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October 9, 2012

Mr. Jim Upchurch

Forest Supervisor
Coronado National Forest
300 West Congress
Tucson, Arizona 85701

Re: Response to August 20, 2012 Forest Service Letter

Dear Mr. Upchurch:

Along with this, please find a response written by JBR Environmental Consultants, Inc., our air-modeling
contractor, to the issues raised in your letter dated August 20, 2012. The issues and questions raised in
your letter were specifically answered in the JBR response and the models are currently running.

As | understand it, this is the current status of the modeling effort:
¢ AERMOD models are nearly complete,
* (OZONE models are waiting on some of the NO; results,
* VISCREEN modeling is underway.

| understand the entire effort should be completed by about the end of October. JBR will provide
interim results as they become final. If you have questions or would like to discuss any particular aspect
of this letter or the attachments in greater detail, please let me know.

Regards,

e
Kathgrine Ann Arxnold

Vicé President, Environmental and Regulatory Affairs

Attachment: JBR Response Letter

Cc: Chris Garrett, SWCA
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October 8, 2012

Mr. Jim Upchurch

Forest Supervisor

United States Department of Agriculture
Forest Service, Coronado National Forest
300 W. Congress

Tucson, AZ 85701

Dear Mr. Upchurch:

On behalf of Rosemont Copper Company (Rosemont), JBR Environmental Consultants (JBR) is
providing this response to the Forest Service’s letter dated August 20, 2012. As requested in the letter,
this response has been developed in order to ensure that the information requested is clearly understood
and in order to seek concurrence from the Forest Service (USFS) regarding some of the issues raised.

During JBR’s and Rosemont’s reviews of the Forest Service’s letter, it became apparent that the revised
modeling protocols (“AERMOD Modeling Protocol to Assess Ambient Air Quality Impacts”, prepared
by JBR, dated April 27, 2012; “CALPUFF Modeling Protocol to Assess Ambient Air Quality Impacts”,
prepared by JBR, dated May 15,2012) had not been used as the bases for some of the comments
provided. This is problematic since changes in the revised protocols were developed, in part, to respond
to these same comments as previously presented. While the Forest Service’s letter asks Rosemont to
“insure that the information we have requested is clearly understood and that you have obtained
concurrence from my office on the documentation requests,” Rosemont also requests reciprocity in timely
responses to prior requests and approval of the methods presented in this response.

Please note that the responses below provide new information, where applicable, regardless of the revised
protocols submitted several months ago. Comments raised in the Forest Service’s letter are addressed
below.

1. The statistical analysis provided by JBR to exclude the highest monitored PM,, concentration of
71.3 ug/m’ is insufficient justification for exclusion. Please explain why the highest monitored
PM,, concentration of 71.3 ug/m’ would be considered an outlier (i.e. mechanical error, other
external reason not under control of Rosemont) or include the outlier in the modeling.

The revised protocols dated April 27, 2012 and May 15, 2012 provide statistical analyses that were
substantially revised from those included in the previous protocols. These analyses justify exclusion of
the PM,, concentration of 71.3 ug/m’. As shown in the revised analyses, the probability of occurrence of
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such an anomalous event is once in 127 years or once in 336 years, depending on the data set used for the
probability analysis. The operating life for the Rosemont mine will be 20-25 years.

Comments to the Draft Environmental Impact Statement (DEIS) from Region 9 of the Environmental
Protection Agency (EPA) dated February 21, 2012 stated, “In determining the 24-hour PM;, background
concentration, EPA believes that while it may be appropriate to exclude the 71 pg/m’ value on the basis
that it appears to be a statistical outlier, additional justification should be provided in the EIS for doing
so.” The April and May 2012 revised modeling protocols provided extensive additional analysis
justifying exclusion of this value. This information could easily be included in the final EIS,
demonstrating that the necessary analysis has been performed. Indeed, even for the purpose of
determining an area’s compliance with the NAAQS, EPA states in Section 2.4 of Appendix K to 40 CFR
Part 50 that “the use of statistical models or the use of historical data could be considered so that the event
may be discounted or weighted according to the likelihood that it will recur.” With a 1-in-127-years
(or 1-in-336-years) frequency of occurrence, the weighting of this value should be minimal—or none.

Since the EIS is intended to “provide full and fair discussion of significant environmental impacts” per
Title 40 of the Code of Federal Regulations (40 CFR) §1502.1, Environmental Impact Statement —
Purpose, inclusion of an anomalous event that is not anticipated to recur within 100 years of the project’s
cessation cannot be considered either “reasonably foreseeable” or “significant” for the purpose of the EIS.
Consequently, modeling will be conducted by replacing the 71.3 ug/m® PM;, concentration with the
second high measured value of 40.3 pg/m’ as suggested by EPA Region 9.

2. The use of annual average ozone was not appropriate as a substitution for missing data in the
ozone data base. Please describe what ozone values were used for Tier 3 OLM NO; modeling
technique. Tier 3 OLM being used by Rosemont for NO, modeling requires the use of hourly ozone
data. For any missing data, the maximum hourly or conservative ozone value must be used.

EPA guidance states that the modeled contribution to the cumulative ambient impact assessment for the
1-hour NO, standard should follow the form of the standard based on the 98th percentile of the annual
distribution of daily maximum 1-hour concentrations averaged across the number of years modeled. A
“first tier” assumption that may be applied without further justification is to add the overall highest hourly
background NO, concentration from a representative monitor to the modeled design value, based on the
form of the standard, for comparison to the NAAQS. Additional refinements to this “first tier” approach
based on some level of temporal pairing of modeled and monitored values may be considered.

With regards to replacement of missing data, the monitoring period of interest is from March 2007
through February 2010 as this time interval represents 36 months of continuous meteorological data at the
Rosemont site. Only 3% of the ozone data is missing during this three-year period. The longest period of
consecutive missing hours occurred during November 2007 (November 11-15).

Replacement of this data will be in accordance with guidance from the Arizona Department of
Environmental Quality (ADEQ). Per ADEQ’s guidance, missing data will be replaced as follows: for

JBR Environmental Consultants, Inc.
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missing data periods of a day or more in a month, each missing hour of monitored data will be replaced
with the maximum ozone concentration for each corresponding diurnal hour of the month; for other
missing hours, linear interpolation will be used to fill the missing concentrations. For missing data
periods less than a day in duration, the longest missing data period to which linear interpolation is applied
is six hours.

The month selected to determine a maximum concentration corresponds to the same calendar month
considered over the three years of data. More specifically, data from November of 2007, 2008, and 2009
will be used to determine the maximum diurnal hourly values for replacement of the data missing from
November 2007. This provides assurance that under similar meteorological conditions, a conservative
impact will be calculated. The discussion in Attachment 1 elaborates on the procedure that will be
applied to determine replacement values.

3. Documentation provided by Caterpillar provides only a range of in-stack NO,/NO, ratios from 0.05
to 0.15. Because there is no guarantee that said ratios will be at the low end of the range we are
requiring that you disclose impacts at both the 0.10 and 0.05 levels (Scenarios 3 and 4).

Caterpillar’s documentation states that “engines certified for non-road use in the United States do not
require a measurement split of NO, emissions between NO and NO,. Therefore, Caterpillar does not have
this type of emissions data recorded.” Caterpillar states further in that document that their estimated
range for NO,/NO, of 5% to 15% is provided as a “general rule”; consequently, Caterpillar’s
documentation should not be used as the basis for determining NO,/NOx ratios for haul trucks. While
modeling will be performed at both 5% and 10% as the Forest Service is requiring, the available science
and test results indicate that modeling an in-stack NO,/NO ratio of 5% is remains conservative.

The Ozone Limiting Model (OLM) in AERMOD utilizes two variables to determine the predicted NO,
concentration at each receptor: NO,-primary and NO,-secondary. Accurate representation of these
variables is critical to obtaining accurate NO, modeling results. However, availability of quality data is
limited. Prior to promulgation of the 1-hour NO, NAAQS in 2010, few sources encountered difficulty
modeling compliance with the NO, standard. From 1971-2010, the primary and secondary NO, NAAQS
were 53 parts per billion (ppb) on an annual basis as determined by the annual arithmetic average. The
2010 implementation of a 1-hour standard set at 100 ppb as determined by the 98" percentile monitored
value, averaged over 3 years, introduced difficulties with modeling that had never been encountered for
NO,. These difficulties have been widely acknowledged by EPA'.

! See, for example, EPA’s memos: June 28, 2010 entitled, “Applicability of Appendix W Modeling Guidance for the 1-hour NO2 NAAQS”
(http://www.epa.gov/ttn/scram/guidance/clarification/ClarificationMemo AppendixW Hourly-NO2-NAAQS FINAL 06-28-2010.pdf); June 29,
2010 memo entitled, “Guidance Concerning the Implementation of the 1-hour NO2 NAAQS for the Prevention of Significant Deterioration
Program” (http://www.epa.gov/nsr/documents/20100629n02guidance.pdf); March 1, 2011 entitled, “Additional Clarification Regarding
Applicability of Appendix W Modeling Guidance for the 1-hour NO2 NAAQS”
(http://www.epa.gov/ttn/scram/guidance/clarification/Additional Clarifications AppendixW_Hourly-NO2-NAAQS FINAL 03-01-2011.pdf).
Also see EPA’s Technology Transfer Network (TTN) Support Center for Regulatory Atmospheric Modeling (SCRAM) NO,/NO, In-Stack Ratio (ISR)
Database webpage at http://www.epa.gov/ttn/scram/no2 _isr_database.htm.

JBR Environmental Consultants, Inc.
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Selecting representative in-stack NO,/NOy data is critical to the performance of OLM. OLM converts the
total NO, concentration, predicted at each receptor by AERMOD, to NO, according to the following
equation:

[NO;-predicted] = [NO,-primary] + [NO,-secondary]

NO,-primary is an estimate of in-stack NO,. The term “in-stack NO,” means the portion of thermal NO,
gas that is simultaneously converted to NO, and sampled prior to its release from a stack. EPA test

methods for diesel generator engines and mobile sources take measurements of NO,/NOy ratios at the
stack exit. While these provide a better estimate of in-stack ratios than the highly unrealistic “default”
values, some titration of NO, to NO, has already occurred by the time the stack gases have reached the
stack exit, resulting in ratios that are still higher than true in-stack NO,/NOj ratios. Additionally, the test

methods themselves allow for some additional titration of NO, to NO,, and even small amounts of
conversion (i.e., £1%) will skew the modeled results.

Samples acquired in situ from sources operating under normal conditions are ideal estimates of NO,-
primary for use in OLM. For haul trucks, sampling the engine-out gas stream from inside the tailpipe or
exhaust manifold and at normal operating temperature would help to ensure that OLM performs as
intended. Samples acquired or otherwise analyzed ex situ, such as from the sampling methods presented
in 40 CFR Part 86 Subpart N or ISO 8178 and even open path measurements acquired by, for example,
chase vehicles, are not well supported by OLM since they tend to overestimate the value of the primary-
NO, variable. For example, samples of diluted engine exhaust that are stored in O2-prefilled bags and
later analyzed tend to have excess NO, according to the equilibrium equation NO + %2 O, <-> NOy; if
excess oxygen is present as the gas cools, the reaction favors the right side as NO tends to be converted
into NO,. Overestimates from other sampling methods, such as fixed monitors or dilute gaseous exhaust
sampling, are typically due to titration by ambient O; introduced into the sample based upon the
equilibrium equation NO + O3 <-> NO,,

NO,-secondary is an estimate of the remaining portion of NO, as NO that will mix and convert to NO, by
equal amounts of ambient O; during transport.

Modeling 1-hour NO, impacts from haul trucks using an in-stack primary-NO, ratio of 15% or even 10%
is questionable because these values are arbitrary. Rosemont’s proposal to model 1-hour NO, impacts
using 5% in-stack NO,/NOx is a conservative estimate of primary-NO,.

According to laboratory data presented in a report by Diesel Controls Ltd. and the U.S. Bureau of Mines,
titled “Nitrogen Oxides Reactions in Diesel Oxidation Catalyst” (Majewski et al., 1995, Attachment 2), it
is estimated that approximately 0.3% of NO, in diesel exhaust gas is NO, at 400°C, based upon
simultaneous in situ sampling of NO and NO,. The maximum recorded ratio is approximately 3.0%
at 200°C. According to Caterpillar, the steady state exhaust stack gas temperature for the CAT® C175-16
Diesel Engine, which powers Rosemont’s haul trucks, is approximately 446°C. The 3% in-stack

JBR Environmental Consultants, Inc.
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NO,/NOy ratio is based upon the estimated maximum NO,/NO, data from the Majewski report provided
in Attachment 2.

Rosemont proposes to model 1-hour NO, impacts from haul trucks using NO,/NOx ratios of 5%.

As required by the Forest Service, predicted impacts will be disclosed at NO,/NOy ratios of both 5% and
10%. Predicted impacts at a NO,/NOy ratio of 10%, however will be unrealistically high and not
representative.

4. Concerns have been raised over the modeling for natural gas heaters. Please explain why natural
gas field heater NO,/NO, ratio tested at 0.013 is acceptable and provide documentation of source
test results to support the ratios tested.

No natural gas heaters are proposed at Rosemont. A NO,/NOy ratio of 0.013 has not been proposed for
any sources at Rosemont. The presentation provided in a previous submittal that referred to source test
results for natural gas heaters was provided as additional documentation indicating that NO,/NOj ratios in
the 0.05 range are both reasonable and conservative.

