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Subject: Best Available Retrofit Technology Meodeling Refinements
Mr. Finley,

On Aprit 3, 2008, WDEQ requested additional BART madeling analyses for Basin Eleciric Power
Cooperative's Laramie River Station. Spescifically, the WDEQ request was for individual unit modeling for
the baseline scenario as well as unlt specific analyses of the selective catalytic reduction {SCR) control
technology—or NQ, control technologies being reviewed as BART for the LRS units. Coincident with
completing the requested analysis, Basin further investigated additional refinements to the LRS BART
modeling analyses which included nitrate repartitioning and more realistic ammonia background
concentrations. These refined BART modeling analyses supplement the previous report submitted on
February 14, 2008. On behalf of Basin Electric please find enclosed three copies of the refined visibility
medeling report for the Laramie River Station and one external hard drive containing the revised electronic
modeling files.

If you have any questions regarding the contents of this submittal please call me at 913-458-9062. For
specific questions regarding the Laramie River BART analysis please contact Bob Eriksen of Basin
Electric at (701) 355-5654.,
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Kyle Lucas
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Introduction

In a conference call held on April 3, 2008, the Wyoming Department of
Environmental Quality (WDEQ) requested additional modeling analyses be performed
for the Laramie River Station (LRS). Specifically, the WDEQ request was for individual
unit modeling for the baseline scenario as well as unit specific analyses of the selective
catalytic reduction (SCR) control technology—or NO, confrol technologies being
reviewed as BART for the LRS units. Subsequent to the April conference call with
WDEQ, Basin further investigated additionat refinements to the BART CALPUFF air
dispersion modeling analyses which included nitrate repartitioning and- more realistic
ammonia background concentrations based on monitored values in western Wyorming as
well as at several western Class 1 areas, In addition to the individual unit modeling
requested by WDEQ, these two refinements are described in more detail below.

Additionally, the submittal of the Basin LRS BART analysis in September 2007
contained 2006 cost information. The cost for control equipment and other ‘associated
expenses have continued to increase and can no longer be considered representative.
Therefore, the costs for NO, control technologies were updated from the Novembcr 2006
timeframe to December 2007 costs.

This submittal document contains to two parts—updated cost information for the
control technologies as well as updated visibility modeling results,

Part 1 - Technology Cost Update

In an effort to provide a more accurate visibility cost impact, the cost impact
analysis for the control scenario evaluated for BART were updated to a 2007 dollar basis
to capture recent escalation in equipment and other associated expenses béetween the last
submitted cost estimation values (2006). The cost data submitted in the September 2007
transmittal 1o WDEQ was based on the results from the cost impact analysis performed
using November 2006 values. Since then, it has been observed that there is an increase in
the cost for control equipment. This increase is atiributable to the surge in demand. for
such conirol equipment in both the domestic and international markets. The inability of
the manufacturer’s supply capacity to meet this demand has resulted in a spike in these
equipment costs.

The cost escalation was based on published material escalation rates recorded
between 2006 and 2007. The primary escalation factor utilized was the Chemical
Engineering Plant Cost Index (CEPCI). CEPCI is an index published by the Chemical
Engineering magazine to track process plant construction costs from one time period fo
another, The CEPCI consists of a series of sub-indices for specific plant equipment
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categories, which is then calculated using assigned weightage to produce a composite
index value. Using the sub-indices in CEPCI for specific plant equipments, the cost
impact analysis for the control technologies evaluated for LRS were escalated to the
December 2007 time frame,

The cost data and updated cost analysis tables are included in Atiachment 1 of this
document.

Part 2 — Visibility Analysis

To date, Basin has previously submitted two BART modeling analyses. To
clarify the contents of these analyses, as well as for this submittal, 2 summary of each has
been provided: '

September 25, 2007 A

Modeling analyses were performed to provide LRS plant-wide regional haze
(visibilify) impacts at the Badlands and Wind Cave Class I areas, The analyses
wete baged on a constant 2 ppb background ammonia concentration and no nitrate

repartitioning.

February 14, 2608 )
Modeling analyses were performed to provide LRS plant-wide regional haze

(visibility) impacts at two aforementioned Class T areas. The analysis corrected
two discrepancies in the September 2007 modeling. -Specifically, the update
included corrected upper air meteorological station locations and a ZFACE height
change. The analysis was based on a constant 2 ppb backgmund almnonia
concentration and no nitrate repartmonmg

July 24, 2008
Two main modeling analyses were performed to provide LRS plant-wide and unit

specific regional haze (visibility) impacts at two Class I areas for the baseline
scenario, the units with Overfired air (OFA), selective non-catalytic reduction
(SNCR) control technology, and SCR. The first analysis, believed to be the more
representative of ammonia chemistry of the area, was based on refinements which
included using the nitrate repartitioning methodology and monthly variable

~ background ammonia concentrations, The second analyses, was conducted
utilizing the methodologies and modeling options from the previeus submittals--
the analyses included a 2 ppb constant background ammonia conceniration.
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The modeling analyses using the constant ammonia background is at the request -
of the WDEQ while the analyses based on the refinements contained in this submiital
using the aforementioned nitrate repartitioning and the variable ammonia background,
supersedes the original September 2007 and February 2008 BART modeling analyses as
Bagin believes these analyses are more representative.  Therefore, the purpose of this
document is to first describe the two refinements in modeling methodology used and to
provide supplemental information on the background anmumonia data, Secondly, the
document will summarize the LRS plant-wide and unit specific modeling using nitrate
1epartitioning and a variable ammonia background. Lastly, the document will summarize

* the requested WDEQ modeling using the constant ammonia background concentration.

BART CALPUFF Modeling Refinements

Subsequent to the April conference call with WDEQ, Basin further investigated
additional refinements to the BART CALPUFF air dispersion modeling analyses which
included nitrate repartitioning and more realistic ammonia background concentrations
based on monitored values in western Wyoming as well as at several westerm Class |
areas.

Nitrate Repertitioning _ _

The first refinement for the LRS BART visibility analyses was to better account
Jor the amount of pariiculate nitrate (NOs) by limiting the available ammeonia when
individual unit puffs overlap. The original visibility modeling .did not incorporate
repartitioning of available ammonia (MNITRATE = (). The refinements did not allow
each overlapping puff{s) to use the fll ammonia background value but instead only a
portion of the ammonia available (MNITRATE = 1). This concept is reflected in Section
6.0 of the WDEQ protocol. It is important to note that this refinement noted as nitrate
repartitioning is not the ammonia limiting method commonly referred to as ATM.

Ammonia Background Conceniration

As described in Section 7.1 of the BART application, the air dispersion modeling
analyses presented were conducted in accordance with the BART Air Modeling Protocol
Individual Source Visibility Assessments for BART Control Analyses dated September
2006, (hereinafter referred to as the WDEQ Protocol), Specifically, the LRS BART
ﬁlodeling was performed using the same high fixed background ammonia level of 2 ppb
that wag used for the initial modeling performed by WDEQ. Section 5.0 of the WDEQ

i

protocol notes that the 2 ppb ammonia concentration is “...based upon monitoring data

Jrom nmearby states and IWAQM guidance. Experience suggests that 2.0 ppb is
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conservative in that it is unlikely fo significantly limit nitrate formation in the model
computations.” However, at the time of the WDEQ protocol development there was
limited real-time or historic ambient concentration information for ammonia within the
modeling domain and at the individual Class T areas from sources such as CASNET, As
a result, there was limited information to use to verify whether the assumed 2 ppb
ammonia background concentration was representative. In fact, colder femperatures and

limited agriculture activity, among other variables, could limit the amount of ammonia

present in the ambient atmosphere, thus limiting the ammonia available to chemically
react to form suilfates and nitrates to reduce visibility.

The WDEQ Protocol (Section 3.1) firther indicates that “ammonia is not believed
to be a significant coniributor to visibility impainment in most cases in Wyoming...”
Other regional BART modeling guidance also considered a high initial ammonia value
but also noted that the issue would be later reviewed as noted in the CALMET/CALPUFF
Protocol for BART Exemption Screening Analysis for Class I dreas in the Western
United States dated August 15, 2006, (hereinafter referred to as the WRAP Protocol).
Section 3.1.2.6 of WRAP protocol indicates that the 1 ppb value would be initially used
and the issue revisited at a later time;

Thus, based on the fact that western Class I areas tend fo be either more arid or
Jorest land than grassland we proposed to initially use a I pph background
ammonia value for the CALPUFF runs. We will then revisit the background
ammonia values for the Class I areas for the post processing step and provide the
CALPUFF output to the States so they can investigate alterngtive background
ammonia values if desired.

Similar to WDEQ, po additional information regarding refined ammonia
backgronnd concentrations was available from the WRAP in supplemental guidance or
modified BART modeling protocols.

However, additional studies have been complete which report lower background
ammonia concentrations as well as provide modeling results which clearly sugpest
ammonia concentrations less than 1 ppb conld significantly affect the visibility impacts.

Therefore, an investigation was undertaken to locate and identify more realistic
ammonia background valies. A 15-month monitoring study, located in the Upper Green
River Basin of western Wyoming southwest of Bridge Wilderness Area, was initiated in
December 2006 by Shell Exploration & Production Company to characterize ammeonia
concenirations throughout the year. The findings of this study were presented at the Air
& Waste Management Association (AWMA) Acrosol & Aimospheric Optics: Visual Air
Quality and Radiation in Moab, Utah on May 1, 2008. The extended abstract for this

Final BART Response 0724088 .doc 40f 14
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presentation has been included as Attachment 2. As the abstract indicates, “standard
operating procedures, technical instructions, and a QAPP for instrument installation,
operation and maintenance, field sampling, filter handling, and laboratory analyses were
developed and submitted to WDEQ”. The results of study indicate that ammonia
concentrations are variable throughout the year, are below or near detectable limits from
December through late February, peak in August at lovels less than WDEQ’s assumed
constant 2 ppb ammonia level, and have an annual mean value of 0.24 ppb. Table I
includes the monthly mean ammonia values (referenced from Figure 2 of the abstract) for
illustration of the low background ammeonia values,

Table 1
Monitored Variable Monthly Ammaonia
Background Concentration’

Background Ammonia
Congentration

Month (ppb)

January ' <01

February <0.1
Mauarch 0.2
April 0.2
May - 0.3
June ) 0.3
July 0.8
Aupust 0.8
September (.3
October 0.2
November 0.1

December , <.l

"The Wyoming ammonia data is from the
extended abstract presented at the Air & Waste
Management Association (AWMA) Aerosol &
Atmospheric Optics: Visual Air Quality and
Radiation in Moab Utah on May 1, 2008.

Similarly, other facilities undergoing Prevention of Significant Deterioration
(PSD) air permitting forther investigated more realistic ammonia background
concentrations. The Sithe Global Power, LLC’s Desert Rock Energy Facility and the
Toquop Energy Project visibility analyses located in the southwestern U.S. used variable
menthly background ammonia concentrations which were approved by the regulating
agencies as being representative of regional background concenirations. For reference,
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these background ammonia concentrations are presented in Table 2. Additionally, the
aforementioned ammonia data and supporting information for the values contained in the

Desert Rock Energy Facility and the Toquop Eoergy Project visibility analyses have been
included in Attachment 3. These data were-based on ammonia background concentrations
monitored at several western class I aress. Attachment 3 also contains the Colorado
Department of Public Health and Environment’s C4LMET/CALPUFF BART Protocol for
Class I Federal Area Individual Source Attribution ﬁ’isibz'lity Impai’rment Modeling

Analysis dated October 24, 2005. This document contains information on ammonia .

sensitivity tests completed which indicate that background ammenia values do vary and
that the model is sensitive to background ammonia values less than 1.0 ppb.

Table 2
Variable Monthly Ammonia
Background Concentration'
Background
Ammonia
Month Concentration
(ppb}
Janvary 0.2
February 0.2
March 0.2
April 0.5
May 0.5
June 1.0
July 1.0
Angust 1.0
September 1.0
October 0.5
November 0.5
December 0.5
! The ammonia data is from the Sithe
Global Power, LLC’s Desert Rock Energy
Facility and the Toquop Energy Project
visibility anaiyses. '

Additionally, based on a conference call with Mark Sather of EPA Region 6 it
was determined that EPA has conducted an ammonia monitoring study from December
2006 through January 2008 in the Four-corner’s area of New Mexico, The EPA goal of
this stody is to establish a baseline for the area and to set the backpround ammonia
concenfrations to be used in visibility studies, PSD permitting activities, and BART
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analyses. The study used five monitoring sites scattered throughout the Four-Corners
area. From discussions with EPA the data in the 4 comers area generally ranges from a
non-detectable level to 0.6 ppb with the annual average background approximately 0.2
ppb. EPA is curently completing a techmical review for journal publication with
completion of the review anticipated at the end of July.

The aforementioned supplemental data from the Shell study in Wyoming, the
Desert Rock Energy Facility and the Toquop Energy Project’s, and EPA Region 6°s
monitoring study each indicate that the background ammonia in the western United States
is variable and the ammonia values monitored less thar WDEQ’s 2 ppb constant value.
Based on this information, refinements to LRS’s BART modeling have been completed
to reflect the monthly ammonia values from the study in Wyoming., The results of this
update are presented below. If should be noted that Basin considers these refinements
and the resulting visibility impacts more realistic and representative than those results
previously submitted.

Visibitity Summary with Nitrate Repartitioning and Variable Ammonia
Based on the aforementioned refinements in background ammonia concentrations

and nitrate repartitioning, revised CALPUFF visibility modeling was performed for the
following scenarios:

s Facility and unit specific Baseline

» Tacility and nnit specific Scenario 1 (OFA)
¢ Facility and unit specific Scenario 4 (SNCR)
» Facility and unit specific Scenario 5 (SCR)

The modeling summarized in this report is for the LRS on a plant-wide basis and
for each of the three LRS units on an individual unit basis. Tt is important to note that all
other modeling options as described in the BART application were unchanged. For
simplicity, the following results discuss the differences between the OFA scenario and
the SNCR and SCR scenarios. The OFA scenario was used as the new baseline as Basin
is currently proceeding with the installation of this control technology as BART for NO,
as indicated in the submittal in September 2007. The visibility modeling results are
contained in Attachment 4, .

The results of the refined visibility modeling for the LRS plant, assuming the
same confrol technology is installed on all three units, are illustraied in Tables 1 through
3 and 13 of Attachment 4. These tables sumumnarize the scenarios and the maxiroum
visibility (deciview) impact seen at any of the two Class I areas at any fime over the 200!
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to 2003 period. The results of this analysis, using the aforementioned refinements,
indicates a decrease in visibility impact at each of the two Class I arcas from those
visibility impacts indicated in the BART application document.

The maxinmm visibility (deciview) improvemeﬁt seen at either of the two Class 1
areas at any time over the 2001 to 2003 period is illustrated in Table 13 for each scenario.

The expected degree of visibility improvement for each control scenario on a
plant-wide basis was determined by the differsnce in the maximum visibility -
improvement for each receptor at each of the Class I areas. Again, it is important to note
that the conirol technology associated with the OFA scenario formulated the LRS’s
baseling case, as well as the new baseline case for the individual unit analyses described
later. Additionally, the cost-effectiveness for the poteniial BART control technologies
from the BART application were used to calculate visibility improvement cost-
effectiveness in $/deciview ($/dv).

These maxinum visibility improvements between the OFA and the SNCR and
SCR control scenarios range from 0.35 dv to 0.68 dv of expected visibility improvement
above the OFA scenario. The results indicate that adding additional SNCR or SCR NOy
control technology beyond the consent decres does not vield visibility improvement
greater than 1,0 dv at any Class I area and in fact results indicate that visibility
improvoment at Badlands is less than 0.5 dv.

Based on the visibility improvements modeled and the total annual cost evaluated
in the impact analysis stage of the BART application document, the cost-effectiveness for
visibility improvement (annual cost per improvement in visibility, $/dv), was determined
for LRS over the aforementioned range of visibility improvement. The resulting cost for
installation of SNCR or SCRs at LRS ranges from $42.4 million/dv to $97.6 million/dv.

The results of the refined visibility modeling for Unit 1, Unit 2, and Unit 3
individually are illustrated in Tables 4-6, 7-9, 10-12, and Table 13 Attachment 4,
respectively.  These tables summarize the scenarios and the maximum visibility
(deciview) impact seen at either of the two Class I areas at any time over the 2001 to
2003 period. Again, it is important to note that individual unit irapacts at a specific class
[ area cannot be added to equal the combined LRS plant-wide impact at the same class I
area becanse each impact may not have occurred during the same 24 hour period or at the
same receptor location. 7

The maximum visibility (deciview) improvement seen at either of the two Class 1
areas at any time over the 2001 to 2003 period is illustrated in Tables 13.. Again, the
expected degree of visibility improvement for each control scenario for each unit was
determined by the difference in the maximum visibility improvement for each receptor at
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each of the sixteen Class I areas. Furthermore, the same methodology previously
described for the LRS’s cost-effectiveness in (3/dv) was used here for each unit.

These maximum visibility improvements between the QFA scenario and the
SNCR or SCR control scenario for each unit are lower than the results utilizing the less
tealistic constant ammonia background of 2 ppb described in the next section. The
visibility improvements are summarized below.

o  Unit 1 inaprovements range from 0.07 dv to 0.19 dv.
¢ Unit 2 improvements range from 0,10 dv io 0.19 dv
e  Unit 3 improvements range from 0.09 dv to 0.22 dv

The results again indicate that adding additional SNCR or SCR NO, control
technology beyond the OFA scenario does not yield visibility improvement greater than
0.5 dv at any Class I area. Based on the visibility improvement modeled and the total
annual cost evalnated in the impact analysis stage of the BART application document, the
cost-effectiveness for visibility improvement (annual cost per improvement in visibility,
$/dv), was determined for each unit, The resulting cost for installation of SNCRs or
SCRs for each unit is summarized below.

SNCR
»  Unit 1 cost range is $54.6 million/dv to $99.5 million/dv.
o Unit 2 cost range is $55.8 million/dv to $73.7 million/dv,
¢  Unit 3 cost range is $43.6 million/dv to $85.6 million/dv.

¢ Unit 1 cost range is $78.1 million/dv to $130.7 million/dv.
» Unit 2 cost range is $78.1 million/dv to $114.0 million/dv.
¢ Unit 3 cost range is $70.5 million/dv to $130.7 million/dv.

Attachment 4 contains a LRS plant and unit summary of the 98ith percentile
visibility impact for the three modeled technology scenarios and provides information on
the number of days above 0.5 dv threshold for each class I area.

Visibifity Summary with Nitrate Repartitioning and Variable Ammonia

The individual unit’s impacts for the SNCR and SCR control scenarios indicate 2
slight improvement in visibility from the OFA scenario. Specifically, individual
improvements are less than half of the 0.5 dv threshold. For the LRS facility the
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visibility improvements are slightly greater than 0.5 dv but these minor visibility
improvements for class I areas outside of the state of Wyoming using these technologies
are cost prohibitive.

Basin recognizes that WDEQ has requested additional visibility modeling be
conducted using a constant ammonia background value of 2 ppb. While Basin does not
believe .analyses conducted using the constant ammonia background (2 ppb) is
representative, analyses have been conducted based on the aforementioned modeling
methodology and described scenarios for both the LRS plant and individual units and
these results are summarized in the next section as well as contained in Attachment 5.

Visibility Summary with Constant Ammonia

Based on the aforementioned request from WDEQ for individual unit modeling -
for the baseline scenario as well as the SCR control technology this modeling as well as
modeling representing Scenarios 1 (LRS units with OFA) and 4 (SNCR) were performed.

The following CALPUFF visibility modeling was performed for the following
scenarios: :

* Facility and unit specific baseline

o Facility and unit specific Scenario 1 (OFA)

¢ Facility and unit specific Scenario 4 (SNCR)
. Facility and unit specific Scenario 5 (SCR)

Again, the OFA scenario was modeled and used as the new baseline scenario as
Basin is currently proceeding with the installation of this control technology as BART for
NO as indicated in the submiital in September 2007. The modeling summarized in this
section of this report is for the LRS facility as well as each of the three LRS units on an
individual wnit basis. It is important to note that all othet-modeling options and modeling
methodologies as described in the BART application were unchanged. For simplicity,
the result tables illustrate the visibility impacts of the baseline scenario and the three
scenarios—>Scenario 1 (OFA), Scenario 4 (SNCR), and Scenario 5 (SCR) scenario. The
visibility modeling results are contained in Attachment 5. .

The results of the refined visibility modeling for the LRS plant’s NOx control
scenarios, assuming the same control technology is installed om all three units, are
illustrated in Tables 1 through 3 and Table 13 of Attachment 5. These tables summarize
the scenarios and the maximum visibility (deciview) impact seen at any of the two Class I
areas at any time over the 2001 to 2003 period. The results of this analysis indicate
visibility improvement for all three control technologies at both affected federal Class 1
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areas through the years 2001 to 2003. It should be noted that becanse LRS is currently in
the process of installing CFA systems, the visibility improvement from the OFA scenario
to sither the SNCR or SCR conirol technology scenario i less than 1.0 dv. The
maximum improvement which is less than 1.0 dv is atiributed to a costly SCR control
technology scenario for each unit, which exceeds the targeted NO, presumptive limit of
0.23 Ib/MBitu.

These maximum visibility improvements between the OFA scenario and the
SNCR or SCR control scenaric range from 0.57 dv to 0.97 dv of expected visibility
improvement above the OFA. scenario. The results indicate that adding additional SCNR
or SCR NO, control technology beyond the OFA scenaric doss not yield visibility
improvement greater than 1.0 dv at any Class 1 area and on a individual unit basis shows
a potential visibility improvement of 0.36 dv but this is less than 0.5 dv threshold. '

Based on the visibility improvement modeled and the total annual cost evaluated
in the impact analysis stage (Step 4) of the BART process, the cost-effectiveness for
visibility improvement (anoual cost per improﬁement in visibility, $/dv), was determined
for LRS over the aforementioned range of visibility improvement. The resulting cost for
installation of SNCRs or SCRs at LRS ranges from $37.1 million/dv to $62.0 million/dy.

As noted in the application the total annual cost for the implementation of the
rccommended control technologies to meet the presumptive emissions levels is
approximétely 2.7 million $/yr. The maxinoum modeled visibility improvements for the
recommended control scenario at each federal Class I area through the 2001 to 2003 time
period is 0.2 dv. - From this analysis, the cost-effectiveness for maximum visibility
improvement from LRS is 8.9 million $/dv which is significantly less than the costs to
install either SNCR. or SCR control technology shown in this analysis.

The results of the refined visibility modeling for Unit 1, Unit 2, and Unit 3 are
illustrated in Tables 4-6, 7-9, 10-12, and Table 13 of Attachment 5, respectively. These
tables summarize the scenarios and the maximum visibility (deciview) impact seen at
either of the two Class I areas at any time over the 2001 to 2003 period. The visibility
impacts illustrated in the tables represent the maximum visibility impact at each of the
Class I areas. It is important to note that individual unit impacts at a specific class I area
cannot be added to equal the combined LRS plant-wide impact at the same class I area
because cach impact may not have occurred during the same 24 hour period or at the
same receptor location.

The maximum visibility (deciview) improvement seen at either of the two Class T
areas at any time over the 2001 to 2003 period is illustrated in Table 13. Again, the

- expected degree of visibility improvement for each control scenario for each unit was

determined by the difference in the maximum visibility improvement for each receptor at
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each of the Class I areas. Furthermore, the same methodology previously described for
the LRS’s cost-effectiveness in ($/dv) was used here for each unit,

These maximum visibility improvements between the OFA scenario and the
SNCR and SCR control scenaric for each unit are less than that of the combine LRS
analysis and are all less than 0.5 dv. The visibility improvements are summarized below.

o Unit 1 improvements range from 0.21 dv to 0.36 dv
¢  Unit 2 improvements range from 0.21 dv to 0.36 dv
s Unit 3 improvements range from 0,20 dv to 0.36 dv

The results again indicate that adding additional SNCR or SCR NOy control
technology beyond the OFA scenario does not yield visibility improvement greater than
0.5 dv at any Class I area. Based on the visibility improvement modeled and the total
armual cost evaluated in the impact analysis stage of the BART process, the cost-
effectiveness for visibility improvement {(annnal cost per improvement in visibility, $/dv),
was determined for each unit. The resulting cost for installation of SNCRs and SCRs for
each unit is summarized below,

SNCR .
e Unit 1 cost range is $33.3 million/dv to $35.6 million/dv.
_.- Unit 2 cost range is $33.3 million/dv to $35.6 million/dv.
e Unit 3 cost range is $32.3 milliow/dv to $37.4 million/dv.

o Unit 1 cost range is $42.2 million/dv to $54.5 million/dv.
o Unit 2 cost range is $41.8 million/dv to $55.3 million/dv.
*  Unit 3 cost range is $42.5 million/dv fo $57.9 million/dv.

Attachment 5 contains a LRS plant and unit summary of the 98™ percentile
visibility impact for the three modeled technology scenarios and provides information on
the number of days above 0.5 dv threshold for each class I area.

Additional Considerafions
The minimal visibility improvements discussed in this document for either the

variable or constant ammonia cases do not merit the large capital expenditure required to
install SNCR or SCR. In addition to the prohibitive cost associated with BNCR and SCR,
there are ofher important reasons that OFA should be considered BART for the LRS
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units, First, these state-of-the-art combustion controls (OFA technology) were used to
form the basis for the BART presumptive limits for NOy in the BART guidelines.
Furthermore, these state-of-the-art combustion controls are currently being planned by
Basin for installation to meet BART requirements based on the findings of the September
2007 analysis.  Second, if one considers the poteatial visibility improvements gained
(for either variable or constant ammonia) from utilizing the baseline scenario in lieu of
the OFA scenario, the individual unit resnlis again indicate that adding additional SNCR
or SCR NOy control technelogy does not yield visibﬂity improvement greater than 0.5 dv
at either Class T area. Lastly, installation of SNCR. or SCR requires ammonia to reduce
NOy emissions, Specifically, in a SCR system, ammonia is injected into the flue gas
stream just upstream of a catalytic reactor. The ammonia molecules in the presence of
the catalyst dissociate NO, into nitrogen and water. Any unreacted ammonia passes
through the reactor and out the stack as ammonia emissions or ammonia slip. In an
SNCR system, the ammonia is injected directly into the boiler to react with NO,. In
¢ither case, this additional ammonia would then be available to add to the ammonia
background concentration, chemically react to form nitrates and sulfates, and potentially
further increase the visibility impacts at the Class I areas. The additional ammonia slip
was not considered in this analysis. Thercfore, OFA should be considered BART for
NOy control on the LRS units.

