November 2020




Superintendent’s Statement
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Superintendent

2020 FACILITIES MASTER PLAN

This facilities master plan was developed during an unprecedented time in the history of our district,
our county, and this country atf large. We were the recipient of the first desegregation order in the
state of California followed by a global pandemic and unprecedented levels of civil unrest regarding
issues of social justice and equity.

We embarked upon this facilities master planning project in conjunction with 35 unification meetings,
eight study sessions, two surveys, and dozens of members of our community organized into unification
work groups in order to heal and repair the legacies that have divided our community. In those
meetings and surveys, staff, students, parents, administrators and community members identified

key facilities needs in our district. The recommendations you will see in this Facilities Master Plan have
been discussed, debated, and vetted extensively, and our Facilities Committee made the final
recommendations to the Board of Trustees.

We have a historic opportunity to integrate our community and create a new and improved version
of education that can unify our schools, our communities, and that can serve as a beacon of light

for the rest of the country. We exist to instill a love of learning in our children and support them to be
curious and flexible thinkers, confident in their individuality, their community, and their ability to create
a safer and more just world. In order to fulfill this vision and promise and become a District of Choice
that serves all PreK-8th grade students and families and the greater 94965 community, especially
those with the greatest need for the opportunity to learn and lead, we must have school facilities
comparable to what other students in Marin enjoy. In order to successfully integrate our school district,
close the opportunity gap in early childhood education, attract and retain diverse families and top
staff, it is critical that we have world class facilities.

Community support for the Measure P ballot initiative which passed on November 3, 2020 is one

of several critical factors that will drive implementation. Our community has only invested twice in
school construction since 1940. Access for students with disabilities, and the health and safety of all
students has been delayed for decades and the cost of bringing our facilities up to date increases
exponentially over time. | am most excited about this Facilities Master Plan because for the first time
in decades we have an opportunity to design and develop school facilities that support the kind of
instruction that if implemented will result in the kinds of teaching and learning environments that will
deliver the world class education that is long overdue for all students in Sausalito and Marin City. |
invite all of you to take a deep dive into this plan and join us on the path to unification, justice, and
opportunity for all.
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Fort Baker Inn:
Fort Baker Inn is a historic military installation located within the School District's boundaries. At some point Fort Baker was abandoned by the U.S. Military and transformed into an
Inn for tourists to stay in.
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EXECUTIVE SUMMARY

The Sausalito Marin City School District is a K-8
school district located just north of San Francisco
across the Golden Gate Bridge along US RT 101.

The school district covers an area of roughly 12.5 .
square miles. Although extensive, this area includes
only two urban centers: Sausalito and Marin City
with a total population of 9,800 residents. The rest
of the school district area is part of the Golden

Gate Recreational Area, Marin Headlands, and

Fort Baker, a historic US Army post.

Phillips Dr. Campus
(Bayside MLK Campus)

Nevada St. Campus
(Willow Creek Academy)

The school district has two campuses, one in
Marin City currently occupied by the public TK-8
school and one in Sausalito occupied by a TK-8
charter school since 2001. The Marin City campus
has been improved most recently with the
middle school building and a modular classroom
building built in 2008 and 2013 respectively. The
Marin City campus has several portables in need
of replacement, and an abandoned building
originally built in 1945. The Sausalito campus
contains buildings built from 1945 - 2006 with
minor ADA improvement projects in 2010. This
campus has a significant number of classrooms,
however, the buildings are experiencing
accelerated weathering and wear due to the
corrosive marine environment. Both campuses
have facility and academic needs that should be Le*
addressed including replacement of temporary SN L.
classrooms along with improving core classrooms ¢ -

with technology upgrades, flexible furniture, heat
and lighting control, and classrooms storage, in
addition to modernizing shared student spaces
indoors and outdoors including multi-purpose R . R
rooms, libraries, play areas, and athletic fields. - 5 sune’
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Phillips Drive Campus

Proposed Master Plan: Scheme 1

Legend
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EXECUTIVE SUMMARY

Cost Model: Scheme 1 - Phase 1**

Estimated Total
Construction Cost

Support Costs 20%

Estimated Escalation at|
Midpoint of Construction

Estimated Total Project

Phase |Cost Summary (Today's Dollars) (Today's Dollars) 5% per year, (Today's Dollars)
Phillips Dr. Campus: District Phase 1 Priorities (Option 1)
Tier 1 - Basic Upgrades/Code Requirements - Subtotal S 82,077.45 | S 16,415.49 | S  9,849.29 Two Years S 108,342.23
Tier 2 - Capital Repair Projects 2020-2025 - Subtotal S 987,769.08 | $ 239,437.99 | § 122,720.71 Two Years S 1,349,927.78
Tier 2 - doesn't include maintenance costs for buildings to be demolished or modernized in Tier 3
Proposed Current Bond Project List Subtotal | $ 1,458,270.01
Tier 3 - Master Plan: Scheme 1
Tier 3 - Master Plan: Scheme 1 - New Construction
2-Classroom Building (8 Classrooms) S 5,748,019.20 | S 1,149,603.84 | S 689,762.30 Two Years S 7,587,385.34
5-Library Expansion S 823,284.00 | $ 164,656.80 | S 98,794.08 Two Years S 1,086,734.88
Parking Lot S 1,219,680.00 | S 243,936.00 | S 146,361.60 Two Years S 1,609,977.60
Tier 3 - Master Plan: Scheme 1 - Modernization
11-Convert Kindergarten classroom to middle school classroom S 479,160.00 | S 95,832.00 | S 57,499.20 Two Years S 632,491.20
Subtotal | S 13,833,129.04
| GrandTotall $  15,291,399.04

**This cost model is not a detailed estimate, it is intended as a guide to show the magnitude of each project to inform decisions about schedule, budgets, and bond

implementation.

General Note: This does not include all proposed projects, only projects noted as a priority by the School District.
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Phillips Drive Campus

Proposed Master Plan: Scheme 2

Legend
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Cost Model: Scheme 2 - Phase 1**

Estimated Total
Construction Cost|

Support Costs 20%

Estimated Escalation at
Midpoint of Construction

Estimated Total Project

Phase |Cost Summary (Today's Dollars) (Today's Dollars) 5% per year| (Today's Dollars)
Phillips Dr. Campus: District Phase 1 Priorities (Option 2)
Tier 1 - Basic Upgrades/Code Requirements - Subtotal S 82,077.45| S 16,415.49 | S  9,849.29 Two Years S 108,342.23
Tier 2 - Capital Repair Projects 2020-2025 - Subtotal S 987,769.08 | $ 239,437.99 | $ 122,720.71 Two Years S 1,349,927.78
Tier 2 - doesn't include maintenance costs for buildings to be demolished or modernized in Tier 3 Subtotal s 1,458,270.01
Proposed Current Bond Project List
Tier 3 - Master Plan: Scheme 2
Tier 3 - Master Plan: Scheme 2 - New Construction
2-Standard Classrooms Building (5 Classrooms) S 3,367,980.00 | $ 673,596.00 | S 404,157.60 Two Years S 4,445,733.60
5-Library Expansion S 823,284.00| S 164,656.80 | S 98,794.08 Two Years S 1,086,734.88
2b- Lunch Shelter S 83,160.00 | S 16,632.00 | $ 9,979.20 Two Years S 109,771.20
Parking Lot (North) S 410,256.00 | S 82,051.20 | $ 49,230.72 Two Years S 541,537.92
1-Pre-Kindergarten Classroom S 2,765,070.00 | $ 553,014.00 | S 331,808.40 Two Years S 3,649,892.40
1a-Pre-Kinder Playground S 221,760.00 | $ 44,352.00 | $ 26,611.20 Two Years S 292,723.20
1a-Play Structures S 92,418.48 | S 18,483.70 | S 11,090.22 Two Years S 121,992.39
Tier 3 - Master Plan: Scheme 2 - Modernization
11-Convert Kindergarten Classroom to Middle School Classroom S 522,720.00 | $ 104,544.00 | S 62,726.40 Two Years S 689,990.40
Subtotal | $ 13,854,916.01
Grand Total| $ 15,313,186.01

**This cost model is not a detailed estimate, it is intended as a guide to show the magnitude of each project to inform decisions about schedule, budgets, and bond

implementation.

General Note: This does not include all proposed projects. Only projects noted as priority by the School District.
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Nevada St. Campus

Proposed Master Plan: Scheme 1

S
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EXECUTIVE SUMMARY

Cost Model: Scheme 1 - Phase 1**

Estimated Total
Construction Cost

Support Costs 20%

Estimated Escalation at|

Midpoi

int of Construction|

Estimated Total Project

Phase |Cost Summary (Today's Dollars) (Today's Dollars) 5% per year, (Today's Dollars)
Nevada Street Campus: District Phase 1 Priorities (Option 1)
Tier 1 - Basic Upgrades/Code Requirements - Subtotal 638,656.39 127,731.28 | S 76,638.77 Two Years S 843,026.44
Tier 2 - Capital Repair Projects 2020-2025 - Subtotal 2,413,807.84 482,761.57 289,656.94 Two Years 3,186,226.35
Tier 2 - does not include maintenance costs for buildings to be demolished or modernized in Tier 3 Subtotal s 4’029’2 52.79
Proposed Current Bond Project List
Tier 3 - Master Plan: Scheme 1
Tier 3 - Site Specific Impact Projects: Scheme 1 New Construction
1-School Administration Office 2,607,066.00 521,413.20 | S 312,847.92 Two Years S 3,441,327.12
Visitor Parking 607,299.00 121,459.80 72,875.88 Two Years 801,634.68
3-New Classroom Building 2,401,245.00 480,249.00 288,149.40 Two Years 3,169,643.40
4-Play Structures 152,460.00 30,492.00 18,295.20 Two Years 201,247.20
4a-Shade Shelters 152,460.00 30,492.00 18,295.20 Two Years 201,247.20
Tier 3 - Site Specific Impact Projects: Scheme 1 Modernization
11-Upper Classroom - Modernization** 7,730,448.00 1,546,089.60 927,653.76 Two Years 10,204,191.36
11-Upper Campus - Roof and Gutters 579,783.60 115,956.72 69,574.03 Two Years 765,314.35
Slurry Coat and Seal Parking Lot and Driveway 532,400.00 106,480.00 63,888.00 Two Years 702,768.00
Subtotal | $ 19,487,373.31
| GrandTotall $  27,545,878.90

**This cost model is not a detailed estimate, it is intended as a guide to show the magnitude of each project to inform decisions about schedule, budgets, and bond

implementation.

General Note: This does not include all proposed projects. Only projects noted as priority by the School District.
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EXECUTIVE SUMMARY

Nevada St. Campus

Proposed Master Plan: Scheme 2

Legend
School Admin. Office

Visitor Parking

Parent Resource Center /
Community Meeting Room

Standard / Specialized Classrooms
Teacher Staff Resource Room
New Multi-Purpose Room

Re-Orientate Classrooms

Elevator & Elevated Walkway

Educational / Interactive Stream
Courtyard

Outdoor Classroom in Courtyard
New Play Structure

New Shade Structure

Maintenance and Operations
Building

Primary Pedestrian Walkway /
Emergency Vehicle Access

Potential Staff Housing

Classroom Modernization

. Qutdoor Classroom

i - Modernization: $ - Modernization: $$$ . Modernization
25'50° 100" 150 - Modernization: $$ - Modernization: $$$$ .New Construction

N

2020 FACILITIES MASTER PLAN

10



EXECUTIVE SUMMARY

Cost Model: Scheme 2 - Phase 1**

Estimated Total
Construction Cost|

Support Costs 20%

Estimated Escalation at|
Midpoint of Construction

11

Estimated Total Project

Phase |Cost Summary (Today's Dollars) (Today's Dollars) 5% per year| (Today's Dollars)
Nevada Street Campus: District Phase 1 Priorities (Option 2)
Tier 1 - Basic Upgrades/Code Requirements - Subtotal 638,656.39 127,731.28 | S 76,638.77 Two Years S 843,026.44
Tier 2 - Capital Repair Projects 2020-2025 - Subtotal 2,413,807.84 482,761.57 289,656.94 Two Years 3,186,226.35
Tier 2 - does not include maintenance costs for buildings to be demolished or modernized in Tier 3 Subtotal S 4[029'252.79
Proposed Current Bond Project List
Tier 3 - Master Plan: Scheme 2
Tier 3 - Site Specific Impact Projects: Scheme 2 New Construction
1-School Administration Office 3,018,708.00 603,741.60 | S 362,244.96 Two Years S 3,984,694.56
Visitor Parking 1,125,663.00 225,132.60 135,079.56 Two Years 1,485,875.16
3-Classrooms Building (South) 2,126,817.00 425,363.40 255,218.04 Two Years 2,807,398.44
3a-Teacher Workroom 617,463.00 123,492.60 74,095.56 Two Years 815,051.16
6b-Play Structures 76,230.00 15,246.00 9,147.60 Two Years 100,623.60
Shade Shelters 76,230.00 15,246.00 9,147.60 Two Years 100,623.60
6-Stream Daylighting 381,150.00 76,230.00 45,738.00 Two Years 503,118.00
Tier 3 - Site Specific Impact Projects: Scheme 2 Modernization
5-Lower Campus - Roof and Gutters 107,811.00 21,562.20 12,937.32 Two Years 142,310.52
11-Upper Classroom - Modernization** 7,506,840.00 1,501,368.00 900,820.80 Two Years 9,909,028.80
11-Upper Campus - Roof and Gutters 579,783.60 115,956.72 69,574.03 Two Years 765,314.35
Baseball Field Rehab 931,700.00 186,340.00 111,804.00 Two Years 1,229,844.00
Slurry Coat and Seal Parking Lot and Driveway 532,400.00 106,480.00 63,888.00 Two Years 702,768.00
Subtotal | S 22,546,650.19
| GrandTotall $  26,575,902.98

**This cost model is not a detailed estimate, it is intended as a guide to show the magnitude of each project to inform decisions about schedule, budgets, and bond

implementation.

General Note: This does not include all proposed projects. Only projects noted as priority by the School District.
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EXECUTIVE SUMMARY

Nevada Street Campus
Phase [Tier 1 - Basic Upgrades/Code Requirements St. Campus Phillips Dr. Campus | Estimated Total Project

Tier 1 - Basic Upgrades/Code Requirements - Subtotal S 843,026 S 108,342 | $ 951,369
Tier 2 - District Priorities 2020-2025 - Subtotal 3,186,226 1,349,928 4,536,154
Tier 1 and 2 subtotal S 4,029,253 S 1,458,270 | $ 5,487,523
Tier 3 - Site-Specific Impact Projects: Scheme 1 (Priority Iltems) 19,487,373 10,916,589 30,403,962
Tier 3 - Site-Specific Impact Projects: Scheme 2 (Priority Iltems) 22,546,650 10,311,112 32,857,762
Tier 1, 2, & 3: Scheme 1 - Grand total S 35,891,485

Tier 1, 2, & 3: Scheme 2 - Grand total S 38,345,285

District Obligation Loan - Payoff S 3,200,000
Tier 1, 2, 3: Scheme 1, District Obligations - Grand total S 39,091,485

Tier 1, 2, 3: Scheme 2, District Obligations - Grand total S 41,545,285

Bond Capacity passed on November 3, 2020, plus potential outside funding from other available sources. $ 41,600,000

Nevada Street Campus
Phase [Tier 1 - Basic Upgrades/Code Requirements St. Campus Phillips Dr. Campus | Estimated Total Project
Tier 1 - Basic Upgrades/Code Requirements - Subtotal | S 843,026 S 108,342 | $ 951,369
Phase [Tier 2 - District Priorities: 2020-2025
Tier 2 - Capital Repairs 2020-2025 - Subtotal S 3,186,226 S 1,349,928 | S 4,536,154
Tier 2 - Capital Repairs 2026-2030 (Scheme 1 Option) S 1,491,577 S 20,527,446 | S 22,019,023
Tier 2 - Capital Repairs 2026-2030 (Scheme 2 Option) S 1,028,462 S 20,527,446 | S 21,555,908
Phase [Tier 3 - Master Plan:
Tier 3 - Site-Specific Impact Projects: Scheme 1 S 32,282,397 S 42,071,295 | $§ 74,353,692
Tier 3 - Site-Specific Impact Projects: Scheme 2 S 46,268,445 S 53,806,287 | $ 100,074,732
Tier 1, 2, & 3: Scheme 1 - Grand total S 101,860,238
Tier 1, 2, & 3: Scheme 2 - Grand total $ 127,118,163

** This cost model is not a detailed estimate, it is intended as a guide to show the magnitude of each project to inform decisions about schedule, budgets, and bond
implementation.
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Phillips Dr. Campus

BAYSIDE MARTIN LUTHER KING JR ACADEMY

BUREAU VERITAS PROJECT: 142676.20R000-001.017
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1. Executive Summary

Campus Overview and Assessment Details

General Information

Property Type
Number of Buildings
Main Address

Site Developed

Current Occupants

Date(s) of Visit

Management Point of Contact

On-site Point of Contact (POC)

Assessment and Report Prepared By

Reviewed By

2020 FACILITIES MASTER PLAN

School Campus
4
200 Phillips Drive, Sausalito CA 94965

- Middle School Building 2008
- Annex Building 1960

- Modular Building 2014

- Portables 2001

Sausalito Marin City School District
March 11, 2020

WLC Architects
2600 Tenth Street, Suite 500
Berkeley CA 94710-2597

Cameron Taylor, Director of Maintenance
415.328.3809 Phone

Mouaz Alrayes

Matthew Anderson
Program Manager
Matt.Anderson@bvna.com
800.733.0660 x7613

www.us.bureauveritas.com | p 800.733.0660

Campus Findings and Deficiencies
Historical Summary

The two-story Middle School building was originally constructed in 2008. The portable classrooms were constructed in 2001.
The Modular Building was constructed in 2014 and the Annex Building was constructed in 1960.

All buildings are currently occupied by the Sausalito Marin City School District.

The Annex Building is abandoned for safety reasons and is scheduled for demolition.

Architectural

The Middle School Building and the Modular Building are supported by steel frame structures with fiber cement and metal
panels at exterior walls at the Middle School Building and fiber cement stucco at the Modular Building.

The roof over the Middle School Building is flat with single-ply TPO roofing membrane. The roof over the Modular Building
is flat roof with sheet metal finishes.

The Annex Building is supported by a wood frame structure with stucco exterior walls and a roof with asphalt shingles.

Portable classrooms have wood framed construction with wood siding and aluminum windows. The roof is flat with sheet
metal finishes.

Interior finishes have been periodically replaced as needed over the years. Lifecycle-based interior and exterior finish
replacements are budgeted and anticipated.

Mechanical, Electrical, Plumbing and Fire (MEPF)

Heating and cooling for the Middle School Building is provided by rooftop package units (RTU). A split system provides
cooling for the main electrical room and gas fired furnaces provide heating for the classrooms and administration offices.

Heating and cooling in the Modular Building is provided by split systems with furnaces.
Portable classrooms are heated and cooled by wall mounted heat pumps.

A significant portion of the sanitary and domestic piping through the buildings is expected to be new and original to
construction and mostly in a good condition but anticipated for lifecycle replacement.

A significant portion of the electrical infrastructure is expected to be original to construction and is anticipated for lifecycle
replacement. The interior lighting consists primarily of T-8 linear fluorescent bulb.

The exterior lights have been upgraded to LED. The school buildings are protected by an addressable hard-wired fire alarm
system. There are CCTV cameras.

The buildings are protected by a fire alarm system and wet pipe sprinkler system. Fire extinguishers were observed within
the classroom and other spaces.

Site

No parking is provided but street parking is available along the adjacent streets. Walkways, sports courts, sports
fields, playgrounds, and landscaped areas are provided throughout the campus. Chain link and metal tube fencing are
located throughout the site.

Recommended Additional Studies

None.

w

)

www.us.bureauveritas.com | p 800.733.0660 T
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Nevada St. Campus

WILLOW CREEK ACADEMY BUREAU VERITAS PROJECT NO.: 142676.20R000-002.017

1. Executive Summary

Campus Overview and Assessment Details

General Information

Property Type School campus
Number of Buildings 1
Main Address 630 Nevada Street, Sausalito, California 94965

Site Developed Lower Campus:

-Building A 1980s

-Building B 1980s

-Building C 1980s
-Multi-purpose Rm 1980s
-Kindergarten Building 2007
Willow Creek Academy:
-Upper Campus 2000

-Upper Campus Portable 2004
-Portable Campus 2006

Out Buildings:

-33 Buchanan Street Building 1940s

Current Occupants Sausalito Marin City Schools

Date(s) of Visit March 10, 2020

Management Point of Contact WLC Architects
2600 Tenth Street, Suite 500
Berkeley, California 94710-2597

On-site Point of Contact (POC) Cameron Taylor, Director of Maintenance

415.328.3809 Phone
Assessment and Report Prepared By Mouaz Alrayes

Reviewed By Matthew Anderson
Program Manager
Matt.Anderson@bvna.com

800.733.0660 x7613
AssetCalc Link Full dataset for this assessment can be found at:

https://www.assetcalc.net/

y e
www.us.bureauveritas.com | p 800.733.0660 VE ey
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Campus Findings and Deficiencies
Historical Summary

The Lower Campus buildings, Buildings A, B and C were constructed in the 1980s. The Multi-Purpose Room Building (6-9)
was constructed in 1977 and the Kindergarten Building (1-5) was constructed in 2006. The Upper Campus buildings and
the Portable Campus were constructed in the 2000’s. The single-story daycare building, Robin’s Nest, was originally
constructed in the 1940s.

All buildings are currently occupied by the Sausalito Marin City School District.
Architectural

Most permanent buildings are supported by a conventional wood frame structure on concrete slab. The exterior fagades
consist of wood siding and/or wood shingles.

The Kindergarten Building (1-5) is supported by a steel frame structure with fiber cement board exterior walls.

The roofing material is mostly metal, but Robin’s Nest has a built-up roof system and the Multi-Purpose Room Building (6-
9) has asphalt shingle and modified bituminous roof systems.

Portable classrooms are wood framed construction with wood siding and aluminum windows. Roofing is flat with sheet metal
finishes.

Interior finishes have been periodically replaced as needed over the years. Lifecycle-based interior and exterior finish
replacements are budgeted and anticipated.

Mechanical, Electrical, Plumbing and Fire (MEPF)
Cooling is not provided at permanent buildings on campus.

Heating in all buildings but the Multi-Purpose Room Building (6-9) and kindergarten buildings is provided by forced air
furnaces that vary in age.

Heating and cooling in the Multi-Purpose Room Building (6-9) and the kindergarten buildings are provided by split system
with furnaces.

Portable classrooms are heated and cooled by wall mounted heat pumps dated to 2004-2006

A significant portion of the sanitary and domestic piping through the buildings is expected to be original to construction and
is anticipated for lifecycle replacement. Most building do not have hot water. However, hot water is provided to Building B
and C, Multipurpose Room Building, Kindergarten and the Upper Campus by an electric domestic water heater. There are
two backflow preventers on site, one for irrigation and one for domestic water.

A significant portion of the electrical infrastructure is expected to be original to construction and is anticipated for lifecycle
replacement. The interior lighting consists primarily of T-8 linear fluorescent bulb.

The building mounted and pole mounted exterior lights have been upgraded to LED. The school is protected by an
addressable hard-wired fire alarm system. There are CCTV cameras.

The buildings are protected by a fire alarm system, which consists of a combination of older and more modern life safety

devices. The buildings are not protected by a fire sprinkler system. Fire extinguishers were observed within the classroom
and other spaces.

Site

The site primarily consists of multiple paved parking areas, drive aisles, walkways, sports courts, sports fields, playgrounds,
and landscaped areas. Asphalt pavement is weathered throughout the site with isolated areas of significant deterioration
especially at upper staff parking lot. Lifecycle mill and overlay of the asphalt pavement is anticipated. Chain link and metal
tube fencing are located throughout the site.

www.us.bureauveritas.com | p 800.733.0660
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INTRODUCTION AND PROCESS

District Board of Trustees
Ida Green, President

(Facilities Advisory Committee)
Debra Turner, Vice President
Bonnie Hough, Clerk
Josh Barrow, Member

Caroline Van Alst, Member
(Facilities Advisory Committee)

District Administration

lfoco Garcia, Ed.D., Superintendent
Robert Clark, Chief Business Officer

Susan Martin, Ed. D., Director of Special
Education

Mark Tong, Director of IT, Consultant
Steve Ayala, District Administrative Assistant

District Maintenance and Operations
Cameron Taylor, Director, M&O

Dario Martinez, Custodian
Jeff McNaughton, Grounds

2020 FACILITIES MASTER PLAN

Bayside Martin Luther King Jr. Academy

David Finnane, Principal

Julius Holtzclaw, Administrative Assistant
Claire Harty, School Psychologist

Louis Edney, Intervention Specialist

Allura MacGillivary-Lehrer, Speech and
Language

Mary Thompson, Transitional Kindergarten/
Kindergarten

Samantha Kelly, First Grade Teacher
Jennifer Kelly, Second Grade Teacher
Lauren Bunting, Third Grade Teacher
Brandon Culley, 4th - 5th Grade Teacher

LeShawn Holcomb, 6th - 8th Grade
Humanities

Jennie Fung, Reading Invention/Resource
Specialist Teacher

Ellen Franz, Visual Arts Teacher

Richard Friedman, Multi-Age Special Day
Teacher

Kelsey Corrales, Unconditional Education
Coach

Juanita Edwards, PEI Support Provider
Sage Beale, Student Success Coach
Derrick Benjamin, Student Success Coach
Shakona Bowie, Student Success Coach
Trellis Condra, Student Success Coach
Jamal Graham, Student Success Coach
LaDonna Jones, Student Success Coach
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Flora Sanchez, Student Success Coach

Chelsea True, Mindfulness/Wellness and
Community Care

Vanessa Lyons, Garden Teacher, PreK -
8th Grade

Anita Fowler, Student Success Coach

Willow Creek Academy

Emily Cox, Head of School

Marijke Smit, WCA Board of Directors,
Vice President
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The purpose of the Facilities Master Plan is to
identify a road map to improve both school
district properties and facilities according
to a long-term educational vision of the
Sausalito Marin City School District over the
next 10 to 15 years. Having a long-range
road map will ensure that the near-term
improvements for the current $41 million
bond Measure P funds will be in alignment
with the long-range vision and planning of
the schools.

2020 FACILITIES MASTER PLAN

To fulfill this mission, in January 2020 the
Sausalito Marin City School District (SMCSD)
directed WLC Architects, Inc. (WLC) and
Kodama Diseno Architects (KDA) to develop
a comprehensive Facilities Master Plan.

A master plan is a living document that
connects Sausalito Marin City School District's
diverse and rich heritage to its vibrant
future, by acting as a long-term blueprint.
This document defines a set of guiding
principles and capital improvement projects
that will align the built environment with

the District's strategic education vision. The
Facilities Master Plan was developed with
input from parents, staff, administrators, and
community members. As the cornerstone of
district planning, the Master Plan will provide
a framework and foundation for the future
of the District and guide the use of District
resources. As a living document, the Master
Plan will continue to evolve to address the
ever-changing needs of this District, as it
steers tfoward being the world-class District its
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students deserve. The Master Plan’s intention
is to provide continual improvement for the
next generation of students and families. To
keep this living document a relevant and
fully functional tool to inform decisions, it is
expected and necessary that the Master
Plan be modified as the variables shaping
and influencing the District change (shifts in
the demographics, evolution in technology,
shifts in regulations and community needs,
etc.). Updates are necessary to ensure that
the District’s strategic vision is feasible and
appropriate. The Master Plan for each site

is a graphic representation of the facility
planning recommendations for each
campus. However, it is not meant to provide
a specific design solution, but rather it is a
strategic map to set scope and budget for
the school for future improvements. The
campus master plans are also not based on
detailed site surveys, such as a coordination
of existing utility locations, soil reports or
detailed code studies. That level of analysis
will be completed during the design phase
as projects are implemented.



INTRODUCTION AND PROCESS

200 Phillips Drive, Marin City, CA 94965
415.332.3190, www.SMCSD.COrg

Located just north of San Francisco across
the Golden Gate Bridge on the western
shore of Richardson Bay, Sausalito Marin City
School District (SMCSD) is a TK-8 district that
has made great progress by leveraging its
resources to provide quality education to the
families served.

The Sausalito Marin City School District is a
small school district in southern Marin County
that serves students in grades TK-8. SMCSD
currently serves a single traditional school
(Bayside MLK Academy) with enrollment of
127 students. The district also authorizes an
independent charter school (Willow Creek
Academy) with enrollment of 376 students.

In 2019, SMCSD was found by the state's
attorney general to be maintaining a racially
segregated education system. The state of
California's Department of Justice ordered
the District to take steps tfowards improving
the quality of education and diversifying the
economic disparity between the students

in attendance at the district schools. Prior

to receiving the desegregation order, the
school district had begun undertaking a
unificatfion process to combine the charter
school and public school enroliments into a
single community school on two campuses.

2020 FACILITIES MASTER PLAN

Within the school district parents/guardians
and community members are active
volunteers, staff members and leading
advocates for a quality education for their
students. Community members are leading
local organizations that are directly invested
in long-term student success. The ultimate
goal of SMCSD is to serve both students

and their parents/guardians and the larger
community with access to a quality learning
experience.

The focus of the district's local control
accountability plan (LCAP) is to invest in the
improvements of our system for all of the
district's students. This commitment spreads
across achievement, safety, relationships and
the developing Community School Model.
Our vision is to develop a solid foundation for
students to become compassionate citizens
of the world demonstrating confidence,
integrity and academic excellence. We aim
to foster in students pride in themselves, their
community and their dreams. We commit
to creating a stable community school that
is comprised of engaged families, effective
community partnerships, use of the Freedom
Schools methods and an administration

that fosters shared responsibility between
teachers, staff, parents and community.

We will focus the community school to
provide for each and every child the ability
to develop academically, emotionally,
socially and physically to be the best of their
ability so that their dreams can become
reality. We will rebuild confidence in Bayside
Martin Luther King Jr. Academy’s ability to
adequately prepare students for lifelong
success.
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This plan summarizes the lessons of the
2017-2018 year, feedback from parents,
community, teachers, and staff and

the directions of our Board of Trustees.

It includes updates to our LCAP Annual
Goals, Strategies and Services, aiming to
provide the teachers and staff of Bayside/
MLK with the resources needed to achieve
a community school that fosters mutual
responsibility for student learning. Together
with the Single Plan for Student Achievement,
we believe that SMCSD is demonstrating
our commitment to parents/guardians,
teachers, staff and community that we
value their partnership in creating a positive
environment for student learning, healthy
development and wellness.
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District Vision

Our Vision is to provide each child a world
class college preparatory curriculum that
integrates communication, collaboration,
creativity, inquiry and problem-solving skills
and builds character through fostering strong
relationships of mutual trust and respect.

District Mission

The mission of the SMCSD is to academically
and socially prepare students for success
at each grade level and in high school on
the path to college and career in a safe,
healthy and culturally responsive learning
environment. We provide a rigorous and
challenging academic program with highly
qualified educators in collaboration with
parents and community partners. We will
hold our learning community accountable
for our progress.

Core Values

Inclusivity: We are curious, open minded,
generous, humble and empathetic.

Optimism: We are hopeful, proactive, resilient
and creative.

Collaboration : We are flexible and
committed to teamwork.

Making a Difference: We are dedicated to
achieving transformative outcomes.

Accountability: We are ethical, dependable
and trustworthy.

2020 FACILITIES MASTER PLAN
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Golden Gate
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Why Did SMCSD Undertake a
Comprehensive Facilities Master Plan?

1.

The School District last passed a facilities
bond in 2004, with the last major
construction project being completed in
2013. The existing buildings constructed
between 1945 and 1991 have fallen into
various states of disrepair and need major
improvements to repair the learning
environment replace buildings to support
the goals outlined in the unification plan
and LCA Plan.

In response fo the first desegregation
order in California in 50 years, the District
is working to unify the charter school
and the traditional public school and
the communities of Marin City and
Sausalito. In order to create a blueprint for
integration and world class schools, the
District and the community are leaning
into new opportunities not addressed
with any of the previous facilities master
plans or facilities assessments previously
undertaken by the District.

A review of existing facilities and
establishing a plan to address any
underlying deficiencies was needed
as part of the desegregation plan
as requested by the State's Attorney
General.

The effort to unify our school community
and to create an equitable curriculum
across all grades has the highest chance
of success with world class facilities.

2020 FACILITIES MASTER PLAN

What Factors Will Drive the
Implementation of the Plan?

1. Capital Repairs, Including Americans with

Disabilities Act and Division of the State
Architect Code Compliance: The existing
facilities across both campuses are in
need of significant repair or replacement
to create an adequate educational
environment for the students and staff.

Health and Safety, Including Outdoor
Learning and Play Spaces: Focusing on
the goals of the LCAP plan, the school
facilities need to be adapted and
modernized to create an environment
where these goals can be more easily
achieved.

Enrichment Classrooms, Prekindergarten
Program, and District Administration
Offices: Focuses on an expanding access
to music, art, and technology curriculum
for all students. The Prekindergarten
program will provide state of the

art facilities and provide additional
prekindergarten opportunities for the
community. The administration offices

will create a dedicated administrative
space for the district office that provides
additional services to the community and
privacy for community members, parents
and staff to meet away from students.
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Bond Themes

Through rounds of meetings with the school
staff, community, and District staff, the
following are identified as major bond

themes:

District-Wide:

1. Site Accessibility - ADA.

2. Capital Repair: Fixing issues such as roofs,
paint, rust control, hot water, flooring,
HVAC, kitfchen equipment, fencing, etc.

3. Health and safety.

4. Water-bottle fillers at drinking fountains.

5. House all academic programs in
permanent construction.

6. Update classroom environment: physical
finishes/appearance, environmental
comfort and technology.

7. Community Partnerships
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21st Century Learning - Guiding Principles

The Five Cs of 21st Century Learning

Preparing Students for an Evolving World

2020 FACILITIES MASTER PLAN
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The Sausalito Marin City School District 21st Century Education Framework

Community schools are uniquely
designed to serve their communities.
Community schools are both

a framework and a philosophy

for interacting with the world. A
community school is both a place
and a set of integrated partnerships
between the school and other
community resources. Its integrated
focus on academics, services,
support, and opportunities leads to
improved student learning, stronger
families, and healthier communities.
The community school development
process will provide greater alignment
between our community partners
and our individual learning plans for
students. These learning plans will be
designed to encompass everything
from academic and cultural
relevance to social and emotional
support for students and families.
We are excited by the work of our
community school manager who
has been instrumental in the further
development of our community
school model.

The plan guides policies, leadership,
and decision making in charting
the path forward so that all children
in our district have the opportunity
to become flexible, open-minded,
critical thinkers who reach their

full potential and have equitable
access to the larger world while
increasing academic, social, and
emotional well-being and academic
achievement.

2020 FACILITIES MASTER PLAN
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SAusaLTO MARIN City ScHooL DisTrICT
21s1 CENTURY EDUCATION FRAMEWORK

DiGITAL AGE LITERACIES

PROBLEM-SOLVING/
INNOVATIVE THINKING

INTERPERSONAL FLUENCY/
SoclAL RESPONSIBILITY

Literacy: “Digital Technology,
communication tools, and/or
networks to access, manage,
integrate, evaluate, and create
information in order to function
in a knowledge society.” (ICT
Literacy Panel, 2002).

= Traditional/Basic Literacy
= Mathematic Literacy

= Scientific Literacy

= Productivity

= Financial/Economic/
Entrepreneurial Literacy

= Health Literacy

= Environmental Literacy
= Technological Literacy
= Visual Literacy

= Information Literacy

= Multi-Cultural Literacy
= Global Awareness

As technology becomes more
prevalent in our everyday
lives, cognitive skills become
increasingly critical. “In effect,
because technology makes
the simple tasks easier, it
places a greater burden on
higher-level skills” (ICT Literacy
Panel, 2002).

= Integration

= Adaptability/Managing
Complexity

= Self-Direction
= Curiosity

= Creativity

= Risk-Taking

= Higher-Order Thinking and
Sound Reasoning

Information and
communication technologies
have gained importance,
become more complex, and
are necessary for success
with an increased emphasis
on interpersonal fluency and
social responsibility.

= Teaming and Collaboration
= Social Skills
= Personal Responsibility

* Social and Civic
Responsibility

= |[nteractive Communication

« Social and emotional
literacy/awareness.

RESULTING IN:

REAL-WORLD PRrePAREDNESS/ProDUCTIVITY/GLOBAL CITIZENSHIP
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21st Century Learning - Guiding Principles
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21st Century Learning - Guiding Principles
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2020 Sausalito Marin City School District Local Control Accountability Plan (LCAP)

Goal 1l

Exhibits our commitment
to highly qualified
teachers and staff;

and quality facilities,
equipment, instructional
materials and resources:

= Teacher of Color
Pipeline: Recruit and
retain highly qualified
teachers from
credential partners,
create opportunities
for current staff and
community members
to pursue credentials.
Create pathway for
students to return
as credentialed
teachers.

= Facilities Master Plan:
Identify facilities
needs and implement
improved academic
and community
school and programs
with community input.

= Instructional
Leadership Team:
Create, lead,
and implement
professional learning
plan, focused on a
cycle of inquiry.

2020 FACILITIES MASTER PLAN

Goal 2

Exempilifies a
commitment to close the
achievement gap:

= Intervention: An
active approach
focused on
under-performing
students.

< English Language
Learner (ELL) Master
Plan: Meet or exceed
the needs of the ELL
students and families.

e Inclusion: Valuing the
contributions of all
learners as members
of the school
community.

e Culturally and
Linguistically
Sustaining Pedagogy:
Perpetuate, foster
and sustain linguistic,
literate and cultural
pluralism as part of

the education model.

Goal 3

Focuses on preparing
students for continued
academic and social
success:

 PreK-8 Dual
Language: Help
students overcome
the barriers to a
foreign language
before they reach
high school.

e Including instruction
for music, art,
technology, and
STEM as part of every
student's education.

= Peoples
Empowerment
Arts Community
Engagement
(PEACE) Program:
Using locally-driven,
diverse instructional
approaches to foster
a well-rounded arts
education.

Goal 4

Focuses on the need for a
safe, healthy, and
respectful school
environment:

= Positive Behavior
Intervention System:
Establishes a social
culture and the
support needed
to improve social,
emotional, behavioral
and academic
outcomes for all
students.

= Social Worker in
House: Partner with
Marin Health and
Human Services.

e School Culture and
Climate Team:
Establishing a group
of students and staff
to create a school
culture of Restorative
Justice and Positive
Behavior Intervention.

< M.C. Youth Mentors,
provides quality
products and
services to develop,
maintain, and
improve individual
performance and
promote a global
learning environment.
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Goal 5

Exhibits the commitment
to the community school
model:

 Providing greater
alignment between
our community
partners and our
individual learning
plans for students.
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Projecting school enrollment for small districts is always difficult. To complete enrollment we looked at historical enrollment figures from the
Education Data Partnership. SMC School District enrollment recently peaked at 558 students in 2016; following a five year, 28 student per year
growth rate. In the subsequent years the district started losing an average of 25 students per year. While the overall Bay Area population
growth is slowing primarily offset by the birth rate, much of this exodus is focused in the south bay area however the State of California
Department of Finance projects an average loss of 2.7% of students per year over the next 10 years across Marin County. Based on this data
the enrollment of SCMSD may continue to drop between 3% and 4% over the next couple of years and level out to a 1.5 - 2% decline until
2030. However, with the improvements being driven by the school district in the coming years the actual trends in enrollment are impossible

to predict, but the school district is well positioned to have growing enroliment over the coming years.

School 2019 Enrollment* | State Capacity* [District Capacity*
Phillips Drive Campus

(Occupied by Bavside Martin Luther Kina Academy) 108 239 180
Nevada Street Campus 376 543 394 - 381
(Occupied by Willow Creek Academy)

District Total 484 782 504 - 561

Notes:

-Capacity: Calculated at 17 students per K-3 classroom and 20 students per 4-8 grade classrooms.
-Enrollment numbers taken from the Education Data Partnership (CDE/EdSource/FCMAT).
-Dedicated science classrooms, music rooms, and art classrooms excluded from capacity calculations.

- State Capacity calculated at 31 students per Kindergarten classroom, 30 students per K-3 grade classrooms and

29.9 students per 4-8 grade classrooms.

2020 FACILITIES MASTER PLAN
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SMCSD Student Population

Census Day Enrollment Data

Start of School Year: 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
SMCSD Enroliment* 360 384 396 411 470 517 517 557 538 528 490
Change in Enrollment 24 12 15 59 47 0 40 -19 -10 -38
Estimated Change in Enroliment based on projections.**
* Enrollment taken from Ed_Data.org
** State of California - Department of Finance: County Population by Age
Notes: enrollment projections based on state projections of population by age, this projection does not take into account regional oppertunities for growth and
assumes propotionate change in poplulation across entire county.
Marin County:
pK-8 Student Population Estimates

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
Resident Age 4 2,877 2,853 2,815 2,727 2,584 2,706 2,576 2,552 2,575 2,399
Resident Age 5 3,091 2,964 2,910 2,809 2,732 2,581 2,768 2,616 2,615 2,551
Resident Age 6 3,216 3,122 2,994 2,929 2,911 2,766 2,604 2,756 2,620 2,589
Resident Age 7 3,178 3,317 3,298 3,142 3,074 3,052 2,941 2,838 2,975 2,810
Resident Age 8 3,068 3,261 3,465 3,384 3,249 3,183 3,095 2,972 2,899 3,043
Resident Age 9 3,049 3,122 3,290 3,503 3,460 3,292 3,188 3,107 2,991 2,915
Resident Age 10 2,951 3,089 3,174 3,353 3,526 3,572 3,424 3,312 3,227 3,057
Resident Age 11 2,868 2,899 3,037 3,071 3,329 3,410 3,405 3,282 3,216 3,090
Resident Age 12 2,827 2,991 3,014 3,181 3,198 3,487 3,548 3,514 3,388 3,312
Resident Age 13 2,785 2,809 2,987 2,987 3,225 3,169 3,307 3,431 3,397 3,239
Resident Age 14 2,869 2,717 2,756 2,997 2,997 3,224 3,140 3,259 3,371 3,318
pK-8 Student Population 32,779 33,144 33,740 34,083 34,285 34,442 33,996 33,639 33,274 32,323
Year to Year Change 365 596 343 202 157 -446 -357 -365 -951
Percent Change 0.011013| 0.017664| 0.010064| 0.005892| 0.004558( -0.013119| -0.010613| -0.01097| -0.029422

2020 FACILITIES MASTER PLAN
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What Has the District Done to
Understand the Educational and
“Brick and Mortar” Facility Needs
Currently and for the Next 10 Years?

In January 2020, the Board of Trustees
approved an agreement with WLC
Architects, Inc. and Kodama Diseno
Architects (WLC/KDA) to develop a
comprehensive facility master plan. WLC/
KDA began the process by conducting site
surveys and conversation with the school
district leaders about the future vision for
the schools in the district. As part of this
process, WLC/KDA also evaluated the
educational suitability and 21st Century
readiness of current school facilities. More
than 10 meetings were conducted, including
teachers and staff, parents, Faculties
Sub-Group, Superintendent’s advisory
committee, and Board members.

In the beginning of the process, facility needs
and wants represented costs exceeding $100
million; Measure P bond funds are $45 million
- a gap of more than $55 million.

Due to the onset of the shelter-in-place order
due to the COVID-19 pandemic, in-person
site meetings were not conducted. In lieu of
the in-person meetings, an electronic survey
was conducted, wherein participants were
able to arrange identified district/site priorities
in order of preference from highest to lowest.

2020 FACILITIES MASTER PLAN

This process allowed project lists to be
prioritized and scaled down to approximately
$38 million. After each meeting, a team
including WLC/KDA and District Facilities
committee members met in publicly noted
meetings to discuss and revise the master
project list based on community input,
educational needs, and facility structural
needs.

In order to develop the recommendations
seen in this master plan, WLC Architects,
Inc. and Kodama Diseno Architects, along
with the District, went through a digital
meeting process though the District's Zoom
platform to seek community feedback. In
creating the assessments and determining
site goals, it was critical to understand the
communities at each site and the character
of each campus. In the context of each
school’s personality, fundamental questions
were asked to help shape the review to
understand the existing site limitations
affecting student and staff safety and
achievement. Solutions to these limitations
were then categorized under three key
priorities: code compliance, functionality,
and education suitability. This information
was gathered in three ways: data provided
by the sites and District, site observations,
and meeting with the existing site experts
(site staff, parents, community members,
District maintenance and operations, efc.
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The master planning process is as follows:

1. Information gathering.

2. Assess the physical conditions of all
school sites and determine the needs
for repair and replacement. Prioritize
based on the critical condition of each
item. Bureau Veritas conducted the
assessment and produced reports.

3. Detfermine the cost of repair and
replacement for each item.

4. Assess educational suitability and
functionality of each school site. Identify
the site specific needs and wants for
new buildings and renovations. Prioritize
based on the educational needs of the
campus.

5. Start developing the Facility Master Plan
for each school.

6. Determine the costs of each renovation
or new construction item of each site
during the ongoing development of
each campus master plan.

7. Prioritize all identified projects, both repair
needs and educational needs and wants
based on criteria developed and set
forth within the context of the process.
Based on availability of funds at the
time the master plans are developed,
set current phase, off-the-list items and
future phase projects group. Each item
will have the flexibility to move up or
down the phases during the course of
implementation as needs change, or
new funding becomes available.

2020 FACILITIES MASTER PLAN

10.

11.

12.

Enlist input from all stakeholders and
community feedback.

Repeat from item 7, revisit item 4 as
required.

Develop Educational Specifications
for Preschool, Elementary School, and
Middle School based on the District’s
educational vision.

Develop District Standards based
on lessons learned from the last
modernization and District M&O input.

Provide final Facilities Master Plans that
best represent the outcome at the end
of the planning process. This document
will provide guidelines for school facilities
decision making so that all physical
improvements move toward a common,
coordinated program vision. It is a living
document and can be adjusted and
revised to respond to future changes

in economic conditions and changing
demographics.
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This process began by gathering basic site
data from the Site and District. This included
extensive research of District archives and
records to gather background information
to assist in overall knowledge of the District
and the schools. This provided foundational
information to understand context, as well
as providing the foundation to develop the
assessment process, overall organization

of the process tasks, and schedule. The
research of particular importance in this initial
phase was the selection and establishment
of the District's core planning group and
the guiding principles for establishing design
guidelines for future projects.

This information included, but was not limited
to the following:

= Geographic locations of each site and
aerial images.

= Student populations, demographics,
directories of key stalff.

= Site and building as-built drawings.

= Site and floor plan diagrams of each
school site.

= CAD drawing files.

= Enrollment history and projections for each
school site.

= List of proposed projects by site.

= District educational initiatives and strategic
plan.

= Portable building conditions assessment
report.
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Site Facility Assessment

The site data includes the Facilities Plan/
Needs Analysis 2012 created by Greystone
West Construction Project Management. This
report was used as a starting point for the
master plan assessment.

Subsequently, Bureau Veritas conducted

a comprehensive facility condition
assessment that demonstrates the repair and
maintenance needs of each site.

Educational Suitability Assessment

Using the District’s facilities assessment

as a foundation and guide, the

WLC Architects, Inc. and Kodama Diseno
Architects project teams, accompanied by
the District M&O staff, walked each site with
the intention of further analyzing the facilities
beyond a ‘nuts and bolts’ assessment to
consider big picture issues and a higher level
review. This analysis and review considered
site layout issues in the parking lots and
drop-off, building layouts that inhibited site
supervision, security, full utilization of the
hardscape play areas, educational suitability
of classrooms for the 21st Century and
educational support spaces, and strategic
analysis to help prepare each campus for
long term success.
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The next step in the comprehensive analysis
of each site was to meet with the site experts,
i.e., the teachers, principals, and staff who
experience these facilities on a daily basis.
In June 2020, WLC and each site had site
committee meetings, and circulated an
electronic survey to all staff members. We
also had multiple meetings with the District
leadership council and advisory committee,
principals meetings, meeting with the District
M&O, and board workshops regarding the
Master Plan. The intention of the first meeting
was to introduce all of the site participants
to the Master Plan process, what it was and
how it would affect their site with a future
bond, as well as to gather user site concerns
regarding student and staff safety, facility
limitations for student achievement, site
limitations, and building issues. The WLC staff
used a satellite image to get acquainted
with the site and to locate specific site issues
brought up by the site committees.

Due to health regulations brought on by the
outbreak of the COVID-19 pandemic and
the shelter-in-place regulations, all meetings
with staff and community groups had to
move online. This medium worked to a limited
extent to provoke community feedback. To
encourage additional engagement, WLC
circulated an electronic survey seeking
staff and community input on their likes

and dislikes of the current campuses and
important additions to each campus.

The common themes derived from the
surveys were added to a list along with
developed District priorities in categories
of Code Compliance, Function, and
Educational Suitability. This prioritization has
been translated into the Master Plan.
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Start Developing the Site Master Plan

The next process was to develop the site
concepts. Recommendations, solutions, and
District priorities were incorporated info a
conceptual Master Plan. The Plan was then
presented during the second site meeting for
feedback.

Cost Modeling

A Rough Order of Magnitude cost model
was then developed by WLC Architects
according to the conceptual master plans.
The cost model uses the most up to date
information on costs per square foot for
schools in the Bay Area.

The cost model is not a detailed estimate, is
not itemized, nor does it specifically look at
detailed components. It is more of a guide
to show the magnitude of each project so
informed decisions about schedule, budgets,
and the bond implementation can be
made.

School and Community Feedback

The Master Plan in its entirety was created
through a joint effort with site staff, teachers,
students, parents, neighbors, District M&O
and District staff. Everyone who participated
had a profound impact on the making of

this plan and the future of your District and
schools. WLC and KDA thank everyone for
their committed support and for allowing us
to be a part of the exciting vision for Sausalito
Marin City School District.

Sausalito Marina

2020 FACILITIES MASTER PLAN
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Bond - Survey and Verbiage
Workshop with Caldwell Flores Winters

The SMC School District retained the

services of Caldwell Flores Winters (CFW)
Advisory group to assess the school district's
bonding capacity and community interest in
supporting a facilities bond. Through CFW's
research it was identified that the SMCSD has
the lowest tax rate per assessed value of any
school district in Marin County.

CFW proposed a time-line to get to the
November 3rd election, with a Community
survey/poll in March 2020, Community
outreach from April - June 2020, Board
adopting election resolution in July 2020,
Independent campaign committee from July
- November.

Bond Survey: CWF conducted a

phone survey in March of 2020 to test
community support for a facilities bond of
3 cents/$100.00 assessed value.

Results:

71% Favored
17% Opposed
12% Undecided

CFW also asked what projects would
generate the greatest support. The top three
responses included 21st Century learning
environments, replacement of outdated
portable classrooms, update utilities, and
addition of specialty classrooms, all receiving
above 80% support. Safety and security
upgrades, update bike paths, and expand
environmental learning spaces ranked the
lowest with below 75% support.

2020 FACILITIES MASTER PLAN
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Bond Implementation Priorities

e
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Bond Implementation Priorities
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Bond Implementation Priorities
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Bond Implementation Priorities
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In order to meet the $41 million budget, the
master project list was divided into three tiers
by priority, plus the District's Capital Repair
Debt.

1.

The first priority, Tier 1, identifies basic
structural, ADA and other upgrades
required at each school site to be

in alignment with current code
requirements (excluding buildings
beyond their useful life). The cost
associated with Tier 1 - Basic Upgrades/
Code Requirements is currently estimated
at about $0.9 million.

The second priority, Tier 2, identifies
each site’s deferred maintenance/
capital improvement items. Typical items
under Tier 2 include the upkeep, repair,
or replacement of: exterior paint, roof,
HVAC, miscellaneous interior needs,
kitchen equipment, fence, pavement,
outdoor furniture, play structure. The cost
associated with Tier 2 — District Priorities
was divided into two 5-year segments
based on bonding schedule. The 20-25
Tier 2 items are currently estimated at
$4.54 million.



INTRODUCTION AND PROCESS

3. The third priority, Tier 3, identifies
site-specific Impact projects for each site.
Projects included in Tier 3 are based on
the priorities as expressed by participants
in the various meetings, best use of the
bond dollars, and equity. The remaining
cost assigned to Tier 3 - Site Specific
Impact Projects is currently estimated at
$30.4 million.

4. Key projects under Tier 2 and Tier 3 are
determined based on the following
guidelines:

a. Building facades and interior Division of the
modernization. State Architect

b. House all academic programs in January 2022
permanent construction.

c. Outdoor spaces - lunch/shade
structures, outdoor classrooms,
playgrounds.

d. Improve fields with community use in
mind.

e. Specialty/enrichment classrooms.
f. Pre-kindergarten classrooms.

5. The District has a capital repair debt of

$3 million which will be paid from the bond
funds.

2020 FACILITIES MASTER PLAN



INTRODUCTION AND PROCESS 39

Bond Implementation Priorities

Tier 1: Basic Upgrades/Code Requirements

Each school site has their Tier 1 fully included in the scope. Scope includes safety hardware, signage, drinking fountains as needed, restroom
upgrades due to code-required number of plumbing fixtures, and non-code compliant structure replacement.

Highlighted projects are:

Tier 2: District Priorities

Each school site has most of their Tier 2 included in the scope, except the field renovation. Typical items under Tier 2 include the upkeep,
repair, or replacement of: exterior paint, roof, HYAC, adding hot water, miscellaneous interior needs, HYAC and window shades, kitchen
equipment, fence, pavement, outdoor furniture, play structure. Please refer to each school’s cost model in Chapter 5 for a complete list
under Tier 2.

Highlighted projects are:

2020 FACILITIES MASTER PLAN
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Bond Implementation Priorities

Tier 3: Site-Specific Impact Projects

Each school site was designed with the following Tier 3 Items:

1. Flexible furniture for designated collaborative classrooms, pod area (if any), and library;

Each school site was designed with the following additional impact projects included under Tier 3:
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Community Priorities Summary

The following are each school’s community priorities list. tems that have been included in the implementation master
plan are in bold black. Items that are not included in the implementation master plan are in gray color.

*ltems excluded from the facilities master plan are not precluded from District improvement. However, they are typically not funded by local
bonds which is the focus of this report or are not easily captured at this level of schematic planning.
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School Site/End User Priorities Summary

The followmg are the school’s school S|te/end user prlorltles list. ltems that are included in the implementation master

*ltems excluded from the facilities master plan are not precluded from District improvement. However, they are typically not funded by local
bonds which is the focus of this report or are not easily captured at this level of schematic planning.
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FACILITIES ASSESSMENTS

Introduction

The assessment of the existing facilities is a
critical step in development of the Facility
Master Plan. In the case of Sausalito Marin
City School District, it is particularly crucial
due to the age and wear on school buildings
within the District. The last supported bond
was passed in 2004 to build a new middle
school at the Phillips Dr. Campus, with minor
capital improvements to the existing facilities.
Bureau Veritas conducted field inspections
of all schools in March of 2020. Bureau Veritas
identified conditions that require immediate
repair, as well as life cycle cost of the entire
building and its systems.

Physical assessments are just one measure of
the condition and adequacy of a school site.
In order to get a true understanding of each
school site, an educational suitability and
functional needs analysis must be done.

WLC Architects, Inc. walked the schools
with the maintenance staff, with focuses on
reviewing the educational suitability and
functional needs, along with 21st Century
learning environment opportunities at the
schools.

2020 FACILITIES MASTER PLAN

21st Century
Learning Environments

Wilkes Elementary School - Mahlum Architects

E3 Civic High School Classroom - LPA

Cherry Crest Elementary School - NAG
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Summary

This analysis occurred site by site and

the majority of teaching spaces require
upgrades to raise the educational suitability
to meet 21st Century education goals. Most
of the teaching spaces have projectors and
document cameras, with limited flexible
furniture options although sit/stand desks are
used in most classrooms. Other improvements
such as developing collaborative classrooms,
outdoor classrooms, pullout spaces, and
providing flexible furniture in the teaching
environment are necessary to achieve the
District goals.

The specific nature of these changes and
improvements needs to be shaped by

the District’s Strategic Plan, Educational
Specifications, mission, and goals and can, in
some cases, be determined by the creation
of District-wide master specifications. Some
of these improvements will need to be
shaped/defined campus-by-campus to

fit the culture and character of each site.
For site specific analysis please refer to the
appropriate succeeding sections.
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A key component to the Facilities

Master Plan is the Educational Suitability
Assessments. A site facility assessment which
defines the site’s repair and replacement
needs has been conducted by Bureau
Veritas. WLC Architects performed
educational suitability assessments to
evaluate if the District’s current facilities will
serve the school’s educational goals. The
reviews concentrated on concepts such

as 21st Century Learning Environments and
opportunities for creating those spaces within
existing schools.

Another set of standards for the educational
functionality of schools is the California
Department of Education (CDE) design
codes which provides a minimum basic
guideline for school facilities.

The results of the assessments were to identify
deficiencies for inclusion into the site specific
master plans to provide an upgrade to each
school site.

Various components are reviewed and
considered in determining the educational
suitability of a room and/or building. These
include room location, room environment,
room size, flexibility, ability fo meet program
requirements and storage/equipment. Below
is a checklist of criteria noted at each site.
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The following items were reviewed for the following components:

Room Size:

The space should meet the
square footage standards for the
classroom program

(960 sf minimum).

= |s the space appropriately sized for
the capacity, to current standards
and for the grade level?

= |s the space large enough to

allow all the activities typically
conducted in that sort of
program (i.e., art, science,

music, etc.)?

Room Environment:

~ The space should provide an
inviting and stlmulatln% environment
for teaching and learning.

* Rooms types provided

* |s the spatial configuration flexible and does it
support the instructional program?

= Is there natural light and are the lighting levels
appropriate for the educational activities?

= Acoustically, are there impediments to hearin
the teacher and are external noises transferre
into the classroom?

= |s there proper ventilation and consistent/
appropriate climate control to make the room
comfortable?

* Do the aesthetics create an inviting
learning environment?