5. To insure that the representativeness and quality of air quality data provided is sufficient,
additional information is needed. Please provide site logs from 2006 and 2007 for onsite
meteorological monitoring and document why a data logger malfunction was not immediately
detected and corrected. Provide documentation of corrective actions taken. Provide documentation
of semi-annual instrument audits. Use a separate intact 3 year meteorological period (i.e. March
2007 to February 2010) rather than substituting missing data from the following year.

Site logs have been provided to SWCA in a separate previous submittal, which is documented in
Attachment 3. Copies of the site logs are being provided again in Attachment 3 for reference. Corrective
actions taken are also included in this attachment and have been previously provided. The reason that the
data logger malfunction was not immediately detected has not been identified. The semi-annual audits
have been provided previously and due to their length, are not included in this submittal. Attachment 3
contains email documentation that these files have been previously received (see response from Bret
Anderson dated July 26, 2012). In addition, several of these reports are available in the “Technical
Reports” section under the heading “Air Quality” on the Forest Service’s website for the Rosemont
Copper Project’s Environmental Impact Statement (http://www.rosemonteis.us/technical-reports/all).

As requested, the above-referenced meteorological data from the time period of March 2007 to February
2010 will be used in the modeling (see response to Comment 2 above).

6. Page 7 of the AERMOD protocol states “Background concentrations for the impact analysis at the
Saguaro East NP were based on the (2007-2009) Aerosol data from the Saguaro East NP
IMPROVE site. The 24-hr and annual average background PM,s concentrations of 11.4 ug/m’

JBR Environmental Consultants, Inc.
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and 5.1 pg/m’ respectively will be used.” A review of the IMPROVE data shows that 24-hour and
annual average background PM, 5 should be 14.3 ug/m’ and 5.06 pug/m’, respectively. Please use
these values as the background concentrations for the impact analysis in Saguaro National Park
East or explain why the values suggested in the protocol should be used.

The above comment is based on the prior version of the modeling protocol. The revised AERMOD
protocol submitted in April 2012 does not address background concentrations on page 7 as referenced
above. In the revised AERMOD protocol, background concentrations are addressed beginning on
page 16, and the discussion of the PM,s background concentration begins on page 19. The revised
AERMOD protocol states that background concentrations for Saguaro NP will be based on monitored
data from 2008-2010 with the design value calculated pursuant to the procedure detailed in Appendix N
to 40 CFR Part 50 and the March 23, 2010 EPA memo entitled, “Modeling Procedures for Demonstrating
Compliance with PM, s NAAQS,” which is being provided in Attachment 4.

On page 7 of the EPA memo on modeling procedures for the PM, s NAAQS (Attachment 4), under the
heading “Comparison to the NAAQS,” EPA describes the form of the representative monitored design
value. For the 24-hour averaging period, the design value is based on the 3-year average of the 98™
percentile 24-hour average PM,; concentrations for the daily standard. This procedure was used to
calculate the values in the previous protocol and will be used to calculate the value based on the 2008-
2010 monitored data. The 24-hour and annual PM, 5 background concentrations based on this procedure
that will be used in the modeling analysis are 9.0 pg/m’ and 4.24 pg/m’, respectively.

The replacement values suggested in the Forest Service’s comment above do not appear to have been
determined according to the EPA methodology.

7. Numerous comments were received in regard to effects of lead dust on air quality. To allow us to
evaluate these effects please determine the percent content of lead in mining and materials
handling operations. Describe or model lead emissions to assure that compliance with the lead
NAAQS standard will be achieved.

Lead emissions will be quantified and modeled to address this comment.
CALPUFF

1. Employ the UAMAKE program to fill missing data periods, which extracts data from prognostic
(e.g., MMS5) data to create pseudo-soundings as replacements for missing upper air data. (Section
4.3).

This change will be made as requested.

2. Use the August 31, 2009 EPA/OAQPS Model Clearinghouse Memorandum, not the IWAQM, to
define parameter settings for CALMET input variables. The recommended setting for TERRAD in

JBR Environmental Consultants, Inc.



Mr. Jim Upchurch
October &, 2012
Page 7

Table 4.1 is 10 km, not 15 km. Additionally, the protocol should provide model control option
details that are used in the CALMET datasets to ensure consistency with FLM and EPA guidance.
(Section 4.5)

The August 31, 2009 EPA/OAQPS memo will be used to define parameter settings for CALMET input
variables. However, the recommended setting for TERRAD is not 10 km as cited above, but 15 km as
shown in Table 4.1 of the revised CALPUFF protocol. Please see Attachment 5 to this letter for the
relevant page from the August 31, 2009 EPA/OAQPS memo that provides the recommended TERRAD
setting.

3. Update the protocol to address the following model control options (Section 5):
a) List which pollutants were modeled
b) Provide information regarding size distribution for PM in the deposition modeling

¢) Elaborate on the switch settings utilized in the CALPUFF modeling to verify adherence to
FILM guidance

d) Include sample input files as appendices (i.e., sample POSTUTIL file for both visibility and
deposition, and a sample CALPOST file for visibility impacts at Saguaro West NP)

e) Follow EPA and FLM guidance regarding the technical options used in modeling (Section 5.2)

A revised protocol will be submitted that incorporates the above information. Input files will also be
provided to allow for a two-week period of review prior to conducting the modeling. Subsequent to the
final modeling, all input, POSTUTIL, and CALPUFF files will be provided to document the model
control options and parameters used.

4. As per FLM guidance, use hourly data for ozone concentrations instead of monthly averages. In
the case of missing hourly data, for any missing data, a conservative monthly value can be
substituted for the missing hourly value. (Section 5.3)

Available hourly data will be used instead of monthly averages, as requested. Missing ozone data will be
replaced as described in the above response to comment 2 to the AERMOD protocol. When hourly data
is missing, one of two approaches will be used to replace the missing data. For missing data periods that
last one day or longer in a particular month, the missing data will be replaced by the maximum ozone
concentration recorded for each diurnal hour of the calendar month as observed throughout the three-year
period of meteorological data. For other missing hours that last less than a day, linear interpolation will
be used to fill the missing concentrations.

5. Confirm that the source characterization used in the AERMOD protocol (i.e., Road sources, truck
unloading, sulfide ore stockpile, tailings stockpile, conveyor transfer points, gaseous emissions due

JBR Environmental Consultants, Inc.
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to blasting, open pit, and tail pipe emissions) will also be applied in the CALPUFF analysis.
Rosemont should provide the particulate speciation that identifies which sources will be emitting
coarse particulate, fine particulate, and elemental carbon. (Section 6.2)

The release parameters and source characteristics in CALPUFF are identical to those used in the revised
AERMOD protocol. Relative to the speciation of coarse, fine, and elemental particulate, emissions of
each particle size are identified in the project emission inventory as PM;, and PM,s. All the emissions
expressed as PM, are considered to be PM-coarse. All the emissions expressed as PM, 5 are considered to
be PM-fine. The amount of elemental carbon in the vehicle PM, s tailpipe emissions was provided in the
project emissions inventory. However, elemental carbon has not previously been incorporated in the
CALPOST calculation of light extinction; as a result, its use in CALPUFF is not directly related to
modeled visibility impacts.

6. Provide detailed documentation of the calculations supporting the emission reductions claimed in
discussions of the operational changes planned since prior submittals. (Section 7.1)

The emission reductions are described in the revised AERMOD protocol dated April 27, 2012 as
Appendix G.

AERMOD and CALPUFF

1. The protocol does not describe the near field visibility modeling analysis to assess visible plume
impacts to Saguaro East NP. Please provide an addendum to the near field modeling protocol
which includes a description of this information. The analysis should use the EPA VISCREEN
model and should use the annual average visual range value for Saguaro NP from Table 10 in the
FLAG guidance document. If the VISCREEN analysis shows visibility impacts beyond the limits
described in the FLM’s FLAG guidance document, a Level 3 visibility analysis with the EPA
PLUVUE model will be required. If a Level 3 analysis is required, we request that Rosemont
submit a separate modeling protocol for the PLUVUE analysis for review and concurrence. Also,
please describe the modeling protocol for near-field AQRYV (visibility and deposition).

Over the course of developing the modeling protocols that were submitted, revised, and re-submitted,
PLUVUE modeling was discussed and the cooperating agencies agreed it would not be required.
Specifically, during the March 25, 2011 conference call involving the Forest Service and the Park
Service, the direction to JBR for modeling was that PLUVUE would not be required. Arbitrarily
imposing such a requirement at this time is unreasonable, and the previous discussion and agreement were
based on the technical limitations of the visibility models for sources such as Rosemont.

Modeling using VISCREEN was conducted using higher emission rates than are currently proposed. In
addition, the VISCREEN model is designed for point sources, whereas emissions from Rosemont are
scattered throughout the pit and process area with haul truck emissions comprising greater than 80% of all
emissions. There is no single stack to model, which is what both VISCREEN and PLUVUE are designed

JBR Environmental Consultants, Inc.
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to do. Attempting to simulate numerous ground-level volume sources as a single-stack point source does
not provide meaningful results. Use of a virtual distance to simulate emissions as a point source would
result in placing the source at a distance of 107 km from the Saguaro National Park, which is outside the
VISCREEN applicability range. This was the basis for the previous agreement to forego further analysis
using VISCREEN or PLUVUE.

If VISCREEN indicates visibility impacts beyond the limits described in the FLM’s FLAG guidance
document, it is not a reasonable indicator of Rosemont’s likely visibility impacts. Since VISCREEN and
PLUVUE are single point source models, a vast number of generalizations have to be made to run the
models for the numerous volume source such as those at Rosemont. The PLUVUE model is subject to
the same limitations as VISCREEN and would also provide invalid results after very intensive modeling
efforts.

Because previous modeling using VISCREEN was provided, and because emissions have subsequently
been revised, VISCREEN modeling will be repeated using the revised inventory with the understanding
that the predicted visual impacts are unrealistically conservative.

2. Guidance from EPA entitled “Additional Clarification Regarding Application of Appendix W
Modeling Guidance for the I-hour NO; National Ambient Air Quality Standard” discusses
intermittent sources such as emergency generators. This memo is specific to 1-hour NO; To make
this case-by-case determination, please provide a rationale for why excluding the generator
emissions is reasonable, given the projected operating schedule and the form of NAAQS being
examined. Also provide written assurance that Rosemont will only run generators for periodic
testing or when other equipment and processes are shut down.

The provisions of 40 CFR Part 63 Subpart ZZZ7 (Subpart ZZZ7) limit operations of emergency engines
to no more than 100 hours per year for the purposes of maintenance checks and readiness testing and only
when the tests are recommended by Federal, State or local government, the manufacturer, the vendor, or
the insurance company associated with the engine (40 CFR §63.6640(f)(1)(ii)). Operation outside the
required testing and maintenance or beyond 100 hours of non-emergency operation will result in the
engine being re-classified under Subpart ZZZ7Z as a non-emergency engine and subject to additional
requirements. Rosemont will operate the engines/generators only during maintenance and testing as
allowed under Subpart ZZZ7, and during emergency situations during which other equipment and
processes will be shut down.

In addition to NO, which is addressed by the EPA modeling guidance that the Forest Service referred to
in its comment above, PM, and SO, emissions from the emergency generators should be excluded from
the modeling analysis based upon 40 CFR Part 51, Appendix W, paragraph 8.2.3(d). This provision
allows for excluding emergency backup generators if the source can demonstrate that the generators will
not operate simultaneously with the sources that they back up.

JBR Environmental Consultants, Inc.
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Emergency situations will result in the majority of emitting equipment not operating, resulting in overall
reduced emissions, and the conditions surrounding such an emergency situation are not reasonably
foreseeable. Peak PM,, concentrations from operations at Rosemont will occur during night and early
morning conditions. Furthermore, Rosemont’s quarterly testing of the generators will occur during
daytime conditions when impacts are lowest. The testing frequency and timeframe of testing will thus
occur when the emergency generators cannot cause or contribute to NAAQS exceedances under non-
emergency scenarios. As a result, exclusion of the emergency generators from modeling is a reasonable
approach.

In conclusion, the information provided above is intended to address the comments raised in the Forest
Service’s August 20, 2012 letter to Rosemont.

As a further comment, please also note that the AERMOD modeling grid for all previous modeling
extended to 10 km for near-field evaluations and additional receptors were evaluated at the Saguaro East
National Park. The 10 km near-field grid suffices to evaluate maximum impacts due to the Rosemont
facility, as all emission sources are at or near ground level, and not from tall stacks from which thermal
plume rise can result in significant impacts at remote distances. The adequacy of a 10 km grid has been
demonstrated in the prior modeling analyses as evidenced by decreasing concentrations with increasing
distance from the facility.

Modeling for larger receptor grids serves no purpose other than longer computer run times due to
additional receptors (17,500 receptors for a 50 km grid versus 6,000 receptors for a 10 km grid).
AERMOD modeling will thus proceed based upon the 10 km near-field receptor grid and the receptor
grid for the Saguaro East National Park that is described in the April 27, 2012 AERMOD modeling
protocol.

At this time, modeling will proceed as described above unless additional comments are provided in a
timely fashion. Please call if you have any questions.

J Wilson, P.E.
Environmental Consultants, Inc.

