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Executive Summary

In 1977, Congress amended the Clean Air Act (CAA) with provisions to protect scenic vistasin
certain Class | Areas. In these amendments, Congress declared the following national visibility
goal:

“ The prevention of any future, and the remedying of any existing, impairment of visibility
in mandatory class | Federal areas which impairment results from manmade air
pollution.” (CAA 8§ 169A)

Environmental Protection Agency (EPA) adopted the Regional Haze Rule (RHR) on July1, 1999
to establish a comprehensive visibility protection program for the nation’s 156 mandatory Class |
Areas. The RHR addresses visibility impairment from widespread haze caused by emissions
from numerous, multiple sources. These emissions are often mixed and transported over long
distances.

The objectives of the RHR are to improve existing visibility in mandatory Class | Areas, prevent
future impairment of visibility by man-made sources, and meet the national goal of natural
visibility conditionsin all 156 mandatory Class | Areas by 2064.

The RHR establishes several planning periods extending from 2005 to 2064. The state of
Washington is required to develop a Regional Haze (RH) State Implementation Plan (SIP) for
each period. The RH SIP must provide for improvement of visibility on the Most Impaired Days
(the haziest or worst 20% of days) and protection of existing visibility on the Least Impaired
Days (the clearest or best 20% of days) in the state’s 8 mandatory Class| Areas. The RH SIP
must also address mandatory Class | Areas outside of the state that are reasonably anticipated to
be affected by emissions from Washington.

Thisfirst RH SIP for the state of Washington coverstheinitial (or foundational) planning period
that extends from 2005 to 2018. The state's foundational SIP establishes the basis for future
control RH SIPs addressing later planning periods and initiates the process of making
Reasonable Progress toward the 2064 goal of natural visibility conditions. Washington's
foundational RH SIP addresses the basic requirements of the RHR by:

o[] Determining baseline (2000-2004) visibility conditions in each of the state’ s 8 mandatory
Class| Areas

o[] Providing inventories of visibility-impairing emissions from the state’ s sources

o[] Analyzing natural and human-caused sources of haze for the state's mandatory Class |
Areas

o[] Establishing Reasonable Progress Goals for 2018 for the state’'s Class | Areas

o[ 1 Developing aLong-Term Strategy for visibility improvement

o[] Determining and requiring Best Available Retrofit Technology (BART) for the 7
stationary point sources subject to BART
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Best Available Control Technology
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Community Multi-Scale Air Quality Model

Carbon Monoxide

Carbon Dioxide
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COHA Causes of Haze Assessment
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IMPROVE
IWG
LoTo,™
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MANE -VU
Mm™*

MM

MM5
MSL

MW
NEDC
NESCAUM
NESHAP
NH3
(NH4)2S04
NO,

NO3
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Hazardous Air Pollutant

Haze Index

Interstate 5

International Maritime Organization

Interagency Monitoring of Protected Visual Environments
Implementation Work Group

Trademarked low temperature NO, removal system
Limestone Forced Oxidation

Long Term Strategy

Maximum Achievable Control Technology
Mid-Atlantic/Northeast Visibility Union

Inverse mega meter; a measure of particle extinction
Million

Meteorological Mesoscale 5

Mean Sea Level

Megawatt

Northwest Environmental Defense Center

Northeast States for Coordinated Air Use Management
National Emission Standards for Hazardous Air Pollutants
Ammonia

Ammonium Sulfate

Nitrogen Dioxide

Ammonium Nitrate or NH4sNO3
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NPCA
NPDES
NSPS
NPS
NSR
NTEC
NWCAA
NWPPA
O3

oC
ODEQ
OoMC
PG&E
Plan02
PM

PM25

PM1o

POA
ppm
PRB

PRP
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Nitrogen Oxides

National Parks Conservation Association
National Pollutant Discharge Elimination System
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National Park Service

New Source Review

National Tribal Environmental Council
Northwest Clean Air Agency

Northwest Pulp & Paper Association
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Oregon Department of Environmental Quality
Organic Mass Carbon

Pacific Gas and Electric Company

2000 through 2004 typical baseline emissions
Particul ate Matter

Fine Particles or Particulate Matter; with an aerodynamic diameter of
2.5 micronsor less

Coarse Particle Matter or Particulate Matter; with an aerodynamic
diameter of 10 microns or less

Primary Organic Aerosol
parts per million
Powder River Basin

Preliminary Reasonable Progress

Xii



PRP18 (aor b)
PSAT
PSD
PTPC
RACT
RAVI
RFO
RH
RHR
RICE
RMC
RPG
RPO

RRF

SIP
SMOKE
SMP
SNCR
SOIL
SO,

SO4

SO
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Particulate Matter Source Apportionment Technology
Prevention of Significant Deterioration

Port Townsend Paper Corporation

Reasonable Available Control Technology
Reasonably Attributable Visibility Impairment
Residua Fuel Oil

Regional Haze

Regional Haze Rule

Reciprocating Internal Combustion Engine
WRAP s Regional Modeling Center
Reasonabl e Progress Goal

Regional Planning Organization

Relative Response Factors

Selective Catalytic Reduction

State Implementation Plan

Sparse Matrix Operator Kernel Emissions
Smoke Management Plan

Selective Non-catalytic Reduction

Fine Sail

Sulfur Dioxide

Ammonium Sulfate or (NH4)2SO4

Sulfur Oxides
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TIP

TSS

URP

USDA
USDA —FS
USDI

USDI - FWS
USDI —NPS
USGS

vVOoC

WA

WAC

WEP
WESTAR
WGA

WGS
VIEWS
Visibility SIP

WRAP
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Tribal Implementation Plan
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Chapter 1  Overview

1.100 Background

In 1977, Congress amended the Clean Air Act (CAA) to include provisions to protect scenic
vistasin certain Class | Areas. In these amendments, Congress declared a national visibility
goal:

“ The prevention of any future, and the remedying of any existing, impairment of visibility
in mandatory class | Federal areas which impairment results from manmade air
pollution.” (CAA 8§ 169A)

In 1979, the Environmental Protection Agency (EPA), in consultation with the Secretary of the
Interior, promulgated alist of 156 mandatory Class | Areasin which visibility was determined to
be an important factor. Eight areas in Washington were designated mandatory Class | Areas.

To address the national visibility goal, EPA promulgated regulations in 1980 to address
Reasonably Attributable Visibility Impairment (RAVI). RAVI isdistinct plumes (called “plume
blight”) caused by large stationary sources. RAV 1 regulations represented the first phasein
addressing visibility impairment.

The Washington State Department of Ecology (Ecology) developed arevision to the State
Implementation Plan (SIP) for the purpose of Visibility Protection (Visibility SIP) and submitted
it to EPA in March 1985. EPA formally approved the Visibility SIP on May 4, 1987. Ecology
has reviewed and revised the Visibility SIP several times since then. The most recent revisions
were submitted to EPA on November 5, 1999 and approved by EPA on June 11, 2003.

Washington’'s phase | Visibility SIP targets both the distinct plumes from large stationary
sources and prescribed burning. Although prescribed burning from forestry activitiesis not
considered a stationary source, Washington addressed this source in its phase | Visibility SIP
because of significant impacts on visibility from prescribed burn plumes.

EPA adopted phase Il visibility rules, the Regional Haze Rule (RHR) in 1999. The RHR
addresses visibility impairment from widespread haze caused by emissions from multiple
sources. These emissions are often mixed and transported over long distances. The RHR
established a comprehensive visibility protection program for the 156 mandatory Class | Areas.

1.200 Regional Haze Rule

The objectives of the RHR are to improve existing visibility in all 156 mandatory Class | Areas,
prevent future impairment of visibility by man-made sources, and meet the national goal of
natural visibility conditions by 2064. The RHR requires each state to adopt a Regional Haze
(RH) SIP that focuses on improving the Most Impaired Days (the haziest or worst 20% of days)
and protecting the Least Impaired Days (the clearest or best 20% of days). A state’'sRH SIP

1-1
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must provide a comprehensive analysis of natural and human-caused sources of haze in each
mandatory Class | Areawithin the state and contain strategies to control and reduce emissions
that contribute to haze. The SIP must also address mandatory Class | Areas outside of the state
that are reasonably anticipated to be affected by emissions from the state.

The RHR breaks the RH Program into several planning phases extending from 2005 to 2064.
Thisfirst RH SIP coverstheinitia (or foundational) planning period that extends from 2005 to
2018. The foundational SIP establishes the basisfor RH SIP revisions addressing future
planning periods and initiates the process of making reasonable progress toward the 2064 goal.

Thisfoundational RH SIP integrates RAVI1 and RH through a comprehensive Long-Term
Strategy that addresses both. This allows for coordinated review and revision of the SIP every
five yearsin accordance with EPA’ s visibility requirements.

1.300 Organization of Washington’'s Foundational Regional Haze State
I mplementation Plan

Washington’s RH SIP addresses the requirements specified in section 51.308 of the RHR. The
RH SIP is organized as follows:

Chapter 2 addresses plan development. Thisincludes the role of regiona planning, the Western
Regional Air Partnership (WRAP), and consultation with Federal Land Managers, Tribes, and
other states.

Chapter 3 isaprimer that provides information on basic plan elements and key concepts used in
the RH SIP.

Chapter 4 describes Washington’'s eight mandatory Class | Areas and visibility monitoring for
these areas.

Chapter 5 covers baseline and natural visibility conditions for each of Washington’s eight
mandatory Class | Areas. The uniform rate of visibility improvement for achieving the 2064
goal is aso discussed here along with the uniform glide slope for each mandatory Class | Area.

Chapter 6 discusses the baseline and 2018 statewide emissions inventories that were devel oped
and used to prepare this plan.

Chapter 7 describes the types of modeling used in the WRAP region and that Washington relied
upon for this foundational SIP.

Chapter 8 discusses the significant in-state and regional sources of haze affecting Washington’'s
mandatory Class | Areas and projected to affect visibility conditionsin 2018. This chapter also
presents which mandatory Class | Areas in adjacent states are significantly impacted by
Washington emissions.
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Chapter 9 defines the reasonable progress goal for each of the eight mandatory Class| Areasin
Washington. Demonstrating reasonable progress towards the national visibility goal requires
setting goals for the Most Impaired Days and Least Impaired Days for each mandatory Class |
Area

Chapter 10 describes the long-term strategy to address reasonably attributable and regional haze
visibility impairment in Washington’s mandatory Class | Areas and mandatory Class | Areas
outside of the state that may be reasonably anticipated to be impacted by emissions originating in
Washington.

Chapter 11 describes Best Available Retrofit Technology (BART) determinations for
Washington. BART is asignificant focus of the foundational RH SIP. BART appliesto certain
older industrial facilities that began operation before federal Prevention of Significant
Deterioration rules were adopted to protect visibility in Class | Areas.

Chapter 12 addresses tracking progress towards the national visibility goal and performing plan
reviews. The RHR reguires commitments to monitoring, reporting, ng visibility impacts,
and revising the RH SIP.

Chapter 13 summarizes the national visibility goal, Washington’s foundational RH SIP, and the
long-term challenges and issues that must be and addressed to reach the national visibility goal in
Washington.
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Chapter 2  Foundational Regional Haze State
| mplementation Plan Development

Just the term regional haze suggests the need for aregional approach to visibility impairment.
This chapter provides background on regional planning to address Regional Haze (RH), therole
of the Western Regional Air Partnership (WRAP) in the development of this first—
foundationa—RH State Implementation Plan (SIP), and Washington State’ s consultation with
other states, tribes, and Federal Land Managers (FLMs) on foundational RH SIP devel opment.

2.1 Regional Planning

The pollutants that lead to RH can originate from numerous sources located across broad
geographic areas and be transported long distances. In recognition of the regional nature of haze,
the Environmental Protection Agency (EPA) encouraged states to organize Regional Planning
Organizations (RPOs) to coordinate regional activities related to the Regional Haze Rule (RHR).
Ultimately states formed—and EPA funded—five RPOs, which collectively cover the 48
contiguous states, Alaska, and Hawaii (Figure 2-1).

Regional Planning Organizations

Mid-Atlantic/Northeast
Visibility Union

7 WAL
Midwest Regional

Planning = ! ,
Organization 31"[‘5

Western Regional
Air Partnership

Regional
Air Planning
Association

. E{

Visibility Improvement =

State and Tribal Association ..;
of the Southeast -

S

e

Figure2-1  Regional Planning Organizations
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2.2 Western Regional Air Partnership

WRAP is avoluntary organization of western states, tribes, and federal agencies that work
collaboratively to address visibility impairment in mandatory Class| Areas. The WRAP was
formed in 1997 as the successor to the Grand Canyon Visibility Transport Commission
(GCVTC). The 1990 Amendments to the Clean Air Act authorized the formation of visibility
transport commissions and required EPA to establish the GCVTC.

The WRAP promotes, supports, and monitors the implementation of the GCVTC’ s June 1996
recommendations for improving visibility in the 16 national parks and wilderness areas on the
Colorado Plateau. The recommendations developed by the GCV TC represent a significant
milestone in the study of RH. The GCVTC'stechnical analysis found the customary focus on
mitigating visibility impairment from stack plumes associated with stationary-point sources was
insufficient to address the wide range of pollutants and sources that caused or contributed to
visibility impairment across the Colorado Plateau. The GCVTC s air quality monitoring and
modeling showed that part of RH is caused by the long-range transport (more than 100 miles) of
emissions from numerous and widespread sources.

The RHR expanded the focus of regional visibility planning processes in the West from the
Colorado Plateau to all western Class | Areas. The WRAP embraced this geographic expansion
by expanding itsrole to address RH in all 13 contiguous western states, Alaska, and Hawaii.

The focus of the WRAP for this foundational RH SIP isregional technical analysis. The WRAP
has engaged in compilation of ambient monitoring, emission inventories, air quality modeling,
and data analysis. Theresult isaregionally consistent body of technical data and analysisto
address RH in the West. The WRAP also provides aforum for coordination and consultation
between states, tribes and FLMs.