2020 FACILITIES MASTER PLAN

Classroom Storage:

The space should have adequate
storage and equipment space for
all the equipment appropriate to the

Administrative

Offices
program.

Kindergartens
and Preschools
Library and sinks?

Media Centers
space where required?

(countertops, tabletops)?

= Is there access to necessary
~technology and related
infrastructure (i.e., capacity to
darken a room to display
projected imagery)?

Multi-Purpose Rooms,
Cafeterias, Performing Arts Facilities, and
Assembly Spaces

Physical Education Spaces Including

Gymnasiums, Weight Rooms and Locker Rooms

Room Size:

The space shall have
adequate room type to serve a
function of the school. The space
should be appropriately located for
the instructional program.

Qutdoor Learning and
Gathering Spaces

= Is the physical location of the
room/area in relative proximity to the
students who need to use it?

* Does the space have appropriate
proximity to other program
relevant spaces?

* Does ifs location allow for
future flexibility2

Specialty Classrooms Such as Science, Art,
and Music

Outdoor Fields and Courts

* Does the room have adequate casework,
appropriate materials, and project storage?

= Are there sinks for programs that require

= |s there appropriate ventilation, and display

* Does the space have appropriate types
of flooring and easily cleanable surfaces
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Physical Condition Assessments

Introduction

Summary

Bureau Veritas performed a physical
condition assessment in March 2020. In
addition, WLC Architects and KDA Architects
also interviewed the District M&O team.

The content of the assessment is produced
by Bureau Veritas and the Master Plan
architects team.

Site Building
Site Utilities Exterior Walls and
Parking and Drop-Off ~ Finishes
Areas Roofs and Drainage
Sidewalks, Ramps, Doors and Windows
and Stairs Exterior Canopies
Drainage and Erosion
Control
Landscape and
Irrigation
Hard Courts
Turf Play Fields
Play Structure Areas
Running Track
Site Fencing
Site Sighage
Portables
Accessibility and
Code Compliance
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All schools are assessed based on the
following categories: Site, Building, Building
Systems, Interior, Cabinetry, Furniture and
Equipment, and Sustainability.

Interior

Floor Finish

Wall Finish

Ceiling Finish

Interior Doors and
Windows

Building Systems

Electrical, Lighting,
and Power

Technology, Data,
and Signal

Fire Alarm

Phone, Clock/Bell/PA

HVAC Equipment,
Ductwork and
Controls

Plumbin

Fire Sprinklers

General
Infrastructure

47

We have found that all sites are mostly in
fair condition. Repair and replacement are
mostly due to life cycle of the buildings,

as well as some sites' proximity to the bay.
Permanently constructed buildings are in
much better conditions than portables.

Cabinetry, Furniture,
and Equipment

Casework and
Shelving
Markerboards
Projection Screens
Projectors
Stage/Theater
Equipment
Kitchen Equipment
Other Accessory
Items

Sustainability

Natural Daylighting
Natural Ventilation
Water Usage
Lighting Control
Heating and Cooling
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Bureau Veritas Facility Condition Assessment
(For Full Document, Refer to Appendix)

BAYSIDE MARTIN LUTHER KING JR ACADEMY BUREAU VERITAS PROJECT: 142676.20R000-001.017

FACILITY CONDITION ASSESSMENT

1. Executive Summary

prepared for Campus Overview and Assessment Details
Sausalito Marin City Schools ~ WLC Architects .
200 Philips Dr. 2600 Tenth Stret, Sute 700
Sausalito, CA 94965-1194 Berkeley, California 94710-2597 Property Type School Campus
Iltoco Garcia Leopold Ray-Lynch Number of Buildings 4
Main Address 200 Phillips Drive, Sausalito CA 94965
Site Developed - Middle School Building 2008

- Annex Building 1960
- Modular Building 2014

PREPARED BY: - Portables 2001
Bureau Veritas c 0 " . o o
10461 Mill Run Circle, Suite 1100 urrent Occupants Sausalito Marin City School District
Owings Mills, Maryland 21117 Date(s) of Visit March 11, 2020
800.733.0660
www.us.bureauveritas.com Management Point of Contact WLC Architects
2600 Tenth Street, Suite 500
BV CONTACT: Berkeley CA 94710-2597
Matthew Anderson On-site Point of Contact (POC) Cameron Taylor, Director of Maintenance
Program Manager 415.328.3809 Ph
800.733.0660 x7613 928 one
Matt.Anderson@bvna.com Assessment and Report Prepared By Mouaz Alrayes
BV PROJECT #: Reviewed By Matthew Anderson
142676.20R000-001.017 Program Manager
Matt. Anderson@bvna.com
DATE OF REPORT: 800.733.0660 x7613
March 31, 2020
ON SITE DATE:
BAYSIDE MARTIN LUTHER KING JR. ACADEMY Varch 1. 2020
200 Phillips Drive
SAUSALITO, CA 94965
Bureau Veritas
10461 Mill Run Circle, Suite 1100 | Owings Mills, MD 21117 | www.us.bureauveritas.com | p 800.733.0660 @
2 (@
www.us.bureauveritas.com | p 800.733.0660 [Bureaul

2020 FACILITIES MASTER PLAN



FACILITIES ASSESSMENTS

Bureau Veritas Facility Condition Assessment

“ —_— —

PORTABLE BUILOING HEAT
)
s bureauveritas.com/ p800.733.0660 S www.us.bureauveritas.com/ p 800.733.0660 St
MODULAR BULDING SPLIT
MODULAR BUILDING-
‘ 27 | PORTABLES ‘ ‘ 28 | PORTABLES ‘ ‘ 39 | MODULAR BUILDING FURNACE ‘ 40 | RestrRoom
Project Number ‘ Project Name
Bayside Martin Luther King Jr.
14267620R000-001 01 7 Academy PORTABLE BUILDING HEAT MODULAR BUILDING- MODULAR BUILDING-
| . M . . h | 29 PUMP 30 PORTABLES RESTROOM 41 RESTROOM 42 RESTROOM
Sausalito Marin City Schools
| On-Site Date N
® ®
Google March 11, 2020 A -
www.us.bureauveritas.com/ p800.733.0660 SRS www.us.bureauveritas.com/ p800.733.0660 LRSS
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Bureau Veritas Facility Condition Assessment
(For Full Document, Refer to Appendix)

FACILITY CONDITION ASSESSMENT

BUREAU
prepared for [VERITAS |

WLC Architects

2600 Tenth Street, Suite 500
Berkeley, California 94710-2597
Leopold Ray-Lynch

PREPARED BY:

Bureau Veritas

10461 Mill Run Circle, Suite 1100
Owings Mills, Maryland 21117
800.733.0660
www.us.bureauveritas.com

BV CONTACT:

Matthew Anderson
Program Manager
800.733.0660 x7613
Matt.Anderson@bvna.com

BV PROJECT #:
142676.20R000-002.017

DATE OF REPORT:
March 31, 2020

ON SITE DATE:
WILLOW CREEK ACADEMY March 10, 2020

630 NEVADA STREET
SAUSALITO, CALIFORNIA 94965

Bureau Veritas

10461 Mill Run Circle, Suite 1100 | Owings Mills, MD 21117 | www.us.bureauveritas.com | p 800.733.0660
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WILLOW CREEK ACADEMY BUREAU VERITAS PROJECT NO.: 142676.20R000-002.017

1. Executive Summary

Campus Overview and Assessment Details

General Information

Property Type School campus

Number of Buildings 1

Main Address 630 Nevada Street, Sausalito, California 94965
Site Developed Lower Campus:

-Building A 1980s

-Building B 1980s

-Building C 1980s
-Multi-purpose Rm 1980s
-Kindergarten Building 2007
Willow Creek Academy:
-Upper Campus 2000

-Upper Campus Portable 2004
-Portable Campus 2006

Out Buildings:

-33 Buchanan Street Building 1940s

Current Occupants Sausalito Marin City Schools
Date(s) of Visit March 10, 2020
Management Point of Contact WLC Architects

2600 Tenth Street, Suite 500
Berkeley, California 94710-2597

On-site Point of Contact (POC) Cameron Taylor, Director of Maintenance

415.328.3809 Phone
Assessment and Report Prepared By Mouaz Alrayes
Reviewed By Matthew Anderson

Program Manager

Matt.Anderson@bvna.com
800.733.0660 x7613

AssetCalc Link Full dataset for this assessment can be found at:
https://www.assetcalc.net/

1 @

www.us.bureauveritas.com | p 800.733.0660 [BUREAU |
[VERITAS |
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Bureau Veritas Facility Condition Assessment

“ — -

BUREAU VERITAS PROJECT NO:: 142676 20R000-002017

AOMINISTRATION BUILDING
. PORTABLE BULONGS
‘ 3 | PORTABLE CLASSROOMS ‘ 4 | UPPER CAMPUS 15 | ROBIN'S NEST PLAYGROUND ‘ 18 | pLAYGROUND
‘ 5 UPPER CAMPUS LIBRARY ‘ 6 UPPER CAMPUS PORTABLE ‘ ‘ 17 SITE REFUSE AREA ‘ 18 'SOFTBALL FIELD
s ureauveritas com). p 800,733,066 s ureauvertas com)  p800.733.0660
[r——— [T p———— [r——— [ ——————
‘ 19 ‘ LANDSCAPING 20 SITE ‘ ‘ 37 'CLASSROOM-ROBIN'S NEST ‘ ‘ 38 OFFICE-ROBIN'S NEST
WAN ELECTRIAL RESTROOM PORTASLE
Project Number Project Name
142676.20R000-002.017 Willow Creek Academy
. A . MAIN FIRE ALARM CONTROL
H 3 H 23 24 'WATER HEATER-GAS 41 RESTROOM-MPR 42 RESTROOM-ROBIN'S NEST
Sausalito Marin City Schools ‘ PANEL ‘ ‘ ‘ ‘
On-Site Date N
Google March 10, 2020 5 n
www.us.bureauveritas.com/ p800.733.0660 K www.us.bureauveritas.com/ p 800.733.0660 &
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WLC presented master plan options for

each site from the various stakeholder video
conference meetings starting April 10, 2020.
During the process, WLC & KDA met with

the District leadership to review the draft
rough order of magnitude cost model and
developed project priorities for the Bond
Measure. A cost model is not a detailed
estimate, but rather a tool using square foot
costs to capture a scope. Each improvement
is assigned a cost per square foot depending
on the scope of work recommended in the
Master Plan. The cost model also calculates

a typical design contingency, escalation,
industry standard change order cost, and soft
costs for each project. The total bond program
cost model also includes a support cost that
covers program management and moving
expenses.

At the July 29, 2020 Board Workshop the
Master Plans for each site were presented
to the Board of Trustees and received
positive feedback from the Board members.
The Master Plan was approved on
December 10, 2020.



PROGRAM COSTS

Nevada Street Campus
Phase [Tier 1 - Basic Upgrades/Code Requirements St. Campus Phillips Dr. Campus | Estimated Total Project
Tier 1 - Basic Upgrades/Code Requirements - Subtotal S 843,026 S 108,342 | S 951,369
Tier 2 - Capital Repair Projects 2020-2025 - Subotal 3,186,226 1,349,928 4,536,154
Tier 1 and 2 subtotal S 4,029,253 S 1,458,270 | S 5,487,523
Tier 3 - Site-Specific Impact Projects: Scheme 1 (Priority Items) 19,487,373 10,916,589 30,403,962
Tier 3 - Site-Specific Impact Projects: Scheme 2 (Priority Items) 22,546,650 10,311,112 32,857,762
Tier 1, 2, & 3: Scheme 1 - Grand total S 35,891,485
Tier 1, 2, & 3: Scheme 2 - Grand total S 38,345,285
District Obligation Loan - Payoff S 3,200,000
Tier 1, 2, 3: Scheme 1, District Obligations - Grand total S 39,091,485
Tier 1, 2, 3: Scheme 2, District Obligations - Grand total S 41,545,285
Bond Capacity passed on November 3, 2020, plus potential outside funding from other available sources. $ 41,600,000
Nevada Street Campus
Phase [Tier 1 - Basic Upgrades/Code Requirements St. Campus Phillips Dr. Campus | Estimated Total Project
Tier 1 - Basic Upgrades/Code Requirements - Subtotal | S 843,026 S 108,342 | S 951,369
Phase [Tier 2 - Capital Repairs:
Tier 2 - Capital Repairs 2020-2025 - Subtotal S 3,186,226 S 1,349,928 | S 4,536,154
Tier 2 - Capital Repairs 2026-2030 (Scheme 1 Option) S 1,491,577 S 20,527,446 | S 22,019,023
Tier 2 - Capital Repairs 2026-2030 (Scheme 2 Option) S 1,028,462 S 20,527,446 | S 21,555,908
Phase [Tier 3 - Master Plan:
Tier 3 - Site-Specific Impact Projects: Scheme 1 S 32,282,397 S 42,071,295 | $ 74,353,692
Tier 3 - Site-Specific Impact Projects: Scheme 2 S 46,268,445 S 53,806,287 | S 100,074,732
Tier 1, 2, & 3: Scheme 1 - Grand total S 101,860,238
Tier 1, 2, & 3: Scheme 2 - Grand total $ 127,118,163

*This cost model is not a detailed estimate. It is intended as a guide to show the magnitude of each project to inform decisions about
schedule, budgets, and bond implementation.
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Nevada Street Campus - Conceptual Cost Estimate

Nevada Street Campus

56

WLC Architects | | Kodama Diseno Architects July, 2020
Bonds & Insurance| 2 year Escalation|
Construction Design Ci (2%) / Overhead &| { d Bid COs| Estimated Total at 5% per year| Estimated Total
Phase |[Tier 1 - Basic Upgrades/Code Requirements Quantity Unit Cost /Unit Estimate 10% Profit (8%) Amount 10% Mod| Const. Support Costs 20% (10%) Project
Signage 115 8,000.00 8,000.00 $ 800.00 $ 880.00 | $ 9,680.00 | $ 968.00 | $ 10,648.00 $ 2,129.60 | $ 1,277.76 | $ 14,055.36
ADA Path of Travel 1 IS $  450,000.00 450,000.00 45,000.00 49,500.00 544,500.00 54,450.00 598,950.00 119,790.00 71,874.00 790,614.00
Filtered Bottle Drinking Fountains 2 EA S 4,250.00 8,500.00 850.00 935.00 10,285.00 1,028.50 11,313.50 2,262.70 1,357.62 14,933.82
ADA Drinking Fountains & Bottle Fillers 2 EA_$ 6,666.00 13,332.00 1,333.20 1,466.52 16,131.72 1,613.17 17,744.89 3,548.98 2,129.39 23,423.26
Subtotal - Tier 1 479,832.00 $ 47,983.20 S 52,781.52 | $ 580,596.72 | S 58,059.67 | $ 638,656.39 S 127,731.28 | S 76,638.77 | $ 843,026.44
Tier 2 - District Priorities 2020 - 2025
Classroom Building A (Rooms 13-17)
Exterior Wall, Any Painted Surface, 1-2 Stories, Prep & Paint 4900 SF 4.85 23,765.00 $ 237650 $ 2,614.15 | $ 28,755.65 | $ 2,87557 | $ 31,631.22 $ 6,326.24 | $ 3,795.75 | $ 41,753.20
Exterior Wall, Wood Shakes/Shingles, 1-2 Stories, Replace 4900 SF S 25.00 122,500.00 12,250.00 13,475.00 148,225.00 14,822.50 163,047.50 32,609.50 19,565.70 215,222.70
Gutters & Downspouts, Aluminum w/ Fittings, Replace 140 LF $ 17.50 2,450.00 245.00 269.50 2,964.50 296.45 3,260.95 652.19 391.31 4,304.45
Interior Floor Finish, Carpet Commercial Standard, Replace 1850 SF$ 12.11 22,403.50 2,240.35 2,464.39 27,108.24 2,710.82 29,819.06 5,963.81 3,578.29 39,361.16
Fire Extinguisher, Type ABC, Up to 20 LB, Replace 5 EA $ 242.28 1,211.40 121.14 133.25 1,465.79 146.58 1,612.37 322.47 193.48 2,128.33
Fire Alarm System, Standard Addressable, Update 2000 SF$ 10.00 20,000.00 2,000.00 2,200.00 24,200.00 2,420.00 26,620.00 5,324.00 3,194.40 35,138.40
Building Subtotal 192,329.90 $ 19,232.99 $ 21,156.29 | $ 232,719.18 | $ 23,271.92 | $ 255,991.10 $ 51,198.22 | $ 30,718.93 | $ 337,908.25
Classroom Building C (Classrooms 10-12 & RR)
Exterior Wall, any Painted Surface, 1-2 Stories, Prep & Paint 8700 SF $ 4.85 42,195.00 $ 421950 $ 464145 | $ 51,055.95 | $ 5,105.60 | $ 56,161.55 $ 11,232.31 | $ 673939 | $ 74,133.24
Exterior Wall, Wood Shakes/Shingles, 1-2 Stories, Replace 8700 SF $ 25.00 217,500.00 21,750.00 23,925.00 263,175.00 26,317.50 289,492.50 57,898.50 34,739.10 382,130.10
Gutters & Downspouts, Aluminum w/ Fittings, Replace 250 LF s 17.50 4,375.00 437.50 481.25 5,293.75 529.38 5,823.13 1,164.63 698.78 7,686.53
Interior Floor Finish, Carpet Commercial Standard, Replace 3250 SF $ 8.75 28,437.50 2,843.75 3,128.13 34,409.38 3,440.94 37,850.31 7,570.06 4,542.04 49,962.41
Drinking Fountain, Outside/Site Style, Replace 1 EA 4,200.00 4,200.00 420.00 462.00 5,082.00 508.20 5,590.20 1,118.04 670.82 7,379.06
Water Heater, 20 GAL, Replace 1 EA $ 3,500.00 3,500.00 350.00 385.00 4,235.00 423.50 4,658.50 931.70 559.02 6,149.22
Fire Extinguisher, Type ABC, Up to 20 LB, Replace 3 EA ¢ 437.50 1,312.50 131.25 144.38 1,588.13 158.81 1,746.94 349.39 209.63 2,305.96
Building Subtotal 301,520.00 $ 30,152.00 $ 33,167.20 | $ 364,839.20 | $ 36,483.92 | $ 401,323.12 $ 80,264.62 | $ 48,158.77 | $ 529,746.52
Kindergarten Building (Classrooms 1-5)
Exterior Wall, any Painted Surface, 1-2 Stories, Prep & Paint 16200 SF $ 4.85 78,570.00 $ 7,857.00 $ 8,642.70 | S 95,069.70 | $ 9,506.97 | $ 104,576.67 $ 2091533 | $ 12,549.20 | $ 138,041.20
Interior Wall Finish, Fabric Panel System, Replace 10600 SF$ 14.00 148,400.00 14,840.00 16,324.00 179,564.00 17,956.40 197,520.40 39,504.08 23,702.45 260,726.93
Interior Wall Finish, Any Surface, Prep & Paint 800 SF $ 2.19 1,752.00 175.20 192.72 2,119.92 211.99 2,331.91 466.38 279.83 3,078.12
Interior Floor Finish, Any Surface w/ Epoxy Coating, Prep & Paint 380 SF $ 26.25 9,975.00 997.50 1,097.25 12,069.75 1,206.98 13,276.73 2,655.35 1,593.21 17,525.28
Interior Floor Finish, Any Surface w/ Epoxy Coating, Prep & Paint 200 SF s 26.25 5,250.00 525.00 577.50 6,352.50 635.25 6,987.75 1,397.55 838.53 9,223.83
Interior Floor Finish, Vinyl Tile (VCT), Replace 360 SF S 8.75 3,150.00 315.00 346.50 3,811.50 381.15 4,192.65 838.53 503.12 5,534.30
Interior Floor Finish, Vinyl Sheeting, Replace 4800 SF S 10.50 50,400.00 5,040.00 5,544.00 60,984.00 6,098.40 67,082.40 13,416.48 8,049.89 88,548.77
Interior Ceiling Finish, Any Flat Surface, Prep & Paint 355 SF S 3.23 1,146.65 114.67 126.13 1,387.45 138.74 1,526.19 305.24 183.14 2,014.57
Fire Extinguisher, Type ABC, Up to 20 LB, Replace 5 EA $ 437.50 2,187.50 21875 240.63 2,646.88 264.69 2,911.56 582.31 349.39 3,843.26
Play Surfaces & Sports Courts, Asphalt, Seal & Stripe 6200 SF$ 20.00 124,000.00 12,400.00 13,640.00 150,040.00 15,004.00 165,044.00 33,008.80 19,805.28 217,858.08
Building Subtotal 424,831.15 $ 42,483.12 $ 46,731.43 | $ 514,045.69 | $ 51,404.57 | $ 565,450.26 $ 113,090.05 | $ 67,854.03 | $ 746,394.34
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Construction Design Ci (2%) / Overhead &| { d Bid COs| Estimated Total at 5% per year| Estimated Total
Phase |Tier 2 - District Priorities 2020 - 2025 Quantity Unit  Cost /Unit Estimate 10% Profit (8%)| Amount| 10% Mod Const. Support Costs 20% (10%)| Project
Multi-Purpose Room (Classrooms 6-9)
Exterior Wall, any Painted Surface, 1-2 Stories, Prep & Paint 3800 s 485]3 18,430.00 $ 1,843.00 $ 2,027.30 | $ 22,30030 | $ 2,230.03 | $ 24,530.33 $ 4,906.07 | $ 2,943.64 | $ 32,380.04
Roof, Asphalt Shingle 20-Year, Replace 4200 SF$ 20.00 84,000.00 8,400.00 9,240.00 101,640.00 10,164.00 111,804.00 22,360.80 13,416.48 147,581.28
Gutters & Downspouts, Aluminum w/ Fittings, Replace 120 [T 17.50 2,100.00 210.00 231.00 2,541.00 254.10 2,795.10 559.02 335.41 3,689.53
Interior Wall Finish, Any Surface, Prep & Paint 8600 SF$ 2.19 18,834.00 1,883.40 2,071.74 22,789.14 2,278.91 25,068.05 5,013.61 3,008.17 33,089.83
Interior Wall Finish, Vinyl, Replace 9300 SFs 4.38 40,734.00 4,073.40 4,480.74 49,288.14 4,928.81 54,216.95 10,843.39 6,506.03 71,566.38
Interior Floor Finish, Vinyl Sheeting, Replace 240 SFs 10.50 2,520.00 252.00 277.20 3,049.20 304.92 3,354.12 670.82 402.49 4,427.44
Interior Floor Finish, Carpet Commercial Standard, Replace 3800 SF S 8.75 33,250.00 3,325.00 3,657.50 40,232.50 4,023.25 44,255.75 8,851.15 5,310.69 58,417.59
Commerecial Kitchen Sink, Stainless Steel, 3-Bowl, Replace 1 EA $ 5,250.00 5,250.00 525.00 577.50 6,352.50 635.25 6,987.75 1,397.55 838.53 9,223.83
Commercial Kitchen Sink, Stainless Steel, 1-Bowl, Replace 1 EA 2,187.50 2,187.50 218.75 240.63 2,646.88 264.69 2,911.56 582.31 349.39 3,843.26
Water Heater, 60 GAL, Replace 1 EA 10,500.00 10,500.00 1,050.00 1,155.00 12,705.00 1,270.50 13,975.50 2,795.10 1,677.06 18,447.66
Condensing Unit, Split System, 14 TON, Replace 1 EA$ 49,000.00 49,000.00 4,900.00 5,390.00 59,290.00 5,929.00 65,219.00 13,043.80 7,826.28 86,089.08
Supply Fan, 8500 CFM, Replace 1 EA 44,625.00 44,625.00 4,462.50 4,908.75 53,996.25 5,399.63 59,395.88 11,879.18 7,127.51 78,402.56
Fire Extinguisher, Type ABC, Up to 20 LB, Replace 4 EA $ 437.50 1,750.00 175.00 192.50 2,117.50 211.75 2,329.25 465.85 279.51 3,074.61
Building/Main Switchboard, 1200 AMP, Replace 1 EA $  106,605.18 106,605.18 10,660.52 11,726.57 128,992.27 12,899.23 141,891.49 28,378.30 17,026.98 187,296.77
Full Electrical System Upgrade, Low Density/Complexity, Replace 8838 SF$ 21.00] $ 185,598.00 $ 18,559.80 $ 20,415.78 | $ 224,573.58 | $ 22,457.36 | $ 247,030.94 $ 49,406.19 | $ 29,643.71 | $ 326,080.84
Fire Alarm Control Panel, Basic/Zoned, Replace 1 EA S 6,460.92 6,460.92 646.09 710.70 7,817.71 781.77 8,599.48 1,719.90 1,031.94 11,351.32
Fire Alarm System, Standard Addressable, Update 8838 SF$ 10.00 88,380.00 8,838.00 9,721.80 106,939.80 10,693.98 117,633.78 23,526.76 14,116.05 155,276.59
Commercial Kitchen, Convection Oven, Double, Replace 1 EA$ 15,344.69 15,344.69 1,534.47 1,687.92 18,567.07 1,856.71 20,423.78 4,084.76 2,450.85 26,959.39
Commercial Kitchen, Refrigerator, 1-Door Reach-In, Replace 1 EA $ 4,361.12 4,361.12 436.11 479.72 5,276.96 527.70 5,804.65 1,160.93 696.56 7,662.14
Prefabricated/Ancillary Building or Structure, All Components, Replace
210 S s 400.00 84,000.00 8,400.00 9,240.00 101,640.00 10,164.00 111,804.00 22,360.80 13,416.48 147,581.28
Building Subtotal $ 803,930.41 $ 80,393.04 $ 88,432.35 | $ 972,755.80 | $ 97,275.58 | $ 1,070,031.38 $ 214,006.28 | $ 128,403.77 | $ 1,412,441.42
Upper Campus (Classrooms 18-28)
Exterior Wall, any Painted Surface, 1-2 Stories, Prep & Paint 29800 SF$ 485]$ 144,530.00 $ 14,453.00 $ 15,898.30 | $ 174,881.30 | $ 17,488.13 | $ 192,369.43 $ 38,473.89 | $ 23,084.33 | $ 253,927.65
Exterior Wall, Wood Shakes/Shingles, 1-2 Stories, Replace 29800 SF$ 17.50 521,500.00 52,150.00 57,365.00 631,015.00 63,101.50 694,116.50 138,823.30 83,293.98 916,233.78
Gutters & Downspouts, Aluminum w/ Fittings, Replace 600 LF $ 17.50 10,500.00 1,050.00 1,155.00 12,705.00 1,270.50 13,975.50 2,795.10 1,677.06 18,447.66
Exterior Door, Steel, Replace 9 EA § 6,125.00 55,125.00 5,512.50 6,063.75 66,701.25 6,670.13 73,371.38 14,674.28 8,804.57 96,850.22
Interior Wall Finish, Fabric Panel System, Replace 12800 SF$ 14.00 179,200.00 17,920.00 19,712.00 216,832.00 21,683.20 238,515.20 47,703.04 28,621.82 314,840.06
Interior Wall Finish, Any Surface, Prep & Paint 4100 SF S 2.19 8,979.00 897.90 987.69 10,864.59 1,086.46 11,951.05 2,390.21 1,434.13 15,775.38
Interior Floor Finish, Carpet Commercial Standard, Replace 1930 SF$ 8.75 16,887.50 1,688.75 1,857.63 20,433.88 2,043.39 22,477.26 4,495.45 2,697.27 29,669.99
Water Heater, 40 GAL, Replace 1 EA S 20,028.85 20,028.85 2,002.89 2,203.17 24,234.91 2,423.49 26,658.40 5,331.68 3,199.01 35,189.09
Fire Extinguisher, Type ABC, Up to 20 LB, Replace 1 EA § 437.50 4,812.50 481.25 529.38 5,823.13 582.31 6,405.44 1,281.09 768.65 8,455.18
Lighting System, Interior, Medium Density & Standard Fixtures, Replace
10520 SF$ 15.00 157,800.00 15,780.00 17,358.00 190,938.00 19,093.80 210,031.80 42,006.36 25,203.82 277,241.98
Fire Alarm System, Standard Addressable, Upgrade 12500 SF$ 10.00 125,000.00 12,500.00 13,750.00 151,250.00 15,125.00 166,375.00 33,275.00 19,965.00 219,615.00
Storage Cabinetry, Stock Hardwood, Replace 9% LF s 875.00 84,000.00 8,400.00 9,240.00 101,640.00 10,164.00 111,804.00 22,360.80 13,416.48 147,581.28
Building Subtotal $ 1,328,362.85 $ 132,836.29 $ 146,119.91 | $ 1,607,319.05 | $ 160,731.90 | $ 1,768,050.95 $ 353,610.19 | $ 212,166.11 | $ 2,333,827.26
Nevada Street Campus Street Campus Site
Exterior Wall, any Painted Surface, 1-2 Stories, Prep & Paint 900 SF$ 485]3 4,365.00 S 436.50 S 480.15] $ 5,281.65 | $ 528.17 [ $ 5,809.82 $ 1,161.96 | $ 697.18 [ $ 7,668.96
Exterior Wall, any Painted Surface, 1-2 Stories, Prep & Paint 1100 SF$ 4.85 5,335.00 533.50 586.85 6,455.35 645.54 7,100.89 1,420.18 852.11 9,373.17
Parking Lots, Asphalt Pavement, Seal & Stripe 5200 SF$ 2.50 13,000.00 1,300.00 1,430.00 15,730.00 1,573.00 17,303.00 3,460.60 2,076.36 22,839.96
Parking Lots, Site Drainage, Parking Lot Re-Grading and Replacement,
Repair 1500 SF$ 1050 $ 15,750.00 $ 1,575.00 $ 1,732.50 | 19,057.50 | $ 1,905.75 | $ 20,963.25 $ 4,192.65 | $ 2,51559 | $ 27,671.49
Parking Lots, Asphalt Pavement, Mill & Overlay 5200 SF$ 5.65 29,380.00 2,938.00 3,231.80 35,549.80 3,554.98 39,104.78 7,820.96 4,692.57 51,618.31
Parking Lots, Asphalt Pavement, Seal & Stripe 6200 SF S 2.50 15,500.00 1,550.00 1,705.00 18,755.00 1,875.50 20,630.50 4,126.10 2,475.66 27,232.26
Parking Lots, Asphalt Pavement, Seal & Stripe 12800 SF$ 2.50 32,000.00 3,200.00 3,520.00 38,720.00 3,872.00 42,592.00 8,518.40 5,111.04 56,221.44
Parking Lots, Asphalt Pavement, Mill & Overlay 12800 SF S 5.56 71,168.00 7,116.80 7,828.48 86,113.28 8,611.33 94,724.61 18,944.92 11,366.95 125,036.48
Parking Lots, Asphalt Pavement, Seal & Stripe 37500 SF$ 2.50 93,750.00 9,375.00 10,312.50 113,437.50 11,343.75 124,781.25 24,956.25 14,973.75 164,711.25
Parking Lots, Asphalt Pavement, Seal & Stripe 1200 SF§ 2.50 3,000.00 300.00 330.00 3,630.00 363.00 3,993.00 798.60 479.16 5,270.76
Subtotal $ 283,248.00 $ 28,324.80 $ 31,157.28 | $ 342,730.08 | $ 34,273.01 | $ 377,003.09 $ 75,400.62 | $ 45,240.37 | $ 497,644.08
Total - Tier 2 S 3,334,222.31 S 333,422.23 $ 366,764.45 | $ 4,034,409.00 | $ 403,440.90 | $ 4,437,849.89 S 887,569.98 | S 532,541.99 | $ 5,857,961.86
ildil Less b di d or modernized in Tier 3 $ 2,413,807.84 $ 482,761.57 | $ 289,656.94 | $ 3,186,226.35
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Construction Design C (2%) / Overhead &| { d Bid COs Estimated Total at 5% per year] Estimated Total
Phase |Tier 2 - District Priorities 2026 - 2030 Unit Cost /Unit Estimate 10% Profit (8%) Amount| 10% Mod| Const. Support Costs 20% (30%) Project
Classroom Building A (Rooms 13-17)
Window, 12 SF, Replace 6 EA S 1,575.00 | $ 9,450.00 $ 94500 $ 1,039.50 | $ 11,434.50 | $ 1,143.45 | $ 12,577.95 $ 2,515.59 | $ 4,528.06 | $ 19,621.60
Window, 24 SF, Replace 8 EA $ 3,150.00 25,200.00 2,520.00 2,772.00 30,492.00 3,049.20 33,541.20 6,708.24 12,074.83 52,324.27
Interior Wall Finish, Wallpaper, Replace 2100 SF$ 438 9,198.00 919.80 1,011.78 11,129.58 1,112.96 12,242.54 2,448.51 4,407.31 19,098.36
Interior Floor Finish, Vinyl Tile (VCT), Replace 120 SF$ 8.75 1,050.00 105.00 115.50 1,270.50 127.05 1,397.55 279.51 503.12 2,180.18
Furnace, 90 MBH, Replace 1 EA 13,125.00 13,125.00 1,312.50 1,443.75 15,881.25 1,588.13 17,469.38 3,493.88 6,288.98 27,252.23
Lighting System, Interior, Medium Density & Standard Fixtures, Replace 2000 SF s 15.00 30,000.00 3,000.00 3,300.00 36,300.00 3,630.00 39,930.00 7,986.00 14,374.80 62,290.80
Building Subtotal $ 88,023.00 $ 8,802.30 $ 9,682.53 | $ 106,507.83 | $ 10,650.78 | $ 117,158.61 $ 23,431.72 | $ 42,177.10 | $ 182,767.44
Classroom Building C (Classrooms 10-12 & RR)
Toilet Partitions, Metal, Replace 4 EA S 2,187.50 | $ 8,750.00 $ 875.00 $ 962.50 | $ 10,587.50 | $ 1,058.75 | $ 11,646.25 $ 2,329.25 | $ 4,192.65 | $ 18,168.15
Interior Ceiling Finish, Hard Tile Ceiling w/ ACT, Replace 4200 SF S 8.75 36,750.00 3,675.00 4,042.50 44,467.50 4,446.75 48,914.25 9,782.85 17,609.13 76,306.23
Sink/Lavatory, Vanity Top, Stainless Steel, Replace 3 EA $ 1,925.00 5,775.00 577.50 635.25 6,987.75 698.78 7,686.53 1,537.31 2,767.15 11,990.98
Furnace, 80 MBH, Replace 2 EA $ 11,666.67 23,333.34 2,333.33 2,566.67 28,233.34 2,823.33 31,056.68 6,211.34 11,180.40 48,448.41
Lighting System, Interior, Medium Density & Standard Fixtures, Replace 379 SF$ 15.00 56,850.00 5,685.00 6,253.50 68,788.50 6,878.85 75,667.35 15,133.47 27,240.25 118,041.07
Fire Alarm System, Standard Addressable, Update 3790 SF$ 10.00 37,900.00 3,790.00 4,169.00 45,859.00 4,585.90 50,444.90 10,088.98 18,160.16 78,694.04
Storage Cabinetry, Stock Hardwood, Replace 50 LF § 875.00 43,750.00 4,375.00 4,812.50 52,937.50 5,293.75 58,231.25 11,646.25 20,963.25 90,840.75
Building Subtotal $ 213,108.34 $ 21,310.83 $ 23,441.92 | $ 257,861.09 | $ 25,786.11 | $ 283,647.20 $ 56,729.44 | $ 102,112.99 | $ 442,489.63
Kindergarten Building (Classrooms 1-5)
Toilet Partitions, Wood, Replace 3 EA $ 2,187.00 | $ 6,561.00 $ 656.10 $ 72171 $ 7,938.81 | $ 793.88 [ $ 873269 $ 1,746.54 | $ 3,143.77 | $ 13,623.00
Water Heater, 19 GAL, Replace 1 EA $ 3,325.00 3,325.00 332,50 365.75 4,023.25 402.33 4,425.58 885.12 1,593.21 6,903.90
Furnace, 60 MBH, Replace 1 EA § 8,750.00 8,750.00 875.00 962.50 10,587.50 1,058.75 11,646.25 2,329.25 4,192.65 18,168.15
Furnace, 80 MBH, Replace 1 EA $ 11,666.67 11,666.67 1,166.67 1,283.33 14,116.67 1,411.67 15,528.34 3,105.67 5,590.20 24,224.21
Furnace, 80 MBH, Replace 1 EA $ 11,666.67 11,666.67 1,166.67 1,283.33 14,116.67 1,411.67 15,528.34 3,105.67 5,590.20 24,224.21
Furnace, 80 MBH, Replace 2 EA $ 11,666.67 23,333.34 2,333.33 2,566.67 28,233.34 2,823.33 31,056.68 6,211.34 11,180.40 48,448.41
Fire Alarm System, Standard Addressable, Update 6000 SF S 10.00 60,000.00 6,000.00 6,600.00 72,600.00 7,260.00 79,860.00 15,972.00 28,749.60 124,581.60
Storage Cabinetry, Stock Hardwood, Replace 60 LF $ 875.00 52,500.00 5,250.00 5,775.00 63,525.00 6,352.50 69,877.50 13,975.50 25,155.90 109,008.90
Play Structure, Medium, Replace 1 EA $ 50,000.00 50,000.00 5,000.00 5,500.00 60,500.00 6,050.00 66,550.00 13,310.00 23,958.00 103,818.00
Play Structure, Medium, Replace 1 EA $ 50,000.00 50,000.00 5,000.00 5,500.00 60,500.00 6,050.00 66,550.00 13,310.00 23,958.00 103,818.00
Play Surfaces & Sports Courts, Wood Chips, 3" Depth, Replace 4100 SF$ 1.45 5,945.00 594.50 653.95 7,193.45 719.35 7,912.80 1,582.56 2,848.61 12,343.96
Play Surfaces & Sports Courts, Wood Chips, 3" Depth, Replace 4500 SF$ 1.45 6,525.00 652.50 717.75 7,895.25 789.53 8,684.78 1,736.96 3,126.52 13,548.25
Building Subtotal $ 290,272.68 $ 29,027.27 $ 31,929.99 | $ 351,229.94 | $ 3512299 | $ 386,352.94 $ 77,270.59 | $ 139,087.06 | $ 602,710.58
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Construction Design Contingency  (2%) / Overhead &| Estimated Bid| COs| Estimated Total at 5% per year| Estimated Total
Phase |Tier 2 - District Priorities 2026 - 2030 Quantity Unit Cost /Unit Estimate 10% Profit (8%)| Amount| 10% Mod| Const. Support Costs 20%| (30%) Project
rMuIti-Purpose Room (Classrooms 6-9)
Roof, Metal, Replace 700 SF$ 40.00 | $ 28,000.00 $ 2,800.00 $ 3,080.00 | $ 33,880.00 | $ 3,388.00 | $ 37,268.00 $ 7,453.60 | $ 13,416.48 | $ 58,138.08
Interior Wall Finish, Any Surface, Prep & Paint 8600 SF$ 2.19 18,834.00 1,883.40 2,071.74 22,789.14 2,278.91 25,068.05 5,013.61 9,024.50 39,106.16
Interior Wall Finish, Vinyl, Replace 9300 SF S 438 40,734.00 4,073.40 4,480.74 49,288.14 4,928.81 54,216.95 10,843.39 19,518.10 84,578.45
Interior Floor Finish, Vinyl Tile (VCT), Replace 600 SF 8 8.75 5,250.00 525.00 577.50 6,352.50 635.25 6,987.75 1,397.55 2,515.59 10,900.89
Interior Floor Finish, Wood Strip, Refinish 650 s 21.88 14,222.00 1,422.20 1,564.42 17,208.62 1,720.86 18,929.48 3,785.90 6,814.61 29,529.99
Interior Floor Finish, Vinyl Tile (VCT), Replace 1200 SF$ 8.75 10,500.00 1,050.00 1,155.00 12,705.00 1,270.50 13,975.50 2,795.10 5,031.18 21,801.78
Interior Ceiling Finish, Any Flat Surface, Prep & Paint 1600 SF$ 2.41 3,856.00 385.60 424.16 4,665.76 466.58 5,132.34 1,026.47 1,847.64 8,006.44
Interior Ceiling Finish, Hard Tile Ceiling w/ ACT, Replace 2400 SF S 8.75 21,000.00 2,100.00 2,310.00 25,410.00 2,541.00 27,951.00 5,590.20 10,062.36 43,603.56
Wheelchair Lift, 5' Rise, Renovate 1 EA $ 26,250.00 26,250.00 2,625.00 2,887.50 31,762.50 3,176.25 34,938.75 6,987.75 12,577.95 54,504.45
Commercial Kitchen, Icemaker, Tabletop, Replace 1 EA $ 4,038.08 4,038.08 403.81 444.19 4,886.08 488.61 5,374.68 1,074.94 1,934.89 8,384.51
Commercial Kitchen, Freezer, 2-Door Reach-In, Replace 1 EA $ 8,237.67 8,237.67 823.77 906.14 9,967.58 996.76 10,964.34 2,192.87 3,947.16 17,104.37
Commercial Kitchen, Icemaker, Freestanding, Replace 1 EA $ 10,822.04 10,822.04 1,082.20 1,190.42 13,094.67 1,309.47 14,404.14 2,880.83 5,185.49 22,470.45
Commercial Kitchen, Range/Oven, 4-Burner w/ Griddle, Replace 1 EA $ 10,822.04 10,822.04 1,082.20 1,190.42 13,094.67 1,309.47 14,404.14 2,880.83 5,185.49 22,470.45
Commercial Kitchen, Warmer/Warming Drawers, Set of 4, Replace 1 EA $ 9,206.81 9,206.81 920.68 1,012.75 11,140.24 1,114.02 12,254.26 2,450.85 4,411.54 19,116.65
Commercial Kitchen, Refrigerator, 2-Door Reach-In, Replace 1 EA S 7,430.06 7,430.06 743.01 817.31 8,990.37 899.04 9,889.41 1,977.88 3,560.19 15,427.48
Commercial Kitchen, Food Warmer, Replace 1 EA $ 2,745.89 2,745.89 274.59 302.05 3,322.53 33225 3,654.78 730.96 1,315.72 5,701.46
Commercial Kitchen, 10 LF, Replace 1 EA $ 7,268.54 7,268.54 726.85 799.54 8,794.93 879.49 9,674.43 1,934.89 3,482.79 15,092.11
Commercial Kitchen, Range, 2-Burner, Replace 1 EA s 2,745.89 2,745.89 274.59 302.05 3,322.53 332.25 3,654.78 730.96 1,315.72 5,701.46
Building Subtotal $ 231,963.02 $ 23,196.30 $ 25,515.93 | $ 280,675.25 | $ 28,067.53 | $ 308,742.78 $ 61,748.56 | $ 111,147.40 | $ 481,638.74
Upper Campus (Classrooms 18-28)
Window, Steel 24 SF, 3+ Stories, Replace 62 EA $ 3,150.00 | $ 195,300.00 $ 19,530.00 $ 21,483.00 | $ 236,313.00 | $ 23,631.30 | $ 259,944.30 $ 51,988.86 | $ 93,579.95 | $ 405,513.11
Window, Steel 12 SF, 1-2 Stories, Replace 18 EA $ 1,575.00 28,350.00 2,835.00 3,118.50 34,303.50 3,430.35 37,733.85 7,546.77 13,584.19 58,864.81
Toilet Partitions, Metal, Replace 2 EA $ 2,187.50 4,375.00 437.50 481.25 5,293.75 529.38 5,823.13 1,164.63 2,096.33 9,084.08
Interior Wall Finish, Any Surface, Prep & Paint 540 SF$ 2.19 1,182.60 118.26 130.09 1,430.95 143.09 1,574.04 314.81 566.65 2,455.50
Interior Floor Finish, Vinyl Tile (VCT), Replace 60 SF $ 8.75 525.00 52.50 57.75 635.25 63.53 698.78 139.76 251.56 1,090.09
Interior Floor Finish, Carpet Commercial Standard, Replace 240 SF S 8.75 2,100.00 210.00 231.00 2,541.00 254.10 2,795.10 559.02 1,006.24 4,360.36
Interior Floor Finish, Carpet Commercial Standard, Replace 10800 SF$ 8.75 94,500.00 9,450.00 10,395.00 114,345.00 11,434.50 125,779.50 25,155.90 45,280.62 196,216.02
Interior Ceiling Finish, Structure and Gypsum Board, Prep & Paint
800 SF S 2.41 1,928.00 192.80 212.08 2,332.88 233.29 2,566.17 513.23 923.82 4,003.22
Service Sink, Floor, Replace 1 EA § 1,400.00 1,400.00 140.00 154.00 1,694.00 169.40 1,863.40 372.68 670.82 2,906.90
Sink/Lavatory, Vanity Top, Stainless Steel, Replace 12 EA § 1,938.28 23,259.36 2,325.94 2,558.53 28,143.83 2,814.38 30,958.21 6,191.64 11,144.95 48,294.80
Drinking Fountain, Outside/Site Style, Replace 1 EA $ 5,814.83 5,814.83 581.48 639.63 7,035.94 703.59 7,739.54 1,547.91 2,786.23 12,073.68
Furnace, 110 MBH, Replace 1 EA ¢ 16,041.67 16,041.67 1,604.17 1,764.58 19,410.42 1,941.04 21,351.46 4,270.29 7,686.53 33,308.28
Lighting System, Interior, Low Density & Standard Fixtures, Replace
1980 SF s 14.00 | $ 27,720.00 $ 2,772.00 $ 3,049.20 | $ 33,541.20 | $ 3,354.12 | $ 36,89532 $ 7,379.06 | $ 13,282.32 | $ 57,556.70
Building Subtotal $ 402,496.46 $ 40,249.65 $ 44,274.61 | $ 487,020.72 | $ 48,702.07 | $ 535,722.79 $ 107,144.56 | $ 192,860.20 | $ 835,727.55
Nevada Street Campus Street Campus Site
Parking Lots, Asphalt Pavement, Seal & Stripe 5200 SF$ 250 $ 13,000.00 $ 1,300.00 $ 1,430.00 | $ 15,730.00 | $ 1,573.00 | $ 17,303.00 $ 3,460.60 | $ 6,229.08 | $ 26,992.68
Parking Lots, Asphalt Pavement, Seal & Stripe 6200 SF$ 2.50 15,500.00 1,550.00 1,705.00 18,755.00 1,875.50 20,630.50 4,126.10 7,426.98 32,183.58
Parking Lots, Asphalt Pavement, Seal & Stripe 12800 SF$ 2.50 32,000.00 3,200.00 3,520.00 38,720.00 3,872.00 42,592.00 8,518.40 15,333.12 66,443.52
Parking Lots, Asphalt Pavement, Seal & Stripe 37500 SF S 2.50 93,750.00 9,375.00 10,312.50 113,437.50 11,343.75 124,781.25 24,956.25 44,921.25 194,658.75
Parking Lots, Asphalt Pavement, Seal & Stripe 1200 SF$ 250]$ 3,000.00 $ 300.00 $ 330.00 | $ 3,630.00 | $ 363.00 | $ 3,993.00 $ 798.60 | $ 1,437.48 | $ 6,229.08
Signage, Property, Monument/Pylon, Replace 2 EA $ 20,000.00 40,000.00 4,000.00 4,400.00 48,400.00 4,840.00 53,240.00 10,648.00 19,166.40 83,054.40
Play Structure, Very Small, Replace 1 EA $ 25,000.00 25,000.00 2,500.00 2,750.00 30,250.00 3,025.00 33,275.00 6,655.00 11,979.00 51,909.00
Play Surfaces & Sports Courts, Wood Chips, 3" Depth, Replace
1800 SF s 1.45 2,610.00 261.00 287.10 3,158.10 315.81 3,473.91 694.78 1,250.61 5,419.30
Subtotal $ 224,860.00 $ 22,486.00 $ 24,734.60 | $ 272,080.60 | $ 27,208.06 | $ 299,288.66 $ 59,857.73 | $ 107,743.92 | $ 466,890.31
k | - Tier 2 S 1,450,723.50 $ 145,072.35 S 159,579.59 | $ 1,755,375.44 | $ 175,537.54 | $ 1,930,912.98 $ 386,182.60 | $ 695,128.67 | $  3,012,224.25
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Bonds & Insurance| COs| 5 year Escalation|

Construction Design Contingency  (2%) / Overhead & Estimated Bid| 5% New| Estimated Total at 5% per year| Estimated Total

Phase |[Tier 3 -Site-Specific Impact Projects: Scheme 1 Quantity  Unit Cost /Unit Estimate 10% Profit (8%)| Amount (2025) 10% Mod Const. Support Costs 20%) (25%) Project
School Administration Office 3,800 sf $ 540.00 | $ 2,052,000.00 $ 205,200.00 $ 225,720.00 | $ 2,482,920.00 | $ 124,146.00 | $ 2,607,066.00 $ 521,413.20 | $ 938,543.76 | $ 4,067,022.96
Visitor Parking 23,900 sf $ 20.00 478,000.00 47,800.00 52,580.00 578,380.00 28,919.00 607,299.00 121,459.80 218,627.64 947,386.44
Parent Resource Center 2,700 ea $ 540.00 1,458,000.00 145,800.00 160,380.00 1,764,180.00 88,209.00 1,852,389.00 370,477.80 666,860.04 2,889,726.84
New Classroom Building 3,500 sf $ 540.00 1,890,000.00 189,000.00 207,900.00 2,286,900.00 114,345.00 2,401,245.00 480,249.00 864,448.20 3,745,942.20
Emergency Vehicle Access Paving and Pedestrian Paths 39,000 sf $ 40.00 1,560,000.00 156,000.00 171,600.00 1,887,600.00 94,380.00 1,981,980.00 396,396.00 713,512.80 3,091,888.80
Play Structures 2 ea $ 60,000.00 120,000.00 12,000.00 13,200.00 145,200.00 7,260.00 152,460.00 30,492.00 54,885.60 237,837.60
Lunch Shelter 30'x 4 0' (Sprinklered) 1,200 sf $ 100.00 120,000.00 12,000.00 13,200.00 145,200.00 7,260.00 152,460.00 30,492.00 54,885.60 237,837.60
Synthetic Multi-Use / Soccer Field 23,100 sf $ 40.00 924,000.00 92,400.00 101,640.00 1,118,040.00 55,902.00 1,173,942.00 234,788.40 422,619.12 1,831,349.52
Maintenance and Opperations Garage 3,500 sf $ 340.00 1,190,000.00 119,000.00 130,900.00 1,439,900.00 71,995.00 1,511,895.00 302,379.00 544,282.20 2,358,556.20
Stream Daylighting 375 If $ 1,200.00 450,000.00 45,000.00 49,500.00 544,500.00 27,225.00 571,725.00 114,345.00 205,821.00 891,891.00
Lower Campus - Modernization & Reverse classroom orientation* 2,700 sf $ 270.00 | $ 729,000.00 $ 72,900.00 $ 80,190.00 | $ 882,090.00 | $ 88,209.00 | $ 970,299.00 $ 194,059.80 | $ 349,307.64 | $ 1,513,666.44
Lower Campus - Roof and Gutters 2,700 sf $ 30.00 81,000.00 8,100.00 8,910.00 98,010.00 9,801.00 107,811.00 21,562.20 38,811.96 168,185.16
Upper Classroom - Modernization** 14,520 sf $ 400.00 5,808,000.00 580,800.00 638,880.00 7,027,680.00 702,768.00 7,730,448.00 1,546,089.60 2,782,961.28 12,059,498.88
Upper Campus - Roof and Gutters 14,520 sf $ 30.00 435,600.00 43,560.00 47,916.00 527,076.00 52,707.60 579,783.60 115,956.72 208,722.10 904,462.42
Baseball Field Rehab 35,000 sf $ 20.00 700,000.00 70,000.00 77,000.00 847,000.00 84,700.00 931,700.00 186,340.00 335,412.00 1,453,452.00
Slurry Coat and Seal Parking Lot and Driveway 20,000 sf $ 20.00 400,000.00 40,000.00 44,000.00 484,000.00 48,400.00 532,400.00 106,480.00 191,664.00 830,544.00
Tier 3 - Site-Specific Impact Projects: Scheme 1 Subtotal S 18,395,600.00 $ 1,839,560.00 $ 2,023,516.00 | $ 22,258,676.00 | S  1,606,226.60 | $ 23,864,902.60 $  4,772,980.52 | $  8,591,364.94 | $  37,229,248.06
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Bonds & Insurance] COs| 5 year Escalation|

Construction Design Contingency  (2%) / Overhead & Estimated Bid| 5% New| Estimated Total at 5% per year| Estimated Total

Phase [|Tier 3 -Site-Specific Impact Projects: Scheme 2 Estimate 10% Profit (8%) Amount (2025) 10% Mod| Const. Support Costs 20%) (25%) Project
School Administration Office 4,400 sf $ 540.00 [ $ 2,376,000.00 $ 237,600.00 $ 261,360.00 | $ 2,874,960.00 | $ 143,748.00 | $ 3,018,708.00 $ 603,741.60 | $ 1,086,734.88 | $ 4,709,184.48
Visitor Parking 44,300 sf $ 20.00 886,000.00 88,600.00 97,460.00 1,072,060.00 53,603.00 1,125,663.00 225,132.60 405,238.68 1,756,034.28
Parent Resource Center 3,300 sf $ 540.00 1,782,000.00 178,200.00 196,020.00 2,156,220.00 107,811.00 2,264,031.00 452,806.20 815,051.16 3,531,888.36
Multi-Purpose Room 11,600 sf $ 600.00 | $ 6,960,000.00 $ 696,000.00 $ 765,600.00 | $ 8,421,600.00 | $ 421,080.00 | $ 8,842,680.00 $ 1,768,536.00 | $ 3,183,364.80 | $ 13,794,580.80
Classrooms Building (South) 3,100 sf $ 540.00 1,674,000.00 167,400.00 184,140.00 2,025,540.00 101,277.00 2,126,817.00 425,363.40 765,654.12 3,317,834.52
Teacher Workroom 900 sf $ 540.00 486,000.00 48,600.00 53,460.00 588,060.00 29,403.00 617,463.00 123,492.60 222,286.68 963,242.28
Classroom Building (North) 3,000 sf $ 540.00 1,620,000.00 162,000.00 178,200.00 1,960,200.00 98,010.00 2,058,210.00 411,642.00 740,955.60 3,210,807.60
Emergency Vehicle Access Paving and Pedestrian Paths 26,150 sf $ 40.00 1,046,000.00 104,600.00 115,060.00 1,265,660.00 63,283.00 1,328,943.00 265,788.60 478,419.48 2,073,151.08
Play Structures 1 ea $ 60,000.00 60,000.00 6,000.00 6,600.00 72,600.00 3,630.00 76,230.00 15,246.00 27,442.80 118,918.80
Two Lunch Shelters (20" x 20') (Non-Sprinklered) 800 sf $ 75.00 60,000.00 6,000.00 6,600.00 72,600.00 3,630.00 76,230.00 15,246.00 27,442.80 118,918.80
Maintenance and Operations Garage 3,500 sf $ 340.00 1,190,000.00 119,000.00 130,900.00 1,439,900.00 71,995.00 1,511,895.00 302,379.00 544,282.20 2,358,556.20
Stream Daylighting 250 If $ 1,200.00 300,000.00 30,000.00 33,000.00 363,000.00 18,150.00 381,150.00 76,230.00 137,214.00 594,594.00
Lower Campus - Modernization & Reverse classroom orientation* 2,700 sf $ 270.00 | $ 729,000.00 $ 72,900.00 $ 80,190.00 | $ 882,090.00 | $ 88,209.00 | $ 970,299.00 $ 194,059.80 | $ 349,307.64 | $ 1,513,666.44
Lower Campus - Roof and Gutters 2,700 sf $ 30.00 81,000.00 8,100.00 8,910.00 98,010.00 9,801.00 107,811.00 21,562.20 38,811.96 168,185.16
Upper Classroom - Modernization** 14,100 sf $ 400.00 5,640,000.00 564,000.00 620,400.00 6,824,400.00 682,440.00 7,506,840.00 1,501,368.00 2,702,462.40 11,710,670.40
Upper Campus - Reverse Classroom Orientation 3,600 sf $ 270.00 972,000.00 97,200.00 106,920.00 1,176,120.00 117,612.00 1,293,732.00 258,746.40 465,743.52 2,018,221.92
Upper Campus - Roof and Gutters 14,520 sf $ 30.00 435,600.00 43,560.00 47,916.00 527,076.00 52,707.60 579,783.60 115,956.72 208,722.10 904,462.42
Upper Campus - Self Supporting Walkway 775 sf $ 50.00 38,750.00 3,875.00 4,262.50 46,887.50 4,688.75 51,576.25 10,315.25 18,567.45 80,458.95
New Elevator & Tower 1 ea $  500,000.00 500,000.00 50,000.00 55,000.00 605,000.00 60,500.00 665,500.00 133,100.00 239,580.00 1,038,180.00
Baseball Field Rehab 35,000 sf $ 20.00 700,000.00 70,000.00 77,000.00 847,000.00 84,700.00 931,700.00 186,340.00 335,412.00 1,453,452.00
Slurry Coat and Seal Parking Lot and Driveway 20,000 sf $ 20.00 400,000.00 40,000.00 44,000.00 484,000.00 48,400.00 532,400.00 106,480.00 191,664.00 830,544.00
Tier 3 - Site-Specific Impact Projects: Scheme 2 Subtotal S 27,936,350.00 $ 2,793,635.00 $ 3,072,998.50 | $ 33,802,983.50 | S 2,264,678.35| $ 36,067,661.85 S 7,213,532.37 | $  12,984,358.27 | $ 56,265,552.49

schedule, budgets, and bond implementation.

Notes:

* Classroom Modifications including Paint, Replace Flooring.

** Classroom Modernization including Paint, Replace Flooring, Casework, Building Systems, Siding, Walkways, and Technology.