Sincerely,

cc: Kathy Arnold, Rosemont Copper Company,

JBR Environmental Consultants, Inc.



ATTACHMENT 1

Response from the Arizona Department of Environmental Quality (ADEQ)
Regarding Missing Background Ozone Data



Jamie Wilson

From: Balaji Vaidyanathan [Vaidyanathan.Balaji@azdeq.gov]
Sent: Friday, May 18, 2012 10:20 AM

To: Louis Thanukos; Shantanu Kongara; Jamie Wilson

Cc: Kathy Arnold; Eric Hiser; Feng Mao; Michael Sundblom
Subject: Rosemont Modeling

Attachments: Rosemont Modeling Issues.doc

Louis,

Attached, please find ADEQ's position on the unresolved modeling issues. Please take a look
and let us know how you would like to proceed.

Thanks,
Balaji
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NOTICE: This e-mail (and any attachments) may contain PRIVILEGED OR CONFIDENTIAL information
and is intended only for the use of the specific individual(s) to whom it is addressed. It
may contain information that is privileged and confidential under state and federal law. This
information may be used or disclosed only in accordance with law, and you may be subject to
penalties under law for improper use or further disclosure of the information in this e-mail
and its attachments. If you have received this e-mail in error, please immediately notify the
person named above by reply e-mail, and then delete the original e-mail. Thank you.



Rosemont used the Tier 3 OLM approach for estimating the 1-hour NO, impacts from the
proposed sources. There are two key model inputs under Tier 3 Options for the NO-to-
NO2 conversion, namely background ozone concentrations and in-stack ratios of
NO,/NOx emissions. At the meeting dated March 20, 2012, ADEQ and JBR (the
consultant for Rosemont) have initially discussed the selection of the ozone monitoring
site, the methodology for filling in missing hourly ozone data, and the use of
representative in-stack ratios for varied sources. The following additional discussions
attempt to clarify the department’s status regarding the two critical issues.

1. Ozone Data

Selection of Ozone Monitoring Site

JBR selected the Chiricahua National Monument, a “regional” site, for the ozone
background data because “it is more representative of the Rosemont site due to similar
terrain features, elevation, and remoteness from emission sources”. In general, a
“regional” site may be used only if there are no monitors located in the vicinity of the
source (Appendix W Section 8.2.2). Moreover, it is not clear whether the surrounding
area of Rosemont is free from the impacts of the sources within the Tucson Metro area,
possibly due to the transport of ozone and its precursors.

The monitoring site nearest to Rosemont is Green Valley (AQS Site ID: 04-019-1030),
which is located around 15 miles to the west of the project site. ADEQ has reviewed the
monitoring data collected from both the Green Valley site and the Chiricahua site, and
compared the two datasets with the same sampling period (Years 2006-2008). The
results are shown in Figure 1. As indicated in Figure 1, the hourly maximum
concentrations of the Chiricahua site are comparable or higher than that of the Green
Valley site. Therefore, from the perspective of modeling, the use of the Chiricahua data
may relatively overestimate the conversion of NO to NO, and thus provide a relative
conservative estimation for the 1-hour NO, impacts from the proposed sources.

Based on the discussion above, ADEQ approves the use of Chiricahua data for hourly
background ozone levels.

Methodology for Filling in Missing Hourly Ozone Data

As discussed in the letter from ADEQ to Rosemont dated Feb.29, 2012, ADEQ disagrees
with the substitution for missing hourly ozone data by using annual average concentration,
since the use of the annual average concentration may underestimate the ozone
concentration for the missing hours, leading to the underestimation of the conversion of
NO to NO,. To be defensible, the potential maximum ozone concentrations for these
specific missing hours should be estimated and input to the model.
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Figure 1 Hourly Maximum Ozone Concentrations for Chiricahua and Green Valley
Sites



According to the hourly ozone data file JBR provided (OLM.csv), about 4 percent hourly
ozone data were missing during the modeled period (April 1, 2006-March 31, 2009). In a
typical data missing event, only a few consecutive hours of ambient 0zone concentrations
were missing. However, significant missing data periods (about 4-5 days) occurred at the
Chiricahua site in August 2006 and November 2007. To estimate hourly ozone
concentrations for these consecutive missing days, ADEQ has reviewed hourly ozone
data collected in the months of August and November for Years 2006-2008. A statistical
analysis was performed to summarize the ozone concentration for each diurnal hour.
The results are shown in Figure 2. As presented, the ozone concentrations for each
diurnal hour vary significantly under the same month, although the medium values show
a typical ozone diurnal pattern. Apparently, it is a challenge to realistically estimate the
missing hourly ozone data for these consecutive days.

ADEQ recommends the following procedures for filling in missing hourly ozone data:

e For the missing data period of August 3-8, 2006, use the maximum ozone
concentrations for each diurnal hour that are determined based on the
measurements in August (see the table below);

e For the missing data period of November 11-15, 2007, use the maximum ozone
concentrations for each diurnal hour that are determined based on the
measurements in November (see the table below );

e For other missing hours, use linear interpolations to fill in the missing
concentrations based on the previous and subsequent hour concentrations or
simply use the higher one.

Hour Ozone in August (ppb) [Ozone in November (ppb)
1 63 55
2 57 54
3 60 53
4 50 52
5 60 52
6 54 51
7 53 51
8 52 50
9 61 51
10 60 52
11 65 54
12 64 55
13 64 53
14 64 53
15 65 54
16 65 54
17 66 54
18 66 54
19 64 51
20 58 52
21 56 54
22 60 55
23 58 55
24 55 55

If JBR would like to propose an alternative approach for the data substitution, please
provide sufficient justification for the approach to be used.
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2. In-stack ratios of NO,/NOx emissions

In the letter from ADEQ to Rosemont dated Feb.29, 2012, ADEQ requested additional
justification for using an in-stack ratio of 0.05 for emissions from natural gas-fired
heaters as well as the blasting. At the meeting dated March 20, 2012, JBR provided
some actual in-stack measurements for gas-fired heaters and justified that a ratio of 0.05
was relatively conservative than the testing data. Regarding the blasting sources, JBR
argued that the contribution of the blasting sources to the modeled impacts was
insignificant. However, this argument did not provide justification why a ratio of 0.05
was appropriate for modeling the blasting sources. Since no comparable test data exist
for blasting emissions, the use of a ratio of 0.05 was arbitrarily and the modeling
methodology was not defensible.

In the EPA’s memorandum dated on March 1, 2011, a default in-stack ratio of 0.5 is
recommended in absence of more appropriate source specific information in a Tier 3
PVMRM/OLM analysis:

“We recommend ...0.50 as a default in-stack ratio of NO2/NOx for input to the
PVMRM and OLM options within AERMOD, in the absence of more appropriate
source-specific information on in-stack ratios.”

Due to the absence of source-specific in-stack ratios, ADEQ recommends a default in-
stack ratio of 0.5 for modeling blasting sources.
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'Nitrogen Oxides Reactions in
Diesel Oxidation Catalyst

ABSTRACT

Two catalyst formulations were tested on a diesel engine.
A Fourier Transform Infrared (FTIR) analyzer was used to
measure concentrations of nitric oxide (NO) and nitrogen
dioxide (NO,). Other exhaust gas components were measured
by conventional analyzers.

The results indicate that nitrogen oxides (NO,) undergo
complex chemical reactions in the diesel oxidation catalyst
(DOC). The increase of NO, occurring at a certain tempera-
ture range is accompanied by a decrease of the total NO
emission. NO, is probably an important itermediate product
in the lean NO catalyst reaction chain.

INTRODUCTION

Catalytic reduction of NO, under lean conditions became
the research focus for both diesel and automotive applica-
tions. Surprisingly, very little data is published on the role of
NO, in the nitrogen oxides catalysis. Majority of experimen-
tal work is limited to the total NO, measurements only and
attempts are made to interpret the results in terms of NO re-
actions. On the other hand, it is a known fact that precious
metal catalysts can oxidize NO to NO; in diesel ex-
haust /9,10]. As a result a significant fraction of NO, may be
present as NO,. Because NO; exhibits high chemical activity,
it may deserve more attention in the NO catalysis models.

From the underground mining perspective the oxidation
of nitric oxide to nitrogen dioxide may be a counterproduc-
tive process. Occupational Health and Safety standards legis-
lating the ambient air quality regulate each nitrogen oxide
separately. Exposure limits of NO, are about ten times lower
than those for NO. The Mine Safety and Health Administra-
tion has proposed permissible exposure limits of 3 ppm for
NO; and 25 ppm for NO for mines in the U.S./8].

The purpose of this paper was to study the influence of
different catalyst formulations and engine conditions on the
transformations of NO, and generation of NO, in diesel ex-
haust gas. To interpret the experimental data a discussion of
several possible nitrogen oxides reactions was necessary.
Some of the reactions are those occurring in the “lean NO,
catalyst”.
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Investigation of nitrogen oxides reactions has been made
possible with the introduction of high accuracy exhaust gas
analyzers. Effects of DOCs upon nitrogen oxides emission
were researched by means of a Fourier Transform Infrared
instrument. The experimental part has been performed at the
USBM’s Diesel Emissions Research Laboratory. Catalyst
samples were tested on a diesel engine over a slow engine
load ramp with temperatures increasing from 150 to 550 °C.
Nitrogen oxides, sulfur dioxide, carbon monoxide and hydro-
carbons were measured at the inlet and outlet of each catalyst.

Two catalyst samples were investigated: a platinum and a
palladium based formulation. The samples were prepared for
this study by Diesel Controls Limited.

EXPERIMENTAL METHODS

APPARATUS - All testing was conducted in the
USBM’s Diesel Emissions Research Laboratory (DERL). A
scheniatic of its sampling system is shown in Fig.1. A brief
description of the apparatus used during this testing is given
below and described in more detail elsewhere //-4].

To Conventional T EZZ3  Heated Lines
Analyzers Outlet Sample EXXXX®  Heated Enclosure
f <
SWITCH H
) VALVE
DOC
VENT o
I
i .
Te FT-IR Inlet Sample
Analyzer I lntukel
Exhaust
ENGINE

Figure 1. Laboratory Flow Schematic

TEST ENGINE - The evaluations reported here were
made by installing DOCs in the exhaust stream of a 7-liter,
pre-chamber, naturally aspirated, Caterpillar 3304 mining
diesel engine. For standard U.S. Mine Safety and Health
Administration (MSHA) test conditions, the maximum power
rating of this engineis 75 kW (100 hp) at 37 Hz (2200 rpm).



During the evaluations, the engine’s intake air was controlled
to SAE standard conditions of 100 kPa (402 "H,0) and 25°C
(T7°F).

The fuel used throughout all of the testing was commer-
cially available, low-sulfur (<0.05%) fuel, and conforms to
the 1993 U.S. Environmental Protection Agency (EPA)
regulation for diesel fuels [5].

GASEQUS EMISSIONS SAMPLING SYSTEM - Emis-
sions of carbon monoxide and carbon dioxide were measured
using a Pierburg BINOS-2000 non dispersive infrared ana-
lyzer, while gaseous hydrocarbons were measured using a
Pierburg FID PM-2000 flame ionization analyzer. A Rose-
mount 880 nondispersive infra-red analyzer was used to
measure SO, emissions, and an Oxymat PM-2000 paramag-
netic analyzer was used to measure O.

A Nicolet Rega 7000 FTIR Spectrometer exhaust gas
analyzer [6,7] was used to measure the NO and NO, emis-
sions during these tests. Unlike the conventional analyzers,
the FTIR analyzer is able to measure the exhaust concentra-
tions of both NO and NO, directly, concurrently, and in the
same sample. Since there is no full scale or “ranges” on the
FTIR, the accuracy is based on the calibration gas used. In
this case, the accuracy of the NO measurement was +15 ppm,
and NO, was +2 ppm. ”

Continuous samples of gas-phase emissions were taken
via an exhaust flow-switching configuration consisting of a
heated enclosure (containing flow-switching valves) and three
heated sample lines as illustrated in Fig.1. Using this sam-
pling system, it was possible to sample the gaseous emissions
alternately from the engine exhaust upstream of the DOC,
and from the exhaust downstream of the DOC, without stop-
ping the engine to insert or remove the DOC. This is ac-
complished by a set of valves which divert the sample to
heated lines which convey the samples to the traditional and
FTIR exhaust gas analyzers. A vent line is used to maintain
constant flow conditions in the upstream and downstream
sample lines regardless of which sample arm is being used.

Several other species can be included in the FTIR meas-
uring program. Other nitrogen compounds measured in this
study by FTIR and mentioned in the further discussion were
ammonia and nitrous oxide.