Conclusion

As noted in this document, Basin’s further investigation of additional refinements
to the February 2008 BART CALPUFF air dispersion modeling analyses to yield more
realistic regional haze impacts was warranted. These analyses included nitrate
repartitioning and more realistic ammonia background concentrations based on 2 year of
monifored values in western Wyoming. The modeling refinements contained in this
submittal supersedes the original February 2008 BART modeling analyses.

The conclusions of this study re-iterate and support the overall findings of the
February 2008 submittal that installation of an SNCR or SCR system at the LRS provides
minimal visibility improvement and would require significant capital expenditure and
modifications that will impact many areas such as air heater performance, SO3 emissions,
and ash handling. The results from the analyses further substantiate that the addition of
these technologies does not yield a benefit nor meet the intended goal of BART. Both
the total annual costs evaluated and the cost-effectivencss ($/dv) are prohibitive for the
SNCR. and SCR technologies given the minimal improvements realized.
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Therefore, given the minimal visibility improvement to the two Class I areas in
the BART analysis, the recommended BART NO, control for LRS is still the installation
of an OF A system for all three units.
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RH-BART Gonlral Skratagy Review . .

—
Table 8-1
Impact Anslysls and Cest Effsclivanesa Resulls (LRE 1)
Emissfon Expecled Exgecled | Expatied Tolal Incremantal
Performanea Emlssion Emfeslon Emlssion Capltal | Annuelized Coat Cost Energy Non-Ak
- Lavel" Rata Rsle Reduclions | Coits Cost Effect! ffacth Impacts Impacls
All Feaslhle Yechnalopiea {BmmBty) LIy} {lonfye} (tonsiyeary { (10008} | (1,0008) (1,0008) [1,0003)
NO, Control Tachnoleglee
Ovarire Alr (OFA) System 0.28 10,767,320 5,384 238 6,328 €25 688 - 140 -
New LG . 025 10,767,320 5,384 938 16,839 1,350 1,453 - - -
SNGR/SCR Hybrid (Cascade) 020 5,362,867 4,681 1,638 44,869 7428 4534 - T -
[ New LIS with OFA 0,45 7,022,168 BN 7,808 22,086 1944 B9z 704 - -
Now LHB with OFA gnd SNCR 012 5,612,732 2,809 3511 LERES] 7,385 2,098 - I -
Salactive Catalylle Reductlon {SCR) 0.07 9,211,010 1,639 4,681 124,41 15,787 3,312 7,302 415 1
Notes:

1. Oominant contrals era shawn in bold

2. All cosle 2ra in 2007%

3. Incramental cosls 2ra bosed on;

a) New LNB with OFA Incremenlal cost refaliva to OFA
b} SCR incremental cost relative ko New LNE wilh OFA

_,_‘ ——
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P—

AQD LRS BART
000226



-

p—— -

|

()

RK-BART Control Strategy Reviow

{mpacl Analysis and Cost Effectiveness Resulls (LRS 2}

Al Fagelila Teehrologias
NO, Contro! Tachnaologles

Overfire Alr [OFA) Systom

New LNB

SNGRISCR Hybrd (Gascade)

Mew LNB with OFA

Hew LIVE with OF A and SNGR
Selectlva Cotalytlc Reduction (SCR}

Emlgeian
Perlormanca
Laval

{IbferiznBiu}

023
0.23
020
AL
0.12
o.bo7

Table &2

Emlsslon Emiasion

Rats Rala

| (biyr) | flonhy) |

10,708,280 5,354
10,708,280 5,354
8,311,348 4,656
389,661 3,492
§.566929 2783
3,259,042 1.6ap

Emlazlon
Reducllons

{tons/ear}

931
931
1,690
2792
3.402
4,656

Gapllal
Cosls

(1,0008}

5,318
15,831
44,568
22,098
43,449

$23,5M

Tota!l Incremantal
Annualizad Casl Cost Enargy MenAlr
Cost Ef v Impacts Impacts
!1&003 o Sﬂun! (41,0008} (1,0008]
625 &M - 140 -
1,360 1461 - - -
7429 4,559 - I -
1,944 B46 708 - -
7365 2,109 - m -
15,787 3391 7,433 414 1

[Noles:

1. Dominant conbrole are shown in beld

2. AR casts are b 2007%

1. Incremental cotle ara based an:
a} New LNG with OFA Incremeniz) cost relative to OFA
) SCR incremental gost relalive fo Nev LVE with OFA
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Table g2 .
Imypact Analyels and Cost Effsctiveness Resuits (LRS 3)
Emlazlon Exgected Expected Expacied Total Incramantal
Parformenee  Emigslon Enmlsslon Emission Capllal | Annuaiized Cost Cost Enargy Nen-Alr
Leval - Rata Rate Reduclions Caaly Cogt Efi iy Tmgacls Impacts
All Feas(ble Technologlas - (WmmBiu] (Ibyr) flandyr) {lonstvear) | {1,0005) 1,0008) {3don} {&fton) (1,0005) {1.0008)
[ND; Control Technofogles
Oveiflre Alt {DFA) Syatom [%5] 10,288,072 5483 955 5,328 625 664 - 140 -
NewLNB 0.23 10,886,072 3493 855 15,631 4,360 1,424 - - -
SNCR/SCR Hybrid (Cascade) . Q.20 9,553,108 4777 1,672 44,080 TA420 4444 - I -
) New LNB with OFA .15 7,364,829 3,582 1,868 22,005 1,044 618 580 - -
New LNE with OFA and SNGR ) 0142 4,731,859 2,B66 3,682 43,441 7485 2,056 - ke -
Salectiva Gatalylic Reduction (SCR) b7 3,343,687 1,672 4,717 423,103 15,787 3,405 7,245 4 1
Noles:
— 1, Dominant Eontrels are shown in bold
i 2. Al oasts ate In 20075
i 3. Incramental eosts are based en:
(. a} Nowi LNB wilh OFA Tncramenlal cost relativa 1o OFA
b} BCR Incremanlal cost mfalive ta Mew LNB with OFA

—_———
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BEPC Laramie River BART Engineering Analysis - Cost Analysis (Revision) - in 2007§

Technology:  Qverfire Alr Syslem

Date: 516/2008

Cost tam § RemarkeiCaslt Basis
CAPITAL COST
Dlrect Costa
Purchased equipment costs
Complete OFA Sysiem $2,561,000  vendar quote, 10/06
CO Monitoring System 350,000  B&Y Estimale
Subtotal capital cost {GC) $2,611,000
Taxes $104,000 {CC) X 4.0%
Freight . $131,000 {CC) X 50%
Total purchasad equipment cost {PEC) $2,846,000
Direct installation costs
Foundation & supports 0 [(PECIX 0.0%
Handling & erection $568,000 (PEC} X 20.0%
Electrical $427,000 (PEC) X 168.0%
Piping §57.000  (PEC) X 2.0%
Insutafion 30 (PEC} X 0%
Palnting ¢ (PEC}X 0.0%
Damalition $71,000 . (PEC)X 2.5%
Relocation 30 {PEC) X 0.0% !
Total direct Insiallation costs (BIC) $1,124,000
Site preparation $0 NiA
Buildings 50 MA
Total direct costs {DC) = (PEC) + (DIC) $2,970,00¢
Indirect Gosts
Enginsaring $397,000 (DC) X 10.0%
Cwner's cost . 79,000 {DC) X 2,0%
Construction management $159,000 {DC) X 5.0%
Starl-up and spare parls $79,000 (DCY X 2.0%
Parformance test $60,000 Enginearing estimate :
Conlingencies $357,000  (DG)X 10.0% :
* Total Indirect Gosts (IC) 51,204,000
Allowance for Funds Used Durlng Construction (AFDC) $165,000 [{DC)+(ICY) X 6.00% 1 years {project time langth)
Total Capitel Investment (TCI} = {DC) + (IC) + (AFDC) $5,328,000 :
ANNUAL COST
Dlrect Annual Costs
Fixed annual costs
Maintanance materlals $10,000 B&VY cost estimate
Malntenance labor 312,000  B&V cost estimale, 8 man weeks/yr
Total fixed annual cosls $22.000
\varlable annual cosls
Replacement power due to eflciency hit $140,000  Englneering estimates, 0.2% efficlency drop, and 0015 $kWh
Tatal variable annual costs $140.000
Total direct annual cosis {DAC) 5162,000
Indlrect Annual Costs
Cost for caplial recovery 463,000 (TCH X 8.70% CRF at 8% interest & 20 year lifa
Tolal Indirect ennual costs (IDAG) 5463,000
Total Annual Cosl {TAC)= {DAC) + (IDAG) $626,000

ot
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BEPC Laramie River BART Engineering Analysis - Cost Analysis (Revisfon) - In 20075

Technology: New Low NOx Burners

Date: 5/6/2008

Cost ltem $ Remarks/Cost Basls
CAPITAL COST
Direct Costs
Purchased equipment costs
Complele néw burnars $8,446.000 vendor guota, 10/06
Subtotal capital cost (CC) $8,446,000
Taxes $338,000 {CC) X 4.0%
Freight . $422.000 {CCY X 5.0%
Total purchased equipment cast {(PEC) $9,208,000
Direct installation cosls
Foundation & supports $0 (PEC) X 0.0%
Handling & erecfion $1,841,000 (PEC) X 20.0%
Eleclrical $921,000 {PEC) X 10.0%
Piping 30 {PEC) X 0.0%
Insulation g0 (PEC) X 0.0%
Palnting 0 (PECYX 0.0%
Demolition $230,000 (REGC) X 2.5%
Relocation 30 (PEC) X 0.0%
Total direct installation costs (DIC) §3,892,000
Site preparation $0 N/A
Bulldings 50 MNIA
Total divact costs {DC) = (PEC) + (DIC} $12,198,000
Indirest Cosls
Engineering $610,000 (DC) % 5.0%
Owner's cost $244,000 (DG X 2.0%
Genstruction management £610,000 (DG X 5.0%
Slarl-up and spare parts $244,000 (DG X 2.0%
Performance test 860,000 Engineering estimate:
Conlingencies $1,220,000 (DC) X 10.0%
Total indirect costs {IC) 52,978,000
Allowance for Funds Used Buring Construcilon (AFDC) $455,000 [(DCYH(IC)] X 6.00% 1 years (profect time langth)
Total Capital Invesiment (TCI} = (DG) + (IC) + (AFDC) $15,631,000
ANNUAL COST
Pirect Annual Cosis
Fixed annual costs
NiA &0 Similar annual costs as current LNB
Tolal fixed annual coste 50
Varlable annusl cosls
N/A $0  Similar annual ¢osts as current LNB
Total variable annual cosis $0
Total direct annuai costs (DAG) $0

Indirect Annual Gosts
Cost for capilal recovery
Tolal indirect annual costs {IDAC)

Total Annual Gost (TAC) = (DAC) + (IDAC)

$4,360,000
§1,360,000

$1,360,000

(TG X 8.70% CRF a1 6% interast & 20 year life
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BEPC Laramie River BART Engineering Analysis - Cost Analysis (Revigion) - in 2007%

Technology: New Low NOx Burners with OFA System

Date: 5/6/2008

Cost ltem $ Remarks/Cost Basls
CARITAL COST
Direct Costs
Purchased equipment cosls
Complete new burners $8,446,000 vendar quoie, 10/06
Completa OFA Syslem 42,561,000 vendor quote, 10/06
CO Monltering Syatem $160,000 ref. quole
Subintal capital cost (CC) . $11,157,000
Taxes $446,000 {CCY X 4.0%
Freight $558,000 {CC) X 5.0%
Total purchased sgquipment cost (PEC) $12,161,000
Birect instalialion cosis :
Foundation & supports . $0 {PEC) X 0.0% -
Handling & erection  ~ $2,432,060 {PEC} X 20.0%
Electrical 31,216,000 (PEC) X 10.0%
Piping $243,000 {PEC) X 2.0%
Insulation $243,000 (PEC) X 2.0%
Painting 30 (PEC) X 0.0%
Demolition $304,000 (PEC) X 2.5%
Relocation $122,000 (PEC) X 1.0%
Total direct installalion costs (DIC) 54,560,000
Site preparation $0 N/A
Bulidings 30 N/A
Total direct costs (DG} = (PEC) + (DIC) 16,721,000
Indirect Costs .
Engineering $1,672,000 {DC) X 10.0%
Owner's cost $334,000 {DCY X 2.0%
Gonsfruction management - 669,000 {DC) X A.0%
Start-up and spare parts $334,000 {DCY X 2.0%
Performance test $450,000 Enginaering estimate
Contingencies 31,672,000 {DC) X 40.0%
Total indirfact costs (IC) %4,731,000
Allowance for Funds Used During Ganstruction (AFDG) $644,000 [(DC)+{ICY X 6.00% 1 years (project time tength)
Total Capital [nvestment {TCI) = (DC) + {IC) + (AFDC) $22,096,000
ANNUAL COST
Diract Annual Costs
Fixed annual costs
Maintenance materials $10,000  B&V costeslimale
Maintenance labor $12,000 BaY cost esiimate, 8 man weeksfyr
Total fixed annual costs $22,000
Variable annual cosis :
Replacermeni power dug to efficiency hit 50 Enginearing estimates, 0.2% efficiency drop, and 0.015 $/kWh
Total variable annual costs 0
Total direct annual cosis (DAC) $22,000

Indirect Annual Costs
Cost for capital recavary
Total indirect annual costs (IDAC)

Total Annual Cost (TAC) = (DAC) + (IDAG)

$1,922,000
$1,922,000

1,244,000

(renx 8.70% CRF a1 6% inierest & 20 year life
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BEPG Laramie River BART Engineering Analysls - Cost Analysls {Revision) - in 2007§

Techinology: New Low NOx Burners with OFA and SNGR

Date: 5/6/2008

Caost ltam $ Ramarks/Cnost Basls
CAPITAL COST
Dirgct Costs
Purchased equipment costs
Complete new burners $8,448000  'vendor quote, 10/06
Complete QOFA Syslsam $2,561,000 vendor quote, 10/06
Complete SNCR System $7,072,000 vendor guete, $0/06
Initlal urea Inventory $67,000 45,000 gal. urea Initlal inveniory
CO Monitaring Sysiem $160,000  ref. quote
Subtatal capilal cost (CC) $18,295,000
Taxes $732,000 {CCIX 4,0%
Freight $995000  (CC)X 5.0%
Tofal purchased equipment cost {PEC) $19,843,000
Direct installation costs
Foundation & supporis $508,000 {PEC) X 3.0%
Handling & eraction $3,980,000 (PEC) X 200%
Eleatrical $2,991,000 (PEC)X 16.0%
Piping $303,000 (PEC) X 2.0%
Insulation $199,000 {PEC) X 1.0%
Painling 0 (PECYX  0.0%
Demoition $489,000 (PEC) X 2.5%
Relocation $309,000 (PEC)X  2.0%
Total direct installation costs {DIC) $9,074,000
Sile proparation 30 NIA
Bulldings . $0 NiA
Tolal direci costs {DC) = (PEC) + (DIC) $20,017,000
Indlrect Costs
Englneearing $2,802,000 (DCY X 13.0%
Dwner's ¢ost $1,451,000 ° {DC) X 5.0%
Constniction management $2,802,000 {DC) X 18,0%
Start-up and spare parts 51,464,000  (DC)X 5.0%
Perfermence test $100,000 Englnaering estimate
Gontlngencies $4,353,000  (DCIX 16.0%
Total indirect costs {IC}) $13,159,000
Allowance for Funds Used During Construction {AFDGC) $1,265,000  [[DC)+(IC)] X 6.00% 1 years (project time lengih)
Tolal Capital invesimenl (TGI) = (DC) + {IC) + (AFDC) $43,444,900
ANNUAL COST.
Direct Annual Costs
Fixed annual ¢osls
Oparating labor $107,000 1 FTE and 106,893 Siyr Fully-loadad Iehor rate
Maintenance materlals and labor $871.000 {DCYX 3.0%
Total fixed annual costs $978,000
Variable armual costs
Replacement power due fo efflclency hit 30 Engineering estimates, 0.2% efficiency drep, and 0.015 §/k\Wh
Reagent $2,352,000 1,884 lofhr and 315 §fon
Auxillary pawer $77.000 648 kW and 0.015 §kWh
Water $179,000 200 gpm and 2 $/1,000 gal
Tolal varlable annual costs $2,608,000
Tatal disect annual costs {DAG) $3,5686,000
Indireck Annual Gosts
Cost for capital recovery $3,779,000 (TG X 8.70% CRF at 5% interest & 20 year life
Tatal indirect annual casts {IDAG) 33,770,000
Toelal Annual Cest (TAC) = (DAC) + [IDAC) $7,365,000
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BEPC Laramie River BART Engineering Analysis « Cost Analysls {Revision) - in 2007§

Technology: SNCR/SCR Hybrid

Date: 5/8/2008

Cost ltem $ Remarks/Cost Basls
CAPITAL COST
Direct Costs
Purchased squipment costs

Raagent siarage, handling, injecticn & controls $7,080,000 vendor guote, 10106

Complete 3CR cost $13,077,000 from ref. cost

Initial urea inventory $67,000 45,000 gal. urea Inittal [Inventory

Subtotal capitat cost {CC) -§20,144,000
Taxes $806,000 (OO} X 4.0%
Frelght 1,007,000 (CCIX 540%

Tolal purchased equipment cost (PEC)

Cirect installation costs
Foundation & supports
Handling & erection
Elegitrical
Piping
Insulation
Pain{ing
Diamolition
Relocalion
Total diract installation costs (DIC)

Site preparation
Bulldings
Tolal direct costs {DC) = {PEC) + (DIC}

Indlrect Costs
Englneering
Owner's cost
Caonstruction management
Stark-up and spare perts
Performance test
Cantingancies

Total indirect costs {IC}

Allowanca for Funds Used During Gonstruction {AFDC)

Total Capital lnvestmant (TCI) = (C) + {IC) ¢ (AFDC)

- ANNUAL COS

Direct Annual Cosls
Fixed annual cosls
Operaling labopr
Mainlenance labor and materials
Tolal fixad annual costs

Variable aniual costs
Reagent
Auxiliary and ID fan power
Waler
Tolal variable annual cosls

Tatal direct annual costs {DAC)
Indireet Annual Costs
Cost for capital recavery
Total indirect annual costs (JIDAC)

Total Annual Cost (TAC) = (DAG) + (IDAC)

$21,957,000

$2,196,000
$2,198,000
$2,196,000
$658,000
$110,000
$44,000
$878,000
$878,000
$9,157 000

50
50
531,114,000

$2,178,000
$1,558,000
$3,111,000
$033,000
$100,000
$4,867,000
$12,545,000

51,310,000

$44,969,000

$107,000
$933,000

51,040,000

$2,221,000
§77.000
579,000

. $2,477,000

§3,517,000

§3,812,000

3,092,000

$7,420,000

(PEC) X 10.0%
(PEC) X 10.0%
(PEC) X 10.0%
(FEC) X 3.0%
{PEC) X a.5%
(PEC) X 0.2%
(PEC) X 4.0%
(PEC)X = 40%

A
N/A

{DCYX 7.0%

{DCy X 5.0%
{DC) X 10.0%
{DCY % 3.0%
Enginearing estimaie
(DCYX 16.0%

[(DC)+ICY X 6.00% 1 years {project time iength)

{FTEand 106,393 $iyr Fully-loaded labor rate

{DC) X 3.0%

1,894 Ib/hr and 3186 §iton
B48 KW and 0.015 §ldVh
200 gpm and

2 §/1,000 gal

(Teh X 8.70% CRfF at 6% inieresi & 20 year life
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BEPC Laramle River BART Enginsering Analysis - Cost Analysis (Draft)

Technolegy: Seleciive Catalylic Reduction

Date: 5/6/2008

[——-.

Cost Iltem $ Remarks/Cost Basis
o} 08T
Direct Costs
Purchased equipment costs
Anhydrous Ammonia System $2,481,000 from raf. cost
Expansion Joints 1,887,000 from ref. cost
SCR Reactor & Ductwork $4,871,000 from ref, cost
Catalyst $4,487.000 from vender quote
Sonie Horns $115,000 from ref. cost
Hoists & Conveyors $182,000  from ref. cost
Elevator $1,200,000  from ref. cost
ID Fans $6,334,000 B&YV Estimate
Ash Handling §176,000 from raf. cost
NOx Monitoring System $440,000 from ref, eost
Elactrical $2,308,000 from ref. cost
Fiping $822,000 from ref. cost
Support Steel $4,723,000 from ref. cost
Instrumentation and Controfs $1,309,000 from ref. cost
SubTotal capital cost {CC) $31,425 000 from ref. cost
Taxes $1,257,000 {CCHX 4.0%
Fraight $1,671,000 (CC) X 50%
Total purchased equipment cost (PEC) $34,253,000 :
Direct Installation costs
Foundation & supporis $11,888,550 {PEC) X 35.0%
Handling & erection $11,088,550; (PEC)X 35.0%
Electrical $8,563,250 {PEC) X 25.0%
Piping 51,712,850 {PEC) X 5.0%
Insulation $3,425,300 {PEC) X 10.0%
Painting 3342,590  (PEC)X 1.0%
Demolifion 53,425,300 {PEC) X 10.0%
Relocation %2397, 710 {PEG) X, 7.0%
Total diract installation costs (DIC) 543,834 800" 3,844,600
Site preparation $2,000,000 Enginesring astimate
Buildings $500,000 Enginesring estimate
Tatal direct costs {DC) = (PEC) + (DIC) $80,507,000
Indirect Cosls
Engineering $5,842,000 {DCy X 7.0%
Owner's cost $4,030,000 (DCY X 5.0%
Canstruction Management $8,060,000 {DCYX 10.0%
Start-up and spare parts $2,418,000 {DCYX 3.0%
Performance test $100,000 Engineering estimate
Conlingencies $12,000,000  (DCYX 15.0%
Total [ndirest costs [IC) $32,340,000
Allowance for Funds Used During Gonstruction {AFDC)Y $10,164,000 [(DCHH{ICY X 6.0% for 3 year(s)
Total Capital Investmenl {TCI) = (DC) + (IC) + (AFDC) $123,101,000
ANNUAL COST
Direct Anaual Cost
Fixed annual gosis
Cperating labor §107,000 1 FTE and 106,893 $iyr Fully-loaded labor rate
Maintenance malerials ang labor $2,418,000 (DCYX 3.0%
Yearly Emissions Test $25,000 Enginearing estimate
Calalyst Activity Tasting $5,000 Englneering estimate
Fly Ash Sampling and Analysls $20,00D Enginesring estimate
Total fixed annual costs $2,575,000
Variable annual cosls ]
Reagent $1,030,000 581 Ib/hrand 450 $lton
Augiliary-and ID fan power $414,600 4,760 kWwand 0.015 $/Wh
Catalyst replacement $1,057,000 489 m3and 5,300 $/m3 3yr replacement rate
Catalyst disposal $1,000 218,943 Ib and 10 $fon
Total variable annual cosls $2,502,000
Total direct annual costs {DAC) $5,077.000

Indirect Annual Cosls
Cost for capital recovery
Total indirect annual casts (IDAC)

“Folal Annuat Cost (TAG) = (DAG) + (IDAC)

NOx Cost Summary Rev 0804xls SCR

$10,710,000 (TG X
510,710,000

$15,787,000

Pege Tof 7

8.70% CRF ai 6% inferest & 20 year life

Printad: 5/5/2008 10:03 AM
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INTRODUCTION

A long term ammonia air monitoring study was initiated in December, 2006 at Boulder,
Wyoming, by Shell Exploration & Production Company. The monitoring site is located
in the Upper Green River Basin of western Wyoming southwest of the Bridger
Wilderness, a Class I area with an IMPROVE monitoring site. This region is
experiencing rapid development of natural gas resources with possible consequences of
air quality and visibility impacts in the Bridger Wilderness. Only very limited short-term
ammonia measurements were previously available for this region. Thus, the primary
objective of this study is to characterize the local airborne nitrogen budget and,
specifically, ammwonia concentrations and concentrations of related gases and particles in
the basin for at least one year. Gaseous and particnlate samples were collecied twice per
week (integrated 3-day and 4-day samples) beginning December 15, 2006 and will
continue through May, 2008, Samples were collected using coated annular denuders and
stacked filters in a University Research Glassworks (URG) sampler. The Colorado State
University Atmospheric Science Department provided laboratory-prepared sample media
and laboratory analysis for gas and particle concentrations. Standard operating
procedures, technical instructions, and a QAPT for instrument installation, operation and

" maintenance, field sampling, filter handling, and laboratory analyses were developed and

submitted to Wyoming Department of Envirenmental Quality — Air Quality Division.
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MONITORING AND LABORATORY PROCEDURES

Table 1 lists the instrumentation used and parameters monitored for the Boulder station
ammonia study. Scheduled denuder and filter changes were performed twice per week,
providing three- to four-day integrated samples for the duration of the study period.
Ammonia concentraticns and the concentrations of related gases and particles were
measured using coated annular denuders and stacked filters in a University Research
Glassworks (URG) sampler. The Colorado State University Atmospheric Science
Department provided laboratory-prepared sample media and laboratory analysis for gas
and particle concentrations. The two-channel sampler operated continuously, the air flow
being controlled by a programmable pump with a mass flow sensar, and subsequent
volumetric gas flow meters. The sampling method requires that metered air is drawn
through a PM, s size selective cyclone inlet, then through a series of annular denuders and
filters. The demmders are coated with an acid-based substrate to collect antmonia gas. A
second denuder is coated with NaCl to collect gaseous nitric acid. A subsequent stack of
two filters is utilized fo collect particles. A nylon filter collects particles, and a second,
acid-coated filter collects any ammonia volatilized from collected, semi-volatile
anrmonium nitrate particles. The nylon filter retains any nitric acid volatilized from
particulate ammonjum nitrate. Following field exposure, the denuders, filters, and field
data logs are sent to the CSU lab for chemical extraction and analysis. Total sampler air
volume from the data sheet is then used to calculate concentrations.