Note: This cost model is not a detailed estimate, it is intended as a guide to show the magnitude of each project to inform decisions about
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Contractors Bonds &| COs|
Construction Design C O d Bid| 5% New|
Phase Tier 1 - Basic Upgrades/Code Requirements Quantity Unit  Cost /Unit Estimate 10% & Profit] Amount (2022)| 10% Mod| Estimated Total Const.  Support Costs 20%] Escalation (2) years 10%] Estimated Total Project
Signage 1 IS S 8,000.00 | $ 8,000.00 $ 800.00 $ 880.00 | S 9,680.00 | $ 968.00 | S 10,648.00 $ 2,129.60 | $ 1,277.76 | $ 14,055.36
ADA Projects 1 IS S 30,000.00 30,000.00 3,000.00 3,300.00 36,300.00 3,630.00 39,930.00 7,986.00 4,791.60 52,707.60
Filtered Bottle Drinking Fountains 4 ea s 4,250.00 17,000.00 1,700.00 1,870.00 20,570.00 2,057.00 22,627.00 4,525.40 2,715.24 29,867.64
[ADA Drinking Fountains & Bottle Fillers 1 e $ 6,666.00 6,666.00 666.60 733.26 8,065.86 806.59 8,872.45 1,774.49 1,064.69 11,711.63
Subtotal - Tier 1 S 61,666.00 $ 6,166.60 $ 6,783.26 | $ 74,615.86 | S 7,461.59 | $ 82,077.45 $ 16,415.49 | $ 9,849.29 | $ 108,342.23
Tier 2 - District Priorities: 2020-2025
BMLK Middle School Building:
|Exterior Wall, Any Painted Surface, 1-2 Stories, Prep &
Paint 21,600 sf S 485|S 104,760.00 S 10,476.00 $ 11,523.60 | $ 126,759.60 | S 12,675.96 | $ 139,435.56 S 27,887.11 ) $ 16,732.27 | $ 184,054.94
Overhead/Dock Door, Automatic Opener Commercial,
Replace 1 ea $ 8,750.00 8,750.00 875.00 962.50 10,587.50 1,058.75 11,646.25 2,329.25 1,397.55 15,373.05
Interior Wall Finish, Any Surface, Prep & Paint 4,720 sf S 2.63 12,413.60 1,241.36 1,365.50 15,020.46 1,502.05 16,522.50 3,304.50 1,982.70 21,809.70
Interior Floor Finish, Any Surface w/ Paint or Sealant,
Prep & Paint 8,400 sf S 3.50 29,400.00 2,940.00 3,234.00 35,574.00 3,557.40 39,131.40 7,826.28 4,695.77 51,653.45
Interior Floor Finish, Any Surface w/ Epoxy Coating, Prep
& Paint 400 sf S 26.25 10,500.00 1,050.00 1,155.00 12,705.00 1,270.50 13,975.50 2,795.10 1,677.06 18,447.66
Interior Floor Finish, Wood Parquet, Refinish 3,500 sf $ 17.50 61,250.00 6,125.00 6,737.50 74,112.50 7,411.25 81,523.75 16,304.75 9,782.85 107,611.35
Interior Floor Finish, Carpet Commercial Standard,
Replace 2,500 sf S 8.75 21,875.00 2,187.50 2,406.25 26,468.75 2,646.88 29,115.63 5,823.13 3,493.88 38,432.63
Packaged Unit (RTU), 6 Ton, Replace 1 ea S 21,000.00 21,000.00 2,100.00 2,310.00 25,410.00 2,541.00 27,951.00 5,590.20 3,354.12 36,895.32
Packaged Unit (RTU), 8 Ton, Replace 1 ea S 28,000.00 28,000.00 2,800.00 3,080.00 33,880.00 3,388.00 37,268.00 7,453.60 4,472.16 49,193.76
Package Unit (RTU), 8 Ton, Replace 1 ea S 28,000.00 28,000.00 2,800.00 3,080.00 33,880.00 3,388.00 37,268.00 7,453.60 4,472.16 49,193.76
Fire Alarm Control Panel, Addressable, Replace i ea S 24,228.45 24,228.45 2,422.85 2,665.13 29,316.42 2,931.64 32,248.07 6,449.61 3,869.77 42,567.45
Fire Alarm System, Standard Addressable, Install 28,500 SF S 10.00 285,000.00 28,500.00 31,350.00 344,850.00 34,485.00 379,335.00 75,867.00 45,520.20 500,722.20
Commercial Kitchen, Freezer, 1-Door Reach in, Replace 1 ea S 5,007.21 5,007.21 500.72 550.79 6,058.72 605.87 6,664.60 1,332.92 799.75 8,797.27
Commercial Kitchen, Freezer, 1-Door Reach in, Replace 1 ea S 5,007.21 5,007.21 500.72 550.79 6,058.72 605.87 6,664.60 1,332.92 799.75 8,797.27
Commercial Kitchen, Refrigerator, 2 door Reach-In,
Replace 1 ea $ 7,430.06 7,430.06 743.01 817.31 8,990.37 899.04 9,889.41 1,977.88 1,186.73 13,054.02
Building Subtotal S 652,621.53 S 65,262.15 $ 71,78837 | $ 789,672.05 | S 78,967.21 | $ 868,639.26 S 173,727.85 | S 104,236.71 | $ 1,146,603.82
Modular Building
Exterior Wall, Any Painted Surface, 1-2 Stories, Prep &
Paint 4,300 SF S 48513 20,855.00 $ 2,085.50 $ 2,294.05 | $ 25,234.55 | $ 2,523.46 | $ 27,758.01 $ 5,551.60 | $ 3,330.96 | $ 36,640.57
Interior Wall Finish, Panel Walls, Prep & Paint 9,800 SF S 2.63 25,774.00 2,577.40 2,835.14 31,186.54 3,118.65 34,305.19 6,861.04 4,116.62 45,282.86
Interior Floor Finish, Vinyl Tile (VCT), Replace 4,400 SF S 8.75 38,500.00 3,850.00 4,235.00 46,585.00 4,658.50 51,243.50 10,248.70 6,149.22 67,641.42
\Water Heater, Instant Hot, Electric, Replace 3 EA $ 875.00 2,625.00 262.50 288.75 3,176.25 317.63 3,493.88 698.78 419.27 4,611.92
Fire Extinguisher, Type ABC, Up to 20 LB, Replace 4 EA S 437.50 1,750.00 175.00 192.50 2,117.50 211.75 2,329.25 465.85 279.51 3,074.61
Building Subtotal 5 89,504.00 $ 8,950.40 $ 9,845.44 | $ 108,299.84 | $ 10,829.98 | $ 119,129.82 $ 23,825.96 | $ 14,295.58 | $ 157,251.37
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Contractors Bonds & COs|
Construction Design Contingency Insurance, Overhead| Estimated Bid| 5% New|
Phase Tier 2 - District Pri : 2025-2030 Quantity Unit  Cost /Unit Estimate 10% & Profit] Amount (2026)| 10% Mod] Estimated Total Const. Support Costs 20%| Escalation (6) years 30%| Estimated Total Project
BMLK Site
'T’arking Lots & Drive Aisles, Asphalt Pavement, Mill &
Overlay 12,000 SF S 8.75]1S 105,000.00 $ 10,500.00 $ 11,550.00 | $ 127,050.00 | $ 12,705.00 | $ 139,755.00 $ 27,951.00 | $ 16,770.60 | $ 184,476.60
Play Surfaces & Sports Courts, Asphalt, Seal & Stripe 11,000 SF $ 4.38 48,180.00 4,818.00 5,299.80 58,297.80 5,829.78 64,127.58 12,825.52 7,695.31 84,648.41
Play Surfaces & Sports Courts, Asphalt, Seal & Stripe 950 SF$ 438 4,161.00 416.10 457.71 5,034.81 503.48 5,538.29 1,107.66 664.59 7,310.54
Site Subtotal S 157,341.00 $ 15,734.10 $ 17,307.51 | $ 190,382.61 | $ 19,038.26 | $ 139,755.00 $ 41,884.17 | $ 25,130.50 | $ 276,435.55
Tier 2 - Phase 1 - Subtotal $ 1,127,524.08 $ 239,437.99 | $ 143,662.79 | $ 1,580,290.74
BMLK Middle School Building:
Emergency Vehicle Accesstor Cab Finishes, Standard w,
Stainless Steel Door, Replace 1 ea 5 17,500.00 | $ 17,500.00 $ 1,750.00 $ 1,925.00 | $ 21,175.00 | $ 2,117.50 | $ 23,29250 $ 4,658.50 | $ 2,795.10 | $ 30,746.10
Milk Dispenser, Interior Type, Replace 1 ea S 5,814.83 5,814.83 581.48 639.63 7,035.94 703.59 7,739.54 1,547.91 928.74 10,216.19
Exhaust Fan, 2673 CFM, Replace il ea $ 14,033.25 14,033.25 1,403.33 1,543.66 16,980.23 1,698.02 18,678.26 3,735.65 2,241.39 24,655.30
Furnace, 80 MBH, Replace il ea $ 11,666.67 11,666.67 1,166.67 1,283.33 14,116.67 1,411.67 15,528.34 3,105.67 1,863.40 20,497.41
Furnace, 120 MBH, Replace 1 ea S 17,500.00 17,500.00 1,750.00 1,925.00 21,175.00 2,117.50 23,292.50 4,658.50 2,795.10 30,746.10
Fire Extinguisher, Type ABC, Up to 20 LB, Replace 10 ea $ 437.50 4,375.00 437.50 481.25 5,293.75 529.38 5,823.13 1,164.63 698.78 7,686.53
Fire Suppression System, Commercial Kitchen (per LF of
Hood), Replace 6 LF $ 1,750.00 10,500.00 1,050.00 1,155.00 12,705.00 1,270.50 13,975.50 2,795.10 1,677.06 18,447.66
Variable Frequency Drive (VFD), 5 HP, Replace/ Install 1 ea 5 8,750.00 8,750.00 875.00 962.50 10,587.50 1,058.75 11,646.25 2,329.25 1,397.55 15,373.05
Lighting System, Interior, Medium Density & Standard
Fixtures, Replace 28,500 SF S 26.25 748,125.00 74,812.50 82,293.75 905,231.25 90,523.13 995,754.38 199,150.88 119,490.53 1,314,395.78
Commercial Kitchen, Freezer, 2-Door Reach in, Replace 1 ea S 8,237.96 8,237.96 823.80 906.18 9,967.93 996.79 10,964.72 2,192.94 1,315.77 14,473.44
Commercial Kitchen, Food Warmer, Replace 1 ea S 4,805.31 4,805.31 480.53 528.58 5,814.43 581.44 6,395.87 1,279.17 767.50 8,442.55
Commercial Kitchen, 5 LF, Replace 1 ea S 9,327.96 9,327.96 932.80 1,026.08 11,286.83 1,128.68 12,415.51 2,483.10 1,489.86 16,388.48
Storage Cabinetry, Stock Hardwood, Replace 12 LF S 875.00 10,500.00 1,050.00 1,155.00 12,705.00 1,270.50 13,975.50 2,795.10 1,677.06 18,447.66
Building Signage, Individual Letters, Replace 43 ea $ 316.75 13,620.25 1,362.03 1,498.23 16,480.50 1,648.05 18,128.55 3,625.71 2,175.43 23,929.69
Building Subtotal S 884,756.23 $ 88,475.62 $ 97,323.19 | $ 1,070,555.04 | $ 107,055.50 | $ 1,177,610.54 $ 235,522.11 | $ 141,313.27 | $ 1,554,445.92
Building
Condensing Units/Heat Pump, 4 Ton, Replace 1 EA $ 14,000.00 | $ 14,000.00 $ 1,400.00 $ 1,540.00 | $ 16,940.00 | $ 1,694.00 | $ 18,634.00 $ 3,726.80 | $ 2,236.08| $ 24,596.88
Condensing Units/Heat Pump, 5 Ton, Replace 1 EA S 17,500.00 17,500.00 1,750.00 1,925.00 21,175.00 2,117.50 23,292.50 4,658.50 2,795.10 30,746.10
Condensing Units/Heat Pump, 4 Ton, Replace 1 EA S 14,000.00 14,000.00 1,400.00 1,540.00 16,940.00 1,694.00 18,634.00 3,726.80 2,236.08 24,596.88
Condensing Units/Heat Pump, 4 Ton, Replace 1 EA S 14,000.00 14,000.00 1,400.00 1,540.00 16,940.00 1,694.00 18,634.00 3,726.80 2,236.08 24,596.88
Fire Alarm System, Standard Addressable, Install 4490 SF S 17.50 78,575.00 7,857.50 8,643.25 95,075.75 9,507.58 104,583.33 20,916.67 12,550.00 138,049.99
Building Subtotal S 138,075.00 $ 13,807.50 $ 15,188.25 | $ 167,070.75 | $ 16,707.08 | $ 183,777.83 S 36,755.57 | $ 22,053.34 | $ 242,586.73
BMLK Site
Drinking Fountain, Outside/Site Style, Replace 1 EA S 4,200.00 | $ 4,200.00 $ 42000 $ 462.00 | $ 5,082.00 | $ 508.20 | $ 5,590.20 $ 1,118.04 | $ 670.82 | $ 7,379.06
Play Surfaces & Sports Courts, Wood Chips, 3" Depth,
Replace 3,000 SF S 1.75 5,250.00 525.00 577.50 6,352.50 635.25 6,987.75 1,397.55 838.53 9,223.83
Stadium/Football Field Lighting, 4 Poles with Fixtures at
Corners or Sides, Foundations, Poles, Power Supply
Competition Grade at 200 Lux, Replace 2 [ 403,807.50 807,615.00 80,761.50 88,837.65 977,214.15 97,721.42 1,074,935.57 214,987.11 128,992.27 1,418,914.95
Subtotal S 817,065.00 $ 81,706.50 $ 89,877.15 | $ 988,648.65 | S 98,864.87 | $ 1,087,513.52 $ 217,502.70 | $ 130,501.62 | $ 1,435,517.84
Phase 2 - Subtotal - Tier 2 $ 1,839,896.23 S 183,989.62 S 202,388.59 | $ 2,226,274.44 | S  222,627.44|$  2,448,901.88 S  489,780.38 | S 293,868.23 | $ 3,232,550.48

Note: This cost model is not a detailed estimate, it is intended as a guide to show the magnitude of each project to inform decisions about
schedule, budgets, and bond implementation.
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Contractors Bonds &] COs|
Tier 3 - Site-Specific Impact Projects: Scheme 1 New C Design C Overhead| Estimated Bid| 5% New| 5 year escalation 5%

Phase |Construction Quantity Unit  Cost /Unit Estimate 20% & Profit] Amount (2025) 10% Mod.| Estimated Total Const.  Support Costs 20%] peryear| Estimated Total Project
Classroom Building (8 Classrooms) 7,680 sf S 540.00 | $ 4,147,200.00 $ 829,440.00 $ 497,664.00 | $ 5,474,304.00 | $ 273,715.20 | $ 5,748,019.20 $ 1,149,603.84 | $ 689,762.30 | $ 7,587,385.34
Synthetic Athletic Field 123,000 sf $ 40.00 4,920,000.00 984,000.00 590,400.00 6,494,400.00 324,720.00 6,819,120.00 1,363,824.00 818,294.40 9,001,238.40
Gymnasium 9,700 sf $ 570.00 5,529,000.00 1,105,800.00 663,480.00 7,298,280.00 364,914.00 7,663,194.00 1,532,638.80 919,583.28 10,115,416.08
Dance Classroom 1,300 sf $ 570.00 741,000.00 148,200.00 88,920.00 978,120.00 48,906.00 1,027,026.00 205,405.20 123,243.12 1,355,674.32
Library Expansion 1,100 sf $ 540.00 594,000.00 118,800.00 71,280.00 784,080.00 39,204.00 823,284.00 164,656.80 98,794.08 1,086,734.88
Parking Lot 44,000 sf $ 20.00 880,000.00 176,000.00 105,600.00 1,161,600.00 58,080.00 1,219,680.00 243,936.00 146,361.60 1,609,977.60

Middle School Sub Total $  16,811,200.00 $  3,362,240.00 $ 2,017,344.00 | $  22,190,784.00 | $ 1,109,539.20 | $ 23,300,323.20 $ 4,660,064.64 | $ 2,796,038.78 | $ 30,756,426.62
Pre-Kindergarten Classrooms 4,900 sf $ 570.00 2,793,000.00 558,600.00 335,160.00 3,686,760.00 184,338.00 3,871,098.00 774,219.60 464,531.76 5,109,849.36
Pre-Kinder Playground 5,000 sf $ 40.00 200,000.00 40,000.00 24,000.00 264,000.00 13,200.00 277,200.00 55,440.00 33,264.00 365,904.00
Play Structures 3 ea $ 33,340.00 100,020.00 20,004.00 12,002.40 132,026.40 6,601.32 138,627.72 27,725.54 16,635.33 182,988.59
District Administration Office 6,200 sf $ 540.00 3,348,000.00 669,600.00 401,760.00 4,419,360.00 220,968.00 4,640,328.00 928,065.60 556,839.36 6,125,232.96
District Sub Total
$ 6,441,020.00 $  1,288,204.00 $ 772,922.40 | $ 8,502,146.40 | $ 425,107.32 | $ 8,927,253.72 $ 1,785,450.74 | $ 1,071,270.45 | $ 11,783,974.91
Convert Kindergarten Classroom to Middle School
Classroom 1 ea $ 360,000.00 | $ 360,000.00 $ 36,000.00 $ 39,600.00 | $ 435,600.00 | $ 43,560.00 | $ 479,160.00 $ 95,832.00 | $ 57,499.20 | $ 574,992.00
MPR Acoustics & Stage Modernization 3,700 sf $ 360.00 1,332,000.00 133,200.00 146,520.00 1,611,720.00 161,172.00 1,772,892.00 354,578.40 212,747.04 2,127,470.40
Tier 3 - Site-Specific Impact Projects: Scheme 1 Subtotal
$  48,196,440.00 $ 9,470,088.00 $ 5,766,652.80 | $ 63,433,180.80 | S 3,274,025.04 | $ 66,707,205.84 S 13,341,441.17 ] $ 8,004,864.70 | $ 87,783,265.47
[Tier 3 - Site-Specific Impact Projects: Scheme 2 New
Construction
Standard Classrooms Building 4,500 sf $ 540.00 | $ 2,430,000.00 $ 486,000.00 $ 291,600.00 | $ 3,207,600.00 | $ 160,380.00 | $ 3,367,980.00 $ 673,596.00 | $ 404,157.60 | $ 4,445,733.60
Performing Arts Classroom Complex 4,900 sf $ 550.00 2,695,000.00 539,000.00 323,400.00 3,557,400.00 177,870.00 3,735,270.00 747,054.00 448,232.40 4,930,556.40
Black Box Theater 3,800 sf $ 670.00 2,546,000.00 509,200.00 305,520.00 3,360,720.00 168,036.00 3,528,756.00 705,751.20 423,450.72 4,657,957.92
Synthetic Athletic Field 123,000 sf $ 40.00 4,920,000.00 984,000.00 590,400.00 6,494,400.00 324,720.00 6,819,120.00 1,363,824.00 818,294.40 9,001,238.40
Gymnasium 8,000 sf $ 570.00 4,560,000.00 912,000.00 547,200.00 6,019,200.00 300,960.00 6,320,160.00 1,264,032.00 758,419.20 8,342,611.20
Library Expansion 1,100 sf $ 540.00 594,000.00 118,800.00 71,280.00 784,080.00 39,204.00 823,284.00 164,656.80 98,794.08 1,086,734.88
Lunch Shelter 20' x 40' (Sprinklered) 600 sf $ 100.00 60,000.00 12,000.00 7,200.00 79,200.00 3,960.00 83,160.00 16,632.00 9,979.20 109,771.20
Parking Lot (South) 12,700 sf $ 20.00 254,000.00 50,800.00 30,480.00 335,280.00 16,764.00 352,044.00 70,408.80 42,245.28 464,698.08
Parking Lot (North) 14,800 sf $ 20.00 296,000.00 59,200.00 35,520.00 390,720.00 19,536.00 410,256.00 82,051.20 49,230.72 541,537.92
Middle School Sub Total $  18,355,000.00 $  3,671,000.00 $ 2,202,600.00 | $ 24,228,600.00 | S  1,211,430.00 | $ 25,440,030.00 $  5,088,006.00 | $ 3,052,803.60 | $ 33,580,839.60
Pre-Kindergarten Classrooms 3,500 sf $ 570.00 1,995,000.00 399,000.00 239,400.00 2,633,400.00 131,670.00 2,765,070.00 553,014.00 331,808.40 3,649,892.40
Pre-Kinder Playground 4,000 sf $ 40.00 160,000.00 32,000.00 19,200.00 211,200.00 10,560.00 221,760.00 44,352.00 26,611.20 292,723.20
Play Structures 2 sf $ 33,340.00 66,680.00 13,336.00 8,001.60 88,017.60 4,400.88 92,418.48 18,483.70 11,090.22 121,992.39
District Administration Office 6,400 sf $ 540.00 3,456,000.00 691,200.00 414,720.00 4,561,920.00 228,096.00 4,790,016.00 958,003.20 574,801.92 6,322,821.12
District Sub Total $ 5,677,680.00 $ 567,768.00 $ 624,544.80 | $ 6,869,992.80 | $ 343,499.64 | $ 7,213,492.44 $ 1,442,698.49 | $ 567,768.00 | $ 10,387,429.11
Convert Kindergarten Classroom to Middle School
Classroom 1 ea $ 360,000.00 360,000.00 72,000.00 43,200.00 475,200.00 47,520.00 522,720.00 104,544.00 62,726.40 689,990.40
IMPR Acoustics & Stage Modernization 3,700 sf S 360.00 1,332,000.00 266,400.00 159,840.00 1,758,240.00 175,824.00 1,934,064.00 386,812.80 232,087.68 2,552,964.48
Tier 3 - Site-Specific Impact Projects: Scheme 2 Subtotal S 49,757,360.00 S 9,383,704.00 $ 5,914,106.40 | $ 65,055,170.40 | S 3,364,430.52 | $ 68,419,600.92 S 13,683,920.18 ] S 7,912,501.02 | $ 91,179,492.31
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COMMUNITY INPUT AND OUTREACH

The development of the Facilities Master Plan
is an inclusive and transparent process. At
the start of the master planning process, WLC
& KDA attended several unification town

hall meetings to listen to the community and
understand the state of the school district.

After meeting with the superintendent

and school board members, and visits to
the school campuses, our process was
interrupted by the COVID-19 virus outbreak.

To provide outreach, the school staff and
community, WLC, and KDA hosted and
aftended several Zoom and Webex meetings
and circulated an email survey to both staff
and community members.

These meetings and surveys are meant to
gather information and feedback from the
community to better understand the ‘needs’
and the ‘wants’ at the various school sites,
as well as the priorities. These meetings

and surveys provided a valuable source

of information which helped assess and
develop the school site master plans.
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Staff Meetings

June 12, 2020
Bayside MLK Jr. Staff
Online Webex Meeting

June 30, 2020
Willow Creek Academy Staff
Online Webex Meeting

July 13, 2020
BMLK & WCA Staff

Online Survey
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COMMUNITY INPUT AND OUTREACH
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COMMUNITY INPUT AND OUTREACH

Note: For full results of this survey see Appendix.
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Community Meetings

July 22, 2020
Community Survey
Online Survey

July 23, 2020
Community Survey
Online Survey

July 25, 2020
Special School Board Meeting
Zoom Video Conference

July 29, 2020
Special School Board Meeting
Zoom Video Conference

July 30, 2020
Unification Town Hall
Zoom Video Conference

Aug 3, 2020
Special School Board Meeting
Zoom Video Conference
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COMMUNITY INPUT AND OUTREACH
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A large percentage of people answerd "Willow Creek Academy"
in Question 1, and most of them answered "One (1) Elementary
Campus and One (1) Middle School Campus" in Question 4.
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Bayside Martin Luther King Jr. Academy
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SITE ANALYSIS AND MASTER PLANS

Phillips Drive Campus - Bayside Martin Luther King Jr. Academy

Nevada St. Campus - Willow Creek Academy
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SITE ANALYSIS AND MASTER PLANS

Bayside Martin Luther King Jr Academy
Mission: As a community school, our mission
is to bring together and align essential
resources to support students and their
families in a safe, healthy and culturally
relevant environment. We balance a focus
on social, emaotional, creative, physical,and
academic skills to ensure that our students
have all the tools they need to be successful
throughout their lives.
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SITE ANALYSIS AND MASTER PLANS

Facility Analysis - Facility Condition Index

Facility Condition Index (FCI)

Bureau Veritas One of the major goals of the FCA is to calculate each building’s Facility Condition Index (FCI), which provides a theoretical
conducted objective indication of a building’s overall condition. By definition, the FCI is defined as the ratio of the cost of current
Physical Condition needs divided by current replacement value (CRV) of the facility. The chart below presents the industry standard ranges
Assessments. and cut-off points.
Please refer to
Volume 4 - Appendix FCI Ranges and Description
for details.
0-5% In new or well-maintained condition, with little or no visual evidence of wear or deficiencies.
5-10% Subjected to wear but is still in a serviceable and functioning condition.
10 - 30% Subjected to hard or long-term wear. Nearing the end of its useful or serviceable life.
30% and above Has reached the end of its useful or serviceable life. Renewal is now necessary.

The deficiencies and lifecycle needs identified in this assessment provide the basis for a portfolio-wide capital
improvement funding strategy. In addition to the current FCI, extended FCls have been developed to provide owners the
intelligence needed to plan and budget for the “keep-up costs” for their facilities. As such the 3-year, 5-year, and 10-year
FCls are calculated by dividing the anticipated needs of those respective time periods by current replacement value. As a
final point, the FCls ultimately provide more value when used to relatively compare facilities across a portfolio instead of
being over-analyzed and scrutinized as stand-alone values. The table below summarizes the individual findings for this

FCA:
Facility (year built) Cost/SF Total SF Replacement Current 3-Year 5-Year 10-Year
Value
Bayside Martin Luther King Jr. Academy / Annex Bulilding (1960) $750 6,160 $4,620,000 8.0% 27.0% 27.7% 27.7%
Bayside Martin Luther King Jr. Academy / Middle School Building $750 28,500 $21,375,000 0.0% 0.0% 0.2% 6.6%
Bayside Martin Luther King Jr. Academy / Modular Building (2014) $580 10,000 $5,800,000 0.0% 0.0% 0.5% 3.2%
Bayside Martin Luther King Jr. Academy / Portables (2001) $490 3,840 $1,881,600 0.0% 0.0% 0.8% 9.8%
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Assessment Graphic Plan
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Newly Constructed



SITE ANALYSIS AND MASTER PLANS

Facility Analysis - Capacity and Educational Suitability

Enrollment: Fall 2020

Grades|TK/K| 1|12 3 | 4 | 5|67 Total
TK-5 24 (16|13 17| 13 | 8 |13]| 9 115
Capacity District 325 Capacity State 388

Standards Standards

This is generally in fair condition. The school
has Wi-Fi but Wi-Fi consistency is needed.
Most classrooms are equipped with short
throw projectors and projection screens.
Most classrooms have some kind of flexible
furniture. The library houses a 3d printer and
a small coding lab.

Core Classrooms: Classrooms are in fair
condition. Classrooms have sit/stand desks
with stools and standard chairs. The size

of many classrooms is slightly undersized
compared to state standards. The classrooms
do not have learning walls, and standard
classrooms have limited built-in storage
space. Some classrooms are hot and

need cooling. Currently there are no doors
between most classrooms. Electrical outlet
locations and quantities need improvement.
The classrooms have insufficient tackable
surface.

Kindergarten: The Kindergarten classrooms
are located at the end of the modular
building closest to the south driveway. The
Kindergarten classrooms are undersized
compared to state standards, and they
lack storage rooms and workrooms. There
are no doors between the classrooms. The
kindergarten classroom is located adjacent
to the play area but not directly connected.
There are also limited outdoor drinking
fountains for the students.
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Science Room: The Science Rooms are a
standard size classroom. The first science
room is set up as a chemistry classroom with
an emergency eye wash station and fume
food, with sinks located around the perimeter
of the classroom. The second science room

is set up as an earth science classroom

with only a few sinks and storage casework
located in one corner of the classroom.

Multi-Purpose Room: The size of the
Multi-Purpose Room can allow 607 people
inside. There is a half-court basketball court
with a single ceiling mounted backstop.
The platform area Is raised 18” above the
gym floor, this platform does not have

a backstage/cross over area to support
theatrical use. There is a projection screen
for use with a portable projector, and a
built-in microphone - speaker system for
presentations.

Food Service: There is no good location for
food service deliveries on this campus. The
existing kitchen is in the back corner of the
MPR, accessed through the north entrance
off Phillips Drive. This street is narrow and is
inadequate to support a loading zone for
larger trucks. The school kitchen is too small
to support a significant growth in enrollment
and would need to be replaced if the school
reaches its capacity.

Library: The Library is currently located in a
modified classroom and serves as an ad hoc
maker space with a 3D printer and a few
computer terminals for student use. It has
standard tables and chairs and is not flexible.
The available space is currently undersized
for a school of this size and would need to be
expanded as the school enrollment grows.

Administration: The Administration has a
ood location. This space is shared by both
the School and District administration and is
undersized for the functions of both of these
offices. If the District office is moved to a
separate location, the existing space will be
adequate to serve as the School's office.
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The campus would benefit from additional
offices throughout the campus for teachers,
counselors and student success coaches.

Custodial and Maintenance: In fair
condition.

Storage: There is a general lack of storage in
the entire school.

Computer Lab: There is no dedicated
computer lab on this campus.

Lunch Shelter: There are no lunch shelters on
this campus, and the outside play areas are
generally lacking shade.

Restroom Facilities: Restrooms are in fair
condition. The exhaust fans need to be
serviced to address the permanent scent.

Outdoor Area: The outdoor play areas are
in fair condition. As the current school is set
up as a K-8, there are play structures for all
ages as well as one and a half basketball
courts. There are two drinking fountains
serving this area. There needs to be more
shade around the play areas. The school has
a large well-developed vegetable garden
in the center of the campus. Track and field
needs improvement, existing lights were
disconnected from power years ago.

Other: There is limited parking on site. Cars
often park on the driveway off Drake Avenue
which serves as a drop-off for kindergarten
and preschool students. Street parking is
available on Phillips Drive and Drake Avenue.
The two main classroom building envelopes
are in fair condition. The portable classrooms
are in poor condition. There is an abandoned
building on the south end of campus that
once served as a kindergarten and lower
grades; this building has fallen into disrepair
and has outlived its useful life.



SITE ANALYSIS AND MASTER PLANS

Staff and Community Input - Priority List

Priority 1:

e Replacement of portables

= Enrichment classrooms - Maker space,
STEAM lab, dance classroom, art
classroom, recording studio

* Library expansion

Priority 2:
e Collaborative Classrooms with flexible
furniture

e |ndoor Environmental Comfort: Window
shades/blinds, HYAC - air circulation and
filtration

= Classroom storage

e Restroom improvements

Priority 3:

= Outdoor learning space and furniture

< Administration Office improvement

= Play structures

= Security improvement, fence, door lock

Priority 4:

= Prekindergarten classrooms
e Track & field replacement
= Site lighting

Priority 5:

e Gymnasium replacement
= School District Office
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# of Votes From

# of Votes From

Bayside Martin Luther King Jr Academy Staff Community Total # of Votes
Important Site Feature:

Outdoor Learning Space 17 78 95
Security Fencing/Gates 4 26 30
Site Lighting 9 13 22
Play Yard Improvements 12 3 15
Parking Improvements 11 3 14
District Administration Improvements 8 4 12
Indoor / Classroom Features:

Flexible Furniture 6 85 91
Science Lab Improvements 2 43 45
HVAC Indoor Environment 15 20 35
Classroom Storage 5 15 20
Gymnasium Improvements 6 13 19
Kitchen Improvements 5 6 11
Classroom Acoustics 4 7 11
Restroom Improvements 9 N/A 9
Library Improvements 4 4 8
Tackable Wall Board 4 N/A 4
Music Room Improvements 2 N/A 2
Room Sighage Improvements 0 0 0
Additional Feature:

Maker Space/Tech Classroom 17 69 86
STEAM Lab N/A 46 46
Prekindergarten Classroom N/A 33 33
Solar Panels 7 21 28
Dance Classroom 1 24 25
Art Classroom 11 13 24
Field Revitalization 18 N/A 18
Audio - Video Recording Classroom 6 6 12
Community Engagement Center N/A 8 8
School Marquee Signage/Message Board 4 2 6




SITE ANALYSIS AND MASTER PLANS

Bayside Martin Luther King Jr. Academy

Staff Input
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Bayside Martin Luther King Jr. Academy

Staff Input
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Staff Input

1 Outdoor Learning Space/Furniture 1 Maker Spaces/Computer Lab

2 Site Improvements 2 STEAM Lab

3 Play Yard Improvements 3 Dance Classroom

4 Security Fencing and Gates 4 Green Screen Video & Audio Recording Space
5 Field Improvements & Lighting 5 Solar Panels/Emergency Power

6 Parking Improvements 6 Pre-Kindergarten Classrooms

7 Outdoor Drinking Fountains/Bottle Filters 7 Community Engagement Center

8 Site Lighting 8 School Marquee Signage/Message Boards

9 District Office Improvements/Relocation

1 Collaborative Classroom with Flexible Furniture

2 Science Lab Improvements

3 Art Classroom

4  Window Shade/Lighting Control & HVAC Improvements
5 Library Improvements

6 Gymnasium & M.P.R. Improvements/Replacement

7 Classroom Storage

8 Classroom Acoustics

8 Kitchen/Cafeteria Improvements

9 Room Signage Improvements
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Bayside Martin Luther King Jr. Academy

Staff Input
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SITE ANALYSIS AND MASTER PLANS

Phillips Drive Campus

DSA Approved Construction
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Legend

Annex Building
DSA A-#: 02-4158
Date Approved: 1945

DSA A-#: 01-108136
Date Approved: 2006
Date Closed: 2007

@ Portables 1-2

DSA A-#: 01-103531
Date Approved: 2001
Date Closed: 2013

DSA A-#: 01-108136
Date Approved: 2006
Date Closed: 2007

@ Portables 3-5

DSA A-#: 01-103531
Date Approved: 2001
Date Closed: 2013

DSA A-#: 01-113227
Date Approved: 2013
Date Closed: 2015

@ Middle School Building

DSA A-#: 01-109370
Date Approved: 2008
Date Closed: 2012

@ Modular Building

DSAA-#: 01-113227
Date Approved: 2013
Date Closed: 2015
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Phillips Drive Campus

Existing Site Plan
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Legend
. Classroom Space

. Office / Teacher
Support Space

. Shared Student Space
- Library, M.P.R.

. Kitchen
. Restrooms

Outdoor Play Area
I School Garden Area

. Paved Surface



SITE ANALYSIS AND MASTER PLANS

Phillips Drive Campus

Proposed Master Plan: Scheme 1

Legend
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- Modernization: $ - Modernization: $$$
- Modernization: $$ - Modernization: $$$$
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Pre-K Classroom

Pre-K Playground

Standard / Special Classrooms
(2 Story Building)

360 M Track with infield

Gymnasium & Dance Studio
Library Expansion

Existing Garden Modified
New Lunch Shelter

Field House / Maintenance
Garage

District Office

Potential Staff Housing

Classroom Moderization

Kindergarten Classrsoom
Convsersion

. Outdoor Classroom

. Modernization

. New Construction



SITE ANALYSIS AND MASTER PLANS

Proposed Master Plan: Scheme 1 - Implementation Plan*

North Classrooms: Should be constructed
first to replace portable classrooms to clear
out the southern campus for future projects,
this will also allow for minimal impact on the
existing school site for subsequent projects
by defining the middle school academic
campus area on the north side of the
campus.

Library explanation: This location is isolated
and does not benefit by phasing early or
later, however with the unification fimeline
the student enrollment will be growing

and the existing library is undersized for the
anticipated student enrollment, completing
this project early will also help define the
middle school campus.

Pre-kindergarten Classrooms: By constructing
the preK classrooms first in the southern
campus, the School District is able to define
this area as a community space and begin
to divert access to the site away from

the main middle school entrance to the
southern driveway. Additionally, construction
staging could be beneficial if this building

is constructed prior to the Administration

and Gymnasium buildings, although this

is not necessary as construction could be
staged along the Drake Street property line.
Tied into the proposed housing above the
classrooms this project could be structured in
a few different ways. The classrooms and the
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housing option above could be constructed
by a housing developer with the District
responsible for the final classroom build-out.
Or alternatively the District can design and
build the Pre-kindergarten classrooms with
the capacity to support the housing above
to be built by a developer at a later date.

Administration Building and Gymnasium:
Constructing the Administration Building will
complete the District complex, coupled with
the Pre-kindergarten classrooms. This will
define the center of the campus and define
the driveway off of Drake Street as the District
complex. Construction of this project can be
staged to the south of the project site or in
the existing field, depending on the field or
housing project timeline. If bonding capacity
is limited, the Gymnasium construction

can be limited to only the underground

work including site utilities and founding will
allow the cost of the project to be phased
depending on future bonding capacity.

Track and Athletic Fields: Constructing the
fields last provides the School District with
enough time to collaborate with community
contributors and minimize damage to the
facility during construction elsewhere on the
site.
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Housing: The majority of the housing is
isolated from the rest of the campus and can
be constructed on an independent timeline
that will provide the District and developer

a flexible schedule for completion. The
optional housing above the pre-kindergarten
classrooms could be constructed in tandem
with the pre-kindergarten classrooms, with
the developer constructing the classrooms
and the District would be tasked with

the final build out of the classrooms, or
classrooms can be designed to support the
future development and housing can be
built at a later date.

*Implementation plan is a conceptual
project timeline intended to start the
conversation. Project scope and order
may change based on available funding,
community feedback, and District priorities.



SITE ANALYSIS AND MASTER PLANS

Cost Model: Scheme 1 - Phase 1**

Estimated Total
Construction Cost

Support Costs 20%

Estimated Escalation at|
Midpoint of Construction

86

Estimated Total Project

Phase |Cost Summary (Today's Dollars) (Today's Dollars) 5% per year, (Today's Dollars)
Phillips Dr. Campus: District Phase 1 Priorities (Option 1)
Tier 1 - Basic Upgrades/Code Requirements - Subtotal S 82,077.45| S 16,415.49 [ S  9,849.29 Two Years S 108,342.23
Tier 2 - Capital Repair Projects 2020-2025 - Subtotal S 987,769.08 | S 239,437.99 | § 122,720.71 Two Years S 1,349,927.78
Tier 2 - doesn't include maintenance costs for buildings to be demolished or modernized in Tier 3
Proposed Current Bond Project List Subtotal | S 1,458,270.01
Tier 3 - Master Plan: Scheme 1
Tier 3 - Master Plan: Scheme 1 - New Construction
2-Classroom Building (8 Classrooms) S 5,748,019.20 | S 1,149,603.84 | S 689,762.30 Two Years S 7,587,385.34
5-Library Expansion S 823,284.00 | $ 164,656.80 [ S 98,794.08 Two Years S 1,086,734.88
Parking Lot S 1,219,680.00 | S 243,936.00 | S 146,361.60 Two Years S 1,609,977.60
Tier 3 - Master Plan: Scheme 1 - Modernization
11-Convert Kindergarten classroom to middle school classroom S 479,160.00 | S 95,832.00 [ $ 57,499.20 Two Years S 632,491.20
Subtotal |$  13,833,129.04
Grand Total| $ 15,291,399.04

**This cost model is not a detailed estimate, it is intended as a guide to show the magnitude of each project to inform decisions about schedule, budgets, and bond

implementation.

General Note: This does not include all proposed projects, only projects noted as a priority by the School District.
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SITE ANALYSIS AND MASTER PLANS

Phillips Drive Campus

Proposed Master Plan: Scheme 2

Legend

Pre-K Classroom & District
Admin. Office

. Pre-K Playground

. Standard Classrooms
. Enrichment Classrooms
Outdoor Classroom Space
360 M Track with infield
Gymnasium

Library Expansion

Existing Garden Modified

Field House / Snack Shack

Black-Box Theater / AV studio

‘ Classroom Moderization
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SITE ANALYSIS AND MASTER PLANS

Proposed Master Plan: Scheme 2 - Implementation Plan*

North Classrooms: Should be constructed
first to replace portable classrooms to clear
out the southern campus for future projects,
this will also allow for minimal impact on the
existing school site for subsequent projects,
and provide enough traditional classrooms
for the anticipated student population.

Library explanation: This location is isolated
and does not benefit by phasing early or
later, however with the unification fimeline
the student enrollment will be growing

and the existing library is undersized for the
anticipated student enrollment, completing
this project early will also help define the
middle school campus.

Enrichment Classrooms & Black Box Theater:
Can be constructed in tandem with the
pre-kindergarten classrooms. The classrooms
will define the center campus plan and
extend the middle school area beyond the
main courtyard, creating an accessible
courtyard for public engagement with the
school.

2020 FACILITIES MASTER PLAN

Track and Athletic Fields: The fields were
discussed to be built out in part with funding
donated by local organizations. Based on
the location, the phasing of the track is not
critical to the construction of other elements
of the master plan, although it may be
beneficial to complete the fields prior to the
new gymnasium project which may restrict
access to large trucks reaching the east side
of the campus.

Pre-kindergarten Classrooms & Administration
Building: The pre-kindergarten classrooms
can be constructed as a stand-alone
element or in tandem with the administration
building. The buildings are situated in a
location where construction access would
not be restricted by future build-out of the
master plan. With access from both the

north and south driveways, this area can be
constructed on the District’s timeline with little
impact on other projects.
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Gymnasium: Infended to be the final
element of the master plan or replaced
with additional school needs. There were
discussions with the Community Services
District (CSD) across the street to allow the
middle school to share the gymnasium
planned to be constructed on the CSD
campus.

*Implementation plan is a conceptual
project timeline intended to start the
conversation. Project scope and order
may change based on available funding,
community feedback, and District priorities.
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Cost Model - Scheme 2 - Phase 1**

Estimated Total
Construction Cost|

Support Costs 20%

Estimated Escalation at
Midpoint of Construction
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Estimated Total Project

Phase |Cost Summary (Today's Dollars) (Today's Dollars) 5% per year| (Today's Dollars)
Phillips Dr. Campus: District Phase 1 Priorities (Option 2)
Tier 1 - Basic Upgrades/Code Requirements - Subtotal S 82,077.45| S 16,415.49 | S  9,849.29 Two Years S 108,342.23
Tier 2 - Capital Repair Projects 2020-2025 - Subtotal S 987,769.08 | $ 239,437.99 | $ 122,720.71 Two Years S 1,349,927.78
Tier 2 - doesn't include maintenance costs for buildings to be demolished or modernized in Tier 3 Subtotal S 1,458,270.01
Proposed Current Bond Project List
Tier 3 - Master Plan: Scheme 2
Tier 3 - Master Plan: Scheme 2 - New Construction
2-Standard Classrooms Building (5 Classrooms) S 3,367,980.00 | $ 673,596.00 | S 404,157.60 Two Years S 4,445,733.60
5-Library Expansion S 823,284.00| S 164,656.80 | S 98,794.08 Two Years S 1,086,734.88
2b- Lunch Shelter S 83,160.00 | S 16,632.00 | $ 9,979.20 Two Years S 109,771.20
Parking Lot (North) S 410,256.00 | S 82,051.20 | § 49,230.72 Two Years S 541,537.92
1-Pre-Kindergarten Classroom S 2,765,070.00 | $ 553,014.00 | S 331,808.40 Two Years S 3,649,892.40
1a-Pre-Kinder Playground S 221,760.00 | $ 44,352.00 | S 26,611.20 Two Years S 292,723.20
1a-Play Structures S 92,418.48 | $ 18,483.70 | S 11,090.22 Two Years S 121,992.39
Tier 3 - Master Plan: Scheme 2 - Modernization
11-Convert Kindergarten Classroom to Middle School Classroom S 522,720.00 | $ 104,544.00 | § 62,726.40 Two Years S 689,990.40
Subtotal |$  13,854,916.01
Grand Total| $ 15,313,186.01

**This cost model is not a detailed estimate. It is intended as a guide to show the magnitude of each project to inform decisions about

schedule, budgets, and bond implementation.

General Note: This does not include all proposed projects. Only projects noted as priority by the School District.
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Willow Creek is committed to:

Developing students who are
self-motivated and socially responsible
lifelong learners.

Partnering with staff, students, parents
and community to create a unique,
challenging learning environment

with high academic standards and
expectations.

Applying academic learning to
meaningful real-life activities and
situations.

Providing opportunities in science,
technology, environmental education
and arts programs that foster
independent, critical, collaborative and
creative thinking.

Respecting diversity and whole child
development - cognitive, emotional,
social and physical.
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Nevada St. Campus -
Willow Creek Academy

"Dedicated to providing students with a
comprehensive education across the liberal
arts and sciences."

636 Nevada St, Sausalito, CA 94965
(415) 331-7530
Emily Cox, Head of School
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SITE ANALYSIS AND MASTER PLANS

Facility Analysis - Facility Condition Index

Bureau Veritas conducted Physical Condition
Assessments.

Please refer to Volume 4 - Appendix for details.

2020 FACILITIES MASTER PLAN
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Facility Condition Index (FCI)

One of the major goals of the FCA is to calculate each building’s Facility Condition Index (FCI), which provides a theoretical
objective indication of a building’s overall condition. By definition, the FCl is defined as the ratio of the cost of current needs
divided by current replacement value (CRV) of the facility. The chart below presents the industry standard ranges and cut-
off points.

FCI Ranges and Description

0-5% In new or well-maintained condition, with little or no visual evidence of wear or deficiencies.
5-10% Subjected to wear but is still in a serviceable and functioning condition.

10 -30% Subjected to hard or long-term wear. Nearing the end of its useful or serviceable life.

30% and above Has reached the end of its useful or serviceable life. Renewal is now necessary.

The deficiencies and lifecycle needs identified in this assessment provide the basis for a portfolio-wide capital
improvement funding strategy. In addition to the current FCI, extended FCIs have been developed to provide owners the
intelligence needed to plan and budget for the “keep-up costs” for their facilities. As such the 3-year, 5-year, and 10-
year FCls are calculated by dividing the anticipated needs of those respective time periods by current replacement value.
As a final point, the FCI's ultimately provide more value when used to relatively compare facilities across a portfolio
instead of being over-analyzed and scrutinized as stand-alone values. The table below summarizes the individual findings
for this FCA:
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Willow Creek Academy

Assessment Graphic Plan
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SITE ANALYSIS AND MASTER PLANS

Facility Analysis - Capacity and Educational Suitability

Enrollment: Fall 2018

Grades| K| 1| 2| 3 4 5 6 |7 8 |Total

TK-8 |34|34|38|27| 44 | 44 | 40 |46| 46 | 356

Capacity State
Standards

Capacity District

84 Standards

638

This is generally in poor condition. The school
has WI-Fi, but Wi-Fi consistency is needed.
The school campus is occupied by a charter
school and is lacking flexible furniture.

Core Classrooms: Classrooms are in fair
condition. The size of many classrooms

is slightly undersized compared to state
standards. Almost half of the school’s
furniture is already flexible furniture, funded
by PTA funds. The classrooms do not have
learning wallls, and have limited storage.
Some classrooms are hot and need cooling,
most windows do not have shades. Currently
there are no doors between classrooms.
The four classrooms located above the

MPR have a unique shape and are flexible
classrooms divided by accordion partitions.

Kindergarten: The Kindergarten classrooms
are located in two different locations: two
are in portables at the bottom of the hill and
two in the newer building at the southern
end of campus. The Kindergarten classrooms
are undersized compared to state standards,
and they lack storage rooms and attached
workrooms. Both kindergarten classroom
locations are directly attached to their
enclosed play yards. The portable classroom
campus does not have an exterior drinking
fountain.
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Art and Science Room: Both the Art Room
and the Science Room are located in
classrooms which are slightly larger than the
size of the state standard classroom. The Art
Room is used for traditional art. The Kiln Room
is located off an attached alcove, this room
and layout do not meet ADA requirements.
The Science Room is almost identical to the
other classrooms except for a storage room
and VCT flooring in the demonstration station
(primarily used as the teacher’s desk) and
IaCké STEM focus and contemporary science
needs.

Maker Space: The school has no Maker
Space.

Band Room: The Band Room is located in a
standard classroom which is undersized for
the purpose, and lacks proper instrument
storage and acoustical treatment.

Cobmputer Lab: The school has no Computer
Lab.

Multi-Purpose Room: The Multi-Purpose
Room is undersized. The existing size of the
Multi-Purpose Room only allows for 326
people assembled inside. The campus has a
capacity of 708 people, which includes the
students, 50 staff, and 20 volunteers. There is
a limited sound system and platform/stage
lighting, however other proper technology is
needed for the space.

Food Service: The Kitchen is sufficiently sized.

Library: The Library is a beautiful space

with high vaulted ceilings located off an
under-used courtyard and is undersized

for the capacity of the school. The library

is adequate as a reading room but would
need additional support spaces to function
as a modern library. It has traditional wood
framed tables and chairs and is not flexible.
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Administration: The Administration is centrally
located on the campus but is isolated from
the parking lots and drop-off area and does
not provide supervision of the school’s entry
points.

Custodial and Maintenance: In fair
condition.

Storage: There is a general lack of storage in
the entire school.

Restroom Facilities: Restrooms are in fair
condition.

Lunch Shelter: There are no lunch shelters at
this school.

Covered Walkway: There is one covered
walkway at this school that is in poor
condition, it connects two of the lower
campus buildings, but does not connect to
most building entrances.

Outdoor Area: The field needs improvement.
The play structures and the safety surfacing
need to be replaced. Outdoor furniture
should be replaced. It needs to be vandal
and rust proof. Overall campus landscaping
needs improvement.

Other: The staff parking is located at the
top of the hill in the back of the campus;
the driveway needs to be widened and
repaved. There is no prevalent sighage to
direct visitors to the school parking or admin
buildings. Student drop-off Is a small lollipop
turn-around which gets congested during
student pick-up and drop-off.
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Staff and Community Input - Priority List

Priority 1:

= Portable replacement;

= Music classroom

= Maker space / tech classroom

Priority 2:

= Pedestrian pathways, restricting vehicular access

= Qutdoor learning space and furniture;

= Lunch shelters

= Play structures

= Security improvements, fencing/gates, vehicular
gates

Priority 3:

e Classroom modernization;

e |Indoor environmental comfort: Windows shades/
blinds, HVAC - air circulation and filtration

e Classroom acoustics

= Classroom storage

Priority 4:
= Student drop-off and visitor parking
= New school administration building

Priority 5:
= Replacement of multi-purpose building
= Field revitalization

Priority 6:
= Solar panels
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# of Votes From

# of Votes From

Willow Creek Academy Staff Community Total # of Votes
Important Site Feature:

Outdoor Learning Space 18 121 139
Play Yard Improvements 18 30 48
Security Fencing/Gates 9 20 29
Site Lighting 6 16 22
Parking Improvements 7 10 17
Outdoor Drinking Fountains 13 2 15
Administration Improvements 2 4 6
Indoor / Classroom Features:

Flexible Furniture 14 128 142
HVAC Indoor Environment 16 18 34
Library Improvements 4 20 24
Tackable Wall Board 1 22 23
Kitchen Improvements 2 17 19
Gymnasium Improvements 12 N/A 12
Restroom Improvements 11 N/A 11
Classroom Storage 7 3 10
Music Room Improvements 4 5 9
Classroom Acoustics 3 5 8
Science Lab Improvements 1 N/A 1
Room Signage Improvements 0 0 0
Additional Feature:

Maker Space/Tech Classroom 16 87 103
Field Revitalization 15 32 47
Gymnasium/Multi-Purpose Room 6 36 42
Solar Panels 13 25 38
Art Classroom 11 N/A 11
School Marquee Sighage/Message Board 8 3 11
Audio - Video Recording Classroom 7 2 9
Community Engagement Center N/A 6 6




SITE ANALYSIS AND MASTER PLANS

Staff Input

Outdoor Learning Space/Furniture

Parking Improvements

Security Fencing and Gates

Administration Office Improvements/Relocation
Play Yard Improvemetns

Outdoor Drinking Fountains

Site/Fields Lighting

Other

Collaborative Classrooms with Flexible Furniture

Window Shades/Blinds
Tackable Wall Surfaces
HVAC Improvements

Classroom Storage
Classroom Acoustics

Kitchen/Cafeteria Improvements
Restroom Improvements
Room Signage Improvements

Library Improvements

Gymnasium Improvements/Relocation

Science Lab Improvements

Music Room Improvements

Other
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18

14

Maker Space/Computer Lab

Art Classroom

Green Screen Video and Audio Recording Space

Solar Panels

School Marquee/Message Board

Field Revitalization

Other

16

11

~

13
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SITE ANALYSIS AND MASTER PLANS

Staff Input
What is your biggest concerns about the existing design of the WCA Campus?

Safety - anyone can walk on campus from multiple access points.

That it is very spread out and Middle School students have many places to wander to when they are moving
between periods. Also, that it is an open campus and | wish | knew that we always had one staff member outside
monitoring wandering visitors and looking for visitor passes.

Buildings are in disrepair.

No fencing. No gym, not enough classrooms

That there is no indoor space for rainy day 1) waiting in line for lunch, 2) no place for recess or PE on rainy days.

The buildings are falling apart

Need more outdoor classroom seating

My concern is the that district will not have enough funding to do the capital improvements that are desperately
needed.

Cold in winter months

The buildings are aging and have been sorely neglected by the district.

Wear and tear, dilapidated facilities, unaddressed repairs

Need more outdoor classroom seating

The kids need more structured play space.

What do you like the least about the existing design of the WCA Campus?

It's less about the design and more about the poor condition of many of the buildings and classrooms, including
poor ventilation.

Parking

Lack of play structures.

No fencing. No gym, not enough classrooms. Old infrastructure.

Building needs repairs.

That there is not a space where the whole school can get together. The MPR is so tiny, but perhaps with a MS
and Elementary split, this would not be an issue.

Restrooms for adults.

Lack of playground equipment and computer lab

When the field is wet after it rains, and there is nowhere else to play that's level! During recess, how many nooks
and crannies there are for MS kids....

Playgrounds/play areas need updated

Location.

Getting from one building to another in the middle of a storm—the lack of cover.

The design of the campus, still gives some people the feeling of "exclusion" and "privileged", Redesign this

Everything: the old buildings, the Cafeteria is too small, Library is not functional, unnecessarily spaced out and no
structures for students to play on, too much dirt. | honestly do not like how Willow Creek does not have an
actual science room for the students. | would like for Willow Creek to have a leadership room for the students
extra curricular activity such as yearbook, dance, fundraisering, etc.

| have never been the to actually study the WCA.

Lack of outdoor education space.

Need an outdoor area and tables for eating lunch.

Track of space to plant for kids.

There isn't enough parking for parents and visitors during a major event.
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What is your favorite aspect of the design of the WCA Campus?

Love the open feel and the many gardens and other outdoor spaces for learning.

All

Beautiful campus, view... Peaceful ambience

Open Space

Fields, open space, views.

The wide open space and that it feels like you are in nature.

Open campus with lots of fresh air.

Open campus

Lots of nature!

Lots of outdoor space

That the admin building is right in the center for everyone. Really, the beating heart of the school.

Beautiful space, with buildings spread throughout it.

Big campus. Useful field. Larger library.

I love that Willow Creek is surrounded by nature and a near by shopping center. | believe the students could
benefit from learning about Sausalito through the ability of exploring, and being close to historic buildings.

The spacious campus at WCA is designed for middle school students to walk to various classroom there, Before,
this present "school" it was designed to accommodate middle school students from both Marin City & WCA.
These students are capable of getting themselves to school via foot,bikes, bus or car pooled by parents. Marin
City's BMLK was "cheaply" and "quickly" built to "appease" Some "folks" to avoid bringing their children pre-k,
TK, thru 5th to MarinCity, until the Federal funds of a "park" Rocky Graham was built. Therefore, fake
Sausalians living up on the hill in Marin City, drive your babies down the hill to the original elementary school in
southern Marin Bayside/Martin L. King Academy.

It's beauty and spaciousness - | love how there are different "areas" for different grade level bands - K-2, 3-5, 6-
8. It provides much-needed separation for the older and younger students, while still having them on the same
campus.

My huge classroom!

Lots of outdoor space

That middle school gets their on section own campus.

| particularly love the design and layout of the school office.
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Community Input

1 Outdoor Learning Space/Furniture 1 Maker Space/Computer Lab
2 Play Yard Improvements 2 Field Revitalization
3 Parking/Drop-Off Improvements 3 Gymnasium/Multi-Purpose Room with New Stage
4 Security Fencing and Gates 4 Solar Panels/Emergency Power
5 Outdoor Drinking Fountains/Bottle Fillers 5 Green Screen Video and Audio Recording Space
6 Site Lighting 6 Community Engagement Center
7 Administration Office Improvements/Relocation 7 School Marquee Signage/Message Board
1 Collaborative Classrooms with Flexible Furniture
2 Window Shades/Lighting Control & HVAC
Improvements
3 Kitchen/Cafeteria Improvements
4 Library Improvements
5 Tackable Wall Surfaces
6 Music Room Improvements
7 Classroom Storage
8 Classroom Acoustics
9 Room Signage Improvements
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Willow Creek Academy

Community Input
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SITE ANALYSIS AND MASTER PLANS

Nevada St. Campus

DSA Approved Construction

Legend

Robins Nest
DSA A#: N/A
Date Constructed: 1945

@ Multi-Purpose Room
DSA A#: 01-39966
Date Approved: 1977

DSA A#: 01-106688
Date Approved: 2005
Date Closed: 2010

Upper Campus
DSA A#: 01-52601
Date Approved: 1990

Lower Campus
DSA A#: 01-56844
Date Approved: 1991

K-pod

DSA A#: 01-108197
Date Approved: 2006
Date Closed: 2009

Upper Campus Portable
DSA A#: 01-108370 Date
Date Approved: 2006
Date Closed: 2013

Student Drop Off
DSA A#: 01-111417
Date Approved: 2010
Access Only Project

@ ®© © 6 6 ©

N Portables
Original DSA A# Unknown
@ e DSA A#: 01-111910
Date Approved: 2011

Date Closed: 2017
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Nevada St. Campus

Existing Site Plan

Legend
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Nevada St. Campus

Proposed Master Plan: Scheme 1

Legend

School Admin. Office
Visitor Parking

Parent Resource Center /
Community Meeting Room

Standard / Specialized Classrooms
Teacher Staff Resource Room
Play Structure

Lunch Shelter

Re-Orientate Classrooms

Educational / Interactive Stream
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Maintenance and Operations
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SITE ANALYSIS AND MASTER PLANS

Proposed Master Plan: Scheme 1 - Implementation Plan*

Play Structures: To replace the existing play
structure on the hill and add additional play
structures will give the District a quick project
to improve the campus for the students and
make a splash on the campus to let the
community know their investment is being
used to directly benefit the students.