The WRAP accomplishes this work through committees, forums, and workgroups composed of
states, tribes, FLMs, EPA, and environmental, industry, and public representatives. Staff-time
for these activitiesis contributed by the organizations. The work is supported by WRAP staff
from the Western Governors Association and the National Tribal Environmental Council. The
WRAP aso contracts with environmental consulting firms for analysis of air pollution data,
compilation and preparation of data, and analyses of natural and/or uncontrollable air pollution
sources.

2.3 Conaultation

Because of its very nature, addressing RH involves discussions between states, tribes, and FLMs.
These discussions can be as informal in nature as a discussion within a WRAP forum,

committee, or workgroup or they can be a structured, formal meeting. The RHR generally
allows for both and one does not preclude the other. The RHR has formal requirements for a
state’' s consultation with the FLMs administering mandatory Class | Areas within the state. This

! The Grand Canyon Visibility Transport Commission, Recommendations for Improving Western Vistas, June 10,
1996. http://www.wrapair.org/WRAP/reports GCV TCFinal.PDF
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section discusses the role of consultation between the state of Washington and other states,
tribes, and FLMs in the development of this foundational RH SIP.

Consultation with Other States

The RHR requires consultation between states on the devel opment of coordinated emission
management strategies.? This requirement applies both to mandatory Class | Areaswithin
Washington, where emissions from other states are reasonably anticipated to contribute to
visibility impairment, and to mandatory Class | Areas outside Washington, where emissions
from Washington are reasonably anticipated to contribute to visibility impairment.

Participation in the WRAP has fostered a regionally consistent approach to haze planning in the

western states and provided a sound mechanism for consultation. Consultation among the fifteen
western states within WRAP has occurred through meetings of WRAP committees, workgroups,
and forums with participation by conference calls, face-to-face meetings, and workshops.

Through participation in the WRAP, the western states have agreed upon the overall goals set for
2018 and the appropriateness of the strategies to achieve these goals for all mandatory Class 1
Areasin the WRAP region. Coordination through WRAP resulted in resolution of technical
tasks and policy decisionsin such areas as monitoring, emissions, fire tracking, BART, source
attribution, modeling, and control measures. Due to this extensive coordination, this
foundational RH SIP reflects Washington’ s implementation of aregionally consistent approach
to addressing visibility impairment in the West.

WRAP staff have compiled extensive documentation on WRAP meetings and work products
(through October 2007) that provides an overview of the breadth of the coordinating role of the
WRAP in the planning process for foundational RH SIPs (Appendix A).

In addition to consultation through the WRAP, Ecology met with the Oregon Department of
Environmental Quality at its headquartersin Portland, Oregon on January 9, 2008 for a genera
discussion on RH planning.

Consultation with Tribes

The WRAP recognizes the unique legal status and jurisdiction of tribes and seeks to promote
policies that ensure fair and equitable treatment of al participating members of the WRAP. The
WRAP also recognizes the authority and responsibility of states and tribes to develop, adopt, and
implement individual state and tribal implementation plans.

Ecology’ s consultation with tribes during the development of its foundational RH SIP has been
solely through WRAP participation. Both EPA Region 10 and the National Tribal
Environmental Council (NTEC) have offered assistance in making tribes aware of the
Washington State’s RH SIP. However NTEC, which made its offer of assistance in August
2007, has expended its federal RH funds and there is no EPA funding currently available to
NTEC for the WRAP project. The RHR has no formal requirement for consultation with tribes.

2 40 CFR 51.308(d)(1)(iv) and 51.308(c)(3)(i)
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Consultation with Federal Land Managers

The RHR requires consultation between the State of Washington and FLMs on development and
implementation of the RH SIP. Ecology must provide FLMs with an opportunity to comment in
person at least 60 days prior to holding a public hearing on this draft foundational RH SIP. The
RHR specifies that the consultation must provide an opportunity for affected FLMs to comment
on the state’ s assessment of visibility impairment in each mandatory Class | Area and provide
recommendations on the reasonabl e progress goals and the development and implementation of
visibility control strategies to address visibility impairment.

Formal consultation requirements do not preclude informal consultation. Ecology had a number
of meetings with state and national representatives of the U.S. Department of Agriculture Forest
Service (USDA-FS) and the U.S. Department of Interior National Park Service (USDI-NPYS)
between 2007 and 2009 (see Table 2-1). The major focus of these meetings was Ecology’ s Best
Available Retrofit Technology (BART) determinations. These discussions were helpful to
Ecology. Ecology used the discussions and informal written comments from FLMsto review
and revise its draft BART determinations and associated draft compliance orders. A national
representative of the U.S. Department of Interior Fish and Wildlife Service (USDI-FWS)
participated in a number of the meetings as a representative of the U.S. Department of the
Interior (USDI).

Ecology held aformal consultation with the USDA-FS, USDI-NPS and USDI represented by the
USDI-FWS on May 18, 2010. Information on Ecology’sformal consultation with the FLMson
this foundational SIP isfound in Appendix B. Appendix B includes the formal written
comments submitted to Ecology along with a synopsis of FLM comments accompanied by
Ecology’ s response. This information was made available to the public as part of this
foundational RH SIP when Ecology issued its public hearing notice for this foundational SIP.

The continuing role of the FLMsin RH planning is discussed in Chapter 12, Continuing
Planning Process for RH.
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Table2-1 Informal Ecology-Federal Land Managers Regional Haze State
| mplementation Plan Consultation
Date FLMS Arrangements | Topics
1/18/07 | USDA-FS | Lacey, WA® | e State BART activities
meeting e Potential state involvement in the RH SIP and funding
8/13/07 | USDA-FS | Lacey, WA e State plansfor RH SIP and BART
USDI-NPS | meeting e Informal consultation v. RHR consultation requirements
11/16/07 | USDA-FS | Lacey, WA e BART-€ligible sources — emission rates, exemption
USDI-NPS | meeting modeling, potentia controls
e FLM-suggestions for future monitoring
4/30/08 | USDA-FS | Lacey, WA ¢ Baseline Washington Class | Areas IMPROVE
USDI-NPS | meeting monitoring
e BART status
e Alcoa Wenatchee primary aluminum plant exemption
modeling
e Draft BART determination for Alcoalntalco primary
aluminum plant
e Draft BART technical analysisfor Lafarge cement plant
11/20/08 | USDA-FS | Lacey, WA e Draft BART determinations:
USDI-NPS | meeting plus R Lafarge cement plant
USDI-FWS | cdl-in R Port Townsend Paper Corporation pulp & paper mill
R Alcoa Intalco primary aluminum plant
2/13/09 | USDA-FS | Conference e Draft BART determination: TransAlta Centralia
USDI-NPS | cdll Generation coal-fired power plant
3/16/09 | USDA-FS | Lacey, WA ¢ Revised draft BART determination for Alcoa Intalco
USDI-NPS | meeting plus primary aluminum plant
USDI-FWS | cdll-in e Draft BART determinations:
R Weyerhaeuser Longview pulp & paper mill
R BP Cherry Point oil refinery
3/23/09 | USDA-FS | Conference ¢ Revised draft BART determination: TransAlta Centralia
USDI-NPS | cdll Generation coal-fired power plant
USDI-FWS
8/12/09 | USDA-FS | Conference ¢ Revised draft BART determination for Port Townsend
USDI-NPS | call Paper Corporation pulp & paper mill
e Draft BART determination for Tesoro oil refinery
10/6/09 | USDA-FS | Conference o Revised draft BART determination: TransAlta Centralia
USDI-NPS | call Generation coal-fired power plant
USDI-FWS
11/3/09 | USDA-FS | Lacey, WA ¢ Revised second draft BART determination: TransAlta
USDI-NPS | meeting plus Centralia Generation coal-fired power plant
USDI-FWS | cdll-in e Cumulative visibility impacts
e Washington’s BART process

3 The Washington State Department of Ecology is headquartered in Lacey, WA.
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Chapter 3  Primer on Visibility

In order to better understand the information presented in the document, this chapter describes
basic plan elements and key concepts.

3.1 Natural Sourcesof Visibility Impair ment

Natural sources of visibility impairment include anything not directly attributed to human caused
emissions of visibility impairing pollutants.

Natural events (e.g. windblown dust, wildfire, volcanic activity, biogenic emissions) also
introduce pollutants that contribute to haze in the atmosphere. Specific natural events can lead to
high short-term concentrations of visibility impairing particul ate matter and its precursors.

Natural sources, particularly wildfire and windblown dust, can be major contributors to visibility
impairment. However, these emissions cannot be realistically controlled or prevented by the
states, and therefore the focus of the Regional Haze (RH) strategies in this document are on
human-caused (anthropogenic) sources, as described below. While current methods of analysis
of monitoring data do not provide a clear distinction between natural and anthropogenic
emissions, certain pollutant species, such as Sulfur Dioxide (SO,) and Nitrogen Oxide (NOy) are
more representative of anthropogenic sources, while Organic Carbon (OC) and Coarse
Particulate Matter (PM 1) are more representative of natural sources such as wildfire and dust,
respectively.

Even when there is an absence of emissions, visibility can be degraded by the scattering of light
by air molecules. Thisis called Rayleigh scattering and is affected by the air molecules
temperature and density.

Therefore, natural visibility conditions, for the purpose of the RH program, are represented by a
long-term average of conditions expected to occur in the absence of emissions normally
attributed to human activities. Natural visibility conditions reflect contemporary vegetated
landscape, land use patterns, and meteorological/climatic conditions.

3.2 Human Caused Sources of Visibility I mpair ment

Anthropogenic, or human-caused, sources of visibility impairment include anything directly
attributable to human-caused activities that produce emissions of visibility impairing pollutants.
Some examplesinclude industrial activities, transportation, agricultural activities, home heating,
and managed outdoor burning. Anthropogenic sources can be local, regional, or international .
Efforts to regulate anthropogenic emissions are mostly limited to inside the United States.
Emissions from Mexico, Canada and off-shore marine shipping emissionsin the Pacific Ocean
are examples of anthropogenic sources that contribute to visibility impairment in Washington,
but like natural sources, are beyond the scope of this planning document.
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3.3 Emissions

Both natural sources and anthropogenic sources produce visibility impairing pollutants or
emissions. Once particles and gases are emitted, they may go through chemical changes before
they are captured by an air sampler. For this reason, the chemical species causing visibility
impairment may not be the same species that are emitted by a pollution source.

34 ThelMPROVE Program for Visibility Monitoring

The Interagency Monitoring of Protected Visual Environments (IMPROVE) program isa
cooperative effort with the primary purposes of protection of visibility in mandatory Class |
Areas and characterization of RH. The objectives of IMPROVE program are to:

o[] Establish current visibility and aerosol conditions in mandatory Class| Areas

o] Identify chemical species and emission sources responsible for existing man-made
visibility impairment

e[ Document long-term trends for assessing progress towards the national visibility goal

o[ Provide RH monitoring representing all visibility protected Class | Areas where
practical in support of the Regional Haze Rule (RHR)

The IMPROV E monitoring sites are operated and maintained through aformal cooperative
relationship between Environmental Protection Agency (EPA), National Parks Service, Fish and
Wildlife Service, Bureau of Land Management, and Forest Service. In addition, 4 inter-state
agencies have joined the IMPROV E Steering Committee.

The IMPROVE monitor is designed to obtain a compl ete signature of the composition of the
airborne particles affecting visibility. Each IMPROV E monitor collects a 24-hour sample of
these particles onto a set of filters to determine the standard chemical components causing
visibility impairment at that site.

In order to simplify the data analysis, some elemental particles and compounds are grouped
together (based on scientific principles) into seven standard components. The seven standard
components aerosol components of light extinction are listed in Table 3-1 along with the default
color used in graphics throughout this document.

Table3-1 Interagency Monitoring of Protected Visual Environments Monitor Aerosol
Composition

Aerosol Component Abbreviation (Color)
1. Ammonium Sulfate (NH4)SO4 (yellow)
2. Ammonium Nitrate NH4NO; (red)
3. Organic Mass Carbon OMC (green)
4. Elemental Carbon EC (black)
5. Fine Sail Soil (orange)
6. Coarse Mass CM (gray)
7. Sea Salt Sea Salt (light blue)

3-2
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The IMPROVE monitor consists of four independent modules with a common controller. Each
modul e has a specific function though there is some redundancy between modules.

o[]

o]

o[]

o]

Module A, the primary module, collects Fine Particles (PM,5) on a Teflon filter. The
mass of PM 5 on the filter is determined from the difference in the filter’ s weight before
and after usein the module. Thefilter isaso analyzed for along list of elements. The
analyses are used to determine concentrations of sulfate, nitrate, fine soil, and sea salt.
Module B collects PM, s on anylon filter for sulfate, nitrate, and chloride analyses. If
sulfate, nitrate, or sea salt measurements from Module A are missing, the less accurate
measurements from Module B may be used in their place.

Module C collects PM 5 on a quartz filter for total OC and total elemental carbon
analyses.

Module D collectsall PMo up to 10 umin size on a Teflon filter. Coarse Massis
estimated by subtracting the PM, s mass measured on Module A from the PM ;o mass
measured on Module D.

The diagram of an IMPROV E monitor in Figure 3-1 shows the 4 modules, the size of
particul ates collected by each, the filter materials, and the analytical results..
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Detailed information regarding the IMPROVE program, including history, sampling protocols,
standard operating procedures, and data availability can be found on the IMPROVE website
(http://vista.cira.col ostate.edu/improve/) and the Visibility Information Exchange Web System

(VIEWS) website (http://vista.cira.col ostate.edu/views/).




Final December 2010

The data collected at the IMPROV E monitoring sites are used by land managers, industry
planners, scientists, public interest groups, and air quality regulators to better understand and
protect the visual air quality resource.

3.5 TheRevised I nteragency Monitoring of Protected Visual
Environments Equation and Measuring Visibility mpair ment

Some of the particles that compose aerosols absorb light, while others reflect or scatter light.
Both absorption and scattering of light result in light extinction, the technical term for visibility
impairment between the viewer and the light source.