Table 1: Instrumentation and Monitored Parameters Boulder, Wyoming Air Quality
Station

Component Instrumentation Height Frequency Parameters
3-day and 4- ﬁ%mOEI%ENH3
GASEQUS URG denuders 1.5m day Integrated 1 1F1C ACW,
samples ~ HNO;
3-davy and 4 Ammonium, -
- - PR
PARTICULATE  pio stacked 15m  day mtograted NE ]
ers , samples " Nitrate, NOs
Sulfate, S04~

RESULTS

Figure 1 shows a timeline of gaseous and particulate concentrations from December,
2006 — Janmary, 2008. Figure 2 plots the monthly mean, standard deviation, mininmm,
and maximum NHj concentrations. NH; concentrations are below 1 ppbv for most of the
monitoring period, peaking in Angust, 2007 at 1.55 ppbv. Elevated NH;3 concentrations
here coincide with warmer summer months. A shift in asmmonium nitrate equilibrium

- toward the gas phase might be responsible for some of this increase, although an increase

in total reduced nitrogen (ammeonium + ammonia) during the summer suggests that
changes in emissions and or transport patterns are likely also important contributors.

AQD LRS BART
coo237



"

J

r

e

"

POV

Figare 1: Timeline of measured concentrations.
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Figure 2: 2007 monthly and annual NHa concéntration data
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Three events stand out: high particulate NOjs™ in Jannary, 2007; high particulate NO5™ in
December, 2007 — January, 2008; and high particulate SO47 in May, 2007. The winter
nitrate events are interesting as all reduced nitrogen is present as particle phase
ammeonium while considerable nitric acid remaing in the gas phase. Sufficient increases
in ammonia emissions during this period could have substantially increased PMa 5

concenfrations by further ammonium nitrate formation,

Figure 3 displays a timeline of the gas/particle partitioning of the measured species for
the same time period. Particulate sulfate (red) dominates throughout most of the year,
Reduced nitrogen (green bars) shows an increased partitioning into the gas phase

AQRD 1LRS BART
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(ammonium to ammonia), Increased particulate nitrate in late winter is consistent with

thermodynamic expectations: ammonium nitrate formation is favored at lower

temperatures and higher relative humidities.

Figure 3: Timeline of gas-particle partitioning. Concentrations in pg/m®, top bar

stack for particles, bottom bar stack for gases.
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RESIDENCE TIME ANATYSIS

Ammonia weighted back trajectories were used to identify the geographic source areas
most likely to contribute to the highest measured ammonia days. Back trajectory analyses
use interpolated measured or modeled meteorological fields to estimate the most likely
central path over geographical areas that provided air to a receptor at a given time. The
method essentially follows a parcel of air backward in hourly steps for a specified length
of time. Back trajectories account for the impaci of wind direction and wind speed on
delivery of emissions to the receptor, but do not account for chemical transformation,

dispersion and deéposition of emissions.

Trajectories were generated using the Hybrid-Single Particle Lagrangian Integrated
Trajectory (HYSPLIT) model developed by the National Oceanic and Atmospheric

- Administration’s (NOAA) Air Resources Laboratory (ARL). Detailed information

regarding the trajectory model and these data sets can be found on NOAA’s Web site

(hitp://www.arl.noaa.gov/ready/hysplitd.html).

Three back trajectories were generated per day, including end times of 0400, 1200 and
2000 MST and end heights of 100 m. Each hourly point along a 72-hour back trajectory
paths was weighted with measured ammonia concentration corresponding to the end date
of each trajectory. The ammonia values associated with each hourly point were then
summed and normalized info 1/4 degree horizontal grid cells of latitude and longitude.

Figure 4 presents a map of the ammonia weighted residence time for 2007. One path of
mfluence follows the Snake River from Idaho to the Colunibia River. This is a significant
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agriculture region. Another distinct path is from the South-Southwest along I-15 to
Nevada then along the Colorado River. In addition to the major urban areas of Salt Lake
City and Las Vegas, this pathway includes the agriculture regions of Star Valley north of
Salt Lake City, the Wasatch front in Utah, and the Colorado River Basin.

Figure 4: NH; weighted residence fitue analysis for 2007.
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SUMMARY

A 15 month study in the Upper Green River Basin of Wyoming measuring ammonia and
nifric acid gasses and ammonium, nitrate, and sulfate particles has been completed. The
results of the study show that in the Upper Green River Basin of Wyoming 2007
ammonia concentrations are (1) quite variable throughout the year, (2) are below or near
detectable limits from December through late February, (3) peak in Angust at 1.55 ppbv,
and (4) have a yearly mean value of 0.24 ppbv. NH; weighted Residence time analysis
indicates that much of the WH; preserit is fransported into the region from agriculture and
urban areas to the West and Southwest.
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Attachment 3

Summary

BRAVO ion Paper dated May 2004

LAWER final report dated August 22, 2003

Ammonia Data C
Addendum to Modeling Protocol for the Proposed Desert Rock Generating
Station dated Jannary 2006

Colorado Department of Public Health and Environment —
CALMET/CALPUFF Modeling Protocol dated October 24, 2005 (Ammoma
Sensitivity Tests)
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“Summary

The attached documents were sent fo the National Park Service in conjunction with their
approval of the monthly ammeonia data for the Desert Rock and the Toquop PSD projects.
One document is a modeling protocol addendum for Desert Rock project that explaing
the procedure; it was provided to the reviewing agencies on January 19, 2006. The
ammeonia data used as part of the justification is also aftached, along with two papers
discussing measurement techniques for Big Bend and Grand Canyon National Pars. .
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BRAVO ion Paper dated May 2004
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Aerosol lon Characteristics During the Big Bend Regional
Aerosol and Visibility Observational Study

Taehyoung Lee, Sonia M. Kreidenweis, and Jeffrey L. Colleit, Jr.
Departrment of Atmospheric Science, Colorado State University, Fort Collins, Coloradeo

ABSTRACT .

The ionic compositions of particulate matter with aero-
dynamic diameter =2.5 pm (PM, 5) and size-resolved
aerosol particles were yneasured in Big Bend National
Park, Texas, during the 1999 Big Bend Regional Aerosol
and Visibility Observational study. The lonic composition
of PM, s aerosol was dominated by sulfate (S0,27) and
ammonium (NH, ). Daily average 80,2~ and NH,* con-
centrations were strongly correlated (R? = 0.94). The mo-
lar ratio of NH,* to $O,% averaged 1.54, consistent with
concurrent measurements of aerosol acldity. The aerosol
was observed to be comprised of a submicron fine mode
consisting primarily of ammeoniated $0,2” and a coarse
particle mode containing nitrate (NO; ™). The NO;~ ap-
pears o be primarily associated with sea salt particles
where chloride has been replaced by NO,~, although
formation of calcium nijtrate (Ca(NC;)z) is important,
too, on several days. Size-resolved aerosol composition
results reveal that a size cut in particulate matter with
aerodynamic diameter =1 pm would have provided a
much better separation of fine and coarse aerosol modes

than the standard PM, 5 size cut utilized for the study.

Although considerable nitric acid exists in the gas phase
at Big Bend, the aerosol is sufficiently acidic and tempei-
atures sufficiently high that even significant future reduc-
tions in PM,, 5 SO~ are unlikely to be offset by formation
of particulate ammonium nitraie in summer or fall.

IMPLICATIONS

Aerosol particles in Big Bend National Park during summer
and fall include an external mixture of submicron, acidic
partially ammonlated 50, particles and supermicron so-
dium nitrate or Ca{NOg),-particles. The NO;™ is present as
a result of reactions of riitric acld or its precursors with sea
salt or soil dust. The division between the two aerosol
modss Is at ~1 wm, such that PM, s samples include a
significant part of the ¢oarse mode tail. The acidity of the
$0,2~ aerosol and the Importance of sodlum nitrate and
Ca(NO,), particles should he considered when examining
aerosol hygroscopicity and aerosof contributions to re-
gional haze.

Volume 54 May 2604

INTRODUCTION

The Big Bend Regional Aerosol and Visibility Observa-
tional (BRAVQ) study was conducted in the region sur-
rounding Big Bend National Park during 4 months from
July to October, 1999. Despite its remote location, Big
Bend National Park frequently experiences poor visibility
caused by long-range pollutant transport.? Big Bend Na-
tional Park, lacated on the Rio Grande River on the Texas—
Mexico border, is designated a Class [ area.?3 The Inter-
agency Monitoring of Protected Visual Environments
(IMPROVE) network and earlier networks have included
measurements at Big Bend since 1982,

A 1996 study found hat sulfate ($0,27) was the ma-
jor contributor to fine particle mass and the largest con-
tributor to visibility degradation in Big Bend National
Park.* The highest fine particulate $0,*~ concentrations
were observed in summer and autumn; however, no in-
formation was available from this earlier study regarding
the size distribution or acidity of the SO,*~ aeroscl. The
size of the 80, particles has a strong effect on their
light-scattering efficiency. Likewise, the acidity of the
80,2 aeroscl strongly affects its hygroscoplcity and,
hence, the amount of water on the particles at a given
humidity. More acidic forms of 0,2~ (e.g., emmonium
bisuifate [INHRHSQ,), letovicite, or suliuric acid [H,50,])
take up liquid water at much lower relative humidities
than ammonium, sulfate {(INH,),S0,).57 Addition of wa-
ter to $0,° -containing particles is an important factor
governing their masses and scattering efficiencies and,
therefore, their impact on visibility degradation.

Organic -carbon and soll-derived aerosol particles
were observed to contribute significantly to visibility deg-
radaticn in Big Bend National Park as well, although their
contributions were typically much smaller than that ob-
served for 50,7, The highest contributions of crganic
carbon are observed during the spring when agriculture-
related biomass burning in Mexico is suspected to be a
primary source, %8 The presence of soil and dust particles
was associated with local emissions as well as with sus-
pected Saharan dust episodes in July and August.t

To improve understanding of the visibility-degrading
properties and sources of aerosol particles in Big Bend

Jouinal of the Air & Wasle Management Associalion 885
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L es, Kreidenweis, and Collett .

Wational Park, the 4-month BRAVO study was conducted
during summer and fall 1993, As part of BRAVQ, a series
of special aerosol characterization studies was conducted
in the park itself to provide detailed information about
the physical and chemical propetties of the aerosol parti-
cles, These included a determination of the particle size
distribution,? characterization of the organic composition
of the aerosol, 29 and a detailed investigation of aerosol
ionic chemical compasition. The objective of this work is
to examine the aerosol ionic chemical composition, fo-
cusing on examination of aerosol acidity, major ion con-

" centrations in particulate matter with zerodynamic diam-

eter =2.5 pm (PM,, ), and aerosol ion size distributions,

EXPERTMENTAL PROCEDURES

The BRAVO study (www2.nature.nps.gov/ait/studies/bravo/
index.html) was conducted during July 1-October 31,
1999, A network of ~40 sites was used to measuze aerosol
properiies following the IMPROVE protocol. More de-
tailed measurements of aerosol composition were con-
ducted at the K-Bar ranch site inside Big Bend National
Park. -
Concentrations of aerosol lons at the K-Bar site were
measured in daily 24-hr PM,, , samples collected with an
apmular depuder/filter-pack system manufactured by
URG. Ambient air was drawn thzoughh cyclone (Dgq =
2.5 pm) and through iwo coated annulay denuders (242
mm} in series to collect the gascous species of interest.
Sodium chloride (NaCl [0.1%)) coated the first denuder
for collection of nitric acid (HNG,), and the second de-
muder was coated with 0.5 g citric acid in 50 L of meth-
anol to collect ambient ammonia (NHg). Pre-filter collec-
tion of NH; helps preserve acidic aerosol samples.1? The
remaining airstream was then filtered through 47-mm
diameter Teflon and nylon filters in series. The Teflon
filter (Gelman Teflo, 2-pm pore size} was used to collect
particulate matter (PM). The nylon membrane filter
(Gelman Nylasorb) was used to capture any HNO, vola-
tilized from PM on the Teflon filter. Samples were col-
lected from 8:00 a.m, to 8:00 p.m. ceniral daylight time
with a nominal flow rate of 10 L/min. Flow was controlled
by a mass flow controller and the actual sample velume
was monitored using a dry gas meter with appropriate
correction for system pressure drop. Two URG systems
were operated to permit rapid daily sample changeover,
collection of replicate samples (on selected days), and
regular collection of system blanks,

Daily 24-hr impactor samples were also collected us-
ing a Micro-Orifice Uniform Deposit Impactor (MOUDI).
The Jargest eight stages of the MOUDI were used, corre-
sponding to the following aerodynamic diameter size
ranges: 18-10 pm, 10-5.6 pm, 5.6-3.2 pm, 3.2-1.8 pm,
1.8-1 pm, 1-0.56 pm, 0.56-0.32 pm, and 0.32-0.18 pm.

586 Joumnal of the Air & Wasto Managernent Assnaclaiion

Additionally, there was an initial stage that collected
particles with aerodynamic diameter >»18 pm. The
MOUDI stages used in the study were selected to provide
good coverage of the expected ion size distributions and .
to avold potential clogging issues assoclated with use of
stages with smaller size cuts. Samples were collected on
greased aluminuwm foil impaction surfaces!2 to reduce par-
ticle bounce. The MOUDI impactor was operated 6 days
each week, with the seventh day used for impacior clean-
ing and collection of a sampler blank, ’

Analysis of the collected aeroscl samples focused on
quantification of the main ionic species: chloride (C17),
50,27, nitrate (NO, ), sodium (¥a ™), ammonium (NH, ),
potassium (K*), magnesium (Mg2™*), and calcium (Ca?t).
PM, 5 and denuder samples were extracted and analyzed
on-site to minimize potential artifacts (e.g., neutraliza-
ton) associated with sampie storage and shipping. Sam-
ples were loaded and unloaded in an NH;-free glove box
to further minimize potential artifact neutralization. lon
analysis was completed on two Dionex DX-500 jon chro-
matographs set up in a trailer at the field site. A Dionex
AG4A-SC guard colurun, an AS4A-SC separation column,
and a self-regenerating anion suppressor were used to
measure anion concentrations. Cations were measured
using a Dionex CG12A guard column, a C512A separation
column, and a self-regenerating cation suppressor, Detec-
ticn was by conductivity in both cases. Both jon chro-
matographs were calibrated daily using a series of stan-
dards prepared from analytical-grade salts. Replicate
injections and analysis of independent National Institute
of Science and Technology-traceable standards were used to
establish measurernertt precision and accuxacy.

PM, ; and denuder samples were generally extracted
twice per week, with cation and anion analyses usually
conducted once per week, Denuders were extracted with
10 mL delonized water freshly prepared on-site, The ny-
lon membrane filter was extracted using & mL of icn
chromatographic anion eluent (1.8 mM sodium carbon-
ate (NayCOz)/1.7 mM NaHCO;). Each Teflo filter was
extracted with 5.85 mL of 107* N perchloric acid (HCIO,)
solution with 150 pl of ethanol added first to wet the
filter. pH measurements (Orion model 250A portable pH
meter equipped with a Ross Sure-Flow combination pH
electrode calibrated with pH 4 and 7 buffers and a series of
H,50, solutions) of the PM; ; extracts were made imme-
diately after extraction to measure strong aerosol acidity.
The background acidity from the HCIO, extract solution
inhibits dissolution of carbon dioxide {CQ.,) and other
weak acids to permit measurement of sarple strong acid-
ity. The hydrogen ion (H*} concentration of a filter blank
was subtracted from each filter extract concentration to
determine the aerosol strong acidity condribution.

Volume 54 May 2004
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Figure 1. Timelines of major P, 5 ion concentrations. The amor bars represent measurement precision (1 sfandard deviation).

MOUDI samples were stored frozen until later analy-
sis in the laboratory at Colorado State University, Samples
from 41 study days (plus several blanks) were analyzed.
This subset of sample periods was selected based on inter-
esting PM, ; acrosol composition measurements (e.g.,
high 50,2, high NO;~, and suspected sea-salt days) and
other BRAVO study results (particle size distributions and
thermodynamic modeling studies). MOUDI impactor
substrates were extracted by sonication in deionized water
(HIC10, was not needed because acidity measurements
were not made on these samples) and analyzed using the
same ton chromatograph systems and approaches out-
lined previously.

Analysis of sample replicates and blanks permitted
establishment of measurement precision and detection
limits. Precisions for the major measured aerosol species
(NO; ™, 50,2, NH,*, and H™) were good with relative
standard deviations (RSDs) in the range of 3-5%. RSDs for
trace aerosol ions were higher, ranging from 12 to 23%.
R3Ds for replicate denuder measurements of HNO; and
INH; were each 9%, RSDs for replicate sample analyses of
MOUDI extracts were all below 6%,

PM, s NO;~ concentrations are reported as the sum
of NO;~ measured on the Teflo and the backup ny-
lon filter. Further details of all sampling and analysis

Volyme 54 May 2004

protoecols, including copies of study Standard Operating
Procedures are presented by Lee and Collett,13

RESULTS AND DISCUSSION
Study timelines of the 'major PM; ; ions and a statistical

‘surnmary of concentrations of PM, 5 ton components and

gases are presented in Pigure 1 and Table 1, respectively.
50,2 and NH,™ were the dominant jonic species in daily
PM, ¢, with smaller contributions from NO;~, MNa*, and

Tahle 1. Statistical summary of P, 5 and gas compositions (p./m®) measured
using the URG sampler.

Species Mean Min Max Standard Deviation
HNO, (0 0545 1555 0084 0.341
N (o) 0186 0003 0624 0.131
(el )] 0033 0002 0177 0.029
50,2~ () 2361 0280 8568 . 1751
NOy™ (i} 0150 0015 0451 0,003
Na* () 0083 0002 0234 0.047
MH,* o) 0651 0102 20%7 0.415
K (g 0018 0002  CD5S 0.011
Mg** (o 0013 0.001 0.052 0012
Catt () 0.082 0.003 0.329 0.068
H* i) fomobrm® — 13.08 0 7556 14.27

Jowrnal of the Air & Waste Management Assaciation 887
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other species. S0, concentrations were highest in the
period from August to Cctober, reaching as high as 8.5
pg/m?, Daily average 50,2~ and NH,* concentrations were
strongly correlated (R* = 0,94) as shown in Figure 2, PM, 5
NO,~ and 80,2~ concentrations showed little correlation
(®® = 0.05). .

The aerosol was nsually acidic, with an average PM, ¢
NH,* t0 $O,*>~ molar ratio of 1.54 (standard deviation of
0.3). The ratios of NH,,* to 80,2~ showed a trend consis-
tent with the aerosel acidity measurements (see Figure 3).
A high cerrelation between $0,*~ and H* was observed
(R% = 0.9) as shown in Figure 4. The average acidity
measured during BRAVO was 13 nmol H*/m3 with a
range of 0-75.6 nmol/m® These values are similar to
aerosol acidities measured in previous midwestemn U.S.
studies in Portage, WI (average = 8 nmol/m?, range =
0-78 nmol/m?), St. Louts, MO (10, 0~122 nmol/m?), and
Chicago, IL (7.7, 0-78 nmol/m?),1417 but somewhat
lower than measured at eastern U.S. sites in Kingston, TN
(3(_5.1, 0-290 nmolfm?) and Boston, MA (17.9, 1.3-84
nmol/m®3).18.1% The most acidic BRAVO aerosol was ob-
served during August, September, and the beginning of
October, with 24-hr average concentrations in the range
of 40-80 nmol/m® of H* on several days.

Both NO;~ and NH,™ can partition between the gas
and particle phases. The sum of gaséocus NH, and partic-
ulate NH,* comprise N in the minus three oxidation state
(N(II). Likewise, the sum of gaseous HNO, and partic-
ulate NO3 ™ comprise N(V). N(V) and N{-III) were found to
exhibit quite different distributions between the particle
amd gas phases (see Pigure 5). The average zatio for
HNOg(g)/N(V) was 0.73 and for NH;(g)/N(-III) was 0.22,
(These ratios do not reflect NO;~ or NH, " contained in
particles with aerodynamic diameters larger than 2.5 pm.)
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Figure 3. TImelnes of the molar miio of NH, /80,2~ and the PM,,5
H* concentration. As refarencs, horizontal Ines 4re included at NS,/
£0.% molar ratios of 1, 1.5, and 2 comespending 1o the composiiions
of {(NH,}.30,, letovicite, and NH HSO,, respactively,

The implicatioﬁ is that most of the available N{-II) has
been taken up into particles, while the majority of N(V)

. Temalns in the gas phase, representing potential for for-

miation of additicnal particulate NO,~,

Back trajectory analysis revealed that days with high
HNO; concentrations featured quite different transport
from days with high PM, ; NOy~. High HNO; days were
generally also high 80,2~ days and typically featured
transport from a sector extending east-southeast to north-
east of Big Bend National Park. High FM, s NO;~ days, in
contrast, typically featured transport from the southeast
and across the Gulf of Mexico. These transport differences
suggest that PM, ; NO,~ concentrations are governed not
by HNO; availability but by some other factor that pro-
motes NO; ™ particle formation.

80

70 1

H* (neqim®)
=

-
-
- W
% [H+#]vs [S04=]
* o [H¥]vs Excess[S047)
Y o - Linear {[H+ vs [SO4=])
= = »1Inear ([H] vs Excass [S04=])

0 60 100 150 200

S50/ orExcess 50, (negfm®)

Figure 2. Rglafionship between NH,* and SC,*~ cencentrations in
BRAVO P, g asrosol,

588 Jouma! of the Afr & Waste Management Associstion

Figure 4. Relalionships between H* and 50,2~ and between H* and
excess 80,2 in BRAVO P\, 5 asrosol,
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Compatison of PM, s Na* and CI™ concentrations
(see Pigure 6) reveals that the observed C1™/Na* equiva-
lent ratio (average ~0.33) is much lower than expected for
sea salt (~1.16).2¢ The combination of apparent Cl~ loss
from sea salt and the observation that PM, ; NO,~ con-
centrations peak during periods with transport from the
Gulf region, suggests that HNO, reaction with sea salt is
important. Indeed, if we examine the daily ratios of the
sum of PM, s NO;~ and Cl™ to PM, s Na*, it is found that
on many days they fall close to the ratio expected in aged
sea salt (see Pigure 6), This is consistent with the reaction
of HNO; with sea salt, resulting in a stoichiometric loss of
volatilized hydrochloric acid.?! The correlation between
NO,~ and Na* is moderate (R® = 0.64), further suggesting
the presence of sea salt aerosol as an important precursor
to particulate NOy~ formation in this environment, A
weaker correlation was observed between NO;~ and Ca®*
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Figure 6. Aslationship batwaen Na* and Cl~ and betwsan Nat and
the sum of NGy~ and CI™.
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(R? = (.33), suggesting that HNO; condensation onto
dust particles might also exert some influenice on aerosol
NQ;~ formation. Occurrence of this reaction can account
for why some ratios of (NO,~ + C17) to Na™ fall above the
sea salt ine, This becomes clearer if the data are replotted
a5 shown in Figure 7. Here, the observed ratio of (C1™ +
NO;7)/Na™ is compared with the expected C17/Na* sea
salt ratio (shown as a horizontal line) as a function of the
observed Ca®*/Na* ratio. When the Ca®>*/Na™ ratio is
high, indicating a greater presence of dust than sea salf,
the (NO;™ 4 Cl17)/Na* ratio tends to fall well above the
sea salt ratio line, indicating that much more NQ,™ is
present than can be accounted for by HNO; reaction with
sea salt. Presumably, this reflects formation of CaNQ;)s

.or othex FINO;-dust reaction products. Recent Jaboratory

tests?2 have demonstrated that reaction of 'HNOS with
CaCQ; particles occurs with a timescale on the order of
hours, even at relative humidities as low as 17%. When
the Ca®*/Na* ratio is lower than ~3, indicating increased
presence of sea salt {relative to dust), the points mainly
fall close o the line, indicating that most NO, ™ probably
is associated with reacted sea salt particles.

Further insight into the properties of BRAVO aerosol
NG, ~, as well as other species, is possible through exam-
ination of the MOUDI impactor results, Figure 8 depicts
the average measured size distributions for S0,27, NH,*,
NQ;~, Cl7, Na*, K*, Mg?®*, and Ca®*. These average
distributions are representative of the general features of
the distributions measured on the 41 selected MOUDI
analysis days, although observed concentrations of the
different ions changed (sometimes significantly) from day
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Figure 7. Comparson of the ratio of (NO,~ + GI7)/Nat with the sea
salt Cl/Na™ ratio (indicated as honzonial ling) as a function of the
Ce?+/Na* ratio, The figure doas net include one sample ata Ca®*/Na*
ratio of &1, which alzo falls well above the sea salt rafio ing. Units used
for all species In these rlios were neg/m?®,
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to day. Integrated results for the submicron aerosol spe-

cies (NH,* and S0,27) from the appropriate stages of the

MOUDI impactor show excellent agreement with PM; g
concentrations measured using the URG sampler, provid-
ing confidence in the guality of the two data sets. A direct
comparison is not possible for the other species, which are

" distributed -over a hroader size range, because of the lack

of matching size cuts betweerl the PM, ; sampler and
MOUDI impactor, where the closest size cut is at 3.2 pmn.

‘The MOUDI §0,%*~ and NH,.* size distributions exhibit
very similar shapes, with a submicron mode typically

peaked at 0.4-0.5 pm aerodynamic diameter. NO,;~, by |

conirast, is found almost exclusively in a coarse particle

. mode, with a characteristic mode diameter of ~4-5 wm.