Classroom Building: Demolishing the existing
portables and replacing them with stick-built
construction will address this campus' biggest
need of additional high-quality classrooms.
The location of this classroom building is also
able to be built with the existing walkways
and can be placed on the site prior to any
major reorganization of the site’s circulation,
and without impacting the current location
of the Administration Building.

Campus Modernization: In tandem with the
small classroom building construction project,
the District should undertake a campus
modernization project addressing the
exteriors and interiors of the aged buildings.

Administration Building and Primary
Pedestrian Walkway: To fully implement the
new pedestrian circulation path/EVA lane,
the existing admin building will need to be
demolished and replaced. Locating the
new school Administration Building off of
Buchanan Drive will provide direct access
to a new visitor parking lot and allow the
Administration Building to have supervision of
the main campus access point and provide
direct supervision over the drop-off area.
With the existing Administration Building

2020 FACILITIES MASTER PLAN

demolished, this provides the opportunity
to locate a new lunch shelter adjacent to
the Multi-Purpose Room to add additional
covered area for lunch outside of the
Multi-Purpose Room.

Stream Daylighting: The stream daylighting
and educational space can be constructed
at any point in the master planning process;
it may be most easily incorporated into the
pedestrian pathway project but would be
beneficial at any stage and would have
minimal impact on the planned or existing
building footprints as it is planned for in the
master plan scheme.

Visitor Parking and Drop-Off: Providing

direct and limited access off of Buchanan
Drive, the new parking lot will clarify the
campus and direct all visitors directly to the
administratfion office to check in and reduce
the number of people able to gain access to
the site without checking in at the admin first.

Multi-Purpose Play Fields: Constructing the
multi-purpose field at this time will complete
the front of the campus, providing the
maximum visibility to the community at
large, along with the exterior modernization
completed under Project 2. Spending bond
dollars on highly visible elements of the
school campus that can be appreciated by
the community as a whole and is not reliant
on having a student in the school district
often provides a large boost of support for
the school district, and a level of trust for the
support of future bonds.

Maintenance and Operations Building:
Located in the back of the campus isolated
from student use, this project can be
completed on the District’s timeline. Projects
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in which students and teachers are restricted
from entering, such as maintenance
buildings, can be exempt from DSA structural
and fire life safety review; however, they are
required to be reviewed by DSA for access
compliance.

Community Meeting Center: Intended to
replace the existing building built in 1945 and
currently leased out to the Robin's Nest day
care, this building is isolated from the main
campus and would not be affected by the
overall plan for the campus.

Housing Option: The housing option on this
site would incorporate townhouse style
residences around the existing parking lot.
This location is isolated away from much

of the campus and would be able to be
constructed at any point when the District
and a developer are able to reach an
agreement and find a path forward without
impacting the implication of the overall
master plan scheme.

*Implementation Plan is a conceptual
project timeline intended to start the
conversation. Project scope and order
may change based on available funding,
community feedback, and District priorities.
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Cost Model: Scheme 1 - Phase 1**

Estimated Total
Construction Cost|

Support Costs 20%

Estimated Escalation at

Midpoi

int of Construction
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Estimated Total Project

Phase |Cost Summary (Today's Dollars) (Today's Dollars) 5% per year| (Today's Dollars)
Nevada Street Campus: District Phase 1 Priorities (Option 1)
Tier 1 - Basic Upgrades/Code Requirements - Subtotal 638,656.39 127,731.28 | $ 76,638.77 Two Years 843,026.44
Tier 2 - Capital Repair Projects 2020-2025 - Subtotal 2,413,807.84 482,761.57 289,656.94 Two Years 3,186,226.35
Tier 2 - does not include maintenance costs for buildings to be demolished or modernized in Tier 3 Subtotal 4,029,252.79
Proposed Current Bond Project List
Tier 3 - Master Plan: Scheme 1
Tier 3 - Site Specific Impact Projects: Scheme 1 New Construction
1-School Administration Office 2,607,066.00 521,413.20 | S 312,847.92 Two Years 3,441,327.12
Visitor Parking 607,299.00 121,459.80 72,875.88 Two Years 801,634.68
3-New Classroom Building 2,401,245.00 480,249.00 288,149.40 Two Years 3,169,643.40
4-Play Structures 152,460.00 30,492.00 18,295.20 Two Years 201,247.20
4a-Shade Shelters 152,460.00 30,492.00 18,295.20 Two Years 201,247.20
Tier 3 - Site Specific Impact Projects: Scheme 1 Modernization
11-Upper Classroom - Modernization** 7,730,448.00 1,546,089.60 927,653.76 Two Years 10,204,191.36
11-Upper Campus - Roof and Gutters 579,783.60 115,956.72 69,574.03 Two Years 765,314.35
Slurry Coat and Seal Parking Lot and Driveway 532,400.00 106,480.00 63,888.00 Two Years 702,768.00
Subtotal 19,487,373.31
| Grand Total 27,545,878.90

**This cost model is not a detailed estimate, it is intended as a guide to show the magnitude of each project to inform decisions about schedule, budgets, and bond

implementation.

General Note: This does not include all proposed projects. Only projects noted as priority by the School District.
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Nevada St. Campus

Proposed Master Plan: Scheme 2

Legend
School Admin. Office
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Community Meeting Room

Standard / Specialized Classrooms
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New Multi-Purpose Room
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Educational / Interactive Stream
Courtyard

Outdoor Classroom in Courtyard
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Maintenance and Operations
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Primary Pedestrian Walkway /
Emergency Vehicle Access
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SITE ANALYSIS AND MASTER PLANS

Proposed Master Plan: Scheme 2 - Implementation Plan*

Play Structures: To replace the existing play
structure on the hill and add additional play
structures will give the District a quick project
to improve the campus for the students and
make a splash on the campus to let the
community know their investment is being
used to directly benefit the students.

Classroom Building — North: Demolishing
the existing portables and replacing them
with stick-built construction will address

this campus' biggest need of additionall
high-quality classrooms. The location of
these classrooms will need some additional
pathways to be added, opening up the
opportunity to start the primary pedestrian
path project to restrict vehicular access to
the site, which will increase student safety.

Pedestrian Pathways: The primary pedestrian
pathway is designed to wind though the
campus providing a highlighted path for
pedestrian travel and restrict vehicle access
to the campus except for emergency
vehicles and maintenance staff vehicles. This
pathway can be constructed in phases as
the campus is constructed to resemble the
master plan.

Shade Structures: The shade structures
located to the north of the existing MPR can
be placed in a way that will not be affected
by future construction and will provide an
expansion to the lunch area in the interim
period before the new Multi-Purpose Room/
Gymnasium can be constructed.

2020 FACILITIES MASTER PLAN

Stream Daylighting: The stream daylighting
and educational space can be constructed
at any point in the master planning process;
it may be most easily incorporated into the
pedestrian pathway project but would be
beneficial at any stage and would have
minimal impact on the planned or existing
building footprints as it is planned for in the
master plan scheme.

School Administration Building and Visitor
Parking/Drop-Off: By relocating the school
administration in the first phase of this
project, the existing admin building can be
demolished to clear the way for the new
classroom building and teacher work area.

Classroom Building — South: the construction
of the southern string of classrooms will start
the replacement process of the classrooms
located about the existing Multi-Purpose
Room and replace the existing staff lounge.
This will provide the teachers a central
location and reduce the need to travel all
the way across campus to make copies or to
have lunch in the admin building.

Multi-Purpose Room: The final piece of the
Facilities Master Plan is the replacement

of the undersized Multi-Purpose Room. To
locate the new and larger MPR on the site,
the existing admin building will need to be
demolished, additionally locating the new
Multi-Purpose Room slightly to the west of the
existing Multi-Purpose Room location. The
opportunity is presented to create a grand
staircase and courtyard at the entrance of
the MPR for outdoor student lunches and an
expanded play area.
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Maintenance and Operations Building:
Located in the back of the campus isolated
from student use, this project can be
completed on the District’s timeline. Projects
in which students and teachers are restricted
from entering, such as maintenance
buildings, can be exempt from DSA structural
and fire life safety review, however, they are
required to be reviewed by DSA for access
compliance.

Community Meeting Center: Intended to
replace the existing building built in 1945 and
currently leased out to the Robin’s Nest day
care, this building is isolated from the main
campus and would not be affected by the
overall plan for the campus.

*Implementation Plan is a conceptual
project timeline intended to start the
conversation. Project scope and order
may change based on available funding,
community feedback, and District priorities.



SITE ANALYSIS AND MASTER PLANS

Cost Model: Scheme 2 - Phase 1**

Estimated Total
Construction Cost|

Support Costs 20%

Estimated Escalation at|
Midpoint of Construction
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Estimated Total Project

Phase |Cost Summary (Today's Dollars) (Today's Dollars) 5% per year (Today's Dollars)
Nevada Street Campus: District Phase 1 Priorities (Option 2)
Tier 1 - Basic Upgrades/Code Requirements - Subtotal 638,656.39 127,731.28 | S 76,638.77 Two Years S 843,026.44
Tier 2 - Capital Repair Projects 2020-2025 - Subtotal 2,413,807.84 482,761.57 289,656.94 Two Years 3,186,226.35
Tier 2 - does not include maintenance costs for buildings to be demolished or modernized in Tier 3 Subtotal $ 4,029,252.79
Proposed Current Bond Project List
Tier 3 - Master Plan: Scheme 2
Tier 3 - Site Specific Impact Projects: Scheme 2 New Construction
1-School Administration Office 3,018,708.00 603,741.60 | S 362,244.96 Two Years S 3,984,694.56
Visitor Parking 1,125,663.00 225,132.60 135,079.56 Two Years 1,485,875.16
3-Classrooms Building (South) 2,126,817.00 425,363.40 255,218.04 Two Years 2,807,398.44
3a-Teacher Workroom 617,463.00 123,492.60 74,095.56 Two Years 815,051.16
6b-Play Structures 76,230.00 15,246.00 9,147.60 Two Years 100,623.60
Shade Shelters 76,230.00 15,246.00 9,147.60 Two Years 100,623.60
6-Stream Daylighting 381,150.00 76,230.00 45,738.00 Two Years 503,118.00
Tier 3 - Site Specific Impact Projects: Scheme 2 Modernization
5-Lower Campus - Roof and Gutters 107,811.00 21,562.20 12,937.32 Two Years 142,310.52
11-Upper Classroom - Modernization** 7,506,840.00 1,501,368.00 900,820.80 Two Years 9,909,028.80
11-Upper Campus - Roof and Gutters 579,783.60 115,956.72 69,574.03 Two Years 765,314.35
Baseball Field Rehab 931,700.00 186,340.00 111,804.00 Two Years 1,229,844.00
Slurry Coat and Seal Parking Lot and Driveway 532,400.00 106,480.00 63,888.00 Two Years 702,768.00
Subtotal | $ 22,546,650.19
| GrandTotall $  26,575,902.98

**This cost model is not a detailed estimate, it is intended as a guide to show the magnitude of each project to inform decisions about schedule, budgets, and bond

implementation.

General Note: This does not include all proposed projects. Only projects noted as priority by the School District.
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ABOUT US
WELCOME BACK TO SCHOOL!

We have begun perhaps the most important journey in public education in recent memory. | am filled with
hope, optimism and confidence that the 2021-2022 school year is the dawn of a new era in the Sausalito
Marin City School District and in our community. | am overjoyed that in this, our first year post Unification,
that so many students, families, and staff trusted in the vision and process created by a group of dedicated
staff, parents and community members who dared to dream an impossible dream. This brilliant, resilient,
tight knit little community has made so many impossible things possible!

We joined together in the face of the first desegregation order in California in 50 years to chart a course
through unknown waters. We started a pipeline to recruit and hire more teachers of color and provided our
students with a scholarship as a remedy for segregation. We successfully unified our schools and our
community in less than two years. A small group of people were convinced families would leave due to this
process. In fact 99% of students and 12/13 teachers from Bayside MLK stayed and 93% of students and
14/16 classroom teachers from Willow Creek Academy stayed. The fact that this time around staff, parents,
and community members led this effort is a great testimony to the our community’s commitment to equity,
integrity, truth, justice and unification. On Monday August 23rd, we will achieve the 5, 10, and 15 year
benchmarks set forth in the settlement agreement with the Attorney General in 2 years.

We accomplished this goal in the middle of a global pandemic. This invisible foe threatened our entire way of
life. The spirit of this community became obvious quickly. We banded together to serve the community,
ensuring food stability, access to wifi and computers, and then creating the first online community school in
the country to ensure that our community still had access to the services they needed even during the
strictest lockdown measures. . We were the first District to bring kids back on campus for in person learning
in the county. We were the first public school district to receive a waiver to operate in person school from the
State Department of Public Health. We were the first district to secure agreements with our labor partners to
open in person school. We were the first District to open our doors for in person instruction 5 days a week,6
hours per day beginning 9/14/2020. We operated in person school for 176 days with zero in school Covid
transmissions, longer and more successfully than any other school district. We were able to do these things
because of the tremendous courage of our staff. They are heroes who literally agreed to show up for our
students when nobody else dared to do so. We experienced sorrow from the loss of family, friends, and
coworkers and the deep, emotional reckoning about the true history of our country brought about by George
Floyd and the storming of the Capitol Building.

The awakening of this nation regarding the need to right seemingly unrightable wrongs was particularly
evident and relevant here in our district. The love and collaboration on display in this community as students
and staff joined peaceful protests and committed to leading for social justice carried us through these
turbulent times. Many thought the November 2020 election was not a good time to ask voters to support a
school construction bond. Measure P passed with a 73% yes rate, one of the top pass rates in the entire
State. This will allow us to design world class school facilities to support our vision.
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Although this journey hasn’t always been smooth and there were some stormy days along the way, there is
no place | would rather be, no other work | would rather do, and no other people | would rather do it with.
Being a part of this community has filled me with immense pride and it is a tremendous honor to begin my
third year as your Superintendent. This is the most unique and exciting opportunity to manifest the true
promise of a free, high quality public education anywhere in this country.

This community joined together to reimagine and design an educational system that will serve all students in
the 94965 in an inclusive and collaborative way that will make a difference in the lives of students and
families for generations to come. We are holding ourselve accountable to the historic opportunity that has
been placed before us to heal and unify our communities in a way that shares the gifts of language, culture,
and experience so that all the children of Marin City and Sausalito are lifted, nurtured, and supported to
overcome any and all barriers to opportunity. We are manifesting the dream of Dr. Martin Luther King Jr. and
providing a beacon of hope and light and a blueprint for other communities in our county, in our state, and in
our country to follow. | am thankful to all of the staff, students, and parents who have put in so much time,
effort, and energy in making this impossible dream possible. It is because we began to work together as a
team prior to all of the crises we have faced, that we have been able to accomplish so much.

Our leadership and experience last year allows us to safely launch a world class integrated school, a unified
school on two campuses that will be greater than the sum of it's parts. Our school features: small classes
17:1 in grades TK-3, and 20:1 in grades 4-8; a full inclusion special education model; a Student Success
Coach (classroom aid) for at least half of the day in every classroom; art, music, Spanish, French and PE ;
three hours of weekly collaboration between teachers; specific and targeted coaching and intervention for
our students who need additional support and for students who are English Language learners, and
community school services and partnerships to support parents and families. Our focus on core academics,
project based learning, STEAM, arts integration and a focus on climate justice and social justice mean that
we are offering our students a one of a kind educational experience unavailable anywhere else. Our People’s
Empowerment Arts Culture and Engagement (PEACE) after school program will offer extended enrichment
opportunities in the areas of dance, visual art, instrumental music, yoga, chess, coding, virtual reality and a
wide array of intramural athletics and academic support. We will have hands down the most diverse teaching
staff and school staff in our county to serve you and your children. We exist to instill a love of learning in our
children, to support them as curious and flexible thinkers, confident in their individuality, their community, and
in their ability to create a safer and more just world. We have a number of amazing new staff members to
help us ensure these standards: Chief Business Officer Jaime Mata, Director of Technology Joe Silviera,
Director of Food Service Guiillaume Pfahl, Principal Eveta Jackson, District Office Administrative Assistant
Daneka Braziel, and School Psychologist Meghan Williams. They all have been working incredibly hard
since they started to support our schools, staff, students, and families and will support us in reaching new
heights.

We are all tired of Covid 19 and hoped that we would be able to return to a more normal school year and that
is simply not the case. We will carry forward the best of what we did last year into this new year and we will
have some of the most stringent, tried and tested Covid protocols you can find anywhere. The health and
safety of all your kids and our staff comes first. | believe we know how to keep your family safe better than
anyone else.

| revisited the first letter | sent to you in 2019 and | am proud that we have delivered on that message. This
school is still new and the same energy, spirit, and patience that you all demonstrated to get us here will be
required again this year. We will need to continue to work together to reach for the stars. We will need you all
to be involved in refining and improving our programming, joining the Bond Oversight Committee and
participating in the design of our new school facilities. We will not rest until we have transformed education,
our community, and left the world better than it was when we started. Thank you for supporting us and joining
us on this historic journey, none of this is possible without you!

In Solidarity,

Itoco Garcia Ed.D.
Superintendent
Sausalito Marin City School District

SUMMER ACTIVITIES

Over the summer several of our local partners came together to provide an array of programs for the children
of Marin City. The District contributed to The Hannah Project to provide Freedom School for the ninth year
running. Play Marin, the Marin City Library, Bridge the Gap College Prep and Sound Waves Music also
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operated summer programs. Programs served children ranging in age from Kindergarten through eighth
grade for five weeks of the summer.

PANTHER PRIDE AT BAYSIDE-MARTIN LUTHER KING JR. ACADEMY

At Bayside MLK, the focus for the school year is on culture and climate and enhanced instruction. School
climate speaks to creating positive relationships and engagement throughout the school campus and
beyond. Bayside MLK students are demonstrating PRIDE - Pride, Respect, Integrity, Determination and
Excellence!

COMMUNITY SCHOOL DEVELOPMENT

Bayside MLK is a Community School. Community Schools are uniquely designed to serve their communities.
Community Schools are both a framework and a philosophy for interacting with the world. A Community
School is both a place and a set of integrated partnerships between the school and other community
resources. It's integrated focus on academics, services, supports, and opportunitieis leads to improved
student learning, stronger families, and healthier communities. The District's Local Control and
Accountability Plan names the Community School model, and community school development as one of its
four goals and at Bayside MLK, the Community Advisory Committee is charged with furthering the
development of the Community School. In the coming months, the Community School development process
will provide greater alignment between our community partners and our individual learning plans for
students. These learning plans will be designed to encompass everything from academics and cultural
relevancy to social and emotional supports for students and families. We are excited that Jahmeer Reynolds
M. Ed. our Community School Director will continue in his role, where he is instrumental in the further
development of our Community School Model. | am also excited to continue to develop tools to measure the
needs of our community and the impact of our partnerships as a critical pathway forward to developing a
nationally recognized community school.

CULTURE AND CLIMATE

We are looking forward to a robust implementation of Positive Behavior Intervention Systems (PBIS) that will
allow us to align and collaboratively agree on our positive behavior expectations for all of our students and
create a system of positive behavior incentives. These systems of support are designed to enable our
students to build upon a strong sense of pride in themselves, their school, their community and their culture.
This year we will consistently use the PBIS School Wide Information System so that we will be able to
provide accurate and real time school climate data and make data driven behavior management decisions as
well as how to allocate our resources and our staff to improve behavior outcomes.We expect for the third
year in a row to see a significant reduction in suspensions and behavioral referrals and increased sense of
safety at our schol amongst students, staff, and parents. We are excited that we will now be able to regularly
report to staff and our community finer grained details far beyond suspensions, about our school culture and
climate. We are also excited to continue our work with the Center for Cutlurally Responsive Teaching and
Learning and Dr. Sharroky Hollie, Dr. Lori A. Watson to deepen our Race Matters Conversations, and to
begin to develop systemic restorative practices with Circle Up an organization that will train all school and
district staff to implement Restorative Justice and Restorative Practices.

STUDENT AND FAMILY SUPPORTS

Through Prevention and Early Intervention funding provided by the County of Marin, the school district is
collaborating with Performing Stars/Phoenix Project. This partnership provides additional staff support and
community collaboration to develop a shared vision for services that includes cultural competence by
building the capacity of caregivers, administrators and teachers to respond to the social-emotional needs of
their students through trainings, participation in coordination of services, and linkage to resources. Our
community school manager, school based mental health clinicians, special education team, and our Student
Success Coaches will all be integral resources in providing supports for students and families in order to
systemically remove barriers to education and opportunity. All of our community school programs are
accessible online at www.marincountycooperationteam.net

INSTRUCTION AND ACADEMIC ACHIEVMENT

The school is also receiving funding from the Marin Community Foundation through a countywide P3 grant
designed to address the achievement and opportunity gap, but also to ensure a successful pathway to
college and other postsecondary opportunities. Key elements of the P3 grant include: shared vision,
climate/cultural proficiency, high quality teaching and learning, instructional alignment, family engagement,
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and extended learning opportunities. Bayside MLK is receiving an instructional coach to increase high
quality teaching and learning and instructional alignment from class to class and grade to grade. Our
commitment is to enhancing student engagement and improving student learning across the board through
evidence-based instructional strategies and data-driven instruction. We have added to additional coaching
intervention teachers to support academic instructiona and achievement. We will continue our partnerships
with CalEd Partners in Math, and Partners in School Innovationi to support and develop our instructional
leadership team and Professional Learning Communities to guide them through cycles of continuous
academic improvement

SCHOOL LIBRARY ENHANCEMENTS

Through a partnership with the Marin County Library through the Marin City Library, the school’s library has
received a fresh new look with culturally relevant library books and materials. A book drive by the Mill Valley
Outdoor Art Club will help expand the collection in the Nevada St. Library.

VISUAL AND PERFORMING ARTS EDUCATION

We will continue to implement the Sausalito Marin City School Board approved strategic Arts Education Five
Year Plan for BMLK students. The Arts Education Plan was developed through a collaboration with
community partners and is reflected in our LCAP and by the hiring of two Art teachers. The Strategic Arts
Education Five Year Plan aligns with the district’s Local Control and Accountability Plan by laying out goals,
strategies, and budgetary targets for providing BMLK students with arts education and tools intended to also
spark excellence in the other core academic areas and, ultimately, instill a passion that will motivate students
through high school and beyond. For the 2021-22 school year we are in the third year of the restoration plan
and have made great progress!

BAYSIDE-MARTIN LUTHER KING JR. ACADEMY

Recognizing that schools are strengthened when they work together to share best practices, Bayside-Martin
Luther King Jr. and Willow Creek Academies unified and have become one school on two campuses. The
school will still be called Bayside Martin Luther King Jr. Academy

BOND OVERSIGHT COMMITTEE / ADVISORY BOARD

Our Community Advisory Board (CAB) is hard at work setting goals, developing process, and setting ways of wi

The CAB. is to provide expertise and advice to the elected board and will be able to participate in Board Meetin

have no vote.

We successfully passed Measure P our school construction Bond! We need some community members to serv

the Bond Oversight Committee. The application is here

https://www.smcsd.org/documents/BOC%20Application%20for%20Independent%20CBOC%20due%2030Apr2!

BOARD OF TRUSTEES

The Sausalito Marin City School District School Board consists of five trustees who are elected at large. Ida
Green is our current President. Bonnie Hough is our Vice President, Alena Maunder is our clerk, Lisa
Bennett, and Yasmine Green make a board of five amazing women!

IN CLOSING ...

It is my privilege to serve as the District’'s Superintendent. As | work alongside and in support of our children,
families and community partners, | am humbled and grateful serve the communities of Sausalito and Marin
City.

Itoco Garcia, Ed. D.

Superintendent
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8l Non-Discrimination Policy @ High Contrast  A-Z Site Map

The Sausalito Marin City School District (SMCSD) is committed to ensuring equal, fair. and meaningful access to employment and education services. The SMCSD does not discriminate in any
employment practice, education program, or educational activity on the basis and/or association with a person or group with one or more of these based actual or perceived race, color,
ancestry, nationality, national origin, immigration status, ethnic group identification, ethnicity, age, religion, marital status, pregnancy, parental status, physical or mental disability, sex, sexual

orientation, gender, gender identity, gender expression, or genetic information, or association with a person or group with one or more of these actual or perceived characteristics or any other

basis prohibited by California state and federal nondiscrimination laws respectively. The SMCSD Superintendent is charged with overseeing, leading. and directing the SMCSD's efforts to meet
the legal obligations set forth in state and federal civil rights laws, and regulations in SMCSD employment and delivery of education services. Inquiries regarding nondiscrimination and civil

rights should be directed to Superintendent Itoco Garcia, 415-332-3190 200 Phillips Dr. Marin City CA 94965. or via email at igarcia@smcsd.org. The Board of Trustees desires to provide a
safe school and work environment that allows all equal access and opportunities in the district's academic, extracurricular, and other educational support programs, services, and activities.

Copyright © 2020 - 2023 Sausalito Marin City School District and its licensors. All rights reserved.
Website Developed By CatapultCMS® & EMS® | Log_In
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Message from the District

On behalf of the Sausalito-Marin City Sanitary District (SMCSD) Board of Directors and its
Staff, we are pleased to present the District’s 2022-2027 Strategic Plan. This plan is the result of
an annual review and update of the District Strategic Plan in an effort to plan for the existing
District business environment while looking toward the future. The adoption of this plan
indicates the importance the District, its Board of Directors, and employees place on seeking
continuous improvements in every aspect of the District. The FY 2022-23 plan update serves as
the framework for decision making over a five-year period. The District reviews and updates the
plan annually and always welcomes comments and feedback from its stakeholders, staff, Board

of Directors and other interested parties.

Respectfully Submitted,

Jeffrey Kingston
General Manager



1. INTRODUCTION
Strategic Plan
2022 - 2027

Mission / Vision

Providing wastewater collection, conveyance and treatment services for our communities thereby

protecting public health, the environment and the Bay.

Core Values

Recognizing that wastewater treatment is a vital component of protecting public health, the

environment and the Bay, SMCSD will:

Meet all regulatory requirements;

Safely operate an effective wastewater system,;
Maintain an efficient wastewater system;
Provide sustainable services for our community;

Be responsible to ratepayers by managing the District efficiently;



e Value staff by providing a high-quality and safe work place fostering professional

growth, teamwork, and job satisfaction; and
e Promote public participation, education and understanding of the services we provide.

e Continuously plan for the future to maintain reliable and cost-effective service.

Purpose of the Plan

A strategic plan is a top-level planning document the organization uses to set clear direction over
all operational aspects of its mission. Upon adoption, it serves as a framework for decision
making over a five-year period. It is a disciplined effort to guide fundamental decisions that
shape what the District plans to accomplish by selecting a rational course of action. This plan
update incorporates an assessment of the District’s present state and requires gathering and
analyzing information; institutes goal setting; and assists with making decisions for the future.
Input was gathered from relevant sources to ensure accuracy and this plan seeks to strengthen

and build upon opportunities while addressing areas of concern.
This Plan also identifies actions, activities, and planning efforts that are currently active and

needed for continued success in operations and management of the District and provides for an

annual review and update process.

Strategic Planning Framework

The strategic plan is built as a step-by-step process from a series of components described below.

Mission/Vision Statement: A declaration of an organization’s purpose, why the organization

exists. Ideally, all activities of the District should be in support of the mission statement. It is a

statement that articulates what the organization would like to achieve over the term of the plan.



Core Values: Guides what the organization values when faced with options and alternatives for
our future. Values are set by the Board, govern attitudes and behaviors and generally remain

constant over time.

Goals and Strategic Objectives: These are the broad, primary management areas of District

operations and planning that need to be addressed and are supported by strategic goals to ensure

optimum progress. Specific objectives are defined to accomplish the goals.

How the Plan Elements Relate to Each Other

MISSION / VISION
Purpose of the organization and desired future

CORE VALUES
What traits our organization values

GOALS AND OBJECTIVES
Primary areas to address with specific
direction




2. DEVELOPING THE PLAN
Strategic Plan
2022-2027

Organizational Environment

DISTRICT OVERVIEW

The Sausalito-Marin City Sanitary District (SMCSD) is governed by an elected five-member
Board of Directors and provides wastewater conveyance and treatment service to the City of
Sausalito and wastewater collection, conveyance and treatment service to unincorporated areas
within the District’s boundaries including Marin City. Wastewater conveyance and treatment
service is also provided on a contract basis to Tamalpais Community Services District (TCSD)
(which includes Muir Woods National Monument) and to the National Park Service (NPS) (Forts
Baker, Barry and Cronkhite, Marine Mammal Center and Cavallo Point Resort). The District
operates and maintains a complex infrastructure system, thereby protecting our community’s
public health, the environment and San Francisco Bay. It serves approximately 10,000
Equivalent Dwelling Units (EDUs) and a population of approximately 18,000. Based upon a
comprehensive financial plan, the District adopted a 5-year sewer rate plan on July 8, 2019 to

properly fund operations and capital improvements.



OPERATIONS & MAINTENANCE

The District operates and maintains, on behalf of all ratepayers, a wastewater treatment plant
designed to fully treat wastewater under: Primary (I), Secondary (II) and Tertiary (III) treatment
levels up to 1.8 million gallons per day (MGD) during average dry weather flow. During wet
weather flow, the plant is designed to hydraulically handle up to 12 MGD and is capable of
treating up to 9 MGD of full secondary treatment and up to 6 MGD of tertiary treatment. The
conveyance system consists of eleven sewage pump stations, and approximately eleven miles of
pipelines. The District owns and operates 7 stations and operates and maintains, under a service
agreement, 4 stations on behalf of the City of Sausalito. The District’s treatment plant site is

located in Fort Baker with a property lease through 2049 with the National Park Service.

CAPITAL

The District is finishing its implementation of a 10-year Capital Improvement Program (CIP)
which originally started in FY 2011/12 by identifying $54 million for wastewater conveyance
and treatment infrastructure improvements. The District primarily funded the capital
improvements program by issuing revenue bonds through a Joint Powers Authority and
financing agreement. Funding for the program consists of rate funded capital generated by sewer
service fees and bonds issued in the amount of $33,630,000 with an annual average debt service

of $2,153,000 until 2042.

The Wet Weather Flow Upgrade Project is complete and addresses new discharge regulations,
manages peak wet weather flows, and improved treatment plant performance and reliability. The
Upgrade Project increased the plant’s secondary treatment capacity to 9 MGD and increased
tertiary treatment capacity to 6 MGD. With the completion of the Wet Weather Upgrade in 2021,
in combination with other infrastructure projects completed over the previous 10 years, we have

substantially completed the original 10-year CIP plan.

The Bond funds financed CIP projects to include the Wet Weather Flow Upgrade Project; the
Coloma Street Pump Station Replacement; and the Generator Reliability Improvements Projects

which will improve overall system reliability and capacity. The new Coloma pump station will



have a flow capacity of 4.2 MGD increasing system conveyance capacity at a critical point

mitigating potential sanitary sewer overflows (SSOs) during peak storm events.

Additional projects in the District's CIP have been prioritized to incorporate efficiency and
redundancy at all major conveyance and treatment facilities. Priority projects include
rehabilitation of the treatment plant’s existing clarifier and rehabilitation of the conveyance
system's Beach Force Main. The existing clarifier, which has been in consistent use since its
construction in 1953, will require a complete replacement of its collector mechanism and
improvements to odor control. The Beach Force Main Rehabilitation Project will allow critical
force main redundancy with the Alexander Avenue force main which conveys wastewater from
the Main Street pump station to the treatment plant. Rehabilitation of the Beach Force Main will

also allow for force main inspections and reduce energy costs at the Main Street pump station.

ADMINISTRATION & FINANCE

The District continues to plan finances with a long-range outlook. The 5-year sewer service rate
schedule (FY 2019/2020 to 2023/2024) was adopted by the Proposition 218 process in 2019 and
it ensures adequate revenue is available to support the District’s operations, maintenance, capital
improvements, debt and reserves. The District will begin conducting a new rate study in FY
2023/2024 to explore competitive and fair rates for customers while meeting all service and
capital needs. In addition, the District continues to work with the City of Sausalito on exploring

the consolidation of their sewer collection or implementing a new services agreement.

A fully funded reserve policy, solid bond ratings and strong cash position creates a positive
outlook for the District. Due to a fully funded reserve and strong financial position, the District
plans to address the pension and health liabilities. The District is researching investment firms
and banks specializing in public government agencies to generate a greater rate of return than

LAIF for our reserve funds.



The Audit for year ending June 30, 2021 was successfully completed in a transparent manner

with the auditor reporting no findings and no modifications. A complete copy of the 2021 Audit

may be found on the District website.

Challenges and Opportunities

The District continues to be challenged with many significant future operational, capital and

regulatory requirements. These challenges will need advanced planning of external and internal

factors to ensure the organization is prepared. Some of the known and anticipated challenges

and opportunities are the following:

Reliable System Operations — The next challenges are primarily focused on the collection

and conveyance systems with some of the most critical projects already in construction and

projected for completion in early 2022, while others are in design. These projects include

but are not limited to:

Construction of the Coloma pump station to improve reliability and to increase
conveyance capacity in preparation for climate change and to maintain conveyance
capacity during peak storm events; and

Improvements to emergency power at all pump stations and at the treatment plant
to ensure power reliability of the entire conveyance and treatment systems during
peak storms and/or potential PG&E power outages.

Rehabilitation of the Beach Force Main from the Main Street pump station
provides redundancy of transporting wastewater to the treatment plant to support
cleaning, maintenance, reliability, efficiency, operational flexibility and reduce

cost.

Remodel the existing Operations Building to improve the space needed for an
upgraded lab, new control room, and relocation of operator locker and break rooms

outside of the treatment plant operations area.
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Additional challenges include continuing to reduce impacts to the community from
odors, improving site access and safety and addressing new biosolids processing and
disposal regulations and requirements. The effective execution of our Capital
Improvement Program remains critical for reliable system operations, meeting

regulatory requirements and protecting the Bay.

Communication / Technology — The District uses modern technology infrastructure to
monitor and control the wastewater conveyance and treatment system. This requires
continuous monitoring of the system during and after work hours, through normal and
extreme weather, on a year-round basis. The District’s treatment plant and conveyance
system achieves its performance and reliability with a trained and certificated staff and
combined with the use of current technology and automation. Timely access to relevant
data for operations, scheduling and decision making is critical. All essential District
systems and equipment are locally or remotely monitored at all times by operations and
maintenance staff. The use of a supervisory control and data acquisition (SCADA) system
allows for the centralized and decentralized monitoring of the treatment plant and
conveyance system to include pump station functions. Wastewater Flow and chemical
dosing are measured and monitored by SCADA. This informs Operators ensuring effective
decision making and operation of the system. The SCADA monitors the use of a chlorine
solution for wastewater disinfection treating bacteria and the application of a bisulfite
solution to neutralize the chlorine prior to the treated effluent being discharged to the Bay.
There has been continuous upgrade and adoptions of new technology including a control
system with up-to-date servers and capacity; high speed internet connections and reliable
Wi-Fi coverage throughout the Plant, upgraded Ethernet capable radio communications,
cloud-based computing and storage; smart phone and tablet technology for remote
monitoring; and state of the art sensors/controllers ensure the system is operated effectively
and efficiently. With most of our infrastructure updated over the past several years, the
SCADA System software itself needs to be replaced in the coming year and a third party

needs to study and address cyber security threats for all systems.

11



Environmental Regulations — The regulations governing District operations related to
water quality, air and solid waste disposal continue to evolve. The District operates under
requirements from Federal, State and Local Agencies including: A National Pollutant
Discharge Elimination System (NPDES) permit to discharge. This permit will expire in
2023 and the process to renew the permit will begin in 2022. The renewal of the permit will
require significant staff effort and support to ensure that the application or Report of Waste
Discharge document is completed in an accurate and efficient manner. In addition, permit
renewals pose an opportunity and challenge to the District due to the requirements that can
be petitioned for evaluation and modification as well as the possibility of regulating
agencies to impose additional burdens, monitoring or other challenges. Of particular
significance are potential additional regulations on landfill diversion of biosolids and
constraints on effluent nutrient levels. We are also subject to Environmental Protection
Agency (EPA) compliance orders and biosolids reporting; State of California Water
Resources and Control Board reporting requirements for SSOs, Discharges and Laboratory
accreditation and; Bay Area Air Quality Management District (BAAQMD) limits on
Hydrogen Sulfide (H2S) emissions and Marin County Hazardous Materials & Waste
regulations, to name a few. These challenges will drive our capital planning and allow for

targeted investment in effective future facilities.

City Sewer System Consolidation - The District operates and maintains the City of

Sausalito’s four pump stations on a contract basis. The District and the City are exploring
the consolidation of the City of Sausalito Sewer Collection System operations, maintenance
and capital with the District. Phase I — Feasibility Study of the sewer collection system
consolidation has been completed. Phase II — Operational Plan which includes the future
approach and resources needed for the operations, maintenance, and capital improvements
of the City’s sewer collection system is complete. These studies considered many factors
to support the decision of consolidation of the City’s Sewer Collection System. Some
examples are financial, staffing, asset condition, capital improvement, equipment,
easements and access to sewer lines. A joint City/District Sewer Committee meets to
review and consider consolidation. A decision, plan and timeline for consolidation should

be addressed in the coming year.
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Reduce System Infiltration and Inflow (1&1) — Aging infrastructure contributes to
infiltration and inflow of ground water, especially during major storm events. Continued
public and private investments to repair both sewer lines and private laterals are necessary
to reduce system I&I. Primary challenges to reduce or eliminate I&I in order to achieve a
“closed system” include: aging pipes and private laterals which are susceptible to failure,
salt water intrusion from high tides, illegal pumping of storm water into the sewer system
and ground settlement or subsidence which causes pipe failures. All of these factors add
unnecessary flow into the system at a rate more than10 times the dry weather flow leading

to increased operation and maintenance costs.

The District proactively maintains, repairs and evaluates its collection system on regular
intervals. Plans are scheduled, as part of the CIP, to continue to evaluate and determine the
locations to improve collection system piping and pump stations to reduce the effect of
1&I. While District facilities are substantially sealed, several other agencies deliver flow to
the District including the City of Sausalito, the Tamalpais Community Services District and
the Golden Gate National Recreation Area (GGNRA). The District continues to monitor
flows received during large storms and works with all partnering agencies to reduce 1I/1
delivered to the District's system. A primary cause of I/I is experienced from private
laterals due to age, tree roots and land settlement. The District communicates with, advises
and provides grant funding for private owners to assist them with sewer system upgrades to
reduce seawater and stormwater infiltration. Our projects are also designed for changing
code and requirements to plan for sea level rise, storm surge and new environmental

conditions due to climate change.

Water Quality Monitoring/Assurance — The District possesses a fully certified laboratory
along with qualified and certified staff, is capable of performing the analysis required for a
majority of the permit compliance parameters and all of the essential plant process controls.
The Laboratory produces accurate, timely and certified data used to validate the
compliance of plant effluent against the limits in our NPDES permit resulting in well over

6,700 discrete measurements and analytical results per year. The Laboratory also supports
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O&M personnel by providing valuable information at critical times allowing operators to
optimize the treatment processes. The laboratory technician and O&M technicians, are
trained and certified in other areas such as source control inspection and biosolids handling.
A high performing certified laboratory is a required mission critical component of the

wastewater conveyance and treatment system.

Workforce — The District needs a high-performing team to make all of the system’s
components work well. The District annually reviews its organization structure making
changes where necessary to assure proper staffing levels reflecting the changing
environment and regulatory needs of our agency. The District continues to have qualified
leadership and personnel to ensure the effective operation of our system. With an upgraded
plant and system, there is an opportunity to review staffing levels, job classifications and
our organization which may include changing job classifications, internal promotion,
external hiring and resuming the operator intern program. Our work schedules have been
adjusted to ensure staffing levels are optimized while maintaining a work/life balance for
the staff. The District’s pay and benefits; safety culture; and certification program continue
to support a healthy and rewarding workplace environment and make the District an

attractive employer.

Public Outreach- Opportunities and challenges always exist to keep our community,
constituents and stakeholders informed regarding the District’s decision-making process,
plans and operations. District information, activities and projects are published on our new
website. This allows staff to utilize a new user-friendly platform providing transparency
and accessibility. In addition to the website, public notices, letters, and electronic
newsletters are distributed through emailing and postings to public websites. The District
participates in a regional approach to community/public education and outreach by
working with a consortium of 6 wastewater treatment plants in Marin County. The District
conducts tours of the treatment plant and the conveyance system for the community to

educate and inform the public about the mission of the District.
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Emergency Operational Response —In the event of an area-wide emergency, the District
is connected to County and State notification services and responds by assessing and
repairing damages to its own system first. If and when resources and staffing become
available, the District responds and provides mutual aid to local agencies following mutual
aid agreements. Responding to severe storms, power outages and government imposed

pandemic controls continue to challenge the District’s limited resources.
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3. THE STRATEGIC PLAN
Strategic Plan
2022-2027

Goals and Objectives

The following goals and objectives have been established to identify what the organization needs

to accomplish in the fulfillment of the stated District mission and values:

Goal 1

Goal 2

Protect Public Health and the Environment

Objective 1.1 Optimize plant processes to enhance water quality discharged
into the Bay.

Objective 1.2 Identify and reduce infiltration and inflow into the District’s
conveyance system.

Objective 1.3 Prepare to respond to severe storms of longer duration due to
climate change, Public Safety Power Shutoffs (PSPS), and government-imposed
pandemic controls.

Objective 1.4 Work with the EPA and State Board to lift the 2007 EPA
Treatment Plant Order.

Objective 1.5 Work with the EPA to lift the 2008 EPA Order.

Continuous Water Quality Improvement

Objective 2.1 Continuously follow and exceed District’s Regulatory
requirements under: EPA, NPDES, SWRCB, BAAQMD and other agencies.
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Goal 3

Goal 4

Objective 2.2 Understanding the future impacts of regulatory requirements, the
renewal of the NPDES permit, potential new discharge limits and timelines for
implementation of solutions.

Objective 2.3 Continue to utilize and improve the District’s asset management
system to perform regular, proactive and timely maintenance activities to reduce
process and equipment failure.

Objective 2.4 Continuously improve the functions and technology of the
District’s laboratory to ensure compliance with increasing regulatory
requirements and standards.

Efficient and Effective Implementation of the Capital Improvement
Program

Objective 3.1 Continuously manage and prioritize a 3-Year Operations and
Maintenance Plan.

Objective 3.2 Deliver the 10-Year Capital Improvement Program to maintain
reliability of the wastewater collections, conveyance and treatment systems.

Objective 3.3 Implement the Capital Improvement Program efficiently by
delivering projects on time and within budget based upon the specified scope of
work.

Objective 3.4 Understand potential impacts to collection, conveyance and
treatment systems from government mandated housing and new developments
in the Marinship, Fort Baker Authority and Marin City areas including
considerations for sea level rise and climate change.

Objective 3.5 Improve O&M staff facilities, Plant site access, security and
lighting.

Objective 3.6 Assess and address cyber security threats.

Develop High Performing Teams

Objective 4.1 Continue making training and certification of all District staff a
high priority.

Objective 4.2 Focus on maintaining an efficient organization that is multi-
disciplinary, highly skilled and well-trained.

Objective 4.3 Promote safety, collaboration and professional development.

Objective 4.4 Maintain competitive staff compensation and benefits.
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Goal 5

Goal 6

Goal 7

Provide Financial Stability, Accountability and Value to Ratepayers

Objective 5.1 Ensure adequate funding for Capital Projects.

Objective 5.2 Properly budget and fund the Operations and Maintenance
functions.

Objective 5.3 Continue to work with the City of Sausalito on consolidating or
implementing a new service agreement.

Objective 5.4 Automate processes to ensure efficiency and accountability.

Objective 5.5 Provide financial transparency with timely annual audits and meet
government reporting requirements.

Objective 5.6 Address unfunded pension and benefit liabilities.

Responsible Leadership & Management

Objective 6.1 Engage constructively and proactively to create a collaborative
and inclusive work environment.

Objective 6.2 Provide opportunity and support for staff growth and
advancement through mentoring and professional development opportunities.

Objective 6.3 Address technology and systems to improve plant operations,
business practices and sharing of information.

Objective 6.4 Update and communicate policies and procedures for all staff to
understand benefits, opportunities and expectations.

Objective 6.5 Recognize and celebrate exceptional employee achievements and
performance.

Enhance Internal and External Communication

Objective 7.1 Engage District staff for input on decisions, activities and
initiatives in order to benefit from their knowledge of operations and potential
consequences.

Objective 7.2 Inform our ratepayers and communities about District initiatives

and projects.
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Objective 7.3 Communicate with the Board in order to facilitate informed
decisions.

Objective 7.4 Provide a transparent and accessible website where current
information is available for our ratepayers and communities.

Objective 7.5 Promote public awareness of industry issues and trends related
to regulatory compliance.

Objective 7.6  Provide public education on wastewater processes and ways
they can assist with preventing sewer overflows.
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BAAQMD
CalPERS
CEPPT
CERBT
CIP
EPA
EDU
FFR
GGNRA
H2S
1&1
JPA
MGD
NPDES
NPS
0&M
PEPRA
PG&E
PS
PSPS

SCADA

Acronyms & Definitions
Bay Area Air Quality Management District
California Public Employee’s Retirement System
California Employers Pension Prefunding Trust
California Employers Retirement Benefit Trust
Capital Improvement Plan
Environmental Protection Agency
Equivalent Dwelling Unit
Fixed Film Reactor
Golden Gate National Recreation Area
Hydrogen Sulfide
Inflow & Infiltration
Joint Powers Authority
Million Gallons per Day
National Pollutant Discharge Elimination System
National Park Service
Operations & Maintenance
Public Employees’ Pension Reform Act
Pacific Gas & Electric
Pump Station
Public Safety Power Shutoff

Supervisory Control and Data Acquisition
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SMCSD Sausalito-Marin City Sanitary District
SSO Sanitary Sewer Overflow
SWRCB State Water Resources Control Board

TCSD Tamalpais Community Services District

Primary Treatment (I)

A wastewater treatment process that takes place in a rectangular or circular tank and allows those
substances in wastewater that readily settle or float to be separated from the wastewater being
treated.

Secondary Treatment (II)

A wastewater treatment process used to convert dissolved or suspended materials into a form
more readily separated from the water being treated. The process commonly is a type of
biological treatment followed by secondary clarifiers that allow the solids to settle out from the
water being treated.

Tertiary Treatment (III)

Any process of water renovation that upgrades treated wastewater to meet specific reuse
requirements. May include general cleanup of water or removal of specific parts of wastes
insufficiently removed by conventional treatment processed.
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ABOUT OUR DISTRICT

The Tamalpais Union High School District is an extremely high performing district in a very active, supportive, and
educated community. Currently 4,846 students are served in three comprehensive high schools and two alternative
programs. In addition, the Adult and Community Education courses attract hundreds of community members each
year.

The staff of the District is highly trained, talented, and dedicated to their professions. Students have access to a wide
range of programs and courses and perform well above the state and national averages on standardized
assessments. Graduates are readily accepted into colleges and universities around the country. Our schools have
been recipients of numerous awards, including California Distinguished School and National Blue Ribbon School.

Redwood High School: A National Blue Ribbon School and California Distinguished School

San Andreas High School: A Model Continuation School, recognized by the California Department of
Education in February 2018 and 2021

Archie Williams High School: A 2017 Gold Ribbon School

Tamalpais High School: A 2017 Gold Ribbon School

Tamiscal High School: A California Distinguished School and Exemplary Independent Study Recognition
Award (ELSRA)

District Calendar:

School year Calendar 2022-23
School Year Calendar 2023-24
School Year Calendar 2024-25

https://www.tamdistrict.org/Page/5 2/2
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Rocky Graham Park

Rocky Graham Park is the only outdoor recreational space in Marin City, the most diverse city in the
county. Originally built in the 1940s, the park served the families of African American laborers who
moved to the region to build Liberty ships on the Sausalito waterfront during World War Il. In the
1970s it was renamed for George "Rocky" Graham, a 28-year-old Marin City official who was shot
and killed during a dispute. After falling into disrepair in the ensuing years, the park was
dismantled in the 1990s. It remained unused, an eyesore, for more than 20 years-until residents
rallied with a petition to revive it.

The Trust for Public Land worked with the community to re-design the park, which re-opened in July
2015 with modern amenities like a tree-house-themed play structure, drought-resistant turf lawn,
adult fitness areas, and a mural showcasing scenes from Marin City's history.
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QuickFacts
Marin County, California

QuickFacts provides statistics for all states and counties, and for cities and towns with a population of 5,000 or more.

Table
All Topics B S

Population Estimates, July 1 2022, (V2022) A NA
Population Estimates, July 1 2021, (V2021) D 260,206
Population

Population Estimates, July 1 2022, (V2022) O NA
Population Estimates, July 1 2021, (V2021) A 260,206
Population estimates base, April 1, 2020, (V2022) D NA
Population estimates base, April 1, 2020, (V2021) O 262,321
Population, percent change - April 1, 2020 (estimates base) to July 1, 2022, (V2022) A NA
Population, percent change - April 1, 2020 (estimates base) to July 1, 2021, (V2021) D -0.8%
Population, Census, April 1, 2020 262,321
Population, Census, April 1, 2010 252,409
Age and Sex

Persons under 5 years, percent D 4.2%
Persons under 18 years, percent D 192%
Persons 65 years and over, percent D 23.4%
Female persons, percent D 50.6%

Race and Hispanic Origin

White alone, percent D 84.7%
Black or African American alone, percent (a) D 2.9%
American Indian and Alaska Native alone, percent (a) A 1.0%
Asian alone, percent (a) D 6.9%
Native Hawaiian and Other Pacific Islander alone, percent (a) A 0.3%
Two or More Races, percent D 4.2%
Hispanic or Latino, percent (b) D 16.8%

White alone, not Hispanic or Latino, percent D 70.1%


https://www.census.gov/

Population Characteristics

Veterans, 2017-2021

Foreign born persons, percent, 2017-2021

Housing

Housing units, July 1, 2021, (V2021)

Owner-occupied housing unit rate, 2017-2021

Median value of owner-occupied housing units, 2017-2021

Median selected monthly owner costs -with a mortgage, 2017-2021
Median selected monthly owner costs -without a mortgage, 2017-2021
Median gross rent, 2017-2021

Building permits, 2021

Families & Living Arrangements

Households, 2017-2021

Persons per household, 2017-2021

Living in same house 1 year ago, percent of persons age 1 year+, 2017-2021

Language other than English spoken at home, percent of persons age 5 years+, 2017-2021

Computer and Internet Use

Households with a computer, percent, 2017-2021

Households with a broadband Internet subscription, percent, 2017-2021
Education

High school graduate or higher, percent of persons age 25 years+, 2017-2021
Bachelor's degree or higher, percent of persons age 25 years+, 2017-2021
Health

With a disability, under age 65 years, percent, 2017-2021

Persons without health insurance, under age 65 years, percent

Economy

In civilian labor force, total, percent of population age 16 years+, 2017-2021
In civilian labor force, female, percent of population age 16 years+, 2017-2021
Total accommodation and food services sales, 2017 ($1,000) (c)

Total health care and social assistance receipts/revenue, 2017 ($1,000) (c)
Total transportation and warehousing receipts/revenue, 2017 ($1,000) (c)
Total retail sales, 2017 ($1,000) (c)

Total retail sales per capita, 2017 (c)

Transportation

Mean travel time to work (minutes), workers age 16 years+, 2017-2021
Income & Poverty

Median household income (in 2021 dollars), 2017-2021

Per capita income in past 12 months (in 2021 dollars), 2017-2021

Persons in poverty, percent

8,837
18.5%

111,744
63.8%
$1,118,300
$4,000+
$1,055
$2,307
265

103,751
2.46
87.0%
21.4%

96.8%
93.7%

93.4%
60.1%

5.1%
D 4.2%

63.6%
58.7%
1,025,810
2,350,719
673,481
5,625,193
$21,637

30.8

$131,008

$78,995
D 7.8%



Businesses

Total employer establishments, 2020 10,025
Total employment, 2020 103,990
Total annual payroll, 2020 ($1,000) 7,789,182
Total employment, percent change, 2019-2020 1.3%
Total nonemployer establishments, 2019 37,149
All employer firms, Reference year 2017 9,188
Men-owned employer firms, Reference year 2017 4,887
Women-owned employer firms, Reference year 2017 1,779
Minority-owned employer firms, Reference year 2017 1,133
Nonminority-owned employer firms, Reference year 2017 6,906
Veteran-owned employer firms, Reference year 2017 391
Nonveteran-owned employer firms, Reference year 2017 7,715
Geography

Population per square mile, 2020 504.1
Population per square mile, 2010 485.1
Land area in square miles, 2020 520.42
Land area in square miles, 2010 520.31

FIPS Code 06041



About datasets used in this table

Value Notes

O Estimates are not comparable to other geographic levels due to methodology differences that may exist between different data sources.

Some estimates presented here come from sample data, and thus have sampling errors that may render some apparent differences between geographies statistically indistinguishable. Click the Quick Info @ icon to the left of each
row in TABLE view to learn about sampling error.

The vintage year (e.g., V2022) refers to the final year of the series (2020 thru 2022). Different vintage years of estimates are not comparable.

Users should exercise caution when comparing 2017-2021 ACS 5-year estimates to other ACS estimates. For more information, please visit the 2021 5-year ACS Comparison Guidance page.

Fact Notes
(a) Includes persons reporting only one race
(c) Economic Census - Puerto Rico data are not comparable to U.S. Economic Census data
(b) Hispanics may be of any race, so also are included in applicable race categories

Value Flags

- Either no or too few sample observations were available to compute an estimate, or a ratio of medians cannot be calculated because one or both of the median estimates falls in the lowest or upper interval of an
open ended distribution.

F Fewer than 25 firms

D Suppressed to avoid disclosure of confidential information

N Data for this geographic area cannot be displayed because the number of sample cases is too small.

FN  Footnote on this item in place of data

X Not applicable

S Suppressed; does not meet publication standards

NA Not available

Y4 Value greater than zero but less than half unit of measure shown

QuickFacts data are derived from: Population Estimates, American Community Survey, Census of Population and Housing, Current Population Survey, Small Area Health Insurance Estimates, Small Area Income and Poverty
Estimates, State and County Housing Unit Estimates, County Business Patterns, Nonemployer Statistics, Economic Census, Survey of Business Owners, Building Permits.
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Measuring America's People, Places, and Economy
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DNL Calculator - HUD Exchange

Home (/) > Programs (/programs/) > environmental Review (/programs/environmental-
review/) > DNL Calculator

DNL Calculator

The Day/Night Noise Level Calculator is an electronic assessment tool that calculates the
Day/Night Noise Level (DNL) from roadway and railway traffic. For more information on using the
DNL calculator, view the Day/Night Noise Level Calculator Electronic Assessment Tool
Overview (/programs/environmental-review/daynight-noise-level-electronic-assessment-

tool/).

Guidelines

To display the Road and/or Rail DNL calculator(s), click on the "Add Road Source" and/or
"Add Rail Source" button(s) below.

All Road and Rail input values must be positive non-decimal numbers.

All Road and/or Rail DNL value(s) must be calculated separately before calculating the Site
DNL.

All checkboxes that apply must be checked for vehicles and trains in the tables' headers.
Note #1: Tooltips, containing field specific information, have been added in this tool and
may be accessed by hovering over all the respective data fields (site identification, roadway
and railway assessment, DNL calculation results, roadway and railway input variables) with
the mouse.

Note #2: DNL Calculator assumes roadway data is always entered.

DNL Calculator

https://www.hudexchange.info/programs/environmental-review/dnl-calculator/
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Site ID

Record Date

mm/dd/yyyy 0
User's Name
Road # 1 Name: Hwy 101
Road #1
Vehicle Type Cars Medium Trucks (]  Heavy Trucks [
Effective Distance 900
Distance to Stop Sign
Average Speed 65

Average Daily Trips (ADT) 139700

Night Fraction of ADT 15

Road Gradient (%)

Vehicle DNL 62 0 0

Calculate Road #1 DNL 62 Reset

Add Road Source | Add Rail Source

Airport Noise Level

Loud Impulse Sounds? OYes ONo

https://www.hudexchange.info/programs/environmental-review/dnl-calculator/ 2/4
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Combined DNL for all
Road and Rail sources

Combined DNL including Airport

Site DNL with Loud Impulse Sound

Calculate || Reset

Mitigation Options
If your site DNL is in Excess of 65 decibels, your options are:

* No Action Alternative: Cancel the project at this location
¢ Other Reasonable Alternatives: Choose an alternate site
* Mitigation
o Contact your Field or Regional Environmental Officer (/programs/environmental-
review/hud-environmental-staff-contacts/)
o Increase mitigation in the building walls (only effective if no outdoor, noise sensitive
areas)
o Reconfigure the site plan to increase the distance between the noise source and
noise-sensitive uses
© Incorporate natural or man-made barriers. See The Noise Guidebook
(/resource/313/hud-noise-guidebook/)
o Construct noise barrier. See the Barrier Performance Module
(/programs/environmental-review/bpm-calculator/)

Tools and Guidance

Day/Night Noise Level Assessment Tool User Guide (/resource/3822/day-night-noise-level-
assessment-tool-user-guide/)

Day/Night Noise Level Assessment Tool Flowcharts (/resource/3823/day-night-noise-level-
assessment-tool-flowcharts/)

https://www.hudexchange.info/programs/environmental-review/dnl-calculator/ 3/4
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BE An official website of the United States government
Here’s how you know v

Vo Y United States
\__/ Environmental Protection MENU
\’ Agency

Search EPA.gov

General Conformity

CONTACT US <https://epa.gov/general-conformity/forms/contact-us-about-general-conformity>

De Minimis Tables

40 CFR 93.153(b) (1) - For purposes of paragraph (b) of this section the
following rates apply in nonattainment areas (NAA's):
Tons/year

Czone (VOC's or NOx):

Serious NAA's 50

Severe NAA's 25

Extrerme NAAs 10

Other ozone NAA's outside an ozone transport region: 100
Cther ozone NAA's inside an ozone fransport region:

VOC a0

NOx 100
Carbon Monoxide: All maintfenance areas 100
SOz or NO2: All NAA's 100
PMo:

Moderate NAA's 100

Serious NAA's 70
Pz 5 (direct emissions, SOz, NOx, VOC, and Ammonia):

Moderate NAA's 100

Serious NAA's 70
Pb: All NAAs 25

https://www.epa.gov/general-conformity/de-minimis-tables 1/5
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following rates apply in maintenance areas:

40 CFR 93.153(b)(2) - For purposes of paragraph (b) of this section the

Tons/year
Ozone (NOx), SO; or NO4:

All maintenance areas 100
Ozone (VOC's)

Maintenance areas inside an ozone fransport region 50
IMaintenance areas outside an ozone transport region 100
Carbon monoxide: All maintenance areas 100
Piyg: All maintenance areas 100
P35 (direct emissions, SO2, NOx, VOC, and Ammonia) 100
All maintenance areas 100
Pb: All maintenance areas 25

General Conformity Home <https://epa.gov/general-conformity>

What is General Conformity? <https://epa.gov/general-conformity/what-general-conformity>

Basic Information About the Rule <https://epa.gov/general-conformity/basic-information-about-

general-conformity-rule>

Regu lato ry Actions <https://epa.gov/general-conformity/general-conformity-regulatory-actions>

Training Modules | - 1V <https://epa.gov/general-conformity/general-conformity-training-modules>

Contact Us <https://epa.gov/general-conformity/forms/contact-us-about-general-conformity> to ask a

question, provide feedback, or report a problem.