Each of the key components of particulate aerosols has characteristics that differ in terms of
ability to affect light extinction. For example, the same amount of pure sulfates or nitrates are
about three times more effective than fine soil at impairing visibility. OC is about four times
more effective than fine soil and elemental carbon about ten times more effective than fine soil at
impairing visibility. Conversely, PMq is about half as effective as fine soil.

A complex calculation called the revised IMPROV E equation addresses the components
differing effects on light extinction (see Figure 3-2). The revised IMPROVE equation also
accounts for site-specific Rayleigh scattering values based on altitude. Rayleigh scattering isthe
scattering of light by the molecules of air and causes the blue color of the sky.

D ext ~ 2.2 x f(RH) x [Small Sulfate] + 4.8 x f (RH) x [Large Sulfate]

24 x f(RH) x [Small Nitrate] + 5.1 x f_ (RH) x [Large Nitrate]

2.8 x [Small Organic Mass| + 6.1 x f.(RH) x [Large Organic Mass]

10 x [Elemental Carbon]

1 x [Fine Soil]

1.7 x fRH) x [SeaSdlt]

0.6 x [Coarse Mass|

Rayleigh Scattering (site specific)

0.33 x [NO; (ppb)]

Figure3-2 Revised Interagency Monitoring of Protected Visual Environments Equation

+ 4+ + + + + + o+

The result of the revised IMPROVE equation is referred to as the reconstructed light extinction
(denoted as bex). It represents the light extinction due to the aerosol particulates measured at the
IMPROV E monitor and is proportional to the mass measured at the monitor.

Additional information including characterization of the IMPROV E equation’s performance and
asummary of the rationale for the changesin the algorithm is available in the “ Revised
IMPROVE Algorithm for Estimating Light Extinction from Particle Speciation Data’ report
prepared by the IMPROVE Steering Committee’s Technical Subcommittee for Algorithm
Review.

Reconstructed light extinction is expressed in units of Inverse Megameters (Mm™). The RHR
requires the tracking of visibility conditions in terms of the Haze Index (HI) metric expressed in
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the Deciview (dv) unit'. Generally, aone dv changein the HI is considered a humanly
perceptible change under ideal conditions, regardless of background visibility conditions. The
relationship between extinction Mm™, dv and visual range (mi) is shown in Figure 3-3.

Figure3-3  Comparison of extinction, deciview, and visual range
Source: William Mam, Introduction to Visibility, 1999.

3.6 Basdine Conditions

The RHR requires the calculation of baseline conditions for each mandatory Class | Area
Baseline conditions are defined as the five year average (annual values for 2000 - 2004) of
IMPROV E monitoring data (expressed in dv) for the Most Impaired and the Least Impaired
Days. For thisfirst RH plan submittal, the baseline conditions are the reference point against
which visibility improvement is tracked.

3.7 Natural Conditions

The visibility that would exist under natural conditions (absent any man-made impairment)
would vary based on the contribution of natural sources and meteorological conditions on a
given day. For that reason, natural conditions, as defined in this document, consists of alevel of
visibility (in dv) for both the Most Impaired and Least Impaired Days. Since no visibility
monitoring data exists from the pre-manmade impairment period, these estimates of natural
conditions are based on EPA guidance on how to estimate natural conditions (EPA Document:
Guidance for Estimating Natural Visibility Conditions under the Regional Haze Rule).

3.8 Uniform Rate of Progress

The Uniform Rate of Progress (URP) is the calculation of the uniform slope, or glide path, of the
line between baseline visibility conditions and natural visibility conditions over the 60-year
period. For thefirst RH plan, the first benchmark isthe dv level that should be achieved in 2018
(Figure 3-4). Thisisthe 2018 Milestone, and applies to both the Most Impaired and L east
Impaired Days. The glide path is one of the indicators used to set reasonable progress goals for
achieving natural visibility conditions.

1 40 CFR 51.308(d)(2)
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Uniform Rate of Progress
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Figure3-4  Example of How Uniform Rate of Progressis Determined
Source: EPA Guidance for Setting Reasonable Progress Goals under the Regional Haze Program

o[] Compare baseline conditions to natural conditions. The difference between these two
represents the amount of progress needed to reach natural visibility conditions. In this
example, the State has determined that the baseline for the Most Impaired Days for the
mandatory Class | Areais 29 dv and estimated that natural background is 11 dv, a
difference of 18 dv.

o[] Calculate the annual average visibility improvement needed to reach natural conditions
by 2064 by dividing the total amount of improvement needed by 60 years (the period
between 2005 and 2064). In this example, thisvalue is 0.3 dv/yr.

o1 Multiply the annual average visibility improvement needed by the number of yearsin the
first planning period (the period from 2005 until 2018). In this example, thisvalueis 4.2
dv. Thisisthe uniform rate of progress that would be needed during the first planning
period to attain natural visibility conditions by 2064.

For the Most Impaired Days, the URP is expressed in dv per year (i.e. slope of the glide path) is
determined by the following equation:

URP = [Baseline Condition - Natural Condition] / 60 years
The 2018 Progress Goal (i.e. the amount of reduction necessary for the first planning period) is
determined by multiplying the URP by the number of yearsin the first planning period. Thefirst
planning period includes the 4 years between the baseline and the SIP submittal date plus the
standard 10-year planning period.

2018 Progress Goal = [Uniform Rate of Progress| x [ 14 years]
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Chapter 4  Monitoring Visibility in Washington's
Mandatory Class| Areas

The Regional Haze Rule (RHR) applies to mandatory Class 1 Areas. In 1979, the Environmental
Protection Agency (EPA), in consultation with the Secretary of the Interior, promulgated alist of
mandatory Class | Areas. The list contains 156 national parks and wilderness areas where
visibility is an important value. Consultation with the Federal Land Managers (FLMs) on
visibility values by EPA involved the U.S. Department of the Interior (USDI), U.S. Department
of the Interior National Park Service (USDI-NPS), U.S. Department of the Interior Fish and
Wildlife Service (USDI-FWS), the U.S. Department of Agriculture (USDA), and U.S.
Department of Agriculture Forest Service (USDA-FS).!

This chapter identifies the mandatory Class | Areas located in the state of Washington, provides
background on visibility monitoring for Class | Areas, and identifies the visibility monitoring
sites associated with each of Washington’s Class | Areas.

4.1 Washington’sMandatory Class| Areas

Washington has 8 mandatory Class | Areas: 3 national parks and 5 wilderness areas.
Washington’s 8 mandatory Class | Areas are shown in Figure 4-1 along with the locations of the
visibility monitoring sites for the Class | Areas.

140 CFR 81.400
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Figure4-1  Washington’s Mandatory Class| Areasand Visibility Monitoring Sites

Table 4-1 provides information on the size and FLM of each of the mandatory Class | Aress.
The acreages may not match the current acreages of the national park or wilderness areafor

reasons including more accurate surveys or expansion of the area.

Table4-1 Washington’s Mandatory Class| Areas

Mandatory Class | Area Acreage’ Federal Land Manager
Olympic National Park 892,578 USDI-NPS
North Cascades Nationa Park 503,277 USDI-NPS
Glacier Peak Wilderness 464,258 USDA-FS
Alpine Lakes Wilderness 303,508 USDA-FS
Mt. Rainier National Park 235,239 USDI-NPS
Goat Rocks Wilderness 82,680 USDA-FS
Mt. Adams Wilderness 32,356 USDA-FS
Pasayten Wilderness 505,524 USDA-FS

Total Acres 3,019,420

2 Acreages listed in 40 CFR 81.434.
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Washington's 8 mandatory Class | Areas are briefly described in the sections below; maps of
these areas are included later in this chapter. The descriptions start with Olympic National Park
followed by the 6 Class | Areas on the west side of the Cascade Range from the Canadian border
south and ending with the Pasayten Wilderness which islargely on the east side of the Cascade
Range.

4.1.1 Olympic National Park

Olympic National Park comprises a significant portion of the Olympic Peninsulain northwestern
Washington. It isdivided into two segments: the Olympic Mountains, which form the
mountainous core of the Park, and a separate coastal strip, stretching for 90 km (56 mi) along the
Pacific coast. The dominant aquatic feature is 13 major rivers flowing from the Olympic
Mountainsin al directions. Ninety-five percent of the Park is designated wilderness.

Elevations range from sealevel along the coast to 2,428 m (7,965 feet) at the crest of Mt.
Olympus near the center of the Peninsula. The area has the greatest precipitation gradient in the
world for temperate latitudes. Annual precipitation is near 400 cm (150 inches) in the western
valleys and 500 cm (200 inches) at the summit of Mt Olympus but as little as 41 cm (16 inches)
on the northeast shore of the Peninsulain the rain shadow of the Olympic Mountains.

According to National Park Service statistics, there are approximately 3 million visitors to the
Olympic National Park every year.®

4.1.2 North Cascades National Park

North Cascades National Park is set in the rugged mountains and the beautiful scenery of the
Cascade Mountain Range in north-central Washington, about 80 km (50 miles) east of
Bellingham. The areawas set aside to preserve dramatic mountain scenery, alpine areas, and
glaciers. Mountain summits rise abruptly 1,800-2,600 m (5,900-8,530 feet) above the valey
floor. Approximately 93 percent of the Park is designated wilderness.

North Cascades National Park lies|ess than 150 km (95 miles) from major metropolitan areas,
most notably, Seattle, Washington and Vancouver, British Columbia. According to USDI-NPS
statistics, there are approximately 20,000 recreational visitors to the North Cascades National
Park every year.

4.1.3 Glacier Peak Wilder ness

Glacier Peak Wilderness includes more than 200 lakes, many unnamed and tremendously
difficult to access, in various cirques and hidden basins. The Wilderness straddles the northern
Cascade Range roughly between Suiattle River on the west and Lake Chelan on the east. North
Cascades National Park is adjacent to the northern border.

3 National Park Service Public Use Statistics Office, http://www.nature.nps.gov/stats/
4 National Park Service Public Use Statistics Office, http://www.nature.nps.gov/stats/

4-3



Final December 2010

The dominant topographic feature is Glacier Peak, a 3,214 m (10,541 foot) high volcanic cone.
Other mountain summits are 2,500 m (8,200 feet) or lower in elevation. Most terrain lies below
2,000 m (6,500 feet) elevation.

Glacier Peak Wilderness is drained on the west side of the Cascade crest by the Suiattle and Sauk
Rivers, tributaries to the Skagit River, which flows into northern Puget Sound. East of the
Cascade crest, streams flow to Lake Chelan and the Columbia River basin. The lowest
€levations where streams exit the Wilderness on the west side are around 400 m (1,300 feet).

The lowest elevations east of the Cascade crest are 350 to 400 m (1,200 to 1,300 feet), close to
the 335 m (1,099 foot) elevation of Lake Chelan.

4.1.4 AlpineLakesWilderness

Alpine Lakes Wilderness was created when Congress passed the 1976 Alpine Lakes Wilderness
Act to protect the areain its unique natural state. The name Alpine Lakes takesits origin from
the nearly 700 small mountain lakes nestled among the high rock peaks and forested valleys of
theregion. The Wildernessisjointly administered by the Mt. Baker-Snoqualmie National Forest
and the Okanogan-Wenatchee National Forest.

Alpine Lakes Wildernessis located in the rugged central Cascade Range. It is accessed by 47
trailheads and 990 km (615 miles) of trail on both sides of the crest of the Cascade Range
between Stevens Pass (US Hwy 2) on the north and Snoqualmie Pass (1-90) on the south.

Its breathtaking beauty and proximity to the Seattle metropolitan area makes the Alpine Lakes
one of the most popular natural areasin the Northwest. Over half of Washington State's
population lives within a one-hour drive of the Wilderness.

4.1.5 Mount Rainier National Park

Mount Rainier National Park was established as the nation's fifth national park in 1899. The
Park was set aside to protect timber, minerals, and other natural resources. One hundred
kilometers (62 miles) southeast of Seattle, Mount Rainier isthe highest of the chain of volcanoes
comprising the Cascade Range. At 4,392 m (14,410 feet), Mount Rainier is the fifth tallest peak
in the contiguous 48 states. The massive mountain occupies more than one-fourth of the Park's
area. The 27 mgjor glaciers on its slopes form the largest mass of year-round ice in the United
States outside Alaska.

Mount Rainier National Park lies within 64 km (40 miles) of Puget Sound. The lowlands along
the eastern shore of Puget Sound are the most of the populated and industrialized area of
Washington. According to National Park Service statistics, there are more than 1 million
recreational visitors to the National Park every year.”

5> National Park Service Public Use Statistics Office, http://www.nature.nps.gov/stats/
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4.1.6 Goat RocksWilderness

The Goat Rocks Wildernessis a portion of the volcanic Cascade Range in southwestern
Washington located between Mount Rainier and Mount Adams. The Goat Rocks are remnants
of alarge volcano, which has been extinct for some two million years. The cluster of rocks and
peaks in this area has become known as Goat Rocks because of the bands of mountain goats that
livethere. The Wilderness liesin both the Gifford Pinchot National and the Okanogan-
Wenatchee National Forests.

Glaciation and erosion have worn away the terrain and left moderate summits east and west of
the crest of the Cascades. Elevation in the Goat Rocks range from 900 m (3,000 feet) to 2,450 m
(8,201 feet) at Gilbert Peak. The deep east-west drainages below the ridges often open into park-
like alpine meadows dotted with small |akes and even smaller ponds.

4.1.7 Mount AdamsWilder ness

Congress designated the Mount Adams Wildernessin 1964. The Wildernessliesin the Gifford
Pinchot National Forest on the crest of the Cascade Range in southwestern Washington. Second
in height only to Mount Rainier statewide, 3,742 m (12,276 feet) Mount Adams looms over at
least 10 glaciers and a wilderness of forested slopes and subal pine meadows. The huge volcanic
bulk of the mountain takes up a considerable portion of the Wilderness. Since the eruption of
Mount St. Helens, Mount Adams has become a popular attraction for mountain climbers.