(There are some days near the end of October where a small

. fine particle mode of what appears to be NHNO; was alio

observed; the presence of NHNO, during this period is
consistent with the observation that the NH, */$Q,* molar
ratio climbed slightly above 2 (see Figure 3). The average
NO;™ size distribution has a shape very similar to the size
distributions of sea salt compenents Na* and CI™, further
supporiing the interpretation that particulate NO,™ in
BRAVO was formed primarily as a result of HNO, (or other
precursor nitrogen species) reaction with sea salt particles.
Several days, however, were obseived when the amount of
NO,;~ found in coarse particles considerably exceeded the
amount of Na*, On these days, sufficient Ca®* was present
to account for the NO;~, consistent with the analysis pre-
sented in Pigure 7. The bimodal nature of the average K*
distzibution is also intezesting. Individual day samples In the
first half of the study tended o contain mostly coaise-mode
K*, while distributions from days in September and October
frequentily contain both fine- and coarse-mode K*,

590 Journal of the Air & Waste Management Association

The findings from the MOU size distribution mea-
surements have several important implications, First, the
coexistence of acidic, submicron ammoniated 502~ par-
ticles with coarse-mode sea salt, reacted sea salt (NaNO;),
and dust particles indicates the aerosol is externally
mixed, even within the PM, . fraction. Second, the com-
moenly made assumption that fine particle NO;™ is
present mainly as NH, NO323 is clearly not appropriate for
BRAVO aerosol. The fact that the NO; ™ is present raainly
in the form of coarse-mode NalNOj; particles is important

_for understanding the hygroscopicity and refractive index of

NO;~ containing particles in this environment, topics ad-
dressed In some detail bjr Malm et al,23 Significant formation
of hygroscopic Ca{NO3),22 on some days is also of Interest.
Third, the MOUDI ion distribution measurements clearly
show that a size cut at 1 pm aerodynamic diameter would
provide a much beiter separation of the coarse and fine
particle modes, a point also evident from the aerosol size
distributions measored in the study and reported by Hand et
ak? Use of a PM, 5 size cut for the URG sampling, as well as
for IMPROVE samplers running at the site, leads to inclusion
of a substantial portion of the lower tail of the coarse-mode
size distibution in fine particle (PM, g} samples.

If $O,° concentrations at Big Bend wete substan-
Hally reduced, for example, because of upwind reductions
in 50, emissions, it is likely that the resulting aerosol
would be less acidic. If the S0,%~ concentrations were re-
duced far enough, sufficlent NH; might be present to neu-
tralize the 80,2~ in the aerosol. Further SO, reductions
beyond this neutralization point would leave some NH;
available to react with HNO; to form particulate NH,NO,
(assuming total N(-III) concentrations de not change in
response to $O,2~ decreases). Because two NH; molecules
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aze required to neutralize one SO,2~ molecule, two NH,
molecules can neutralize two HNOC, molecules, and two
NQ;~ molecules have greater mass than one 80, mol-
ecule, replacement of (NH,),50, by NH,NO; has the po-
tential under the right circumstances to actually produce
an increase in PM, 5 mass concentrations. West et al.>¢
utilized model simulations of eastern U.S, aerosol com-
position to show that reductions in aerosol $0,2
concentrations may be up to 50% less effective in some
locations at reducing annual average fine particle mass
concentrations than if the role of HNO; is neglected, The
effect was largest in winter, with up to half of the exam-
ined locations affected, hut uncommon in summer be-
cause of higher temperatures that do not favor NH NGy

Volume 54 May 2004

formation. Much less is known about the potential for
nonlinear responses in fine particle mass concentrations
(resulting from 50O, decreases) in western U.3. aerosol,
This is in lazge part because of a lack of information about
current western U.5. aeroso) acidity and coneentrations of
key species including gaseous NH, and HNO,.

The BRAVO data set provides an opportunity to con-
sider whether hypothetical reductions in regional aerosol
50, concentrations might be less effective at decreasing
PM, ; mass than expected becanse of NH,NO, formation.
To consider this issue, it is useful to determine the amount
of “excess” S0O,%~ present in BRAVO aerosol, where "excess”
50,7 is defined as the concentration of SO, (expressed in
equivalents) minus the concentration of NH,* (e, the
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amount that $0,2~ concentrations would have to be de-
creased for the aerosel to become neutralized, assuming
particulate NH,™ concentrations remain unchanged), The
BRAVQ “excess” 50,2~ timeline is shown in Figure 94,
along with timelines of PM, ; $O,2~ and HNO,(2). Tt is
evident from the timelines that periods of high $0,%~ con-
centratton also feature high comcentrations of “excess”
50,2~ This point is further made in Figure 5B where a
stong correlation (R% = 0.86) is found to exist between
“excess” 80,% and 50,7, When 50,*~ concentrations are
high, “excess” 50,2~ concentrations are also high, indicat-
ing that considerable reductions in aexosol 80, concen-
irations could be made on these days before the aerosol
became neutralized. Second, the high temperatures present
during the simmer and fall at Big Bend do not favor forma-
tion of NH,NQ;, even if additional gaseous NH; is made
available by 8O,* reductions. Last, even if all the available
gaseous nitric were shifted to the particulate phase, the
additional rnass (see Figure 9A) would still be smaller during
most periods than the $O,*~ concentration decreases re-
quized to neutralize the aerosol. Accordingly, it appears.that
during surniner and fall at Big Bend, 50, concenfrations
could be. significantly decreased without much concern

about nonlinear respdnses in fine particle mass concentra-

tions.
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Possible future replacement of sulfate by nitrate in aerosols on the Colorado Plateau
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Fort Collins, CO 80523
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1. Introduction

The composition of atmospheric aerosols is determined in part by the nature of primary
particle emissions and partly by the production of secondary atmospheric pollutants that
condense to form particulate matter. Two important secondary pollutants are sulfates and
nitrates, formed from the at;nospheric oxidation of emissions of gaseous sulfur dioxide

and nitrogen oxides, respectively (Seinfeld and Pandis, 1998).

Because the sulfiric acid produced by atmospheric oxidation of SOy has a very low
equilibrium vapor pressure, it tends to partition mainly into atmospheric particles. This
may happen either by condensation onto pre-existing particles or by new particle
formation, In most environments sulfates are found primarily as constituents of
submicron aerosol particles. They may be present as sulfuric acid or as partly or fully
neutralized sulfate salts. Typically these are ammonium sulfate salts in the form of

ammonium sulfate, ammonium bisulfate, letovicite, etc....

Nitric acid, produced by atmospheric oxidaiion of gaseous nitrogen oxides, is a gas phase
species. In the presence of gaseous ammonia, however, the nitric acid and ammeonia can
combine to form particulate ammonium nitrate salts. This is a reversible reaction with an
equilibrium that is strongly dependent on temperature and relative humidify (Seinfeld and
Pandis, 1998); low temperatures and high humidities favor the formation of ammonium

nitrate aerosol,
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Understanding the propensity for ammonium nitrate aerosol formation also requires
understanding the presence of acidic sulfate in the aerosol. For a system containing
sulfuric acid, ammonia, and nitric acid, thermodynamic constraints favor the formation of
ammonium sulfate salts prior to equilibrinm formation of animonium nitrate. In other -
words, if there is insufficient ammonia to fully neutralize the sulfate (a 2:1 molar ratio is
required since two ammonia molecules pair with one sulfate to form fully neutralized
{INH4)2804), nitrate is not expected to coexist with the sulfate in submicron particles. If

excess ammonia is available, however, ammonium nitrate can form.

As a result of decreasing SO emissions in the U.S., attention has begun to focus
increasingly on the nitrate fraction of atmospheric aerosols. In particular, concern has
been expressed about the potential for replacement of sulfate by nitrate in fine aerosol
particles. If sulfate concentrations at a receptor site with an acidic aerosol were
substantially reduced, due for example to upwind reductions in SO, emissions, it is likely
that the resulting aerosol would be less acidic. If the sulfate concentrations were reduced
far enough, sufficient ammonia might be present to neutralize the sulfate in the acrosol.
Further sulfate reductions Beyond this neutralization point would leave some ammonia
available to react with nitric acid to form particulate ammonium nitrate (assuming total
N(-I1T) concentrations do not change in response to sulfate decreases). Because two
ammonia molecules are required to neutralize one sulfate molecule, two ammonia
molecules can neuntralize two nitric acid molecules, and two nitrate molecules have -
greater mass than one sulfate molecule, replacement of (NH4)2804 by NH4NO; has the -
potential under the right circumstances to actually produce an increase in PMs 5 ﬁass

concentrations.

West et al. (2000) utilized model simulations of eastern U.S. aerosol composition to show
that reductions in aerosol sulfate concentrations may be up to 50% less effective at
reducing annual average fine particle mass concentrations than ifthe role of nifric acid is
neglected, The reduced éffectiveness comes from increased formation of ammonium

nitrate. The effect was largest in winter, with up to half of the examined locations
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affected, but uncommon in summer due to higher temperatures which do not favor
NH4NQ; formation,

Much less is known about the potential for nonlinear responses in fins particle mass
concenirations (resulting from sulfate decreases) in western U.S. aerosol, This is in large
part due to a lack of information about current western U. 8. aerosol aciditﬁr and
concentrations of key spEcies including gaseous ammonia and nitric acid. Although the
IMPROVE monitoring network makes routine measurements of aerosol composition at
many locations in the western U,S,, it does not measure concentrations of all the aerosol
and gas phase species needed to examine the asrosol/gas partitioning of nitrate and the
sensitivity of this partitioning to sulfate concentratione, These issues are, however,
sometimes addressed in special studies sponsored by the National Park Service and other

agencies..

The ionic composition of aerosol particles was studied in detail at Big Bend N.P. during
the 1999 BRAVO stidy. During this study we found that the submicron aerosol was
generally quite acidic, due to a lack of sufficient ammonia to fully nentralize the aerosol
sulfate, While some nitrate was found in the BRAVO aerosol, particle size-resolved
composition measurements demonstrated that this nitrate was associated with larger sea
salt and soil dust particles and not associated with the acidic submicron aerosol: A large
amount of gaseous nifric acid was also observed throughout most of the study, illustrating
the potential for submicron ammonium nitrate formation in the event that sulfate

concentrations were reduced and/or ammonia concentrations were increased,

The BRAVO data set provides an opportunity to consider whether hypothetical
reductions in regional aerosol sulfate concentrations might be less effective than expected
due to NH4sNO3 formation. In order to consider this issue, it is useful to determine the
amount of “excess” sulfate present in BRAVO aerosol, where “excess” sulfate is defined
as the concentration of sulfate minus the concentration of ammonium (i.e., the amount
that sulfate concentrations would have to be decreased for the aerosol to become

neutralized, assuming particulate armmonium concentrations remain unchanged). The
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BRAVO “excess” sulfate timeline is shown in Figure 1a, along with timelines of PMy 5

 sulfate and HNOa{g). It is evident from the timelines that periods of high sulfate

concentration also feature high concentrations of “excess™ sulfate. This point is further
made in Figure Ib where a strong correlation (R = 0.86) is found to exist between
“excess” sulfate and sulfate. When sulfate concentrations are high, “excess™ sulfate
concentrations are also high, indicating that considerable reductions in aerosol sulfate
concentrations could be made on these days before the ﬁerosol became neutralized.
Second, the high temperatures present during the summer and fall at Big Rend do not
favor formation of NH4NO,, even if additional gaseous ammonia is made available by
sulfate reductions. Last, even if all the available gaseous nitric were shifted to the
partiﬁulata phase, the additional mass (see Figure 1g) would still be smalt during most
periods relative to the sulfate concentration decreases required to neutralize the aerosol.
Accordingly, it appears that during summer and fall at Big Bend sulfate concentrations
could be significantly decreased without much concern about nonlinear responses in fine

particle mass concentrations.
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Figure 1. PM,; aerosol compositioﬁ measured at Big Bend N.P. during the 1999 BRAVO
experiment. 7

Because measurements of afl of these components are not routinely made throughout the
western U.S, it is not casy to determine the extent to which the situation at Big Bend is
representative of the sitnation at other wesiern U.,S. locations. Nor are these results
directly applicable fo consideration of other seasons at Big Bend. Some western U.S.

locations may well have aerosol compositions that are close to the neutral point where
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reductions in sulfate would more quickly translate into possible increases in aerosol

nitrate.

In order to consider the potential for nitrate replacement of sulfate in fine aerosol
elsewhere in the interior western U.S., a one month study of aerosol composition was
conducted at Grand Canyon National Park in spring 2003. Preliminary findings from that
study, sponsored ijy the National Park Service and Land and Water Fund of the Rockies
(LAWER, now Western Resource Advocates), are presented here.

2. Experimental description
2.1 Site sélection

The region seiected for the study was the Colorado Plateau, This region is home to the
so-called Golden Circle of National Parks, including Bandelier, Bryce Canyon, .
Canyonlands, Grand Canybn, Mesa Verde and Petrified Forest. The IMPROVE network
intensively monitors many aerosol characteristics in this region. According to the May
2000 IMPROVE report (Malm, 2000), light extinction in this region is caused primarily
by suifate, organic species, and soil. Nitrate is a smaller contributor at present,
experiencing its highest concenirations in spring, but nitrate concentrations have been

increasing at some sites (Malm, 2000).

Although Mesa Verde was originally considered for the LAWFR measurement
campaign, a decision was made to conduct the measuiements at Grand Canyon, duse to
complementary work already planned there under sponsorship of NPS/IMPROVE. By
conducting measurements ai Grand Canyon, we were able to (1) sample for a month,
rather than the 3 weeks originally proposed, (2) collect PMay s samples at time resolutions
of 24 hours rather than the 48 hr samples originally proposed, and to add high time
regsolution (15 min) measurements of PM, 5 aerosol composition. Measurements at Grand
Canyon were targeted for spring, because that is the seas on when the park historically has

the highest PMj 5 nitrate concentrations, based on IMPROVE data (see Figure 2). Grand
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Canyon nitrate concentrations peak in May, so the study was scheduled for May 2003.
As seen in Figure 2, May is historically also the month featuring the 2™ highest aerosol
fine mass concentrations. The site utilized for the study was the existing IMPROVE site
GRCA2 (Site Name: Hance Camp at Grand Canyon NP Longitude (dd): -111.9841
Latitude (dd): 35.9731 Elevation {m): 2267). This site is located in a meadow
approximately 200 m south of East Rim Drive and approximately 1.2 miles south of the

Grandview point turnoff.

GRAND CANYON NP

“g ,ma FINEMAS S
4

FR Ll P
Jan  Mar May Jul Sep Nov
SULFATE RITRATE OQRGANIC LAG S0IL

Figare 2, IMPROVE data showing seasonal trends in PM; 5 aerosol concentrations at

Grand Canyon (source:

hitp:/fvista.cira.colostate.edu/improve/Data/GraphicViewer/seasonal.him).

2.2 -Measurements

Three types of measurements were made at Grand Canyon during the study. PMas
composition, along with concentrations of gaseous nitric acid and anumonia, was
measured vsing a URG annular denuder/filter pack system, Size-resolved aerosal
composition was measured using a Micro Orifice Uniform Deposit Irapactor (MOUDI).
Semi-continuous measurements of PMs 5 aerogol composition were made using a Particle

Tnto Liquid Sampler (PILS) coupled to two Dionex ion chromatographs.

AQGD LRS BART
000259



ro——

——

Several URG systems were operated in parallel to test measurement precision and
different filter sampling and extraction protocols as part of the NPS/IMPROVE study.
‘We focus here on results from the first module, operated to collect 24 hr samples (08:00-
(8:00 local time). This module contained a PM; 5 cyclone, a carbonate-coated annular
demuder for nitric acid collection, a phosphorous acid-coated annular denuder for
ammonia collection, a nylon filter for particle collection, a second nylon filter for
collection of any nitric acid lost from the first filter, and a final phosphorous acid-coated
annular denuder for collection of any ammonia lost from particles collected on the nylon

filter.

Ton size distributions were measured over séquential 48 hr sampling periods (08:00-
08:00) using a Multi Orifice Uniform Deposit Impactor (MOUDI). The MOUDI was
operated with eight stages with size cuts ranging from 0.18 to10 pm aerodynamic

diameter. An inlet stage collected particles with asrodynamic diameter > 18 pmand a

‘ Teflon after-filter collected particles with diameters below 0.18 pm. Imopaction surfaces

were aluminum, with a silicone grease coating to reduce particle bounce.

Denuders were extracted on-site with deionized water. Filters and impaction substrates
were frozen for later extraction and analysis in our lab at CSU. URG module 1 filters
were extracted with deionized water (first nylon filter) or an alkaline sodium -
bicarbonate/sodium carbonate solution (2™ nylon filter), Aluminum impaction substrates
and the MOUDI after-filter were extracted with deionized WEIBJ:'. All filters were
sonicated during extraction. Jon analysis was completed on two Dionex DX-500 ion
chromatographs. A Dionex AG4A-SC guard column, AS4A-SC separation column and
a self-regenerating anion suppressor were used to measure anion (NOj3", CI', and SO4%)
concentrations, Cations Na*, NH,*, K*, Mg®", and Ca** ) were measured using a Dionex
CG12A guard column, CS12A separation column and a self-regenerating caﬁ('m
suiapressor. Detoction was by conductivity in both cases. Both ion chromatographs used

for URG and MOUDI sample analysis were calibrated daily using a series of standards
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prepared from analytical grade salts, Replicate injections and analysis of independent

NIST traceable standards were used to establish measurement precision and accuracy.

URG anmular denuders and a PM» 5 cyclone (URG) were also used upstréam of the PILS,
The first denuder was coated with NayCO4 for removal of acidic gases and the second
denuder was coated with phosphorous acid to remove basic gases. The overall principle
of PILS is to collect particles that comprise the PM; 5 aerosbl mass into a small
continuous flow of high purity water. The liquid stream is then continually drawn to two
ion chromatography systems for measurernent of aerosol anions and cations using the
same separation, suppression and detection schemes outlined above, Calibration of the

PILS IC’s was-checked approximately every 4-5 days,
3. Resulis and discussion

Measurements using the URG and MOUDI samplers were made at Grand Canyon
beginning at 08:00 on May 1% and ending at 08:00 on May 31%. PILS data are available
for a slightly shorter time period. Concentrations of PMj 5 aerosol observed during the
study were typical of previous May concentrations measured by IMPROVE,

Figure 3 depicts timelines of PMy 5 ion concentrations. Concentrations are expressed as
mass conqen'trations in pg/m3. On a mass concentration basis, sulfate is observed to be
the dominant anion while ammontum is the dominant cation, Sulfate concentrations
during the month-long study range over approximately a factor of ten, from ~0.2 to
nearly 2 pg/m®. Nifrate concentrations are observed to range between approximately 0.1
and 0.5 pg/m’. In addition to ammonium, both Ca*" and Na™ are important contributors

to cation concentrations,

Figure 4 depicts timelines of the concentrations of the most important ions in units of

nanoequivalents per cubic meter (neq/m®). These concentration units incorporate the

charge on each species (e.g., one mole of sulfate equals two equivalents), permitting

ready analysis of the charge balance in the aerosol. The highest concentration species is
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ammonium,.clos ely followed by sulfate. This result indicates that more than sufficient

ammonium is typically present in the acrosol to neuiralize the sulfate,

Grand Canyon timeline of PM2.5 anions

T T
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Figure 3. Timelines of PM, s ion concentrations measured using the URG sampler at

Grand Canyon,

A comparison of ammoninm concentrations vs. sulfate concentrations (Figure 5) shows
this result again. When ammeonium concentrations are compared to the sum of nitrate

and sulfate concentrations, however, it is clear that there is frequently insufficient
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ammoniom present to balance the sum of nitrate and sulfate, This finding suggests that
other forms of nitrate and sulfate, e.g. products of the reaction of nitric or sulfuric acid (or

their precursors) with sofl dust or sea salt, may be present.

Grand Canyon PM, 5

[0z
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—aCaZ+
g NO3-
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Figure 4. Timelines of major PM, s fon concentrations in neq/m’,
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Figure 5. Comparison of PM, ; concentrations of nitrate, sulfate, and ammonium.

Grand Canyon

py
<

Concentration {neg/m3)
o

Na+ (nequal)

Figure 6, PM, 5 concentrations of CI” or CT + NG5 vs, Na' in Grand Canyon aerosol, The
sea salt line defines a C1 to Na® ratio of 1.164.

If we assume the Na™ measured at Grand Canyon is associated with sea salt, we observe
that there s a deficiency of Cl” (also observed at Big Bend). If we sum NO3 and CI
concentrations, we find there is usually more nitrate than can be explained by the amount
of missing chloride and the ratio of nitrate plus chloride to Na* falls above the CI/Na®
ratio in sca salt (Figure 6). Nitrate concentrations are correlated with Na* (See Fig. 7),
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Figure 7, Correlations between PMzs NO; and Na* or Na* plus Ca™ in Grand Canyon

aerosol.

somewhat if nitrate is correlated against the sum of Na™ and Ca2¥, again suggesting

reaction of nitric acid with soil dust might be important here.
Figure 8 depicts the average size distributions of the major anions and cations as
measured from the 48 hr MOUDI impactor samples. Several points are clear from

Grand Canyon MOUD! average

12

10

; _ B A : ,
<018 018-0,32 0.32-056 0.56-1.0 1.0-1.8 18-32 3.2-56 586-100 10.0-18.0 =18.0
aerodynarmic diameter (um)
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analyzing these distributions. Figure 8. Study average major ion size distributions

measured at Grand Canyon using the MOUDI impactor,

First, the aerosol fine particle mode consists mainly of particles with aerodynamic.
diameters less than ! um and a composition of fully neutralized (NI14)»SO,. Second,
nitrate is contained mainly in a coarse particle mode, with most particles poséessing
aerodynamic diameters above 1 pm. Third, the size distributioﬁs of nitrate and Na* are
similar, but nitrate concentrations on average exceed Na* concentrations in essentially all
particle sizes. Fourth, Ca™ exhibits an average size distribution quite similar to the
average nitrate size distribution, with concentrations that are also similar. Last, there is
also sulfate present in coarse mode particles. Since the amount of sulfate in these
particles exceeds the amounnt of ammonium, it appears likely that the coarse sulfate is
associated; like nitrate, with soil dust or reacted sea salt. Ton size distributions from most
48 hr sampling periods show features generally similar to those discussed above for the

study average size distributions.

FILS {Grand Canyon}

e i

L] Si5 I - osh M3 Eifs ST i Si2% 2] 6125 K2y 528
Data
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‘Figure 9. PILS timelines (lé-min resolation) of selected PM, 5 fons (top [janel) and PILS

nitrate vs. the sum of PILS Na* and Ca*" (lower panel). -

As mentioned above, high time resolution (15 minuie) measurements of Grand Canyon
PM: s aerosol compaosition were made using a PILS sampler coupled to two ion
chromatographs. Figure 9 depicts timelines of ion concentrations (neq/m>) measured by
this approach. The timelines show some correlation between changes in nitrate and
changes in Na* (r* = 0.36) and Ca®* (r* = 0.49). An improved correlation is seen when
plotting nitrate vs. the sum of Na* and Ca®" (+*= 0.57) as shown in Figure 10. Nitrate
concenirations are observed to increase with increasing Na™ and Ca®" concentrations,
presumably reflecting increased reaction with advected sea salt and soil dust. The

average ratio of nitrate to the sum of Na* and Ca®" is approximately one-third.

In order to examine the potential for further particle formation at Grand Canyon, it is
usefuul to consider the concentrations of key precursor species in the gas phase. Figure 10
presents timelines of the mass concentrations of gaseous sulfur dioxide, ammonia, and
nitric acid, measured using the URG annuiar denuders. The highest conceniration is
observed for nitric acid, with values approaching 1 pg/m’ Iate in May. Concentrations of
sulfur dioxide are generally below 0.4 pg/m®, while NHa concentrations increase from ~
0.2 pg/m® early in May to ~ 0,6 pg/m’ at the end of the study.
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Grand Canyon gas concentration

ugfm3

Figure 10. Timelines of mass concentrations of key gases measured at Grand Canyon using

URG annular denuders.

Figure 11 depicts the ratios of each of these gases to the sum of the gas and its
counterpart PM3z s aerosol concentration throughout the study. For example, the ratio off
gaseous nitric acid to the sum of gaseous nitric acid and PM, s nitrate (this sum is
deéignated as N(V), nitrogen in the +5 oxidation state) ranges between approximately 0.4
and 0.8, The higher values occur later in the month. Beginning May 10 and continuing
until the end of the study, 60-80% of the total N(V) resides in the gas phase (neglecting
contributions from nitrate in particles with aero‘dynamic diameters > 2.5 pm). This

indicates a significant potential for increasing nitrate’s contribution to particle mass.
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Figure 11. Timelines of the fraction of key species present in the gas phase at Grand
Canyon. HNO3/N(V} denotes the ratio of nitric acid to the sum of nitric acid and PM, 5
nitrate. $0/80;+50, denotes the ratio of sulfur diexide to the sum of sulfur dioxide and
PM; s sulfate. NHy/N(-IIT) deriotes the ratio of gaseous ammonia fo the sum of ammonia and

PM; s ammoninm,

The likelihood of nitrate entering particles, due for example to changes in parﬁculaté
suifate concentrations, can be examined nsing an aerosol thenﬁodynamic modél. We
conducted this analysis using the model ISORROPIA v. 1.5 (Nenes et-al., 1998. 1999},
This model treats gas-particle equiliBria for a system containing ammonium, nitrate,
sulfate, sodium, and chloride. Soil componens (e.g., Ca®* and Mg®") are not inchaded.
In addition, the version of the model used here permits only one (internally mixed)
aerogol compositiont. In other words, it cannot predict variations in aerosol composition

with size or between particles of the same size. Inputs to the model simulation include:

. total sulfate (aé H;50,), total ammonium (gaseous ammonia + particulate amooninm, as

NHs), total nitrate (gaseous nitric acid plus particulate nitrate, as HNOs), total C1” (as
HCI), Na*, relative humidity (RH) and temperature. Where particulate concentrations
were called for, we used measured PM; 5 concentrations. Average temperature values
measured during each 24 hr sample were input for temperature. Because RH values were
not immediately available for the study period, we performed a sensitivity analysis,
looking at RH values of 20% (a typical May value for the Grand Canyon area) and a
higher value of 50%.
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The model was applied to examine the predicted equilibrium composition of PMa s
acrosol at Grand Canyon and to watch how this predicted composition changes as sulfate
concentrations are reduced. The intent of this evaluation was primarily to determine the
likelihood of NH4NQ; formation that might oceur in response to future reductions in
aerosol sulfate and associated nonlinearities in fine particle mass reductions. The main
finding from these analyses is that significant formation of NH4NO; is unlikely, even as
avajlaﬁle gaseous ammonia increases in response to sulfate decreases. The lack of
NH,NO; formation can primarily be attribbied to the relatively high temperatures and

low humidities characteristic of this region in spring and summer.