LAST UPDATED ON JULY 20, 2022

https://www.epa.gov/general-conformity/de-minimis-tables
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Notice

Mention of trade names, products, or services does not convey, and should not be
interpreted as conveying official EPA approval, endorsement, or recommendation. The

following trademarks appear in this guide:

Microsoft Windows is a registered trademark of the Microsoft Corporation.
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Preface

This User's Guide for the AMS/EPA Regulatory Model (AERMOD) provides user
instructions for the AERMOD model. The technical description of the AERMOD algorithms is
provided in a separate AERMOD Model Formulation document (EPA, 2022a). Additional
resources provided by the USEPA that may be helpful with respect to the application of
AERMOD can be accessed via the Support Center for Regulatory Atmospheric Modeling
(SCRAM) website at https://www.epa.gov/scram.
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1.0 Introduction

This section provides an overall introduction to the AERMOD model and to the
AERMOD user's guide. Some suggestions are offered on how various users would best benefit
from using the manuals. Also provided is an overview of the model's applicability, range of
options, and basic input data and hardware requirements. The input file needed to run the
AERMOD model is based on an approach that uses descriptive keywords and allows for a

flexible structure and format.

1.1 How to use the AERMOD manuals

The AERMOD model user's guide has been designed in an attempt to meet the needs of
various types of users, depending on their level of experience with the model. This section

describes briefly how different types of users would benefit most from their use of the manual.

1.1.1 Novice users

Novice users are those whose exposure to or experience with the AERMOD model has
been limited. They may be new to dispersion modeling applications in general, or new to the
AERMOD model and therefore unfamiliar with the keyword/parameter approach utilized for the
input file. These users should review the remainder of this Introduction to gain an overall
perspective of the use of the AERMOD model, particularly for regulatory modeling applications.
They should then concentrate their review on Section 2.0, which provides an overview on the
types of input and output files and setting up an input file that illustrates the more commonly
used options of the AERMOD model. Section 2.0 provides a basic description of the input file
structure and explains some of the advantages of the keyword/parameter approach to specifying
modeling options and inputs. Section 3.0 then provides a more detailed and complete reference

of the various options for running the model.

1.1.2 Experienced modelers

Experienced modelers will have had considerable experience in applying the AERMOD

model in a variety of situations. They should have basic familiarity with the overall goals and
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purposes of regulatory modeling in general and with the scope of options available in the
AERMOD model. Experienced modelers who are new to the AERMOD model will benefit from
first reviewing the contents of Section 2.0 of this guide, which will give them a basic orientation
to the structure, organization and philosophy of the keyword/parameter approach used for the
input control file. Once they have a basic grasp of the input file structure and syntax rules, they
will benefit most from using Section 3.0 of this volume as a reference to learn the overall
capabilities of the model, or to understand the mechanics for implementing specific options. The
information in Section 3.0 has a functional organization with detailed descriptions of each of the
individual keyword options by functional pathway. Once they are familiar with the keywords,
they may find the functional keyword reference provided in APPENDIX A useful to quickly

review the proper syntax and available options/parameters for a particular keyword.

Experienced modelers may also need to refer to the description of model formulation for
AERMOD (EPA, 2022a) to gain a more complete understanding of the technical basis for the
AERMOD model.

1.1.3 Management/decision makers

Those involved in a management or decision-making role for dispersion modeling
applications will be especially interested in the remainder of this section, which provides an
overview of the model, including its role in various regulatory programs, a brief description of
the range of available options, and basic input and output data and computer hardware
requirements needed to run the model. From this information they should understand the basic
capabilities of the AERMOD model well enough to judge the suitability of the model for specific
applications. They may also want to review overview provided in Section 2.0 to learn about the

nature and structure of the input control file to better be able to review the modeling results.

1.2 Overview of the AERMOD model

This section provides an overview of the AERMOD model, including a discussion of the

regulatory applicability of the model, a description of the basic options available for running the
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model, and an explanation of the basic input data and hardware requirements needed for

executing the model.

1.2.1 Regulatory applicability

The U.S. Environmental Protection Agency (EPA) maintains a Guideline on Air Quality
Models (EPA, 2017b), hereafter, Guideline, which is published as Appendix W to 40 CFR Part
51 (as revised). The Guideline provides the agency's guidance on regulatory applicability of air
quality dispersion models in general. In general, regulatory modeling applications should be
carried out in accordance with a modeling protocol that is reviewed and approved by the
appropriate agency prior to conducting the modeling. The modeling protocol should identify the
specific model, modeling options, and input data (e.g., meteorology, emission source parameters,

etc.) to be used for a particular application.

1.2.2 Basic input data requirements

One of the basic inputs to AERMOD is the control file which contains the selected
modeling options, as well as source location and parameter data, receptor locations,
meteorological data file specifications, and output options. Another type of basic type of input
data needed to run the model is the meteorological data. AERMOD requires two types of
meteorological data files that are provided by the AERMET meteorological preprocessor
program (EPA, 2022c). One file consists of surface scalar parameters, and the other file consists
of vertical profiles of meteorological data. These meteorological data files are described briefly
later in this section, and in more detail in Sections 2.0 and 3.0. For applications involving
elevated terrain effects, the receptor and terrain data will need to be processed by the AERMAP
terrain preprocessing program (EPA, 2018) before input to the AERMOD model.

1.2.3 Computer hardware requirements

The current version of the AERMOD model was developed within the Microsoft
Windows operating system (Windows) and has been designed to run on Windows PCs within a
Command-prompt using command-line arguments to initiate a model run. The amount of storage

space required on the hard disk for a particular application will depend greatly on the output
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options selected. Some of the optional output files of concentration data can be rather large.

More information on output file products is provided in Sections 2.1 and 3.7.

The AERMOD model includes a wide range of options for modeling air quality impacts
of pollution sources, making it a popular choice among the modeling community for a variety of
applications. The following sections provide a brief overview of the options available in the

AERMOD model.

1.2.4 Dispersion options

Since the AERMOD model is especially designed to support the EPA's regulatory
modeling programs, the regulatory modeling options will be the default mode of operation for
the model. These options include the use of stack-tip downwash and a routine for processing
averages when calm winds or missing meteorological data occur. The model also includes
various non-default options (e.g., suppress the use of stack-tip downwash, deposition modeling,
NO: conversion, special processing for low wind conditions, and disable the date checking for
non-sequential meteorological data files, to list a few). The latter option listed is needed to
facilitate the evaluation of the model. The AERMOD model also includes a non-default
screening mode added specifically for integration with the AERSCREEN model interface (EPA,
2021d). The user can specify several short-term averages to be calculated in a single run of the

AERMOD model, as well as request the overall period (e.g., annual) averages.

1.2.5 Source options

The model is capable of handling multiple sources, including point, volume, area, open
pit, and both buoyant and non—buoyant line source types. AERMOD models non-buoyant line
sources as elongated area sources or a series of volume sources. If elongated area sources are
used to represent a narrow non-buoyant line source, the user can specify a line source in the
contral file, and the input required to define the source is simplified from the typical input

required for an area source.



The buoyant line source algorithm from the Buoyant Line and Point Source (BLP) model
(Schulman and Scire, 1980) has been incorporated into the AERMOD model beginning with
version 15181. Several source groups may be specified in a single run, with the source
contributions combined for each group. This is particularly useful for PSD applications where
combined impacts may be needed for a subset of the modeled background sources that consume
increment, while the combined impacts from all background sources (and the permitted source)
are needed to demonstrate compliance with the National Ambient Air Quality Standards
(NAAQS). The model contains algorithms for modeling the effects of aerodynamic downwash
due to nearby buildings on point source emissions and depositional effects on particulate

emissions.

Source emission rates can be treated as constant throughout the modeling period, or may
be varied by month, season, hour-of-day, or other optional periods of variation. Variable
emission rate factors may be specified for a single source or for a group of sources. The user may
also specify a separate file of hourly emission rates for all source or some subset of sources that

are included in a model run.

1.2.6 Receptor options

The AERMOD model has considerable flexibility in the specification of receptor
locations. The user has the capability of specifying multiple receptor networks in a single run
and may also mix Cartesian grid receptor networks and polar grid receptor networks in the same
run. This is useful for applications where the user may need a coarse grid over the whole
modeling domain, but a denser grid over the area of maximum expected impacts. There is also
flexibility in specifying the location of the origin for polar receptors, other than the default origin

at (0,0) in x,y, coordinates.

The user can input elevated receptor heights to model the effects of terrain above (or
below) stack base and may also specify receptor elevations above ground level to model flagpole
receptors. There is no distinction in AERMOD between elevated terrain below release height
and terrain above release height, as with earlier regulatory models that distinguished between

simple terrain and complex terrain. For applications involving elevated terrain, the user must
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also input a hill height scale along with the receptor elevation. To facilitate the generation of hill
height scales for AERMOD, a terrain preprocessor, called AERMAP, has been developed (EPA,
2018).

1.2.7 Meteorology options

The AERMOD model utilizes a file of surface boundary layer parameters and a file of
profile variables including wind speed, wind direction, and turbulence parameters. These two
types of meteorological inputs are generated by the meteorological preprocessor for AERMOD,
which is called AERMET (EPA, 2022c). Both meteorological input files are sequential ASCII
files, and the model automatically recognizes the format generated by AERMET as the default
format. The model will process all available meteorological data in the specified input file by

default, but the user can easily specify selected days or ranges of days to process.

1.2.8 Output options

The basic types of printed output available with AERMOD are:

o Summaries of high values (highest, second highest, etc.) by receptor for each
different combinations of averaging period and source group;

o Summaries of overall maximum values (e.g., the maximum 50) for each averaging
period and source group combination; and

J Tables of concurrent values summarized by receptor for each combination of
averaging period and source group, for each day of data processed. These "raw"
concentration values may also be output to unformatted (binary) files, as described
below.

The tables by receptor and maximum value tables can be output for the source group
values or for the individual source values, or both. In addition, when maximum values for
individual sources are output, the user has the option of specifying whether the maximum source
values are to be the maximum values for each source independently, the contribution of each

source to the maximum group values, or both.



In addition to the tabular printed output products described above, the AERMOD model
provides options for several types of file output products. One of these options for AERMOD is
to output an unformatted ("binary") file of all concentration values as they are calculated. These
files are often used for special postprocessing of the data. In addition to the unformatted
concentration files, AERMOD provides options for several additional types of file outputs. One
option is to generate a file of (X, Y) coordinates and design values (e.g., the second highest
values at each receptor for a particular averaging period and source group combination) that can
be easily imported into many graphics plotting packages to generate contour plots of the
concentration values. Separate files can be specified for all the averaging period and source

group combinations of interest to the user.

Another output file option of the AERMOD model is to generate a file of all occurrences
when a concentration value equals or exceeds a user-specified threshold. Again, separate files
are generated for only those combinations of averaging period and source group that are of
interest to the user. These files include the date on which the threshold violation occurred, the

receptor location, and the concentration value.

AERMOD includes options for two types of output files that are designed to facilitate
model evaluation. One type of file lists concentrations by rank, where only one value per date is
included. This file may be used to generate Q-Q (quantile) plots of results, where values from
different models and/or observed data are paired by rank. The other type of output file provides
arc maxima results along with detailed information about the plume characteristics associated

with the arc maximum.

Finally, there are output options specifically for comparing model results to the 24-hour
PM2.5, 1-hour NO; and 1-hour SO2> NAAQS. The forms of these standards are based on
averages of ranked values across years which complicates their evaluation, especially the 1-hour
NO> and SO, standards which are based on ranked values from the distribution of daily

maximum I-hour averages.



1.2.9 Source contribution analyses

In air quality dispersion modeling applications, the user may have a need to know the
contribution that a particular source makes to an overall concentration value for a group of
sources. This section provides a brief introduction to how these types of source contribution
(sometimes referred to as source culpability) analyses are performed using the AERMOD model.

More detailed information about exercising these options is provided in Section 3.0.

The AERMOD model provides the option of specifying source groups for which the
model calculates high values independently. However, users may often have to run the model a
second time selecting only specific days where the high values occurred and setting up each
source in its own source group to obtain source contribution results. An EVENT processor has
been incorporated into AERMOD to simplify this task when required. Also, special processing
and output options, mentioned above, are included that are specific to determining source

contributions with respect to the PM2.5, NO; and SO; standards.
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2.0 Getting started - a brief tutorial

This section provides a brief tutorial for setting up a simple application problem with the
AERMOD model, which serves as an introduction for novice users to the AERMOD model. The
example illustrates the usage of the more commonly used options in the AERMOD model. A
more complete description of the available options for setting up the AERMOD model is

provided in Section 3.0.

The example problem presented in this section is a simple application of the AERMOD
model to a single point source. The source is a hypothetical stack at a small, isolated facility in a
rural setting. Since the stack is below the Good Engineering Practice (GEP) stack height, the
emissions from the source are subject to the influence of aerodynamic downwash due to the
presence of nearby buildings. The tutorial leads the user through selection and specification of
modeling options, specification of source parameters, definition of receptor locations,
specification of the input meteorological data, and selection of output options. Since this
discussion is aimed at novice users of the AERMOD model, general overviews of input and

output files, as well as control file keyword/parameter approach is provided first.

2.1 Controlling input and output files

This section describes the various input and output files used by the AERMOD model
and discusses control of input and output (I/O) in the Microsoft Windows PC environment.

Much of this discussion also applies to operating the model in other environments.

2.1.1 Description of AERMOD input files

The two basic types of input files needed to run all of the AERMOD model are the input
control file containing the modeling options, source data and receptor data, and the two input
meteorological data files. Each of these is discussed below, as well as a special file that may be

used to initialize the AERMOD model with intermediate results from a previous run.
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2.1.1.1 Input control file

The input control file contains the user-specified options for running the various
AERMOD model (with a default filename, AERMOD.INP), includes the source parameter data
and source group information, defines the receptor locations, specifies the location and
parameters regarding the meteorological data, and specifies the output options. Details regarding
the keywords and parameters used in the input control file are provided in Section 3.0, and

APPENDIX A.

2.1.1.2 Meteorological data files

The input meteorological data is read into the AERMOD model from two separate data
files, one corresponding to surface (scalar) parameters, and the other corresponding to multi-
level profiles of data. The meteorological data filenames and format are specified within the
input control file using the ME SURFFILE and PROFFILE keywords. The AERMOD model
accepts meteorological data that has been preprocessed by the AERMET meteorological
preprocessor program (EPA, 2022c¢). The data are read from formatted ASCII files of hourly

sequential records.

2.1.1.3 Initialization file for model re-start

The AERMOD model has an optional capability to store intermediate results to an
unformatted (sometimes called binary) file for later re-starting of the model in the event of a
power failure or user interrupt. This unformatted file may, therefore, be used as an input file to
initialize the model. This option is controlled by the SAVEFILE (saves intermediate results to a
file) and the INITFILE (initialize result arrays from a previously saved file) keywords on the CO
pathway.

When initializing the model for the re-start option, the user specifies the name of the
unformatted results file on the INITFILE keyword. The default filename used if no parameter is
provided is TMP.FIL.
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2.1.2 Description of AERMOD output files

The AERMOD model can produce a variety of output files, including a main file of
model results, an unformatted file of intermediate results for later re-start of the model
(AERMOD only), and several output data files for specialized purposes. These files are

described below.

2.1.2.1 Main output file

The AERMOD model produces a main output file of model results called
AERMOD.OUT by default unless a unique name is provided by the user when AERMOD is
executed at the command prompt. The contents and organization of this file are shown in Figure
2-5. This file includes an echo of the input control file commands at the beginning of the file (up
until a NO ECHO input is encountered). A summary of control file setup messages and a
summary of the inputs follow the echo of inputs. The input summary includes a summary of
modeling options, source data, receptor data, and meteorological data, following the same order
as the pathways in the control file. If model calculations are performed, then the model results
are summarized next. The content and order of the model result summaries depend on the output
options selected. Following the detailed model results are summary tables of the high values for
each averaging period and source group. The final portion of the main output file is the

summary of messages for the complete model run.

2.1.2.2 Detailed error message file

The user may select an option for the model to save a separate file of detailed error and
other messages, through use of the CO ERRORFIL keyword. The format and syntax of these
messages is described in APPENDIX B. The order of messages within the file is the order in
which they were generated by the model. The file includes all types of messages that were

generated.
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2.1.2.3 Intermediate results file for model re-start

The AERMOD model has an optional capability to store intermediate results to an
unformatted (sometimes called binary) file for later re-starting of the model in the event of a
power failure or user interrupt. This unformatted file may therefore be used as an input file to
initialize the model. This option is controlled by the SAVEFILE (saves intermediate results to a
file) and the INITFILE (initialize result arrays from a previously saved file) keywords on the CO
pathway.

When saving the intermediate results for the re-start option, the user specifies the name of
the unformatted results file on the SAVEFILE keyword. The user has the option of specifying a
single filename, two filenames (for alternate saves), or specifying no filename. The default
filename used if no parameter is provided is TMP.FIL. If a single file is used, then the
intermediate results file is overwritten on each successive dump, with the chance that the file will
be lost if the interrupt occurs during the time that the file is opened. If two filenames are
provided, then the model also saves to the second file on alternate dumps, so that the next most

recent dump will always be available.

2.1.2.4 Maximum value/threshold file

The user may select an option for the AERMOD model to generate a file or files of
concentration values exceeding a user-specified threshold. The OU MAXIFILE keyword
controls this option. The user may select separate files for each averaging period and source
group combination for which a list of threshold violations may be needed. Each file includes
several records with header information identifying the averaging period, source group and
threshold value, and then a record for every occurrence where the result for that averaging
period/source group equals or exceeds the threshold value. Each of these records includes the
averaging period, source group ID, date for the threshold violation (ending hour of the averaging
period), the x, y, z and flagpole receptor height for the receptor location where the violation

occurred, and the concentration value.
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The structure of the threshold violation file is described in more detail in APPENDIX C.
Each of the files selected by the user is opened explicitly by the model as a formatted file. The
filenames are provided on the input control file command. The user may specify the file unit on
the MAXIFILE card through the optional FUNIT parameter. User-specified units must be
greater than or equal to 31 and are recommended to be less than or equal to 100. If no file unit is

specified, then the file unit is determined internally according to the following formula:

IMXUNT = 100 + IGRP*10 + IAVE

where IMXUNT is the Fortran unit number, IGRP is the source group number (the order in
which the group is defined in the control file), and IAVE is the averaging period number (the
order of the averaging period as specified on the CO AVERTIME card). This formula will not
cause any conflict with other file units used by the model for up to 9 source groups and up to 9

short-term averaging periods.

2.1.2.5 Sequential results file for postprocessing

The user may select an option for the AERMOD model to generate a file or files of
concentration values suitable for postprocessing. The OU POSTFILE keyword controls this
option. The user may select separate files for each averaging period and source group
combination for which postprocessing may be needed. For each file requested, the user has the
option of specifying whether to use unformatted files suitable for postprocessing or to use a plot
format which could allow for importing the x, y conc files into a graphics package for plotting.
For the unformatted file option, each file consists of sequential unformatted records of values at
each receptor location for every averaging period calculated. For the plot file format option,
each file consists of formatted records listing the x-coordinate, y-coordinate and concurrent
concentration values for each receptor and for all averaging periods calculated. For certain
applications, these files may become quite large, and should only be used when needed,

especially when using the plot format.

The structure of both types of postprocessing file is described in more detail in

APPENDIX C. Each of the postprocessing files selected by the user is opened explicitly by the

2-5



model as either an unformatted or a formatted file, depending on the option selected. The
filenames are provided on the input control file command. The user may specify the file unit on
the POSTFILE card through the optional FUNIT parameter. User-specified units must be greater
than or equal to 31 and are recommended to be less than or equal to 100. If no file unit is

specified, then the file unit is determined internally according to the following formulas:

IPSUNT =200 + IGRP*10 + IAVE for short-term averages
IAPUNT =300 + IGRP*10 - 5 for PERIOD averages

where IPSUNT and IAPUNT are the Fortran unit numbers, IGRP is the source group number
(the order in which the group is defined in the control file), and IAVE is the averaging period
number (the order of the averaging period as specified on the CO AVERTIME card). This
formula will not cause any conflict with other file units used by the model for up to 9 source

groups and up to 9 short-term averaging periods.

2.1.2.6 High value summary file for plotting

The user may select an option for the AERMOD model to generate a file or files of the
highest concentration values at each receptor suitable for importing into a graphics package in
order to generate contour plots. The OU PLOTFILE keyword controls this option. The user
may select separate files for each averaging period, source group and high value combination for
which a plot file may be needed. Each file includes several records with header information
identifying the averaging period, source group and high value number of the results, and then a
record for each receptor which contains the x and y coordinates for the receptor location, the
appropriate high value at that location, and the averaging period, source group and high value

number.

The structure of the plot file is described in more detail in APPENDIX C. Each of the
plot files selected by the user is opened explicitly by the model as a formatted file. The
filenames are provided on the input control file command. The user may specify the file unit on
the PLOTFILE card through the optional FUNIT parameter. User-specified units must be
greater than or equal to 31 and are recommended to be less than or equal to 100. If no file unit is

specified, then the file unit is determined internally according to the following formulas:
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IPLUNT = (IVAL+3)*100 + IGRP*10 + IAVE for short-term averages
IPPUNT =300 + IGRP*10 for PERIOD averages

where IPLUNT and IPPUNT are the Fortran unit numbers, IVAL is the high value number (1 for
FIRST highest, 2 for SECOND highest, etc.), IGRP is the source group number (the order in
which the group is defined in the control file), and IAVE is the averaging period number (the
order of the averaging period as specified on the CO AVERTIME card). This formula will not
cause any conflict with other file units used by the model for up to 9 source groups and up to 9

short-term averaging periods.

2.1.2.7 TOXX model input files

The user may select an option for the AERMOD model to generate an unformatted file or
files of concentration values exceeding a user-specified threshold for use with the TOXX model
component of TOXST. The OU TOXXFILE keyword controls this option. The user may select
separate files for each averaging period for which a threshold violation file may be needed. Each
file includes several records with header information identifying the title, averaging period,
threshold value, and receptor network information, and then records including every occurrence
where the result of any source group for that averaging period equals or exceeds the threshold
value. Records are also output that identify the averaging period (hour number of the year),

source group number and receptor number corresponding to the concentration values.

The structure of the threshold exceedance file for use with the TOXX model component
of TOXST is described in more detail in APPENDIX C. Each of the files selected by the user is
opened explicitly by the model as an unformatted file. The filenames are provided on the input
control file command. The user may specify the file unit on the TOXXFILE card through the
optional Funit parameter. User-specified units must be greater than or equal to 31 and are
recommended to be less than or equal to 100. If no file unit is specified, then the file unit is

determined internally according to the following formula:

ITXUNT =300 + IAVE
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where ITXUNT is the Fortran unit number, and IAVE is the averaging period number (the order
of the averaging period as specified on the CO AVERTIME card). This formula will not cause

any conflict with other file units used by the model for up to 4 short-term averaging periods.

The user may also select an option for the AERMOD model to generate an output for use
with the RISK model component of TOXLT. The OU TOXXFILE keyword also controls this
option. The user can specify a separate TOXXFILE for each long-term averaging period and
source group combination. The TOXXFILE option may also be used for PERIOD averages with
the AERMOD model. The structure of the TOXXFILE output for AERMOD is very similar to
the long term PLOTFILE output, except results are output for each individual source in the
specified source group. The structure of the long term TOXXFILE is described in more detail in
APPENDIX C. Each of the files selected by the user is opened explicitly by the model as a
formatted file. The filenames are provided on the input control file command. The user may
specify the file unit on the TOXXFILE card through the optional Funit parameter. User-
specified units must be greater than or equal to 31 and are recommended to be less than or equal
to 100. If no file unit is specified, then the file unit is determined internally according to the

following formulas:

ITXUNT =500 + IAVE*10 + IGRP for long term averages
IPXUNT =700 + IGRP*10 for PERIOD averages

where ITXUNT and IPXUNT are the Fortran unit numbers, IAVE is the averaging period
number (in the order of months, seasons or quarters, and annual), and IGRP is the source group
number (in the order is which the groups are defined in the SO pathway). This formula will not

cause any conflict with other file units used by the model for up to 9 source groups.

2.1.3 Controlling file inputs and outputs (I/O)

2.1.3.1 Controlling I/O on PCs.

The main input control file and the main output print file are specified internally by
AERMOD as AERMOD.INP and AERMOD.OUT by default, respectively. The user has the

option to provide command-line arguments when executing the model at the command prompt to
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specify a user-defined input control input filename and main output filename. When using the
default names of AERMOD.INP and AERMOD.OUT, a standard command line to execute the
AERMOD model might look something like this:

C:\>AERMOD

where the command prompt has been given as "C:\>", but may look different on different
systems, or may include a subdirectory specification. Refer to Section 2.4.8 for details on

specifying user-defined filenames when running AERMOD from the command prompt.

2.2 Description of keyword/parameter approach

The input control file for the AERMOD model makes use of a keyword/parameter
approach to specifying the options and input data for running the model. The descriptive
keywords and parameters that make up this control file may be thought of as a command
language through which the user communicates with the model what he/she wishes to
accomplish for a particular model run. The keywords specify the type of option or input data
being entered on each line of the input file. An individual line or record in the control file is
often referred to as a “card” throughout this manual and is commonly identified by the primary
keyword associated with the information entered on the record. The parameters following the
keyword define the specific options selected or the actual input data. Some of the parameters are

also input as descriptive secondary keywords.

The control file is divided into five functional "pathways." These pathways are identified
by a two-character pathway ID placed at the beginning of each line of the control file. The

pathways and the order in which they are input to the model are as follows:

CO - for specifying overall job COntrol options;
SO - for specifying SOurce information;

RE - for specifying REceptor information;

ME - for specifying MEteorology information;
EV - for specifiying EVent processing;

OU - for specifying OUtput options.
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Each line of the input control file consists of a pathway ID, an 8-character keyword, and a
parameter list. An example of a line of input from a control file, with its various parts identified,

1s shown below:

Column: 1234567890123456789012345678901234567890

CO MODELOPT DFAULT CONC

L—————l———*-Parameters

» 8-Character Keyword

» 2-Character Pathway ID

The following sections describe the rules for structuring the input control file and explain

some of the advantages of the keyword/parameter approach.

2.2.1 Basic rules for structuring input control files

While the input control file has been designed to provide the user with considerable
flexibility in structuring the input file, there are some basic syntax rules that need to be followed.
These rules serve to maintain some consistency between input files generated by different users,
to simplify the job of error handling performed by the model on the input data, and to provide
information to the model in the appropriate order wherever order is critical to the interpretation
of the inputs. These basic rules and the various elements of the input control file are described in

the paragraphs that follow.

One of the most basic rules is that all inputs for a particular pathway must be “grouped
within that specific pathway” and occur in the excepted order, i.e., all inputs for the CO pathway
must come first, followed by the inputs for the SO pathway, and so on. The beginning of each
pathway is identified with a "STARTING" keyword, and the ending of the pathway with the
"FINISHED" keyword. Thus, the first functional record of each input file must be "CO
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STARTING" and the last record of each input file must be "OU FINISHED." The rest of the

input control file commands will define the options and input data for a particular run.

Each record in the input control file is read into the model as a 512-character image
beginning with version 09292. The information on each input image consists of a "pathway," a
"keyword," and one or more "parameters." Each of these "fields" on a line in the control file
command must be separated from other fields by at least one blank space. To simplify the
interpretation of the control file command by the model, the control file must be structured with
the two-character pathway in columns 1 and 2, the eight-character keyword in columns 4 through
11, followed by the parameters beginning in column 13 through the end of image, limited to 512
characters. For most keywords, the order of parameters following the keyword is important --
the exact spacing of the parameters is not important as long as they are separated from each other
by at least one blank space and do not extend beyond the 512-character limit. The example of a

control file command from the CO pathway shown above is repeated here:

Column: 1234567890123456789012345678901234567890

CO MODELOPT DFAULT CONC

l—'—» Parameters

» B-Character Keyword

» 2-Character Pathway ID

Alphabetical characters can be input as either lower case or uppercase letters. The model
converts all character input to upper case letters internally, except the title fields and file names
to be discussed later. Throughout this document, the convention of using upper case letters is
followed. For numeric input data, it should be noted that all data are assumed to be in metric
units, i.e., length units of meters, speed units of meters per second, temperature units of degrees

Kelvin, and emission units of grams per second. In a few instances, the user has the option of
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specifying units of feet for length and the model will perform the conversion to meters. These
exceptions are the input of receptor heights for elevated terrain and the specification of

anemometer height since these values are often more readily available in feet than in meters.

Certain keywords are mandatory and must be present in every control file, such as the
MODELOPT keyword shown in the example above which identifies the modeling options.
There are also keywords that are optional and are only needed to exercise specific options, such
as the option to allow for the input of flagpole receptor heights. Some of the keywords are
repeatable, such as the keywords to specify source parameters, while other keywords may only

appear once. The keyword references are provided in Section 3.0 and APPENDIX A.

With a few exceptions that are described below, the order of keywords within each
pathway is not critical. For the SO pathway, the LOCATION keyword must be specified before
other keywords for a particular source, and the SRCGROUP keyword must be the last keyword
before SO FINISHED unless the PSDCREDIT keyword is specified on the MODELOPT card, in
which case SRCGROUP is replaced with the PSDGROUP keyword. For keywords on the SO
pathway that accept a range of source IDs, the source parameters specified by those keywords
will only be applied to the sources already defined and will exclude any sources that are

specified latter in the input file.

The PARAMETER ILEN FLD is used to specify the maximum length of individual
fields on the input control file command and to declare the length of all filename and format
variables. This PARAMETER is currently assigned a value of 200 beginning with version 09292
and is in MODULE MAIN1 in MODULES.FOR.

2.2.2 Advantages of the keyword approach

The keyword approach provides some advantages over the type of input file used by
other models that require formatted input of several numeric switches. One advantage is that the
keywords are descriptive of the options and inputs being used for a particular run, making it
easier for a reviewer to ascertain what was accomplished in a particular run by reviewing the

input file. Another advantage is that the user has considerable flexibility in structuring the inputs
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to improve their readability and understandability if they adhere to the few basic rules described

above.

Some special provisions have been made to increase the flexibility to the user in
structuring the input files. One provision is to allow for blank records in the input file. This
allows the user to separate the pathways from each other, or to separate a group of images, such
as source locations, from the other images. Another provision is for the use of "comment lines,"
identified by a "**" in the pathway field. Any input image that has "**" for the pathway ID will
be ignored by the model. This is especially useful for labeling the columns in the source
parameter input images, as illustrated in the example problem later in this section. It may also be
used to "comment out" certain options for a particular run without deleting the options and
associated data (e.g., elevated terrain heights) completely from the input file. Because of the
descriptive nature of the keyword options and the flexibility of the inputs it is generally much

easier to make modifications to an existing input control file to obtain the desired result.

Another reason for improved "user-friendliness" is that detailed error-handling has been
built into the model. The model provides descriptions of the location and nature of all the errors
encountered for a particular run. Rather than stopping execution at each occurrence of an input
error, the model will read through and attempt to process all input records and report all errors
encountered. If a fatal error occurs, then the model will not attempt to execute the model

calculations.
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2.3 Regulatory default modeling options

The regulatory default option is controlled from the MODELOPT keyword on the CO
pathway. As its name implies, this keyword controls the selection of modeling options. Itis a
mandatory, non-repeatable keyword, and it is an especially important keyword for understanding
and controlling the operation of the AERMOD model. Unless specified otherwise through the
available keyword options, the AERMOD model implements the following default options:

o Use the elevated terrain algorithms requiring input of terrain height data;
o Use stack-tip downwash (except for building downwash cases);

o Use the calms processing routines;

o Use the missing data processing routines; and

o Use a 4-hour half-life for exponential decay of SO, for urban sources.

Note that beginning with AERMOD version 18081, the 4-hour half-life is
included by default for SO2 urban sources for regulatory default applications
and non-regulatory applications.

The parameters used to specify options on the MODELOPT keyword are character
strings, called "secondary keywords," that are descriptive of the option being selected. For
example, to ensure that the regulatory default options listed above are used for a particular model
simulation, the user would include the secondary keyword "DFAULT" on the MODELOPT
input. Upon initial execution, the model reads the control file to identify any conflicts in the
options specified. In most cases, the model will issue an error message to inform the user of the
conflict and abort before the simulation begins. For regulatory modeling applications, it is
strongly suggested that the DFAULT switch be set to ensure the regulatory default options listed

above are used and non-regulatory options are not used.

In addition to the default regulatory options listed above, AERMOD includes several
other regulatory options that are application dependent and are required to be set explicitly by the
user in the control file. Most of these can be set with the use of secondary keywords associated
with the MODELOPT keyword. The MODELOPT keyword is described in more detail in the
Section 3.2.2. Throughout this user’s guide, there has been an effort to clearly distinguish
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regulatory options that are required to be set by the user and can be used simultaneously with the
DFAULT keyword from non-regulatory options that cannot be used along with the DFAULT
keyword. These non-regulatory options are sometimes referred to as “non-DFAULT” options

since they cannot be used along with the DFAULT keyword.

2.4 Setting up a simple control file

This section goes through a step-by-step description of setting up a simple application
problem, illustrating the more commonly used options of the AERMOD model. The example
problem is based on a simple industrial source application. The input file for AERMOD for the
example problem is shown in Figure 2-1. The remainder of this section explains the various
parts of the input file for the AERMOD model and illustrates some of the flexibility in

structuring the input file.
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STARTING
TITLEONE
MODELOPT
AVERT IME
POLLUTID
RUNORNOT
FINISHED

STARTING
LOCATION
SRCPARAM
BUILDHGT
BUILDWID
BUILDWID
BUILDWID
BUILDWID
BUILDWID
BUILDWID
BUILDLEN
BUILDLEN
BUILDLEN
BUILDLEN
BUILDLEN
BUILDLEN
XBADJ
XBADJ
XBADJ
XBADJ
XBADJ
XBADJ
YBADJ
YBADJ
YBADJ
YBADJ
YBADJ
YBADJ
SRCGROUP
FINISHED

STARTING
GRIDPOLR
GRIDPOLR
GRIDPOLR
GRIDPOLR
GRIDPOLR
FINISHED

STARTING
SURFFILE
PROFFILE
SURFDATA
UAITRDATA
SITEDATA
PROFBASE
FINISHED

STARTING
RECTABLE
MAXTABLE
FINISHED

A Simple Example Problem for the AERMOD-PRIME Model

CONC FLAT

3 24 PERIOD
S02

RUN

STACK1 POINT 0.0 0.0 O

.0

STACK1 500.0 65.00 425. 15.0 5.

STACK1 36*50.

STACK1 62.26 72.64
STACK1 87.58 82.54
STACK1 89.59 86.51
STACK1 62.26 72.64
STACK1 87.58 82.54
STACK1 89.59 86.51
STACK1 82.54 87.58
STACK1 72.64 62.26
STACK1 86.51 89.59
STACK1 82.54 87.58
STACK1 72.64 62.26
STACK1 86.51 89.59
STACK1 -47.35 -55.76
STACK1 -69.21 -65.60
STACK1 -70.07 -67.29
STACK1 -35.19 -31.82
STACK1 -3.43 3.34
STACK1 -16.44 -22.30
STACK1 34.47 32.89
STACK1 11.97 6.08
STACK1 -22.50 -26.81
STACK1 -34.47 -32.89
STACK1 -11.97 -6.08
STACK1 22.50 26.81
ALL

POL1 STA
POL1 ORIG STACK1

POL1 DIST 175. 350. 500.

POL1 GDIR 36 10 10
POL1 END

AERMET2.SFC
AERMET2.PFL
14735 1988 ALBANY,NY
14735 1988 ALBANY,NY

0.0 METERS

ALIVE FIRST-SECOND
ALIVE 50

80.80
75.00
80.80
80.80
75.00
80.80
89.95
50.00
89.95
89.95
50.00
89.95
-62.48
-60.00
-62.48
-27.48
10.00
-27.48
30.31
0.00
-30.31
-30.31
0.00
30.31

1000.

86.51
82.54
72.64
86.51
82.54
72.64
89.59
62.26
87.58
89.59
62.26
87.58
-67.29
-65.60
-55.76
-22.30
3.34
-31.82
26.81
-6.08
-32.89
-26.81
6.08
32.89

89.95
89.95
50.00
89.95
89.95
50.00
80.80
80.80
75.00
80.80
80.80
75.00
-70.71
-70.71
-37.50
-10.09
-10.09
-37.50
17.50
-17.50
-35.00
-17.50
17.50
35.00

Figure 2-1. Example Input File for AERMOD for Sample Problem
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2.4.1 A simple industrial source application

For this simple tutorial, an application is selected involving a single point source of SO>

that is subject to the influences of building downwash. The source consists of a 50-meter stack

with a buoyant release that is adjacent to a building. We will assume that the stack is situated in

flat terrain in a rural setting. A polar receptor network will be placed around the stack location to

identify areas of maximum impact.

2.4.2 Selecting modeling options - CO pathway

The modeling options are input to the model on the Control pathway. The mandatory

keywords for the CO pathway are listed below. A complete listing of all keywords is provided in

APPENDIX A

STARTING -

TITLEONE -

MODELOPT -

AVERTIME -
POLLUTID -

RUNORNOT -

FINISHED -

Indicates the beginning of inputs for the pathway; this keyword is
mandatory on each of the pathways.

A user-specified title line (up to 68 characters) that will appear on
each page of the printed output file (an optional second title line is
also available with the keyword TITLE TWO).

Controls the modeling options selected for a particular run through a
series of secondary keywords.

Identifies the averaging periods to be calculated for a particular run.

Identifies the type of pollutant being modeled. At the present time,
this option has no influence on the results.

A special keyword that tells the model whether to run the full model
executions or not. If the user selects not to run, then the control file
will be processed and any input errors reported, but no dispersion
calculations will be made.

Indicates that the user is finished with the inputs for this pathway; this
keyword is also mandatory on each of the other pathways.
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The first two keywords are self-explanatory. As discussed above in Section 2.3, the
MODELOPT keyword on the CO pathway is pivotal to controlling the modeling options used for
a particular run. For this example, we intend to use the regulatory default option, and have
specified for the model to output concentration values. After the first three input records our

input file will look something like this:

CO STARTING
CO TITLEONE A Simple Example Problem for the AERMOD-PRIME Model
CO MODELOPT CONC FLAT

Note that the title parameter field does not need to be in quotations, even though it represents a
single parameter. The model simply reads whatever appears beginning in column 13 out to a
length of 200 characters of the TITLEONE card as the title field, without changing the lower
case to upper case letters. Leading blanks are therefore significant if the user wishes to center
the title within the field. Note that in the output files, only the first 68 characters of TITLEONE
are printed. Note also that the spacing and order of the secondary keywords on the MODELOPT
card are not significant. A MODELOPT card that looked like this:

CO MODELOPT CONC FLAT

would have an identical result as the example above. It is suggested that the user adopt a style
that is consistent and easy to read. A complete description of the available modeling options that

can be specified on the MODELOPT keyword is provided in Section 3.0.
For this example, we will calculate average values for 3-hour and 24-hour and the full

period that is modeled. Our control file might therefore look something like this after adding

two more keywords:
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CO STARTING
CO TITLEONE A Simple Example Problem for the AERMOD-PRIME Model
CO MODELOPT CONC FLAT

CO AVERTIME 3 24 PERIOD
CO POLLUTID S02

Note again that the order of the parameters on the AVERTIME keyword is not critical, although
the order of the short-term averages given on the AVERTIME keyword will also be the order in
which the results are presented in the output file. The order of the keywords within each
pathway is also not critical in most cases, although the intent of the input control file may be
easier to decipher if a consistent and logical order is followed. It is suggested that users follow
the order in which the keywords are presented in Section 3.0, in APPENDIX A, and in the Quick

Reference, unless there is a clear advantage to doing otherwise.

The only remaining mandatory keywords for the CO pathway are RUNORNOT and
FINISHED. We will set the RUNORNOT switch to RUN for this example. If a user is unsure
about the operation of certain options or is setting up a complex control file to run for the first
time, it may be desirable to set the model NOT to run, but simply to read and analyze the input
file and report any errors or warning messages that are generated. Once the input file has been
debugged using these descriptive error/warning messages, then the RUNORNOT switch can be
set to RUN, avoiding a possible costly waste of resources generating erroneous results. Even if
the model is set NOT to run, all the inputs are summarized in the output file for the user to

review.

Our complete control file for the CO pathway may look something like this:

CO STARTING

CO TITLEONE A Simple Example Problem for the AERMOD-PRIME Model
CO MODELOPT CONC FLAT

CO AVERTIME 3 24 PERIOD

CO POLLUTID SO2

CO RUNORNOT RUN

CO FINISHED

The following set of control file options has a more structured look, but it is equivalent to the

example above:
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CO STARTING
TITLEONE A Simple Example Problem for the AERMOD-PRIME Model
MODELOPT CONC FLAT
AVERTIME 3 24 PERIOD
POLLUTID S02
RUNORNOT RUN
CO FINISHED

Since the pathway ID is required to begin in column 1 (see Section 2.4.8 for a discussion of this
restriction), the model will assume that the previous pathway is in effect if the pathway field is
left blank. The model will do the same for blank keyword fields, which will be illustrated in the

next section.

In addition to these mandatory keywords on the CO pathway, the user may select
optional keywords to allow the use of receptor heights above ground-level for flagpole receptors,
to specify a decay coefficient or a half-life for exponential decay, and to generate an input file
containing events for EVENT processing. The user also has the option of having the model
periodically save the results to a file for later re-starting in the event of a power failure or other
interruption of the model's execution. These options are described in more detail in Section 3.0

of this volume.

2.4.3 Specifying source inputs - SO pathway

Besides the STARTING and FINISHED keywords that are mandatory for all pathways,
the Source pathway has the following mandatory keywords:

LOCATION - Identifies a particular source ID and specifies the source type and
location of that source.

SRCPARAM - Specifies the source parameters for a particular source ID identified
by a previous LOCATION card.

SRCGROUP - Specifies how sources will be grouped for calculational purposes.
There is always at least one group, even though it may be the group of
ALL sources and even if there is only one source.

Since the hypothetical source in our example problem is influenced by a nearby building,

we also need to include the optional keywords BUILDHGT and BUILDWID in our input file.
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The input file for the SO pathway for this example will look something like this:

STARTING
LOCATION STACK1 POINT 0.0 0.0 0.0
SRCPARAM  STACK1 500.0 65.00 425. 15.0 5.0

BUILDHGT STACK1 50.00 50.00 50.00 50.00 50.00 50.00
BUILDHGT STACK1 50.00 50.00 50.00 50.00 50.00 50.00
BUILDHGT STACK1 50.00 50.00 50.00 50.00 50.00 50.00
BUILDHGT STACK1 50.00 50.00 50.00 50.00 50.00 50.00
BUILDHGT STACK1 50.00 50.00 50.00 50.00 50.00 50.00
BUILDHGT STACK1 50.00 50.00 50.00 50.00 50.00 50.00
BUILDWID STACK1 62.26 72.64 80.80 86.51 89.59 89.95
BUILDWID STACK1 87.58 82.54 75.00 82.54 87.58 89.95
BUILDWID STACK1 89.59 86.51 80.80 72.64 62.26 50.00
BUILDWID STACK1 62.26 72.64 80.80 86.51 89.59 89.95
BUILDWID STACK1 87.58 82.54 75.00 82.54 87.58 89.95
BUILDWID STACK1 89.59 86.51 80.80 72.64 62.26 50.00
BUILDLEN STACK1 82.54 87.58 89.95 89.59 86.51 80.80
BUILDLEN STACK1 72.64 62.26 50.00 62.26 72.64 80.80
BUILDLEN STACK1 86.51 89.59 89.95 87.58 82.54 75.00
BUILDLEN STACK1 82.54 87.58 89.95 89.59 86.51 80.80
BUILDLEN STACK1 72.64 62.26 50.00 62.26 72.64 80.80
BUILDLEN STACK1 86.51 89.59 89.95 87.58 82.54 75.00

XBADJ STACK1 -47.35 -55.76 -62.48 -67.29 -70.07 -70.71
XBADJ STACK1 -69.21 -65.60 -60.00 -65.60 -69.21 -70.71
XBADJ STACK1 -70.07 -67.29 -62.48 -55.76 -47.35 -37.50
XBADJ STACK1 -35.19 -31.82 -27.48 -22.30 -16.44 -10.09
XBADJ STACK1 -3.43 3.34 10.00 3.34 -3.43 -10.09
XBADJ STACK1 -16.44 -22.30 -27.48 -31.82 -35.19 -37.50
YBADJ STACK1 34.47 32.89 30.31 26.81 22.50 17.50
YBADJ STACK1 11.97 6.08 0.00 -6.08 -11.97 -17.50
YBADJ STACK1 -22.50 -26.81 -30.31 -32.89 -34.47 -35.00
YBADJ STACK1 -34.47 -32.89 -30.31 -26.81 -22.50 -17.50
YBADJ STACK1 -11.97 -6.08 0.00 6.08 11.97 17.50
YBADJ STACK1 22.50 26.81 30.31 32.89 34.47 35.00
SRCGROUP  ALL

FINISHED

There are a few things to note about these inputs. First, the source ID (STACKI1 in this
example) is an alphanumeric parameter (up to 12 characters) that identifies the inputs for
different keywords with a particular source. It is crucial that the source be identified with a
LOCATION card before any other keyword references the source, since this identifies the source
type (POINT in this case), and therefore, which parameters the model will allow. See Section
3.3.1 for a complete list and descriptions of the valid source types. If the effects of elevated
terrain were included in this analysis, it would be important to specify the source base elevation
above mean sea level (MSL) on the LOCATION card. For this example, the source base

elevation is 0.0 meters MSL.

Another thing to note is that since the model uses direction-specific building dimensions
for all sources with downwash, there are 36 building heights and 36 building widths entered on
the appropriate keywords, one value for each 10-degree sector beginning with the 10-degree flow

vector (direction toward which the wind is blowing) and continuing clockwise. Since the user
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could not fit all 36 values on a single record, the pathway, keyword, and source ID were repeated
as many times as were necessary. In this case there were 6 values given on each of 6 lines for
each of the building dimensions. There could have been fewer or more lines if exactly 36 values
were entered before starting with a new keyword. Since the building height was the same across
the sectors (fairly realistic for the height but not for widths, unless the structure was circular),
there is a short cut available for specifying numeric input in the control files for the model. The
user can specify "repeat values" by entering a field such as "36*50.0" as a parameter for the
BUILDHGT keyword. The model will interpret this as "36 separate entries, each with a value of
50.0," and store the values in the appropriate arrays within the model. Since the model must
identify this as a single parameter field, there must not be any spaces between the repeat-value

and the value to be repeated.

The final keyword before finishing the SO pathway must be the SRCGROUP keyword
(unless the PSDCREDIT keyword is specified on the MODELOPT card, in which case
SRCGROUP is replaced with the PSDGROUP keyword). In this example, since there is only
one source, we have taken advantage of a short cut provided by the model by specifying a source
group ID (which may be up to eight characters) of ALL. Whenever this card appears in an input
file, it will generate a source group with a source-group ID of ALL, consisting of all sources
defined for that run. The sources do not have to be explicitly identified. In a run involving
multiple sources, the user may specify multiple source groups by repeating the SRCGROUP
keyword. The use of the SRCGROUP card is explained in more detail in Section 3.0.

Using some of the formatting options discussed above, the SO pathway for our example

may look like this, with the same result as above:
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SO STARTING
LOCATION STACK1 POINT 0.0 0.0 0.0
** Point Source QS HS TS VS DS
** Parameters: —_——— === ———- -—— —_——
SRCPARAM STACK1 500.0 65.0 425.0 15.0 5.0
BUILDHTS STACK1 36*50.
BUILDWTS STACK1 62.26 72.64 80.80 86.51 89.59 89.95
STACK1 87.58 82.54 75.00 82.54 87.58 89.95
STACK1 89.59 86.51 80.80 72.64 62.26 50.00
STACK1 62.26 72.64 80.80 86.51 89.59 89.95
STACK1 87.58 82.54 75.00 82.54 87.58 89.95
STACK1 89.59 86.51 80.80 72.64 62.26 50.00
XBADJ STACK1 -47.35 -55.76 -62.48 -67.29 -70.07 -70.71
STACK1 -69.21 -65.60 -60.00 -65.60 -69.21 -70.71
STACK1 -70.07 -67.29 -62.48 -55.76 -47.35 -37.50
STACK1 -35.19 -31.82 -27.48 -22.30 -16.44 -10.09
STACK1 -3.43 3.34 10.00 3.34 -3.43 -10.09
STACK1 -16.44 -22.30 -27.48 -31.82 -35.19 -37.50
YBADJ STACK1 34.47 32.89 30.31 26.81 22.50 17.50
STACK1 11.97 6.08 0.00 -6.08 -11.97 -17.50
STACK1 -22.50 26.81 -30.31 -32.89 -34.47 -35.00
STACK1 -34.47 -32.89 -30.31 -26.81 -22.50 -17.50
STACK1 -11.97 -6.08 0.00 6.08 11.97 17.50
STACK1 22.50 26.81 30.31 32.89 34.47 35.00
SRCGROUP ALL
SO FINISHED

This example of the SO pathway inputs illustrates the use of the comment card to label the stack
parameters on the SRCPARAM card, i.e., QS for emission rate (g/s), HS for stack height (m), TS
for stack exit temperature (K), VS for exit velocity (m/s), and DS for stack diameter (m). A
complete description of the source parameter card, with a list of parameters for each source type,

is provided in Section 3.3 and in APPENDIX A.

Other optional inputs that may be entered on the SO pathway include specifying variable
emission rate factors for sources whose emissions vary as a function of month, season, hour-of-
day, or season and hour-of-day (see Section 3.3.11 for more details). The number of factors
entered depends on the option selected, and factors may be input for single sources or for a range

of sources.

2-23



2.4.4 Specifying a receptor network - RE pathway

As mentioned above, this example will illustrate the use of a single polar receptor
network centered on the stack location. Other options available on the REceptor pathway
include specifying a Cartesian grid receptor network and specifying discrete receptor locations in
either a polar or a Cartesian system. These other options are described in more detail in

Section 3.4.

The RE pathway for this example will look like this:

RE STARTING
GRIDPOLR POL1 STA
GRIDPOLR POL1 ORIG STACK1
GRIDPOLR POL1 DIST 175. 350. 500. 1000.
GRIDPOLR POL1 GDIR 36 10 10
GRIDPOLR POL1 END
RE FINISHED

Looking at the example for the RE pathway, the first thing to note about these inputs is
that there is a new set of keywords, including something that looks like a STArting and ENDing.
In fact, the GRIDPOLR keyword can be thought of as a "sub-pathway," in that all of the
information for a particular polar network must be in contiguous records, and that the start and
end of the sub-pathway are identified. Like the main pathways, the order of secondary keywords
within the sub-pathway is not critical. Each card must be identified with a network ID (up to
eight alphanumeric characters), in this case it is "POL1." Multiple networks may be specified in
a single model run. The model waits until the END secondary keyword is encountered to set the
variables, which may include terrain heights for receptors on elevated terrain or flagpole receptor
heights if those options are being exercised by the user. The use of these optional secondary

keywords is described in detail in Section 3.4.

For this example, the ORIG secondary keyword specifies the location of the origin for the
polar network being defined as being the location of the source STACK1. The origin can also be
specified as X and Y-coordinates. The ORIG keyword is optional, and the model will default to
an origin of (0.0, 0.0) if it is omitted. The DIST keyword identifies the distances along each

direction radial at which the receptors will be located. In this case there are four distances. More
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distances could be added by adding values to that input card or by including a continuation card
with the DIST keyword, if needed. The GDIR keyword specifies that the model will Generate
DIRection radials for the network, in this case there will be 36 directions, beginning with the 10-
degree flow vector and incrementing every 10 degrees clockwise. The user may elect to define

Discrete DIRection radials instead by using the DDIR keyword in place of the GDIR keyword.

2.4.5 Specifying the meteorological Input - ME pathway

The MEteorology pathway has the following four mandatory keywords in addition to the
common STARTING and FINISHED keywords:

SURFFILE -  Specifies the filename and format for the input surface meteorological
data file.

PROFFILE -  Specifies the filename and format for the input profile meteorological
data file.

SURFDATA - Specifies information about the surface meteorological data which
will be used in the modeling.

UAIRDATA - Specifies information about the upper air meteorological data which
will be used in the modeling.

PROFBASE - Specifies the base elevation above MSL for the potential temperature
profile.

For the purposes of this example, we will assume that the meteorological data files are for
Albany, NY and that an on-site location called Hudson has also been used. We will also assume
that the surface and profile data files were generated by the AERMET preprocessor and are in
the default format for AERMOD. The filename of the surface file is AERMET2.SFC and it
consists of four days of data for Albany/Hudson from March 1988. The filename of the profile
file is AERMET2.PFL. The data files used in this example correspond with the on-site example
files used for the AERMET preprocessor program. The control file commands for the
MEteorology pathway would look something like this:

2-25



ME STARTING
SURFFILE AERMET2.SFC
PROFFILE AERMET2.PFL
SURFDATA 14735 1988 ALBANY,NY
UAIRDATA 14735 1988 ALBANY,NY
SITEDATA 99999 1988 HUDSON
PROFBASE 0.0 METERS

ME FINISHED

The first parameters on the SURFFILE and PROFFILE keywords are the filenames for
the surface and profile data file, respectively, which can be entered as a full DOS pathname,
including the drive specification and subdirectories, up to a total of 200 characters (with the
maximum number of characters controlled by the ILEN FLD PARAMETER located in
MODULE MAINI - see Section 2.2.1). Since there is no second parameter, the model will
assume the default ASCII format for the data files. The format of the surface and profile data
files is described in APPENDIX C.

The next two mandatory inputs identify the location and data period of the input
meteorological data. A separate keyword is used for the surface meteorological data and for the
upper air (mixing height) data. The parameters on these cards are the station number (e.g.,
WBAN number for NWS stations), the data period (year), and a station name. In order to
identify potential errors in the model inputs, the model compares the station number from the
control input file with values provided in the first record of the surface meteorology file, and
issues warning messages if there are any mismatches. The user may also optionally input the
(X,Y) coordinates for the location of the station(s), although these values are not currently used
by the model. In this case, we have also included the optional SITEDATA keyword to identify
the location for the on-site meteorological data that were preprocessed by AERMET.

The final mandatory keyword is PROFBASE, which is used to specify the base elevation
(above MSL) for the potential temperature profile generated by AERMOD for use in the plume
rise calculations. This should correspond to the base elevation for the main meteorological
tower, which in this example is specified as 0.0 meters and is the same as the source base

elevation.
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Other optional keywords available on the ME pathway provide the user with options to
specify selected days to process from the meteorological data file, and a wind direction rotation

correction term. These optional inputs are described in more detail in Section 3.5.

2.4.6 Selecting output options - OU pathway

All the keywords on the Output pathway are optional, although the model will warn the
user if no printed outputs are requested and will halt processing if no outputs (printed results or
file outputs) are selected. The user has considerable flexibility to select only the outputs that are

needed for a particular application. The printed table keywords are:

RECTABLE - Specifies the selection of high value by receptor table output options.
MAXTABLE - Specifies the selection of overall maximum value table output options.

DAYTABLE - Specifies the selection of printed results (by receptor) for each day of
data processed (this option can produce very large files and should be
used with caution).

The RECTABLE keyword provides the highest, second highest and third highest values,
etc., by receptor. The MAXTABLE keyword provides a table of the overall maximum » number
of values. For both keywords, the user has additional flexibility to specify for which short-term
averaging periods the outputs are selected. For the MAXTABLE keyword the user can also
specify the number of overall maximum values to summarize for each averaging period selected,
up to a maximum number controlled by a parameter in the computer code. In the example below,
the highest and second-highest values by receptor and the maximum 50 values for all averaging

periods are specified.