4.1.8 Pasayten Wilderness

The Pasayten Wilderness stretches across the crest of the Cascade Range in northern
Washington. The Wildernessis bordered on the north by 80 km (50 mi) of the Canadian border
and on the west by the Ross Lake National Recreation Area. The Pasayten Wildernessislocated
in both the Okanogan-Wenatchee and the Mount Baker-Snogualmie National Forests.

Theterrain of the western Wilderness areais a series of high ridges that flatten out in the eastern
Wilderness area to high plateaus. Almost 150 peaks in the Wilderness have elevations above
2,300 m (7,500 feet). The western part of the wilderness area, west of the Cascade crest, isin the
upper Skagit River basin and drainsinto Ross Lake and the Skagit River and thence into northern
Puget Sound. From the eastern part of the Wilderness, streams flow north into British Columbia
or southeast into the central Columbia Plateau. The lowest Wilderness elevations are around
1,000 m (3,000 feet) at the western boundary near Ross L ake and the southern boundary near
Lost River Gorge.

4.2  Visbility Monitoring of Washington’s Mandatory Class| Areas

Washington has 6 Interagency Monitoring of Protected Visual Environments (IMPROVE) sites
that monitor the visibility of the state’s 8 mandatory Class | Areas. Four of Washington's Class |
Areas have been combined into two clusters and one monitor used to represent each cluster.
Table 4-2 provides general information on the 6 sites. The sites are shown in Figure 4-2. Each
siteisdiscussed briefly below. The sites are discussed in the same order as the mandatory Class
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| Areas earlier in the chapter where Olympic National Park was followed by the mandatory Class
| Areas on the west side of the Cascade Range from the Canadian Border south and ending with
Pasayten Wilderness on the east side of the Cascade Range.

Table4-2 Washington’s Interagency Monitoring of Protected Visual Environments
Monitoring Sites

Site Name Site Abbreviation | Site Sponsor | Monitored Mandatory Class| Area
Olympic OLYM1 USDI-NPS Olympic National Park
North Cascades NOCA1l USDI-NPS North Cascades Nationa Park &
Glacier Peak Wilderness
Snoqualmie Pass SNPA1 USDA-FS Alpine Lakes Wilderness
Mount Rainier MORA1 USDI-NPS Mount Rainier National Park
White Pass WHPA1 USDA-FS Goat Rocks Wilderness &
Mt. Adams Wilderness
Pasayten PASA1 USDA-FS Pasayten Wilderness

4.2.1 Olympic Interagency Monitoring of Protected Visual Environments
Sitee OLYM1

Figure4-2  Location of OLYM1 Interagency Monitoring of Protected Visual

Environments Site
Source: Causes of Haze A ssessment Descriptive Maps
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The IMPROVE site representing the Olympic National Park is OLY M1, located northeast of the
Park boundary on an exposed hilltop (Blyn Lookout) near the northeastern extreme of the
Olympic Peninsula at an elevation of 600 m (1,968 feet). See Figure 4-2. Additional
information on nearby populations, industrial centers, and wind patterns can be found in
Appendix C.

Representativeness

OLYM1 ison the northeast shore of the peninsula near Sequim. Sequim isin the rain shadow of
the Olympics, with sealevel precipitation less than 50 cm (20 inches) annually. The rain shadow
effect may be less severe at the OLY M1 elevation of 600 m. OLY M1 should be representative of
eastern Nationa Park areas most of the time, although at this elevation there may be periods
when it is above inversion height.

Because of the size of the Park, different areas may be affected by different sources. For the
northeastern portion of the Olympic National Park, where the OLY M1 monitoring site is located,
nearby industrial and urban emission sources that most immediately affect the area are in Port
Angeles. For the western portions of the Olympic National Park including the coastal section,
there are no additional large source areas, although there may be timber and shipping related
industries.
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4.2.2 North Cascades I nteragency Monitoring of Protected Visual
Environments Site: NOCA1

Figure4-3  Location of NOCAL Interagency Monitoring of Protected Visual
Environments Site
Source: Causes of Haze Assessment Descriptive Maps

The NOCA1 IMPROVE siteisthe monitoring site for two mandatory Class | Areas, North
Cascades National Park and Glacier Peak Wilderness. NOCA L islocated near Ross Lake on the
upper reaches of the Skagit River just outside of the eastern boundary of the northern Park
section, located north of the Skagit River. See Figure 4-3. The monitor is situated at an elevation
of 576 m (1,889 feet) and is 87 m (285 feet) above the level of Ross Lake. Additional
information on nearby populations, industrial centers, and wind patterns can be found in
Appendix C.

Representativeness

The NOCA1 IMPROVE siteiswithin the Skagit River Valley near Ross Lake, 87 m above lake
level and about 200 m (650 feet) below the surrounding ridge tops. The NOCA1 siteisin the
lower slopes of avalley and may at times be within surface-based valley inversions. In the
absence of valley inversions, the monitor should be representative of lower Park elevations at all
times.
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Similarly for Glacier Peak Wilderness, when NOCA1 is contained within surface-based valley
inversions, it would not reflect visibility conditions at higher elevations. In the absence of valley
inversions, the monitor should be representative of lower elevations of the Wilderness at all
times.

4.2.3 Snoqualmie Pass I nteragency Monitoring of Protected Visual
Environments Site: SNPA1

Figure4-4  Location of SNPA1 Interagency Monitoring of Protected Visual
Environments Site
Source: Causes of Haze A ssessment Descriptive Maps

SNPA1 isthe IMPROVE site representing the Alpine Lakes Wilderness. SNPAL1 islocated near
the southwest boundary of the Wilderness in Snoqualmie Pass, a pass over the Cascade Range.
The monitoring site elevation of 1,160 m (3,805 feet) is 239 m (784 feet) above the Snoqualmie
Pass elevation of 921 m (3,022 feet). See Figure 4-4 SNPA1 islocated near a ski area.
Additional information on nearby populations, industrial centers, and wind patterns can be found
in Appendix C.
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Representativeness

SNPAL1 isat awell-exposed ridge crest location and should be very representative of the
particul ate aerosol concentration and composition at similarly exposed locations in the Alpine
Lakes Wilderness. The elevation of SNPA1 is at the lower end of the range of elevations of the
Wilderness.

The mountain pass location of SNPA1 is representative of transport flow across the Cascade
crest. Dueto itslocation at aridge crest, SNPA1 is probably above trapping inversions that may
develop at valley bottom locations west and east of the Cascade crest.

4.2.4 Mount Rainier Interagency Monitoring of Protected Visual
Environments Site: MORAL1

Figure4-5 Location of MORA1 Interagency Monitoring of Protected Visual
Environments Site
Source: Causes of Haze A ssessment Descriptive Maps

The IMPROVE site representing Mount Rainier National Park, MORAL, is situated southeast of
the Park at the Park headquarters at Tahoma Woods. MORA is located within the Nisqually
River Valley at an elevation of 439 m (1,440 feet). The monitor is some 30 km (18.5 mi) west-
southwest from the summit of Mount Rainer as shown above. See Figure 4-5.
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The orientation of the drainage is east to west, with an elevation drop of about 60 ft/mile. Where
the Nisqually River emptiesinto Alder Lake reservoir (5 km or 3 miles) west of the site the river
elevation is 367 m (1,204 feet).

The valley bottom at the monitoring siteis about 1.5 km (0.9 mi) wide. The monitoring siteisat
the northern edge of the valley bottom. Elevations rise to 450 m (1,475 feet) at a distance of 2
km (1.25 mi) north and 3 km (1.9 mi) south from the monitoring site. Regional ground cover is
predominantly fir and pine forest. Additional information on nearby populations, industrial
centers, and wind patterns can be found in Appendix C.

Representativeness

The valley where the IMPROVE siteis located may be subject to inversion and trapping of
pollutants during periods of high pressure and stagnation. In those cases, the monitoring site,
located at the bottom of the valley, would be contained within the trapped stable layer and would
only be representative of the lower portions of the Park.

Generally, wind directions at MORA1 are channeled to an east/west direction with characteristic

mountain/valley circulations of easterly nighttime drainage flow and westerly daytime upsliope
flow inthe valley.

4.2.5 White Pass | nteragency Monitoring of Protected Visual Environments
Sitee WHPAL1

o INADDN\/C

Figure4-6  Location of WHPAL Interagency Monitoring of Protected Visual
Environments Site
Source: Causes of Haze Assessment Descriptive Maps
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The IMPROVE site representing Goat Rocks and Mount Adams Wilderness Areas, WHPAL, is
located on the crest of the Cascade Range at the northern Goat Rocks Wilderness boundary at
White Pass Ski Resort near White Pass Washington. The monitoring site elevation is 1,830 m
(6,002 feet). See Figure 4-6. Additional information on nearby populations, industrial centers,
and wind patterns can be found in Appendix C.

Representativeness

WHPA1 isat aridge crest location well-exposed to upper airflows and to aerosols transported
aloft from upwind sources. WHPA1 should be very representative of aerosol concentration and
composition at similarly exposed locations in the Goat Rocks and Mount Adams Wilderness
Areas. Its elevation and exposure should also make it representative of regional characteristics
and transport from distant source regions at pressure heights near 850 mb that are relatively
unperturbed by terrain effects.

4.2.6 Pasayten Interagency Monitoring of Protected Visual Environments
Site: PASA1

Figure4-7  Location of PASAL Interagency Monitoring of Protected Visual
Environments Site
Sour ce: Causes of Haze Assessment Descriptive M aps
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The IMPROVE site representing Pasayten Wilderness, PASA1, is situated near the crest of Little
Buck Mountain, 50 km (30 mi) south and east of the Wilderness boundary. PASA1 islocated at
an exposed elevation of 1,634 m (5,360 ft). See Figure 4-7. Additional information on nearby
populations, industrial centers, and wind patterns can be found in Appendix C.

Representativeness
The PASA1 IMPROVE siteis at awell-exposed ridge top location and should be very
representative of regional conditions including high elevation locations in the Pasayten

Wilderness. It is also representative of upper level (850 mb) aerosol characteristics of the central
Columbia Plateau and Basin.

The North Cascades National Park IMPROVE site, NOCA 1, may be better representative of low
elevations of the Pasayten Wilderness east of the Cascade crest.

4-13
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Baseline and Natural Conditionsin
Washington’s Mandatory Class| Areas

Chapter 5

This chapter covers the baseline and natural visibility conditions for each of Washington’s 8
mandatory Class | Areasincluding the Uniform Rate of Progress (URP). The URPisthe
calculation of the uniform slope, or glide path, of the line between baseline visibility conditions
and natural conditions over the 60-year period. The technical basis for this information was
produced and compiled by the Western Regional Air Partnership (WRAP) for consistency in
planning among western states.

Table 5-1 is shows a summary of the baseline conditions, natural conditions, the differencein
these two conditions, and what the 2018 target would be for a URP for each of Washington's
mandatory Class | Areas. More detailed information on light extinction and Deciviews (dv) for
the Most Impaired and Least Impaired Daysis found in Appendix E.

Table5-1 Summary of Baseline Conditions, Natural Conditions, and Difference
Most Impaired Days Least Impaired Days
Washington’s
Mandatory 2064 2018 Target 2064
Class| Areas 2000-04 Natural Difference Valuefor a 2000-04 Natural Difference
Basdline | njitions | [deciviewg | UniformRate | Basdine | oo iions | [deciviews]
[deciviews] - of Progress [deciview] -
[deciviews] 3 [deciview]
[deciview]
Olympic 16.74 8.44 8.30 14.81 6.02 2.7 3.32
National Park ' ' ' ' ' ' '
North Cascades
National Park
and Glacier 16.01 8.39 7.62 14.23 3.37 1.93 1.44
Peak
Wilderness
Al pine L akes 17.84 8.43 9.41 15.64 55 2.33 3.17
Wilderness
Mount Rainier
. 18.24 8.54 9.70 15.98 547 2.56 391
National Park
Goat Rocks
Wildernessand |, oo 8.35 4.41 11.73 1.66 0.82 0.84
Mount Adams
Wilderness
Pasayten 15.23 8.25 6.98 136 273 1.16 157
Wilderness
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5.1 Olympic National Park

Baseline visibility is determined from the from the OLY M1 monitoring site for the Most
Impaired and Least Impaired Days for the years 2002 through 2004 as specified in the Regional
Haze Rule (RHR)'. The baseline visibility for the Olympic National Park is calculated at 6.02 dv
for the Least Impaired Days and 16.74 dv for the Most Impaired Days.

Natural visibility represents the visibility conditions that would be experienced in the absence of
human-caused impairment. Based on Environmental Protection Agency (EPA) guidance, the
natural visibility for Olympic National Park is2.7 dv for the Least Impaired Days and 8.44 dv
for the Most Impaired Days. See Table 5-1 and Figure 5-1.

Olympic NP
Uniform Rate of Progress 20% Best and Worst Visibility Days
25
ool Worstdays .
3 baseline=16.74 dV 2018 Goal=14.81 dV
S | ¥¥———__  Reductionneeded=1.93dvV
s
T, | Bestdays T
-é baseline=6.02 dV
i Natural condition = 8.44 dV
T s | = T
)

0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
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Figure5-1  Uniform Rate of Progressfor Olympic National Park

Figures 5-2 and 5-3 show the annual and average contributions of haze speciesto light extinction
over the baseline period based on data from the OLY M1 Interagency Monitoring of Protected
Visual Environments (IMPROV E) monitor site for the Most Impaired and Least Impaired Days,
respectively. Overall, the year to year variability of annual Most Impaired and Least Impaired
Days light extinction is very small (nearly 3 and 2 Megameter (Mm™), respectively). On
average, sulfates are the predominant cause (39%) of haze on Most Impaired Days at this site,
followed by Organic Compound (OC) (28%) and nitrates (19%). Elemental Carbon (EC), coarse
mass and sea salt are much less significant and nearly equal contributors to visibility impairment
on the Most Impaired Days for the baseline period. Compared to the Most Impaired Days, on
the Least Impaired Days the proportional share attributable to sulfates, nitrates, and OC is nearly

equal.