Figure 12 depicts the results of the aerosol composition simulations for RH=50%. Panels
are included showing PM; 5 mass, gaseous ammonia, PM; s ammonium sulfate, gaseous
nitric acid, PM; 5 sodium sulfate, and PMz s sodium nitrate. Five lines are included in
each panel, showing how predicted PM, s mass on each day changes from current
conditions (100% sulfate) to hypothetical scenarios where the particulate sulfate

concentration is reduced to levels equal to 75%, 50%, 25%, and 0% of the current value.

 All other species inputs were held constant. As sulfate is initially reduced, it is apparent

that PM, s mass also decreases, accompanied by decreases in particulate ammonium
sulfate and increases in gaseous ammonia. This pattern changes only at large sulfate
reductions in excess of 50%. For example, the simulations for May 2™ and May 5™
predict that when sulfate is reduced from 50 to 25% of its present value, a slight increase
in PMy 5 mass is observed. The mass increase is accompanied by a decrease in gaseous
nitric acid. The predicted mass increase on these two days does, in fact, reflect
replacement of sulfate by nitrate, but it is replacement of Na;SO4 by NaNOs that occurs
(see bottom two panels in Figure 12), not replacement of (NH4)»S804 by NHsNO;.
Reductions of gaseous nitric acid and replacement of sodivm sulfate by sodium nitrate
become more common in the simulations as sulfate is further reduced to 0% of its corrent
value. These predictions, however, must be judged cautiously. The nitrate Ieplacément
effect at extreme sulfate reduction levels is magnified by the absence of Ca** in the '

ISORROPIA simulations. Because Ca®* is not included, gas phase nitric acid

AQD LRS BART
000270



]

S

i

1

rp—

——

==

—]

N

9

concentrations are overpredicted by the model which pairs sulfate, not nitrate, with Na*,
In the absence of available Na* or any Ca*, the simulation forces all nitrate into the gas
phase. Even aside from this limitation of the ISORROPIA. simulations, however, it is
clear that sulfate replacement by nitrate is unlikely except at extreme levels of sulfate

reduction.
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Figure 12. Timelines of aeresol and gas composition at Grand Canyon predicted by

simulations using the ISNORROPIA. aerosol thermodynamic model. Predictions are shown
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for sulfate at its current level (100% sulfate) and for sulfate reduced to 75%, 50%, 25%,
and 0% of its current level. .

The absence of a tendency for the atmosphere to readily form NH,;NO; in May at Grand
Canyon suggests that sigm'ﬂcant reductions in regional sulfate can be achieved without
great concern about potential sulfate replacement by nifrate or increases in PMj, s mass.
Only at extreme levels of sulfate reduction, exceeding 75%, do the model simulations
suggest any significant movement of nitrate from the gas phase into particles and the
effect predicted here is probably exaggerated by the absence of Ca** in the model’s

treatment of aerosol thermodynamics.

While we must be cautious in trying to extend these conclusions to other locations, it
seems most likely that a similar picture would emerge at other sites on the Colorado 7
Plateau with similar climates if data were available. This hypothesis should be tested by
additional measurements at another key location such as Mesa Verde. It would also be
worth examining the behavior of the system under winter conditions. May was selected
for the current study because that is when PM; s nitrate concentrations have been
observed to peak at Grand Canyon. Based on our observations, it appears that the
relatively high nitrate concenirations present at this time of year are due to reactions of
gaseous nitric acid with sea salt and soil dust, We do not know what form Grand Canyon
nifrate exists in during the colder winter months, but a secondary seasonal peak is
observed at Grand Canyoﬁ in December (sce Fig. 2). Certainly the chances of NH,NO; -
formation are greater then and the system might also be more sensitive. 1o additional
ammonium nitrate formation in response to increases in gaseous ammonia associated
with any reductions in aerosol sulfate. For these reésons, we recommend that a future
study be conducted in the region during winter to evaluate aerosol composition and its

sensitivity to changes in ambient sulfate levels,

* 4, Summary

Measurements of aerosol composition at Grand Canyon in May 2003 indicate the ionic
fraction of the aerosol is a complex mixture of submicron ammonium sulfate and

supermicron nifrate and sulfate salts, The coarse mode nitrate and sulfate appear to be
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present mainly in the form of calcium or sodium salts, products of reaction of nitric or

sulfuric acid (or their precursors} with sea salt and soil dust. Sulfate concentrations

" generally were several times nitrate concenirations on a mass basis; the sulfate to nitrate

ratio for 24 hr samples ranged from approximately 1.2 to &2. An aerosol thermodynamic
model (ISORROPIA) was applied to predict how gas-particle partitioning of nitrate and
fine particle mass concentrations might change if aerosol sulfate concentrations were
reduced at Grand Canyon due, for example, to future reductions in upwind sulfur dioxide
emissions. The simulations suggest that sulfate replacement by nitrate in the aerosol is
likely only in response to large sulfate concentration decreases, on the order of 75% or
more. It is recommended that additional research be conducted to determine whether this
finding is representative of other locations on the Colorado Plateau or other seasons of

the year,
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Site
Big Bend N.P

NH3

Date
7/1/99
7/2/98
7/3/99
71499
7/5/99
7/6/99

717199

718199
712/99
7/10/99
7/11/29
711229
7/13/29
7114/99
7115/99
7/16/89
717199
7/18/98
7118/99
7/20/99
7/21/99
7/22/29
7/23/99
7/24/99
7/25/99
7/26/99
7/27/09
7/28/99
7/29/89
7/30/99
7/31/80
8/1/99
8/2/99
8/3/99
8/4/99
8/5/99
8/6/99
8/7/99
8/8/39
8/2/98
8/10/99
8/11/29
8/12/29
8/13/99
8/14/28
8/15/29
8/16/99
BA7/g0

St

Hgfm3
10

pg/m3
0.4324897
0.3177803
0.2601676
0.4781967
0.2937857
0.3776515
0.3030271
0.2378278
0.2814694
0.2675793
0.2480806

0.2164813

0.3393428
(1.4946782
0.520837
0.4607102
0.3348344
0.2834180
0.3048095
0.187097

© 0.2299045

0.6235008

0.3884045

0.2682514
0.1848315
0.153428
0.1398494
0.2270115
0.3423145
0.3983273
0.2140239
0.3603876
0.2592449
0.1421023
0.0704523
0.3580124
0.0694092
0.1067945
0.0783037
0.055428
0.1090983
0.1243592
03250212
0.1151523
0.0865252
0.0793586
0.0047912
0.0608606

Temp(K)
298.5

Temp(K)
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300

. 300
300
300

- 300
300

- 300
300
300
300
300
300
300
300
300
300
300
300
300

Pressura(atm)
1

Pressurs{atm)
0.88897
0.88897
0.88897
0.88867
0.88897
0.88897
0.88897 .
0.88897
0.88897
0.88897 .
0.88807
0.88897
0.88897
0.88897
0.88897
0.88897
0.88887
0.88897
0.88897
0.88897
0.88807
0.88897
0.88897
0.86897
0.88897
0.86897
0.88897
0.88897
0.88887
0.88897 .
0.88897
0.88897
0.88887
0.88897
0.88887
0.68897
0.88897
0.88897
0.88897
0.88807
0.88897
0.88897
0.88897
0.88897
0.88897
0.88897
0.88897
0.88897

ppmYy
0.0143885

ppmv
0.0007034
0.0005169
0.0004232
0.0007778
0.0004778
0.0006142
0.0004929
0.0003868
0.0004578
0.0004352
0.0004035
0.0003521
0.0005519
0.0008046
0.0008471
0.0007493
0.0005443

0.000461 . -

0.0004959

. 0.0003043

0.0003739
0.00101441

. 0.0006334

0.0004363
0.0003008
0.0002495
0.0002276
0.0003692
0.0005568
0.0006479
0.0003481
0.0005862
0.0004217
0.0002311
0.0001146
0.0005823
0.000113

0.0001737
0.0001274
9.015E-05
0.0001774
0.0002023
0.0005301
0.0001873
0.0001407
0.0001291
0.0001542
9.809E-05

pphv
14

ppbv
0.703

0.517
0.423
0.778
0.478
0.514
0.493
0.387
0.458
0.435
0.403
0.352
0.662
0.8056
0.847
0.749
0.544
0.461

0496
0.304

0.374
1.014
0.633
0.436
0.301
0.250
0.228
0.369
0.557

0.648

0.348

.0.5686

0.422
0.2
0.115
0.582
0.113

- 0174

0.127
0.090
0.177
0.202
0.530
0.187
0.141
0.129
0.154
0.099
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NH3

8/18/99
8/19/99
8/20/99
8/21/99
8/22/99
8/23/99
8/24/99
8/25/99
8/26/99
B/27/99
8/28/99
8/20/99
8/30/99
8/31/99
9/1/99
9/2/99
0/3/99
9/4/99
9/5/99
0/6/99
9/7/99
9/8/99
5/9/99
©/10/99
o/11/09
o/12/09
9/13/99
9/14/99
9/15/99
9/16/99
9/17/99

9/18/99

9/19/99
£/20/99
9/21/99
9/22/99
9/23/98
9/24/98
9/25/99
9/26/99
9/27/29
9/28/99
9/29/99
9/30/99
10/1/99
10/2/99
10/3/99
10/4/99
10/5/29

)

pg/m3
10

0.1819116
0.1676753
0.0655813
0.0412588
0.0329118
0.0876835
0.1744018
0.2601731
0.2461532
0.3533518
0.2494415
0.2087213
0.2001272
0.1029207
0.0717892
0.1166805
0.1724441
0.2748442
" 0.354151
0.244154
0.1810427
0.1752375
0.1563287
0.1758587
0.1198776
0.1971267
0.0836616
- 0.0883088
0.0946431
0.092398
0.0716884
0.0757026
0.1464696
0.1491567
0,0637126
0.1034005
0.0830731
0.2123768
0.1209784
0.1170312
0.2426012
0.1398417
0
0.0241687
0.0774498
0.099696
0.1499461
0.1130874
0.0415091

Temp(K)
298.5

300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300 -
300
300
300
300
300

Pressure(atm}
1

0.88897
0.88897
0.88857
0.88897
0.88897
0.88897
0.88897
0.88897
0.88897
0.88807

. 0.88897
0.88897
0.88897
0.88897
0.88897
0.88897
0.88897
0.88807
0.88897
0.88897
0.88897
0.88897
0.88887
0.88897
0.88807
0.88897
0.88807
0.88897

- 0.88807
0.88807
0.88897

© 0.88897
0.88897
0.88897
0.88897
0.88897
0.88807
0.88897
0.88897
0.88897
0.88897
0.88857
0.88897
0.88897
0.88897
0.88897
0.88897
0.88897
0.88897

ppmy
0.0143865

0.0002659
0.0002727
0.0001087
6.711E-05
5.353E-05
0.0001588
0.,0002837
0.0004232

- D.D004004

0.0005747
0.0004057
0.0003411
0.0003401
0.0001674
0.0001168
0.0001898
0.0002805
0.000447
0.000576
0.0003971
0.0002945
0.000285
0.0002543
0.0002862
0.000195
0.0003206
0.0001364
0.0001436
0.0001539
0.0001503
0.0001164
0.0001231

0.0002382

0.0002426
0.0001036
0.0001682

0.0001351°

0.0003454
0.0001968
0.0001903
0.0003046
0.0002274
0

3.931E-05
0.000126

0.0001622
0.0002439
0.0001839
8.751E-05

ppbv
14

0.296
0.273
0.107
0.067
0.054
0.159
0.284
0.423
0.400
0.575
0.4086
0.341
0.340
0.167
0.117

0.190.

0.280
0.447
0.578
0.397
0.294
0.285
0.254
0.288
0.195
0.321
0.136
0.144
0.154

0.150 .

0.1186
0.123
0.238
0.243
0.104
0.168
0.135
0.345
0.197
0.190
0.395
0.227
0.000
0.039
0.126
0.162
0.244
0.184
0.088
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Example

Yosemite N.P

e
pg/m3
NH3 10

10/6/99  0.0184388
10/7/98  0.0834712
10/8/99  0.0090858
10/9/99  0.0417177
10/10/99  0.0247477
10/11/98  0.0531778
10/12/98 0.

“10/13/99  0.0121699
10/14/98  0.0380807
10/15/99  0.0292747
10M6/98  0.0740832
10/17/9% 0
10/18/99 0
10/19/99 0
10/20/99 0
10/21/89  0.0027914
10/22/99 0
10/23/99 0
10/24/99 0
10/25/99 0

- 10/26/69 0
10/27/99  0.0206089 -
10/28/99 0.08372
410/29/69  0.0835952
10/30/89 0
10/31/99 0
714/02  2,1985058
7/15/02  1.9508237
7116/02  1,750B8617
7M7/02  1.7557416
7/18/02 1.573602
7119/02  1.5980512
71e0/02 1.753371
7/21/02  1.8919999
7122102 1.6646199
7123102 1.9746935
7124/02  2.0045247
7/25/02  1.3118232
7/26/02 . 1.1842875
7127/02  1.7255472
7128102 2.3236657
7129/02  1.8024083
7/30/02 - 2.050771
7131002 1.7444775
8102  1.4572433
8/2/02 1,7315657
8/3/02  2.9744911
8/4/02  1.5258805
8/5/02  1.2852996

Temp(K)
298.5

300
300
300
300
300
- 300
300
300
300
300
300
300
360
300
300
300
300
300
300
300
300
300
300
.300
300
300
. 208
205
295
‘205
205
295
295
2065
295
295
. 295
205
295
205
295
205
295
2a5
285
2395
295
295
295

Pressure(atm)
1

0.888e7
0.88897
0.88897
0.88897
0.88897
0.88897
0.88897
0.88897
0.88807
0.88897
D.88897
0.85897
0.88897
0.888897
0.88887
0.88897
0.88887
0.88897
0.88897
0.88897
0.88897
0.88897
0.88897
0.88897
0.88897
0.88897
0.8238
0.8238
0.8238
0.8238
0.8238
0.8238
0.8238
0.8238
0.8238
0.8238
0.8238
0.8238
0.8238-
0.8238
0.8238
0.8238
0.8238
0.8238
0.8238
0.8238
0.8238
0.8238
0.8238

ppmyY
0.0143865

2.999E-05
0.0001358
1.479E-05
6.785E-05
4.025E-05
8.649E-05
0
1.979E-05
6.194E-05
4.761E-05
0.0001205

3,352E-05
0.0001382
0.0001386
Y
.0
0.0037943
0.0033665
0.0030218
0.0030302
0.0027158
0.002758

" 0.0030261

0.0032654
0.0028729
0.0034081
0.0034596
0.0022637
0.0020439
0.0029781
0.0040104
0.0031107
0.0035394
0.0030108
0.0025162
0.0020885
0.0051336
0.0026335
0.0022183

ppbv

14

0.030
0.136
0.015
0.068
0.040
0.086
0.000
0.020
0.062
0.048
0.120
0.000
0.000
0.000
0.000

-0.005

0.000
0,000
0.000
0.000
0.000
0.034
0.136
0.136
0.000
0.000
3.794
3.367
3.022
3.030
2.718
2,758
3.028
3.265
2,873
3.408
3.460
2.264
2.044

2978 -

4.010
3.1
3.539
3.011
2.516

2.988 -

5.134
2.633
2218
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pg/m3 Temp{K) Pressure(aim} ppmV ppbv
— Example NH3 10 2985 1 0.0143865 14
i .
¢ 8/6/02  1.3241604 295 0.8238 0.0022853  2.285
8/7/02  1.0156514 295 0.8238 0.001752¢ 1753
i 8/8/02  1.2774439 295 0.8238 0.0022047  2.205
| 8/8/02  1.5728415 205 0.8238 0.0027147 2715 -
8/10/02  1.5653678 295 0.8238 0.0027016 2,702
8/11/02  1.4846665 205 ° 0.8238 0.0025624 2562
q 8/M2/02  1.670329 295 0.8238 0.0028828  2.883
b 8/13/02  1.8920517 295 0.8238 0.003267 3.267
8/14/02  1.5154389 205 . 0.8238 0.0026155 2.615
q 8/15/02  1.8386779 295 0.8238 0.0028282 2.828
<. 8/16/02. 1.4808384 295 0.8238 0.0025212  2.521
8M17/02  1.2867552 295 0.8238 0.0022208 2.221
o 8M8/02 15953123 205 0.8238 0.0027533  2.753
jI B/19/02  1.3907464 295 0.8238 0.0024158 - 2.416
t 8/20/02  0.980908 205 . 0.8238 0.0017102 ~ 1.710
- 8/21/02  1.368196 205 0.8238 - 0.0023613  2.361
| I 8/22/02  1.5655303 295 0.8238 0.002702 2.702
“ 8/23/02  1.6097282 285 0.8238 0.0027782 2,778
B/24/02  1.3738668 295 0.8238 0.0023711 2.371
i I 8/25/02  1.2220733 205 0.8238 0.0021091 2.100
n B/26/02 1.0614 295 . 0.8238 0.0018318 1.832
827102  1.7295178 295 0.8238 0.0029849 2,985
;o . 8/28/02  2.1110297 285 0.8238 0.0036434 3.643
! o 8/29/02  1.9778178 295 0.8238 0.0034135  3.413
L . . 8/30/02  1.3502568 205 0.8238 0.0023304  2.330
‘ B/31/02 17537224 295 0.3238 0.0030267 3,027
: 9/1/02  1.5608312 205 0.8238 0.0026938  2.694
: { 9/2/02  1.1308022 295 0.8238 0.0018516  1.952
9/3/02 1.38328 295 0.8238 0.0024046 2.405
Ly ) ] 9i4/02 15717608 205 0.8238 0.0027127 2.713
| | Bondvilfe, IL 2M1/03  0.4248881 . 276 “0.87404  .0.0005803  0.580
" 21203  0.6646827 276 0.97404 0,0009077  0.808.
’ 2/3/03 14280753 276 0.97404 0.0019516  1.952
i 2/4/03 04464631 276 0.97404  0.0006087  0.610
- . 2/B03 0.2427664 276 0.97404 0.0003315  0.332
" 2/6/03  0.2574685 276 0.97404 0.0003516  0.352
- 2/7103 0.0526125 276 0.97404 7.4185E-05 . 0.072
. 2/8/03 04341843 278 0.87404 0.0005929  0.593
219103 0.3726877 276 0.97404 0.000509 0.509
- 2/10/03  0.2071454 276 0.87404 0.0002829  0.283
i 2M1/03  0.183113 278 0.87404 0.0002501 0.250
‘. o 2M2/03  0.2752659 276 . 0.97404 0.0003759  0.376
2/13/03  0,8017485 276 0.97404 0.0010949  1.005
f 2(14/03  0.3139462 278 0.97404 0.0004287  0.429
e 2/15/03  0.1208578 276 0.97404 0.0001651-  0.165
. 2[16/03  0.1170747 276 0.87404 0,0001509  0.160
. 2M7/03  0.0312416 278 - 0.97404 4.267E-05 0.043
i 2/18/03  0.0790236 276 0.97404 0.0001079  0.108
- 2/18/03  0.302582 276 0.97404 0.0004132  (0.413
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Example

Grand Canyon N.P

San Gorgonio

NH3

2120103
2/21/03
2/22/03
2/23/03
2/24/03
2/25/03
2/26/03
2/27/03
5/1/03
5/2/03
5/3/03
5/4103
5/5/03
5/6/03
57103
5/8/03
5/9/03
5/40/03
5/11/03
5/12/03
5/13/03
5/14/03
5/15/03
5/16/03
5117103
5/18/03

5/19/03

5/20/03
521103
5/22/03
5/23/03
5/24/03
5/25/03
5/26/03
5127103
5/28/03
5/29/03
5/30/03
414103
4/5/03
4/6/03
47103
4{8/03
4/8/03
4/10/03
4/11/03
4112103
4{13/03
4114/03

e

)

Hg/m3
10

0.5118587
0.1143403
0.1639138
0.1392738
0.0396096
0.0397418
0.061876
0.0909833
0.2614889
0.2567476
0.3025117
0.1763725
0.1440049
0.2002073
0.2810588
0.2423621
0.1133546
0.1291995
0.1306583
0.1685175
0.2227883
0.2650502
0.2742725
0.4116403
0.4124089
0.307847
0.2441263
0.2204024
0.2164548
0.4068385
0.5168076
0.406053
0.3167727
0.3800757
04191143
0.4545668
0.5068734
0.5516641
0.4520397
1.3682234
1,2643345
04853762
0.4174674
2.2028933
1.7510235
1.5181289
0.7950082
0.8124928
0.1170:158

Temp(K)
208.5

276
276
276
276
276
276
276
276
295
205
295
205
295
205
295
205
295
205
285
285
205
295
295
295
205
295
295
205
295
295
295
295
295
205
285
285
295
2895
289
289

" 289
289
289
289

- 289
289
289
289
269

Pressure(atm)
1

0.97404
0.97404
097404
0.97404
0.97404
0.97404
0.97404
0.97404
0.76766
0.76766
0.76766
0.76766
0.76766
0.76766
0.76766
0.76766
0.76766
0.76766
0.76766
0.76766
0.76766
0.76766
0.76766
0.76766
0.76766
0.76766
0.76766
0.76766
0.76766
0.76766

- 0.767686

0.76786
0.76766
0.76766
0.76766
0.76766
0.76766
0.76766
0.80808
0.80809
0.80809
0.80809
0.80809
0.808G9
0.80809
0.80809
0.80800
0.80808
0.80809

ppmy
0.0143865

0.000689
0.0001561
0.0002239
0.0001902
5.409E-05
5.427E-05

8.45E-05
0.0001243
0.0004843
0.0004755
0.0005603
0.0003267
0.0002669

0.000371
0.0005222
0.0004489
0.0002099
0.0002393

0.000242
0.0003121
0.0004126
0.0004926
0.000508
0.0007624

0.000764
0.0005702
0.0004521
0.0004082
0.0004009
0.0007535
0.0009573

0.000752
0.0005867
0.0007039
0.0007762
0.0008419
0.0009388
0.0012069
0.0007792
0.0023583

0.0021793 ~

0.0008366
0.0007196
0.003797
0.0030181
0.0026167
0.0013703
0.0014004
0.0002017

. ppbv
14

0.899
0.156
0.224
0.180
0.054
0.054
0.085
0.124
0.484
0.476
0.560
0.327
0.267
0.371
0.522
0.449
0.210
0.239
0.242
0.312
0.413
0.493
0.508
0.762
0.764
0.570
0.452
0.408
0.401
0.764
0.957
0.752
0.587
0.704
0.776
0.842
0.939
1.207
0.779
2,358
2179
0.837
0.720
3.797
3.018
2.817
1.370
1.400
0.202
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Briganitiﬁe

NH3

4/16/03
4/17/03
4/18/03
4/19/03
4/20/03
4/21/03
4/22/03
4423103
4424103
4/25/03
4/26/03
711103
7/2/03
-713/03
71403
7/5/03
7/6/03
717103
7/8/03
7/9/03
710/03
7/11/03
712/03
7/13/03
7144103
7115103
7/16/03
7/17/03
7/18/03
7119103
7/20/03
7121103
7122i03
7123103
7124/03
7/25/03
7/26/03
7/27/03
7/28/03
7/29/03
7/30/03
11/04/03
11/05/03
11/06/03
11/07/03
11/08/03
11/09/03
11/10/03
11/11/03

pgim3
10

1.4533051
0.6370786
0.8140165
0.5264535
1.9902295
1.0913788
0.6182538
0.4664089
0.8180046
1.1954716
0.6340705
1.1508674
17351965
1.8225929
2.2347766
1.7582609
3.080472
2,5699759
2.6607387
2.1798461
1.897579
3.6562342
3.3857207
2.1314336
14775031
1.9875548
2.5530808
2.4323033
3.8732721
4.3307939
3.5059764
3.8249028
2.0632854
4,0200089
3.6464071
3.0228822
4.0503221
4187615
4 5617782
2.0703654
2.9100174
0.2208698
0.4123882
0.1521582
0.1951034
0.0638068
0.1128087
0.4815922
0.507241

Temp(K} Pressure(atm)

298.5

289
289
289
289
289
289
289
289
289
289
289
298
298
298.
208
298
208
298
298
298

208

298
208
208
208
208
298
298
2098
298
208
208
288
208
298
208
298
298
208
208
298
287
287
287
287
287
287
287
287

1

0.80809
0.80808
0.80808
0.80809
0.80809
0.80809
0.80809
0.80808
0.80809
0.80809
0.80809
0.80B09
0.80809
0.80802
0.80809

0.80809

0.8080&
0.80809
0.80808
0.80808
0.80800
0.80808
0.80809
0.80808

'0.80809

0.80808

.0.80808

0.80809
0.80809
0.80809
0.80809
0.80809
0.80809
0.80809
0.80809
0.80809
0.80809
0.80809
0.80809
0.80809
0.80809
1

R e T e ey

ppmv
0.0143865

0.002505
0.0010981
0.0014031
0.0009074
0.0034304
0.0018811
0.0010656
0.0008039

. 0.0014009

0.0020606

"0.0010929

0.0020455
0.003084
0.0032393
0.003971%
0.003125
0.005475
0.0047454
0.004729
0.0038743
0.0033726
0.0064983

0.00680175

0.0037882
0.002626
0.0035325
0.0045376
0.004323
0.006884
0.0076972
0.0062312
0.0067981
0.0052667
0.0071448
0.0084808
0.0053726
0.0071987
0.0074427
0.0081077
0.0038797
0.005172
0.0003052
0.0005704
0.0002105
0.0002899
8.826E-05
0.000158
0.0006661
0.0007016

ppbv
14

2.505
1.008
1.403
0.907
3.430
1.881
1.066
0.804
1.410

2.061 .

