appendix C of this report contains the calculation tables generated by the CALPOST-IMPROVE
calculation tool. The electronic versions of the spreadsheets, as well as the input and output files used
to generate the NO, concentration data, are also included with this report. A list of the files is
included in Appendix B.

19
http://vista.cira.colostate.edu/views.
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4. MODELING RESULTS

This section presents the results obtained in the BART applicability modeling analysis. As described
in Section 3, a screening analysis was performed as an initial step, and based on the results of the
screening analysis, refined modeling was performed as needed. The screening and refined modeling
results are summarized in the sections that follow.

4.1 SCREENING MODELING RESULTS

Screening analyses of visibility impacts attributable to the CLC Nelson Facility were conducted to
determine whether the facility is subject to BART using a conservative assessment, and to focus the
scope of refined analyses by demonstrating that visibility impairment is not likely to occur at more
distant Class I areas. The screening analyses were conducted using the emissions data represented in
Section 2, the screening CALMET and CALPUFF methods described in Section 3, and the screening
postprocessing methods specified in Section 3 of this report.

Table 4-1 summarizes the 8" highest 24-hour average visibility impacts at each of the Class I areas
identified in Table 1-1 attributable to the CLC Nelson Facility.

TABLE 4-1. SCREENING MODELING RESULTS

98th percentile (8th highest) Visibility Change
@@v)

ID Name of Class I area 2001 2002 2003 Average |
grea Grand Canyon NP 0.452 0.419 0.624 0.498
syca Sycamore Canyon WA 0.096 0.114 0.158 0.123
zion Zion NP 0.163 0.096 0.149 0.136
pimo Pine Mountain Wilderness 0.076 0.065 0.076 0.072
maza Mazatzal Wilderness 0.085 0.061 0.072 0.073
brca Bryce Canyon NP 0.080 0.053 0.089 0.074
jotr Joshua Tree NM 0.154 0.097 0.072 0.108
sian Sierra Ancha Wilderness 0.044 0.048 0.054 0.049
supe Superstition Wilderness 0.052 0.049 0.060 0.054

As can be seen in the table, the 3-year average of the 8™ highest visibility changes attributable to the
CLC Nelson Facility is less than 0.5 dv in all Class I areas. Therefore, the modeling anlaysis
demonstrates that the CLC Nelson Facility does not contribute to visibility impairment in any Class I
area.

Given that the 3-year average of the 8" highest visibility changes in the Grand Canyon National Park
is close to the 0.5 dv threshold, a refined analysis was considered for this Class I area to demonstrate
that the visibility impacts are less than 0.5 dv.
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4.2 REFINED MODELING RESULTS

Although the maximum visibility change obtained in the screening modeling analysis is not equal to
or greater than the 0.5 dv contribution threshold, a refined analysis was performed in which light
extinction in the Grand Canyon National Park was calculated using the CALPOST-IMPROVE
implementation of the revised light extinction algorithm described in Section 1 of this report.

A Rayleigh scattering value of 9 M/m and a sea salt background value of 0.01 pg/m’ was used, as
obtained from VIEWS, for the Hance Camp at Grand Canyon National Park monitoring station. N

Table 4-2 summarizes the 8" highest 24-hour average visibility impacts at Grand Canyon attributable
to the CLC Nelson Facility using refined calculation method, as computed using CALPOST output
and the new IMPROVE equation.

TABLE 4-2. REFINED MODELING RESULTS FOR THE GRAND CANYON NATIONAL PARK

98th percentile (8th highest) Visibility Change
(dv)
ID Name of Class I area 2001 2002 2003 Average
grea Grand Canyon NP 0.417 0.379 0.585 0.460

As can be seen in the table, the visibility change attributable to the CLC Nelson Facility in the Grand
Canyon National Park is less than 0.5 dv. Therefore, the CLC Nelson Facility does not contribute to
visibility impairment in the Grand Canyon National Park.