140 CFR §51.308(d)(2)(i)
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Figure 5-4 illustrates monitoring data for all IMPROV E sampled days during the base years
(2001-2004). These data are reinterpreted in Figures x through z for major haze species. A clear
seasonal variation is observed for sulfates, with increases in summer months. OC and nitrates
remain stable for much of the year with year-to-year variability in the late summer or fal
throughout the year at this site.
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Figure5-4 Baseine Seasonal Variation in Haze Speciesat OLYM1 for 2001 through
2004

OLYM1: SO, Seasonal Variation
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Figure5-5 Baseine Seasonal Variation by Month for SO, at OLYM1
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5.2 North Cascades National Park and Glacier Peak Wilderness

For the North Cascades National Park and Glacier Peak Wilderness, baseline visibility is
determined from the NOCA 1 monitoring site for the Most Impaired Days and Least Impaired
Days. Datafor years 2001 and 2002 met the data compl eteness requirements per the EPA
document “ Guidance for Tracking Progress under the RHR.” Routine data substitutions per this
guidance document were made for years 2003 and 2004. After these routine data substitutions
were made, the NOCA 1 site still failed to meet data compl eteness requirements for the baseline
period. One reason was due to the site being inaccessible from mid-November 2003 to March
2004 due to snow.

WRAP performed additional data substitutions for years 2003 and 2004 to address the data
completeness problems for thissite. The SNPAL1 IMPROVE site was used to compl ete the data
substitution for years 2003 and 2004. The WRAP methods used were similar to methods used at
IMPROVE sites with incomplete data records in other Regional Planning Organizations (RPOs).
See Appendix D for additional information on the WRAP data substitutions for the NOCA1 site.

Using the now complete data set for 2001-2004, the baseline visibility for the North Cascades
National Park and Glacier Peak Wildernessis calculated at 3.37 dv for the Least Impaired Days
and 16.01 dv for the Most Impaired Days.

Natural visibility represents the visibility conditions that would be experienced in the absence of
human-caused impairment. The natural visibility for North Cascades National Park and Glacier
Peak Wildernessis 1.93 dv for the Least Impaired Days and 8.39 dv for the Most Impaired Days.
See Table 5-1 and Figure 5-8.

North Cascades NP & Glacier Peak W
Uniform Rate of Progress 20% Best and Worst Visibility Days

25

Worst days
20 boccmmmooo «__baseline=16.01dV

15 fomemooee .- ---Reductionneeded=1.78dV. ...

10 o
Best days
o baseline=3.37dV____________ ...

Total Extinction (deciview)

Figure5-8
Peak Wilder ness

Figures 5-9 and 5-10 show the annual and average contributions of haze speciesto light
extinction over the baseline period based on data from the NOCA1 IMPROV E monitor site for

5-6
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the Most Impaired (left) and Least Impaired (right) Days, respectively. On average for the years
2001 to 2004, OC is the predominant cause (58%) of haze on the Most Impaired Days at this site.
Sulfates (26%) produce the majority of the remaining visibility impairment. Compared to the
Most Impaired Days, on the Least Impaired Days sulfates significantly increase their

proportional share of the visibility impairment, the proportional share attributable to nitrates
increases, OC significantly reduces its share, and EC stays about the same. The year to year
variability of the average of the annual best days light extinction isvery small. The principal
chemical speciesthat change between the annual average Most Impaired and Least Impaired
Days are the OC, nitrates, and sulfates.
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Figure5-9  Annual Species Contributionsto Most Impaired (left) and Least Impaired
(right) Daysin North Cascades National Park and Glacier Peak Wilder ness

Figure5-10 Average Species Contributionsto Most Impaired (left) and Least Impaired
(right) Daysin North Cascades National Park and Glacier Peak Wilder ness
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It isimportant to point that there is an abrupt emission increase for the Most Impaired Daysin
2003, especidly for organic and EC haze species. Figure 5-11 shows what the average
contributions of haze species to light extinction on the Most Impaired Days would be at this site
if the 2003 data were excluded. Inthis case, on average sulfates (46%) are the predominant
cause of haze on the Most Impaired Days at thissite. OC (34%) produces the mgjority of the
remaining visibility impairment. The high levels of OC in September and October 2003
correspond with several large (over 1,000 acres) wildfires that occurred in or near the North
Cascades Mountain Range. Thiswill be discussed further in Chapter 8 when sources are
discussed.

Figure5-11 Average Species Contributionsto Most Impaired and Least Impaired Days
in North Cascades National Park and Glacier Peak Wilder ness excluding 2003 data

Figure 5-12 illustrates monitoring data for all IMPROV E sampled days during the base years
(2000-2004). These data are reinterpreted in Figures x through z for major haze species. A clear
seasonal variation is observed for sulfates, OC, nitrates and EC. Sulfates and nitrates increase in
summer months, and OCs and ECsincrease in late summer and early fall. Some extreme values
for EC and OC have been observed in September and October in 2003 due to natural fires. The
highest nitrate levels of the baseline period were observed during the same months.

5-8
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Figure5-12 Baseline Seasonal Variation in Haze Speciesat NOCA1 for 2000 through
2004
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Figure5-13 Baseline Seasonal Variation by Month for SO, at NOCA1
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NOCA1: NO; Seasonal Variation
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Figure5-14 Baseline Seasonal Variation by Month for NOz at NOCA1
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Figure5-15 Basdline Seasonal Variation by Month for OC at NOCAL1
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NOCA1: EC Seasonal Variation
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Figure5-16 Baseline Seasonal Variation by Month for EC at NOCA1

5.3 AlpineLakesWilderness

Baseline visibility is determined from the SNPA1 monitoring site for the Most Impaired Days
and Least Impaired Days for the years 2001 through 2004 as specified in the RHR under®. The
baseline visibility for the Alpine Lakes Wilderness is calculated at 5.5 dv for the Least Impaired
Daysand 17.84 dv for the Most Impaired Days.

Natural visibility represents the visibility conditions that would be experienced in the absence of
human-caused impairment. Based on EPA guidance, the natural visibility for Alpine Lakes
Wildernessis 2.33 dv for the Least Impaired Days and 8.43 dv for the Most Impaired Days. See
Figure 5-17.

2 40 CFR §51.308(d)(2)(i)
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Alpine Lake W
Uniform Rate of Progress 20% Best and Worst Visibility Days
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Figure5-17 Uniform Rate of Progressfor Alpine Lakes Wilderness

Figures 5-18 and 5-19 show the annual and average contributions of haze speciesto light
extinction over the baseline period based on data from the SNPA1 IMPROV E monitor site for
the Most Impaired (left) and Least Impaired (right) Days, respectively. Overal, the year to year
variability of the average of the annual Most Impaired and Least Impaired Days light extinction
issmall (nearly 10 and 3 Mm™, respectively). On average, sulfates (34%) and OC (30%) are the
predominant cause of haze on the Most Impaired Days at this site. Nitrates (23%) produce the
majority of the remaining visibility impairment. Compared to the Most Impaired Days, on the
Least Impaired Days sulfates increase their proportional share of the visibility impairment, the
proportional share attributable to nitrates remains about the same, OC reducesits share, and EC
becomes relatively significant.
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Figure5-18 Annual Species Contributionsto Most Impaired (left) and Least Impaired
(right) Daysin Alpine Lakes Wilderness
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Figure5-19 Average Species Contributionsto Most Impaired (left) and Least Impaired
(right) Daysin Alpine Lakes Wilderness

Figure 5-20 illustrates monitoring data for all IMPROV E sampled days during the base years
(2000-2004). These data are interpreted in Figures x through z for major haze species. A clear
seasonal variation is observed for sulfates and OC, both of them increase during summer months.
Nitrates remain relatively stable for much of the year with more year-to-year variability in the
late fall and winter.

Figure5-20 Baseline Seasonal Variation in Haze Speciesat SNPA1 for 2000 thr ough 2004
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SNPA1:SO, Seasonal Variation
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Figure5-22 Basdline Seasonal Variation by Month for OC at SNPA1
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SNPA1: NO; Seasonal Variation
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Figure5-23 Baseline Seasonal Variation by Month for NO3z at SNPA1

54 Mount Rainier National Park

Baseline visibility is determined from the MORA 1 monitoring site for the Most Impaired and
Least Impaired Days for the years 2000 through 2002 and year 2004 as specified in the RHR
under®. The 2003 data from this site did not meet the data completeness requirements for the
year and was not used to calculate baseline conditions. The baseline visibility for the Mount
Rainier National Park is calculated at 5.47 dv for the Least Impaired Days and 18.24 dv for the
Most Impaired Days.

Natural visibility represents the visibility conditions that would be experienced in the absence of
human-caused impairment. Based on EPA guidance, the natural visibility for Mount Rainier
National Park is 2.56 dv for the Least Impaired Days and 8.54 dv for the Most Impaired Days.
See Table 5-1 and Figure 5-24.

3 40 CFR §51.308(d)(2) (i)
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Mt. Rainier NP
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Figure5-24 Uniform Rate of Progressfor Mount Rainier National Park

Figures 5-25 and 5-26 show the annual and average contributions of haze speciesto light
extinction over the baseline period based on data from the MORA 1 IMPROV E monitor site for
the Most Impaired (left) and Least Impaired (right) Days, respectively. Overall, the variability of
annual Most Impaired and Least Impaired Days light extinction is small (about 9 and 2 Mm™?,
respectively). On average, sulfates (46%) and OC (29%) are the predominant causes of haze on
the Most Impaired Days at thissite. Nitrates (10%) and EC (10%) are much less significant.
Compared to the Most Impaired Days, on the Least Impaired Days sulfates decrease their
proportional share to 40% and OC reduces to 23%. The proportional contribution of both
nitrates and EC stays the same.
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Figure5-25 Annual Species Contributionsto Most Impaired (left) and Least |mpair ed
(right) Daysin Mount Rainier National Park
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Figure5-26 Average Species Contributionsto Most Impaired (left) and Least Impaired
(right) Daysin Mount Rainier National Park

Figure 5-27 illustrates monitoring data for all IMPROV E sampled days during the base years
(2000-2004). These data are reinterpreted in Figures x through z for major individual haze
species. A clear seasonal variation is observed for sulfates, organic aerosols, EC and nitrates.
Sulfates, OCs and EC increase in summer months, and nitrates decrease in winter months.

Figure5-27 Baseline Seasonal Variation in Haze Speciesat MORAL for 2000 through
2004
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MORA1:S0, Seasonal Variation
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Figure5-28 Baseline Seasonal Variation by Month for SO, at MORAL1
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Figure5-29 Baseline Seasonal Variation by Month for OC at MORA1
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MORA1: NO; Seasonal Variation
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Figure5-31 Basdline Seasonal Variation by Month for EC at MORAL1
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5,5 Goat Rocks Wilder ness and Mount Adams Wilderness

For the Goat Rocks Wilderness and Mount Adams Wilderness baseline visibility is determined
from the WHPA1 monitoring site for the Most Impaired Days and Least Impaired Days for the
years 2001 through 2004 as specified in the RHR under®. The baseline visibility for the Goat
Rocks Wilderness and Mount Adams Wilderness is calculated at 1.66 dv for the Least Impaired
Daysand 12.76 dv for the Most Impaired Days.

Natural visibility represents the visibility conditions that would be experienced in the absence of
human-caused impairment. Based on EPA guidance, the natural visibility for Goat Rocks
Wilderness and Mount Adams Wildernessis 0.82 dv for the Least Impaired Days and 8.35 dv for
the Most Impaired Days. See Table 5-1 and Figure 5-32.
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Figure5-32 Uniform Rate of Progressfor Goat Rocks Wildernessand Mount Adams
Wilderness

Figures 5-33 and 5-34 show the annual and average contributions of haze speciesto light
extinction over the baseline period based on data from the WHPA1 IMPROVE site for the Most
Impaired (left) and Least Impaired (right) Days, respectively. WHPA1 has the lowest light
extinction among all Washington Class | areas for both Most Impaired and Least Impaired Days
over the baseline period. There are some annual variations over the baseline period but overall,
the year to year variability of the average of the annual Most Impaired and Least Impaired Days
light extinction is relative small (nearly 10 and 1 Mm*, respectively). On average, sulfates
(37%) and OC (36%) are the predominant causes of haze on the Most Impaired Days at this site.
Compared to the Most Impaired Days, on the Least Impaired Days, sulfates increase their
proportional share of the visibility impairment and the proportional share attributable to OC
significantly decreases. OCs, nitrates, EC, coarse mass and sea salt are much less significant and
contribute about equally to visibility impairment on the worst and the best days.

4 40 CFR §51.308(d)(2)(i)
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Figure5-33 Annual Species Contributionsto Most Impaired (left) and Least Impaired
(right) Daysin Goat Rocks Wilderness and Mount Adams Wilder ness

Figure5-34 Average Species Contributionsto M ost Impaired (left) and L east
Impaired (right) Daysin Goat Rocks Wilder ness and Mount Adams Wilder ness

Figure 5-35 illustrates monitoring data for all IMPROV E sampled days during the base years
(2000-2004). These data are interpreted in Figures x through z for major haze species. A clear
seasonal variation is observed for sulfates and OCs, both of them increase during summer
months. Nitrates remain stable for much of the year with more year-to-year variability in the
winter months.
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Figure5-35 Baseline Seasonal Variation in Haze Speciesat WHPA1 for 2000 through
2004
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Figure5-36 Baseline Seasonal Variation by Month for SO, at WHPA1
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WHPA1: NO; Seasonal Variation
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Figure5-37 Baseline Seasonal Variation by Month for NOs at WHPA1
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Figure5-38 Baseline Seasonal Variation by Month for OC at WHPA1
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5.6 Pasayten Wilderness

Baseline visibility is determined from the from the PASA1 monitoring site for the Most Impaired
and Least Impaired Days for the years 2001 through 2004 as specified in the RHR under®. The
baseline visibility for the Pasayten Wildernessis calculated at 2.73 dv for the Least Impaired
Days and 15.23 dv for the Most Impaired Days.