1.083
2.045
3.084

3.238

3.972

3.125

5.475
4.745
4.729
3.874
3.373
6.4¢8
6.018
3.788
2.626
3.633
4.538
4323
6.884
7.697
6.231
6.798
5.267
7.145
6.481

5.373

7.199
7.443
8.108
3.680
5,172
0.305
0.570
0.210
0.270
0.088
0.168
0.666
0.702
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Great Smoky Mts

NH3

11/12/03
11/13/03
11/14/03
11/15/03
11/16/03
11/17/03
11/18/03
11/19/03
14/20/03
11/21/03
11/22/03
11/23/063
11/24/03
11/25/03
11/26/03
11/27/03
11/28/03
11/29/03
11/30/03
7120/04
7i21/04
7/22{04
7/23/04
7/24{04
712504
7/26/04
T/27/04
7/28/04
7/29/C4
7130/04
7431104
8/1/04
8/2104
8/3/04

8/4/04

8/5/04

8/8/04

8/7/04

8/8/04

8/9/04

8/10/04
8/11/04
8/12/04
8/13/04
8/14/04
8/15/04
8/16/04
817104
8/18/04

paim3
10

0.3402455
0.1226835
0.2479913
0.4621654
0.6210247
0.1987873
0.4813656
0.3412621
0.0966073
0.7662481
0.3700046
0.2436489
0.36830643
0.0954852
0.140397
0.2768602
0.3239342
0.044656
0.168285
0.2002726
0.2500033
0.2766246
0.2204342
0.1766765
0.2602328

'0.2535956

0.2029204
0.2005481
0.2630131
0.299389
0.1085987
0.1767665
0.1138253
0.1125322
0.1895693
0.1485111
0.11655
0.1561461
0.1843826
0.2053317
0.1884613
0.1340964
0.1214892
0.2016858
0.3402938
0.3212033
0.3390405
0.2429167
0.2363473

Temp(K)
208.5

287
287
287
287
287
287
287
287
287
287
287
287
287
287
287
287
287
287
287
302
302
302
302
302
302
302
302
302
302
302
302
302
302
302
302
302
302
302
302
302
302
302
302
302
302
302
302
302
302

Pressure{atm)
1

RN A\ UK UK G WU, U U U WA G N G S ST G S

-

0.91805
0.91808
0.91905
0.91905
0.21905
0.81605
0.91805
0.91206
0.91205
0.91205
0.91908
0.21905
0.91908
0.91905
0.91805
0.91905
0.91905
0.91905
0.91905
0.81805
0.91905
0.91805
091905
0.¢1905
0.91805
0.91905
0.91905
0.91805
0.91905
0.91905

ppmV
0.0143885

0.0004706
0.0001697
0.000343
0.0006393
0.00085¢
0.000275
0.0006658
0.000472
0.0001336
0.0010599
0.0005118
0.000337
0.0005022
0.0001321
0.0001942
0.000383
0.0004481
6.177E-08
0.0002328
0.0003172
0.0004103
0.0004381
0.0003481
0.0002798
0.0004121
0.0004016
0.0003214
0.0003176
0.0004165
0.0004741
0.0003145
0.0002729
0.0001803
0.0001782
0.0003002
0.0002352
0.0001848
0.0002473

0.000292 -

0.0003252
0.0002985
0.0002124
0.0001924
0.0003199
0.0005389
0.0005087
0.0005369
0.0003847
0.0003743

pRbV
14

0.471
0.170
0.343
0.639
0.859
0.275

0,666

0.472
0.134
1.080
0.512
0.337
0.502
0.132
0.194
0.383
0.448
0.062
0.233
0.317
0410
0.438
0.349
0.280
0.412
0.402
0.321
0.318
0.417
0.474
0.315
0.280
0.180
0.178
0.300
0.235
0.185
0.247
0.292
0.325
0.298
0.212
0.192
0.320
0.538
0.508
0.537

0.385 -

0.374
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| 1.0 Introduction

1.1  Background

In May, 2004, Steag, LLC {now Sithe Global, LLC) submitted a Prevention of Significant Deterioration (PSD)
permit application to EPA Region X associated with a modeling protocol and modeling analysis for assessing
the air quality Impacts of the proposed Desert Rock Generating Station, This project is a mine-mouth coal-
fired power plant, to be located In northwestern New Mexico about 50 km scuthwest of Farmington, New
Mexico, within the trust lands of the Navajo Nation. The plant will receive its coal supplies from BHP Billiton
New Mexico Coal.

The modeilng analysis submitted in May 2004 used the CALPUFF (Scire et al., 2000} model for both short-
range and long-range transport modeling. While CALPUFF is fhe preferred EPA model for long-range
transport (distances of at least 50 km}, it Is also used on a case-by-case basis for local complex winds. The
results of a 1982 study focusing upon meteorolagical conditions in northwestern New Mexico provided
evidence that the local flows exhibit complex behavior. Therefore, EPA Region 9 approved the use of the
CALPUFF modsl with a 3-year meteorological database (2001-2003) for evaluating impacts on a consistent
basis at all distances. This general medeling approach will not be changing for future modeling of the facility,
except that a finer grid mesh may be employed for the local modeling near the proposed project site (including
the local Class Il modeling as well as Class | impacts at Mesa Verde; see Section 3-1), However, the National
Park Service has elected to add three specific pericds (more datails in Section 3.3) to the analysis for regional
haze at PSD Class | areas.

The two propased units will exhaust to a common stack which will be built to the Good Engineering Practice
{CGEPY) height of 279.5 meters (917 fest). For [ong-range transport modeling at distant (beyond 50 km) PSD
Class | and sensitive Class |i areas, the emissions from this main stack only were modeled In the 2004
submittal. Future modaling will use these same procedures for distant Class | and sensitive Class Il areas.
For shori-range modeling (at distances within 50 km of tha project sfte), emissions fram fugltive sources and
other intermittent and lovi-lavel combustion sources were also considered in the 2004 submittal and will be
included in future loeal Class [l modeling.

1.2  Overview of past mbde[ing results

The short-range modeling of the project emissions {(fnodeled for both minimum and maximum boiler loads)
indicated a significant impact for two criteria pollutants; SO, and PMy,. The significant impact areas were
contained within the Navajo Nation lands. A cumulative inventory was obtained for the area extending out
50 km from the distance to the Significant Impact Area (SIA).. All sources in this Inventory were modeled,
along with the proposed source, except for very small sources with an emission rate in tons per year (TPY)
less than 0.8D (D in km) from the extent of the SIA for SO,, and 0.3D for PMyp. (This exclusion of very small
sources is consistent with the approach used for the cumulative inventory for PSD Class | modeling, and
equates fo 40 TPY for SO, and 156 TPY for NOy at a distance of 50 km.) The cumulative modaiing results
showed compliance by a wide margin for the National Ambient Air Quality Standards (NAAQS) and the PSD
incroments.

Long-range modeling {for transport distances beyond 50 km) was conductad for both mandatory PSD Class |
areas and also several sensitive Class |l areas of interest to the National Park Service and the Forast Service.
The Class [I results were well below applicable thresholds for increment consumption and increment
significance levels. The Class | resuits were significant for SO, only. A madeling analysis with a cumulative
inventory was conducted, after an inveniory was requested from New Mexico, Colorado, Utah, and Arizona.
For fwo nearby sources (San Juan Generafing Stafion and Four Corners Power Plant), increment-expanding
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emissicns were also considered. The modeling results showed compliance for total SO5 Increment
consumpficn in all Class | areas.

Regional haze modsling was first conducted using the default FLAG approach. Some alternafive methods
were also applied to account for meteorological Interferences, other components of natural background (e.g.,
natural szlt concentrations), and EPA’s revised f{RH) curves used in the implementation of the Regional Haze
Rule. The result of one of the alternative approaches, which included a detailed analysis of metecrological
interference pericds and an hourly ratio averaging approach, resulted in an insignificant modeled impact for
the proposed facllity. The permit application was submitted with the conclusion that the proposed project will
not have an adverse impact on regional hazs.

Acidic deposition results were also provided as part of the permit applicétion. Although the resuits were above
the deposltion analysis thresholds (DATs), these thresholds incorporate a conservative factor of 25 for source
clustering, and the results of the modeling showed impacts that were well below that margin.

1.3  Comments on permit application air quality analysis

A summary of comments recelved on the alr quality modeling analysis In the 16 months since the permit
application was filed is provided below. Several comments were recelved regarding the PSD Class [
modeling, and very few regarding the Class Il {local) modeling. The comments discussed below refer mostly
to the Ciass | modeling issues, and were primarily submitted by the National Park Service,

» Minor source baseline dates need to be identified before a cumulative analysls Is conducted.

» The validity of sources in the cumulative inventary is questionable. Some of the emlission rates used
may be too low. Also, there is a question as to whether minor sources have been accounted for.

» Itis not clear whether the increment expanslon sources modeled for the Class | SO; cumu!atwe
inventory are fully creditable.

s The visibility impact analysis resulted in a concluslon of insignificant impacts, but the aiternative
procadures used in that conclusion are questioned by the National Park Service, such as the way the
meteorological interferences were addressed and fhe quanfification of the natural salt particle
influence on natural background. .

» The meteorological data used In the analysis was not properly evaluated.

» Some of the CALPUFF mode! system technical options selected need more justification, such as the
disperslon option.

» Forregional haze, there Is a concern about winter events with an easterly wind that could advect the
project emissions to the Grand Canyon, have these emissions pass through (and possibly stagnate
within) a cloud layer within the Canyon, accelerate formation of a sulfate cloud, and cause a visibllity
impairment that is under-predicted by CALPUFF. To address this problem, a metsorological wind fleld
with a resolution of 4-12 km is needed. In addition, there is concern that CALPUFF is understating the
sulfate fransformation inside clouds. On the other hand, ENSR noticed that CALPUFF appears to be
_overstating the nifrate formation in winter due to its dominance relative to sulfate formation in cold
weather, while IMPROVE observations indicated dominance of suifates rather than nitrates,

s 8ince the FLAG method did not show low imﬁacts for the proposed facility, a refined analysis must be
undertaksn fo resolve the predicted project impacts.

+ The protocol we have discussed to date has really only dealt with the Desert Rock Impacts in isolation.
The issue of methods for a cumulative Impact assessment Is not covered. We expect that a
cumulative assessment will still be done. . '

« Wa want to be clear that the modeling protocal as currently presented will not satisfy two of our
primary concerns. First, there s still no consideration of aquecus phase conversion of sulfates.
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Secondly, the meteorological fields proposed for use are stiit unlikely to capture some of the important
flow phenomena that lead to impacts In the Class | araas in the reglon. We are attempting to generats
more accurate wind flelds for some specific time periods, and will make them available o you as soon
as they are available. We anticipate looking at these results as well as refining previous work done at
the NPS when making our recommendations. We will need coples of all of the CALPUFF input and
ouiput files to complete cur evaluafions. )

The next two sections discuss a resoclution to these comments and how the next round of modeling will be
conducted.

011706 Addendum to Modeling Protozol doo 1-3 Jaauary 2006

AQD LRS BART
DC0291



Y Iy Ty T3 )

s

|

p—

p———

ENSR | AECOM
2.0 Resolution of comments regarding the modeling analysis

This section p'resents each comment stated above, and then provides a discussion regafding a response fo
the comment.

1. Minor source baseline dates need to be identifled before a cumulative analysis is conducted.

Discussion: these dates have been assembled by WESTAR and are avallable at
hitp:/Awiw westar org/Committees/TDocs/AQCR%20maps/S02_02Dec04.pdf. The emission inventories
already supplied by each state are consistent with these datss.

2, The valldity of sources In the cumulative inventory is questionable. Some of the emission rates used may
be too low, Also, there is a question as to whether minor sources have been accounted for.

Discussion: The cumulative emission inventorles are most likely overstating incrament consumption because
increment expanding sources (other than perhaps San Juan Generating Station and Four Corners Power
Plant) are not included. In addifion, the implementation of the on-road ulira-low diesel sulfur fuel program in
2006 and off-road diesel program in the 2007-2010 time frame. As Scott Bohning indicated in his

April 20, 2005 notes for the May 3, 2005 meeting, the “states seem to agree that minor source growth does not
-pose a problem for SO, |ncrement "

For the Elechic Generation Unit (EGU) sources in the inventory that already exist, EPA Region 9 has
conducted a thorough review of the emissions, and has determinad that the use of the agh percentile emission
rate will be sufficiently conservative-so as to estimate the maximum routine operations. The EPA analysis is

- further described in Section 3.

3. Itis nof clear whether the increment expansion sources modeled for the Class 1 SO, cumulative inventory
are fully creditable.

Discussion: This issue has been resolved by EPA Region 9, and Is further dlscussed in Section 3 and
Appendix A. :

4. The visibility impact analysls resuited In a conclusion of insignificant impacts, but the alternative
procedures used in that conclusion are questioned by the National Park Service, such as the way the
meteoralogical interferences were addressed and the quantification of the natural salt particle influence on
natural background. .

Discussion: There has been an evolution of techniques that have been proposed and.discussed to deal with
-the Issue of metearological interferences. This is an important issue because the peak modeled visibility
Impacts using the default FLAG approach can often occur during high relative humidity conditions, and these
cn_nditioris can often be assoclated with natural obscuration such as fog, snow, rain, etc. These factors are not
taken into account in CALPOST. The problem with procedures that aftempt to address these conditions on a
case-by-case basis is that the required analysis resaurces are extensive and the information regarding actual

_obscuration is often incomplete. Therefore, significant disagresments can occur regarding how to handle

individual events.
An alternative approach to a case-by-case meteorological interference analysis is to adopt the method in

EPA's final BART rules for determining whether an existing source has an adverse visibility impact on any
Class | area. That approach involves the following method:
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a. Use Method & In CALPOST, which uses monthly average relative humidity values In the f(RH)
calculation.

b. For each year (or over 3 years), taks the 98% highest daily impact at any point in the Class | area to
compare to a 0.5 deciview {or 5% exfinction change) threshofd for significance. For a ona-year
analysis, this would involve looking at the 8" highest day's impact at each receptar, while for a three- -
year analysis, it would involve the 22™ highest over the entire period.

5. The meteorological data used in the analysis was not properly evaluated.

Discussion: A comparison of the meteorological data at several surface alrport stations was submitted with the
permit application. However, some changes to the meteorological data are being proposed that wilk adopt
publicly available data that have been independently reviewed. For 2001, we will use the 36-km data
documentad by MeNally (2003). For 2002, we will use the recently-completed WRAP 12-km MM5 database,
as documented by ENVIRON and UC Rlverside (2004). For 2003, we will continue to use the 20-km RUC
data, provided by Earth Tech. Three additional periads pravided by the FLMs for a review of apecific regional
haze impacts will also bes included. .

6. Some of the CALPUFF model system technical options selected need more justification, such as the
dispersion option. We would like to see CALPUFF run with the P-G dispersion option as our preferred
choice. If the applicant uses the AERMOD-like MDISP=2 option enly, the National Park Service will rerun
CALPUFF with MDISP=3, thus delaying the revisw of the permit application.

Discussion: There has been extensive dlscussion of these options, and we have come to an agreement with
the National Park Service. The agreed-upon options are listed in Section 3.

Additional Information regarding the dispersion opticn is provided here, An EPA study available at
hitp:/Awww.eba.doviscram0Q 1 /7thconficalpufffiracer.pdf presents a comparison of CALPUFF predictions vs.
ohservations for sorrie far-field experiments and has mixed conclusions about the two dispersion options
mentioned above. In the main report, the figures showing the crosswind concentration distributions pradicted
by CALPUFF with MDISP=2 and MDISP=3 overall show that when there are dlffererices, the peak-predictions.
are higher for MDISP=3, but that the MDISP=2 peak predictions generally have a befter agreement with the
observed peak values. This can be seen most clearly in Figure 3 and in-Figure 4a (two different experiments).
The Appendix A to the EPA report seems to provide a reverse conclusion for ene experiment, showing
overpredictions with the similarity dlspersion curves and better agreement with the P-G curves, Therefore,
there are mixed results reported here for the tendency of the two different options to predict higher or lower-
relative to each other for long-range transport, although two different experiments showed better performance

" with MDISP=2. In general, the choice of MDISP=2 does not appear to lead to underpredictions of the peak
- impact, and [t is more accurate most of the time. .

It is alsoc notewarthy that the model developer, Earth Tech presents in its CALPUFF courses (Scire, 2005) the
following features of the Pasquill-Gifford cosfficients vs. the turbulence-based dispersion coefficients:

The P-G dispersion coefficients:

¢ are hased on greund-level releases over short distances
-+ neglect variation of diffusion with helght

= neglect variation of diffusion due to surface characteristics (except urban/rural diétinction).
The turbulence-based dispersion coefficients:

« are continuous funciions of height, surface properties, and measured or estimated values of oy, o,
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» include spatial variability in dispersion rates; puffs respond to surface characteristics as they move
« respond fo changes in surface roughness, soll moisture, and other surface parameters.

We do not have any further technical Justification from the Natlonal Park Service regarding thelr cholce of
MDISP = 3, an oplion that is associated with a madel (ISC) that is now being phased out by EPA. Accordingly,
we will present results with MDISP = 3, but may include results as well with MDISP=2 (and MPDF=1) in some
cases, espedially for reglonal haze results, to provide more complete information for the reviewers.

7. Forregional haze, there is a concern about winter events with an easterly wind that could advect the
project emissions to the Grand Canyon, have these emissions pass through (and possibly stagnate within}
a tloud layer within the Ganyon, accelerate formation of a sulfate cloud, and cause a visibllity impairment
that is under-predicted by CALPUFF. Such impairment Is typically seen after the clouds evaporate, and is
usually limited fo 24 hours or less. To address this issue, the FLMs feel that 2 meteorological wind field
with a resolution of 4-12 km is needed. [n additicn, thers is concer that CALPUFF is understating the
sLlfate transformation inside clouds. On the other hand, ENSR noticed that CALPUFF appears to be
overstating the nitrate formation in winter due to its dominance relative to sulfate formation in cold weather,
while IMPROVE observations indicated dominance of sulfates rather than nitrates.

Discussion: We have had numerous discussions about this issue. At this time, it is not possible to change
CALPUFF to enhance its treatment of agueous-phase chemistry because the model developer, Earth Tech, is
not currently prepared to take on that task. Joe Scire of Earth Tech also notes (2005) that an advanced
algorithm for aqueous phase chemistry is highly dependent upon the concentration of hydrogen perexids,
which Is not generally known. Thereforg, it is not advisable to adopt 2 mors advanced algorithm until sclentists
achleve a beiter understanding of hydrogen peroxide concentrations In the atmosphere. Any advanced
treatment would directly access liquid water content Input data, rather than the relative humidity surrogate
values currently used. :

As noted above, there is no apprapriate "qulek fix" to this freatment. The use of Eulerian regional models such

as CAMx or CMAQ have other difficulties, such as lack of regulatory approval and insufficient validation; they
couid be challenged as unproven altemate modeis fo CALPUFF and may suffer from the same dependence
upon the unknown concentrations of hydrogen peroxide and other compounds. In addition, plume digpersion
for individual sources is not adequately simulated in these models unless the meteorological resolution is very

"good (such as 4 km), which makes the effort Involved too unwieldy.

To move on, we will run CALPUFF with its eurrent algorithms for the proposed project and then provide for
agency review a series of anlmation files of the concentration fields for further anatysis for specific periods that
the FLMs identify that are of interest.

The likely overprediction of nitrates in winter can be addressed by using a monthly varlation of background

“ammonia concentrations. The default value of 1.0 ppb for arid lands as referenced in the IWAQM Phase 2

document is valid at 20 deg C, but the same document cites a strong dependence with ambient temperature,
with variations of a factor of 3-4. This same dependence is seen at the CASTNET monitor at Bondville, lllinois
{see page 5 at hitp:ffwww .ladco.orgftech/monitoring/docs _gifsiNH3proposal-revised3.pdf). In addition, a study
of light-affecting particles In SW Wyoming indicated that nifrates were overpredicted by a factor of 3 for a
constant ammonia concentration of 1.0 ppb, and by a factor of 2 for an ammonia concentration of 0.5 ppb (see
Figure 2-1, also provided as slide 57 at

hitp:/fwww.air.dnr.state. ga.us/alrpermit/psd/dockets/longleaf/facilitydocs/0507 11_CALPUFF _eval.pdf). Since
thera are no large sources of ammonia due to agricultural activities near the Class | areas being analyzed, i is
appropriate o infroduce a monthly varying ammonia background concentration to the CALPUFF moedeling.
The following values are proposed (and have been agreed to by the National Park Service):
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Figure 2-1 Prediction of NO; as a function of ammonia background concentration in SW Wyoming
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+ January- March: 0.2 ppb (average temperature ~ 20-40 deg F)
«  April-May: 0.5 ppb (average temperature 40-50 deg F)
= June-September: 1.0 ppb (average temperature 60-70 deg F)
«  October - November: 0.5 ppb (average temperature 40-50 deg F)
+ December: 0.2 ppb (average temperature ~ 30 deg F). -
Even the relative low wintertime estimate of 0.2 ppb could be too high for the coldest days that appsar to

trigger the most nitrate formation in the medel, so additional sensifivity modeling may be presented for cold-
weather months. )

8. Since the FLAG method did not show low impacts for the proposed facility, a much more refined analysis
must be undertaken o resolve the predicted project Impacts.

Discussion: The FLAG method has several conservative features, most notably the inability to handle cases ef

peak visibility impact predictions when the natural visibility is [imited due to nighttime conditions or obscuration -
due to precipitation and fog. Therefore, we conducted alternative analyses, which can show lower facllity
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impacts. This was done for the May 2004 submittal. In this revised analysis, we will conduct a simpler
alternative analysis along the lines of the BART approach. If such an approach shows low impacts (98% day
with less than 0.5 declview change), then we do not believe that a refined analysis Is needed. The mannar In
which a refined analysis could bs conducted s not defined, and has no precedent that the applicant is aware
of. .

9. The protocel we have discussed to date has really only dealt with the Desert Rock impacts in isolation.
" The issue of methods for a cumulative impact assessment is not covered, We expect that a cumulative
assessment will still be done.

Discussion: We assume that this comment addresses the need for a cumulative impact assessment for
regional haze. If s, itis first helpful fo review two possible results from the modeling analysis for the proposed
facility alone that determine whelher a cumulative reglonal haze modellng analysis is needed.

One possible result is that the proposed project’s impacts are shown not io cause a percepiible impact on
regional haze in a Class | area. Although the application of a strict FLAG procedure once again may show
impacts over a 5% extinction change from natural background, an alternative analysis may Indicate no
percepfible impact. Since FLAG arguably has many conservative assumptions, we will also look at the
alternative analysis for concluding whether the proposed project’s emissions are likely to cause a perceptible
visibility impact. We will also provide a substantial amount of information to the National Park Service for thelr
review as well. If the project shows an extinction change below 5% of natural background conditions, then a
cumulative regional haze analysis js not needed,

Even if the proposed project could potentially have a perceptible vislbility impact, it Is clear fram the language
In a comment provided by the National Park Service that suifale is & malor constituent of regional haze in the
Four Corners arga. (Other components of lesser importance are NO, and PM;, emissicns.) The proposed
facility wiil emit a maximum of about 3,300 tons per year of SOz'and NQO,, and about 1,700 TPY of PMy. As
we noted in our presentation at the May 3, 2005 meeting in Fort Collins, the recently announced reducfions of
emissions from the nearby San Juan Generating Station are as follows by the year 2010, relative to emissions
in 1889; '

*  SC,annual emissions reduced by nearly 7,000 TPY (vs. about 3,300 TPY Desert Rock)
» NO, annual emissions reduced by about 7,000 TPY (vs. about 3,300 TPY Desert Rock)
» PMjy; annual emissions reduced by nearly 2,500 TPY (vs. about 1,100 TPY Desert Rock)

In addition, recant changes In emissions at the nearby Four Comers Power Plant are also important to account
forin the cumulative impact evaluation. These changes appear to be voluntary 5O, emission reductions
throughout 2004 due to Increased scrubbing efficiency, and can be seen from data posted on the EPA's Acid
Rain Database. Annual SC, emissions appear to be dropplng from about 35,000 TPY to about 15,000 TPY, a
reduction of some 20,000 TPY.

Itis clear from the above tallles of emission reductions In the Four Corners area that a cumulative analysis,
which should preperly account for recent voluntary emisston reductions, would clearly show that the reductions

. are many times the increases from the proposed project, espacially for S0,, Therefore, a cumulative regional

haze analysis is clearly not necessary, because the cumulative impact will be an improvement even with the
project's emissions included.

10. We want to be clear that the modeling protocol as currently presented will not satisfy two of our primary
concerns. Flrst, there is still no consideration of aqueous phase conversicn of sulfates. Secendly, the
‘meteerological fields proposed for use are still unlikely to capture some of the Important flow phenomena
that lead to Impacts [n the Class | areas In the reglon. We are attempting to generate more accurate wind
fields for some specific time periods, and will make them available to you as soon as they are avaltable,
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We anticipate looking at these results as well as refining previous work done at the NPS when making our
recommendations. We will need coples of all of the CALPUFF input and output files to complete our
evaluations.

Discussion: As we have discussed extensively since the May 3 mesting, we attempted to engage the services
of Joe Scire and Earth Tech to Include enhancements to CALPUFF to address the congcerns of the National
Park Service. These attempts were unsuccessful. One reason for this is that the model developer does not
feel that sufficient information about certaln important compounds involved In SO, to suifate transformation,
such as hydrogen peroxide concentrations, is available to allow an enhanced algorithm fo be practical.
Basleally, the unknowns associated with a more advanced algorithm make it unworkable at this time.
Alternative modeling approaches might be SCICHEM for a Lagrangian modal such as CALPUFF and Eulerian
models such as CMAQ and CAMx; they may suffer from the same poor knowledge of certain critical
compounds. None of these models have been used in a single-source PSD permitting application that we
know of,

While advanced Eulerian models such as CAMx or CMAQ may better address the aqueous phase chamistry
Issue, the model dispersion Is poorly characterized near the source and is dependent upon the grid size, as
noted In the National Park Service's comments about REMSAD modsling that were pravided prior to the May
3 meeting. Even if a 4-km grid size were io be developed for CAMx, the model running fime might be as long
as 2 weeks per simulation month, or about 50% of real time. Such a medel run would be too resource-
intensive for madeling a single source. In addifion, a demonstration that the concentration predictions from
CAMx and CMAQ are better than those of CALPUFF, which s required for use of an alternative model, Is not
avallable to our knowledge.

Therefore, we are proceeding with CALPUFF, but providing information on concentration patterns with
animation files so that possible interactions of the piume with clouds can be further reviewed by the National
Park Service. We will also provide concentration files so that, if warranted for a particular period, the National
Park Service can add the SO, concentrations (mu]tlplled by 1 .B) o the 804 concentrations to simulate
complete transformation to sulfate.