ENGINE OPERATING CONDITIONS

Chemical reactions, such as oxidation, tend to occur
more rapidly at higher temperatures. The temperature of die-
sel exhaust depends upon engine load, so that the perform-
ance of a DOC depends critically upon the engine used and
its duty cycle as well as the location of the DOC with respect
to the exhaust manifold. For this reason, it is important to
evaluate aftertreatment devices over a range of exhaust tem-
peratures. “Ramp” tests are conducted to screen aftertreat-
ment devices. The test is performed at a constant engine
speed of 1500 rpm. Emissions are measured while increasing
the engine load from 27 N-m (20 Ib-ft) to 325 N-m (240 Ib-ft)
at a very slow rate: 0.019 N-m/s (5/6 Ib-ft/min). The corre-
sponding rate of change of temperature of the DOC is about
0.025°C/s (2.7°F/min). Fig.2 shows the actual progress of
torque and exhaust temperature during a typical ramp. One
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ramp test was conducted on each DOC. The results from
these tests were similar to the results from ramp tests previ-
ously conducted on other DOCs [9/.
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Figure 2. Temperature and Engine Load During a Ramp
Evaluation

Fig.3 illustrates the concentration of CO measured as a func-
tion of exhaust temperature. Gas concentration measurements
are taken every 20 seconds yielding the total of about 1400
measuring points during one ramp test. The sampling loca-
tion is alternated every 10 minutes.
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Figure 3. Carbon Monoxide Sampling During a Ramp Test
Iustrating Inlet/Outlet Switching

Interpolation gives an excellent indication of what the
measured concentrations are throughout the entire sampling
period. Note that beyond 140°C (284° F) the concentration of
CO is less downstream (Outlet) than upstream (Inlet), reflect-
ing the oxidation of CO by the DOC. At higher temperatures
more than 75% of the CO is removed. The purpose of this
illustration is to convey the general idea of determining the
influence of the DOC upon emissions through the use of the
switching method described. The situations to be discussed
further involve NO- and NO and are somewhat more complex
so that it is helpful to keep the overall technique in mind.




Graphs used in the further discussion are curve fitted repre-
sentations of experimental data.

CATALYTIC CONVERTERS

Two catalytic converters were tested. Both of them had
the same y-alumina washcoat but different precious metals
formulation. Some data on both units are listed in Table I.

Table 1
Technical Data on the Catalytic Converters

Pt Catalyst | Pd Catalyst
Substrate type Metallic
Diameter, mm 149.2
Length, mm 90
Volume, dm® 1.578
Celi density, cm? 30
Washcoat v-ALO;
W/c loading, g/dm® 100
Precious metal Platinum Palladium
Metal loading, g/dm® 1.4 2.1

Both catalysts were tested at the constant engine speed of
1500 rpm. The resulting exhaust gas space velocity in each
catalyst was approximately constant and amounted to
165000 Sm*/m’h.

Both units underwent the following, 2-step, precondition-
ing cycle prior to tests:

(1) 240 minutes long diesel engine preaging at 200°C with
5-minute long, 400°C temperature peaks every 30 min.
High sulfur fuel (approx. 0.3% S) was used for the en-
gine preaging.

(2) 60 minute oven heat treatment at 500°C in air atmos-
phere.

CATALYST PERFORMANCE: CO, HC AND SO,

The two catalyst formulations differed significantly in
their oxidation activity. Results pertaining to the oxidation of
carbon monoxide, gas phase hydrocarbons and sulfur dioxide
are plotted as concentrations in Fig 4. The top left plot - car-
bon monoxide on the platinum catalyst - represents exactly
the same set of data which was already shown in Fig.3. The
same data is plotted in terms of conversions in Fig.5.

High conversions of hydrocarbons and CO are very de-
sirable performance characteristics of the diesel catalyst. High
conversion of sulfur dioxide leads to the generation of sulfuric
acid and an increase in particulate emission what is com-
monly perceived as a negative effect. Because of the Envi-
ronmental Protection Agency’s diesel particulate regulations,
low sulfate formation became a target for the design of diesel
catalyst formulation.

The platinum formulation (Fig.4 and 5 left) exhibited
both good conversions and low light-off temperatures in re-
spect to carbon monoxide and hydrocarbons. Unfortunately,
the SO, conversion was also high, especially at higher tem-
peratures. The palladium catalyst (Fig.4 and 5 right) features
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virtually no activity for the SO, oxidation. The penalty is a
significantly higher light-off temperature for both carbon

monoxide and hydrocarbons.
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An interesting feature visible in the conversion graph
(Fig.5) is the maximum conversion of carbon monoxide on
the Pt catalyst, taking place at 275°C. Also the hydrocarbons
conversion shows a maximum, aithough less pronounced, at
about 375°C. Conversions of all species on the palladium
catalyst continuously increase with temperature and do not
exhibit a maximum.

Temperature, °C

CATALYST PERFORMANCE: NITROGEN OXIDES

Inlet and outlet concentrations of nitric oxide and nitro-
gen dioxide as a function of the DOC inlet temperature dur-
ing the ramp test are shown in Fig.6. Plots on the left and
right side represent results on the platinum and palladium
catalysts, respectively. The top graphs display NO concentra-
tions. The bottom graphs depict NO, data.

The platinum catalyst promotes the oxidation of nitric
oxide to nitrogen dioxide accordingly to reaction Eq.(1):




NO + 40, & NO, ()

The equilibrium concentration of NO based on this reac-
tion under the conditions present in the exhaust is also plotted
in Fig.6. The process described by Eq.1 has already been the
subject of previous studies /9,/0]. The NO oxidation was
confirmed in this work and is visible in the Pt plots (Fig.6) at
temperatures of 250°C and higher. NO concentration de-
creases at the outlet from the DOC and the NO, concentration
increases at corresponding temperatures. Conversion of NO
reaches a maximum at 360°C. A peak NO; concentration at
this temperature occurs (lower graph). Concentrations of NO
(upper graph) at the DOC outlet are significantly lower than
those at the DOC inlet with the maximum difference occur-

ring at about 380°C.
800 T
Outlet
Pt Pd AN
inlet T \
I Inlet \
g 60 /A\\ ~
:. 4 Outlet ™~
S \\_ S i /
Iid
= 1
:‘:; 400 v
g /]
8] 4
o]
< 200 7
/ Equilibrium / Equilibrium
/ ’ /
0
30 T
4‘1—-——’ N QOutlet -[:l—‘
yl
PU—7TY Pd]
£ 20 7 ‘\
Q@
‘3 / \\
Qutlet
€10 4 //
— inlet \ infet
~L T N [T ]
0 = =
200 300 400 500 200 300 400 500

Temperature, °C
Figure 6. Nitrogen Oxides Concentration

At temperatures higher than 360-380°C the NO oxidation
rate slows down. Less difference between the inlet and outlet
NO concentrations is observed and the NO, concentration at
the DOC outlet decreases. It is believed that this behavior is
the result of thermodynamic limitations. Reaction Eq.(1) is an
equilibrium reaction. A double-head arrow has been used in
Eq.(1) to indicate that NO will not react completely with oxy-
gen to form NO,. Rather, an equilibrium composition can be
reached where the system becomes thermodynamically stable.
In such an equilibrium product mixture the reaction will not
proceed any further. Concentrations of reactants in the equi-
librium state are correlated by the reaction equilibrium con-
stant K,,. The equilibrium constant can be calculated from
thermochemical properties of reactants. It depends on tem-
perature and therefore the calculations must be done for sev-
eral temperatures within a given range. The exact thermody-
namic formulas are given in the section Theoretical Consid-
erations, Eq.(14)-(16).

Such thermodynamic calculations have been performed
for reaction Eq.(1). The equilibrium constant was calculated
for temperatures from 150 to 500°C. Then, the NO equilib-
rium concentration was calculated and plotted in Fig.6 (upper
graph). The inlet concentrations of species were assumed for

Temperature, °C
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the calculations. Oxygen concentration in the exhaust gas
during tests changed from approximately 17% at 150°C to 7%
at 500°C.

The equilibrium line runs below the NO inlet line indi-
cating that the reaction will progress to the right side of
Eq.(1). The meaning of the equilibrium curve is that NO will
decrease from the /nlet concentration to the equilibrium con-
centration, in the result of a spontaneous progress of the re-
action Eq.(1). At low temperatures, below 200°C, the equi-
librium concentration of NO equals practically zero. The re-
action can continue until almost the whole amount of nitric
oxide present in the system is oxidized to nitrogen dioxide. At
higher temperatures the equilibrium concentration of NO
increases. When the exhaust temperature approaches 500°C,
the inlet and equilibrium curves approach each other and the
extent of the reaction progress is seriously limited.

It should be stressed that thermodynamic constraints are
in no relation whatsoever to the reaction kinetics. Equilibrium
can be perceived as a state that would be reached between
reagents in a closed system after an infinitely long time
elapsed. Thus, if thermodynamics prevents certain processes
from proceeding they cannot occur. However, even if a reac-
tion is feasible from the equilibrium point of view, it may not
be fast enough to be completed within a reasonable period of
time. It is the function of a catalyst to accelerate slow reac-
tions.

Interesting concentration profiles have been measured on
the platinum catalyst at low temperatures. Inlet and outlet
curves for both NO and NO, cross each other at approxi-
mately 250°C. Points of crossing are indicated by vertical
arrows in Fig.6. At low temperature the nitric oxide concen-
tration at the outlet from the catalyst is higher than that at the
inlet. The difference is small and hardly visible in Fig.6. The
pertinent section of the curve appears to be just a thicker line.
In fact, the outlet curve runs above the inlet one. Altogether,
the platinum catalyst generates nitric oxide below 250°C. A
similar cross-over of inlet and outlet concentrations happens
to nitrogen dioxide. NO, outlet concentration at temperatures
below 250°C is lower than its inlet concentration indicating
an overall reduction occurring in the DOC.

The palladium catalyst results (Fig.6 right) follow the
low temperature platinum pattern throughout the tested tem-
perature range. The catalyst generates small amounts of nitric
oxide at temperatures between 200 and 425°C. Nitrogen diox-
ide is reduced in the catalyst within the whole temperature
range. ' ‘

Equilibrium curve for NO oxidation was also calculated
and plotted for the Pd catalyst test. The small differences be-
tween equilibrium concentrations in both tests are due to
slightly different engine baselines (inlet concentrations).
Equilibrium curves run below the actual concentrations. Con-
sequently, the progress of reaction Eq.(1) must be to the right
side of the equation, i.e. NO,; is generated and NO is con-
sumed in the process. The opposite tendency which was ob-
served on the Pd catalyst as well as on the Pt catalyst at low
temperatures indicates that nitrogen oxides chemistry in the
diesel catalyst is not limited to the simple oxidation of NO,




Eq.(1). Nitrogen oxides must undergo other than Eq.(1), con-
current reactions.

BALANCE OF NITROGEN OXIDES

The stoichiometry of the oxidation of nitric oxide is given
by Eq.(1). One mole of NO reacts with oxygen to produce one
mole of NO,. Under the conditions in diesel exhaust one mole
of NO takes the same volume as one mole of NO,. Conse-
quently, with the reaction progress, an increase of NO, con-
centration by 1 ppm should be accompanied by a decrease of
NO concentration of exactly 1 ppm. Total NO, concentration
should not be affected by the transformation of NO into NO,.

Fig.7 illustrates the nitrogen oxides balance as measured
during ramp tests on both catalysts. The same scale is applied
for both the Pt and Pd units to emphasize the difference in
performance. The top graphs represent changes in NO and
NO; concentrations as the gas passes through catalysts. The
most striking realization is the lack of balance between NO
and NO; on the Pt catalyst. At temperatures between 350°C
and 400°C approximately 20 to 25 ppm of NO, is generated.
This is accompanied by a disappearance of more than 150
ppm of NO. For each mole of NO, generated about seven
moles of NO disappear from the system. This ratio between
NO; generated and NO disappearing from the system was
constant at all temperatures where the reduction of NO was
taking place. A net reduction of NO, takes place which is
illustrated in the bottom graph in Fig.7. The Pt catalyst is a
net NO, remover at temperatures of 250°C and higher with
the maximum conversion efficiency of 22% at about 380°C.
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Figure 7. Nitrogen Oxides Balance

The platinum catalyst, as already discussed, shows a re-
versed performance tendency at low temperatures. NO; is
removed from the system and NO is generated. The same
kind of behaviour is displayed by the Pd catalyst through most
of the whole temperature range. The amount of NO generated .
is bigger than that of NO, removed, contributing to a net NO, .
generation. The Pd device generates up to 25 ppm of NO
(between 200 and 425°C), removing about 3 ppm of NO, (all
temperatures). There is no constant ratio of NO generated to
NO; removed. The mechanism of NO generation, although
interesting theoretically, is of no practical importance, as the
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maximum total NO, generation (negative conversion) on the
Pd catalyst amounts to 3% (Fig.7 bottom).

THEORETICAL CONSIDERATIONS

There are many potential reactions of nitrogen oxides in
diesel exhaust. Nitrogen compounds present in exhaust gases
from internal combustion engines include, beside NO, NO,
and nitrogen N, the nitrous oxide N;O and ammonia NH;.
Both N,O and NH; were measured by the FTIR instrument.
Concentrations of both species were practically equal to zero
on both catalysts within the whole temperature range. The
insignificant role of N,O under lean conditions has been re-
ported in literature ////. Performed measurements imply that
neither nitrous oxide nor ammonia play an important role in
the chemistry of nitrogen oxides in diesel exhaust. Reactions
with the formation of any of these species have been ex-
cluded from the further discussion. As there is no evidence of
hydrogen in exhaust gas under lean conditions, H, reactions
are not discussed either.

NITROGEN OXIDES REACTIONS - The following are
several chemical reactions involving nitrogen oxides which
occur or may be occurring in diesel exhaust. Reactions (2)
and (3) represent the synthesis of NO, as happens in the en-
gine cylinder. Reaction (3) is in fact the global reaction
standing for processes Eq.(2) + Eq.(1).