Natural visibility represents the visibility conditions that would be experiences in the absence of
human-caused impairment. Based on EPA guidance, the natural visibility for Pasayten
Wildernessis 1.16 dv for the Least Impaired Days and 8.25 dv for the Most Impaired Days. See
Table 5-1 and Figure 5-39.

Pasayten W
Uniform Rate of Progress 20% Best and Worst Visibility Days
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Figure5-39 Uniform Rate of Progressfor Pasayten Wilder ness

Figures 5-40 and 5-41 show the annual and average contributions of haze speciesto light
extinction over the baseline period based on data from the PASA1 IMPROV E monitor site for
the Most Impaired (left) and Least Impaired (right) Days, respectively. Overal, the year to year
variability of the average of the annual Most Impaired and Least Impaired Days light extinction
issmall (13Mm™and 1 Mm™, respectively). On average, OC (56%) is the predominant cause of
haze on the Most Impaired Days at thissite. Sulfates (20%) produce the majority of the
remaining visibility impairment. Compared to the Most Impaired Days, on the Least Impaired
Days sulfates significantly increase their proportional share of the visibility impairment, OC
significantly reduces its share, and nitrates increase their share.

5 40 CFR §51.308(d)(2)(i)
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Figure5-40 Annual Species Contributionsto Most Impaired (left) and Least Impaired
(right) Daysin Pasayten Wilder ness

Figure5-41 Average Species Contributionsto Most Impaired (left) and Least Impaired

(right) Daysin Pasayten Wilderness

Figure 5-42 illustrates monitoring data for all IMPROV E sampled days during the base years
(2001-2004). These data are reinterpreted in Figures x through z for major haze species. A clear
seasonal variation is observed for OC which increases considerably in summer and fall months.
A clear seasonal variation is observed for EC which increasesin summer and fall months. A
bimodal trend is observed for both SO, and NOs, both of which seem to increase in the spring

and fall.
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Figure5-42 Baseline Seasonal Variation in Haze Speciesat PASA1 for 2001 through 2004
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Figure5-43 Baseline Seasonal Variation by Month for SO, at PASA1
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PASA1: NO; Seasonal Variation
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Figure5-44 Baseline Seasonal Variation by Month for NO3z at PASA1
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Figure5-45 Basdline Seasonal Variation by Month for OC at PASA1
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PASA1: EC Seasonal Variation
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Figure5-46 Baseline Seasonal Variation by Month for EC at PASA1
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Chapter 6  Emission Inventories

This chapter identifies emission source categories in Washington that could be affecting
visibility in mandatory Class | Areasin Washington and other states impacted by Washington
emissions. The Regional Haze Rule (RHR)® requires statewide emission inventories of
pollutants that are reasonably anticipated to cause or contribute to visibility impairment in any
mandatory Class | Area.

6.1 Emission Inventory Development

Emission inventories play an important role in the identification and evaluation of sources that
are reasonably expected to impact visibility. Most of the emissions data prepared and used in
this foundational Regional Haze (RH) State Implementation Plan (SIP) were originally collected
and reported in some form by state, local, and tribal air pollution control programs. Various
Western Regional Air Partnership (WRAP) forums compiled these data for usein WRAP
modeling and individual state analyses. asfollows:

e The Stationary Sources Joint Forum and the Emissions Forum commissioned projects to
obtain point source area source emissions.

e The Emissions Forum commissioned projects to obtain mobile source emissions.

e The Dust Emissions Joint Forum and the Modeling Forum commissioned projects to
obtain ammonia, dust, and biogenic emissions.

e The Fire Emissions Joint Forum commissioned projects to obtain natural and
anthropogenic fire emissions.

The Fire Emissions Joint Forum formed the Natural Background Task Team to develop a
methodology to classify fire as either “natural” or “anthropogenic.” The resulting policy uses the
following three classification criteria®

1. Prescribed fireis an anthropogenic source, except where it is utilized to maintain an
ecosystem that is currently in an ecologically functional and fire resilient condition, in
which caseit isclassified asa“natural” source.

2. Wildfirethat is suppressed by management action isa“natural” source. Wildfire, when
suppression is limited for safety, economic, or resource limitations, remains a“natural”
source. Wildfires managed for resource objectives are classified the same as prescribed
fires.

3. Native American cultural burning for traditional, religious, and ceremonial purposesisa
“natural” source.

The WRAP developed a central regional emissions inventory database to facilitate the data
collection efforts. These emissions inventories are available from the WRAP Technical Support

1 40 CFR 51.308 (d)(4)(v)
2 The Natural Background Task Team of the Fire Emissions Joint Forum, Policy for Categorizing Fire Emissions,
November 15, 2001. http://www.wrapair.org/forums/fejf/documents/nbtt/FirePolicy.pdf
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System (TSS) website (http://vista.cira.col ostate.edu/T SS/ResultsEmissions.aspx). The TSS
website has links to numerous references that describe in detail the emissions methods used in
developing inventories for the foundation RH SIPs. Appendix G to thisRH SIP, TSS Road Map,
also contains information on inventories.,

Along with the other WRAP states, Washington used the WRAP-devel oped emission inventories
to develop the state’s RH SIP as agreed to between Environmental Protection Agency (EPA), the
states, and the WRAP.

6.2 Emission Inventory Scenarios
The WRAP focused on the development of the emission inventories for three scenarios.

(1) A base case emission inventory for 2002 for evaluation of model performance (referred
to as“Base02")

(2) Aninventory representing atypical year's emissions during the 2000-2004 baseline
period (“Plan 02")

(3) A projected inventory for 2018 for evaluation of reasonable progress toward achieving
the national visibility goal (“Base 18", later “PRP18")

Inventories for al three scenarios went through a series of revisions. Each revision refined the
inventory by correcting errors and adding emission inventory improvements and updates. Each
version of an inventory series is denoted by the addition of aletter to the inventory name. For
example Base02b is the second version of the 2002 Base Case Inventory.

A general overview of the inventories developed for each of the three WRAP scenariosis
provided below. Further information on modeling and source apportionment is found in
Chapter 7.

6.3 BaseCaselnventories

The purpose of the “2002 Base Case” or “Base02” inventory is to represent the actual emissions
of pollutants causing or contributing to visibility impairment during calendar year 2002.
Accordingly, the Base02 inventory is based on the best available data on actual 2002 emissions.

The WRAP used the Base02a inventory to model visibility for the calendar year 2002 and to
evaluate model performance. The ability of the model to provide an adequate representation of
air quality that occurred in 2002 would provide confidence that the model can adequately
represent revised emissionsin projected years. The WRAP decided model performance was
acceptable.

The Base02b inventory was developed to correct errors and add emission inventory
improvements. The WRAP considers the Base02b inventory to have the best estimates of actual
2002 emissions for all sectorsfor North America. The WRAP modeled the Base02b inventory to
enable comparisons between the 2002 base case and the 2000-2004 typical-year modeling.
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6.4 Typical-Year Baseline Inventories

The purpose of the 2000-2004 baseline period planning case emissions scenario is to represent
emission patterns based on average or “typical” conditions during the 2000-2004 baseline period
rather than emissions for any specific year. Theinventory provides a basis for comparison with
2018 projected emissions and gauging reasonable progress. The WRAP refers to the Typical-

Y ear Baseline Inventory asthe “Plan02” inventory.

Versions of the Plan02 inventory were used for modeling visibility impairment and determining
source apportionment. The WRAP also used the Plan02 inventory to devel op information about
the source areas of visibility impairing emissions impacting individual Class | Areas.

The WRAP used the third iteration of Plan02 inventory, the PlanO2c inventory, to model baseline
period visibility. The Plan02c inventory was also used with a different model and a source
apportionment tool (discussed in Chapter 7) to identify the source regions and the contributions
of major source categories to sulfate and nitrate at the Class | Areas.

The WRAP developed a Plan02d inventory that, among other revisions, included updates to
source classification codes and source inventory codes along with source emissions corrections.
Thisinventory was used for updated modeling of baseline period visibility impairment. The
Plan02d inventory was also used for an analysis (discussed in Chapter 7) based on emissions and
meteorology of potential source areas contributing visibility-impairing pollutants to the
mandatory Class | Areas.

6.5 Reasonable Progress|nventories

The year 2018 represents the first milestone date for demonstrating reasonable progress toward
the national visibility goal. The WRAP projected emissions to the year 2018 by taking into
account growth, “on-the-books” (that is, adopted) controls and regulations, and application of
RH strategies. The factors that were considered in projecting the inventory include the
following:

e Presumptive Sulfur Dioxide (SO,) Best Available Retrofit Technology (BART) for
Electrical Generating Units (EGUSs) in the WRAP region or current controlsif lower

e Known BART controlsin the WRAP region

e Mobile source controls

Heavy Duty Diesel (2007) Engine Standard

Tier 2 Tailpipe Standards

Large Spark Ignition and Recreational Vehicle Rule

Nonroad Diesel Rule

Low sulfur fuel requirements for gasoline engines, on-road diesel engines, off-

road diesel engines, and locomotives

e Combustion Turbine and Industrial Boiler/Process Heater/Reciprocating Internal
Combustion Engine (RICE) Maximum Achievable Control Technology (MACT)

e Post-2002 permits and state/EPA consent agreements

PVRPIRP VPPV
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e Reductions in 2000-04 average fire emissions due to Emissions Reduction Techniques
in Smoke Management Programs

e Ozone and Coarse Particulate Matter (PM10) SIPsin placein the WRAP region
State oil and gas emissions control programs

The WRAP did two series of 2018 projected emission inventories. Thefirst seriesisreferred to
as “Basel8” and the second, superseding seriesis referred to as “ Preliminary Reasonable
Progress’ or ssimply “PRP18” inventories.

The second iteration of the Basel8 inventory, the Basel8b inventory, was modeled with the
same model and source apportionment tool as the Plan02c inventory to identify the source
regions and the contributions of major source categories to sulfate and nitrate at mandatory Class
| Areasin 2018. The results can be compared with the earlier source apportionment modeling
performed with the Plan02c inventory.

The WRAP modeled both the first and the second iterations of the PRP18 inventories, the
PRP18a and the PRP18b inventories, and used the results to estimate 2018 visibility at
mandatory Class| Areas. The PRP18ainventory included presumptive SO, BART for EGUs
where BART had not been determined. The PRP18b inventory included known or projected
BART for EGU and non-EGU sources along with presumptive SO, and Nitrogen Oxides (NOx)
BART for EGUs where BART was yet to be determined. These modeling runs were eval uated
by various states in determining reasonable progress goals for mandatory Class | Areas and the
emission reductions needed to achieve those goals.

The WRAP also developed a special version of the PRP18b inventory reflecting a more accurate
inventory for commercial marine shipping off the Pacific coast. This PRP18cmv inventory was
modeled to estimate 2018 visibility in mandatory Class | Areas.

The analysis based on emissions and meteorology of potential source areas contributing visibility
impairing pollutants to mandatory Class | Areas was rerun with the PRP18a, PRP18b, and
PRP18cmv projected 2018 emissions inventories. The results can be compared with the earlier
analysis based on the Plan02d inventory. None of the PRP18 inventories include the projected
affects of the recently adopted International Maritime Organization (IMO) Emission Control
Areafor the West Coast of the United States and Canada

6.6 Emission Inventoriesfor Washington’s Regional Haze State
Implementation Plan

While the various inventories devel oped for the three scenarios played arole in the devel opment
of the technical analysis for the WRAP region, Washington State' s foundational RH SIP focuses
on two emission inventoriesin particular:

e the Typical-Year Baseline Inventory referred to as “ Plan02d”

e theinventory projected for 2018 specified by the WRAP as “ Preliminary Reasonable
Progress emissions inventory 2018 version &', but commonly referred to as “PRP18a’.
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These two inventories were the most recent, complete, and up-to-date inventories available
through TSS when Washington State began doing its own analysis of the WRAP' s technical
basis for the state’s RH SIP.

The visibility-impairing emissions examined in both inventories are SO,, NOy, Volatile Organic
Compounds (VOC), Organic Carbon (OC), Elemental Carbon (EC), Fine Particulate Matter
(PM35), and PM 1o and Ammonia (NHsz). The emission tables show the primary source categories
for each visibility impairing pollutant. The source categories vary by the type of pollutant.
Source categories include: point, area, on-road mobile, off-road mobile, anthropogenic fire,
natural fire, biogenic, road dust, fugitive dust and windblown dust.

Not included as an “in-state” emission source category is offshore marine vessel emissions,
which are considered “regiona” emissions. It should aso be noted the PRP18a emissions for
natural fire (wildfires) is based on historical rates of burning and does not take into account
increased burning that may occur due to climate change or natural causes.

The emissions information for Washington is organized by visibility-impairing pollutant.
Inventory information for each pollutant is provided by major source categories for both the
Plan02d and the PRP18ainventories.

Sulfur Dioxide Emissions

Table 6-1 shows Washington SO, emissions for the baseline year and the end of the first
planning period.

Table6-1 Washington Sulfur Dioxide Emission I nventories— 2002 and 2018

Washington Statewide SO, Emissions (tons/year)
Plan02d PRP18a Net Change % Change
Sour ce Category
2002 2018 2018 - 2002 (2018-2002) / 2002
Point 52,885 37,444 -15,441 -29%
Area 7,311 8,667 1357 +19%
On-Road Mobile 5,543 679 -4,864 -88%
Off-Road Mabile 13,913 262 -13,651 -98%
Anthropogenic Fire 1,411 1,043 -368 -26%
Natural Fire 1,641 1,641 0 0%
Total 82,703 49,736 -32,967 -40%

Gaseous SO, emissions are converted to sulfate particles, generally ammonium sulfate, in the
atmosphere. Ammonium sulfate particles grow rapidly in size in the presence of water through
water absorption and change from solid particlesto solution droplets. The size of ammonium
sulfate at high relatively humidity (>70%) makes it disproportionally responsible for visibility
impairment compared to inorganic salts that do not take up water molecules.