In terms of the adequacy of the meteorological data, we are using 3 yeara of the best available MM5 data,
including the- 12-km 2002 WRAP datebase. We are accommodating periods of 4-km MM5 as provided byihe

National Park Service that cover the periods identifled as being of particular interest.
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3.0 Procedures for final modeling of proposed project

31 Stack emission data

The facllity layout has heen revised since the May 2004 permit application, with the main stack lacation shified
within the plant boundaries. The new main stack location, within a meter, will be 719,690 UTM East and
4,041,760 UTM North, Zone 12, NAD 83. Exhaust characteristics of the stack have not changed. The stack
emissions and the dependence of the exhaust parameters on ambient temperature are listed in Section 6.2.2
of the May 2004 PSD Permit Application document.

For purpese of regional haze modeling, the PMyg emissions are further speciated as speclfied by Sithe Global:

» Half of the emissions are assumed to be fllterable, and half condensable (0.010 Ib/MMBtu for each
portion), :

¢ The pariicle size distributions are based on the EPA’s Compilation of Alr Poflufant Emission Faclors,
Publieation AP-42, Tables 1.1-5 (for a baghouse contral technology) and 1.1-8. The size ranges
considered are based on AP-42 Table 1.1-8, which provides size ranges for filterable PM. Table 1.1-5
of AP-42 indicates that condensable PM can be assumad to be < 1.0 micron in diameter. Therefore,
the non-sulfate condensable emissions will be assigned to the smallest size category. Suifate
emissions are modeled separately as ptimary S0,

+  Of the total filterable PM;, emisslons, 96.3% of "fine” particulate emissions ars considered "soiis”, and
3.7% elemental carbon (following guidance in AP-42 Table 1.1-5); all of the “coarse” particles are
assumed as “soils”. The elemental carbon is provided a size distribution throughout the fine particle -
categories in the proportion assigned to the four size categories in the sub-2.5 micron range. The
condensable PM emissions will be considered to be composed of H:80, and secondary organic

- aerosols, all in the smallest size category.

The Class | analysis madeling will consider only the maln stack only at 100 percent load, A SCREEN3
analysis, provided ih Appendlx D of the modeling protocol submifted in May 2004 indicates that the lowest
normal operating load case (40% of capacity) can possibly lead to the highest near-field concentration
predictions, Therefore, for the Class H analysis, the main stack at both 40 and 100 percent (maximum and
minimum) load for both one and fwo units operating will be modeled (stack parameters for these cases have
not changed from the May 2004 submittal). Emissions from the auxiliary boiler, the diesel generator and fire
water pump, and tha material-handling sources will also Included in the Class Il compliance analysls.

3.2 PSD Class [l modeling procedures

A local modeling domain that extends approximately 125 km in the east-west direction and 190 km in the.
norih-souih direction from the proposed facility location is proposed for this near-fisld Class Il CALPUFF .
modeling analysis (and the Class | analysis for Mesa Verde), as shown in Figure 3-1. The grid spacing for this
analysis is 500 m, '

For the Class | modeling within 50 km, plant ernissians from the maln stack as well as low-level combustion
and fugitive sources wilt be included. The plant impacts will be compared with Significant Impact Levels to
determine the need for cumulative modeling. Based upon previous results, cumulative modeling is likely to be
required for 3O, and PMy,. [n a cumulative modeling assessment, the project sources, along with secondary
sources (such as the BHP ming emissicns) and other nearby sources will be modsled with CALPUFF fo
demonstrate compliance with PSD Class Il increments and the NAAQS.
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3.3  PSD Class | modeling procedures

For the Class | modeling (and for distant sensitive Class I areas that were previously modeled), CALPUFF will
be used as described in Section 2 for the main stack emissions as described in Sectlon 3.1, The projectis
likely to have a modeled signhificant impact for SO, but not for PMyp and NOs. Thersfore, we have had
extensive discussions with EPA Region 9 regarding the sources and emission rates for the cumulative
analysis for $0,. More details regarding this inventory are provided in Appendix A,

The reglonal haze medeling will be conducted using the FLAG approach (with an RHMAX = 95% and EPA
f(RH) curves), and alternative analyses will consider the following features:

e Using the BART approach with Methad 6 and reporting the 98% day (8" highest for each year, and
22" highest over 3 years) to determine whather the project has an impact over 0.5 deciviews (about
5% change in exfinction) '

» Use of a finer grid resolution for areas such as Mesa Verde, for which a grid spacing as small as 0.5
km may be run, as described above. The purpose of this exercise would be to betier define the terrain
features within the modeling domain, especially at the nearest Class | area.

¢ Use of an alternative disparsion option (similar fo the AERMOD treatment) may be consideréd for the
praject emission Impact because this methed is consistent with EPA's recent updates for short-range
model, for which ISCST3 has been'replaced by AERMOD.

Files showing the isobleths of gridded concentration data will be provided for review by the FLMs. [ffeasible,
ligquid water content fields associated with the MM5 data will also be displayed.

The CALPUFF modeling wlll be conducted for all aspects of the analysis (PSD Increment consumption,
regional haze, and acidic.deposftion) for the period 2001-2003. The National Park Service has provided 4-km
and 12-km MMS5 data for the following periods (Involving complete days of data):

e 2001: January 3 — January 28

e 2003 January 1 - January 16

s 2004: April 20 — May 1.
These periods will be run only for the assessment of regional haze impacts because they were provided to us

due to specific concerns for that Air Quality Related Value (AQRV). Results for these perlods will be directly
compared o the same periods with the full year MM5 data for 2001 and 2003.

For these selected perlods, 4-km MMS data is not available at all PSD Class | areas within 300 km of the
proposed project site. However the 12-km MM&5 data does cover all of the Class | areas within 300 km of the
‘project site. Therefore, the selected petiads mentioned above will be run with 4-km MMS data for:

» Canyontands

+ Capitol Resf

»  Grand Canyon

+ Mesa Verde

*  \Weminuche.
Portions of these Class | areas that are either very close to the edge or outside of the 4-km MM5 data set or
are greater than 300 km from the proposed source will not be assessed with this grid. The 4-km MMS runs will

be conducted with a 3-km CALMET grid resolution (excaept for Mesa Verde) and the domain depleted in
Figure 3-1. .
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The remaining Class [ areas will be assessed using the 12-km MMS for the same periods of interest. Those
areas are as follows;

Arches

Black Canyon of the Gunnison
Bandelier

Great Sand Dunes

La Garita

Pecos

Petrified Forest

San Pedro Park

Woast Elk

Wheeler Peak

The 12-km MM5 runs will be conducted with 4-km CALMET grid resolution and the arlginal domain designed
for this project as depicted in Figure 3-1.

The following techrical options and settings have been agreed upon by EPA Region 1X, the NPS, and ENSR.

011706 Addandum to Modsling Protocol.doc 3-3

The monthly backgreund ammonia values listad In Sectlon 2 will be used.

Puff splitting will not be activated. Sensitivity Tuns with this option produced small char{ges in the
modeling results, but with large effects upon model runtime:

MDISP = 3 {P-G dispersion coefﬁciénts) will be used for the CALPUFF modeling. In some sensifive
areas such as regional haze Impacts of the proposed project or SO, increment consumption analyses,
an altemative modeling assessmeant using MDISP=2 and MPDF=1 may be provided.

For certain CALMET settings, the following guidance applies:

- 4-kmMMS5 (for certain Class | Areas from periods n 2004, 2003, and 2004):
- TERRAD=10km
- R1=2km
- R2=20km
- RMAX1=6km
- RMAX2=30km

- 12-km MMS5 (all of 2002 and for certain Class | Areas from periods in 2001, 2003, and 2004):
—  TERRAD=10km
~ Ri=86km
- R2=20km
- RMAX1=12km
—  RMAX2 =230 km

January 2006
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Figure 3-1 Deplction of CALMET/CALPUFF modeling domains

7z
St
CALBUFF, Romain, ¢

! P dor Mesa,Verde wilh:
i uoresayerde, il
t M 00T AEsalnton’; Tl

S fatd Local Clags I3
el Madeling b, i | A
T2 [Trk g 3

oA g,
j{. o/

N A

c

g

pr—

wé'a.fl' . : it
‘4}:.'; O
s

P 4 gk s Y e
AT A B

- b o A VP T e

| J‘,:ﬂ(é-?" )ﬁ.\ q_\fasi E!k i

a 1= i i

| ¥ 8ile Location
Wl ¥Ps Class | Areas

"| E§ USFS Class | Areas

Navajo Indian
HAeservalion

]

Proposed CALPUFF -
Modeling Domains for the
Desert Rock Energy Facility

SIT

Global Power, LLC

ENSR , AECOM

Scale ¢ S0 100 200

300
kil

011706 Addendum fo Medeling Protocol doc

January 2006

AQD LRS BART

000301



T

Iy

oy

o=

ENSR | AECOM

~  20-km RUC (all of 2003}
— TERRAD=10km
- R1=10km
- R2=20km
- RMAX1=20km
- RMAXZ2=30km

—  36-km MMS5 (all of 2001):
— TERRAD =10 km
- R1=18km
-~ R2=20km
—  RMAX1=30%m
— RMAX2=100km

ENSR has already pravided meteorological evaluations of the MMS5 data used in the May 2004 submittal. OF
these MMS data sefs, the 2001 and 2002 data sets are being replaced by publicly available data used in
several regional modeling exercises. Reports describing the meteorologlcal evaluations for the 2001 and 2002
MM5 databases are available (McNally, 2003 and ENVIRON and UC Riverside, 2004). Independent
evaluations of the 4-km MMS databases supplied directly from the National Park Service will not be conducted.

The Naticnal Park Service may conduct thelr own analysis of possible periods for which 31gntf icant aqueous
phase chemistry transfarmation of 502 fo sulfates should be predicted to acour.
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Cumulative SO, PSD Inventory

071708 Addendum fo Modaling Prolocol.doc

-/

ENSR | AECOM

January, 2006

AQD LRS BART
000304



.

-

T

. -
—— | SS—

1
e

—_—

T

frm ——

7 N
vk A

ENSR | AECOM

Appendix A: Cumulative SO; PSD inventory

Key issuss with regard to 1hé appropriate enfries in the cumulative $0, PSD increment inventory for this
project are: :

1. What is the appropriate emission rate that reflects “maximum actual” emissions, especially if facliity-wide
emissions could refiect perlods with some units lower than peak production or even off-line?

Discussion: EPA Region 9 talked fo other EPA regions on this question. There seems to be agreement that
one should use the maximum actual hourly rate, though some regions feit there was some justification for
using, e.g., 90" percentile as indicative of "normal” source operation, as opposed to the 100th percentile,
which would include anomalous spikes, as It does for at least some of the Four Corners Power Plant {FCPP)
units. In Region &'s own modeling for North Dakota 80, increment, 90" percentile was used because itis very
unitkely that all sources weuld simultanasously operate at their maximum; and further, the sum of the 90th
percentiles was close to the maximum emissions that actually occurred. In this case, the sources are not as
clustered as they are for the North Dakota situation, so a percentile value closer to 100% would be
conservative. Due to the fact that the 100" percentile case does Include hours that involve upset conditions,
and because the shortest regulatory averaging time is 3 hours for SO,, a 98" percentile selection based upon
hourly values for emitting unit should be quite conservative. For more conservatism, the g™ percentlle is
taken only from the nonzero emission hours for each EGU unit for years 2003 and 2004, and averaged to
provide the emission value for Input to the modal.

2, Forthe Four Comers Power Plant and the San Juan Generating Station, what are the appropriate
baseline emissions that reflect the same "maximum actual” treatment as current emissions?

Discussion: There were Federal Register notices in 1981 that addressed appropriate emission limits for the
FCPP and San Juan Generating Station (SJGS) units. Language from 46 FR 30653-30654, June 10, 1981
states: "The revised emission limits provide for an average of 60 percent control for Faur Corners units 1, 2
and 3 and no control on unifs 4 and 5 by the end of 1982, and an average of 72 percent control for the entire
Four Corners plant (5 units total) by the end of 1984." "Plant-wide average S0, emissions will be 0.47
Ib/MMBH for The Four Corners plant and .65 |b/MMBtu for the San Juan plant after 1984."

In summary, for FCPP, the 1981 SO, limit requirement for 1984 is 0.47 |b/MMBtu for FCPP; 72% control. For
SJGS, the 1981 (Imit requirement for 1984 is 0.65 Ib/MMBtu,- These values are long-term averages. To obtain
maximum short-term peaks for the baseline period, a ratio of peak to mean will be established for each
relevant unit at FCPP and SJGS for 2003 and 2004, and then applied to this mean baseline emissions given
above to represent the peak short-term baseline emissions for each unit.

The resulting SO, P8I increment inventory is pravided In Table A-1. The modeling archive will include
spreadsheets that support the values provided in the table.
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Table A< S0, PSD increment Inventory
20032004 | gk | stack | Exit | Stack
- Lat Long Base 93%tlle Height | Temp [ Velocity | Diameter
Facility Name {deg) (deg) El, (m}) Em(lzfsl;:ns (m) (K) {mis) (m)
) PSD Increment Consuming Sources
Desert Rock 36.50 | -108.55 | 1645.8 102.810 279.50 | 323.15 24.99 11.21
Cholla Unit 2 3493 | -110.30 | 15290 89.089 167.64 | 348.71 34.14 4.48
Springerville GS 34.32 -109.17 | 212B8.0 1064.432 152.40 338.00 21.30 6.10
Abitibi Consolidated 3450 | -110.33 | 1844.0 43,650 65,23 380.37 18.35 3.66
AE Staley MFG 37.68 | ~106.09 | 232246 2,451 5.18 1273.00 | 20.80 0.10
Nixon Unit 1 38.63 | -104.71 | 16764 220.322 140.21 | 422.59 19.62 5.33
Kinder Morgan 3747 | -108.79 | 2017.8 1.008 | 4.10 644.26 2.54 0.61
Cameo Station (current) 3815 | -j08.32 | 14630 82 586 45.72 399.81 7.77 2.67
Nucla Station 38.24 | -108.5% | 1694.7 68.466 55.53 408,15 23.34 3.68
Holcim-Florence 38.38 | -105.02 | 1536.2 109,000 110.00 | 376.00 14.62 6.00
Holcim-Florence 38.38 | -105.02 | 1536.2 44.900 110.00 | 356.00 13.90 . 1.70
Hunter Unit 2 3817 | -111.03 | 17236 103,210 182.88 | 329.26 17.82° 7.32
Hunter Unit 3 3817 | -111.03 | 17236 92,767 182.88 | 322.04 16.63 7.32
Lisbon Flare 38.16 | -109.28 | 1828.8 1.155 12,20 613.15 83.58 0,46
Lisbon Incinerator 38.16 | -109.27 | 1828.8 38.800 64.98 736.76 7.35 1.83
Consalidated Constr, 36.71 -1 dB._24 1638.3 1,208 12.80 427.59 18.60 1.036 -
San Juan GS Unit 3 36.80 | -108.44 | 1614.8 264.835 121.92 | 32204 15.85 8.534
San Juan GS Unit 4 36.80 | -108.44 | 1614.9 | - 299,264 121,92 | 322.04 15.85 8,534
Bloomfleld Refinery 3670 | -107.97 | 16733 5,383 24.38 | 1273.16 | 2012 £.305
Peabody Mustang 35.66 | -107.91 | 21123 43474 147.28 | 343.09 18.29 5,505
Tri-State Escalante 35.41 ~108.08 | 2103.8 47110 138.07 | 324.26 15.24 ' 6.096
P8D Increment Expanding Sources™
Cameo Station (bassline) | 39.15 [ -108.32 | 1463.0 -79.254 | 1285 416.5 2.29 4572
San Juan Unijt 1 386.80 -108.44 | 1814.8 -373.839 121.92 317,68 18.29 6.006
San Juan Unit 2 36.80 | -108.44 1 1614.9 -348,371 121.92. | 317.52 18.29 6.086
Four Corners Unit 1 3669 | -10848 | 1615.0 -78.627 76.20 327,58 18.29 5.36
Four Corners Unit 2 36.68 | -108.48 | 1615.0 -67.202 76.20 327.59 18.29 5.36
Four Comers Unit 3 '36.69 | -108.48 | 1615.0 -62.855 78.20 327.59 31.63 4.36
Four Corners Unit 4 36.69 | ~108.48 | 1615.0 -162.148 11582 | 333.15 23.89 8.69
Four Corners Unit 5 36,69 | -108.48 | 1615.0 -109.897 11582 | 333.16. 18.29 8.69
*Baseline peak emissions listed
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U.S. Locations

AK, Anchorage
(907) 561-5700

AK, Fairbanks
(907) 452-5700

AL, Birmingham
(205) 980-0054

AL, Florence
(256} 767-1210

CA, Alameda
(510} 748-6700

CA, Camarillo
(805) 388-3775

CA, Orange
{714) 973-9740

CA, Sacramento
{916) 362-7100

CO, Ft. Collins
© {(970) 493-8878

Fi. Collins Tox Lab
(970) 416-0916

CT, Stamford
. (203) 323-6620
CT, Willington
(860) 429-5323

FL., Si. Petersburg
(727) 577-5430

FL, Tallahassee
{850) 385-5006

GA., Norcross
{770) 381-1836

IL, Chicago
(630) 836-1700

L, Collinsville
- {618) 344-1545

LA, Baton Rouge
(225) 208-1206

MA, Air Laboratory
{978) 772-2345

MA, Sagamore Beach

(508) B58-3900

MA, Westford
(978) 589-3000

MA, Woods Hole
{508) 457-7200

MD, Columbia
(410) 884-9280

ME, Portland
{207) 773-9501
MI, Detroit
(269) 385-4245

MN, Minneapolis
(952) 924-0117

NC, Charlotte
(704) 529-1755

NC, Raleigh
{(919) 872-6600

NH, Giiford

(503) 524-8866
NJ, Piscataway
(732) 981-0200

NY, Albany
(518) 453-6444

NY, Rochester
{585) 381-2210

NY, Syracuse
(315) 432-0506

NY, Syracuse Air Lab

(315) 434-9834

OH, Cincinnati
{(513) 772-7800

PA, Langhorne
(215) 757-4900

PA, Pitisburgh

(412) 261-2910

Ri, Providence
(401} 274-5685

A Trusted Environmental, Health and Safety Pariner

s
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8C, Columbia
(803) 216-0003

TX, Dallas
{972) 508-2250

TX, Housion
(713) 520-9200

VA, Chesapeake
(757) 312-0063

WA, Redmond
(425) 881-7700

W, Milwaukee
(262) 523-2040

Headguarters
MA, Westiord
(978) 589-3000 -
Worldwide Locations
Azerbalian
Belgium

Bolivia

Brazil

Canada

China

France
Germany
Ireland

ltalky

Japan

Malaysla
Phlllpplines
Thalland

Turkey

United Kingdom

- Venezuela

WWW.ensr.aecom.com
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1. IntrodUction

Federal law requires Best Available Retrofit Technology (BART) for any BART-eligible
source that ‘‘emits any air pollutant which may reasonably be anticipated to cause or contribute
to any impaittment of visibility” in any mandatory Class I federal area, Pursuani to federal
regulations, states have the option of exempting a BART-eligible source from the BART
requirements based on dispersion modeling demonstrating that the source cannot reasonably be
anticipated to cause or contribute to visibility impairment in a Class [ area.

Federal regulations implementing the BART requirement afford states some latitude in the
criteria in determining whether a BART-eligible souree is subject to BART. The Division has
proposed state regulations establishing criteria and procedures for determining which Colorado
spurces will be subject to the BART requirement. The Division’s proposal is scheduled for a .
December 15, 2005 hearing before the Air Quality Control Commission. In advance of the
hearing, and in preparation for the submittal of a state implementation plan for regional haze,
the Division will perform air quality maodeling with the CALPUFF modeling system to assess
which BART-eligible sources in Colorado are likely to be subject to BART based on the
proposed state regulation,

According to 40 CFR Part 51, Appendix Y (BART guideline), a BART-eligible source is
considered to “contribute” to visibility impairment in a Class I area if the modeled 98th
percentile change in deciviews is equal to or greater than the “contribution threshold.” Any
BART-eligible source determined to cauge or contribute to visibility impairment in any Class I
area is subject to BART. The Division has proposed a state regulation establishing a
“contribution threshold” of 0.5 deciviews.

The Division will apply CALPUFF with at Teast three years of meteorological data to
determine if the 98th percentile 24-hour chasge in visibility (delta-deciview) from a BART-
eligible source is equal to or greater than a contribution threshold of 0.5 deciviews at any Class
T'area. The initial phase of the BART modeling process is referred io as the “subject-to-BART”
analysis. The modeling includes SO2, NOx,-and direct PM10 emissions from all BART-
eligible units at a given facility.

The Division will use this protocol for the initial subject-to-BART modeling. However,
additional modeling performed by the Division or source operator may supersede the resulis.
Subsequent modeling should use modeling techniques consistent with the recommendations in
this protocol and the BART guideline. The Division may approve deviations from this protocol
for a specific source if the changes are acceptable to U.S. EPA and improve model
performance while retaining consistency with the BART guideline. All modelmg will be
subject to Division review and approval.

The contribution threshold and other criteria used for this modeling demonstration have not
been finalized and may change in the final rule adopted by the Commission, Therefore, the
results of modeling performed with this protocol are not a final agency action. Any source that
the Division determines is subject to BART will receive a separate notice of the agency’s final

Colerado Department of Public Health & Environment / Air Pollution Confrol Division / Technical Services Program
October 24, 2005 1
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determination. Such separate notice will occur after the Commission acts on the proposed
regulations establishing criteria and procedures for determining which sources will be subject
to the BART requirement.

Relevant language from the BART guideline is included, below, to show the modeling
recommendations in context. Other sections of this protocol explain how the Division proposes
to implement the recommendations. The BART guidelihes set out 40 CFR Part 51, Appendix
Y, provide in part:

III, HOW TO IDENTIFY SOURCES “SUBJECT TO BART”

Once you have compiled your list of BART-eligible sources, you need to determine whether
(1) to make BART determinations for all of them or (2) to consider exempting some of them
Jrom BART because they may not reasonably be anticipated to cause or contribute to any
visibility impairment in a Class I area. If you decide ro make BART determinations for all
the BART-eligible sources on your list, you should work with your regional planning
organization (RPO) to show that, collectively, they cause or contribute to visibility
impairment in at least one Class I area. You should then make individual BART
determinations by applying the five statutory factors discussed in Section IV below.

On the other hand, you also may choose to perform an initial examination fo defermine
whether a particular BART-eligible source or group of sources causes or contributes to
visibility impairment in nearby Class I areas. If your analysis, or information submiited by
the source, shows that an individual source or group of sources (or certain pollutants from
those sources) is not reasonably anticipated to cause or contribute to any visibility
impairment in a Class I area, then you do not need fo make BART determinations for that
source or group of sources (or for certain pollutants from those sources). In such a case,
the source is hot “subject to BART" and you do not need to apply the five statutory factors
to make a BART determination. This section of the Guideline discusses several approaches
that you can use to exempt sources from the BART determination process.

A. What Steps Do I Follow to Determine Whether A Source or Group of Sources Cause
or Contribute to Visibility Impairinent for Purposes of BART?

1. How Do I Establish a Threshold?

One of the first steps in determining whether sources cause or contribute to vzszbzlzty
impaiviment for purposes of BART is to establish a threshold (measured in deciviews)
against which to measure the visibility impact of one or more sources. A single source that
is responsible for a 1.0 deciview change or more should be considered to “‘cause” visibility
impairment; a source that causes less than a 1,0 deciview change may still contribute to
visibility impairment and thus be subject to BART.

Because of varying circumstances affecting different Class I aregs, the appropriate
threshold for determining whether a source “contributes to any visibility impairment” for
the purposes of BART may veasonably differ across States. As a general matter, any
threshold that you use for determining whether a source “contributes™ fo visibility
impairment should not be higher than 0.5 deciviews.

Colorado Depariment of Public Health & Environment/ Air Pollution Control Division / Technical Services Program
October 24, 2005 2
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In setting a threshold for “contribution,” you should consider the number of emissions
sources aﬁectmg the Class I areas at issue and the magnitude of the individual sources’
impacts.” In general, a larger number of sources causing impacts in a Class I area may
‘warrant a lower contribution threshold. States remain free to use a threshold lower than
0.5 deciviews if they conclude that the location of a large number of . BART eligible sources
within the State and in proximity to a Class I area justify this approach.’

2. What Pollutants Do I Need to Consider?

You must look at SO2, NOx, and direct particulate matter (PM) emissions in determining
whether sources cause or contribute to visibility impairment, including both PMI10 and
PM2.5. Consistent with the approach for identifying your BART-eligible sources, you do
not need to consider less than de minimis emissions of these pollutants from a source.

As explained in section 11, you must use your best judgement lo determine whether VOC or
ammonia emissions are likely to have an impact on visibility in an area. In addition,
although as explained in Section II, you may use PM10 an indicator for particulate matter
in determining whether a source is BART eligible, in determining whether a source
contributes to visibility impairment, you should distinguish between the fine and coarse
particle components of direct particulate emissions. Although both fine and coarse
particulate matter contribute to visibility impairment, the long-range transport of fine
particles is of particular concern in the formation of regional haze. Atr quality modeling
results used in the BART determination will provide a move accurate prediction of a
source’s impact on visibility if the inputs info the model account for the relative particle
size of any directly emitted particulate matler (i.e. PMiovs. PMas).

3. What Kind of Modeling Should I Use to Determine Which Sources and Pollutants
Need Not Be Subject to BART?

This section presents several options for determining that certain sources need not be
subfect to BART. These options rely on different modeling and/or emissions analysis
approaches. They are provided for your guidance. You may also use other reasonable
approaches for analyzing the visibility impacts of an individual source or group of sources.

Option 1: Individual Source Attribution Approach (Dispersion Modeling)

. You can use dispersion modeling to determine that an individual source cannot reasonably
be anticipated to cause or contribute to visibility impairment in a Class I area and thus is
not subject to BART. Under this option, you can analyze an individual source’s impact on
visibility as a result of its emissions of SOs, NO:and direct PM emissions. Dispersion
modeling cannot currently be used fo estimate the predicted impacts on visibility from an
individual source’s emissions of VOC or ammonia, You may use a more qualitative

* We expect that regional planning organizations will have modeling information that identifies sources affecting
visibility in individual class I areas,

& Note that the contribution threshold should be used to determine whether an individual source is reasonably

anticipated to contribute to visibility impairment. You should not aggregate the visibility effects of multiple sources

and compare their collective effects against your contribution threshold becanse this would inappropriately create a
‘contribute fo contribution” test.