BN, + 50, <> NO @
AN, +0, o NO, 3)

An alternative way to generate NO; from NO is the dis-
proportionation of nitric oxide, reaction Eq.(4):

2NO & NO, + 4N, @

Nitrogen dioxide may react with exhaust gas components
of a reducing character. Equations (5), (6) and (7) are exam-
ples of such reactions, where NO, reduces to NO. Reactions
Eq.(5) and (6) represent oxidation of hydrocarbons and car-
bon monoxide by NO». Eq.(7) depicts the reaction between
NO; and carbon of diesel particulates.

NO, +{HC} <> NO+CO + H,0 %)

NO, +CO < NO +CO, (6)
NO, + C < NO +CO @)
Similar set of reactions may be written for nitric oxide:
NO+{HC} <> N, +CO + H,0 ®)
NO+CO < 4N, +CO, Q)

NO+Co /4N, +CO
Reaction Eq.(8) is considered to be the major mechanism
of NO, reduction on a Pt/AlL,O lean NO, catalyst [12].

Finally, NO; can be reduced directly to N, , Eq. (11),
(12) and (13):

(10)

NO, +{HC} <> N, +CO + H,0 (1
NO, +2C0 < /4N, +2C0, (12)
NO, +2C < 4N, +2C0 (13)




The last set of equations is formally a simple sum of
previous reactions. For example, reaction Eq.(12) is the sum
of reactions Eq.(6) and (9). Despite this formality, the
mechanism of reaction Eq.(12) is not necessarily comprised
of the processes Eq. (6) and (9). It may not include NO as the
intermediate reaction product. Also the reaction kinetics may
be different from the kinetics of the formal constituent proc-
esses.

REACTIONS THERMODYNAMICS - It is possible to
predict the direction of a reaction in a given reacting mixture
as well as the equilibrium concentrations of reactants by
thermodynamic calculations. From thermochemical proper-
ties of pure reactants the standard Gibbs free energy of reac-

tion AG? can be calculated. The equilibrium constant of a

reaction K, is related to AG? as follows

AG(T)
RT

where R is the universal gas constant and T is the absolute
temperature in K. Both K, and AG? are functions of tempera-

K, (T)=exp (14)

ture. The equilibrium constant for an equilibrium reaction
between ideal-gas species

aA+bB+.. < IL+mM+... (13)
can be written as
! m
Kp(T) = (i)_([_’ﬁf[.l_ (16)

(B)(B)

where P; denotes the equilibrium partial pressure of species i
in atmospheric units. Eq.(16) solved together with the stoi-
chiometric mass balance of the reaction allows for the calcu-
lation of equilibrium partial pressures and concentrations in
the reacting mixture.

Some of the nitrogen oxides reactions have been collected
in Table 2. The standard Gibbs free energy-of reaction and
logarithms of equilibrium constant are listed for the tempera-
ture of 700 K (427°C).

High value of equilibrium constant means that the given
reaction may proceed to the right side of its equation. Equi-
librium constant close to 1, In(K,)~0, indicates that equilib-
rium concentrations of products and reactants are compara-
ble. The reaction, depending on the actual concentrations,
may be in the proximity of its equilibrium point. Eq.(16) must
be solved together with the mass balance to find out which
direction can the reaction proceed. Very low equilibrium
constant (negative In(K,)) points that the reaction would pro-
ceed to the left side of its equation.

Reaction Eq.(2) - synthesis of NO - is the oaly reaction
with a negative /n(K,) and the corresponding K, of 8.2 -10”.
The generation of NO from oxygen and nitrogen under con-
ditions in diesel exhaust is not possible. From the thermody-
namic reasons the reaction can proceed only to the left side of
the equation. NO in diesel exhaust is predisposed to decom-
pose into oxygen and nitrogen. The rate of this reaction, how-
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ever, is very low. At temperatures below 700°C the speed of
spontaneous NO decomposition equals practically zero.

Reaction Eq.(1) - oxidation of NO to NO; - is close to its
equilibrium point at high temperatures in diesel exhaust. At
427°C the equilibrium constant amounts to exp(0.9) = 2.4.
The NO equilibrium curve is shown in Fig.6. The speed of
NO oxidation on the Pt catalyst was high. Equilibrium con-
straints limited progress of the reaction at higher tempera-
tures.

The reaction Eq.(4) - disproportionation of NO - shows
the logarithm of K, of 14.87 corresponding to a high value of
K,= 2.9 - 10°. There is no thermodynamic constraint on the
progress of this process.

The other reactions in Table 2 present oxidation, by ¢i-
ther NO or NO», of hydrocarbons, carbon monoxide and car-
bon of diesel particulates. Dodecane (n-C,;Hye) served as a
representative of hydrocarbons, Eqns.(5a) and (8a). All of the
reactions exhibit very high equilibrium constants. Logarithm
of K,, varies between 29 and 52.2 yielding equilibrium con-
stants from 3.8 -10'? to 4.5 - 10%%. There are no thermody-
namic constraints for the oxidation of HC, CO or diesel par-
ticulate matter (DPM) by NO, in diesel exhaust.

Table 2
Nitrogen Oxides Reactions Equilibrium Constant @700K

Reaction AGET® In( K;‘m)
kcal/gmole

YN, + 40, & NO 2) 19.49 -14.0
NO+ 40, & NO, ) -1.19 0.9
2NO ¢ NOy + 4N, O] -20.69 14.87
NO + YsCpyHyy © (8a) | -70.47 50.7
© YN, +1%5CO +13%s H,O
NO+CO ¢ 4N, +CO, )] -72.54 52.2
NO+Ce YN, +CO (10) -60.96 43.8
NO, + ¥sC,Hy & (5a) -49.78 358

& NO +1%,CO +13%s H,0
NO, +CO & NO +C0, (6) -51.85 373
NO, +C & NO +CO ) -40.28 29.0

Nitrogen oxides can undergo several different reactions,

as shown in Table 2. Particular reactions compete for NO or

NO,, quantities of which are limited. The consumption of
NO; in different reactions depends on their speed. Equilib-
rium calculations yield no indication on the reaction speed.
The numbers in Table 2 do not indicate which reactions are
more likely to occur. It is perfectly possible that a reaction
with lower equilibrium constant would proceed faster than a
competitive reaction with high equilibrium constant. Speed of
reactions can be selectively modified by a catalyst.




DISCUSSION OF NOx RESULTS

Two patterns in the NO, performance were occurring.
The first one is that of NO, reduction demonstrated by the Pt
catalyst at temperatures above 250°C. The other one is the
generation of small amounts of NO, occurring on the Pd
catalyst as well as on the Pt catalyst at low temperatures.

REDUCTION OF NOx - The reduction of NO, was the
net effect of a decrease of NO concentration accompanied by
an increase of NO,. The overall performance exhibited by the
platinum catalyst and expressed in terms of total NO, was
very similar to a lean NO, catalyst performance.

One of conceivable mechanisms is that of the selective.
NO reduction by hydrocarbons in lean NO, catalysts. It is
known that Pt/AL;,O; catalysts show the NO, reduction activity
under lean conditions. The conversion curve shows a maxi-
mum performance between 300°C and 400°C which is typical
for that kind of device. The selective NO reduction mecha-
nism is ussually explained by the reaction with hydrocarbons,
Eq.(8), and, possibly, reactions (9) and (10) as well. These
processes could have been happening in the Pt catalyst to a
certain degree. However, they can not account for the ob-
served NO, concentration profiles.

The changes in NO; concentration over the temperature
range followed in a very systematic manner those of NO. The
regularity is well pronounced in the ramp test with platinum
catalyst. Changes in concentrations of both NO and NO, were
plotted in Fig.7 - top left graph. There is a significant coinci-
dence in temperature (250°C) where neither NO, nor NO
change their concentrations in the catalyst. This is the point,
indicated by arrows in Fig.6, where the inlet and outlet con-
centration profiles of both NO and NO, cross. The increase of
NO; concentration mirrors the decrease of NO with a scaling
factor. The scaling factor amounts to 7 and is constant over
the whole temperature range where the net reduction of NOy
takes place. Most likely, NO and NO; are parts of one reac-
tion chain and their changes are related by some reaction
stoichiometry.

The mirroring of NO and NO, concentration profiles
implies that NO, is an important step in the NO, removal
mechanism. The suggested mechanism of NO, removal be-
gins with the catalytic oxidation of NO to NO, by means of
oxygen present in the exhaust gas (Eq.(1)). Generated NO;
reduces thereafter with the formation of nitrogen. Processes
yielding the formation of N; from NO, could be either reac-
tions with other components of diesel exhaust, Eq.(11)-(13),
or direct decomposition of NO, into nitrogen and oxygen. In
reality a combination of all the processes was probably taking
place. Reaction with hydrocarbons seems to be confirmed by
the maximum of the HC conversion curve in the Pt catalyst,
Fig.5. The maximum hydrocarbons conversion correlates
with the maximum NOy conversion from Fig.7. A quantita-
tive analysis, however, shows that the observed NO, reduction
was higher than the corresponding total change of reducing
material, including hydrocarbons, CO as well as DPM. The
DPM estimate was based on typical particulate emission from
the test engine during ramp tests. To explain the NO, reduc-
tion one must assume that some decomposition of NO, was
happening as well.
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The above consecutive NO—NQO, model accounts for the
correlation in the NO and NO, concentration profiles and for
the imbalanced but correlated changes of NO and NO,. It also
explains the declining NO, reduction at higher temperatures
by the thermodynamic constraints of the NO oxidation.

A possible parallel process is the disproportionation of
NGO, Eq.(4). Nitric oxide disappears from the system and ni-
trogen dioxide is generated. The reaction stoichiometry yields
the total NO, reduction of 50%. It is not possible to conclude
if this process was occurring in the Pt catalyst. However, no
matter what was its extent, it could account for an NO reduc-
tion not exceeding the NO; increase multiplied by the stoi-
chiometric factor of 2 (Eq.(4)). As the experimental data
show that the NO decrease is 7 times as high as the corre-
sponding NO, increase, reaction Eq.(4) can not explain by
itself the observed NO, reduction.

NO, may play an important role in the lean NO, catalyst
chemistry. It is commonly known that NO, has more oxidiz-
ing character than NO. As such, it is more likely to react with
exhaust gas hydrocarbons than NO. The quantities of NO; are
significant, especially in platinum containing catalysts where
a large fraction of NO is converted to NO,. Unfortunately,
most of the research done on the lean NO, catalyst is not con-
cerned with NO,. Experimental work is usually limited to
measurements of the total NO, and the process mechanisms
are explained by reactions of NO.

There are recent literature reports suggesting that NO,
may be a reaction intermediate in the Cw/ZSMS lean NO,
catalyst [/12]. Presence of oxygen was found to be critical for
the NO, reduction. The reaction mechanism was explained by
the formation of NO, intermediate on the copper sites. So far,
there have been no reports on the role of NO, in a Pt/Al,0;
catalyst. However, the importance of oxygen for the platinum
lean NO, catalyst performance has been reported. Engler et
al. /13] investigated the influence of the oxygen content on
the lean NO, Pt catalyst performance. They found that in the
absence of oxygen no NO, conversion was taking place. That
conclusion could not be explained by the assumed NO reac-
tion model. As the presence of oxygen is a necessary condi-
tion in the NO, model, Engler’s results are in fact another
indication that nitrogen dioxide might be a reaction interme-
diate on the platinum catalyst as well.

GENERATION OF NO - The generation of NO by the
palladium catalyst and the platinum catalyst at low tempera-
ture is not possible within the discussed set of reactions. Ni-
trogen dioxide may react with reducing agents to form NO,
Eq.(5)-(7). The amount of NO generated, however, cannot be
higher than that of NO, which disappears from the system.
The opposite was recorded in this study. Up to 25 ppm of NO
was generated with the accompanying decrease of NO, of
about 3 ppm.

No constant ratio between the reaction changes of NO
and NO, was found. Also, the temperature ranges for the two
reactions were different, implying that two separate processes
were taking place. The decrease of NO, was most likely due
to its reactions with reducing exhaust gas components,
Eq.(5)-(7) and (11)-(13). There was no indication that NO is



oxidized in the Pd catalyst. The engine out NO, was signifi-
cantly reduced in the whole temperature range.

Some NO generation could be attributed to the catalytic
oxidation of nitrogenated hydrocarbons. Their sources would
be several nitrogen containing fube oil additives //4], prod-
ucts of the nitration of lube oil hydrocarbons by the blowby
exhaust gas in the crankcase {75/ and nitrogen containing
compounds of diesel fuel [/6]. Simple calculations show,
however, that this hypothesis would explain NO generation of
a few ppm only and cannot account for the NO levels of 25
ppm found in this study. Admittedly, authors do not have a
good theory for the mechanism of NO generation in the Pd
catalyst.

CONCLUSIONS

(1) The platinum catalyst increased nitrogen dioxide concen-
tration by up to 25 ppm. The increase of NO-, however, was
accompanied by a many times higher decrease of NO. The
catalyst exhibited the lean NO, performance with a maximum
nitrogen oxides conversion efficiency of 22%.

(2) The results indicate that NO, played an important role in
the lean NO, catalyst reaction mechanism. In the first step
NO was catalyticaily oxidized to NO,. Generated NO, reacted
subsequently to N, with either hydrocarbons, diesel particu-
lates or CO as well as decomposed. Some disproportionation
of NO into N, and NO, was also possible.