Baseline year 2002 SO, emissions come primarily from point sources, including a coal-fired
power plant, oil refineries, primary aluminum plants, pulp and paper mills, and a cement plant.
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A 40% statewide reduction in SO, emissions is expected by 2018 due to planned controls on
existing sources, especially due to on-the books rules for on-road and off-road fuels and a
reduction of nearly 19,000 tons from the coal-fired power plant.

Nitrogen Oxides Emissions

Table 6-2 shows Washington NOy emissions for the baseline year and the end of the first
planning period.

Table6-2 Washington Nitrogen Oxides Emission I nventories— 2002 and 2018

Washington Statewide NO, Emissions (tons/year)
Plan02d PRP18a Net Change % Change
Sour ce Category
2002 2018 2018 - 2002 (2018-2002) / 2002
Point 43,355 49,456 6,101 14%
Area 17,587 22,746 5,159 29%
On-Road Mobile 201,991 55,911 -146,080 -72%
Off-Road Mobile 84,710 46,529 -38,181 -45%
Anthropogenic Fire 6,821 4,971 -1,850 -27%
Natura Fire 5,997 5,997 0 0%
Biogenic 17,923 17,923 0 0%
Total 378,384 203,533 -174,850 -46%

NO, emissions are generated during combustion processes from the reaction of oxygen with the
nitrogen content of the fuel and at higher temperatures from the reaction of nitrogen and oxygen
in the aimosphere. NOy, similar to SO,, reacts in the atmosphere to form nitrate particles such as
Ammonium Nitrate (NO3). Like Ammonium Sulfate ((NH4)2SO4), NO;3 particles grow rapidly in
the presence of water to reach asize that is disproportionately responsible for visibility
impairment.

Baseline year 2002 NO, emissions come predominantly from on-road mobile sources. Of lesser
importance are emissions from off-road mobile sources and point sources.

Point source emissions are projected to increase based on the increased utilization of existing
units and new sources established between 2002 and 2008. Overall, NO, emissionsin
Washington are expected to decline 46% by 2018, primarily due to significant improvementsin
on-road and off-road mobile source emissions.

Volatile Organic Compounds Emissions

Table 6-3 shows Washington VOC emissions for the baseline year and the end of the first
planning period.
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Table6-3  Washington Volatile Organic Compounds Emission I nventories— 2002 and
2018

Washington Statewide VOC Emissions (tons/year)
Plan02d PRP18a Net Change % Change
Sour ce Category
2002 2018 2018 - 2002 (2018-2002) / 2002
Point 18,651 26,212 7,561 41%
Area 151,680 253,703 102,023 67%
On-Road Mobile 140,181 50,625 -89,556 -64%
Off-Road Mobile 61,601 38,618 -22,983 -37%
Anthropogenic Fire 14,858 10,532 -4,325 -29%
Natura Fire 13,160 13,160 0 0%
Biogenic 642,736 642,736 0 0%
Total 1,042,867 1,035,587 -7,280 -1%

The dominant source of VOC emissions throughout the country is biogenic emissions. These
emissions comprise 61% of total Washington VOC emissionsin 2002. These are natural
emissions mostly from forests, but also agricultural crops and urban vegetation. Among the
other sources, most notably, on-road mobile sources, area sources, and off-road mobile sources,
contribute to VOC loading in the atmosphere.

Significant VOC increases in area sources are primarily driven by population growth. Specific
area sources expected to increase include residential wood combustion and solvent utilization.

Significant VOC reductions from mobile sources in the 2018 inventory are more than offset by
increases in area sources due primarily to population growth. Use of solventsin paints, dry
cleaning fluid, charcoal lighter fuel, windshield washer fluids, and many home use products
shows up in the area source category and is linked to population growth.

From a RH perspective, there is less concern with VOCs emitted directly to the atmosphere and
more with the formation of secondary organic aerosols. Secondary organic aerosols form after
condensation and oxidation. VOCs also play arole in the photochemical production of ozonein
the troposphere. Biogenic VOCs are uncontrollable and, therefore, there is alimit to the amount
of visibility improvement that can be gained.

V OCs react with NO to produce nitrated organic particles that impact visibility in the same
series of chemical eventsthat lead to ozone. Thus, strategies to reduce ozone in the atmosphere
often lead to visibility improvements.

Organic Carbon Emissions

Table 6-4 shows Washington OC emissions for the baseline year and the end of the first planning
period.
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Table6-4 Washington Organic Carbon Emission I nventories— 2002 and 2018

Washington Statewide Organic Carbon Emissions (tons/year)
Plan02d PRP18a Net Change % Change
Sour ce Category
2002 2018 2018 - 2002 (2018-2002) / 2002
Point 763 941 178 23%
Area 16,577 22,214 5637 34%
On-Road Mobile 1,821 1,533 -287 -16%
Off-Road Mobile 1,948 1,288 -660 -34%
Anthropogenic Fire 10,305 7,349 -2,955 -29%
Natural Fire 17,931 17,931 0 0%
Road Dust 189 202 13 7%
Fugitive Dust 739 992 253 34%
Total 50,273 52,451 2,178 4%

OC isprimarily the end product of combustion of organic material. Most of these emissionsin
Washington are from natural (nonanthropogenic) wildfire, which can fluctuate greatly from year
to year. For instance, 2003 was an unusually high year for wildfiresin Washington. Area
sources are the largest anthropogenic contributor to the OC inventory, and these are expected to
increase significantly (34%) from 2002 to 2018 mostly due to population increase. A variety of
sources contribute to the area source category, but wood stoves are a particularly significant
component.

Elemental Carbon Emissions

Table 6-5 shows Washington EC emissions for the baseline year and the end of the first planning
period.

Table6-5 Washington Elemental Carbon Emission Inventories— 2002 and 2018

Washington Statewide Elemental Carbon Emissions (tons/year)
Plan02d PRP18a Net Change % Change
Sour ce Category
2002 2018 2018 - 2002 (2018-2002) / 2002

Point 144 206 62 43%

Area 2,180 3,005 825 38%
On-Road Mobile 2,003 481 -1,522 -76%
Off-Road Mobile 4,213 1,696 -2,517 -60%
Anthropogenic Fire 780 585 -195 -25%

Natural Fire 3,717 3,717 0 0%

Road Dust 14 15 1 8%
Fugitive Dust 50 67 17 34%
Total 13,102 9,773 -3,329 -25%
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EC isblack carbon, a product of incomplete combustion, which is emitted as soot. It is similar to
OC, but EC represents more complete combustion of the fuel that produces carbon. The primary
sources of EC are natural fires, off-road and on-road mobile sources, and area sources. EC
emissions from mobile sources are estimated to decrease significantly by 2018 as new federal
mobile source regulations are being implemented. Overall, EC emissions are estimated to
decline by 25% by 2018.

Fine Particulate M atter Emissions

Table 6-6 shows Washington PM, s emissions for the baseline year and the end of the first
planning period.

Table 6-6 Washington Fine Particulate Matter Emission I nventories— 2002 and 2018
Washington Statewide Fine Particulate Matter Emissions (tons/year)

Plan02d PRP18a Net Change % Change
Sour ce Category
2002 2018 2018 - 2002 (2018-2002) / 2002
Point 2,257 2,625 368 16%
Area 12,708 17,234 4,526 36%
Anthropogenic Fire 3,869 2,691 -1,178 -30%
Natura Fire 1,139 1,139 0 0%
Road Dust 2,819 2,910 91 3%
Fugitive Dust 12,957 17,366 4,408 34%
WB Dust 5,401 5,401 0 0%
Total 41,151 49,366 8,216 20%

PM .5 in the emissions inventory includes soil materials and other non-carbon, non-sulfate and
non-nitrate particulate matter less than 2.5 micronsin size. The primary sources are area and
fugitive dust sources (agriculture, mining, construction, and unpaved and paved roads). Even
though direct PM tailpipe emissions are relatively small they are accounted for as PM;o under
mobile sources. Overal, the PM fine emissions show an increase of 20% by 2018.

Coar se Particulate M atter Emissions
Table 6-7 shows Washington PM o emissions for the baseline year and the end of the first

planning period. Inthe WRAP emission inventories PMjq is defined as particles between 2.5-10
micronsin size and may be referred to as PM .
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Table6-7 Washington Coarse Particulate Matter Emission I nventories— 2002 and 2018

Washington Statewide Coar se Particulate Matter Emissions (tons/year)

Plan02d PRP18a Net Change % Change
Sour ce Category
2002 2018 2018 - 2002 (2018-2002) / 2002
Point 6,244 5,742 -502 -8%
Area 2,083 4,117 2,033 98%
On-Road Mobile 1,079 1,089 10 1%
Anthropogenic Fire 806 547 -259 -32%
Natural Fire 3,856 3,856 0 0%
Road Dust 26,044 26,642 5908 2%
Fugitive Dust 66,704 105,007 38,303 57%
WB Dust 48,612 48,612 0 0%
Total 155,430 195,613 40,184 26%

PM o emissions are significantly greater than PM» 5 in Washington. Substantial increasesin
PM 0 emissions are seen in fugitive dust and area sources. Thisis due to the fact that
construction and emissions from paved and unpaved roads are tied to popul ation growth and
vehicle milestraveled. Overall, PM;oemissions are estimated to increase by 26% in 2018.

Ammonia Emissions

Table 6-8 shows Washington NH3; emissions for the baseline year and the end of the first

planning period.

Table6-8 Washington Ammonia Emission Inventories— 2002 and 2018

Washington Statewide Ammonia (NH3) Emissions (tons/year)

Plan02d PRP18a Net Change % Change
Sour ce Category
2002 2018 2018 - 2002 (2018-2002) / 2002

Point 3,863 5,466 1,603 41%

Area 45,218 47,769 2,551 6%
On-Road Mobile 5,211 7,086 1,874 36%
Off-Road Mobile 57 73 15 27%

Anthropogenic Fire 3,439 2,398 -1,040 -30%
Natura Fire 1,265 1,265 0 0%
Total 59,054 64,057 5,003 8%

Emission estimates for NH3 have a high degree of uncertainty associated with them, based on a
high variability in emission factors, wide range of activities, and lack of a uniform emission
methodology. However, NH3z emissions are important in that they react with SO, and NOy to
form sulfate and nitrate particles which are significant contributors to visibility impairment.

NH3 emissions come from agricultural related activities, primarily livestock operations and
farming fertilizer applications. WRAP has categorized these as either point or area sources.
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The area source emission inventories for NH3 have two components:

1. Emissionsreported by the state and
2. Meteorologically driven fugitive emissions based on land use

Washington reported 4,470 tons/year of area source emissionsin 2002. In 2018, the state
reported portion is estimated to be 7,021 tons/year.

Based upon the work done by the Modeling Forum, WRAP estimated 40,748 tons/year of
meteorol ogically driven fugitive emissions based on land use. This number was held constant in
2002 and 2018. Some of the fugitive emissions may have aready been accounted for in the state
reported portion resulting in double counting of NH3 emissions.

Improvements in devel oping ammonia inventories are needed in the near future to develop more

effective RH strategies. Along with an improved emission inventory, a better understanding of
the chemistry in forming SO, and NO3 is needed for RH planning.
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Chapter 7  Western Regional Air Partnership Modeling

This chapter describes the types of models used by the Western Regional Air Partnership
(WRAP) to characterize itsregion. Washington relied upon WRAP modeling for this
foundational Regional Haze (RH) State Implementation Plan (SIP). Results from these models
are presented in subsequent chapters.

7.1 Overview

Visibility impairment occurs when air borne particles in the aimosphere scatter or absorb light to
create haze. Particulates can be directly emitted into atmosphere as primary particul ates.
Particulates may also be produced in the atmosphere as secondary particulates by photochemical
reactions and condensation. Pollutants can also remain suspended for long periods, be
transported long distances, and be lost from the atmospheric suspension through wet and dry
deposition.

Asaresult emission inventories aone are not sufficient to determine which pollutants should be
controlled to improve visibility at mandatory Class| Areas. Computer air quality models
provide a better understanding of the sources of fine particulates by simulating emissions,
meteorological processes, atmospheric chemical transformations, transport, and deposition. The
WRAP used air quality models to analyze baseline period visibility, identify significant source
areas and source categories of visibility-impairing emissions, and project future visibility
impairment and potential visibility improvement from emissions reduction strategies.

7.2 Regional Haze M odeling

The primary tool relied upon by the WRAP for modeling visibility was the Community Multi-
Scale Air Quality (CMAQ) model. The modeling was conducted by the Regional Modeling
Center (RMC) at the University of California Riverside under the oversight of the WRAP
Modeling Forum. All WRAP states are using this modeling.

The CMAQ model was designed as a “one atmosphere” modeling system to encompass
modeling of multiple pollutants and issues, including ozone, Particulate Matter (PM), visibility,
and air toxics. Thisisin contrast to many earlier air quality models that focused on single
pollutants. The CMAQ model takes into account emissions, advection and dispersion,
photochemical transformation, aerosol thermodynamics and phase transfer, aqueous chemistry,
and wet and dry deposition of trace species.

The CMAQ model requires inputs of three-dimensional gridded wind, temperature, humidity,
cloud/precipitation, and boundary layer parameters. The version of CMAQ used for the WRAP
modeling utilized gridded meteorological datafrom the Meteorological Mesoscale 5 (MM5)
model for its meteorological inputs. The MM5 model was developed as a state-of -the-science
model that has been proven useful for air quality applications. MM5 has been used extensively
for local, state, regional, and national modeling efforts. MM5 has undergone extensive peer-
review and all of its components have undergone continual development and scrutiny by the
weather prediction and modeling communities.
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The RMC developed the air quality modeling inputs including annual meteorology and
emissions inventories for a 2002 actual emissions base case, a planning case to represent the
2000-04 RH baseline period using averages for key emissions categories, and 2018 projected
cases representing base case projected emissions and emissions from preliminary reasonable
progress scenarios. The modeling emissions inputs were developed from the emission
inventories using the Sparse Matrix Operator Kernel Emissions (SMOKE) modeling system.