OU STARTING
RECTABLE ALLAVE FIRST SECOND
MAXTABLE ALLAVE 50

OU FINISHED

To simplify the input for users who request the same printed table output options for all

averaging periods, these keywords recognize the secondary keyword "ALLAVE" as the first
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parameter for that purpose. To obtain the overall maximum 10 values for the 24-hour averages

only, the OU pathway input would look like the following example:

OU STARTING
RECTABLE ALLAVE FIRST SECOND
MAXTABLE 24 10

OU FINISHED

It should also be noted that these output table options apply only to the short-term
averaging periods, such as the 3-hour and 24-hour averages used in our example. If the user has
selected that PERIOD averages be calculated (on the CO AVERTIME keyword), then the output
file will automatically include a table of period averages summarized by receptor (the
RECTABLE option does not apply since there is only one period value for each receptor). In
addition, the printed output file will include tables summarizing the highest values for each

averaging period and source group.

Other options on the OU pathway include several keywords to produce output files for
specialized purposes, such as generating contour plots of high values, identifying occurrences of
violations of a particular threshold value (e.g., a NAAQS), and for postprocessing of the raw

concentration data. These options are described in detail in Section 3.7.

The complete input control file for this simple example is shown in Figure 2-2. Note that
a consistent style has been used for formatting and structuring the file to improve its readability.
This input file is comparable to the version shown earlier in Figure 2-1, which used a somewhat

different style.
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STARTING

TITLEONE A Simple Example Problem for the AERMOD-PRIME Model

MODELOPT CONC FLAT
AVERTIME 3 24 PERIOD
POLLUTID S02

RUNORNOT RUN

FINISHED

STARTING

LOCATION STACK1 POINT 0.0 0.0 0.0

Point Source QS HS TS VS
Parameters: = = o-————- e e o

SRCPARAM STACK1 500.0 65.0 425. 15.0

BUILDHGT STACK1 36*50.

BUILDWID STACK1 62.26 72.64 80.80
STACK1 87.58 82.54 75.00
STACK1 89.59 86.51 80.80
STACK1 62.26 72.64 80.80
STACK1 87.58 82.54 75.00
STACK1 89.59 86.51 80.80

BUILDLEN STACK1 82.54 87.58 89.95
STACK1 72.64 62.26 50.00
STACK1 86.51 89.59 89.95
STACK1 82.54 87.58 89.95
STACK1 72.64 62.26 50.00
STACK1 86.51 89.59 89.95

XBADJ STACK1 -47.35 -55.76 -62.48
STACK1 -69.21 -65.60 -60.00
STACK1 -70.07 -67.29 -62.48
STACK1 -35.19 -31.82 -27.48

STACK1 -3.43 3.34 10.00
STACK1 -16.44 -22.30 -27.48
YBADJ STACK1 34.47 32.89 30.31

STACK1 11.97 6.08 0.00
STACK1 -22.50 -26.81 -30.31
STACK1 -34.47 -32.89 -30.31
STACK1 -11.97 -6.08 0.00
STACK1 22.50 26.81 30.31
SRCGROUP  ALL
FINISHED

STARTING

GRIDPOLR POL1 STA

GRIDPOLR POL1 ORIG STACK1

GRIDPOLR POL1 DIST 175. 350. 500. 1000.
GRIDPOLR POL1 GDIR 36 10 10

GRIDPOLR POL1 END

FINISHED

STARTING

SURFFILE AERMET2.SFC

PROFFILE AERMET2.PFL

SURFDATA 14735 1988 ALBANY,NY
UAIRDATA 14735 1988 ALBANY,NY
SITEDATA 99999 1988 HUDSON
PROFBASE 0.0 METERS

FINISHED

STARTING

RECTABLE ALLAVE FIRST-SECOND
MAXTABLE ALLAVE 50

FINISHED

DS

5.0

86.51
82.54
72.64
86.51
82.54
72.64
89.59
62.26
87.58
89.59
62.26
87.58
-67.29
-65.60
-55.76
-22.30

-31.82

-6.08
-32.89
-26.81

32.89

89.59
87.58
62.26
89.59
87.58
62.26
86.51
72.64
82.54
86.51
72.64
82.54
-70.07
-69.21
-47.35
-16.44
-3.43
-35.19

-11.97
-34.47
-22.50
11.97
34.47

89.95
89.95
50.00
89.95
89.95
50.00
80.80
80.80
75.00
80.80
80.80
75.00
-70.71
-70.71
-37.50
-10.09
-10.09
-37.50
17.50
-17.50
-35.00
-17.50
17.50
35.00

Figure 2-2. Example Input control file for Sample Problem
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2.4.7 Using the error message file to debug the input control file

The previous sections in this tutorial have provided a step-by-step construction of a
sample control input file for AERMOD. This simple example problem illustrated the usage of
the more commonly used options of the AERMOD model. However, many real-time applications
of the model will be much more complex than this example, perhaps involving multiple sources
and source groups, multiple receptor networks, the addition of discrete receptor locations, and/or
elevated terrain heights. To reduce errors in modeling applications, an effort has been made to

develop detailed error handling capabilities for the AERMOD model.

The error handling capabilities of the AERMOD model are designed to accomplish two
things for the user. First, the model reads through the complete input file and report all
occurrences of errors or suspect entries before stopping, rather than stopping on the first instance
(and every instance thereafter) of an error in the input file. Second, the model provides error and
warning messages that are detailed and descriptive enough that they will help the user in his/her
effort to debug the input file. The remainder of this section provides of brief introduction to the
use of the model's error handling capabilities. APPENDIX B of this volume provides more
details about the error handling provided by the AERMOD model.

The AERMOD model generates messages during the processing of the input data and
during the execution of model calculations. These messages inform the user about a range of

possible conditions including:

o Errors that will halt any further processing, except to identify additional error
conditions;

o Warnings that do not halt processing but indicate possible errors or suspect
conditions; and

J Informational messages that may be of interest to the user but have no direct
bearing on the validity of the results.

As the model encounters a condition for which a message is generated, the model writes
the message to a temporary storage file. At the completion of the setup processing for a run, and

at the completion of the model calculations, the model rereads the message file and generates a
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summary of the messages which is included in the main printed output file. If the processing of
the model setup information indicates no errors or warnings, and the user has selected the option
to RUN the model calculations on the CO RUNORNOT card, then the model will simply write a
statement to the print file that the model setup was completed successfully. Otherwise, the
model will report a summary of the messages encountered. The summary of model setup
messages that would be generated for the example problem if the option NOT to run was chosen
is shown in Figure 2-3. This summary table reports the total number of occurrences for each of
the message types and lists the detailed message for any fatal errors or warning messages that
were generated. In this case, since there were no errors or suspicious conditions in the setup file,

there are no error or warning messages listed.

An example of the warning message that would have been generated had we left out the

card on the RE pathway that specifies the origin of the polar receptor network is shown below:

RE W220 39 REPOLR: Missing Origin (Use Default = 0,0) In GRIDPOLR POL1

I | I
I | R

| | Hints
I |

| Detailed error/warning message

I

I
|
I
|
I
| . . i
| Subroutine from which message is generated
I

Line number of file where message occurred

I
I
I
I
I
I
I
I
I
I
| Message code - including message type (E, W, 1) and message number
I

Pathway ID where message originated

Since this is a warning message, it would have appeared at the end of the message summary table
in the output file, but it would not have halted processing of the data. The last item on the
message line, "Hints," may include such information as the keyword or parameter name causing
the error, the source ID, group ID or (as in this case) the network ID involved, or perhaps the
date variable identifying when the message occurred during the processing of the meteorological

data, such as an informational message identifying the occurrence of a calm wind.

For new users and for particularly complex applications, it is strongly recommended that

the model first be run with the RUNORNOT keyword (on the CO pathway) set NOT to run. In
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this way, the user can determine if the model is being setup properly by the control file before
committing the resources to perform a complete run. The user should make a point of examining
any warning messages carefully to be sure that the model is operating as expected for their
application, since these messages will not halt processing by the model. The detailed messages
should provide enough information for the user to determine the location and nature of any errors

in the control file.

In deciphering the error and warning messages, the line number provided as part of the
message may be particularly helpful in locating the error within the input file. However, if it is
an error of omission that is caught by the error checking performed at the completion of inputs
for a pathway, then the line number will correspond to the last record for that pathway. The user
may need to examine all of the messages carefully before locating the error or errors, especially
since a single occurrence of certain types of errors may lead to other error conditions being
identified later in the input file which do not really constitute errors in themselves. An example
of this is provided in Figure 2-4, which shows some inputs for the SO pathway where the
building dimension keywords have been typed incorrectly, and the associated list of error
messages. Since continuation cards (cards or records that require multiple entries and the input
continues on subsequent lines) were used for the building width inputs, and the keyword was
entered incorrectly on the first line, the subsequent records were also taken by the model to be
invalid keyword inputs. While the error messages are the same for these records, the message
originates from a different part of the model (SUBROUTINE SOCARD) for the records with the
blank keyword.

Since the detailed error and warning messages are listed in the output file as part of the
message summary table, there will generally not be a need for the user to examine the contents of
the detailed message file. For this reason, the default operation of the model is to write the
messages that are generated by a particular run to a temporary file that is deleted when the run is
completed. If the user wishes to examine the complete list of detailed messages (of all types),
there is an optional keyword available on the CO pathway for that purpose. The ERRORFIL
keyword, which is described in detail in Section 3.2.18, allows the user to save the complete list

of detailed messages to a user-specified filename.
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*** Message Summary : AERMOD Model Execution ***

————————— Summary of Total Messages --------

A Total of 0 Fatal Error Message(s)

A Total of 1 Warning Message(s)

A Total of 0 Informational Message(s)

A Total of 96 Hours Were Processed

A Total of 0 Calm Hours lIdentified

A Total of 0 Missing Hours Identified ( 0.00 Percent)

wasrsksx FATAL ERROR MESSAGES *#xsxs

MX W403 57 PFLCNV: Turbulence data is being used w/o ADJ_U* option SigA & Sigw

*** AERMOD Finishes Successfully ***

Figure 2-3. Example Message Summary Table for AERMOD Execution
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SO STARTING
LOCATION STACK1
** Point Source
** Parameters:
SRCPARAM STACK1
BUILDHTS STACK1
BUILDWTS STACK1
STACK1
STACK1
STACK1
STACK1
STACK1
XBADJ STACK1
STACK1
STACK1
STACK1
STACK1
STACK1
YBADJ STACK1
STACK1
STACK1
STACK1
STACK1
STACK1

SRCGROUP ALL

SO FINISHED

POINT 0.0 0.0 0.0

QS HS TS VS DS
500.0 65.0 425.0 15.0 5.0

36*50.

62.26  72.64  80.80  86.51  89.59 89.95
87.58  82.54  75.00 82.54  87.58 89.95
89.59  86.51  80.80 72.64  62.26 50.00
62.26  72.64  80.80  86.51  89.59 89.95
87.58  82.54  75.00 82.54  87.58 89.95
89.59  86.51  80.80  72.64  62.26 50.00
-47.35 -55.76 -62.48 -67.29 -70.07  -70.71
-69.21 -65.60 -60.00 -65.60 -69.21  -70.71
-70.07 -67.29 -62.48 -55.76 -47.35  -37.50
-35.19 -31.82 -27.48 -22.30 -16.44  -10.09
-3.43 3.34  10.00 3.34  -3.43  -10.09
-16.44 -22.30 -27.48 -31.82 -35.19  -37.50
34.47 32.89  30.31  26.81  22.50 17.50
11.97 6.08 0.00 -6.08 -11.97  -17.50
-22.50 26.81 -30.31 -32.89 -34.47  -35.00
-34.47 -32.89 -30.31 -26.81 -22.50 -17.50
-11.97  -6.08 0.00 6.08  11.97 17.50
22.50 26.81  30.31 32.89  34.47 35.00

*** Message Summary For AERMOD Model Setup ***

————————— Summary of Total Messages --------

A Total of
A Total of
A Total of

7 Fatal Error Message(s)
1 Warning Message(s)
0 Informational Message(s)

wxkskskx EATAL ERROR MESSAGES **wxx

SO E105 15
SO E110 16
SO E110 17
SO E110 18
SO E110 19
SO E110 20
SO E237 40

SETUP: Invalid Keyword Specified. The Troubled Keyword
SOCARD: Keyword is Not Valid for This Pathway. Keyword
SOCARD: Keyword is Not Valid for This Pathway. Keyword
SOCARD: Keyword is Not Valid for This Pathway. Keyword
SOCARD: Keyword is Not Valid for This Pathway. Keyword
SOCARD: Keyword is Not Valid for This Pathway. Keyword

SRCQA: Not Enough BUILDWIDs Specified for SourcelD

MX W403 57

PFLCNV: Turbulence data is being used w/o ADJ_U* option

*** SETUP Finishes UN-successfully ***

Figure 2-4. Example of Keyword Error and Associated Message Summary Table
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2.4.8 Running the model and reviewing the results

Now that we have a complete and error-free control input file, we are ready to run the
model and then review the results. The PC-executable file available on the SCRAM website
opens the control input and printed output files and the model can be executed from the

command prompt three ways as follows:

Path-to-AERMOD.EXE\AERMOD
Path-to-AERMOD.EXE\AERMOD runstream_input_filename

Path-to-AERMOD.EXE\AERMOD runstream_input_filename output_filename

The first example above is applicable for all versions of AERMOD and assumes that the control
input and printed output files are AERMOD.INP and AERMOD.OUT (not case sensitive in DOS
and case sensitive on Unix and Linux systems). The other two examples apply to AERMOD
versions beginning with 18081 in which the user can specify the control input filename and
optionally the output filename as well. The filenames can include a directory pathname if the
files reside in a different directory than the working directory. If the output filename is not
specificed, AERMOD will use the control input filename (including pathname) and replace the
input filenames extension (e.g., “.INP”’) with a “.OUT” extension. Otherwise, if both files are
specified, they can be in different locations. The important points are that the AERMOD.EXE
file either be in the directory from which you are attempting to run the model or in a directory
that is included on the DOS PATH command when the system is "booted-up." The control input
file (AERMOD.INP) must also be located in the directory which the model is being executed
when the control input filename is not specified. When the default control file and main output
filenames are used and reside in the working directory with AERMOD.EXE, the model can also

be executed by double clicking on the executable file from Windows Explorer.

As mentioned above, the SCRAM PC-executable file for AERMOD opens the input and
output files explicitly. One reason for this is to allow for the model to write an update on the
status of processing to the PC terminal screen. For the AERMOD model, the model first

indicates that setup information is being processed and then gives the Julian day currently being
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processed. If no status message is displayed, then the model did not load into memory properly.
If the model stops after completing the setup processing, then the RUNORNOT option was set
NOT to run. If a fatal error is encountered during the setup processing, then a message to that
effect will be written to the screen and model execution will be stopped. Another reason for not
sending the printed output to the default output device (i.e., to the screen or redirected to a file),
is so that any DOS error messages will be visible on the screen and not be written to the printed
file. One such message might be that there is insufficient memory available to run the program.
Handling of DOS error messages may require some knowledge of DOS, unless the meaning of

the message is obvious.

The order of contents and organization of the main output file for the AERMOD model is

presented in Figure 2-5.

2-36



Echo of Input Control File Commands
Summary of Control File Messages

Summary of Inputs
Summary of Modeling Options
Summary of Source Data Summary
of Receptor Data Summary of
Meteorology Data

Model Results

Daily Results for Each Averaging Period Selected for Each Day Processed (If Applicable)
- DAYTABLE Keyword

PERIOD Results for Each Source Group (If Applicable)
- PERIOD Parameter on AVERTIME Keyword

Short-Term Average Results (High, Second High, etc.) by Receptor for Each Source
Group (If Applicable)
- RECTABLE Keyword

Overall Maximum Short-Term Average Results for Each Source Group (If
Applicable)
- MAXTABLE Keyword

Summary Tables of High Values for Each Averaging Period and Source Group (Always
provided if PERIOD averages or the RECTABLE keyword are used)

Summary of Complete Model Execution Messages

Figure 2-5. Organization of the AERMOD Model Output File
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Each page of the output file, except for the echo of the input file entries, is labeled with
the model name and version number, user-specified title(s), page number, and, for the PC version
of the model, the date and time of the particular run. Also included as part of the header
information for each page is a one-line summary of the modeling options used for that particular
run. The modeling options are listed as the secondary keywords used to control the options, such

as DFAULT, CONC, etc.

Since the complete input file is normally echoed back as part of the output file, and since
processing of the inputs stops when the OU FINISHED card is reached, the run can be
duplicated by simply specifying the output filename as the input control file. Alternatively, the

input records could be "cut and pasted" from the output file to a separate file using a text editor.

By default, the model will echo each line of the input control file to the printed output
file. This provides a convenient record of the inputs as originally read into the model, without
any rounding of numerical values that may appear in the input summary tables. As noted above,
it also means that the output file can be used as an input file to the model to reproduce a
particular application. However, for some applications, the length of the input control file may
be too cumbersome to include the entire set of inputs at the beginning of each output file. This
may happen, for example, if a large number of sources are being defined or if a large number of
discrete receptor locations are used. For this reason, the user is provided with the option to "turn
off" the echoing of the input file at any point within the control file. This is accomplished by
entering the keywords "NO ECHO" in the first two fields anywhere within the control file. In
other words, place NO in the pathway field, followed by a space and then ECHO. None of the
input control file options after the NO ECHO will be echoed to the output file. Thus, a user may
choose to place NO ECHO after the Control pathway in order to keep the control options echoed
but suppress echoing the rest of the input file.
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The details of the message summary tables were discussed in the previous section. A
portion of the summary of modeling option inputs is shown in Figure 2-6 for the simple example
described in this section. The summary of source parameter input data includes separate tables
for each source type, rather than combining all sources onto a single table. In this way the

column headings are specific to the source type.

Figure 2-7 presents an example of the results output for the first highest values by
receptor for our sample problem. These values are the first highest 3-hour averages at each
receptor location. The number in parentheses following each concentration value is the date
corresponding to each value. The date is given as an eight-digit integer variable that includes the

year (2-digits), month, day, and hour corresponding to the end of the averaging period.

For each of the different types of model result tables, the controlling keyword is
identified in Figure 2-5 at the end of the description. All of the outputs of the same type, e.g.,
high values by receptor, are printed together, and the order of tables loops through all source
groups for a particular averaging period, and then loops through all averaging periods. The
summary tables of high values at the end of the model results follow the same order of loops. An

example of the summary tables for our sample problem is shown in Figure 2-8.
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*** AERMOD - VERSION 22112 ***  *** A Simple Example Problem for the AERMOD-PRIME Model ool 06/07/22

*** AERMET - VERSION 22112 ***  *** ool 14:18:02
PAGE 1
*** MODELOPTs: NonDFAULT CONC FLAT RURAL SigA&SigW

hakolel MODEL SETUP OPTIONS SUMMARY hokolel
** Model Options Selected:
* Model Allows User-Specified Options
Model Is Setup For Calculation of Average CONCentration Values.
NO GAS DEPOSITION Data Provided.
NO PARTICLE DEPOSITION Data Provided.
Model Uses NO DRY DEPLETION. DDPLETE
Model Uses NO WET DEPLETION. WETDPLT
Stack-tip Downwash.
Model Assumes Receptors on FLAT Terrain.
Use Calms Processing Routine.
Use Missing Data Processing Routine.
No Exponential Decay.
Model Uses RURAL Dispersion Only.
CCVR_Sub - Meteorological data includes CCVR substitutions
Model Assumes No FLAGPOLE Receptor Heights.
The User Specified a Pollutant Type of: SO2

mm

ok X b b b b R X X X X X

**NOTE: Special processing requirements applicable for the 1-hour SO02 NAAQS have been disabled!!!
User has specified non-standard averaging periods: 3-HR 24-HR
High ranked 1-hour values are NOT averaged across the number of years modeled, and
complete years of data are NOT required.

**Model Calculates 2 Short Term Average(s) of: 3-HR 24-HR
and Calculates PERIOD Averages

**This Run Includes: 1 Source(s); 1 Source Group(s); and 144 Receptor(s)
with: 1 POINT(s), including
0 POINTCAP(s) and 0 POINTHOR(s)
and: 0 VOLUME source(s)
and: 0 AREA type source(s)
and: 0 LINE source(s)
and: 0 RLINE/RLINEXT source(s)
and: 0 OPENPIT source(s)
and: 0 BUOYANT LINE source(s) with a total of 0 line(s)
and: 0 SWPOINT source(s)

**Model Set To Continue RUNning After the Setup Testing.
**The AERMET Input Meteorological Data Version Date: 22112

**Qutput Options Selected:
Model Outputs Tables of PERIOD Averages by Receptor
Model Outputs Tables of Highest Short Term Values by Receptor (RECTABLE Keyword)
Model Outputs Tables of Overall Maximum Short Term Values (MAXTABLE Keyword)

**NOTE: The Following Flags May Appear Following CONC Values: c¢ for Calm Hours
m for Missing Hours
b for Both Calm and Missing Hours

**Misc. Inputs: Base Elev. for Pot. Temp. Profile (m MSL) = 0.00 ; Decay Coef. = 0.000 ; Rot. Angle = 0.0
Emission Units = GRAMS/SEC ; Emission Rate Unit Factor =  0.10000E+07
Output Units = MICROGRAMS/M**3

**Approximate Storage Requirements of Model = 3.5 MB of RAM.

Figure 2-6. Sample of Model Option Summary Table from an AERMOD Model Output File
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*** AERMOD - VERSION 22112 ***  *** A Simple Example Problem for the AERMOD-PRIME Model ialalel 06/07/22

*%%x AERMET — VERSION 22112 ***  **x HHx 14:18:02
PAGE 9
**% \ODELOPTS: NonDFAULT CONC FLAT RURAL SigA&SigW
**% THE  1ST HIGHEST 3-HR AVERAGE CONCENTRATION  VALUES FOR SOURCE GROUP: ALL R
INCLUDING SOURCE(S): STACK1 ,
**x NETWORK ID: POL1 ; NETWORK TYPE: GRIDPOLR ***
** CONC OF S02 IN MICROGRAMS/M**3 *x
DIRECTION | DISTANCE (METERS)
(DEGREES) | 175.00 350.00 500.00 1000.00
10.0 | 1.60637 (88030212) 4.32183 (88030215) 9.87871 (88030215) 20.31341 (88030215)
20.0 | 1.27691 (88030212) 7.75747 (88030215) 19.35471 (88030215) 43.24437 (88030215)
30.0 | 1.31753 (88030321) 6.80000 (88030215) 16.96932 (88030215) 37.21008 (88030215)
40.0 | 1.37996 (88030321) 2.78658 (88030215) 6.56111 (88030215) 13.02309 (88030215)
50.0 | 1.41988 (88030321) 2.62563 (88030115) 4.10823 (88030115) 4.68748 (88030212)
60.0 | 1.43198 (88030321) 2.82901 (88030115) 4.55254 (88030115) 4.68748 (88030212)
70.0 | 1.41464 (88030321) 8.49965 (88030115) 11.29511 (88030115) 11.52741 (88030115)
80.0 | 2.58429 (88030115) 43.19500 (88030115) 48.25320 (88030115) 34.37546 (88030115)
90.0 | 7.93441 (88030115)  113.82878 (88030115)  143.17280 (88030115) 83.53515 (88030115)
100.0 | 49.08751 (88030112)  182.84906 (88030115)  220.83958 (88030115)  145.67442 (88030115)
110.0 | 112.74908 (88030112)  242.27766 (88030112)  278.47896 (88030115)  163.85177 (88030115)
120.0 | 133.57972 (88030112)  303.36789 (88030112)  329.96015 (88030112)  201.18211 (88030112)
130.0 | 84.37463 (88030112)  177.43472 (88030112)  193.23411 (88030112)  123.90900 (88030112)
140.0 | 34.33105 (88030112) 78.48757 (88030115) 90.16431 (88030115) 66.26935 (88030112)
150.0 | 3.26313 (88030112) 28.20306 (88030115) 35.81299 (88030112) 33.54932 (88030112)
160.0 | 1.45757 (88030209) 8.53192 (88030112) 13.46873 (88030112) 12.93284 (88030112)
170.0 | 1.33663 (88030209) 2.92150 (88030112) 4.70642 (88030112) 9.87872 (88030415)
180.0 | 1.23781 (88030212) 2.59400 (88030115) 4.58665 (88030415) 11.25826 (88030415)
190.0 | 1.23781 (88030212) 2.62640 (88030115) 4.10607 (88030115) 6.95118 (88030415)
200.0 | 1.23781 (88030212) 2.63486 (88030115) 4.10609 (88030115) 4.68748 (88030212)
210.0 | 1.23781 (88030212) 2.63700 (88030115) 4.10609 (88030115) 4.68748 (88030212)
220.0 | 1.23783 (88030212) 2.63762 (88030115) 4.10609 (88030115) 4.68748 (88030212)
230.0 | 1.26732 (88030212) 2.63762 (88030115) 4.10609 (88030115) 4.68767 (88030212)
240.0 | 1.59395 (88030212) 2.63762 (88030115) 4.10609 (88030115) 4.72694 (88030212)
250.0 | 2.39221 (88030212) 2.63762 (88030115) 4.10609 (88030115) 5.24318 (88030212)
260.0 | 3.44586 (88030212) 3.11001 (88030212) 4.10609 (88030115) 7.70339 (88030212)
270.0 | 4.67900 (88030212) 4.53914 (88030212) 4.60912 (88030212) 13.41550 (88030212)
280.0 | 6.10725 (88030212) 6.15657 (88030212) 6.42897 (88030212) 21.16129 (88030212)
290.0 | 7.47165 (88030212) 7.75530 (88030212) 8.18188 (88030212) 27.76976 (88030212)
300.0 | 8.45754 (88030212) 8.93592 (88030212) 9.35713 (88030212) 30.22723 (88030212)
310.0 | 8.83767 (88030212) 9.29972 (88030212) 9.54143 (88030212) 27.40028 (88030212)
320.0 | 8.53526 (88030212) 8.67663 (88030212) 8.65382 (88030212) 20.68075 (88030212)
330.0 | 7.53807 (88030212) 7.17470 (88030212) 6.91694 (88030212) 13.22924 (88030212)
340.0 | 5.96054 (88030212) 5.15139 (88030212) 4.78244 (88030212) 8.04861 (88030212)
350.0 | 4.10326 (88030212) 3.16494 (88030212) 4.10609 (88030115) 5.75319 (88030212)
360.0 | 2.52862 (88030212) 2.63762 (88030115) 4.10609 (88030115) 4.96113 (88030212)

Figure 2-7. Example Output Table of High Values by Receptor
2-41




*** AERMOD - VERSION 22112 ***  *** A Simple Example Problem for the AERMOD-PRIME Model loioiel 06/07/22
*** AERMET - VERSION 22112 ***  *** Frx 14:18:02
PAGE 15
*** MODELOPTs: NonDFAULT CONC FLAT RURAL SigA&SigW
*** THE SUMMARY OF MAXIMUM PERIOD ( 96 HRS) RESULTS ***
** CONC OF S02 IN MICROGRAMS/M**3 *x
NETWORK
GROUP 1D AVERAGE CONC RECEPTOR (XR, YR, ZELEV, ZHILL, ZFLAG) OF TYPE GRID-I1D
ALL 1ST HIGHEST VALUE 1S 24.85173 AT ( 433.01, -250.00, 0.00, 0.00, 0.00) GP POL1
2ND HIGHEST VALUE IS 23.13772 AT ( 469.85, -171.01, 0.00, 0.00, 0.00) GP POL1
3RD HIGHEST VALUE IS 21.03529 AT ( 303.11, -175.00, 0.00, 0.00, 0.00) GP POL1
4TH HIGHEST VALUE IS 19.33506 AT ( 328.89, -119.71, 0.00, 0.00, 0.00) GP POL1
5TH HIGHEST VALUE IS 17.19044 AT ( 383.02, -321.39, 0.00, 0.00, 0.00) GP POL1
6TH HIGHEST VALUE IS 16.86865 AT ( 866.03, -500.00, 0.00, 0.00, 0.00) GP POL1
7TH HIGHEST VALUE IS 15.01122 AT ( 939.69, -342.02, 0.00, 0.00, 0.00) GP POL1
8TH HIGHEST VALUE IS 14.27336 AT ( 268.12, -224.98, 0.00, 0.00, 0.00) GP POL1
9TH HIGHEST VALUE IS 12.80321 AT ( 492.40, -86.82, 0.00, 0.00, 0.00) GP POL1
10TH HIGHEST VALUE IS 12.38150 AT ( 766.04, -642.79, 0.00, 0.00, 0.00) GP POL1
*** RECEPTOR TYPES: GC = GRIDCART
GP = GRIDPOLR
DC = DISCCART
DP = DISCPOLR
*** AERMOD - VERSION 22112 ***  *** A Simple Example Problem for the AERMOD-PRIME Model Frx 06/07/22
*** AERMET - VERSION 22112 ***  *** ololel 14:18:02
PAGE 16
*** MODELOPTs: NonDFAULT CONC FLAT RURAL SigA&SigW
*** THE SUMMARY OF HIGHEST 3-HR RESULTS ***
** CONC OF S02 IN MICROGRAMS/M**3 o
DATE NETWORK
GROUP ID AVERAGE CONC (YYMMDDHH) RECEPTOR (XR, YR, ZELEV, ZHILL, ZFLAG) OF TYPE GRID-ID
ALL HIGH 1ST HIGH VALUE IS 329.96015 ON 88030112: AT ( 433.01, -250.00, 0.00, 0.00, 0.00) GP POL1
HIGH 2ND HIGH VALUE IS 261.07805 ON 88030112: AT ( 469.85, -171.01, 0.00, 0.00 0.00) GP POL1
*** RECEPTOR TYPES: GC = GRIDCART
GP = GRIDPOLR
DC = DISCCART
DP = DISCPOLR
*** AERMOD - VERSION 22112 ***  *** A Simple Example Problem for the AERMOD-PRIME Model loioiel 06/07/22
*** AERMET - VERSION 22112 ***  *** Frx 14:18:02
PAGE 17

KAk

MODELOPTs:

NonDFAULT CONC FLAT RURAL SigA&SigW
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*** THE SUMMARY OF HIGHEST 24-HR RESULTS ***

** CONC OF S02 IN MICROGRAMS/M**3 *x
DATE NETWORK
GROUP 1D AVERAGE CONC (YYMMDDHH) RECEPTOR (XR, YR, ZELEV, ZHILL, ZFLAG) OF TYPE GRID-ID
ALL HIGH 1ST HIGH VALUE 1S 88.89517 ON 88030124: AT ( 433.01, -250.00, 0.00, 0.00, 0.00) GP POL1
HIGH  2ND HIGH VALUE 1S 10.09519 ON 88030324: AT ( 866.03, -500.00, 0.00, 0.00, 0.00) GP POL1
*** RECEPTOR TYPES: GC = GRIDCART
GP = GRIDPOLR
DC = DISCCART
DP = DISCPOLR

Figure 2-8. Example of Result Summary Tables for the AERMOD Model
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2.5 Modifying an existing control file

As noted earlier, one of the advantages of the keyword/parameter approach and the flexible
format adopted for the input control file is that it will be easier for the user to make modifications to
the control file and obtain the desired result. This section briefly illustrates some examples of how
a control file can be modified. It is assumed that the reader is familiar with the operation of and
basic editing commands for a text editor (i.e., a program that edits ASCII files), and is familiar with

the previous sections of this tutorial.

2.5.1 Modifying modeling options

Depending on the type of analysis being performed, the user may need to modify the
modeling options and run the model again. Because of the descriptive nature of the keywords and
the secondary keywords used to control the modeling options, this can easily be done with the new
control file, and usually without having to refer back to the user's guide each time a modification is

attempted.

2.5.2 Adding or modifying a source or source group

Modifying the input file to add a source or a source group, or to add a source to a source
group, is as simple as just adding it. There is no need to specify the total number of sources in the
run, which would then have to be changed if more sources were added. The same applies to the
number of groups, or the number of sources per group. If the user attempts to input more than the
total number of sources or groups allowed for a particular run, an error message will be generated to
that effect. Also, modifying a source group to delete a source is as easy as just deleting it from the

input card, without having to change any other inputs.

Another way of "deleting" a source or a group from an input file is to place a "**" in the
pathway field of the card or cards which define the source or group to "comment out" those inputs.
This approach, which was discussed above in Section 2.2.2, has the advantage of leaving the input
data for the source or group in the input file for possible later use. It doesn't matter whether the "**"
is entered with the text editor in "insert" mode, in which case the other inputs of that line are moved

over, or if it is in "overtype" mode, which would replace the pathway ID that was already there.
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2.5.3 Adding or modifying a receptor network

As with source data, adding to or modifying the receptor information in the AERMOD
model is relatively straight forward. The problem of having to make several changes to accomplish
one small modification, such as adding a distance to a polar receptor network, has been avoided in
the new model. All that the user needs to do is to add the new distance on the appropriate input
card, which is easily identifiable because of the use of descriptive keywords. The model checks to
ensure that the user does not attempt to specify more than the maximum number of receptors for a

particular run and generates an appropriate message if too many are input.

2.5.4 Modifying output options

Moditying the output options involves many of the same principles that are described above.
In addition, all the output options are structured in a way that allows the user to select options for
specific averaging periods, so that the user may find it useful to copy a record or group of records
set up for one averaging period and simply change the averaging period parameter. The other
important short cut that is available for the printed table output options is to use the secondary
keyword ALLAVE to indicate that the option applies to all averaging periods that are calculated. In
this way, there will be no need to change the output options if a new averaging period is added to a

run or if one is deleted.
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3.0 Detailed keyword reference

This section of the AERMOD User's Guide provides a detailed reference for all the input
keyword options for the AERMOD model. The information provided in this section is more
detailed than the information provided in the Brief Tutorial in Section 2.0. Since this section is
intended to meet the needs of experienced modelers who may need to understand completely how
particular options are implemented in the model, the information for each keyword should stand on
its own. This section assumes that the reader has a basic understanding of the keyword/parameter
approach used by the model for specification of input options and data. Novice users should first

review the contents of Section 2.0 to obtain that understanding.

3.1 Overview

The information in this section is organized by function, i.e., the keywords are grouped by
pathway, and are in a logical order based on their function within the model. The order of
keywords presented here is the same as the order used in the functional keyword reference in
APPENDIX A. The syntax for each keyword is provided, and the keyword type is specified - either
mandatory or optional and either repeatable or non-repeatable. Unless noted otherwise, there are no
special requirements for the order of keywords within each pathway, although the order in which
the keywords are presented here and in APPENDIX A is recommended. Any keyword which has
special requirements for its order within the pathway is so noted following the syntax and type

description.

The syntax descriptions in the following sections use certain conventions. Parameters that
are in all capital letters and underlined in the syntax description are secondary keywords that are to
be entered as indicated for that keyword. Other parameters are given descriptive names to convey
the meaning of the parameter and are listed with an initial capital letter. Many of the parameter
names used correspond to variable names used in the computer code of the model. Parentheses
around a parameter indicate that the parameter is optional for that keyword. The default that is

taken when an optional parameter is left blank is explained in the discussion for that keyword.
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3.2 Control pathway inputs and options

The COntrol pathway contains the keywords that provide the overall control of the model
run. These include the dispersion options, averaging time options, terrain height options, and others

that are described below. The CO pathway must be the first pathway in the control input file.

3.2.1 Title information

There are two keywords that allow the user to specify up to two lines of title information
that will appear on each page of the main output file from the model. The first keyword,
TITLEONE, is mandatory, while the second keyword, TITLETWO, is optional. The syntax and

type for the keywords are summarized below:

CO TITLEONE Titlel

Syntax:
CO TITLETWO Title2

Type TITLEONE - Mandatory, Non-repeatable
TITLETWO - Optional, Non-repeatable

The parameters Title1 and Title2 are character parameters of length 200, which are read as a single
field starting at column 13. The title information is taken as it appears in the control file without
any conversion of lower case to upper case letters. If the TITLETWO keyword is not included in
the control file, then the second line of the title in the output file will appear blank. Note that in the
output files, only the first 68 characters of TITLEONE and TITLETWO are printed.

3.2.2 Dispersion options

The dispersion options are controlled by the MODELOPT keyword on the CO pathway and
are specified using secondary keywords that represent each of the different options. The secondary
keywords and syntax are shown and described below. Some related options are mutually exclusive,
others can be specified in combination with each other, and some are dependent on others and must

be specified together.



Syntax:

CO MODELOPT DFAULT ALPHA BETA CONC AREADPLT FLAT NOSTD NOCHKD NOWARN SCREEN SCIM NOMINO3 RLINEFDH

ELEV WARNCHKD NOURBTRAN VECTORWS PSDCREDIT FASTALL FASTAREA GSRM TTRM TTRM2 PVMRM OLM

ARM2 DEPOS DDEP WDEP DRYDPLT WETDPLT NODRYDPLT NOWETDPLT

Type: Mandatory, Non-repeatable

Order: Must precede POLLUTID, HALFLIFE and DCAYCOEF

where the secondary keyword parameters are described below (the order and spacing of these

parameters is not critical):

DFAULT -

ALPHA -

BETA -

CONC -
DEPOS -
DDEP -
WDEP -
AREADPLT -

FLAT -

ELEV -

Specifies that the regulatory default options will be used; note that specification
of the DFAULT option will override some non-DFAULT options that may be
specified in the input file, while other non-DFAULT options will cause fatal
errors when DFAULT is specified (see below for details).

Non-regulatory option flag that allows the input control file to include
research/experimental options for review and evaluation by the user community;
(e.g., LOW_WIND, PSDCREDIT, ORD DWNW, AWMADWNW,
PLATFORM, METHOD 2 particle deposition, gas deposition, RLINEFDH, and
RLINEXT with options for modeling barriers and depressed roadways) and
cannot be used with DFAULT keyword.

Non-regulatory option flag that allows the input control file to include options
that have been vetted through the scientific community and are waiting to be
promulgated as regulatory options. Prior to promulgation, BETA options require
alternative model approval for use in regulatory applications and cannot be used
with DFAULT keyword.

Specifies that concentration values will be calculated.

Specifies that total deposition flux values (both dry and wet) will be calculated.
Specifies that dry deposition flux values will be calculated.

Specifies that wet deposition flux values will be calculated.

Specifies that a non-regulatory method for optimized plume depletion due to dry
removal mechanisms will be included in calculations for area sources (cannot be
used simultaneously with the DFAULT keyword).

Specifies that the non-regulatory option of assuming flat terrain will be used;
Note that FLAT and ELEV may be specified in the same model run to allow
specifying the non-regulatory FLAT terrain option on a source-by-source basis;
FLAT sources are identified by specifying the keyword FLAT in place of the
source elevation field on the SO LOCATION keyword (cannot be used
simultaneously with the DFAULT keyword); the RLINE and RLINEXT source
types require FLAT to be used.

Specifies that the default option of assuming elevated terrain will be used; Note
that FLAT and ELEV may be specified in the same model run to allow
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NOSTD -

NOCHKD -

WARNCHKD -

NOWARN -

SCREEN -

PVMRM -

OLM -

ARM?2 -

TTRM -

TTRM?2 -

specifying the non-regulatory FLAT terrain option on a source-by-source basis
(the ELEV option is set as a regulatory option with the DFAULT keyword)

Specifies that the non-regulatory option of no stack-tip downwash will be used
(cannot be used with the DFAULT keyword).

Specifies that the non-regulatory option of suspending date checking will be
used for non-sequential meteorological data files (cannot be used with the
DFAULT keyword).

Specifies that the option of issuing warning messages rather than fatal errors
will be used for non-sequential meteorological data files.

Specifies that the option of suppressing the detailed listing of warning messages
in the main output file will be used (the number of warning messages is still
reported, and warning messages are still included in the error file controlled by
the CO ERRORFIL keyword).

Non-regulatory option for running AERMOD in a screening mode for
AERSCREEN will be used (cannot be used when the DFAULT keyword is
specified).

Sampled Chronological Input Model — non-regulatory option used only with the
ANNUAL average option to reduce runtime by sampling meteorology at a user-
specified regular interval; SCIM sampling parameters must be specified on the
ME pathway (cannot be used with the DFAULT keyword).

Specifies that the Plume Volume Molar Ratio Method (PVYMRM) for NO,
conversion will be used (regulatory option, can be used simultaneously with
DFAULT); cannot be used with OLM, ARM2, or GRSM; cannot be used with
TTRM without TTRM2.

Specifies that the Ozone Limiting Method (OLM) for NO, conversion will be
used (regulatory option, can be used simultaneously with DFAULT keyword);
cannot be used with PVMRM, ARM2, or GRSM; cannot be used with TTRM
without TTRM?2.

Specifies that the Ambient Ratio Method - 2 (ARM2) for NO, conversion will
be used (regulatory option, can be used with DFAULT keyword); cannot be
used with PVMRM, OLM, or GRSM; cannot be used with TTRM without
TTRM2.

Specifies that the non-regulatory Travel Time Reaction Method (TTRM) will be
used for NO; conversion (non-regualtory ALPHA option, requires the ALPHA
keyword and cannot be used with the DFAULT keyword); cannot be used with
PVMRM, OLM, ARM2 without TTRM2; cannot be used with GRSM; cannot
be used with TTRM2 without PVMRM, OLM, or ARM2.

Specifies that the non-regulatory Travel Time Reaction Method (TTRM) will be
paired with one of OLM, PVMRM, or ARM2 for NO; conversion (non-
regualtory ALPHA option, requires the ALPHA keyword and cannot be used
with the DFAULT keyword); cannot be used with TTRM alone or GRSM; must
be paired with one of PVMRM, OLM, or ARM?2 and does not require TTRM
keyword when pairing.
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GRSM -

PSDCREDIT -

FASTALL -

FASTAREA -

DRYDPLT -

NODRYDPLT -

WETDPLT -

NOWETDPLT -

NOURBTRAN -

VECTORWS -

NOMINOS3 -

Specifies that the non-regulatory Generic Reaction Set Method (GRSM) will be
used for NO; conversion (non-regulatory BETA option, requires the BETA
keyword and cannot be used with the DFAULT keyword); cannot be used with
PVMRM, OLM, TTRM, TTRM2, or ARM2.

Specifies that the non-regulatory ALPHA option will be used to calculate the
increment consumption with PSD credits using the PVMRM option (cannot be
used with the DFAULT keyword).

Non-regulatory option to optimize model runtime through use of an alternative
implementation of horizontal meander for POINT and VOLUME sources; also
optimizes model runtime for AREA/AREAPOLY/AREACIRC/LINE, and
OPENPIT, RLINE, and RLINEXT sources (formerly associated with TOXICS
option, now controlled by the FASTAREA and FASTALL option, cannot be
used with the DFAULT keyword).

Non-regulatory option to optimize model runtime through hybrid approach for
AREA/ AREAPOLY/AREACIRC and OPENPIT sources (formerly associated
with TOXICS option, cannot be used with the DFAULT keyword).

Option to incorporate dry depletion (removal) processes associated with dry
deposition algorithms; this requires specification of dry deposition source
parameters and additional meteorological variables; dry depletion will be used
by default if dry deposition algorithms are invoked; cannot be used with
NODRYDPLT.

Option to disable dry depletion (removal) processes associated with dry
deposition algorithms; cannot be used with DRYDPLT.

Option to incorporate wet depletion (removal) processes associated with wet
deposition algorithms; this requires specification of wet deposition source
parameters and additional meteorological variables; wet depletion will be used
by default if wet deposition algorithms are invoked; cannot be used with
NOWETDPLT.

Option to disable wet depletion (removal) processes associated with wet
deposition algorithms; cannot be used with WETDPLT.

Non-regulatory option to ignore the transition from nighttime urban boundary
layer to daytime convective boundary layer (i.e., to revert to the urban option as
implemented prior to version 11059) (cannot be used with the DFAULT
keyword).

Option to specify that input wind speeds are vector mean (or resultant) wind
speeds, rather than scalar means. Under the VECTORWS option, the
adjustments to wind speeds based on Equation 112 of the AERMOD Model
Formulation document (EPA, 2022a) will be applied (can be used with the
DFAULT keyword).

Option to remove the minimum ozone used for Tier 2 & 3 NO; options. Without
this option, AERMOD will use a minimum value of 40 ppb of ozone for
nighttime stable conditions, regardless of the value in an hourly input file (can
be used with the DFAULT keyword).
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RLINEFDH - Option to have wind profile calculations without a displacement height for
RLINE and RLINEXT source types. This makes the wind profile closer to other
AERMOD source types, which do not use a displacement height in wind profile
(requires the ALPHA keyword and cannot be used with the DFAULT keyword).

3.2.2.1 DFAULT option

As previously discussed, the regulatory DFAULT option in AERMOD informs the model
that certain regulatory options will be invoked including stack-tip downwash, effects of elevated
terrain, and calms and missing data processing. The DFAULT option in AERMOD also forces the
use of a 4-hour half-life when modeling SO in an urban source and does not allow for exponential
decay for other applications. If exponential decay is requested via the DCAYCOEFFor HALFLIFE
keyword, AERMOD will issue a warning that the DFAULT overrides the requested exponential and
will run the model without exponential decay. If exponential decay is desired, then the DFAULT
keyword cannot be included. The DFAULT option also imposes a restriction on the optional urban
roughness length parameter to be 1 meter for regulatory applications. If the urban roughness length

parameter is not 1 m with the DFAULT keyword, AERMOD issues a warning and resets it to 1 m.

The missing data processing routines that are included in the AERMOD model allow the
model to handle missing meteorological data in the processing of short-term averages. The model
treats missing meteorological data in the same way as the calms processing routine, i.e., it sets the
concentration values to zero for that hour and calculates the short-term averages according to EPA's
calms policy, as set forth in the Guideline. Calms and missing values are tracked separately for the
purpose of flagging the short-term averages. An average that includes a calm hour is flagged with a
'c', an average that includes a missing hour is flagged with an 'm', and an average that includes both
calm and missing hours is flagged with a'b'. If the number of hours of missing meteorological data
exceeds 10 percent of the total number of hours for a given model run, a cautionary message is
written to the main output file, and the user is referred to Section 5.3.2 of "Meteorological

Monitoring Guidance for Regulatory Modeling Applications" (EPA, 2004).

The DFAULT keyword cannot be used simultaneously with either the ALPHA or BETA
secondary keywords or other secondary keywords that enable a specific ALPHA or BETA option.



3.2.2.2 ALPHA options

Beginning with version 18081, a new secondary keyword, ALPHA, was added to the
MODELOPT keyword. When included, ALPHA indicates one or more options are being used that

are in a special category of options. These can include but are not limited to:

o Scientific/formulation updates that are considered to be in the research phase and have
not been fully evaluated and peer reviewed by the scientific community; and

o Non-scientific model options in development that still need rigorous testing and for
which EPA is seeking feedback from the user community.

Different ALPHA options are enabled in the control file in different ways. Some ALPHA
options, as indicated above, are enabled by specifying the appropriate secondary keyword with the
MODELOPT keyword, while others are specified as either a primary keyword on the CO pathway
(e.g., LOW_WIND, AWMADWNW) or as source type with the LOCATION keyword (e.g.,
RLINEXT, SWPOINT) on the SO pathway or as a primary keyword on the SO pathway to enter
source-specific inputs (e.g., PLATFORM, RBARRIER). Version 22112 includes the following
ALPHA options:

e PSDCREDIT
e LOW_WIND
e« AWMADWNW
e ORD DWNW

e PLATFORM
e RLINEXT

e RDEPRESS
e RBARRIER
e RLINEFDH

e METHOD 2 particle deposition

e Gas deposition (GDSEASON, GDLANUSE, GASDEPDF, GASDEPOS, GASDEPVD
keywords)

e TTRM (for NO; conversion)
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e TTRM2 (for NO; conversion)
e SWPOINT (experimental source type)

As noted above, METHOD 2 particle deposition and gas deposition are ALPHA options
beginning with version 19191 of AERMOD. In previous versions of AERMOD, these two
deposition options were non-default and could be used without the ALPHA or BETA keywords.
The reason that these two options are now ALPHA options is that they have not been rigorously
tested and evaluated since their inclusion in AERMOD’s initial promulgation. Thus, it was decided
to make the options ALPHA while deposition is further evaluated in AERMOD. Note that
METHOD 1 particle deposition is unaffected and can still be used with AERMOD in default mode
(i.e., with the DFAULT keyword).

3.2.2.3 BETA options

BETA options refer to scientific updates to the formulation of AERMOD that have been
fully vetted through the scientific community with appropriate evaluation and peer review. BETA
options are planned for future promulgation as regulatory options. However, until they are
promulgated, they require alternative model approval by the EPA Regional Office and concurrence
by the Model Clearing House. As with the ALPHA options, BETA options are enabled in the
control file in different ways, depending on the option. Version 22112 includes the following BETA

options:

e RLINE
e GRSM (for NO; conversion)

3.2.2.4 Options for capped and horizontal stack releases

Options are included in AERMOD, beginning with version 06341, for modeling releases
from capped and horizontal stacks. For sources that are not subject to building downwash
influences, the plume rise for these capped and horizontal stacks is simulated based on an EPA
Model Clearinghouse Memorandum, dated July 9, 1993. The Model Clearinghouse procedure for

these sources entails setting the exit velocity very low (0.001 m/s) to account for suppression of
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vertical momentum of the plume and using an effective stack diameter that maintains the actual
flow rate of the plume. Maintaining the flow rate will also serve to maintain the buoyancy of the
plume to provide a more realistic estimate of plume rise. The Model Clearinghouse procedure also

addresses the issue of stack-tip downwash for these cases.

The Model Clearinghouse procedure is not considered to be appropriate for sources subject
to building downwash influences with the PRIME downwash algorithm for the following reason.
The PRIME algorithm uses the specified stack diameter to define the initial radius of the plume for
the numerical plume rise calculation, and the initial radius of the plume can significantly influence
plume rise based on the PRIME algorithm. As a result, use of an effective diameter adjusted to
maintain the flow rate is not appropriate and could produce unrealistic results. For PRIME
downwash sources modeled using the options for capped and horizontal releases, the basic premise
of the Model Clearinghouse procedure, i.e., that the vertical momentum is suppressed while the
buoyancy of the plume is conserved has been adapted for the PRIME numerical plume rise
formulation. For capped stacks the initial radius of the plume is assumed to be 2 times the actual
stack diameter to account for the interaction of the exiting plume with the cap. The initial vertical
velocity of the plume is set at 0.001 m/s, and the initial lateral velocity of the plume is set at 25% of
the initial exit velocity of the plume. For horizontal stacks, the initial vertical velocity of the plume
is set at 0.001 m/s, the total exit velocity of the plume is assigned to the initial lateral velocity, and
the plume is assumed to be emitted in the downwind direction. Although this adaptation of the
Model Clearinghouse procedure to PRIME downwash sources has not been validated by field tracer
or wind tunnel data, analyses have shown that simply setting the exit velocity to 0.001 m/s without
any further adjustment when downwash is applied, as suggested in Section 6.1 of the AERMOD
Implementation Guide (EPA, 2022b), may lead to overly conservative results (EPA, 2007).

The user selects the options for capped and/or horizontal releases by specifying one of the
new source types on the SO LOCATION card: POINTCAP for capped stacks, and POINTHOR for
horizontal releases. For each of these options, the user specifies the actual stack parameters [release
height (m), exit temperature (K), exit velocity (m/s), and stack diameter (m)] using the SO
SRCPARAM card as if the release were a non-capped vertical point source. The syntax of the SO
LOCATION and SRCPARAM keywords is described in Sections 3.3.1 and 3.3.2 and is also

summarized in APPENDIX A. The AERMOD model performs the necessary adjustments
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internally to account for plume rise and stack-tip downwash. For horizontal releases, the model
currently assumes that the release is oriented with the wind direction, and the model does not
account for directional effects that may occur with horizontal releases. The model also does not
account for stacks oriented at a non-horizontal angle relative to vertical. For PRIME downwash
sources, the user-specified exit velocity for horizontal releases is treated initially as horizontal

momentum in the downwind direction.

3.2.2.5 Output types (CONC, DEPOS, DDEP and/or WDEP)

The user may select any or all of the output types (CONC, DEPOS, DDEP and/or WDEP) to
be generated in a single model run. The order of these secondary keywords on the MODELOPT
card has no effect on the order of results in the output files — the outputs will always be listed in the
order of CONC, DEPOS, DDEP, and WDEP. Appropriate deposition parameters must be specified
in order to output deposition fluxes using the DEPOS, DDEP, and/or WDEP keywords (see
Sections 3.3.3 and 3.3.4 for more details). Deposition has not been implemented for
RLINE/RLINEXT, BUOYLINE, or SWPOINT source types, thus the user can only run CONC

with these source types.

3.2.2.6 Deposition depletion options

Beginning with version 04300, the dry and wet removal (depletion) mechanisms (the
DRYDPLT and WETDPLT options in earlier versions of AERMOD) will automatically be
included in the calculated concentrations or deposition flux values if the dry and/or wet deposition
processes are considered, unless the user specifies the NODRYDPLT and/or NOWETDPLT
options. Note that dry and wet removal effects on calculated concentration values can be included
even if deposition flux values are not being calculated. However, the additional data requirements
for dry and wet deposition, described in Sections 3.3.3 and 3.3.4, must be met in order for dry and
wet removal to be included in the concentration calculations. The use of the NODRYDPLT and/or
NOWETDPLT options will result in a more conservative estimate of concentrations and/or
deposition fluxes for applications involving deposition processes, but the degree of additional
conservatism will vary depending on the source characteristics, meteorological conditions, receptor
locations and terrain influences. However, the inclusion of particle deposition effects may increase

ground-level concentrations for some sources compared to the same source modeled as a gaseous
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emission due to gravitational settling on the particulate plume. The magnitude of this effect will
depend on the source characteristics (elevated or low-level) and particle size distribution. As of
version 19191, deposition has not been implemented for RLINE/RLINEXT, BUOYLINE, or
SWPOINT sources, thus the user can only run CONC with these source types.

3.2.2.7 NO> conversion options

Beginning with version 16216r, the PVMRM and OLM Tier 3 NO; conversion methods, as
well as the Tier 2 ARM2 method are regulatory options that can be specified with the DFAULT
keyword. PVMRM, OLM, and ARM2 assume the reaction involving NO and available O3 to form
NO: occurs instantaneously. Although this chemical reaction is relatively rapid, it is not actually
instantaneous and depends on the transport time to the downwind receptor of interest. Beginning
with version 21112, TTRM was added as an ALPHA option for NO> conversion that considers the
distance and the travel time from the emission source to each receptor. In general, much of the
conversion of NO to NO2 occurs within the first minute of travel which limits the effectiveness of

this method to the near field receptors.

In version 21112, TTRM, the Travel Time Reaction Method, was implemented as a stand-
alone ALPHA option which can determine the initial fraction of NO to NO2 conversion in the travel
time of each source emissions to each receptor. The conversion is capped at an upper limit, which is
typically reached after a few tens of seconds of plume travel. Beyond the distance the fraction
reaches the upper limit of the equilibrium fraction (generally 0.9), TTRM is no longer effective, and
another method is needed for receptors beyond that distance. Beginning with version 22112,
TTRM was integrated to be used simultaneously with PVMRM, OLM, or ARM2. This integration
was added as the ALPHA option, TTRM2, separate from TTRM which was retained as a stand-
alone option. When TTRM?2 is specified along with PVMRM, OLM, or ARM2, TTRM will be
implemented for near field receptors where the fraction of conversion has not reached the upper

limit, and the other specified method will be used for all other receptors.
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In addition to TTRM and TTRM2, beginning with version 21112, GRSM, the Generic
Reaction Set Method, was added as an ALPHA option and then updated as a BETA option
beginning with version 22112. GRSM was adapted from the Atmospheric Dispersion Model
Method (ADMSM), documented by Carruthers et al., 2017, which accounts for the equilibrium
between NO, NO», and ozone in the atmosphere. GRSM uses similar calculations for plume
entrainment as PVMRM but adds a reaction rate based on solar radiation and travel time from
source to receptor. The reaction rate is based on the generic reaction set (GRS) chemistry scheme,
which is a semi-empirical photochemical model developed originally by CSIRO in Australia (Azzi
and Johnson, 1992; Venkatram et al., 1994) for multiple step conversions between NO, NO>, and
Os.

Only one of ARM2, TTRM, OLM, PVMRM, or GRSM options for NO; conversion can be
specified for a given model run. Alternatively, the TTRM2 option (which invokes TTRM), can be
paired with ARM2, OLM, or PVMRM by specifying the TTRM2 keyword along with the ARM?2,
PVMRM, or OLM with the MODELOPT keyword. Because GRSM accounts for travel time
between the emission source and receptor, it cannot be paired with TTRM2. All NO; conversion
options require that the pollutant ID be specified as ‘NO2’ on the CO POLLUTID card (see Section

3.2.9.) These options have additional input requirements as described in Section 3.3.6.

3.2.2.8 FASTAREA and FASTALL

The FASTAREA secondary keyword on the MODELOPT keyword is used to select the
non-regulatory option to optimize model runtime for AREA sources (including AREA,
AREAPOLY, AREACIRC and OPENPIT source types, as well as LINE sources introduced with
version 12345 (see Section 3.3.1)). When FASTAREA is specified, the area source integration
routine is optimized to reduce model runtime by incorporation of a three-tiered approach using the
Romberg numerical integration, a 2-point Gaussian Quadrature routine for numerical integration, or
a point source approximation, depending on the location of the receptor relative to the source. In
the regulatory default mode, the Romberg numerical integration is utilized for all receptors. Also
beginning with version 09292, a non-regulatory option to optimize model runtime for POINT and
VOLUME sources was included, which is selected with the FASTALL secondary keyword on the
MODELOPT keyword. Specification of the FASTALL option also activates the FASTAREA
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option if AREA sources are including in the model inputs. Both FASTALL and FASTAREA skip
receptors that are more than 80 kilometers from the source. Beginning with version 22112, the

RLINE and RLINEXT sources also include a FAST option activated with the FASTALL keyword.

The FASTALL option for POINT/POINTHOR/POINTCAP and VOLUME sources uses an
alternative implementation of the horizontal meander algorithm based on an effective horizontal
dispersion coefficient (oyf) that replicates the centerline concentration based on the full meander
approach. Use of the effective g, allows the model runtime to be optimized by skipping receptors
that are more than 4a,.; off the plume centerline. Based on tests conducted to date, comparisons of
concentrations based on the FASTALL option for POINT and VOLUME sources with
concentrations using the DFAULT option are similar to comparisons of concentrations for AREA
sources using the FASTAREA option. The average ratio of FASTALL concentrations to DFAULT
values is about 1.02 for high ranked values, showing a slight bias toward over prediction for the
FASTALL option. However, the range of ratios for high ranked values shows both over predictions
and under predictions relative to the DFAULT option, and differences at specific receptors may be

much larger.