(3) Both NO, generation and total NO, reduction on Pt
catalyst show maximum between 350 and 400°C. The declin-
ing performance at higher temperatures is attributed to ther-
modynamic constraints of the oxidation of NO.

(4) Engine out NO, was reduced on the palladium catalyst
throughout the tested temperature range. This was accompa-
nied by more than equivalent increase of NO. The total NO
effect was insignificant from the practical point of view with
the maximum NOy generation of 3%.

(5) Platinum catalyst was very active in respect to CO and
hydrocarbons. The activity of the palladium catalyst at high
temperatures (400 ° C) matched that of the Pt DOC, but the
light-off temperatures were higher by more than 100°C.

(6) Underground mines experiencing problems with NO,
levels should use diesel oxidation catalysts tested specifically
for the NO/NQ, shift. Some DOCs might deteriorate the am-
bient air quality situation while others can effectively reduce
the engine out NO,.

RECOMMENDATION - Most of the experimental work in
the lean NO, catalyst research is limited to total NO, meas-
urements. It is believed that separate measurements and
analysis of NO and NO, are more appropriate and would cast
more light on the catalytic NO, reduction mechanism in lean
exhaust.
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ATTACHMENT 3

Site Logs, Corrective Action Reports, and
Semi-Annual Audits for On-Site Monitoring



Jamie Wilson

From: Melissa Polm [mpolm@swca.com]
Sent: Thursday, July 26, 2012 12:41 PM
To: Jamie Wilson

Cc: Brad Sohm; Kathy Arnold
Subject: FW: Air modeling- Rosemont
Follow Up Flag: Follow up

Flag Status: Completed

Jamie-

Could you please send us the actual site logs? Refer to emails before if you need clarification.
Thanks!

Mellssa Polm

Planner/ Asst. Project Manager
Rosemont Copper Project

From: Anderson, Bret A -FS [mailto:baanderson02@fs.fed.us]

Sent: Thursday, July 26, 2012 12:19 PM

To: Melissa Polm; Davis, Sarah L -FS; Roth, Melinda D -FS; Ehlers, Susanna M -FS
Cc: Brad Sohm

Subject: RE: Air modeling- Rosemont

Melissa,

Thanks for the email. | have already reviewed the audit logs, but | wanted the actual site logs. A standard protocol of
maintaining a monitoring site is to have a site log which documents when a person arrives, what actions are performed
while there, and then when they leave. Typically it is a handwritten in a notebook or other such item. If their
monitoring protocol says that they will be there every two weeks for QA purposes, the site logs would document if
someone actually showed and what actions were performed. My concern remains with why it took 6 weeks to detect a
data logger malfunction, as that should have been picked up on a routine biweekly site visit, so the site logs would show
who was there, when, and what was done.

Thanks,
Bret

From: Melissa Polm [mailto:mpolm@swca.com]

Sent: Thursday, July 26, 2012 12:52 PM

To: Davis, Sarah L -FS; Roth, Melinda D -FS; Anderson, Bret A -FS; Ehlers, Susanna M -FS
Cc: Brad Sohm; Melissa Polm

Subject: Air modeling- Rosemont

All-

We looked into the latest request from Brett and Susanna “After discussing this issue with Jack and Bret this morning,
we’d like to request the site logs from Rosemont again. It is difficult to assess whether Rosemont followed their
meteorological monitoring protocol without these site logs.” This is what was found:

First, the information sent by Jamie Wilson (JBR) by email on July 9 included a summary report that covered the data
collection through first quarter 2009. Appendices H-I of that report contain the various audit logs. However, the
version of the report sent by Jamie did not contain the actual appendices, presumably for size. Those can be obtained



in their original form from Rosemont’s web site (they’re in Volume 4):
http://www.rosemontcopper.com/technical.html

Second, Jamie actually did send those same audit logs in a zip file in the same email on July 9. A quick spot check and
they look like the same audit logs to me.

In summary, it is my belief that these are the field audit logs that Brett is looking for and has been asking for. Maybe
he’s thinking they would be handwritten or something, but to me it appears these are the data sheets from the audits
and maintenance performed in the field. If he is looking for something different, then | think we don’t fully understand
what it is, and we need a more defined data request so we can track down the right material if it exists.

In any case, if the question is how often they performed maintenance/audits, we appear to have that answer from these
logs, and it appears to be quarterly:

9/28/06
11/30/06
2/13/07
4/23/07
9/12/07
10/19/07
3/21/08
6/4/08
9/19/08
11/4/08
3/5/09

Whether that’s appropriate or not, or whether they followed their sampling QA/QC process property, | have no idea.
Has the feedback from Brett & Susanna come in yet?
Thanks!

Mellssa Polm

Planner/ Asst. Project Manager
Rosemont Copper Project

SWCA Environmental Consultants
343 W Franklin

Tucson, Arizona 85701

P 520.325.9194 x300 | C 520.250.6204

SWCA

ENVIROMMENTAL COMSULTANTS
Sound Science, Creatve Solations,

Visit Our Website: http://www.swca.com ﬂ lﬁj

CONFIDENTIALITY NOTICE: The information in this email is intended only for the use of the individual or entity to which it is addressed and may
contain information that is privileged, confidential and/or exempt from disclosure under applicable law. If you are not the intended recipient or an
authorized representative of the intended recipient, you are hereby notified that any review, dissemination or copying of this email and its
attachments, if any, or the information contained herein is prohibited. If you have received this email in error, please immediately notify the sender
by return email and delete this email from your system. Thank you.



APPLIED ENVIRONMENTAL CONSULTANTS, INC.

(480) 829-0457 @ 1553 W. Elna Rae Street ¢ Tempe, Arizona 85281 & Fax: (480) 829-8985

February 15, 2007

To Whom It May Concern:

| would like you to check, repair and recertify this data logger. We got into the problem with the data
collected from it starting on day 356 at 1530. As you can see from the attached CD (see file
RosemontSM2-12-07-B), the wind speed and wind direction data were zeros (the last three parameters).
After day 361, the data in comma delimited format were mixed up until day 1 of this year. Then after the
proper format came back, the data logger again did not record the wind data. Note that the wind sensor
have been working fine.

When | arrived the instrument on day 44 (Feb 13), the data logger and storage module did not contain
any data. | would say the last day of data recorded was on day 6. Furthermore, duplicate data period
from 346 to 350 occurred on two storage modules which connected to the data logger at two different
time frames (see file RosemontSM2-12-07-B and RosemontSM2-12-07-C). In addition, when | arrived
the meteorological station, the time on this device was in 2000. So, | reset to the current time and date
and let it collected the data for 3 hours. It worked just fine including the wind data. We are thinking that
the data logger was malfunction. Would you please let us know what could be wrong?

Please call if you have any questions.

Best Regards,
@Z[ff 1O é
0%

Thitipong “Jeep” Chindavijak
Permit Engineer

Mailing Address: P.O. Box 26791 ¢ Tempe, Arizona 85285-6791



Jamie Wilson

From: Louis Thanukos

Sent: Tuesday, October 02, 2012 9:29 AM

To: Jamie Wilson

Subject: FW: Rosemont Meteorological Monitoring Site Log Book
Attachments: Rosemont Met Monitor Site Log Book.pdf

Jamie,

Here is the Site Log and below is the transmittal.

Louis C. Thanukos Ph.D.

Division Manager

JBR Environmental Consultants, Inc.

1553 W. Elna Rae

Tempe, AZ 85281-6935

(480) 829-0457 voice

(480) 829-8985 fax

Icthanukos@jbrenv.com

www.jbrenv.com

This message (including attachments) is for the designated recipient only and may contain privileged, proprietary, or otherwise
confidential information. If you are not the intended recipient or have received this message in error, please notify the sender
immediately and delete the original. Any other use of this e-mail is prohibited. Thank you

From: Louis Thanukos

Sent: Tuesday, August 07, 2012 1:26 PM

To: 'mpolm@swca.com’

Cc: 'Katherine Arnold'

Subject: FW: Rosemont Meteorological Monitoring Site Log Book

Hi Melissa,
Per your request, attached please find a scanned copy of the Rosemont Meteorological Monitoring Site Log Book.

Please call if you have any questions.

Louis C. Thanukos Ph.D.

Division Manager

JBR Environmental Consultants, Inc.

1553 W. Elna Rae

Tempe, AZ 85281-6935

(480) 829-0457 voice

(480) 829-8985 fax

Icthanukos@jbrenv.com

www.jbrenv.com

This message (including attachments) is for the designated recipient only and may contain privileged, proprietary, or otherwise
confidential information. If you are not the intended recipient or have received this message in error, please notify the sender
immediately and delete the original. Any other use of this e-mail is prohibited. Thank you

From: Shantanu Kongara

Sent: Friday, August 03, 2012 5:13 PM

To: Louis Thanukos

Subject: Rosemont Meteorological Monitoring Site Log Book

Louis,

Attached is the scanned version of the Rosemont Meteorological Monitoring Site Log Book.
1



It is also available on the Server at Work in Progress > Ambient > Rosemont .

Thanks

Shantanu Kongara

Permit Engineer

JBR Environmental Consultants, Inc.
1553 W. Elna RaeH

Tempe, AZ 85281-6935

[p] 480.829.0457 ext. 219

[f] 480.829.8985
skongara@jbrenv.com
www.jbrenv.com
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ATTACHMENT 4

Modeling Procedures for Demonstrating Compliance
with PM, ; NAAQS



<€D STy

2 % UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
] m 8 RESEARCH TRIANGLE PARK, NC 27711
%, S
4 ¢
L ppot MAR 2 3 2(}]0
OFFICE OF
AIR QUALITY PLANNING
AND STANDARDS
MEMORANDUM

SUBJECT: Modeling Procedures for Demonstrating- Compliance with PM; s NAAQS

FROM: Stephen D. Page, Directbr

Office of Air Quality Pladning/and Stand

¢
]

This memorandum addresses the need for recommendations regarding appropriate
dispersion modeling procedures which can be used to demonstrate compliance with PM 5
National Ambient Air Quality Standards (NAAQS). The need for these recommendations arises
from several recent regulatory actions and proposals which increase the likelihood that applicants
for permits under the new source review (NSR) and prevention of significant deterioration (PSD)
programs may be required to demonstrate compliance with PM; s NAAQS rather than relying
upon the PM surrogate policy established in 1997. These recommendations are intended to
facilitate appropriate and consistent implementation of current guidance regarding PM s
dispersion modeling contained in the Guideline on Air Quality Models, Appendix W to 50 CFR
Part 51, while acknowledging that such guidance is somewhat limited in detail due to technical
issues associated with PM; s modeling.

TO: See Addressees

This memorandum provides recommendations on two aspects of the modeling procedures
for demonstrating compliance with the PM, s NAAQS. First, this memorandum discusses some
of the technical issues that must be addressed by any applicant or permitting authority that is
seeking to rely on the PMq surrogate policy. Second, this memorandum provides additional
information on modeling procedures to demonstrate compliance with PM; s NAAQS without
relying upon the PM; surrogate policy.

BACKGROUND

On July 18, 1997, EPA revised the NAAQS for particulate matter to add new annual and
24-hour standards for fine particles using PM, s as the indicator. EPA revised the 24-hour
NAAQS for PM; 5 on September 21, 2006, reducing the standard from 65 l,Lg/m3 to 35 p,g/mB.
EPA also retained the previous 1997 annual standard for PM; 5 and the 24-hour standard for
PM,, while revoking the previous annual standard for PM;o. For attainment of the new 24-hour
PM,; s NAAQS based on ambient monitoring, the average of the gg percentile 24-hour values

Intemet Address (URL) e hitp://www.epa.gov
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over thlcc years of monitoring must not exceed 35 p,g/m The annual PM, s NAAQS is set at 15
11g/m’ based on the average of the annual mean PM, s concentrations over three years.

Citing significant technical difficulties with respect to PM; 5 monitoring, emissions
estimation, and modeling, EPA established a policy, known as the PM;q surrogate policy, on
October 23, 1997. 'This policy allowed permit applicants to use compliance with the applicable
PM¢ requirements as a surrogate approach for meeting PM, 5 NSR requirements until the
technical difficulties were resolved. On May 16, 2008, EPA promulgated final rules governing
the implementation of the NSR program for PM, 5, which included a “grandfathering provision”
allowing applicants for federal PSI) permits covered by 40 CFR § 52.21, with complete permit
applications submitted as of July 15, 2008, to continue relying on the PM4 surrogate policy. In
response to a petition challenging the continued use of the PMo surrogate policy for issuing PSD
permits, on June 1, 2009, EPA issued a 3-month administrative stay of the grandfathering
provision for PM s affecting federal PSD permits to give EPA time to propose repealing the
challenged grandfathering provision. On September 16, 2009, the original 3-month stay was
extended to June 22, 2010, to allow additional time for EPA to formally propose repeal of the
grandfathering provision from the PM; 5 NSR implementation rule for federal PSD permits
issues under 40 CFR § 52.21.7On February 11, 2010, EPA published its proposal to repeal the
grandfathering provision in the Federal Register at 75 FR 6827. These actions cite the fact that
the technical difficulties which necessitated the PM; surrogate policy have been largely,
although not entirely, resolved.