CMAQ modeling of the WRAP region required other emission inventories besides those
developed for the WRAP region. The RMC devel oped Pacific offshore commercial marine
vessel inventories from avariety of sources. The RMC also gathered the latest and best
representative emission estimates from the Central Regional Air Planning Association
(CENRAP), the eastern United States, Mexico, and Canada. Results can be found on the WRAP
Technical Support System (TSS) website at

http://vista.cira.col ostate.edu/T SS/Resul ts/HazePl anning.aspx

The CMAQ model also requires that the concentrations of visibility-impairing pollutants at the 4
lateral boundaries of the modeling domain be specified. These boundary conditions represent
visibility-impairing pollutants reaching North Americafrom the rest of the world. Boundary
conditions were developed from the GOES-CHEM global chemical transport model by a project
commissioned by the Visibility Improvement State and Tribal Association of the Southeast
(VISTAS) regional planning organization on behalf of all five regional planning organizations
implementing the Regional Haze Rule (RHR).

Visibility projections for 2018 were developed from projected concentrations of visibility-
impairing pollutants at Interagency Monitoring of Protected Visual Environments (IMPROVE)
monitoring sites representing mandatory Class | Areas through the use of the revised IMPROVE
equation. Projected concentrations were calculated by applying a Relative Response Factor
(RRF) to the measured baseline period concentration at the IMPROVE site. The RRF istheratio
of the future-year modeling results to the current-year modeling results. The RRFswere
developed from modeling the Plan02d baseline period and PRP18a projected 2018 emission
inventories.

7.3 Mode Performance

The WRAP s RMC evaluated the performance of the CMAQ model for modeling visibility in
the WRAP region. The objective of the model performance evaluation was to compare CMAQ
model-simulated concentrations with 2002 ambient monitoring data from alarge number of sites
to determine whether the CMAQ model’ s performance was sufficiently accurate to justify use of
the model for simulating future conditions. The RMC used the Base02a emissions inventory for
the simulation. The CMAQ model was evaluated for both the Most Impaired Days and the L east
Impaired Days. The “Final Report for the WRAP 2002 Visibility Model Performance
Evaluation” (Tonnesen, et al, 2006) discusses the model performance evaluation in detail.

The key finding of the RMC’s model performance evaluation is that CMAQ modeling can be
used in combination with the RRF approach to evaluate the benefits of emission reduction
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strategies for al particulate matter species except for coarse mass and project visibility changes
at Class| Areasfor RH planning purposes.

The RMC model performance evaluation dealt the with entire WRAP region. Ecology decided
to do afurther evaluation of model performance specifically for mandatory Class| Areasin the
state of Washington. Ecology performed a 3-step process. Asthefirst two steps, Ecology
examined two sets of graphics for mandatory Class | Areasin Washington:

(1) Time-series concentrations of visibility-impairing pollutants from IMPROVE
monitoring of each of the mandatory Class | Areas in Washington for the 2000-2004
baseline period

(2) IMPROVE monitoring dataand CMAQ modeling results for each of the mandatory
Class| Areasin Washington for 2002

Finally, Ecology performed a basic analysis of the modeling resultsin comparison to the
monitored data at the mandatory Class | Areas. Details on the 3 steps and their results are
described in Appendix M.

Ecology drew the following conclusions about the acceptability of CMAQ modeling results.
CMAQ modeling results are acceptable for the following visibility-impairing pollutants and,
where noted, visibility conditions:

Ammonium Sulfate (SO,4) especially on the Most Impaired Days

Organic Matter Carbon (OMC) on the Most Impaired Days

Elemental Carbon (EC)

Coarse Matter (CM) for the Least Impaired Days (with the caveat that the RMC found
model performance for CM to be unacceptable in its model performance eval uation)

CMAQ modeling results are unacceptable for the following visibility-impairing pollutants and,
where noted, visibility conditions:

Ammonium Nitrate (NO3)

OMC on the Least Impaired Days
Soil

CM on the Most Impaired Days

Ecology is using the WRAP results to forecast changes to concentrations of visibility-impairing
pollutants and resultant visibility with the understanding that the CMAQ modeling results are the
best tool available to forecast concentrations of visibility-impairing pollutants and projected
visibility in 2018, the end of the first control period covered by the state of Washington’s RH
SIP. Pollutant concentrations and hence visibility are likely to be over predicted on the Least
Impaired Days. The impact of modeling is not so clear for the Most Impaired Days. CMAQ
modeling results for sulfate and OMC, 2 of the most important pollutants affecting visibility, are
generally expected to be acceptable, but concentrations of nitrate, the other important pollutant
affecting visibility are likely to be over predicted.
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7.4  Source Apportionment Analysis Using Particulate Matter Source
Apportionment Technology and Weighted Emissions Potential

In order to determine the significant sources contributing to haze in Washington’ s mandatory
Class | Areas, Washington has relied upon source apportionment analysis techniques provided
by the WRAP for this RH plan. Thisinformation can be found on the WRAP TSS website at
http://vista.cira.col ostate.edu/T SS/Results/HazePlanning.aspx .

There were two techniques used for source apportionment of RH. One was the Particul ate
Matter Source Apportionment Technology (PSAT) tool, used only for the attribution of sulfate
and nitrate sources. The other was the Weighted Emissions Potential (WEP) tool which was
used for attribution of sources of sulfate, nitrate, organic carbon, EC, fine particles (PM5s), and
coarse particle matter (PM1g).

7.4.1 Particulate Matter Source Apportionment Technology

The PSAT tool is used with the Comprehensive Air Quality Model with Extensions (CAMy).
Like the CMAQ model, the CAMx model is a state-of-the-science, one atmosphere model. The
CAMx/PSAT model system simulates nitrate-sulfate-ammonia chemistry and applies this
chemistry to a system of tracers or “tags’ to track the emissions, chemical transformations,
transport, and removal of Nitrogen Oxides (NOy) and Sulfur Dioxide (SO,). Thetracer analysis
used the Plan02c baseline period and Basel8b projected 2018 emission inventories to identify
source regions and source categories of sulfate and nitrate.

WRAP did not regenerate PSAT results for updated baseline period or projected 2018 emission
inventories because of the time and resources that running CAMx/PSAT requires. Nonetheless,
because later revisions to the WRAP inventory were relatively minor as was the projected
impacts on visibility in mandatory Class | Areas, the PSAT source apportionment still servesasa
reliable, relative guide to source regions and source categories of sulfate and nitrate.

Sulfate and nitrate are important because not only do they usually originate from anthropogenic
(human-caused) sources but they have major impacts on visibility at mandatory Class | Areas.
The results from the PSAT analysis can be useful in determining contributing sources that may
be controllable within Washington and in identifying potentially controllable sources, or the need
for controls, in other jurisdictions (neighboring states, Canada, and Pacific offshore). While the
PSAT results show contributionsin terms of mass (ug/m°), these do not directly represent actual
sulfate and nitrate measurements, nor can they accurately be transformed into extinction values.

Examples of PSAT analysis are shown below in Figures 7-1 and 7-2. The PSAT analyses for
each of Washington’s mandatory Class | Areas are discussed in Chapter 8.
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Figure7-1  Exampleof Particulate Matter Source Apportionment Technology Tool
| dentification of Source Regions

Figure7-2  Exampleof Particulate Matter Source Apportionment Technology Tool
| dentification of Sour ce Regions and Sour ce Categories

7.4.2 Weighted Emissions Potential

WEP is a screening tool that helpsto identify source regions that have the potential to contribute
to haze formation at specific mandatory Class| Areas. Unlike PSAT, this method does not
account for chemistry or deposition and thus is more qualitative. WEP combines emission
inventories, wind patterns, and residence time of an air mass over each meteorological model
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grid cell, to estimate the potential for avisibility-impairing pollutant to affect a specific
mandatory Class | Area. The WEP tool was used to estimate source areas for Sulfur Oxides
(SOy), NOy, Primary Organic Aerosol (POA), EC, PM3 s, and PM .

Similar to PSAT, the WEP tool evaluates contributing source areas for both the 2000-2004
baseline period and the 2018 projection. The WEP tool is availablein TSSfor various
combinations of the baseline period Plan02d inventory and projected 2018 inventories. This
foundational RH SIP used Plan02d and PRP18a inventories.

An example of WEP analysisis shown below in Figure 7-3. Selected WEP analyses for
Washington's mandatory Class | Areas are discussed in Chapter 8.



20% Worst Visibility Days
(2000-2004 Baseline)

20% Best Visibility Days
(2000-2004 Baseline)
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2000-2004 Baseline

2018 PRP

A. 20% Worst Visibility Days
(2000-2004 Baseline)

B. 20% Worst Visibility Days
(2018 Projected)

C.20% Best Visibility Days
(2000-2004 Baseline)

D.20% Best Visibility Days
(2018 Projected)

Figure7-3 Example of Weighted Emission Potential Resultsfor Primary Organic Aerosol
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7.4.3 Differences between the Two Sour ce Apportionment Tools

The PSAT tool was used to identify source regions and sources categories of sulfate and nitrate
emissions. The PSAT modeling used the CAMyx model to account for chemistry, transport, and
deposition of sulfate and nitrate. The PSAT results estimate contributions from all regions,
including the WRAP states, Canada, Pacific offshore, and “outside the domain”. PSAT results
also estimate contributions for various source categories within the source regions.

The PSAT tool identified three geographic source regions of particular interest to the state of
Washington. The three regions are outside the domain, Pacific offshore, and Canada. Outside
the domain consists of the background air concentrations of visibility-impairing pollutants
contributed by the rest of the world. It cannot be controlled by Washington Stete.

Pacific offshore emissions consist of emissions from offshore commercial marine shipping.
Other marine shipping emissions include near port emissions, and in-shore emissions from
cruise, reduced speed zone, and maneuvering and hotelling. Depending upon the type of
emissions and where they occur, the federal government, international treaties, or the state may
have or share jurisdiction for controlling emissions. The in-shore emissions in this WRAP
inventory do not include Canadian vessel traffic within and just outside the Strait of Juan de
Fuca, which is located along the north shore of the Olympic Peninsula though the WRAP
acknowledges that these emissions affect Washington'.

The PSAT information indicates that Canadian emissions contribute similar amounts of NOy and
SOy as Washington state sources, as indicated in Chapter 8. These Canadian emissions primarily
affect the northern four Class | Areas (three of which border Canada). As with the outside the
domain emissions, these emissions are part of the background entering Washington and cannot
be controlled by Washington State.

WEP is a screening tool that does not address chemistry or deposition. WEP does provide a
broad overview of potential contributions from within and near Washington for a much larger
number of visibility-impairing pollutants than PSAT. WEP does not ook at emissions from
outside the domain or Pacific offshore.

Overall, while results from both tools provide relative information on sources of visibility-
impairing pollutants, the PSAT results are more reliable and the WEP results more qualitative
because of the way the results are developed. The PSAT results come from one-atmosphere,
photochemical modeling simulations for sulfate and nitrate and thus are a modeling prediction of
how emissions impact a mandatory Class | Area. WEP on the other hand estimates impacts from
the residence time of the area mass over an area, the total emissionsin that area without any
consideration of seasonality or time of day, and wind patterns. Both tools are useful so long as
the limitations of each are taken into account.

! http://vista.cira.col ostate.edu/docs/wrap/emissions/Off shoreEmissions.doc
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Chapter 8  Source Apportionment of Washington’s
Mandatory Class| Areas and Washington’s
| mpacts on Out-of-State Mandatory Class |
Areas

This chapter discusses the following:

e Significant in-state and regional sources of haze affecting Washington’s mandatory Class
| Areas and projected to affect visibility in 2018 and
e Mandatory Class| Areasin states significantly impacted by Washington emissions.

The contributions from each of the Western Regional Air Partnership (WRAP) designated
regions and source categories were determined using Particulate Matter Source Apportionment
Technology (PSAT) or Weighted Emissions Potential (WEP) which were described in Chapter 7.

This chapter looks at the most important visibility impairing pollutants as defined by Interagency
Monitoring of Protected Visual Environments (IMPROV E) monitoring data. Data are organized
by each mandatory Class| Area. Where two mandatory Class| Areas share an IMPROVE
monitor the areas are discussed together. Data are presented in the following order:

Olympic National Park

North Cascades National Park and Glacier Peak Wilderness
Alpine Lakes Wilderness

Mount Rainer Nationa Park

Goat Rocks Wilderness and Mount Adams Wilderness
Pasayten Wilderness

Within each mandatory Class | Area, or group of areas, sulfate data for the Most Impaired and
Least Impaired Days are presented using PSAT analysis. Next, nitrate data are presented for the
Most Impaired Days and Least Impaired Days using PSAT analysis. Organic Mass Carbon
(OMC) data are presented using WEP analysis. Data are also presented for the Pasayten
Wilderness for Elemental Carbon (EC) which isimportant at this site.

8.1 Olympic National Park

Visibility at Olympic National Park is represented by the OLY M1 IMPROVE monitoring site.
The baseline conditions in Chapter 5 show that sulfates (39%), Organic Carbon (OC) (28%), and
nitrates (19%) together contribute to 86% of the light extinction on the Most Impaired Days. On
the Least Impaired Days sulfates (36%), OC (26%), and nitrates (17%) contributed to 79% of the
light extinction at OLYM1.
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8.1.1 Sulfates

Monitoring data show that sulfates were the highest contributor to haze on both the Most
Impaired and Least Impaired Days in 2002.

Most Impaired Days

The PSAT tracer analysis shows that on the Most Impaired Days in 2002 sulfate emissi