Colorado Department of Public Health & Environment / Air Pollution Control Division / Technical Services Program
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assessment to determine on a case-by-case basis which sources of VOC or ammonia
emissions may be likely to impair visibility and should therefore be subject to BART
review, as explained in section I1.A.3. above.

You can use CALPUFF’ or other appropriate model to predict the visibility impacis from a
single source at a Class I area. CALPUFF is the best regulatory modeling application
currently available for predicting a single source’s contribution fo visibility impairment
and is curvently the only EPA-approved model for use in estimating single soyrce pollutant
concentrations resulting from the long range transport of primary pollutants.® It can also
be used for some other purposes, such as the visibility assessments addressed in today’s
rule, to account for the chemical transformation of SO and NOx,

There are several steps for making an individual source attribuiion using a dispersion
model:

1. Develop a modeling protocol.

Some critical items to incliude in the protocol are the meteorological and terrain data that
will be wsed, as well as the source-specific information (stack heighi, temperaiure, exit
velocity, elevation, and emission rates of applicable pollutants) and receptor data from
appropriate Class I areas. We recommend following EPA’s Interagency Workgroup on Air
Quality Modeling (IWAQM) Phase 2 Summary Report and Recommendations for Modeling
Long Range Transport ImpaCtSp Jor parameter settings and meteorological data inputs.

You may use other settings from those in IVAQM, but you Should identify these settings
and explam your selection of these seitings.

One important element of the protocol is in establishing the receptors that will be used in
the model. The receprors that you use should be located in the nearest Class I area with

- sufficient density to identify the likely visibility effects of the source. For other Class I areas
in relatively close proximity to a BART-eligible source, you may model o few strategic :
receplors to determine whether effects at those areas may be greater than at the nearest
Cliuss I area. For example, you might chose to locate recepiors at these areas at the closest
point to the source, at the kighest and lowest elevation in the Class I area, at the
IMPROVE monitor, and at the approximate expected plume velease height, If the highest ~
modeled effects are observed dt the nearest Class I area, you may choose not to analyze the
other Class I areas any further as additional analyses might be unwarranted,

You should bear in mind that some receptors within the relevant Class I area may be less
than 50 ke _from the source while other receptovs within that same Class I area may be

7 The model code and its documentation are available ai no cost for download from
http:ffwww.epa goviseram001 /1622, himitealpuff .

B The Guideline on Air Quality Models, 40 CFR part 51, appendix W, addresses the regulatory application of air -
quality models for assessing criteria pollutants under the CA4, and describes further the procedures for using the
CALPUFF model, as well as for obtaining approval for the use of other, nonguideline models.

? Puteragency Workgroup on Alr Quality Modeling (IWAOM) Phase 2 Summary Repori and Recommendations for
Modeling Long Rarnge Transport Impacts, U.S. Bnvironmental Protection Agency, EPA-454/R-98-019, December
1998,

N
Colorado Pepartment of Public Health & Environment / Air Pollution Control Division / Technical Services Program
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greater than 50 km from the same source. As indicated by the Guideline on Air Quality
Models, 40 CFR part 51, appendix W, this situation may call for the use of two different
modeling approaches for the same Class I avea and source, depending upon the State's
chosen method for modeling souvces less than 50 km. In situations where you are assessing
visibility impacts for source-receptor distances less than 50 Iom, you should use expert
modeling judgment in determining visibility impacts, giving consideration to both
CALPUEF and other appropriate methods.

In developing your modeling protocol, you may want to consult with EPA and your
regional plarming organization (RPO). Up-front consultation will ensure that key technical
issues are addressed before you conduct your modeling.

2. [Run maodel in accordance] with the accepted protocol arid compare the predicied
visibility impacts with your threshold for “contribution.” -

You should calculate daily visibility values for each receptor as the change in deciviews

" compared against naturai visibility conditions. You can use EPA’s "Guidance for

Estimating Natural Visibility Conditions Under the Regional Haze Rulg, " EFA-454/B-03-
005 (September 2003) in making this caleulation. To determine whether a source may
reasonably be anticipated to cause or contribute to visibility impairment at Class I area,
vou then compare the zmpacts predicted by the model against the threshold that you have
selected.

The emissions estimates used in the models are intended to reflect steady-state operating
conditions during periods of high capaciiy utilization. We do not generally recommend that
emissions reflecting periods of stavt-up, shutdown, and malfunction be used, as such
emission rates could produce higher than normal effects than would be typical of most
Jacilities. We recommend that States iise the 24 hour average actual emission rate from the
highest emiiting duay of the meteorological period modeled, unless this rate reflects periods
start-up, shutdown, or malfunction. In addition, the monthly average relative humidity is
used, rather than the daily average humidity — an approach that effectively lowers the peak

values in daily model averages.

For these reasons, if you use the modeling approach we recommend, you should compare
your “contribution” threshold against the 98th percentile of values. If the 98m percentile
value from your modeling is less than your contribution threshold, then you may conclude
that the source does not contribute to visibility impairment and is not subject to BART.

Calorado Department of Public Health & Environment / Air Pollution Control Division / Technical Services Program
October 24, 2005 5
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1.1. Visibility Calculations

The general theory for performing visibility calculations with the CALPUFF modeling
system is described in several documents, including:

»  “Interagency Workgroup on Air Quality Modeling FWAQM) Phase 2 Summary
Report and Recommendations for Modeling Long Range Transport Impacts”
(TWAQM, 1998)

v “Federal Land Manager’s Air Quality Related Values Workgroup (FLAG): Phase I
Report” (FLAG, 2000)

" “A User's Guide for the CALPUFF Dispersion Model” (Scire, 2000)

In general, visibility is characterized either by visual range (the greatest distance that a
large object can be seen) or by the light extinction coefficient, which is a measure of the
light attermiation per unit distance due to scattering and absorption by gases and particles.

Visibility is impaired when light is scattered in and out of the line of sight and by light
absorbed along the line of sight. The light extinction coefficient (bey) considers light
extinction by scattering (bycae) and light extinction by absorption (bays):
bext = Bscar + Bats

The scatieting components of éxtinetion can be represented by these componeﬁts:‘

»  light scattering due to air molecules = Rayleigh scattermg Brayleigh

» light scattering due to particles = by,
The absorption components of extinction can be represented by these components;

v light absorption due to gaseous absorption = byg

= light absorption due to particle absorption = by,

Parti-c;le scattering, by, can be expressed by its components:

bgy = bsos + bros + boc + bsort beoarse

where: : . ) .
‘= hgos = scattering coefficient due to sulfates = 3[(INHq), SO4IRRH)
* bnos = scattering coefficient due to nitrates = 3[NH/NO;Jf{RH)
»  boc = scattering coefficient due to organic aerosols = 4[OC]
=  bsonr= scattering coefficient due to fine particles = 1[Soil]
" beoarse= scattering coefficient due to coarse particles = 0.6{Coarse Mass]

-Particlerabsorption from soot is defined as:
» by = absorption due to elemental carbon (soot) = 10[EC]

The concentration values (in brackets) are expressed in micrograms per cubic meter. The
numeric coefficient at the beginning of each equation is the dry scattering or absorption

Colorado Department of Public Health & Environment / Air Pollution Control Division / Technical Servmcs Program
Qctober 24, 2005 6
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efficiency iIn meters-squared per gram. The f{RH) term is the relative humidity adjustment
factor.

The total aimospheric extinction cant be expressed as:
bext = bgos + bnos + bac + bsom+ Bosarse™ Dapt Prayleien

In this equation, the sulfate (SO4) and nitrate (NO3) components are referred to as
hygroscopic components because the extinction coefficient depends upon relative
humidity. The other components are non-hygroscopic.

The variation of the effect of relative humidity on the extinction coefficients for SO4 and
NO3 can be detenmined in several ways. Accordmg to the BART guldelme monthly f{RH)
values should be uged.

The CALPUFF modeling techniques in this protocol will provide ground level
concentrations of visibility impairing pollutants. The concentration estiimates from
CALPUFF are used with the previously shown equations to calenlate the extinction
coefficient,

As described in the IWAQM Phase 2 Report, the change in visibility is compared against
background conditions. The delta~deciview, Adv, value is caloulated from the source’s
contribution to extinction, bygure, and background extinction, buckground, a8 follows:

Adv =10 ln((bbackgmund"' bsnurcc)f bhankground)

Colgrado Department of Public Health & Environment / Air Poilution Control Division / Technical Services Program
Qctober 24, 2005 7
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2. Emission Estimates

According to the BART guideline, “The emissions estimates used in the models are intended to
reflect steady-state operating conditions during periods of high capacity wtilization. We do not
generally recommend that emissions reflecting periods of stavt-up, shutdown, and malfunction
be used, as such emission rates could produce higher than normal effects than would be typical
of most fucilities. We recommend that States use the 24 hour average actual emission rate from
the highest emitting day of the meteorological period modeled, unless this rate reflecis periods
start-up, shutdown, or malfimction.”

Short-term emission rates (<24~hours) should be modeled since visibilily impacts are :
calculated for a 24—hour averaging period. $O,, NOx, and PM10 (inciuding condensible and
filterable direct PM10’) should be modeled from all BART-eligible units at the facility, The

~ Division will initiaily use allowable emission rates or federally enforceable emission limits, If
24-hour emissions limits do not exist, limits of a different averaging period may be used.
Specifically, if limits do not exist, maximum hourly emissions based on emission factors and
design capacity may be used.

If the source operator elects to develop emission rates for subject-to-BART modeling, case-by-
case procedures should be developed in consultation with the D1v1310n In general, the
following emission rates are acceptable:
e Short-term (<24-hours) allowable emisgion rates (e.g., emission raies calculated using
the maximum rated capacity of the source).
Federally enforceable short-term limits (224-hours).
Peak 24-hour actual emissjon rates (or caleulated emission rates) from the most recent
3 1o 5 years of operation that account for “high capacity utilization” during normal
operating conditions and fuel/material flexibility allowed under the source's permit. In
sitnations where a unii is allowed to use more than one fuel, the fuel resultting in the
highest emission rates should be used for the modeling, even if that firel has not been
used in the last 3 to 5 years.

If short-term rates are not available, emissions rates based on averaging periods longer than 24-
hours are acceptable only in cases where the modeling shows that the source has impacts equal
to or greater than the contribution threshold.

r

1 Common specisted PM species for CALPUFF include fine particulate matter (PMF), coarse particulaté matter
(PMC), soot or elemental carbon (EC), organic aerosols (S30A), and sulfate (S04). H,30,, for example, is a PM10
species emitted from coal-fired units that is typically modeled as 504 in CALFUFF.

Colorado Department of Public Health & Environment / Air Peltation Control Division / Technical Services Program
October 24, 2005 g
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3. CALMET/CALPUFF Modeling

Methodology

Tor the subject-to-BART modeling, the Division will use the Jamary 2005
CALMET/CALPUFF parameter settings and input files generated by CH2M HILL for the
Public Service Company Comanche Unit 3 PSD permit application because it underwent
extensive review by the Division and by Federal Land Managers as part of the PSD permitiing
process. The Division has modified the CALPUFF inpnt files to include three additional Class
Y areas. It has also been modified as necessary to account for PM10 speciation. An additional
post-processing step with POSTUTIL has been added to implement ammonia limiting. The
CALPOST model setup is different from the setup for PSD permit modeling and should be
consistent with the U.S. EPA’s BART guideline, In addition, the Division has reviewed
available data to determine appropriate ammonia background values for various parts of
Colorado, The Division has perfonneii sensitivity tests to understand the response of the model
to changes in ammonia background concentration levels. Since the current regulatory version
of CALPOST does not generate 98™ percentile results, the Division has modified CALPOST fo
generate a file with a full distribution of daily delta-deciview values for each receptor. In
addition, the Division developed a FORTRAN processor to generate 98™ percentile results.

The Division will use this protocol for the initial subject-to-BART modeling. However, the
Division’s initial modeling may be superseded by additional modeling performed by the
Division or source operator. Subsequent modeling should use modeling techniques consistent

. with the recommendations in this protocol and.the BART guideline. Al modeling will be

subject to Division review and approval. The Division may approve deviations from this
protocol for a specific source if the changes are acceptable to U.S. EPA and improve model
performance while retaining consistency with the BART guideline, For example, if the source
operator wants to use 2-kilometer CALMET grid cells instead of 4-kilometer cells and wants to
include additional meteorological observations in a way that improves the performance of the
CALMET meteorological fields, the Division would probably approve the analysis.

This protocol is intended to-provide sufficient technical documentation to support the
application of CALPUFF at distances up to 300 kilometers. While CALPUFF will be used at
source-to-receptor distances less than 50 kilometers for some receptors, there is a Class I area
within the 50 to 300 km range from every BART-eligible source in Colorado. Impacts at Class
I areas greater than 300 km may be used, but it should be recognized that the use of puff
splitting in CALPUFF would provide more accurate results for Class I areas beyond 300km.

According to “Interagency Workgroup on Air Quality Modeling (IWAQM) Phase 2 Summary
Report and Recommendations for Modeling Long Range Transport Impacts” (TWAQM Phase
2 Report):
In the context of the Phase 2 recommendation, the focus of the visibility analysis is on haze.
These technigues arve applicable in the range of thirty to fifty kilometers and beyond from a

Colorado Department of Public Health & Environment / Air Pollution Control Division / Technical Services Program
October 24, 2005 9
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source. At source-receptor distances less than thirty to fifty kilometers, the technigues for
analyzing visual plumes (sometimes referred to as ‘plume blight’) should be applied.

For the few cases where BART-eligible source-to-receptors distances are less than 50
kilometers, both the topography and the meteorological fields are complex and the use of
CALPUEFF appeats to be appropriate based on the possibility of recirculation, stagnation, and
complex flows. The shorfest source-to-receptor distance modeled will be about 25 kilometers,
but it involves an elevation change of about 3000 fi. In addition, in each case, only a portion of
the Class I area is less than 50 km from the source. If there were issues regarding the 50 km
distance, PLUVUEII would be an appropriate model to consider for source-to-receptor
distances less than 50 kilometers. If a PLUVUETI 1is used, a protocol should be developed.

3.1, CALMET/CALPUFF Model Selection
The following model versions will be used:
CAILPUFF: July 2004 beta version 5.711a, level 040716
- CALMET: July 2004 beta version 5.53a, level 040716 |
POSTUTIL: May 2003 version 1.31, level 030528
CALPOST: July 2003 version 5.51, level 030709
o Modified by Division for thJS analysis:
» CAILPOST BART9§_v3.EXE (version 5.51_CO_v3, levcl 030709)
» BART98 viEXE

The use of CALPUFT is recommended in 40 CFR 51 Appendix Y (BART guideline). The
primary niche for CALPUEF is as a long-range transport model. It is a multi-layer, non-steady-
state puff dispersion model that can simulate the effects of time- and space-varying .
meteorological conditions on pollutant transport, chemical transformations, vertical wind

" shear, and déposition (Scire, 2000).

3.1.1. CALMET

The MM5/CALMET meteorclogical fields have been generated for 1996, 2001, and 2002.

CALMET is based on the Diagnostic Wind Model (Douglas, 5. and R. Kessler, 1988). It

has been significantly enhanced by Barth Tech, Inc (Scire, 2000), For this particular study,
~ the mode] uses a Lambert Conformal Projection coordmate system to account for the

Earth's curvature. :

- CALMET uses a two-step approach to calculate wind fields. In the first step, an initial-
guess wind field is adjusted for slope flows and terrain blocking effects, for example, to
produce a Step 1 wind fisld. In the second step, an objective analysis is performed 1o
infroduce observational data into the Step 1 wind field.

In this application, the initial guess wind fields are based on 36-kilometer MM5*
meteorological fields for 1996, 2001, and 2002 (i.e., IPROG=14). The MMS files were
provided to the Division by CH2M HILL as part of the Public Service Company (PSCo)
Comanche Unit 3 PSD permit application. Alpine Geophysics extracted the MMS5 data into

? Fifth-Generation NCAR/Penn State Mesoscale Model.

Colorado Department of Public Health & Environment / Air Pollution Control Division / Technical Services Program
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a CALMET MMS5.DAT format for 1996, 2001, and 2002. Both the 1996 and 2001 MMS35
data were generated by the U.S. EPA. The 2002 MMS data was originally developed for
the Visibility Improvement State and Tribal Association of the Southeast (VISTAS), While
the VISTAS data was considered to be acceptable for the PSCo Comanche PSD permit and
for this analysis based on data availability issues, the Western Regional Air Partnership
(WRAP) 36km and 12 Jan 2002 data should be considered as a réplacement for the 2002
VISTAS data if additional CALPUFF modeling is performed beyond this initial effort. In
addition, the Midwest Regional Planning Organization (MRPO) 36 km 2003 and 2004
MMS5 data should be considered as additional years of data. Finally, if other better
resolution and more representative meteorological fields become available, they may be
considered for any future modeling, However, before accepting data from other
meteorological models, the Division may require submission of a meteorological model
performance evaluation to demonstrate that the proposed meteorological fields perform
better than the MM5 fields proposed in this protocol.

The BART guideline does not specify the exact number of years of mesoscale
meteorological data for use in CALPUFF, but according to 40 CFR 51 Appendix W, at

- least three years of meteorological data should be used. Five years of meteorological data

is preferable. At the time of this analysis, five years of agency-approved mesoscale
meteorological data were not readily available at reasonable grid resolutions for Colorado.
While the Division has the national 80km 1990 MM4 and 80km 1992 MMS5 data sets, use
of the coarse resolution 1990 and 1992 data sets would not 1mprove the aceuracy of the

* modeling results in Colorado.

3.1.1.1. CALMET Modeling Domain
The modeling domain is shown in Figure 1. It is based on a Lambert Conformal
Conic projection. As determined by CHZM HILL, the Standard Parallels within the

" domain are 1/6th and 5/6th of the north-to-south extent instead of the 30-degree and
60-degree lines that are listed as defaults in CALMET. This was done to minimize
distortion. See Figure 7 for specific parameter settings.

The domain inctudes alf Class I areas in Colorado with the exception of Mesa Verde
NP. Mesa Verde was excluded because it is more than 300 km from all of the BART-
eligible sources in Colorado and because the BART-¢ligible sources in Colorado
would have higher impacts at other Class 1 areas, That is, preliminary modeling
indicates that impacts at Mesa Verde will not be the confrolling 98" percentile valies
for this analysis. The domain doses not include Class I areas in any nearby states
because the 98™ percentile impacts from Colorado’s BART-eligible sources are
expected to be highest at Clags I areas in Colorado, This assumption is based on
gource-to-receptor distances and professional judgment regarding prevailing air
pollutant transport regimes. The CALMET domain includes almost the entire state of
Colorado. Itis about 480 km x 480 km in the longitudinal and meridonal directions,
respectively, with 4-kilometer CALMET grid cells. :

Any modeling beyond this initial analysis should consider a larger domain that
extends south of Albuquerque, New Mexico and west of the Canyonlands NP Class 1

Colorado Department of Public Health & Eavironment / Air Pollution Control Division / Technical Services Propram
October 24, 2005 ) _ 11

AQD LRS BART
000323



po—

CALMET/CALPUFF BART Protocol for Class I Federal Area Individual Source Antribution
Visibility Impairment Modeling Analysis

area in Utah so that all Class I areas within 300 kilometers of every BART-eligible
source in Colorado are included in the domain.

If a source operator elects to perform additional subject-to-BART modeling beyond
the Division’s mitial modeling using a different CALMET/CALPUFF setup, the
Division may approve a smaller modeling domain on a case-by-case basis. For
example, if the Division’s initial modeling shows that a source has impacts above the
contribution threshold at only two Class I federal areas, the Division may approve a
smaller modeling domain if the reduction in size is necessary to implement 2 km
CALMET grid spacing.

Modeling Domain

Legend
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Figure 1. CALMET/CALPUFF modé]jng domain.

3.1.1.2. CALMET Performance Evaluation
The meteorological fields developed by the MMS/CALMET modeling system were
evaluated by CH2M HILL for Xcel Energy as part of the PSCo Comanche Unit 3

Colorado Department of Public Health & Environment / Air Pollution Confrol Division / Technical Services Program
October 24, 2005 ) 12

AQD LRS BART
000324



= o=

-

[

v J

- A

CALMET/CALPUFF BART Protocol for Class I Federal Avea Individual Source Atiribution
Visibility Impairment Modeling Analysis

PSD permit. Specifically, “CH2M HILL examined vector plots of selected periods
within the CALMET output for validation of the wind fields with the CalDESK
{Environmodeling Ltda,) program (CH2ZM HILL, 2005).” The Division replicated the
CALMET modeling and performed additional review of the meteorological fields
with the Lakes Environmental CALPUFF View software package. In general, the
meteorological fields were found to be reasonable given the 36km MMS resolution,
although model performance could be improved with better resolution
MMS5/CALMET fields and the inclusion of more observations in CALMET.

If the meteorological fields described in this protocol are not used and new CALMET
fields are generated, the meteorological fields should be evaluated by a
meteorologist,

3.1.1.3. Terraln

Gridded terrain elevations for the modeling domain are-derived from 3 arc-second
digital elevation models (DEMs) produced by the United States Geological Survey
(USGS). The files cover 1-degree by 1-degree blocks of latitude and longitude,
USGS 1:250,000 scale DEMs were used. The elevations are in meters relative to
mean sea level and have a resolution of about 90 meters, shown in Figure 2.
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Figure 2, CALMET Terrain.
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3.1.1.4. Land Use

The land use data is based on the Composite Theme Grid format (CTG) using Level I
USGS land use categories were “mapped into the 14 primary CALMET land use
categories (CH2M HILL, 2005),” shown in Figure 3. The land use categories are
described in Figure 4,

¥directionin m
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Figure 3. CALMET land use categories.
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Figure 4. Land use categories table from CALMET User's Guide.

Colorado Department of Public Health & Environment / Air Pollution Control Division / Technical Services Program
October 24, 20035 14

AQD LRS BART
000326



—_3

—_J

h'*T

3

s

r__»'_ -

f————

CALMET/CALPUFF BART Protocol for Class I Federal Avea Individual Source Attribution
Visthility Impairment Modeling Analysis

2

3.1.1.5. CALMET ZFACE and ZIMAX Settings
Eleven vertical layers have been wsed with vertical cell face (ZFACE) heights at: 0,

20, 100, 200, 350, 500, 750, 1000, 2000, 3000, 4000, and 5000 meters.

ZIMAX was set to 4500 meters based on analyses of soundings for summer ozone
events. The analysis suggests mixing heights in Denver are often well above the
CALMET defanlt value of 3000 meters during the summer. For example, on some
summer days, ozone levels are elevated all the way to 6000 meters MSL or beyond
during som¢ meteorological regimes, including some regimes associdated with high
ozone episodes. A sounding from the evening of July, 1 2002 (see Figure 5%, which is
a day the 8-hour ozone standard was exceeded at Rocky Mountain National Park,
suggests the mixing height was probably around 6000 meters MSL, The mixing
height estimate is based on the relative uniformity of the water vapor mixing ratio
below 6000 meters, the temperature profile, the inverted "V" in the sounding, and -
data from 2 NOAA ozonesonde from Boulder that shows relatively constant ozone

levels with height. Although low mixing heights can occur during the summer,

maximum summertime daytime mixing heights in the Denver area often range from
about 12,000 feet {3700 m) to 20,000 feet (6000 m) MSL, Since the CALMET -

- ZIMAX setting is above ground level (AGL), not above mean sea level (MSL), the
maximum summer daytime mixing height range over the plains would be about

15000 feet (4500 m) AGL. Thus, a ZIMAX setting of 4500 m is used.
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Figure 5. Example Denver summertime sounding.
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3.1.1.6. CALMET BIAS Setting

The BIAS settings for each vertical cell determine the relative weight given to the
vertically extrapolated surface meteorological observations and upper air soundings.
The iritial guess field is computed with an inverse distance weighting of the surface
and upper air data. It can be modified by the layer-dependent bias factor (BIAS). The
values for BIAS can range from —1.0 to 1.0. For example, If BIAS is set to +(.,25, the
weight of the surface wind observation is reduced by 25%. If BIAS is set to —0.25,
the weight of the upper air wind cbservation is reduced by 25%. IF BIAS is set to
zero, there is no change in the weighting from the normal inverse distance squared
weighting. As recommended by the NPS, the default values of 0.0 have been used for
all 11 vertical layers in this analysis.

3.1.1.7. CALMET RMINZ2 and IXTERP Seftings

Vertical extrapolation of data from a surface station is skipped if the surface station is
close to the upper air station. The variable RMIN2 sets the distance between an upper
air station and a surface station that must exceeded in order for the extrapolation to
take place. RMIN2 has been set to the default value of 4, as recommended by the
NPS. The default value of 4 for IEXTRYP is used. By setting IEXTRP to —4 (as
opposed to +4), layer 1 data at upper air stations is ignored, When IEXTRP=t4, the

- van Ulden and Holislag wind extrapolation method is used. The method uses

similarity theory and observed data to extend the influence of the surface wind speed
and direction aloft.

3.1.1.8. CALMET Sefttings: R1, R2, RMAX1, RMAX2, RIMAX3

An inverse-distance method is used to determine the influence of observations in the
Step 1 wind field. R1 conirols weighting of the surface layer and R2 controls
weighting of the layers aloft, For example, R1 is the distance from an observational
station at which the observation and first guess field are equally weighted. In
addition, RMAX1, RMAX2, and RMAX3 determine the radius of influence over

_ land in the surface layer, over land in layers aloft, and over water, respectively. That

i3, an observation is excluded if the distance from the observational site to a given
grid point exceeds the maximum radins of influence. As recommended by the NP5, -

" Rl and RMAX] have been set to 30 lan so that the initial gness field does not

overwhelm the surface observations. R2 is set to 50 km and RMAX2 is set to 100
km. RMAX3 is not much of a factor in Colorado given the lack of large water
bodies. RMAX3 is set to 500 ki, -

3.1.1.9. CALMET Surface Stations

Eleven surface stations shown in Figure 6 were used, including Alamosa (ALS),
Colorado Springs {(CYS), Denver (DEN), Eagle (EGE), Limon (LIC), Puecblo (PUB),
Trinidad (TAD), Cheyenne (CYS), Laramie (LAR), Rocky Mountain NP (ROM),
and Gothic (GTH)