As part of the proposed rulemaking to repeal the grandfathering provision contained in
the federal PSD program, EPA has also proposed to end the use of the PMq surrogate policy for
state PSD programs that EPA has approved as part of the state implementation plan (SIP) under
40 CFR § 51.166. Under the PSD programs for PMs 5 currently in effect for SIP-approved states,
states would be allowed to continue using the PMq surrogate policy until May 2011, or until
EPA approves the revised SIP for PM, s, whichever occurs first. While we continue to allow
states 1o use the PMjq surrogate policy during their transition to the new PM, s requirements, we
have also made it clear that the policy needs to be implemented by taking into account court
decisions that address the surrogacy concept. Accordingly, an applicant seeking a PSD permit
under a SIP-approved PSD program may still rely upon the PM;, surrogate policy as long as (1)
the appropriateness of the PMo-based assessment for determining PM; s compliance has been
adequately demonstrated based on the specifics of the project; and (2) the applicant can show
that a PM, 5 analysis is not technically feasible. Absent such demonstrations, applicants would
be required 10 submit a PM; s-based assessment to demonstrate compliance with the PM; s
standards, in addition to meeting the other requirements under the NSR/PSD programs.

PMiy SURROGACY DEMONSTRATIONS

Given the need for applicants that continue to rely on the PM,q surrogate policy to
demonstrate the appropriateness of the policy based on the specifics of the project, we feel that it
Is appropriate and timely to address some of the technical issues associated with a surrogacy
demonstration. EPA’s August 12, 2009, Administrative Order in response to petitions regarding
the Title V permit for Louisville Gas and Electric Company (LG&E), Trimble Generating
Station, provides a brief summary of the case law history that bears on the PM, surrogacy issue



which suggests that an appropriateness demonstration “would need to address the differences
between PM,g and PM, 5. The LG&E order cites two examples in this regard: 1) “emission
controls used to capture coarse particles may be less effective in controlling PM; 57, and 2)
“particles that make up PM; 5 may be transported over long distances while coarse particles
normally only travel short distances.” These examples serve to highlight the two main aspects of
PSD permiiting for which the appropriateness of the surrogate policy should be demonstrated:

1) the Best Available Control Technology (BACT) emission control technology assessment; and
2) the ambient air quality impact assessment to demonstrate compliance with the applicable
NAAQS.

While acknowledging “an evolving understanding of the technical and legal issues
associated with the use of the PM,y Surrogate Policy,” the LG&E order offers two steps as
possible approaches for making an appropriateness demonstration, without suggesting that the
“two sleps are necessary or sufficient to demonstrate that PMq is a reasonable surrogate for
PM, 5™ and clearly stating that “these two steps are not intended to be the exclusive list of
possible demonstrations” regarding surrogacy. The two steps offered in the LG&FE order are
primarily relevant to the appropriateness demonstration regarding emission controls under
BACT, while the discussion here will be focused on the appropriateness demonstration in
relation 10 ambient air impacts.

(nven the range of application-specific factors that may need to be addressed for an
appropriateness demonstration in relation to ambient air impacts, it is not practical to provide
detailed guidance regarding how to conduct such demonstrations. However, the following list
identifies some of the “differences between PM; and PM, s” in relation to ambient air impacts
that should be addressed in the development of a surrogacy demonstration:

1. While EPA revoked in 2006 the annual PM standard that was in effect when the
surrogate policy, the surrogacy demonstration would still need to address the
appropriateness of the PM g surrogate policy in relation 1o the annual PM; s standard, and
would likely require a modeling analysis of annual PM, impacts.

2. The current 24-hour NAAQS of 35 ug/m’ is well below the previous level of 65 pg/m’
that was in effect when the PM;g surrogate policy was established. The background
monitored levels of PM, 5 are, therefore, likely to account for a more significant fraction
of the cumulative impacts from a modeling analysis relative to the current 24-hour PM, s
NAAQS than for PM,,.

3. Secondary formation of PM, 5 from emissions of NOy, SOy and other compounds from
sources across a large domain will often contribute significantly to the total ambient
levels of PM; s, and may be the dominant source of ambient PM> 5 in some cases. In
contrast, secondarily formed particles are less likely to be significant portion of PM;,
which may result in significant differences in the spatial and temporal patterns of ambient
impacts between PM; s and PM, .

' A discussion of the case law that bears on the PM, surrogacy issue also appears in the February
11, 2010, proposed rule at 75 FR 6831-6832.



4. The probabilistic form of the PM; s NAAQS, based on the multiyear average of the ogth
percentile for the daily standard, differs from the expected exceedance form of the PM
NAAQS, which allows the standard to be exceeded once per year on average using the
high-sixth-high (I6H) value over 5 years. These differences affect the temporal and
spatial characteristics of the ambient air impacts of PM¢ and PM, 5. Differences in the
form of the NAAQS also complicate the process of combining modeled impacts with
monitored background levels to estimate cumulative impacts under the NSR/PSD
permitting programs, as well as the determination of whether modeled impacts from the
facility will cause a significant contribution to any modeled violations of the NAAQS
that may occur.

These factors complicate the viability of demonstrating the appropriateness of the PM
surrogate policy to comply with the requirement for a PM, s ambient air quality impact
assessment. In light of these complications, applicants may elect to use PM; s dispersion
modeling to explicitly meet the requirement of an ambient air quality impact assessment under
the PSD permitting program, provided that the technical difficulties with respect to PM; 5
monitoring, emissions estimation, and modeling have been sufficiently resolved in relation to the
specific application.

For surrogacy demonstrations, it is assumed that as an initial step the applicant will have
conducted an appropriate dispersion modeling analysis which demonstrates compliance with the
PMo NAAQS, including an analysis of annual PM,, impacts to address item 1. A simple
example illustrating when a PM o modeling analysis might serve as a surrogate for PMa 5
modeling would be if a clearly conservative assumption is made that all PM;q emissions are
PMy 5, and the modeled PM,p impacts are taken as a direct surrogate for PM, 5 impacts and
compared to the PM s NAAQS. If an adequate accounting for contributions from background
PM; 5 concentrations to the cumulative impact assessment can be made, and a reasonable
demonstration that the modeled PM, ¢ emission inventory adequately accounted for potential
nearby sources of PM; 5, then the appropriateness of surrogacy could be reasonably found in this
example. An analysis of source-specific PM, s/ PM;q emission factor ratios may also support the
assumption of a more realistic, yet still conservative approach for taking a ratio of modeled PMyq
ambient impacts to provide conservative estimates of PM; 5 impacts.

While additional modeling analyses, short of explicit PM, s modeling, may also be used
to the support the surrogacy demonstration in some cases, it is important to make a clear
distinction between modeling analyses for purposes of surrogacy demonstrations and modeling
analyses that are intended to explicitly demonstrate compliance with the PM, 5 standards, The
distinction between these two types of modeling analyses may not always be clear, but one
important distinction is whether or not a PM; 5 emission inventory has been developed as the
basis for the modeling. The distinction between these types of modeling is important because
modeling procedures that may be considered appropriate for one type of analysis may not be
appropriate for the other. The following section elaborates further on this point.



PM;s MODELING ANALYSES

The differences between PM g and PM, s described above in relation to surrogacy
demonstrations, espectally items 2 through 4, also have implications on how best to conduct an
explicit PM; s NAAQS compliance demonstration through dispersion modeling. Due to the
potentially significant contribution from secondary formation of PM; s, and the more prominent
role of monitored background concentrations of PM; s in the cumulative analysis, certain aspects
of standard modeling practices used for PM, and other criteria pollutants may not be appropriate
for PM, 5. Our recommendations for addressing these issues in terms of explicit PM; s modeling
analyses are described in more detail below,

Given the issues listed above, and especially the important contribution from secondary
formation of PM, s, which is not explicitly accounted for by the dispersion model, PSD modeling
of PM; 5 should currently be viewed as screening-level analyses, analogous to the screening
nature of the guidance in Section 5.2.4 of Appendix W regarding dispersion modeling for NO,
impacts given the importance of chemistry in the conversion of NO emissions to ambient NO,,
The screening recommendations presented below for demonstrating compliance with the PM; 5
NAAQS through dispersion modeling have been developed with the factors listed above in mind.
As with any modeling analysis conducted under Appendix W, alternative models and methods
may be considered on a case-by-case basis, subject to approval by the Regional Office in
accordance with the recommendations in Section 3.2 on “Use of Alternative Models.”

The following sections describe the recommended modeling methods for the two main
stages in a typical PSD ambient air quality analysis: 1) preliminary significant impact analysis;

and 2) cumulative impact assessment. The rationale for the recommendations is also provided.

Preliminary Significant Impact Analvsis

The mitial step in air quality impact assessments under NSR/PSD is typically a
significant impact level analysis to determine whether the proposed emissions increase from the
proposed new or modified source (i.¢., project emissions) would have a “significant” ambient
impact. Thus, the first step of the ambient impact analysis is to determine whether those
emissions would result in ambient air concentrations that exceed a de minimis level, referred to
as the Significant Impact Level (SIL). If modeled impacts from the facility do not exceed the
SIL, then the permitting authority may be able to conclude, based on this preliminary analysis,
that the project would not cause or contribute to a violation of the NAAQS. Under these
circumstances, EPA would not consider it necessary for the facility to conduct a more
comprehensive cumulative impact assessment that would involve modeling the facility’s total
emissions along with emissions from other nearby background sources, and combining impacts
from the modeled emission inventory with representative ambient monitored background
concentrations to estimate the cumulative impact levels for comparison to the NAAQS. The SIL
is also used to establish the significant impact area of the facility for purposes of determining the
geographic range of the background source emission inventory that would be appropriate should
a cumulative impact assessment be necessary.



EPA’s 2007 proposed rule to establish PSD increments, SILs, and a Significant
Monitoring Concentration (SMC) for PM; s included three options for the PM; s SILs for both
the 24-hour and annual NAAQS. Until the PM, s SILs are finalized, the proposed SILs may not
be presumed to be appropriate de minimis impact levels. However, EPA does not preclude states
from adopting interim de minimis impact levels for PM, s to determine whether a cumulative
impact analysis will be necessary, provided that states prepare an appropriate record to support
the value used. Such de minimis levels do not necessarily have to match any of the SILs that
have been proposed for PM; s, but the levels proposed by EPA and the record supporting FPA’s
proposed rule could be considered in the state’s determination.

The modeling methods used in this initial significant impact assessment phase of the
PM; s analysis, based on either a state’s interim de minimis levels or EPA-finalized SILs, are
similar to the methods used for other pollutants, including the use of maximum allowable
emissions. However, due to the probabilistic form of the NAAQS, we recommend that the
highest average of the modeled annual averages across 5 years for National Weather Service
(NWS) meteorological data or the highest modeled annual average for one year of site-specific
meteorological data be compared to the annual screening level (SIL). Similarly, the highest
average of the maximum 24-hour averages across 5 years for NWS meteorological data or the
highest modeled 24-hour average for one year of site-specific meteorological data should be
compared to the 24-hour screening level (SIL).

Using the average of the highest values across the years modeled preserves one aspect of
the form of the NAAQS, while using the average of the first highest 24-hour averages rather than
the 98® percentile (8" highest) values from the distribution is consistent with the screening-level
nature of the analysis. In addition, since the PMs s NAAQS is based on air quality levels
averaged over time, it is appropriate to use an average modeled impact for comparison to the SIL
since that will more accurately characterize the modeled contribution from the facility in relation
to the NAAQS than use of the highest modeled impacts from individual years. At the present
time, the dispersion modeling recommendations presented here are based on modeling only the
primary or direct PM; s emissions from the facility.

Cumulative Impact Assessment

Unless modeled ambient air concentrations of PM; s from the project emissions are
shown to fall below the state’s de minimis level or EPA’s promulgated SIL (when finalized),
then a cumulative impact assessment would be necessary to account for the combined impact of
facility emissions, emissions from other nearby sources, and representative background levels of
PM; s within the modeling domain. The cumulative impacts are then compared to the NAAQS
to determine whether the facility emissions will cause or contribute to a violation of the NAAQS.
Several aspects of the cumulative impact assessment for PM3 5 will be comparable to
assessments conducted for other criteria pollutants, while other aspects will differ due to the
issues identified above.



Modeling Inventory

The current guidance on modeling emission inventories contained in Section 8.1 of
Appendix W will generally be applicable for the PM; s modeling inventory, recognizing that
these recommendations only address modeling of primary PM, s emissions. The guidance in
Appendix W addresses the appropriate emission level io be modeled, which in most cases is the
maximum allowable emission rate under the proposed permit. Nearby sources that are expected
to cause a significant concentration gradient in the vicinity of the facility should generally be
included in the modeled inventory. Since modeling of PM; s emissions has not been a routine
requirement to date, the availability of an adequate PM;, s emission inventory for background
sources may not exist in all cases. Recommendations for developing PM; s emission inventories
for use in PSD applications will be addressed separately, but existing PM ¢ inventories may
provide a useful starting point for this effort.

Monitored Background

The determination of representative background monitored concentrations of PM, 5 to
include in the PM; s comulative impact assessment will entail different considerations from those
for other criteria pollutants. An important aspect of the monitored background concentration for
PM, 5 is that the monitored data should account for the contribution of secondary PM, 5
formation representative of the modeling domain. As with other criteria pollutants, consideration
should also be given to the potential for some double-counting of the impacts from modeled
emissions that may be reflected in the background monitoring, but this should generally be of
less importance for PM; s than the representativeness of the monitor for secondary contributions.
Also, due to the important role of secondary PM, s, background monitored concentrations of
PM s are likely to be more homogeneous across the modeling domain in most cases, compared
to other pollutants. We plan to address separately more detailed guidance on the determination
of representative background concentrations for PM, s.