The FASTALL option for RLINE and RLINEXT uses an approximation to estimate the
values for the horizontal and vertical dispersion coefficients (g, and oz, respectively) and the
effective plume wind speed. These estimates are made by interpolating between values of these
variables computed at three distances from the source (1 m, 10 m, and 500 m). Note that, as of
version 19191, the FASTALL option has not been implemented for the BUOYLINE and
SWPOINT source types and is not applicable with the PLATFORM keyword.

3.2.2.9 Urban transition and NOURBTRAN option

The urban option within AERMOD was modified, beginning with version 11059, to address
potential issues associated with the transition from the nighttime urban boundary layer to the
daytime convective boundary layer. Prior to version 11059, the enhanced dispersion due to the
urban heat island during nighttime stable conditions was ignored once the rural boundary layer
became convective. This could result in an unrealistic drop in the mixing height for urban sources

during the morning transition to a convective boundary layer, which could contribute to overly
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conservative concentrations for low-level sources under such conditions. This potentially
anomalous behavior was observed in a few cases during the application of AERMOD for the Risk
and Exposure Assessment (REA) conducted in support of a review for the NO> National Ambient
Air Quality Standard (NAAQS) (EPA, 2008). The potential significance of this issue for
AERMOD applications in support of air quality permitting increased with the promulgation of the
more recent 1-hour NO; and 1-hour SO NAAQS in 2010.

To address this issue, AERMOD was modified to continue applying the urban boundary
layer option for urban sources until the daytime (rural) convective boundary exceeds the
population-dependent urban boundary layer height. This modification to the urban option within
AERMOD has been evaluated using the 1985 Indianapolis SFs field study data (Murray and
Bowne, 1988), and shows improved model performance during daytime convective conditions
compared to the original implementation of the urban option. Model-to-monitor comparisons of
I-hour NO; concentrations from the Atlanta NO> REA also exhibit improved model performance
with this modification to the urban option in AERMOD. A summary of these model evaluation

results is provided in the AERMOD Model Formulation document (EPA, 2022a).

The NOURBTRAN non-regulatory option has been included to allow users to revert to the
urban option as implemented prior to version 11059, which ignores the transition from the

nighttime urban boundary layer to the daytime convective boundary layer.

3.2.2.10 SCREEN mode

The screening mode of AERMOD, which is controlled by the SCREEN keyword on the
MODELOPT card, forces the model calculations to represent values for the plume centerline,
regardless of the source-receptor-wind direction orientation. This option is included in AERMOD
to facilitate the use of the model with the AERSCREEN (EPA, 2021d) to estimate worst case
impacts. Its use outside of that context is not recommended. Since the screening model is designed
to be used with a non-sequential meteorological data file, representing a matrix of conditions, the
SCREEN option also forces the use of the NOCHKD option described above, even if NOCHKD is
not included on the MODELOPT card. The SCREEN option also restricts the averaging period
options to 1-hour averages only on the AVERTIME card (see Section 3.2.2.10). Note that the
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SCREEN mode only is applicable for point type sources (POINT, POINCAP, and POINTHOR) and
VOLUME sources. Other source types should be processed within AERSCREEN to facilitate

screening.

3.2.2.11 SCIM

The AERMOD model includes the non-regulatory Sampled Chronological Input Model
(SCIM) option to reduce model runtime for some uses of the model. The SCIM option can only be
used with the ANNUAL average option and is primarily applicable to multi-year model
simulations. The approach used by the SCIM option is to sample the meteorological data at a user-
specified regular interval to approximate the long-term (i.e., ANNUAL) average impacts. Studies
have shown that the uncertainty in modeled results introduced by use of the SCIM option is

generally lower for area sources than for point sources.

When only the regular sampling is selected, hourly concentrations are calculated in the
normal fashion for each sampled hour. The annual average concentration is then simply calculated
by dividing the cumulative concentration for the sampled hours by the number of hours sampled

(arithmetic average), i.e.,

C=yCJ/N

where:

C = Calculated concentration
Z Cs= Cumulatibe impacts for the sampled hours

N ¢ = Number of sampled hours

To use the SCIM option, the user must include the SCIM keyword on the CO MODELOPT
card and the SCIM sampling parameters on the ME SCIMBYHR card. The format and syntax of
the ME SCIMBYHR keyword are described in Section 3.5.7.
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3.2.2.12 Deposition Options

The AERMOD model includes algorithms for both dry and wet deposition of both
particulate and gaseous emissions. The deposition algorithms incorporated into AERMOD are
based on the draft Argonne National Laboratory (ANL) report (Wesely et al., 2002), with
modifications based on peer review. Treatment of wet deposition was revised from Wesely et al.
(2002) based on recommendations by peer review panel members (Walcek et al., 2001). A full
technical description of the deposition algorithms implemented in AERMOD is provided in an EPA
report specific to these algorithms (EPA, 2003).

Based on the guidance provided for application of the AERMOD model in the Guideline
(EPA, 2017b), and the history of the deposition algorithms in the AERMOD and ISC models, the
particle deposition algorithms with a user-specified particle size distribution (referred to below as
“Method 1) can be applied simultaneously with the regulatory DFAULT keyword. Method 1 is
comparable to the particle deposition algorithm in the ISCST3 model (EPA, 1995a). The gas
deposition algorithms and the “Method 2” option for particle deposition based on the ANL draft
report (Wesely, et al, 2002) are non-regulatory ALPHA options in AERMOD, and beginning with
version 19191, the model will issue a fatal error message and abort processing if the ALPHA

keyword is not specified with the gas deposition or Method 2 particle deposition options.

For gaseous dry deposition, the user must define seasonal categories for each of the calendar
months, direction-specific land use categories, and several pollutant-specific parameters. An
optional keyword is also provided to override default values for three parameters used in the gas
deposition algorithm. The input requirements for “Method 1” particle deposition in AERMOD are
the same as for the particle deposition algorithm in the ISCST3 model. For “Method 2” particle
deposition, the user must define the fraction of the particle mass in the fine particle category (less
than 2.5 microns) and a representative mass mean diameter for the particles. Table 3-1 summarizes
the required keywords for the various deposition options within AERMOD and whether they are
allowed under the DFAULT option. For all keywords associated with METHOD 2 or gas
deposition, the ALPHA keyword must be used along with the MODELOPT keyword. The

keywords used to define inputs for deposition specified on the CO pathway are described in the
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sections that follow. The keywords associated with deposition specified on the SO pathway are

described in sections 3.3.3 through 3.3.5.

Table 3-1 Summary of Deposition Options

Pollutant Type |Model Output Type Required Keywords Allowed under DFAULT?
Gaseous CONC w/dry depletion CO GASDEPVD No!
DDEP or
CO GDSEASON,
CO GDLANUSE, and
SO GASDEPOS
Gaseous CONC w/wet depletion SO GASDEPOS No!
WDEP
Gaseous CONC w/dry & wet CO GDSEASON, No!
depletion CO GDLANUSE, and
DEPOS SO GASDEPOS
Particulate CONC w/dry and/or wet SO PARTDIAM, Yes?
(“Method 17) depletion SO PARTDENS, and
DEPOS SO MASSFRAX
DDEP
WDEP
Particulate CONC w/dry and/or wet SO METHOD 2 No!
(“Method 27) depletion
DEPOS
DDEP
WDEP

The user should be aware that one or more of the following meteorological parameters are
needed for deposition: precipitation code, precipitation rate, relative humidity, surface pressure, and

cloud cover.

' The ALPHA option must be included.

2 While “Method 17 is allowed under the regulatory “DFAULT” option within AERMOD, the use of “Method 1” for
particulate emissions in regulatory modeling applications should follow the guidance provided in Section 7.2.1.3 of the
Guideline (EPA, 2017b).
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3.2.2.13 Definition of seasons for gaseous dry deposition

The gas deposition algorithms in AERMOD include land use characteristics and gas
deposition resistance terms based on five seasonal categories defined in Table 2 of the ANL report

as:

Seasonal Category 1: Midsummer with lush vegetation
Seasonal Category 2: Autumn with unharvested cropland
Seasonal Category 3: Late autumn after frost and harvest, or winter with no snow
Seasonal Category 4: Winter with snow on ground (with generally continuous snow cover)
Seasonal Category 5: Transitional spring with partial green coverage or short annuals
The user correlates these seasonal definitions to calendar months through the GDSEASON keyword
on the CO pathway. The syntax and type of the GDSEASON keyword are:

Syntax: CO GDSEASON Jan Feb Mar ... Dec

Type: Optional, Non-repeatable

where a numeric value from 1 to 5 is entered for each of the twelve calendar months to associate it
with the seasonal definitions given above. This keyword is optional for the model, but mandatory
when applying the gas deposition algorithms, unless the GASDEPVD option for user-specified dry
deposition velocity on the CO pathway is used, described below in Section 0. Note that some of the
seasonal categories defined above may not apply for certain regions, such as Category 4, winter

with continuous snow cover, for moderate climates.
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3.2.2.14 Definition of land use categories for gas dry deposition

The gas deposition algorithms also require direction-specific land use categories based on

the following land use codes and definitions (from Table 1 of the ANL report):

Land Use Category Description

—

Urban land, no vegetation
Agricultural land
Rangeland

Forest

Suburban areas, grassy
Suburban areas, forested
Bodies of water

Barren land, mostly desert
Non-forested wetlands

O 0 3 N L A W

The user defines the land use categories by direction sector through the GDLANUSE keyword on
the CO pathway. The syntax and type of the GDLANUSE keyword are:

Syntax: CO GDLANUSE Secl Sec2 Sec3 ... Sec36
Type: Optional, Non-repeatable

where a numeric value from 1 to 9 is entered for each of the 36 direction sectors (every 10
degrees) to associate it with the land use definitions given above. This keyword is optional for the
model, but mandatory when applying the gas deposition algorithms, unless the GASDEPVD option
for user-specified deposition velocity is used. The first value, Secl, corresponds with the land use
category, downwind of the application site, for winds blowing toward 10 degrees, plus or minus 5
degrees. The downwind sectors are defined in clockwise order, with Sec36 corresponding to winds
blowing toward 360 degrees (North) and should generally reflect conditions downwind relative to
the source location. The user can specify "repeat values" by entering a field such as "36*3" as a
parameter for the GDLANUSE keyword. The model will interpret this as "36 separate entries, each
with a value of 3." Since the model must identify this as a single parameter field, there must not be
any spaces between the repeat-value and the value to be repeated. Option for overriding default

parameters for gas dry deposition
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An optional keyword is available on the Control (CO) pathway to allow the user to override
the default values of the reactivity factor (f,), and the fraction (F) of maximum green leaf area index
(LAI) for seasonal categories 2 (autumn/unharvested cropland) and 5 (transitional spring), for use

with the gas dry deposition algorithms.

The syntax and type of the GASDEPDF keyword are summarized below:

Syntax: CO GASDEPDF React F_Seas2 F_Seas5 (Refpoll)

Type: Optional, Non-repeatable

where the parameter React is the value for pollutant reactivity factor (f;), and F_Seas2 and F_Seas5
are the fractions (F) of maximum green LAI for seasonal categories 2 and 5, respectively. The
parameter Refpoll is the optional name of the pollutant. If the optional GASDEPDF keyword is
omitted, then the default value of 0 is used for React, and default values of 0.5 and 0.25 are used for
F Seas2 and F_Seas5, respectively. A value of F=1.0 is used for seasonal categories 1, 3, and 4. A
reactivity factor value of 1 should be input for ozone (O3), titanium tetrachloride (TiCl4), and

divalent mercury (Hg?"), and a value of 0.1 should be input for nitrogen dioxide (NO2).

3.2.2.15 Deposition velocity and resistance outputs

In order to facilitate review and testing of the deposition algorithms in the AERMOD model,
the model includes an option to output the main resistance terms and deposition velocities for
gaseous and particle sources. These optional outputs are generated if the user specifies the ‘CO
DEBUGOPT MODEL’ option described in Section 3.2.17. The gas deposition data are written to a
file called GDEP.DAT, which includes the values of R., R», R, and Ve (see Wesely, et al, 2002, for
definitions) for each source and for each hour modeled. A header record is included to identify the
columns. The particle deposition data are written to a file called PDEP.DAT, which includes the
values of Rq, Ry, Vg, and V4 for each source and for each hour modeled. The particle outputs are
labeled as being based on either Method 1 or Method 2. For Method 1, results are output for each
particle size category. The filename and file units for these data files are hardcoded in the model,
and the files are overwritten each time the model is executed. Since these files include data for each

source for each hour, file sizes may become large.
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3.2.2.16 Remove displacement height from RLINE wind profile

Beginning with version 22112, the ALPHA option RLINEFDH was added to calculate the
wind profile for RLINE sources without a displacement height. The displacement height is used in
the wind profile to modify the wind profile below five times the surface roughness. When the
surface roughness is large, such as in urban environments this displacement height could
significantly impact the calculated windspeeds when the mean plum height is below five times the
surface roughness length. RLINEFDH removes the displacement height and the widn speed profile
is similar to the wind speed profile used in other AERMOD source types. RLINEFDH must be
used along with the ALPHA keyword and cannot be used with the DFAULT keyword.

3.2.3 Low wind parameters

An ALPHA option, LOW_WIND (see Section3.2.3), is included in AERMOD (beginning
with the version dated 18081 and updated in versions 21112 and 22112) related to concerns
regarding model performance under low wind speed conditions. Inclusion of the LOW_WIND
keyword is intended to facilitate further testing and evaluation of AERMOD in low wind conditions
in order to better understand the relationships of certain variables and potentially develop additional
regulatory low wind options that will improve AERMOD’s performance in low wind conditions.
The LOW_WIND keyword has been added to the CO pathway to allow users to override the default
values for seven different parameters that can potentially affect performance under low wind speed
conditions with user-defined values. Model default values can be overridden with user-defined

values for the following parameters:

o Minimum sigma-v value (SVmin) within a range of 0.01 to 1.0 m/s),

o Minimum wind speed value (WSmin) within a range from 0.01 to 1.0 m/s,

o Maximum value for the meander factor (FRANmax), within a range of 0.0 to 1.0,
o Minimum sigma-w value (SWMin), within a range of 0.0 to 3.0 m/s, and

o Time period (BigT) used to calculate the time scale TRAN, within a range of 0.5 to
48.0 hours.

o Minimum value for the meander factor (FRANmin), within a range of 0.0 to 1.0 but
must be less than or equal to FRANmax
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o Alternate momentum balance (PBAL) approach to determine plume meander which
overrides the default energy balance approach.

Absent user-specified values on the LOW_WIND keyword, a default value of 0.2828 m/s is used
for WSmin, consistent with the default applied in previous versions of AERMOD based on
SQRT(2*SVmin*SVmin). The default value of SVmin = 0.2 m/s, FRANMax = 1.0, SWMin = 0.02
m/s, BigT = 24.0 hours, and FRANMin = 0.0.

The syntax and type of the LOW_WIND keyword is:

Syntax: CO LOW_WIND SVmin [WSmin] or
CO LOW_WIND SVmin WSmin [FRANmax] or
CO LOW_WIND SVmin WSmin FRANmax [SWmin] or
CO LOW_WIND SVmin WSmin FRANmax SWmin [BigT] or
CO LOW_WIND SVmin WSmin FRANmax SWmin BigT [FRANmin] or
CO LOW_WIND SVmin WSmin FRANmax SWmin BiglT FRANmin [PBAL]

Type:  Optional, Non-repeatable

where SVmin is the minimum value of sigma-v, within a range of 0.01 to 1.0 m/s. WSmin is the
minimum wind speed and can range from 0.01 to 1.0 m/s. FRANmax is the maximum meander
factor, within a range of 0.0 to 1.0. BigT is the time scale used to calculate TRAN and can range
from 0.5 to 48 hours, FRANmin is the minimum meander factor within a range of 0.0 to 1.0 and is
required to be less than or equal to FRANmax. PBAL is a secondary keyword to replace the default
energy balance approach for determining meander with a momentum balance approach. The syntax
allows one of six ways to specify one or more of the LOW_WIND parameter values. For each
syntax option, the parameter listed in square brackets, [], is optional, but the preceding parameters
are required. For example, to override the default value for SWMin, you must also provide values

for SVMin, WSMin, and FRANmax preceding the value for SWMin, in the order listed above.

Note: The LOW_WIND keyword was previously implemented as a BETA option to
supplement the former LOWWIND1, LOWWINDZ2, and LOWWIND3 BETA options. These
options have since been removed from AERMOD, and the LOW_WIND keyword was
retained and changed to an ALPHA option.
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In addition to the LOW_WIND ALPHA option, an option has been incorporated in the
AERMET meteorological processor (first as a BETA option beginning with version 12345 and a
regulatory option in version 16216) to address concerns regarding model performance under low
wind conditions. The ADJ U* option in AERMET adjusts the surface friction velocity (U*) under
low wind/stable conditions based on Qian and Venkatram (2011). The ADJ U* option may be used
as a regulatory option in AERMET with NWS data or with site-specific data that does not include
turbulence (i.e., sigma-w and/or sigma-theta). When the ADJ U* option is used in the absence of
turbulence data, AERMOD can accept the data with the regulatory DFAULT option enabled.
Beginning with version 16216 of AERMET, an adjustment to U* under the ADJ U* option is also
available as a regulatory option for applications utilizing the Bulk Richardson Number (BULKRN)
method, based on Luhar and Raynor (2009) (see also AECOM (2010)) when used with site-specific
data that does not include turbulence parameters. The ADJ U* option, when used with site-specific
data that does include turbulence parameters, is currently considered a non-regulatory option and is
therefore, subject to the alternative model provisions in Section 3.2 of Appendix W (40 CFR Part
51). During processing, AERMET includes a flag in the header of the surface meteorological data
file (.SFC) to inform AERMOD that the data were processed using the ADJ U* option. If
AERMOD then encounters turbulence data in the profile file (PFL) generated by AERMET and the
DFAULT flag is set, AERMOD will record the error and abort processing. Refer to the AERMET
User's Guide for additional details regarding the ADJ U* option in AERMET.

3.2.4 Building downwash options

Beginning with version 19191, two distinct sets of ALPHA building downwash options are
included in AERMOD and are enabled using the ORD DWNW and AWMADWNW keywords.
These are research grade options that have been identified as having potential to refine and improve
the performance of the PRIME downwash algorithm in AERMOD in certain situations. They have
been made available to users for testing and evaluation and require that the secondary keyword,
ALPHA, be included with the MODELOPT keyword. The options associated with ORD DWNW
were developed by the EPA’s Office of Research and Development (ORD) and the AWMADWNW
options were developed by a research subcommittee of the Air and Waste Management Association
(AWMA) formed for the purpose of conducting research that will lead to the improvement of the
treatment of building downwas in AERMOD.
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In addition to the ALPHA building downwash options implemented in AERMOD by ORD
and AWMA, the research and development performed by both groups of researchers used an
alternative method for determining the equivalent building dimensions for a rectangular building
that is oblique to the wind from the method used by the building preprocessor, BPIPPRM. The
alternative method uses the along wind building length and actual building width, for a given wind
direction, as the equivalent building length and width, whereas BPIPPRM, for the same wind
direction, uses the maximum projected length and maximum projected width. The alternate method
reduces the footprint of the building which is reflected in the building parameters that are input into

AERMOD.

The alternate method for determining equivalent building dimensions for a rectangular
building used by ORD and AWMA has been implemented by ORD in a draft version of BPIPPRM
(19191 _DRFT) which can be downloaded from the EPA SCRAM website at:

https://www.epa.gov/scram/air-quality-dispersion-modeling-related-model-support-

programs#bpipprm. It is important to note that this draft version of BPIPPRM (19191 DRFT) is a

research grade version that has been provided to the modeling community for testing, evaluation,
and feedback and may not be used in a regulatory context. The changes implemented in this draft
version affect only the building parameters generated for rectangular buildings or tiers. It is also
important to note that this draft version of BPIPPRM (19191 DRFT) is completely independent of
the ALPHA downwash options implemented by ORD and AWMA. Any of the ALPHA downwash

options can be tested and evaluated with and without the use of this draft version of BPIPPM.

The remainder of this section describes the usage of these keywords (ORD DWNW and
AWMADWNW), the ALPHA building downwash options associated with each, and the
corresponding secondary keywords used to enable them for testing and evaluation. While, for the
most part, the different downwash options are independent of one another and can be used in
various combinations with one another, any conflicts and dependencies between options are noted

in the sections below.
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3.2.4.1 ORD building downwash options

The first is an initiative led by the EPA’s Office of Research and Development (ORD). ORD
has performed wind tunnel experiments and embedded large eddy simulations (LES) to better
understand how to parameterize buildings that are elongated and angled relative to the wind flow
and the parameterization of the plume in the cavity and far wake regions. The ORD studies are
concentrated on single rectangular buildings, specifically investigating changes in plume parameters
at discrete downwind distances from the building and source, longitudinal and lateral plume
profiles, the lateral plume shift on the lee side of rotated buildings, and building characterization in
BPIPPRM (Heist et al., 2016). To date, this research has led to recommended changes to the
building preprocessor, BPIPPRM, as well as changes to the building downwash algorithm in the
AERMOD program.

ORD has performed wind tunnel experiments and embedded large eddy simulations (LES)
to better understand how to parameterize buildings that are elongated and angled relative to the
wind flow and the parameterization of the plume in the cavity and far wake regions. The ORD
studies focused on single rectangular buildings and investigated changes in plume parameters at

discrete downwind distances from the building and source and building characterization.

As previously stated, the ORD building options associated with the ORD _DWNW keyword
are research grade ALPHA options and require the ALPHA secondary keyword included with the
MODELOPT keyword. There are three distinct ORD options that can be enabled individually or in
combination with one another. For detailed information on ORD’s research and the options implemented
in AERMOD, refer to Heist et al., 2016; Monbureau et al., 2018; and Perry et al., 2018. The usage of the

ORD DWNW keyword and associated secondary keywords is as follows:

CO ORD_DWNW ORDUEFF and/or
Syntax: ORDTURB and/or
ORDCAV

Type: Optional, Non-repeatable
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where:

ORDUEFF -

ORDTURB -

ORDCAV-

Redefines the height at which the wind speed is taken from the profile wind
speed used in the calculation of concentrations from the primary plume. The
PRIME algorithm currently uses the wind speed at the stack height.
ORDUEFF uses the average of the profiled wind speed between the height of
the receptor and the plume centerline, allowing the wind speed of the plume

to change with a changing environment.

NOTE: ORDUEFF cannot be used in combination with the
AWMADWNW option AWMAUEFF.

Redefines the maximum value of the non-dimensional vertical turbulence
intensity in the wake, reduced from 0.07, the current value in PRIME, to 0.06
based on Wiel (1996).

Redefines point downwind at which the vertical and lateral dispersion
coefficients begin to grow with downwind distance from the lee edge of the
building to the end of the cavity. PRIME considers a cavity plume and a re-
emitted plume to simulate two distinct regions with a weighted distribution of
mass between the two plumes. The cavity and re-emitted plumes initially
have the same lateral and vertical dispersion on the leeward side of the
building. The re-emitted plume grows with downwind distance while the
dispersion of the cavity plume remains unchanged throughout the cavity
which creates a discontinuity of the two plumes at the near-wake boundary
and results in a reduction in ground level concentrations. This option sets the
dispersion coefficients for the two plumes equal to each other at the cavity

edge eliminating the discontinuity between the two plumes.

NOTE: Each of the three ORD_DWNW options listed are optional, but at least one
must be included if the ORD_ DWNW keyword is specified in the control file.
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3.2.4.2 AWMA building downwash options

AWMA'’s research focused on the reanalysis of existing wind tunnel data, as well as the
completion of new wind tunnel experiments to investigate the decay of the building wake above the
top of the building, appropriate height at which approach turbulence and wind speed are calculated,
the reduction of wake effects for streamlined structures, and the effect of approach roughness on the

wake.

Five ALPHA building downwash options developed by the AWMA have been implemented
in AERMOD and require the ALPHA secondary keyword included with the MODELOPT keyword.
For detailed information on AWMA'’s research and the development of these ALPHA building
downwash options, refer to Petersen et al., 2017 and Petersen et al., 2018. The usage of the
AWMADWNW keyword and the associated secondary keywords to enable the AWMA building
downwash ALPHA options is as follows:

CO AWMADWNW AWMAUEFF and/or
AWMAENTRAIN and/or

Syntax: ((AWMAUTURB or AWMAUTURBHX) w/wo STREAMLINE(D))

Type: Optional, Non-repeatable

where:

AWMAUEFF - Redefines the height at which the wind speed is taken from the profile
wind speed used in the calculation of concentrations from the primary
plume. The PRIME algorithm currently uses the wind speed at the
stack height. AWMAUEFF uses the wind speed at the height of the

plume centerline.

NOTE: AWMAUEFF cannot be used in combination with the
ORD_DWNW option ORDUEFF.

AWMAENTRAIN - AWMAENTRAIN changes beta (B) entrainment coefficient for
PRIME downwash from default value of 0.60 to 0.35.
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AWMAUTURSB -

AWMAUTURBHX -

STREAMLINE(D) -

Enables enhanced calculations of turbulence and wind speed using the
minimum of the final momentum plume rise or a representative
PRIME plume rise height for all calculations. Also, uses the final
momentum plume rise height used to compute effective wind speed
(UEFF), effective aw (SWEFF), effective ay (SVEFF), effective
potential temperature gradient (TGEFF), and initial turbulence
intensities (ambiy and ambiz) and computes mean wind speed, o,

and gy at 30 meters (U30, SW30 and SV30, respectively).

Enables enhanced calculations of turbulence and wind speed using the
PRIME plume rise at the downwind distance X, for all calculations.
Uses the final momentum plume rise height to initially compute
effective wind speed (UEFF), effective ow (SWEFF), effective oy
(SVEFF), effective potential temperature gradient (TGEFF), and
initial turbulence intensities (ambiy and ambiz) and then then uses the
PRIME computed plume rise at each downwind distance. Also,
computes mean wind speed, gw, and gy at 30 meters (U30, SW30 and

SV30, respectively).

NOTE: If AWMAUTURB and AWMAUTURBHX are both
specified, AERMOD will issue a warning and continue processing
using the AWMAUTURBHX option.

Reduces dispersion in the wake of streamlined structures such as
storage tanks and cooling towers. Uses alternate formulations for
turbulence enhancement and velocity deficit associated with the
AWMUTURB and AWMATURBHX options with modifications for
streamlined structures. When specified, all structures will be treated

as streamlined structures.

NOTE: The STREAMLINE option can only be specified in
conjunction with the AWMAUTURB and AWMAUTURBHX
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options. When specified, AERMOD assumes all buildings defined

in the input control file are streamlined structures.

NOTE: Each of the AWMADWNW options listed are optional, but at least one must
be included if the AWMADWNW is used.

Refer to Section 3.2.17 for debug output options associated with the ALPHA building

downwash options.

3.2.5 Input parameters for NO> conversion options

This section provides a description of the AERMOD inputs related to the PVMRM, OLM,
and ARM2 regulatory options for modeling the conversion of NO to NO», as well as the ALPHA
options, TTRM and TTRM2, and the BETA Tier 3 option, GRSM. TTRM and GRSM were both
added as ALPHA options beginning with version 21112. Beginning with version 22112, GRSM
was updated to a BETA option, and TTRM2 was added as an ALPHA option to invoke TTRM
simultaneously with ARM2, PVMRM, or OLM. As a stand-alone option, TTRM is only effective
for near field receptors. TTRM?2 paired with ARM2, PVMRM, or OLM, will invoke TTRM for
near field receptors and use the other method specified for all other receptors. While TTRM as a
method has now been integrated to be paired with these other options using the TTRM2 keyword,
the TTRM keyword has been retained as a stand-alone option for testing and diagnostic purposes.
Note that the TTRM2 option cannot be paired with GRSM. Also note that beginning with version
16216r, ARM2 replaced the original Ambient Ratio Method (ARM) Tier 2 option for NO
conversion to NO2. ARM is no longer an option in AERMOD.

A technical description of the PVMRM algorithm as incorporated within AERMOD is
provided in the AERMOD Model Formulation document (EPA, 2022a). Additional information
regarding the regulatory options for NO, modeling are provided in Technical Support Document
(TSD) for NO»-related AERMOD Modifications (EPA, 2015). Background on the original
development of the PVMRM option is provided by Hanrahan (1999a and 1999b).
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The ARM2 option is based on work sponsored by API (API, 2013) to develop a method to
adjust the modeled NOx concentrations based on an empirical relationship between ambient NOx
and ambient NO» concentrations. A key difference between the PVMRM and OLM methods, as
compared to the ARM2 method, is that ARM2 does not require the user to input background ozone
(O3) concentrations or in-stack NO2/NOx ratios, as required by PVMRM and OLM; however, the
default minimum ratio utilized in the ARM2 method may not be appropriate in cases where the

sources being modeled are known to have relatively high in-stack NO»/NOx ratios.

The ARM?2 has been implemented as a regulatory Tier 2 option while the PVMRM and
OLM algorithms have been implemented as regulatory Tier 3 screening options. Therefore, any
one of the three options can be used with the DFAULT keyword. TTRM/TTRM2 and GRSM have
been added as non-regulatory ALPHA and BETA options, respectively, and cannot be used with the
DFAULT keyword. As with all other ALPHA options, they require the use of the ALPHA
keyword. It is important to note that the OLM, PVMRM, ARM2, TTRM/TTRM2, and GRSM
options are NOT applied to the background NO: concentrations input through the SO BACKGRND
option (described in Section 3.3.8.2). The background NO> concentrations, if provided, will be

added to the modeled NO- concentrations after the NO-NO; conversion has been calculated.

As described in Section 3.3.7, the ALPHA model option, PSDCREDIT, has been included
for testing and evaluation for increment consumption with PSD credits using PVMRM. The special

source grouping required for the PSDCREDIT option is also described below in Section 3.3.7.

Note that beginning with version 19191, ARM2 has been implemented for all source
types (POINT/POINTHOR/POINTCAP, AREA, VOLUME, LINE, BUOYLINE, RLINE and
RLINEXT) with the exception of the new ALPHA option source type SWPOINT, while
PVMRM, OLM, TTRM/TTRM2, and GRSM have not been implemented for the
BUOYLINE, RLINE, RLINEXT, and SWPOINT sources.

3.2.5.1 Specifying ozone concentrations for PVMRM, OLM, TTRM/TTRM2. and GRSM options

The background ozone concentrations for the PVMRM, OLM, TTRM/TTRM2, and GRSM
options can be input as a single value through the OZONEVAL keyword on the CO pathway, as
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temporally varying values through the O3VALUES keyword on the CO pathway, or as hourly
values from a separate data file specified through the OZONEFIL keyword on the CO pathway.
The user must specify background ozone concentrations through the OZONEVAL, O3VALUES, or
OZONEFIL keyword to use the PVMRM, OLM, TTRM/TTRM2, or GRSM option. The
OZONEVAL or O3VALUES keyword may also be specified with the OZONEFIL keyword, in
which case the value(s) entered on the OZONEVAL or O3VALUES keyword will be used to
substitute for hours with missing ozone data in the hourly ozone data file. Users are strongly
encouraged to utilize the OZONEVAL or O3VALUES keyword with the OZONEFIL keyword to
substitute for missing ozone concentrations in the hourly data file. Beginning with version 13350
users can vary background ozone concentrations by wind sector. For applications that include
sector-varying background ozone concentrations, the sectors are defined based on the CO

O3SECTOR keyword, as follows:

Syntax:  CO O3SECTOR StartSectl StartSect2 ... StartSectN, where N <6
Type: Optional, Non-Repeatable

For applications that include sector-varying background concentration the minimum sector width
allowed is 30 degrees and warning messages will be issued for sector widths less than 60 degrees.
Sector-varying background concentrations will be selected based on the flow vector, i.e., the
downwind direction based on the wind direction specified in the surface meteorological data
file.

The syntax of the OZONEVAL keyword is as follows:

CO OZONEVAL 0O3Value (O3Units) (w/o sectors)
Syntax: or

CO OZONEVAL SECTn 0O3Value (O3Units) (w/ sectors)
Type: Optional, Non-repeatable

where the O3Value parameter is the background ozone concentration in the units specified by the
optional O3Units parameter (PPM, PPB, or UG/M3), and SECTn refers to the user-specified sector
defined on the optional O3SECTOR keyword for which the O3 Value inputs are applied. If the
optional O3Units parameter is missing, then the model will assume units of

micrograms/cubic-meter (UG/M3) for the background ozone values. If units of PPM or PPB are
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used, then the model will convert the concentrations to micrograms/cubic-meter based on reference

temperature (25 C) and pressure (1013.25 mb).

The syntax of the O3VALUES keyword is as follows, and is similar to the EMISFACT

keyword on the SO pathway (Section 3.3.11) for specifying temporally varying emission rates:

CO O3VALUES O3Flag O3values(i), i=1,n (w/o sectors)
Syntax: or

CO O3VALUES SECTn O3Flag O3values(i), i=1,n (w/ sectors)
Type: Optional, Repeatable

where the SECTn parameter specifies the applicable sector as defined on the optional O3SECTOR

keyword, and where the parameter O3Flag is the variable ozone concentration flag, and must be

specified as one of the following secondary keywords (the number in parentheses indicates the

number of values required for each option):

ANNUAL -
SEASON -
MONTH -
HROFDY -
WSPEED -
SEASHR -
HRDOW -
HRDOW? -

SHRDOW -

SHRDOW?7 -

MHRDOW -

MHRDOW?7 -

annual ozone value (n=1); equivalent to OZONEVAL keyword in PPB,
ozone values vary seasonally (n=4),

ozone values vary monthly (n=12),

ozone values vary by hour-of-day (n=24),

ozone values vary by wind speed (n=6),

ozone values vary by season and hour-of-day (n=96),

ozone values vary by hour-of-day, and day-of-week [M-F, Sat, Sun] (n=72),

ozone values vary by hour-of-day, and the seven days of the week [M, Tu, W, Th, F,
Sat, Sun] (n=168),

ozone values vary by season, hour-of-day, and day-of-week [M-F, Sat, Sun]|
(n=288),

ozone values vary by season, hour-of-day, and the seven days of the week [M, Tu,
W, Th, F, Sat, Sun] (n=672),

ozone values vary by month, hour-of-day, and day-of-week [M-F, Sat, Sun]
(n=864), and

ozone values vary by month, hour-of-day, and the seven days of the week [M, Tu,
W, Th, F, Sat, Sun] (n=2,016).
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The O3Values array is the array of ozone values, where the number of values is shown
above for each O3Flag option. The seasons are defined in the following order: Winter (Dec., Jan.,
Feb.), Spring (Mar., Apr., May), Summer (Jun., Jul., Aug.), and Fall (Sep., Oct., Nov.). The wind
speed categories used with the WSPEED option may be defined using the ME WINDCATS
keyword. If the WINDCATS keyword is not used, the default wind speed categories are defined by
the upper bound of the first five categories as follows (the sixth category is assumed to have no
upper bound): 1.54, 3.09, 5.14, 8.23, and 10.8 m/s. The O3VALUES keyword may be repeated as
many times as necessary to input all of the ozone values and repeat values may be used for the

numerical inputs.

The order of inputs specified for the hour-of-day/day-of-week options (HRDOW,
SHRDOW, SHRDOW?7, etc.) are by hour-of-day, then season or month, if applicable, and then by
day-of-week. For the HRDOW/SHRDOW/MHRDOW options, the days of the week are specified
in the order of Weekdays (M-F), Saturdays, and Sundays. For the HRDOW7/SHRDOW7/
MHRDOW? options, the days of the week are specified in the order of Mondays, Tuesdays, etc.,
through Sundays. Section 3.3.11 below includes an example illustrating the order of inputs for

these options for the EMISFACT keyword.

Ozone concentrations specified on the O3VALUES keyword are assumed to be in units of

PPB unless the OZONUNIT keyword is specified.

The syntax of the OZONUNIT keyword is as follows:

Syntax: CO OZONUNIT OzoneUnits

Type: Optional, Non-repeatable

where the OzoneUnits parameter specifies the units as parts-per-billion (PPB), parts-per-million
(PPM), or micrograms/cubic-meter (UG/M3). Units specified on the CONCUNIT keyword are
only applied to ozone concentrations input thought O3VALUES keyword, which assumes default
units of PPB if the OZONUNIT keyword is not specified. Ozone concentrations specified in units
of PPB or PPM are converted to UG/M3 based on reference temperature (25 C) and pressure
(1013.25 mb).

3-33



Hourly ozone concentrations can be input through the optional OZONEFIL keyword. The
syntax of the OZONEFIL keyword is as follows:

CO OZONEFIL O3FileName (O3Units) (O3Format) (w/o sectors)
Syntax: or
CO OZONEFIL SECTn O3FileName (O3Units) (O3Format) (w/ sectors)

Type: Optional, Non-repeatable

where the O3FileName parameter is the filename for the hourly ozone concentration file, the
optional O3Units parameter specifies the units of the ozone data (PPM, PPB, or UG/M3, with
UG/M3 as the default), and the optional O3Format parameter specifies the Fortran format to read
the ozone data. If sector-varying ozone concentrations are being used, based on the CO
O3SECTOR keyword, then the applicable sector ID needs to be specified, e.g., ‘SECT1’ indicates
that values are specified for the first sector. The O3FileName can be up to 200 characters in length
based on the default parameters in AERMOD. Double quotes () at the beginning and end of the

filename can also be used as field delimiters to allow filenames with embedded spaces.

The hourly ozone file must include the year, month, day, and hour, followed by the ozone
concentration, in that order (unless specified differently through the O3Format parameter). The year
can be specified as either a 2-digit or 4-digit year. If an optional Fortran format is specified using
the O3Format parameter, the year, month, day, and hour variables must be read as integers using the
Fortran 'T' format specifier, and the ozone concentration must be read as a real variable, using the
Fortran 'F,' 'E,' or 'D' format specifiers, e.g., (412, F8.3). Note that ozone values that do not include
decimal places can be read as Fx.0, where x is the length of the data field. However, ozone values
that to not include decimal places may be read incorrectly if the O3Format specified for reading the
data includes decimal places. For example, a value of ‘1234’ would be interpreted as ‘123.4’ ifa
format of F4.1 was used. The O3Format parameter must include the open and close parentheses as
shown in the example and may also include embedded spaces if double quotes (*“) are used to
delimit the field. A warning message will be generated if the specified format does not meet these
requirements, and AERMOD may also issue a fatal error message when reading the file in cases

where real variables are read with an integer format, or vice versa.
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If the optional O3Format parameter is missing, then the model will read the ozone data using
a Fortran ‘free’ format, i.e., assuming commas or spaces separate the data fields, and that the fields
are in the order given above. The date sequence in the ozone data file must match the date sequence
in the hourly meteorological data files. As with the OZONEVAL keyword, if units of PPM or PPB
are used, then the model will convert the concentrations to micrograms/cubic-meter based on

reference temperature (25 C) and pressure (1013.25 mb).

Values of ozone concentrations in the ozone data file that are less than zero or greater than
or equal to 900.0 will be regarded as missing. If background ozone values have been specified
using the OZONEVAL and/or O3VALUES keyword, then the appropriate value will be used to
substitute for missing ozone data from the ozone file. If no OZONEVAL or O3VALUES keywords
are used, then the model will assume full conversion of NO to NO, for hours with missing ozone

data.

AERMOD will apply a minimum ozone value for NO conversion during stable hours, based
on the maximum minimum of 40 ppb and the maximum hourly ozone from the previous 24-hours
of ozone data. This minimum ozone restriction can be turned off with the NOMINO3 keyword. As
with all NO» options, this option shall be used in agreement with the appropriate reviewing

authority.

NOTE: The OLM method for estimating NO> concentrations, outlined by Cole and
Summerhays (1979), assumes NO conversion to NO> by first dividing total NOy into a thermal NO»
component directly emitted from a stack, with the remaining NOyx assumed as NO and available for
reaction with Os. If ambient O3 is greater than the portion of NOx assumed as NO, all NO is
converted to NO», otherwise, the amount of NO converted to NO: is limited to available Os.
AERMOD, for OLM processing, only incorporates user-defined, background ozone values in
concentration calculations for hours that are “ozone-limited”, when sufficient atmospheric ozone is
not present for NOx chemistry reactions. Determination of ozone-limited hours is dependent on the
relative values of background ozone concentrations to NO2 emissions multiplied by the in-stack
NO2/NOx ratio, described in Section 3.2.5.4, defined by the user. It is possible, therefore, to define
scenarios that will result in an absence of ozone-limited hours. Users interested in evaluating

concentrations sensitivities to background ozone should consider the potential that modification of
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the background ozone concentration may not appear to impact output concentrations if relatively
low in-stack NO2/NOx and/or emissions rates are defined. This behavior does not apply to the

AERMOD PVMRM method.

3.2.5.2 Specifying NOx backeround concentrations for the GRSM option

The background NOx concentrations for the GRSM option is input similarly to the ozone
background concentrations. The background NOx concentrations can be input as a single value
through the NOXVALUE keyword on the CO pathway, as temporally varying values through the
NOX VALS keyword on the CO pathway, or as hourly values from a separate data file specified
through the NOX FILE keyword on the CO pathway. The user may specify background NOx
concentrations through the NOXVALUE, NOX VALS, or NOX FILE keyword in order to use the
GRSM option. The NOXVALUE or NOX VALS keyword may also be specified with the
NOX FILE keyword, in which case the value(s) entered on the NOXVALUE or NOX VALS
keyword will be used to substitute for hours with missing NOx background data in the hourly NOx
data file. Users are strongly encouraged to utilize the NOXVALUE or NOX VALS keyword with
the NOX FILE keyword to substitute for missing NOx concentrations in the hourly data file. If no
NOx input is supplied, GRSM will assume equilibrium with NOx. As with background ozone, users
can vary background NOx concentrations by wind sector. For applications that include sector-
varying background NOx concentrations, the sectors are defined based on the CO NOXSECTR
keyword, as follows:

Syntax: CO NOXSECTR StartSect]l StartSect2 ... StartSectN, where N <6
Type: Optional, Non-Repeatable

For applications that include sector-varying background concentration the minimum sector width
allowed is 30 degrees and warning messages will be issued for sector widths less than 60 degrees.
Sector-varying background concentrations will be selected based on the flow vector, i.e., the
downwind direction, based on the wind direction specified in the surface meteorological data
file.
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The syntax of the NOXVALUE keyword is as follows:

CO NOXVALUE NOXValue (NOXUnits) (w/o sectors)
Syntax: or

CO NOXVALUE SECTn NOXValue (NOXUnits)  (w/ sectors)
Type: Optional, Non-repeatable

where the NOXValue parameter is the background NOx concentration in the units specified by the
optional NOXUnits parameter (PPM, PPB, or UG/M3), and SECTn refers to the user-specified
sector defined on the optional NOXSECTR keyword for which the NOXValue inputs are applied.
If the optional NOXUnits parameter is missing, then the model will assume units of
micrograms/cubic-meter (UG/M3) for the background NOx values. If units of PPM or PPB are
used, then the model will convert the concentrations to micrograms/cubic-meter based on reference

temperature (25 C) and pressure (1013.25 mb).

The syntax of the NOX VALS keyword is as follows and is similar to the O3VALUES

keyword described above in Section 3.2.5.1 for specifying temporally varying ozone background

concentrations:
CO NOX_VALS NOXFlag NOXvalues(i), i=1,n (w/o sectors)
Syntax: or
CO NOX VALS SECTn NOXFlag NOXvalues(i), i=1,n (W/ sectors)
Type: Optional, Repeatable

where the SECTn parameter specifies the applicable sector as defined on the optional NOXSECTR
keyword and the parameter NOXFIlag is the variable NOx concentration flag and must be specified
as one of the following secondary keywords (the number in parentheses indicates the number of

values required for each option):

ANNUAL -  annual NOx value (n=1); equivalent to NOXVALUE keyword in PPB,
SEASON - NOx values vary seasonally (n=4),
MONTH - NOx values vary monthly (n=12),
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HROFDY - NOx values vary by hour-of-day (n=24),

WSPEED - NOx values vary by wind speed (n=6),

SEASHR - NOx values vary by season and hour-of-day (n=96),

HRDOW - NOx values vary by hour-of-day, and day-of-week [M-F, Sat, Sun] (n=72),

HRDOW?7 - NOx values vary by hour-of-day, and the seven days of the week [M, Tu, W, Th, F,
Sat, Sun] (n=168),

SHRDOW -  NOx values vary by season, hour-of-day, and day-of-week [M-F, Sat, Sun] (n=288),

SHRDOW?7 - NOx values vary by season, hour-of-day, and the seven days of the week [M, Tu, W,
Th, F, Sat, Sun] (n=672),

MHRDOW - NOx values vary by month, hour-of-day, and day-of-week [M-F, Sat, Sun] (n=864),
and

MHRDOW?7 - NOx values vary by month, hour-of-day, and the seven days of the week [M, Tu, W,
Th, F, Sat, Sun] (n=2,016).

The NOX values array is the array of NOx values, where the number of values is shown
above for each NOXFlag option. The seasons are defined in the following order: Winter (Dec., Jan.,
Feb.), Spring (Mar., Apr., May), Summer (Jun., Jul., Aug.), and Fall (Sep., Oct., Nov.). The wind
speed categories used with the WSPEED option may be defined using the ME WINDCATS
keyword. If the WINDCATS keyword is not used, the default wind speed categories are defined by
the upper bound of the first five categories as follows (the sixth category is assumed to have no
upper bound): 1.54, 3.09, 5.14, 8.23, and 10.8 m/s. The NOX VALS keyword may be repeated as
many times as necessary to input all the NOx values and repeat values may be used for the

numerical inputs.

The order of inputs specified for the hour-of-day/day-of-week options (HRDOW,
SHRDOW, SHRDOW?7, etc.) are by hour-of-day, then season or month, if applicable, and then by
day-of-week. For the HRDOW/SHRDOW/MHRDOW options, the days of the week are specified
in the order of Weekdays (M-F), Saturdays, and Sundays. For the HRDOW7/SHRDOW?7/
MHRDOW? options, the days of the week are specified in the order of Mondays, Tuesdays, etc.,
through Sundays. Section 3.3.11 below includes an example illustrating the order of inputs for

these options for the EMISFACT keyword.
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NOx concentrations specified on the NOX VALS keyword are assumed to be in units of

PPB unless the NOX UNIT keyword is specified.

The syntax of the NOX UNIT keyword is as follows:

Syntax: CO NOX_UNIT NOXUnits
Type: Optional, Non-repeatable

where the NOXUnits parameter specifies the units as parts-per-billion (PPB), parts-per-million
(PPM), or micrograms/cubic-meter (UG/M3). Units specified on the CONCUNIT keyword are
only applied to ozone concentrations input thought NOX VALS keyword, which assumes default
units of PPB if the NOX UNIT keyword is not specified. NOx concentrations specified in units of
PPB or PPM are converted to UG/M3 based on reference temperature (25 C) and pressure (1013.25
mb).

Hourly NOx concentrations can be input through the optional NOX FILE keyword. The
syntax of the NOX_ FILE keyword is as follows:

CO NOX _FILE NOXFileName (NOXUnits) (NOXFormat) (w/o sectors)
Syntax: or
CO NOX FILE SECTn NOXFileName (NOXUnits) (NOXFormat) (w/ sectors)

Type: Optional, Non-repeatable

where the NOXFileName parameter is the filename for the hourly ozone concentration file, the
optional NOXUnits parameter specifies the units of the ozone data (PPM, PPB, or UG/M3, with
UG/M3 as the default), and the optional NOXFormat parameter specifies the Fortran format to read
the NOx data. If sector-varying NOx concentrations are being used, based on the CO NOXSECTR
keyword, then the applicable sector ID needs to be specified, e.g., ‘SECT1’ indicates that values are
specified for the first sector. The NOXFileName can be up to 200 characters in length based on the
default parameters in AERMOD. Double quotes () at the beginning and end of the filename can

also be used as field delimiters to allow filenames with embedded spaces.
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The hourly NOx file must include the year, month, day, and hour, followed by the NOx
concentration, in that order (unless specified differently through the NOXFormat parameter). The
year can be specified as either a 2-digit or 4-digit year. If an optional Fortran format is specified
using the NOXFormat parameter, the year, month, day, and hour variables must be read as integers
using the Fortran 'I' format specifier, and the ozone concentration must be read as a real variable,
using the Fortran 'F,' 'E,' or 'D' format specifiers, e.g., (412, F8.3). Note that NOx values that do not
include decimal places can be read as Fx.0, where x is the length of the data field. However, NOx
values that to not include decimal places may be read incorrectly if the NOXFormat specified for
reading the data includes decimal places. For example, a value of ‘1234 would be interpreted as
‘123.4° if a format of F4.1 was used. The NOXFormat parameter must include the open and close
parentheses as shown in the example and may also include embedded spaces if double quotes ()
are used to delimit the field. A warning message will be generated if the specified format does not
meet these requirements, and AERMOD may also issue a fatal error message when reading the file

in cases where real variables are read with an integer format, or vice versa.

If the optional NOXFormat parameter is missing, then the model will read the NOx data
using a Fortran ‘free’ format, i.e., assuming commas or spaces separate the data fields, and that the
fields are in the order given above. The date sequence in the NOx data file must match the date
sequence in the hourly meteorological data files. As with the NOXVALUE keyword, if units of
PPM or PPB are used, then the model will convert the concentrations to micrograms/cubic-meter

based on reference temperature (25 C) and pressure (1013.25 mb).

Values of NOx concentrations in the NOx data file that are less than zero will be regarded as
missing. If background NOx values have been specified using the NOXVALUE and/or
NOX VALS keyword, then the appropriate value will be used to substitute for missing NOx data
from the NOx file. If no NOXVALUE or NOX VALS keywords are used, then the model will
equilibrium of NOx with NO; for hours with missing NOx data.

3.2.5.3 Specifying the ambient equilibrium NO>/NOy ratio (PVMRM., OLM, TTRM/TTRM?2)

The PVMRM option for modeling conversion of NO to NO> incorporate a default NO2/NOx
ambient equilibrium ratio of 0.90. Beginning with version 11059 of AERMOD, a default
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equilibrium ratio of 0.90 has also been incorporated in the OLM option, as well as the TTRM
option beginning with version 21112. A NO2/NOx equilibrium ratio other than 0.90 can be
specified for the PVMRM, OLM, or TTRM/TTRM?2 option through the optional NO2EQUIL
keyword on the CO pathway. The syntax of the NO2EQUIL keyword is as follows:

Syntax: CO NO2EQUIL NO2Equil
Type: Optional, Non-repeatable

where the NO2Equil parameter is the NO2/NOx equilibrium ratio and must be between 0.10 and 1.0,

inclusive.

3.2.5.4 Specifying the default in-stack NO>/NOx ratio (PVMRM, OLM, TTRM/TTRM2, GRSM)

The PVMRM, OLM, TTRM/TTRM?2, and GRSM options for modeling conversion of NO
to NO> require that an in-stack NO2/NOx ratio be specified. Based on guidance issued June 28,
2010 (EPA, 2010b), regarding the 1-hour NO> NAAQS, AERMOD has been modified to require
the user to specify in-stack NO2/NOx ratios for each source under the OLM and PVMRM options,
i.e., AERMOD no longer assumes a default in-stack ratio of 0.10 for the OLM or PVMRM option.
This requirement has been carried forward with the addition of the TTRM/TTRM2 and GRSM

options.

The in-stack NO2/NOx ratio can be specified for the PVMRM, OLM, TTRM/TTRM2, or
GRSM option by using either the CO NO2STACK keyword to specify a default value to be used
for all sources, or by using the SO NO2RATIO keyword to specify a value on a source-by-source
basis. The SO NO2RATIO keyword can also be used to override the default value for specific
sources if the CO NO2STACK keyword has been specified. The syntax of the NO2STACK

keyword is as follows:

Syntax: CO NO2STACK NO2Ratio
Type: Optional, Non-repeatable

where the NO2Ratio parameter is the default in-stack NO2/NOx ratio that will be used, unless

overridden on a source-by-source basis by the SO NO2RATIO keyword (described below). The
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value of NO2Ratio must be between 0.0 and 1.0, inclusive. Users should note that while CO
NO2STACK is an optional keyword, the OLM, PVMRM, TTRM/TTRM2, and GRSM options
require the user to specify an in-stack NO»/NOx ratio for each source, using either the CO

NO2STACK or SO NO2RATIO keyword (described in Section 3.3.6.1), or both.

3.2.6 Averaging time options

The averaging periods for AERMOD are selected using the AVERTIME keyword on the
CO (Control) pathway. The syntax and type of the AVERTIME keyword are summarized below:

CO AVERTIME Timel Time2 ... TimeN MONTH PERIOD
Syntax: or
ANNUAL
Type: Mandatory, Non-repeatable

where the parameters Timel . . . TimeN refer to the user-specified short-term averaging periods of
calendar months), the secondary keyword PERIOD refers to the average for the entire data period,
and the secondary keyword ANNUAL refers to an annual average. Any of the short-term averaging
periods listed above may be selected for a given run. Since the monthly averages are treated as
short-term averages, the user can select appropriate output options, such as the second highest

values by receptor, on the OU pathway. The location of the PERIOD or ANNUAL keyword in the

parameter list is not critical. The order of the short-term averaging periods (including MONTH) is
also not critical, although it does control the order of the averaging period result tables in the main
output file. Generally, it is recommended that the short-term averaging periods be input in

increasing order, unless there is a clear advantage in doing otherwise.

The user may specify either the PERIOD keyword or the ANNUAL keyword, but not both.
For concentration calculations for a single year data file, the PERIOD and ANNUAL keywords

produce the same results. However, the ANNUAL average option applies only to complete
years of data, and for multi-year data files, the ANNUAL average output is based on the

average of the ANNUAL values across the years of data processed.
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For deposition calculations, the PERIOD keyword will provide a total deposition flux for the
full period of meteorological data that is modeled, including multi-year data files, with default units
of g/m?, whereas the ANNUAL keyword will provide an annualized rate of the deposition flux with
default units of g/m?/yr.

Use of the ANNUAL average option for meteorological data periods of less than a year will
result in a fatal error. For meteorological data periods of longer than a year, if the meteorological
data file does not contain complete years of data, any data remaining after the last complete year
will be ignored for the ANNUAL average, and a warning message will be generated. The treatment
of short-term averages with multiple-year data files is comparable to their treatment when the CO

MULTYEAR option is used.

3.2.7 Performing multiple year analyses with MULTYEAR option

The MULTYEAR keyword on the CO pathway provides an option for the user to perform a
multiple year analysis such as would be needed to determine the "high-sixth-high in five years"
design value for determining PM-10 impacts without the need for postprocessing of multiple
concentration files, and for multiple year analyses associated with the 24-hour PM2.5 NAAQS and
I-hour NO; and SO NAAQS which are based on concentrations averaged across the number of
years processed. More information regarding the 24-hour PM2.5 and 1-hour NO> and SO, NAAQS
is provided in Sections 3.2.15 and 3.2.16. Since the multiple year option makes use of the model
re-start capabilities described in the Section 3.2.14, the MULTYEAR keyword is not compatible
with the SAVEFILE or INITFILE keywords. The model will generate a fatal error message if the
user attempts to exercise both options in a single run. The syntax and type of the MULTYEAR

keyword is summarized below:

Syntax:  COMULTYEAR (H6H) Savfil (Inifil)

Type: Optional, Non-repeatable

where the optional H6H field, formerly used to highlight the use of the MULTYEAR option for
determining the High-6"-High (H6H) 24-hour average for the “pre-1997” PM-10 NAAQS, is no
longer required since the “post-1997” PM-10 NAAQS was vacated. A warning message will be
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generated if the H6H field is included on the MULTYEAR keyword indicating that it is not
required. The Savfil parameter specifies the filename for saving the results arrays at the end of each
year of processing, and the Inifil parameter specifies the filename to use for initializing the results
arrays at the beginning of the current year. The Inifil parameter is optional and should be left blank
for the first year in the multi-year series of runs. The MULTYEAR option works by accumulating
the high short-term average results from year to year through the mechanism of the re-start save

file. The model may be setup to run in a batch file with several years of meteorological data, and at
the end of each year of processing, the short-term average results reflect the cumulative high values
for the years that have been processed. The PERIOD average results are given for only the current
year, but the model carries the highest PERIOD values from year to year and includes the

cumulative highest PERIOD averages in the summary table at the end of the run.

When setting up a batch file to perform a multiple year analysis, the user would first create
an input control file for the first year with all the applicable modeling options, the source inventory
data, the receptor locations, the meteorology options for the first year and the output file options.
To obtain the PM-10 design value, be sure to include the SIXTH highest value on the OU
RECTABLE card (see Section 3.7.1). For the CO MULTYEAR card for the first year, the user

would only specify the Savfil parameter, and may use a card such as:

CO MULTYEAR YEAR1.SAV

For the subsequent years, the user could copy the input file created for Year-1 and edit the files to
change the year parameters and meteorology filename on the ME pathway (and possibly in the title
information) and edit the MULTYEAR cards. For the subsequent years, both the Savfil and Inifil
parameters must be specified, with the Savfil for Year-1 becoming the Inifil for Year-2, and so on.

The MULTYEAR cards (one for each AERMOD run) might look like this:

CO MULTYEAR YEARI.SAV (First year)

CO MULTYEAR YEAR2.SAV YEAR1.SAV (Second year)
CO MULTYEAR YEAR3.SAV YEAR2.SAV (Third year)
CO MULTYEAR YEAR4.SAV YEAR3.SAV (Fourth year)
CO MULTYEAR YEAR5.SAV YEAR4.SAV (Fifth year)
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The MULTYEAR keyword option is separate from the ability of the AERMOD model to process a
multiple-year meteorological data file in a single model run. The latter capability can be used for
applications of the model to long term risk assessments where the average impacts over a long time
period are of concern rather than the maximum annual average determined from five individual
years. The MULTYEAR option can only be used when PM10, PM-10, PM25, PM2.5, PM-2.5,
PM-25, LEAD, NO2, SO2, or OTHER is specified as the pollutant ID.