20
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5. CONCLUSIONS

Using analysis methods prescribed by the U.S. EPA, WRAP, and the ADEQ, CLC performed a
BART applicability modeling analysis of emissions of visibility-affecting constituents from BART-
eligible emission units at the Nelson Facility. The results of the analysis indicate that the 3-year
average of the 8" highest visibility change is less than 0.5 dv in all Class I areas. The analysis
demonstrates that the BART-eligible sources at the CLC Nelson Facility do not contribute to
visibility impairment in any Class [ area. Therefore, the BART-eligible sources (Kiln #1 and Kiln #2)
at the CLC Nelson Facility are not subject to BART.

CLC reserves the right to revise the applicability analyses and determinations described in this report
if new methods are approved for regulatory use by the U.S. EPA and ADEQ.
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EMISSION CALCULATIONS
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ELECTRONIC FILE LIST
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Electronic Media Data and File Index

CALMET FILES
calmet_az_yyyymmdd.inp
yyvy denotes the met model year: 2001, 2002 and 2003
mm denotes data analysis month (ex. Jan=0/, Feb=02, etc.)
dd denotes data analysis day

CALPUFF FILES
CLCyyyy Calpuff.inp
src09_az VY .lst
yyyy denotes the met model year: 2001, 2002 and 2003
YY denotes the last two digitals of the met model year: 2001, 2002 and 2003
inp denotes CALPUFFinput files
Ist denotes CALPUFF output summary files

Ozone Data Files
BART Ozone yyyy. dat
yyyy denotes data analysis years 2001, 2002, and 2003

POSTUTIL FILES
2001.PU.VIS.PM.fif
2002.PU.VIS.PM. fff
2003.PU.VIS.PM jif

JiF = inp denotes POSTUTIL input files

JiF = Ist denotes POSTUTIL output summary files

CALPOST FILES FOR VISIBILITY
Grand Canyon
az 2001 src09 greafff
az 2002 src09 greafff
az 2003 src09_greafjf’
Sycamore Canyon
az 2001 src09 syca.fff
az_ 2002 src09 sycafff
az 2003 src09 syca.fff’
zion
az 2001 src09_zionfff’
az 2002 src09 zionfff’
az 2003 src09 zionfff’
Pine Mountain
az 2001 src09 pimo.fff
az_2002_src09 pimo.fff
az_2003_src09 pimo.fff’
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Electronic Media Data and File Index

Mazatzal

az 2001 src09 mazafff

az 2002 src09 maza.fff’

az 2003 src09 maza.fff’
Bryce Canyon

az 2001 src09 breafff

az 2002 src09 breafff’

az 2003 src09 breafff’
Joshua Tree

az 2001 src09 jotr.fff

az_ 2002 src09 jotr.fif

az 2003 src09 _jotr.fff
Sierra Ancha

az 2001 src09 sian.fff

az_2002_src09_sian.fff’

az 2003 src09 sian.fff
Superstition

az 2001 src09 supe.fif

az 2002 src09 supe.fjf’

az 2003 src09 supe.fif
[if = inp denotes CALPOST input files
Jif = Ist denotes CALPOST output summary files

CALPOST FILES FOR EXTRACTION OF NOX CONCENTRATIONS IN GRAND CANYON ARE

GRCANOx.YY.dd fIf
YY = denotes the last two digitals of the met model year: 2001, 2002 and 2003
dd = denotes the day with top 22 highest visibility impact.
[fif = inp denotes CALPOST input files
Jif = Ist denotes CALPOST output summary files

RECOMPILED EXECUTABLE FILES
calmetl.exe
calpuffl.exe
calpostl.exe
postutill.exe

REVISED IMPROVE ALGORITHM SPREADSHEETS

Revised IMPROVE Calculation yyyy .xls
yypy denotes the met model year: 2001, 2002 and 2003

Chemical Lime Company
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