Comparison to NAAQS

Combining the modeled and monitored concentrations of PM, s for comparison to the
PM; s NAAQS also entails considerations that differ from those for other criteria pollutants, due
to the issues identified above. Given the importance of secondary contributions for PM; s and
the typically high background levels relative to the NAAQS for PM; 5, greater emphasis is placed
on the monitored background contribution relative to the modeled inventory. Also, given the
probabilistic form of the PMz s NAAQS, careful consideration must be given to how the
monitored and modeled concentrations are combined to estimate the cumulative impact levels.

The representative monitored PM; 5 design value, rather than the overall maximum
monitored background concentration, should be used as a component of the cumulative analysis.
The PM; 5 design value for the annual averaging period is based on the 3-year average of the
annual average PM; 5 concentrations; for the 24-hour averaging period, the design value is based
on the 3-year average of the 98" percentile 24-hour average PM; 5 concentrations for the daily
standard. Details regarding the determination of the 98" percentile monitored 24-hour value



based on the number of days sampled during the year are provided in the ambient monitoring
regulations, Appendix N to 40 CFR Part 50.

The modeled annual concentrations of (primary) PMa s to be added to the monitored
annual design value should be computed using the same procedure used for the initial significant
impact analysis based on the highest average of the modeled annual averages across 5 years for
NWS meteorological data or the highest modeled annual average for one year of site-specific
meteorological data. The resulting cumulative annual concentration would then be compared to
the annual PMj s NAAQS of 15 u,g/m3.

For the 24-hour NAAQS analysis, the modeled concentrations to be added to the
monitored 24-hour design value should be computed using the same procedure used for the
preliminary analysis based on the highest average of the maximum modeled 24-hour averages
across 5 years for NWS meteorological data or the maximum modeled 24-hour average for one
year of site-specific meteorological data. As noted above, use of the average modeled
concentration across the appropriate time period more accurately characterizes the modeled
contribution from the facility in relation to the NAAQS than use of the highest modeled impact
from individual years, while using the average of the first highest 24-hour averages rather than
the 98" percentile (8% highest) values is consistent with the screening nature of PM, 5 dispersion
modeling. Furthermore, combining the 98" percentile monitored with the 98" percentile
modeled concentrations for a curnulative impact assessment could result in a value that is below
the 98" percentile of the combined cumulative distribution and would, therefore, not be
protective of the NAAQS.

The recommendations provided above constitute a First Tier modeling analysis for PMs s
compliance demonstrations. For applications where impacts from primary PM, s emissions are
not temporally correlated with background PM; s levels, combining the modeled and monitored
contributions as described above may be overly conservative. In these cases, a Second Tier
modeling analysis may be considered that would involve combining the monitored and modeled
PMa s concentrations on a seasonal or quarterly basis, and re-sorting the total impacts across the
year to determine the cumulative design value. We plan to provide separately additional details
regarding this Second Tier, including a discussion of circumstances where this approach may be
appropriate.

Determining Significant Contributions to Modeled Violations

If the cumulative impact assessment following these screening recommendations results
in modeled violations of the PMy s NAAQS, then the applicant will need to determine whether
the facility emissions are causing a significant contribution to those modeled violations. A
“significant contribution” determination is based on a comparison of the modeled impacts from
the project emissions associated with the modeled violation to the appropriate SIL. The
significant contribution determination should be made following the same procedures used
during the initial significant impact analysis, based on a comparison of the average of the
modeled concentrations at the receptor location showing the violation, across 5 years for NWS
meteorological data and the highest modeled concentration for one year of site-specific
meteorological data. For a violation of the annual NAAQS, the average of the annual values at



the affected receptor(s) is compared to the SIL, while the average of the highest 24-hour average
concentrations at the affected receptor(s) should be used for the 24-hour NAAQS. Use of the
average modeled concentration is appropriate in this context since it is consistent with the actual
contribution of the facility to the cumulative impacts at the receptor(s) showing violations and
accounts for the fact that modeled violations of the 24-hour NAAQS represent average impacts
across the modeling period.

Svnopsis

Significant Impact Analysis: Compare the average of the highest modeled individual year’s
annual averages and the average of the first highest individual year’s 24-hour average
concentrations from project emissions to their respective screening levels, which may be based
on the state’s de minimis levels or EPA-finalized SILs. If modeled impacts exceed the screening
levels, a cumulative impact assessment would need to be performed.

Cumulative Impact Assessment: Develop an emission inventory of background sources to be
included in the modeling analysis using traditional guidance. That would include using the
significant impact area established in the initial significant impact analysis, plus a 50-km annular
ring to determine the geographic extent of the background emission inventory. From data
obtained within this combined area, compare the average of the highest modeled individual
year’s annual averages and the average of the first highest individual year’s 24-hour averages,
plus representative background monitored concentrations, to their respective NAAQS.
Monitored background concentrations are based on the 3-year average of the annual PM, s
concentrations, and the 3-year average of the 98" percentile 24-hour averages. To determine
whether the proposed project’s emissions cause a significant contribution to any modeled
violations of the NAAQS, the proposed project’s impacts at the affected receptor(s) arc
determined based on the average of the highest modeled individual years® annual averages and
average of the first highest individual years’ 24-hour averages from the proposed project’s
emissions, and are compared to the state’s de minimis levels or EPA-finalized SILs.

Additional Caveats

A few additional caveats should be considered while implementing these
recommendations:

1. The current preferred dispersion model for near-field PM, s modeling, AERMOD, does
not account for secondary formation of PMzs. Therefore, any secondary contribution of
the facility’s or other modeled source’s emissions is not explicitly accounted for. While
representative background monitoring data for PM; 5 should adequately account for
secondary contribution from background sources in most cases, if the facility emits
significant quantities of PM, s precursors, some assessment of their potential contribution
to cumulative impacts as secondary PM, s may be necessary. In determining whether
such contributions may be important, keep in mind that peak impacts due to facility
primary and secondary PM; 5 are not likely to be well-correlated in space or time, and
these relationships may vary for different precursors. We plan to issue separately
additional guidance regarding this issue.



2. While dry and/or wet deposition may be important processes when estimating ambient
concentrations of particulate matter (PM) in general, these factors are expected to be
minor for PM; 5 due to the small particle size. In addition, there may be additional
uncertainty associated with deposition modeling for PM; 5 due to the variable makeup of
the constituent elements for PM; 5 and the fact that deposition properties may vary
depending on the constituent elements of PM, 5. Therefore, use of deposition algorithms
to account for depletion in estimating ambient PM, s concenirations should be done with
caution and only when clear documentation and justification of the deposition parameters
is provided.

3. While EPA has proposed PSD increments for PM, s, the increments have not been
finalized yet. Until the increments are finalized, no increment analysis is required for
PM; 5. However, it should be noted that some of the recommendations presented here in
relation to NAAQS modeling analyses may need to be modified for PM, s increment
analyses due to the differences between the forms of the NAAQS and increments. We
plan to provide further clarification of these differences separately, once the increments
are finalized.

This memorandum presents EPA's views on these issues concerning modeling procedures
for demonstrating compliance with the PM, s NAAQS. The statements in this memorandum do
not bind State and local governments and the public as a matter of law. If you have any
questions concerning this memorandum, please contact Tyler Fox, Leader, Air Quality Modeling
Group at (919) 541-5562.

Addressees:

Bill Harnett, C504-01

Richard Wayland, C304-02

Scoftt Mathias, C504-01

Tyler Fox, C439-01

Raj Rao, C504-01

Roger Brode, C439-01

Bret Anderson, C439-01

Dan deRoeck, C504-01

EPA Regional Moedeling Contacts
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MEMORANDUM

SUBJECT: Clarification on EPA-FLM Recommended Settings for CALMET

TO: Regional Modeling Contacts
FROM: Tyler J Fox, Group Leader .76. @/ .
Air Quality Modeling Group, C439-01

The purpose of this memorandum is to update the draft recommendations for CALMET seftings
~ that were provided previously with the draft Reassessment of the Interagency Workgroup on Air

Quality Modeling (IWAQM) Phase 2 Summary Report: Revisions to Phase 2 Recommendations
(EPA, 2009). :

On May 15, 2009, the EPA Model Clearinghouse issued a memorandum addressing a number of
issues related to the operation of the CALMET diagnostic meteorological model in regulatory
modeling applications for long-range transport (LRT). Additionally, a draft version of revisions
to the existing IWAQM Phase 2 guidance was released on May 27, 2009 to provide technical
context for the Clearinghouse memorandum. This draft document outlined a series of
recommendations for CALMET settings that were intended to facilitate the direct "pass-through"
of prognostic meteorological data to the CALPUFF modeling system using the same horizontal
and vertical grid structure of the parent pro%nostic data set. This purpose is consistent with one
of our overarching goals expressed at the 8" Conference on Air Quality Modeling promoting the
use of prognostic meteorological model products in regulatory dispersion modeling applications.

Due to the time sensitive nature of the Clearinghouse memorandum, it was not possible to
complete extensive testing of the recommended CALMET operational settings prior to release of
the memorandum and draft IWAQM reassessment report. Subsequent testing of the CALMET
model with the proposed settings against mesoscale tracer databases indicates that
CALMET/CALPUFF performance using the draft recommendations deteriorates somewhat in

* comparison to other MM5/CALMET horizontal grid configurations that were tested.
Specifically, testing against the Cross-Appalachian Tracer Experiment (CAPTEX) mesoscale
tracer study dataset showed that when MMS5 and CALMET were run on the same horizontal grid
resolution, performance was poorer than other MM5/CALMET grid configurations tested.

While the performance deterioration was not drastic, it was significant. These results have
caused us to reconsider our interim guidance because it is inconsistent with our desire to promote
the use of both the best meteorological products and prognostic data in general. The use of
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" Maximum acéeptable divergence

Input Group Subgroup Variable Describtibn Defaublt EPA-FLM
‘ IFORMC. Cloud data format ' 2 » » 2
5- Wind IWFCOD Wind model obtions 1 1
field options ‘ . - - ;
.and ' IFRADJ Compute Froude number adjustment effects 1 1
parametefs - .
. IKINE Compute Kinematic effe;:ts 0 0
IOB'R : Use O;Brien procedures for adjust vertical .veldcity .0 0 |
ISLOPE Coﬁpute slope effects - ' 1 ! 1
- IEXTRP Extrapdlate _sfc wind obs to upper levels - -4 -4
ICALM Extrépdlate sfc winds even if calm’ 0~ 0
BIAS ' Surface]up.per. weightiﬁg factors (BIAS (NZ)) NZ*0 10%0
RMIN2 | Mini_mur‘n“ distance for extr_apolétion of winds 4 =1
IPROG Use prognostic model winds as input to diagnostic wind mod‘ex 0 14
ISTEP'PG Timestep (héurs) of prognostic model déta 1. 1 B
IGFMET Use coarse CALMET fields as initial guess 0 0
LVARY Use varying radius of influence F F
iRM‘AX1 Maximum radius of influence in surface layer (km) Usér defined 100
RAMX2 Maximum radius ;:Jf influence over land aloft (km) -User deﬁned- 200
RMAX3 Maximum radius of influence over watger (km) | User defined 200
/ RMIN v Minimum radius of inﬂue’nce‘ in wind field interpolation (km) 04 0.1.
TERRAD Ra&ius of inﬂqenc,e of terrain features (km) User aeﬁned 15
R Relative weight at surface of 1* guess fields and obs (km) User defined 50
. R2 » Relative weight aloft of 1% guess ﬁ.el'ds and obs (km) User defined 100
RPROG- Weighting factors of prognostic wind ﬁéd data (km) User defined 0
DIVLIM 5.0E-06 5.0E-06




Victoria Boyne

Subject: FW: Response to letter dated August 20, 2012
Attachments: Response to letter dated 20Aug12.pdf

From: Kathy Arnold [mailto:karnold@rosemontcopper.com]
Sent: Tuesday, October 09, 2012 12:24 PM

To: Upchurch, Jim -FS

Cc: Chris Garrett

Subject: Response to letter dated August 20, 2012

Jim
Please find attached the response to questions and issues raised your letter dated August 20, 2012.

Regards,
Kathy

Kathy Arnold | Vice President Environmental and Regulatory Affairs
Direct: 520.495.3502 | Main: 520.495.3500 | Fax 520.495.3540

Rosemont Copper Company
P.O. Box 35130 | Tucson, AZ 85740-5130
2450 W Ruthrauff Road, Suite 180 | Tucson, AZ 85705 | www.rosemontcopper.com

PLEASE NOTE: : This e-mail message, including any attachments, is for the sole use of the intended recipient(s) and may contain confidential and/or
privileged information. Any unauthorized review, use, disclosure or distribution is prohibited. If you are not the intended recipient, please delete all copies
and notify us immediately.

This electronic message contains information generated by the USDA solely for the intended recipients. Any
unauthorized interception of this message or the use or disclosure of the information it contains may violate the
law and subject the violator to civil or criminal penalties. If you believe you have received this message in error,
please notify the sender and delete the email immediately.