3.2.8 Urban modeling option

The AERMOD model allows the user to incorporate the effects of increased surface heating
from an urban area on pollutant dispersion under stable atmospheric conditions. Beginning with
version 06341, multiple urban areas can be specified within the same model run. Multiple areas
may be applicable for large domains that encompass more than one identifiable urban area where
the separation is large enough to warrant separate treatment of the urban boundary layer effects.
Use of the option for multiple urban areas eliminates the need for post-processing for such
applications. The urban area(s) are defined using one or more instances of the URBANOPT
keyword on the CO pathway. The sources that are to be modeled with urban effects and the urban
area that will be applied to each source are identified using the URBANSRC keyword on the SO
pathway (see Section 3.3.10). The syntax and type of the URBANOPT keyword are summarized

below:

For Multiple Urban Areas:

CO URBANOPT UrbanID UrbPop (UrbName) (UrbRoughness)
Syntax:

For Single Urban Areas:

CO URBANOPT UrbPop (UrbName) (UrbRoughness)
Type: Optional, Repeatable for multiple urban areas

where the UrbanID parameter is the alphanumeric urban ID defined by the user (up to eight
characters) when multiple urban areas are defined, the UrbPop parameter specifies the population of
the urban area, the optional UrbName parameter may be used to identify the name of the urban area,
and the optional UrbRoughness parameter may be used to specify the urban surface roughness

length. Note the UrbName must be specified if the user wants to specify the urban roughness
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length. A default value of 1.0 meter will be used for the urban roughness length if the

UrbRoughness parameter is omitted. Beginning with version 09292, any value for the urban
roughness length other than 1.0 meter will be treated as a non-regulatory option. Caution should be
used when specifying a non-default urban roughness length and use of a non-default value should
be clearly documented and justified. Note that the syntax of the URBANOPT keyword for single
urban areas has not changed from previous versions of AERMOD, so that existing input files will

not require modification.

3.2.9 Specifying the pollutant type

The POLLUTID keyword is used to identify the type of pollutant being modeled for a
particular run. The syntax, type, and order of the POLLUTID keyword are summarized below:

Syntax: CO POLLUTID Pollut (H1H or H2H or INC)

Type: Mandatory, Non-repeatable

where the Pollut parameter may be a pollutant name of up to eight characters. Examples include

SO2, NOX, CO, PM10, TSP, and OTHER. Some pollutant names, by themselves or in

combination with other model options, have special meaning and will affect how AERMOD
computes the final results based on the current NAAQS. The parameters H1H, H2H, and INC
disable the special processing requirements associated the 1-hr NO, and SO, NAAQS and the 24-hr PM2.5

NAAQS. Specifying one of these keywords will allow for modeling PM2.5 24-hr increments which are based

on the H2H value, and also allow evaluating NO, options in AERMOD based on incomplete years of field
measurements. The pollutants names with special meaning that will affect how AERMOD computes

the results include:

o PM10 (or PM-10) with the multi-year option for generating the high-sixth-high in five
years (see Section 3.2.15.2),

. PM25 (or PM-2.5, PM2.5, or PM-25) (see Section 3.2.15.1),

e  NO2 when computing 1-hour averages (See Sections 3.2.7 and 3.2.16),

o NO?2 is required when using the OLM, PVMRM, TTRM/TTRM2, or GRSM option
for simulating the conversion of NO to NO; (see Section 3.2.2.7),

o SO2 when computing 1-hour averages (see Sections 3.2.7 and 3.2.16),
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o SO2 triggers the use of a 4-hour half-life for SO2 decay for urban applications under
both the regulatory default options and non-default options(see Sections 3.2.2.1 and
3.2.10), and

o The MULTYEAR option can only be used when PM10, PM-10, PM25, PM2.5, PM-2.5,
PM-25, LEAD, NO2, SO2, or OTHER is specified as the pollutant ID.

3.2.10 Modeling with exponential decay

The model provides the option to use exponential decay of the pollutant being modeled.
Two keywords are available for this purpose, the HALFLIFE and DCAY COEF keywords. The

syntax, type, and order of these keywords are summarized below:

Svntax: CO HALFLIFE Haflif
YM&X: cO DCAYCOEF  Decay
Type: Optional, Non-repeatable

where the Haflif parameter is used to specify the half life for exponential decay in seconds, and the

parameter Decay is used to specify the decay coefficient in units of s'. The relationship between

these parameters is DECAY = 0.693/HAFLIF.

Only one of these keywords may be specified in a given run. If more than one is
encountered, a non-fatal warning message is generated, and the first specification is used in the

modeling.

3.2.11 Flagpole receptor height option

The FLAGPOLE keyword specifies that receptor heights above local ground level (i.e.,
flagpole receptors) are allowed on the REceptor pathway. The FLAGPOLE keyword may also be
used to specify a default flagpole receptor height other than 0.0 meters. The syntax and type of the
FLAGPOLE keyword are summarized below:

Syntax: CO FLAGPOLE (Flagdf)

Type: Optional, Non-repeatable
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where Flagdf is an optional parameter to specify a default flagpole receptor height. If no parameter
is provided, then a default flagpole receptor height of 0.0 meters is used. Any flagpole receptor
heights that are entered on the Receptor pathway will override the default value but are ignored if
the FLAGPOLE keyword is not present on the Control pathway, and a non-fatal warning message is

generated.

3.2.12 To run or not to run - that is the question

Because of the improved error handling and the "defensive programming" that has been
employed in the design of the AERMOD model, the model will read through all of the inputs in the
control file regardless of any errors or warnings that may be encountered. If a fatal error occurs in
processing of the control file information, then further model calculations will be aborted.
Otherwise, the model will attempt to run. Because of the great many options available in the
AERMOD model, and the potential for wasted resources if a large run is performed with some
incorrect input data, the RUNORNOT keyword has been included on the Control pathway to allow
the user to specify whether to RUN the model and perform all of the calculations, or NOT to run
and only process the input control file commands and summarize the setup information. The NOT
option allows the user to check the syntax of the model keywords without performing possible time-
consuming model calculations. The syntax and type of the RUNORNOT keyword are summarized

below:

Syntax: CO RUNORNOT RUN or NOT

Type: Mandatory, Non-repeatable

3.2.13 Generating an input file for EVENT processing

The AERMOD model contains the EVENTFIL keyword on the CO pathway to control
whether or not the AERMOD model will generate an input file for EVENT processing. The syntax
and type of the EVENTFIL keyword are summarized below:
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Syntax: CO EVENTFIL (Evfile) (Evopt)

Type: Optional, Non-repeatable

where the optional Evfile parameter specifies the name of the EVENT input file to be generated (the
maximum length of the file name is set by the ILEN_FLD parameter in MODULE MAINT1), and
the optional parameter, Evopt, specifies the level of detail to be used in the EVENT output file.
Valid inputs for the Evopt parameter are the secondary keywords of SOCONT and DETAIL (see
the EVENTOUT keyword on the OUtput pathway, Section 3.7.2). The default filename used if no
parameters are specified is EVENTS.INP, and the default for the level of detail is DETAIL. If only

one parameter is present, then it is taken to be the Evfile, and the default will be used for Evopt.

The primary difference between routine AERMOD and EVENT processing is in the
treatment of source group contributions. The AERMOD model treats the source groups
independently. EVENT processing is designed to provide source contributions to particular events
such as the design concentrations determined from AERMOD or user specified events. The user
may specify the "events" to process using the EVent pathway, which lists specific combinations of
receptor location, source group, and averaging period. By specifying the EVENTFIL keyword, an
input control file will be generated that can be used directly for EVENT processing. The events
included in the generated EVENT processing input file are the design concentrations defined by the
RECTABLE keyword and the threshold violations identified by the MAXIFILE keyword on the
OU pathway.

3.2.14 The model re-start capability

The AERMOD model has an optional capability to store intermediate results into an
unformatted file, so that the model run can be continued later in case of a power failure or a user
interrupt. This re-start option is controlled by the SAVEFILE and INITFILE keywords on the CO

pathway. The syntax and type of these keywords are summarized below:

Svntax: CO SAVEFILE (Savfil) (Dayinc) (Savfl2)
yntaX- O INITFILE (Inifil)
Type: Optional, Non-repeatable
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The SAVEFILE keyword instructs the model to save the intermediate results to a file and
controls the save options. All three parameters for this keyword are optional. If the user specifies
only the Savfil parameter, then the intermediate results are saved to the same file (and overwritten)
each time. If the user specifies both the Savfil and the Savfl2 parameters, then the model alternates
between the two files for storing intermediate results. The latter approach requires additional disk
space to handle two storage files. However, selecting two files avoids the potential problem like a
power failure or interrupt that might occur while the temporary file is open, and the intermediate

results are being copied to it. In such a case, the temporary results file would be lost.

The optional Dayinc parameter allows the user to specify the number of days between
successive dumps. The default is to dump values at the end of each day, i.e., Dayinc = 1. For larger
modeling runs, where the SAVEFILE option is most useful, the additional execution time required
to implement this option is very small compared to the total runtime. To be most effective, it is

recommended that results be saved at least every 5 days.

If no parameters are specified for the SAVEFILE keyword, then the model will store
intermediate results at the end of each day using a default filename of TMP.FIL.

The INITFILE keyword works in conjunction with the SAVEFILE keyword and instructs
the model to initialize the results arrays from a previously saved file. The optional parameter, Inifil,
identifies the unformatted file of intermediate results to use for initializing the model. If no Inifil
parameter is specified, then the model assumes the default filename of TMP.FIL. If the file doesn't
exist or if there are any errors encountered in opening the file, then a fatal error message is

generated, and processing is halted.

Note: It is important to note that if both the SAVEFILE and INITFILE keywords are used
in the same model run, then different filenames must be specified for the Savfil and Inifil
parameters. Otherwise, the model will encounter an error in opening the files, and further

processing will be halted.
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3.2.15 Processing for particulate matter (PM) NAAQS

3.2.15.1 Processing for fine particulate matter (PM-2.5)

A NAAQS for fine particulate matter, with aerodynamic particle diameters of 2.5 microns or
less (PM-2.5), was promulgated in 1997, and the 24-hour standard was revised in December 2006.
For attainment demonstrations, the PM-2.5 standard is based on a 3-year average of the 98"
percentile 24-hour average and a 3-year average of the annual mean concentration at each ambient
monitor. EPA issued new recommendations in May 2014 (EPA, 2014b) regarding appropriate
modeling procedures for use in modeling demonstrations of compliance with the PM2.5 NAAQS
that is intended to supersede the earlier guidance issued in March 2010 (EPA, 2010a). The May
2014 guidance, which addresses the issue of secondary formation of PM2.5 due to precursor
emissions, has modified the earlier guidance regarding use of the average of the first-highest 24-
hour average concentrations across the number of years modeled to represent the modeled
contribution for a cumulative impact assessment and recommends using the average of the eighth-
highest (98™ percentile) of 24-hour concentrations to represent the modeled contribution for a
cumulative impact assessment. Use of the first-highest 24-hour average is still appropriate for
significant contribution determinations. Note that the use of a 3-year average for monitored design
values to determine attainment of the NAAQS does not preempt the requirement in Section 8.3.1.2
of the Guideline (EPA, 2017b) for use of 5 years of National Weather Service (NWS) data, and the
5-year average of modeled impacts serves as an unbiased estimate of the 3-year average for

purposes of modeling demonstrations of compliance with the NAAQS.

Based on EPA’s May 2014 draft recommendations, the 24-hour modeled contribution to the
design value for purposes of modeling demonstrations of compliance with the PM-2.5 NAAQS is
based on the highest of the eighth-highest (H8H) concentrations at each receptor, if one year of site-
specific meteorological data is input to the model, or the highest of the multi-year average of the
eighth-highest (H8H) concentrations at each receptor, if more than one year of meteorological data
is input to the model. In other words, the model calculates the eighth-highest 24-hour concentration
at each receptor for each year modeled, averages those eighth-highest concentrations at each
receptor across the number of years of meteorological data, and then selects the highest, across all

receptors, of the N-year averaged eighth-highest values.
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Similar to the 24-hour averages, an unbiased estimate of the 3-year average annual mean is
simply the annual mean, if only one year of site-specific meteorological data is input to the model,
or the multi-year average of the annual means if multiple years of meteorological data are used.
The annual design value for PM-2.5 is then based on the highest annual average across the receptor
domain for single-year meteorological data input, or the highest of the multi-year averaged annual

means across the receptor domain for multi-year meteorological data input.

The special processing of the 24-hour and annual averages for the PM-2.5 NAAQS is
triggered by specifying a pollutant ID of ‘PM25°, ‘PM-2.5", ‘PM2.5’ or ‘PM-25" on the CO
POLLUTID card. In this case, the model will compute the 24-hour and annual average design
values as described in the previous paragraphs. In order for the PM-2.5 processing to work
correctly for multiple year periods, the yearly meteorological data files can be concatenated into a
single multi-year file for input into the model, or the MULTYEAR option (Section 3.2.7) can be
used with separate model runs for each year. There is no requirement to remove the header records
between concatenated surface meteorological data files prior to running the model, and multi-year
meteorological data files can also be generated by processing multi-year inputs in AERMET.
(NOTE: While the MULTYEAR option with separate yearly meteorological data files can be used
to determine the modeled design values for PM2.5, the OU MAXDCONT option (see Section 0) to

determine contributions from other source groups to the cumulative modeled design value will not

work with the MULTYEAR option or with separate meteorological data files for each year.)

Processing the average of the individual annual mean values across multiple years for PM-2.5 also
requires use of the ANNUAL average option on the AVERTIME keyword, rather than PERIOD
average. The PERIOD option computes a single multi-year average concentration for each
receptor, which may give slightly different results than the multi-year average of individual
ANNUAL mean concentrations due to differences in the number of calms and/or missing data from

year to year.

In order to comply with these processing requirements, the following restrictions are applied
to the PM-2.5 NAAQS processing whenever a pollutant ID of ‘PM25°, 'PM2.5', ‘PM-2.5" or
‘PM-25’ is specified on the CO POLLUTID keyword:
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The averaging periods on the AVERTIME keyword are limited to the 24-hour and
ANNUAL averages. Use of the PERIOD average or use of a short-term average

other than 24-hour will result in a fatal error message being generated.

The FIRST (or 1ST) highest value should be requested on the RECTABLE keyword
for 24-hour averages for estimating modeled PM2.5 contributions for compliance
with the NAAQS. However, the model places no restriction on the ranks requested
on the RECTABLE keyword since selection of ranks lower than the FIRST highest
may be needed to determine whether a source or group of sources is contributing

significantly to modeled violations of the NAAQS.

The model will only process meteorological data for periods of record that span
complete years, although the meteorological data period does not need to follow
calendar years (i.e., the data period does not need to start on January 1, hour 1). If the
period of record spans less than one complete year of data, a fatal error message will
be generated, and the model run will be unsuccessful. If additional meteorological
data remains after the end of the last complete year of data, the remaining data will be
ignored, and a non-fatal warning message will be generated specifying the number of

hours ignored.

The MULTYEAR keyword on the CO pathway can be used to calculate multi-year
averages for the PM-2.5 NAAQS; however, the MAXDCONT option will not work
with the MULTYEAR. Multiple year analyses are best accomplished by including the

multiple years of meteorology in a single data file.

Since the 24-hour average design values for PM-2.5 analyses, based on the H1H
averaged over N years, may consist of averages over a multi-year period, they are
not compatible with the EVENT processor, and the high ranked values generated
based on the RECTABLE keyword will not be included in the EVENTFIL.
However, if the MAXIFILE option is used to output 24-hour averages exceeding a
user-defined threshold, these individual exceedances may be used with the EVENT
processor. Therefore, if the EVENTFIL option is used without the MAXIFILE
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option for PM-2.5 analyses, a non-fatal warning message will be generated, and the

EVENTFIL option will be ignored.

3.2.15.2 Processing for particulate matter of 10 microns or less (PM-10)

The 24-hour NAAQS for particulate matter with aerodynamic particle diameters of 10
microns or less (PM-10) is in the form of an expected exceedance value, which cannot be exceeded
more than once per year on average over a three year period for purposes of monitored attainment
demonstrations. Modeling demonstrations of compliance with the PM-10 NAAQS are based on the
High-N+/-High value over N years, or in the case of five years of NWS meteorological data, the
High-6""-High (H6H) value over five years. In the AERMOD model, the H6H 24-hour average
over five years can be modeled in one of two ways: 1) running five individual years and combining
the results using the CO MULTYEAR option, as described above in Section 3.2.7) using a single
five-year meteorological data file and specifying the SIXTH (or 6TH) highest value on the OU
RECTABLE card. If applied properly, the 24-hour average results of these two approaches will be
equivalent. The special processing consisting of the 99" percentile 24-hour value averaged over N
years for PM-10 in versions of AERMOD prior to 09292, referred to as the “Post-1997” PM-10

option, has been removed since that standard was vacated.

3.2.16 Processing for 1-hour NO; and SO> NAAQS

New 1-hour NAAQS for NO2 and SO, were promulgated in February 2010 and June 2010,
respectively. EPA has issued guidance related to dispersion modeling in support of these 1-hour
standards (EPA, 2010b; EPA, 2010c; EPA, 2011; EPA, 2014a; and EPA, 2017a). The form of these
1-hour standards is similar, based on a percentile rank from the annual distribution of daily
maximum I-hour values, averaged across the number of years processed. For the 1-hour NO;
standard, the modeled design value is based on the 98™-percentile of the daily maximum 1-hour
values, which is represented by the eighth highest of the daily maximum 1-hour values across the
year. The 1-hour SO> modeled design value is based on the 99™-percentile, or fourth highest, of the
daily maximum 1-hour values across the year. For typical multi-year modeling analysis based on 5
years of NWS meteorological data, the modeled design value is the 5-year average of the eighth-

highest values daily maximum 1-hour values for NO,, or fourth-highest values for SOx.
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The form of these 1-hour standards complicates the process of determining the modeled
design value as well as the analyses that may be required to determine whether a particular source
or group of sources contributes significantly to any modeled violations of the standards, paired in
time and space. Several enhancements have been incorporated into AERMOD, beginning with
version 11059, to facilitate the modeling analyses required to demonstrate compliance with these
new standards. These enhancements are described in Section 3.7.2. The ability of the model to
exercise these options is facilitated by specifying ‘NO2’ or ‘SO2’ as the pollutant ID on the CO
POLLUTID keyword, with the following restrictions. Whenever a pollutant ID of ‘NO2’ or ‘SO2’
is specified and 1-hour averages are selected, the options to calculate 1-hour NO; or SO, design
values based on the distribution of daily maximum 1-hour values will be allowed, unless short-term
averaging periods other than 1-hour are also specified on the AVERTIME keyword. If other short-
term averages are specified, non-fatal warning messages will be generated and the options for
processing 1-hour NO; or SO> design values will be disabled. In that case, the 1-hour modeled
design values will be processed the same as other short-term averages, based on the overall
distribution of hourly values. Also, if ANNUAL or PERIOD averages are specified on the
AVERTIME keyword along with 1-hour averages, a non-fatal warning message will be generated
unless the CO MULTYEAR keyword is specified, since the annual NAAQS for NO2 and SO is
based on the highest PERIOD or ANNUAL average from an individual year, rather than an average
across the years modeled. However, the special processing based on daily maximum1-hour values
will be still applied for the 1-hour averages in these cases since the ANNUAL or PERIOD averages

may be appropriate if only 1 year of site-specific meteorological data is modeled.

Modeling 1-hour ‘SO2’ or ‘NO2’ for less than a full year without specifying additional
short-term averaging periods will result in an error during processing since AERMOD attempts to
generate a 1-hour value based on the form of the SO; or NO> 1-hour standard. When modeling with
a dataset that contains less than a full year of data or by restricting the days or hours that are
modeled using the STARTEND or DAYRANGE keywords on the ME pathway, the NOCHKD
option should be specified on the CO pathway along with the MODELOPT keyword to avoid a an
error during the processing phase (Refer to sections 3.2.2 and 3.5.4 for information on the use of the

NOCHKD option and the STARTEND and DAYRANGE keywords).
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3.2.17 Debugging output options

The DEBUGOPT keyword on the CO pathway allows the user to request detailed files of
intermediate calculation results for debugging purposes. There are several types of debug
information that AERMOD can generate. For each type specified, the user can also specify a
filename of the file to which the debug output should be written. Filenames are optional with the
exception of the DEPOS debug. If omitted, AERMOD will use a default filename. The syntax and
type of the DEBUGOPT keyword are summarized below. Listed are the debug types and filename
pairs. While multiple types of debugging information can be specified, note that there are some

related types in which case only one type within the group can be specified:

CO DEBUGOPT MODEL (Dbgfil) and/or
METEOR (Dbmfil) and/or
PRIME (Prmfil) and/or
AWMADW (AwmaDwfil) and/or
PLATFORM (PlatfmDbgfil) and/or
DEPOS and/or
[AREA (AreaDbFil) or LINE (LineDbFil)] and/or
Syntax: RLINE (RlineDbgFil) and/or
: BLPDBUG (BLPDbFil) and/or
URBANDB (UrbanDbFil) and/or
[PVMRM (Dbpvfil) (and TTRM2) or
OLM (OLMfil) (and TTRM2) or
ARM2 (ARM2fil) (and TTRM2) or
TTRM (TTRM(il) or
GRSM (GRSMfil)] and/or
SWPOINT (SWfil)
Type: Optional, Non-repeatable

where the types of debug information and optional filename references include:

o MODEL, (Dbgfil): Model type debug data. Default filename: MODEL.DBG.
o METEOR, (Dbmfile): Meteorological profile data. Default filename: METEOR.DBG.
o PRIME, (Prmfil): PRIME downwash debug data. Default filename: PRIME.DBG.

o AWMADW, (Awmafil): AWMA downwash debug data. Default filename:
AWMADW.DBG

o PLATFORM (PlattmDbgfil): Platform downwash debug file. Default filename:
PLATFORM.DBG
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o DEPOS: Deposition debug information. Only default filenames will be used:
GDEP.DAT for gas deposition and PDEP.DAT for particle deposition. If the MODEL
debug option is not chosen, a debug file containing wet deposition debug information
is also created called DEPOS.DBG. If the MODEL debug option is chosen with the
DEPOS debug option, the wet deposition debug information is included in the model
debug file.

o AREA, (AreaDbFil) or LINE, (LineDbFil): Area or Line source debugging data
(includes OPENPIT). May only specify one.

o RLINE (RlineDbgFil): RLINE and RLINEXT source type debug file: Defaul
filename: RLINE.DBG

o BLPDBUG: Debug information for the BUOYLINE source.

o URBANDB: Debug information from the URBANDB option. This will produce 2
output files, one for the profile meteorology and one for the surface meteorology, with
the profile meteorlogy file having the same name as the surface file, but with a “1”
appended to the end of the file name.

. PVMRM, (Dbpvfil) (and TTRM2) or OLM, (OLMfil) (and TTRM2) or ARM2
(ARM2fil) (and TTRM2) or TTRM (TTRMfil) or GRSM (GRSMfil): NO to NO»
conversion debug data. Default filenames: PVMRM.DBG, OLM.DBG, ARM2.DBG,
TTRM.DBG, GRSM.DBG, respectively. May only specify one of PVMRM, OLM,
ARM2, TTRM, or GRSM debug options, consistent with the NO> conversion option
specified with the MODELOPT keyword. The TTRM2 debug option can be paired
with PVMRM, OLM, or ARM2 debug options when both options are specified with
the MODELOPT keyword. A user-defined filename cannot be specified for the
TTRM2 debug option. The TTRM2 debug option will generate three separate debug
files named AFTER_TTRM.DBG, AFTER option.DBG, and TTRM2_MERGE.DBG,
where option is the NO2 conversion option with which TTRM2 is paired. (e.g.,
AFTER_PVMRM.DBG).

o SWPOINT (SWHil): Sidewash point source type debug information and optional debug
filename. Default filename: SWPOINT.DBG

CAUTION!! Use the DEBUGOPT keyword with extreme CAUTION: it can produce very

large files! Note that the model will overwrite the debug files, without warning, if they already

exist.

3.2.18 Detailed error listing file

The ERRORFIL keyword on the CO pathway allows the user to request a detailed listing
file of all the messages generated by the model. This includes the error and warning messages that

are listed as part of the message summaries provided in the main output file and any informational

3-57



messages (such as occurrences of calm winds) and quality assurance messages that are generated.

The syntax and type of the ERRORFIL keyword are summarized below:

Syntax: CO ERRORFIL (Errfil)

Type: Optional, Non-repeatable

where the Errfil parameter is the name of the detailed message file. If the optional Errfil parameter
is left blank, then the model will use a default filename of ERRORS.LST. A complete description
of the error and other types of messages generated by the model is provided in APPENDIX B.

3.3 Source pathway inputs and options

The SOurce pathway contains the keywords that define the source information for a
particular model run. The model currently handles six source types identified as point, volume, area
sources (including non-buoyant line and open pit sources), non-bouyant line (e.g., roadway
sources), buoyant line sources, and a newly added source type to research the sidewash effect from
building downwash when the winds are oblique to the face of a building. The input parameters vary
depending on the source type. For point sources, the user can also identify building dimensions for
nearby structure that cause aerodynamic downwash influences on the source. The user can also

identify groups of sources for which the model will combine the results.

The LOCATION keyword, which identifies the source type and location, must be the first
keyword entered for each source. In general, the order of the keywords is not important. However,
there are some exceptions such as, the SRCGROUP keyword must be the last keyword before the
SO FINISHED keyword unless the PSDCREDIT keyword is specified on the MODELOPT card, in
which case SRCGROUP is replaced with the PSDGROUP keyword. Additional exceptions are
discussed in the sections specific to applicable keywords. The user may group all the LOCATION
cards together, then group the source parameter cards together, or they may want to group all input
cards for a particular source together. All sources are given a source ID by the user, which is used
to link the source parameter inputs to the correct source or sources. The source ID can be any

alphanumeric string of up to 12 characters.
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The number of sources is allocated dynamically at the time AERMOD is run. This value, in
concert with the other dynamically allocated arrays and input requirements, is limited only by the

amount of available memory.

3.3.1 Identifying source types and locations

The LOCATION keyword is used to identify the source type and the location of each source
to be modeled. The LOCATION card must be the first card entered for each source since it
identifies the source type and dictates which parameters are needed and/or accepted. The syntax,

type and order of the LOCATION keyword are summarized below:

Syntax: \when Srctyp = POINT, POINTHOR, POINTCAP, VOLUME, AREA, AREAPOLY,
AREACIRC, OPENPIT, or SWPOINT

SO LOCATION Srcid Srctyp Xs Ys (Zs)
When Srctyp = LINE, RLINE, or BUOYLINE

SO LOCATION Srcid Srctyp Xsl1 Ysl Xs2 Ys2 (Zs)
When Srctyp = RLINEXT

SO LOCATION Srcid Srctyp Xsl1 Ysl Zsl Xs2 Ys2 Zs2 (Zs)

Type: Mandatory, Repeatable
Order:

Must be first card for each source input

where the Srcid parameter is the alphanumeric source ID defined by the user (up to 12 characters),
Srctyp is the source type, which is identified by one of the secondary keywords - POINT,
POINTHOR, POINTCAP, VOLUME, AREA, AREAPOLY, AREACIRC, OPENPIT, LINE,
RLINE, RLINEXT, BUOYLINE, or SWPOINT. Xs and Ys, are the x and y coordinates of the
source location in meters for POINT, POINTHOR, POINTCAP, VOLUME, AREA, AREAPOLY,
AREACIRC, OPENPIT, and SWPOINT source types. For the LINE and RLINE source type, Xs1

and Ysl1 are the x and y coordinates for the midpoint of one end of the LINE or RLINE source
while Xs2 and Ys2 are the x and y coordinates for the midpoint of the other end of the LINE or
RLINE source. For the RLINEXT source type, Zs1 and Zs2 are the release heights for the

endpoints of the source.

Beginning with version 19191, the RLINE and RLINEXT source types were added to the

SO pathway for roadway sources. The RLINE source type requires the BETA secondary keyword
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with the MODELOPT keyword on the CO pathway, while the RLINEXT source type is an alpha
option and similarly, requires the ALPHA keyword with the MODELOPT keyword. The current
implementation is based on the numerical integration and algorithms in the Research LINE-source
model, version 1.2, for near-surface releases (Snyder et al., 2013). The R-LINE model was
formulated for flat terrain, and thus requires FLAT to be in the MODELOPT line of the input file.
If FLAT and ELEV are MODELOPTSs then the RLINE or RLINEXT source must have Zs=0.0 or

="FLAT’. RLINEXT sources require the user to input the offset distance from road centerline,
number of lanes, width per lane and initial vertical dispersion for each specified road link. These
parameters are discussed in more detail in Section 3.3.2. Refer to the User's Guide for R-LINE
Model Version 1.2 (Snyder and Heist, 2013) for detailed information about the formulation of

RLINE source algorithms.

Beginning with version 15181, the BUOYLINE source type was added to the SO pathway
for buoyant line sources. The current implementation is based on the buoyant line source algorithm
in the Buoyant Line and Point Source (BLP) dispersion model (Schulman and Scire, 1980) with
very little modification and similar limitations. A buoyant line source is, comprised of one or
multiple lines. Multiple lines are assumed to be parallel, though each line can have a different
length, height, and base elevation. AERMOD will check to see if the lines in a single source are
parallel, within a 5° tolerance, to the first line in the source. If an individual buoyant line exceeds
the tolerance, AERMOD will issue a warning message, but will continue the model run. The
BUOYLINE source type also requires the user to input average values of length, width, height, and
separation distance for the set of lines that comprise the buoyant line source. These parameters are
discussed in more detail in Section 3.3.2. Refer to the BLP User's Guide (Schulman and Scire,

1980) for detailed information about the formulation of the buoyant line source algorithm.

Beginning with version 22112, the SWPOINT source type was added to the SO pathway as
a research tool to study the sidewash effects of the recirculation cavity that forms on the lee side a
building and shifts laterally when the wind is oblique to the face of the building. The SWPOINT
source has been added for continued research and development and requires the ALPHA secondary

keyword as a model option using the MODELOPT keyword on the CO pathway.
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For the BUOYLINE source, the definitions of Xs1, Ys1, Xs2, and Ys2 are similar to the
definitions for the LINE source, but there is a subtle difference due to the current implementation of
the buoyant line source algorithm in AERMOD. When specifying a buoyant line source, the
LOCATION keyword and parameters should be repeated for each individual line that comprises the
buoyant line source. BUOYLINE should be specified as the source type (Srctyp), and each line
should be given a unique source ID (Srcid). Note that the order that the individual lines are
entered using the LOCATION keyword in the control file is important. Again, as in BLP,
AERMOD assumes all of the buoyant lines are parallel. As noted above, AERMOD performs a
check to see if the lines are within an allowable tolerance, currently 5°, and issues a warning
message if a line exceeds this tolerance. For lines that are not oriented exactly north-south but are
angled either southeast-to-northwest or southwest-to-northeast, the individual lines should be
entered in the order of there location from south to north. In other words, the southern most line
should be defined first in the control file, followed by the adjacent line to the north and so on,
ending with the northernmost line. For an individual line, the most westerly endpoint should be
entered first followed by the easterly endpoint where Xs1 and Ys1 are the x and y coordinates of the
most westerly endpoint of the line, and Xs2 and Ys2 are the x and y coordinates of the most easterly
endpoint of the line. Zs is the optional elevation of the source above sea-level and is applicable for

all source types.

In the case where the buoyant lines are parallel to the Y axis, the order that the lines
should be entered is dependent on which endpoint is entered first, the southern or northern endpoint
of the lines. If the southern endpoint is entered first, the lines should be entered in the order
of the eastern most line to the western most line. If the northern endpoint is entered first,
lines should be ordered west to east. The convention used for the first line should be used for all

subsequent lines.

The three area source types (AREA, AREACIRC, and AREAPOLY), as well as the LINE
source type use the same numerical integration algorithm for estimating impacts from area sources
and are merely different options for specifying the shape of the area source. The AREA source
keyword may be used to specify a rectangular-shaped area source with arbitrary orientation; the
AREAPOLY source keyword may be used to specify an area source as an irregularly shaped

polygon of up to 20 sides; and the AREACIRC source keyword may be used to specify a circular-
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shaped area source (modeled as an equal-area polygon of 20 sides). The LINE source type option
allows users to specify line-type sources based on a start point and end point of the line and the
width of the line, as an alternative to the current AREA source type for rectangular sources. The
LINE source type utilizes the same routines as the AREA source type and will give identical results
for equivalent source inputs. The LINE source type also includes an optional initial sigma-z
parameter on the SRCPARAM keyword to account for initial dilution of the emissions. AREA and
LINE source types do not include the horizontal meander component in AERMOD. Since the
LINE source type utilizes the AREA source algorithms, the runtime optimizations associated with

the FASTAREA option will also apply to LINE sources if included.

The RLINE and RLINEXT source types use the numerical integration algorithms described
in Snyder et. al. 2013, intended mainly for roadway sources. Beginning with version 19191, the
RLINE and RLINEXT source types were added as an option to the SO pathway. Initial sigma-z
(vertical dispersion/dilution) and width are specified using the SRCPARAM keyword on the SO
pathway for an RLINE and RLINEXT source. The RLINEXT source requires an additional
distance from the centerline parameter on the SRCPARAM keyword, used in the barrier and
depressed roadway algorithms. The RLINE and RLINEXT source types contain a horizontal

meander component for roadway sources.

The OPENPIT source algorithm can be used to model particulate or gaseous emissions from
open pits, such as surface coal mines and rock quarries. The OPENPIT algorithm uses an effective
area for modeling pit emissions, based on meteorological conditions, and then utilizes the numerical
integration area source algorithm to model the impact of emissions from the effective area sources.
A complete technical description of the OPENPIT source algorithm is provided in the ISC3 Model
User’s Guide - Volume II (EPA, 1995b).

Note that the source elevation, Zs, is an optional parameter. If the default option to include
elevated terrain effects is used and the source elevation is omitted, a warning message will be
generated, and the source elevation will be given a value of 0.0. The source elevation is not used by
the model if the non-default FLAT terrain option is used. While the default units of Zs are meters,
the user may also specify source elevations to be in feet by adding the SO ELEVUNIT FEET card

immediately following the SO STARTING card. The x (east-west) and y (north-south) coordinates
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are for the center of the source for POINT, POINTHOR, POINTCAP, VOLUME, AREACIRC,
SWPOINT sources, for one of the vertices of the source for AREA, AREAPOLY, and OPENPIT
sources, and the endpoints for RLINE, RLINEXT, and BUOYLINE sources. The source

coordinates may be input as Universal Transverse Mercator (UTM) coordinates or may be

referenced to a user-defined origin.

Certain types of non-buoyant line sources can be handled in AERMOD using a string of
volume sources, an elongated area source, or a roadway source. The volume source algorithms are
most applicable to line sources with some initial plume depth, such as conveyor belts and rail lines.
Section 1.2.2 of the ISC Model User's Guide - Volume II (EPA, 1995b) provides technical
information on how to model a line source with multiple volume sources. The use of the AERMOD
area source algorithm for elongated rectangles would be most applicable to near ground level line
sources, such as a viaduct. The area source algorithm is applied identically to both AREA and
LINE source types and AERMOD should produce the same results for an elongated area source

defined as either an AREA or LINE source type.

The source ID entered on the LOCATION card identifies that source for the remainder of
the SO pathway inputs. Since the model accepts alphanumeric strings of up to 12 characters for the
source ID, the sources can be identified with descriptive names, such as STACK1, STACK2,
BOILER3, SLAGPILE, etc. This may also be useful if line sources are being modeled as multiple
volume or areas, as discussed above. Since they are part of the same physical source, they can be

given names that will identify them as being related, such as LINE1A, LINE1B, LINEI1C, etc.

Note that the ARM2 option on the CO pathway was implemented for all existing
source types at the time (POINT, POINTHOR, POINTCAP, AREA, VOLUME, LINE,
BUOYLINE, etc.). ARM2 was implemented for RLINE and RLINEXT sources beginning
with version 19191. ARM2 has not been implemented with the research source type
SWPOINT. Also note PYMRM, OLM, TTRM/TTRM2, and GSRM have not been
implemented for BUOYLINE or SWPOINT source types.
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3.3.2 Specifying source release parameters

The main source parameters are input on the SRCPARAM card, which is a mandatory
keyword for each source being modeled. Since the input parameters vary depending on the source

type, the different source types handled by the AERMOD model are discussed separately.

3.3.2.1 POINT, POINTHOR, and POINTCAP source inputs

The AERMOD POINT source algorithms are used to model releases from stacks and
isolated vents, as well as other kinds of sources. The syntax, type and order for the SRCPARAM
card for POINT, POINTHOR, and POINTCAP sources are summarized below:

Syntax: SO SRCPARAM Srcid Ptemis Stkhgt Stktmp Stkvel Stkdia

Type: Mandatory, Repeatable

Order: Must follow the LOCATION card for each source input

where the Srcid parameter is the same source ID that was entered on the LOCATION card for a

particular source, and the other parameters are as follows:

Ptemis - point emission rate in g/s,

Stkhgt - release height above ground in meters,
Stktmp - stack gas exit temperature in degrees K,
Stkvel - stack gas exit velocity in m/s, and
Stkdia - stack inside diameter in meters.

An example of a valid SRCPARAM input card for a point source is given below:

SO SRCPARAM STACK1 16.71 35.0 444.0 227 274

where the source ID is STACKI, the emission rate is 16.71 g/s, the release height is 35.0 m, the exit
temperature is 444.0 K, the exit velocity is 22.7 m/s, and the inside stack diameter is 2.74 m. All the

parameters must be present on the input card.
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If a value of 0.0 is input for the exit temperature, AERMOD will adjust the exit temperature
for each hour to match the ambient temperature. This option allows the user to model a plume that
is released at ambient temperature. The user may also model a plume with an exit temperature that
exceeds the ambient temperature by a fixed amount by entering a negative value for exit
temperature equal in magnitude to the temperature difference. The model will add the absolute
value of a negative exit temperature to the ambient temperature for each hour to obtain the exit
temperature used in computing the buoyancy flux of the plume. The AERMOD model does not
include algorithms to model plumes that are released at temperatures below ambient temperature.

Such releases should be modeled with a dense gas model.

AERMOD model uses direction-specific building dimensions for POINT, POINTHOR, and
POINTCAP sources subject to building downwash. Building dimensions for these source types are
entered on the BUILDHGT, BUILDWID, BUILDLEN, XBADJ, and YBADIJ cards described
below in Section 3.3.9. Offshore platform dimensions for these source types are entered for each

source ID using the PLATFORM keyword as described below in Section 3.3.16.

3.3.2.2 VOLUME source inputs

The AERMOD VOLUME source algorithms are used to model releases from a variety of
industrial sources, such as building roof monitors, multiple vents, and conveyor belts. The syntax,

type and order for the SRCPARAM card for VOLUME sources are summarized below:

Syntax: SO SRCPARAM Srcid Vlemis Relhgt Syinit Szinit

Type: Mandatory, Repeatable

Order: Must follow the LOCATION card for each source input

where the Srcid parameter is the same source ID that was entered on the LOCATION card for a

particular source, and the other parameters are as follows:

Vlemis - volume emission rate in g/s,

Relhgt - release height (center of volume) above ground, in meters,
Syinit - initial lateral dimension of the volume in meters, and
Szinit - initial vertical dimension of the volume in meters.
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The following table, which is explained in more detail in Section 1.2.2 of the ISC Model User's
Guide - Volume II, summarizes the suggested procedures to be used for estimating the initial lateral

and vertical dimensions for various types of volume and line sources.

Table 3-2. Summary of Suggested Procedures for Estimating Initial Lateral Dimensions cyo
and Initial Vertical Dimensions 6zo for Volume and Line Sources

Procedure for Obtaining

Type of Source Initial Dimension

(a) Initial Lateral Dimension (oyo)

Single Volume Source oyo= length of side divided by 4.3

Line Source Represented by Adjacent Volume  oyo=  length of side divided by 2.15
Sources (see Figure 1-8 (a) in EPA, 1995a)
Line Source Represented by Separated Volume oyo=  center to center distance divided by 2.15

Sources (see Figure 1-8(b) in EPA, 1995a)

(b) Initial Vertical Dimension (6,0)

Surface-Based Source (he ~ 0) o0, =  vertical dimension of source divided by 2.15
Elevated Source (he > 0) on or Adjacent to a 0= building height divided by 2.15

Building

Elevated Source (he > 0) not on or Adjacentto  oc,,=  vertical dimension of source divided by 4.3

a Building

3.3.2.3 AREA source type

The AERMOD area source algorithm is used to model low level or ground level releases
with no plume rise (e.g., storage piles, slag dumps, and lagoons). The AERMOD model uses a
numerical integration approach for modeling impacts from area sources. When the FASTAREA or
FASTALL option is specified, the area source integration routine is optimized to reduce model
runtime. This is accomplished by incorporation of a three-tiered approach using the Romberg

numerical integration, a 2-point Gaussian Quadrature routine for numerical integration, or a point
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source approximation based on the location of the receptor relative to the source. In the regulatory

default mode, the Romberg numerical integration is utilized for all receptors.

The AERMOD model includes various options for specifying the shape of an area source:
the AREA source type may be used to specify rectangular areas that may also have a rotation angle
specified relative to a north-south orientation; the LINE source type is a simplified representation of
an elongated area source and does not utilize a rotation angle; the AREAPOLY source type may be
used to specify an area source as an irregularly-shaped polygon of up to 20 sides; the AREACIRC
source keyword may be used to specify a circular-shaped area source (modeled as an equal-area
polygon of 20 sides); and the OPENPIT source type can be used to model open rectangular pits
such as surface coal mines and rock quarries. The OPENPIT source type also includes an optional

rotation angle. The source parameter inputs for each of the area source types is described below.

3.3.2.4 AREA source inputs

The rotation angle for rectangular AREA sources is specified relative to the vertex used to
define the source location on the SO LOCATION card (e.g., the southwest corner). The syntax,
type and order for the SRCPARAM card for AREA sources are summarized below:

Syntax: SO SRCPARAM Srcid Aremis Relhgt Xinit (Yinit) (Angle) (Szinit)

Type: Mandatory, Repeatable

Order: Must follow the LOCATION card for each source input

where the Srcid parameter is the same source ID that was entered on the LOCATION card for a

particular source, and the other parameters are as follows:

Aremis - area emission rate in g/(s-m?),

Relhgt - release height above ground in meters,

Xinit - length of X side of the area (in the east-west direction if Angle is 0 degrees)
in meters,
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Yinit - length of Y side of the area (in the north-south direction if Angle is 0
degrees) in meters (optional),

Angle - orientation angle for the rectangular area in degrees from North, measured
positive in the clockwise direction (optional), and

Szinit - initial vertical dimension of the area source plume in meters (optional).

It should be noted that the emission rate for the area source is an emission rate per unit area, which
is different from the point and volume source emission rates, which are total emissions for the

source.

If the optional Yinit parameter is omitted, then the model assumes that the area is a square,
i.e., Yinit = Xinit. If the optional Angle parameter is omitted, then the model assumes that the area
is oriented in the north-south and east-west directions, i.e., Angle = 0.0. If the Angle parameter is
input, and the value does not equal 0.0, then the model will rotate the area clockwise around the
vertex defined on the SO LOCATION card for this source. Figure 3-1 illustrates the relationship
between the Xinit, Yinit, and Angle parameters and the source location, (Xs,Y's), for a rotated
rectangle. The Xinit dimension is measured from the side of the area that is counterclockwise along
the perimeter from the vertex defined by (Xs,Ys), while the Yinit dimension is measured from the
side of the area that is clockwise from (Xs,Ys). The Angle parameter is measured as the orientation
relative to North of the side that is clockwise from (Xs,Ys), i.e., the side with length Yinit. The
Angle parameter may be positive (for clockwise rotation) or negative (for counterclockwise
rotation), and a warning message is generated if the absolute value of Angle is greater than 180
degrees. The selection of the vertex to use for the source location is not critical, as long as the

relationship described above for the Xinit, Yinit, and Angle parameters is maintained.
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(Xs,Ys)

Figure 3-1. Relationship of Area Source Parameters for Rotated Rectangle
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By making the Yinit and Angle parameters optional, the area source input data for the
previous versions of the ISC model can be used with the AERMOD model. The aspect ratio (i.e.,
length/width) for area sources should generally be less than about 100 to 1. If this is exceeded, then
the model will generate a non-fatal warning message, and the user should consider subdividing the

area to achieve a 100 to 1 aspect ratio (or less) for all subareas.

The optional Szinit parameter may be used to specify an initial vertical dimension to the area
source plume, similar to the use of the Szinit parameter for volume sources. This parameter may be
important when the area source algorithm is used to model mechanically generated emission
sources, such as mobile sources. In these cases, the emissions may be turbulently mixed near the
source by the process that is generating the emissions, and therefore occupy some initial depth. For
more passive area source emissions, such as evaporation or wind erosion, the Szinit parameter may

be omitted, which is equivalent to using an initial sigma-z of zero.

An example of a valid SRCPARAM input card for a rectangular area source is given

SO SRCPARAM SLAGPILE 0.00155.0 50.0 100.0 30.0

where the source ID is SLAGPILE, the emission rate is 0.0015 g/(s-m?), the release height is 5.0 m,
the X-dimension is 50.0 m, the Y-dimension is 100.0 m, and the orientation angle is 30.0 degrees

clockwise from North.

Since the numerical integration algorithm can handle elongated areas with aspect ratios of
up to 100 to 1, the AERMOD area source algorithm may be useful for modeling certain types of

line sources. User's now have the option of specifying a line-type source as either AREA or LINE.

There are no restrictions on the placement of receptors relative to area sources for the AERMOD
model. Receptors may be placed within the area and at the edge of an area. The AERMOD model
will integrate over the portion of the area that is upwind of the receptor. However, since the
numerical integration is not performed for portions of the area that are closer than 1.0 meter upwind
of the receptor, caution should be used when placing receptors within or adjacent to areas that are

less than a few meters wide. More technical information about the application of the AERMOD
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area source algorithm is provided in Sections 1.2.3 and 2.2.3 of the ISC Model User's Guide -
Volume I (EPA, 1995b).

3.3.2.5 AREAPOLY source inputs

The AREAPOLY source type may be used to specify an area source as an arbitrarily-
shaped polygon of between 3 and 20 sides (the number of sides allowed may be increased by
modifying the NVMAX parameter in MODULE MAINT1). This source type option provides the
user with considerable flexibility for specifying the shape of an area source. The syntax, type and

order for the SRCPARAM card for AREAPOLY sources are summarized below:

Syntax: SO SRCPARAM Srcid Aremis Relhgt Nverts (Szinit)

Type: Mandatory, Repeatable

Order: Must follow the LOCATION card for each source input

where the Srcid parameter is the same source ID that was entered on the LOCATION card for a

particular source, and the other parameters are as follows:

Aremis - area emission rate in g/(s-m?),

Relhgt - release height above ground in meters,

Nverts - number of vertices (or sides) of the area source polygon,

Szinit - initial vertical dimension of the area source plume in meters (optional).

As with AREA sources, the emission rate for the source is an emission rate per unit area, which is
different from the point and volume source emission rates, which are total emissions for the source.
The locations of the vertices are specified by use of the AREAVERT keyword, which applies only
to AREAPOLY sources. The syntax, type and order for the AREAVERT keyword used for

AREAPOLY sources are summarized below:
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Syntax: SO AREAVERT Srcid Xv(1) Yv(1) Xv(2) YV(2) ... Xv(i) Yv(i)

Type: Mandatory for AREAPOLY sources, Repeatable

Order: Must follow the LOCATION card for each source input

where the Xv(i) and Yv(i) are the x-coordinate and y-coordinate values of the vertices of the area
source polygon. There must by Nverts pairs of coordinates for the area source, where Nverts in the
number of vertices specified for that source on the SRCPARAM card. The first vertex, Xv(1) and
Yv(1), must also match the coordinates given for the source location on the LOCATION card, Xs
and Ys. The remaining vertices may be defined in either a clockwise or counter- clockwise order

from the point used for defining the source location.

Receptors may be placed within the area and at the edge of an area. The AERMOD model
will integrate over the portion of the area that is upwind of the receptor. However, since the
numerical integration is not performed for portions of the area that are closer than 1.0 meter upwind
of the receptor, caution should be used when placing receptors within or adjacent to areas that are

less than a few meters wide.

3.3.2.6 AREACIRC source inputs

The AREACIRC source type may be used to specify an area source as a circular shape. The
model will automatically generate a regular polygon of up to 20 sides to approximate the circular
area source. The polygon will have the same area as that specified for the circle. The syntax, type

and order for the SRCPARAM card for AREACIRC sources are summarized below:

Syntax: SO SRCPARAM Srcid Aremis Relhgt Radius (Nverts) (Szinit)

Type: Mandatory, Repeatable

Order: Must follow the LOCATION card for each source input

where the Srcid parameter is the same source ID that was entered on the LOCATION card for a

particular source, and the other parameters are as follows:
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Aremis - area emission rate in g/(s-m?),

Relhgt - release height above ground in meters,
Radius - radius of the circular area in meters,
Nverts - number of vertices (or sides) of the area source polygon (optional, 20 sides

will be used if omitted),

Szinit - initial vertical dimension of the area source plume in meters (optional).

As with AREA sources, the emission rate for the source is an emission rate per unit area, which is

different from the point and volume source emission rates, which are total emissions for the source.

3.3.2.7 OPENPIT source inputs

The AERMOD model accepts rectangular pits with an optional rotation angle specified
relative to a north-south orientation and the vertex used to define the source location on the SO
LOCATION card (e.g., the southwest corner). The syntax, type and order for the SRCPARAM

card for OPENPIT sources are summarized below:

Syntax: SO SRCPARAM Srcid Opemis Relhgt Xinit Yinit Pitvol (Angle)

Type: Optional, Repeatable

Order: Must follow the LOCATION card for each source input

where the Srcid parameter is the same source ID that was entered on the LOCATION card for a

particular source, and the other parameters are as follows:

Opemis - open pit emission rate in g/(s-m?),

Relhgt -  average release height above the base of the pit in meters,

Xinit - length of X side of the open pit (in the east-west direction if Angle is 0 degrees) in
meters,

Yinit - length of Y side of the open pit (in the north-south direction if Angle is 0 degrees) in
meters,

Pitvol - volume of open pit in cubic meters, and

Angle - orientation angle for the rectangular open pit in degrees from North, measured positive

in the clockwise direction (optional).
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The same emission rate is used for both concentration and deposition calculations in the
AERMOD model. It should also be noted that the emission rate for the open pit source is an
emission rate per unit area as with the other area source types. This is different from the point and
volume source emission rates, which are total emissions for the source. The Relhgt parameter
cannot exceed the effective depth of the pit, which is calculated by the model based on the length,
width, and volume of the pit. A Relhgt of 0.0 indicates emissions that are released from the base of

the pit.

If the optional Angle parameter is input, and the value does not equal 0.0, then the model
will rotate the open pit clockwise around the vertex defined on the SO LOCATION card for this
source. The relationship between the Xinit, Yinit, and Angle parameters and the source location,
(Xs,Ys), for a rotated pit is the same as for rectangular area sources. The Xinit dimension is
measured from the side of the area that is counterclockwise along the perimeter from the vertex
defined by (Xs,Y's), while the Yinit dimension is measured from the side of the open pit that is
clockwise along the perimeter from (Xs,Ys). Unlike the area source inputs, the Yinit parameter is
not optional for open pit sources. The Angle parameter is measured as the orientation relative to
North of the side that is clockwise from (Xs,Ys), i.e., the side with length Yinit. The Angle
parameter may be positive (for clockwise rotation) or negative (for counterclockwise rotation), and
a warning message is generated if the absolute value of Angle is greater than 180 degrees. The
selection of the vertex to use for the source location is not critical, as long as the relationship

described above for the Xinit, Yinit, and Angle parameters is maintained.

The aspect ratio (i.e., length/width) of open pit sources should be less than 10 to 1.
However, since the pit algorithm generates an effective area for modeling emissions from the pit,
and the size, shape and location of the effective area is a function of wind direction, an open pit
cannot be subdivided into a series of smaller sources. Aspect ratios of greater than 10 to 1 will be
flagged by a warning message in the output file, and processing will continue. Since open pit
sources cannot be subdivided, the user should characterize irregularly-shaped pit areas by a
rectangular shape of equal area. Receptors should not be located within the boundaries of the
pit; concentration and/or deposition at such receptors will be set to zero. Such receptors will

be identified during model setup and will be flagged in the summary of inputs.
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An example of a valid SRCPARAM input card for an open pit source is given below:

SO SRCPARAM NORTHPIT 1.15E-4 0.0 150.0 500.0 3.75E+6 30.0

where the source ID is NORTHPIT, the emission rate is 1.15E-4 g/(s-m?), the release height is
0.0 m, the X-dimension is 150.0 m, the Y-dimension is 500.0 m, the pit volume is 3.75E+6 cubic
meters (corresponding to an effective pit depth of about 50 meters) and the orientation angle is 30.0

degrees clockwise from North.

3.3.2.8 LINE source inputs

The syntax, type and order for the SRCPARAM card for LINE sources are summarized

below:

Syntax: SO SRCPARAM Srcid Lnemis Relhgt Width (Szinit)

Type: Mandatory, Repeatable

Order: Must follow the LOCATION card for each source input

where the Srcid parameter is the same source ID that was entered on the LOCATION card for a

particular source, and the other parameters are as follows:

Lnemis - line source emission rate in g/(s-m?),

Relhgt -  average release height above ground in meters,
Width -  width of the source in meters (with a minimum width of 1m),
Szinit - initial vertical dimension of the line source in meters (optional).

As noted above, the LINE source type option in AERMOD uses the same algorithms as used for the
AREA source type for rectangular sources and will give identical results for equivalent source

definitions. The LINE source emission rate is in g/(s-m?) and the model assumes that emissions are
uniformly distributed across the dimensions of the LINE source. As with the AREA source type, the

LINE source type does not include the horizontal meander component that is incorporated for
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POINT and VOLUME sources. Also, as with the AREA source type, the LINE source type will

estimate concentrations (and/or deposition) at receptors located within the dimensions of the source.

3.3.2.9 RLINE and RLINEXT source inputs

Beginning with version 19191, use of the RLINE and RLINEXT source types require use of
the non-regulatory BETA and ALPHA flags, respectively for the Control pathway MODELOPT
keyword. As the BETA flag is required for RLINE and the ALPHA flag is required for RLINEXT,
the RLINE and RLINEXT source types are currently non-regulatory and can not be used with the
DFAULT option. In addition, the FLAT MODELOPT flag is also required if any RLINE or
RLINEXT sources are included in the AERMOD run. If FLAT and ELEV are used, Zs for all
RLINE and RLINEXT sources needs to be =0.0 or ="FLAT’. As RLINE was formulated as a flat
terrain model, receptor flagpole heights are used as receptor heights, while elevation and hill heights

are currently ignored.

The AERMOD RLINE source algorithm is used to model near-surface releases from mobile
sources and can be used to represent a travelled roadway with either single or multiple lanes of
traffic. The AERMOD model simulates mobile source emissions using Romberg numerical
integration of point sources, with the number of points included in the integration determined by
error analysis. RLINE and RLINEXT sources use the same dispersion calculations, but parameter

definition is different for each source type.

The syntax, type and order for the SRCPARAM card for RLINE sources are summarized

below:

Syntax: SO SRCPARAM Srcid Lnemis Relhgt Width (Szinit)

Type: Mandatory, Repeatable

Order: Must follow the LOCATION card for each source input

where the Srcid parameter is the same source ID that was entered on the LOCATION card for a

particular source, and the other parameters are as follows:
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Lnemis -
Relhgt -
Width -

Szinit -

line source emission rate in g/s/m?,
average release height above ground in meters,
width of the source in meters (with a minimum width of 1m),

initial vertical dimension of the line source in meters (optional).

Notice these are identical to the LINE source type above, thus allowing the user to use the

RLINE dispersion calculations by simply changing the source type from LINE to RLINE. The

syntax, type and order for the SRCPARAM card for RLINEXT sources are summarized below:

Syntax:

SO SRCPARAM Srcid Rlemis DCL Width Szinit

Type:

Mandatory, Repeatable

Order:

Must follow the LOCATION card for each source input

where the Srcid parameter is the same source ID that was entered on the LOCATION card for a

particular source, and the other parameters are as follows:

Rlemis?® -

DCL -

Width -

Szinit -

roadway source emission rate in g/m/s,

distance from the roadway centerline to the center of the source (e.g., the center of the
lane of traffic for a one-lane source) in meters,

width for each source in meters (e.g., for a one lane source, Width would be the width of
the lane),

initial vertical dimension of the line source in meters.

All parameters are required for an RLINEXT source type, however, the user may enter “0”

for any unused parameters. The RLINEXT source emission rate is in grams/meter/second and the

model assumes that emissions are uniformly distributed across the dimensions of the RLINEXT

source. If the keyword RLEMCONYV is used on the SO pathway, then the emission units for all
RLINE and RLINEXT sources should be in g/hr/link.

The distance from the centerline (DCL) parameter determines the offset from roadway

centerline for a source representing a single lane of traffic. As an example, in the case of multi-

3 Alternatively, the user may specify emissions units of grams per link per hour for the RLINE and RLINEXT source
types using the RLEMCONYV keyword on the SO pathway (See Section 3.3.13.)
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lane, divided highway, with traffic travelling in the northbound and southbound directions, the
centerline would be defined as the midpoint of the highway median. The DCL would be the
distance from the midpoint of the median to the midpoint of each source, i.e., where the endpoints
of the source are located. If a source is one lane, the DCL would be the distance from the midpoint
of the median to the center of the lane. A positive DCL value indicates the source is to the east of
the median for a north-south oriented source, or to the north of the median for an east-west oriented
source. A negative DCL value means the source is to the west of the median for a north-south
oriented source, or to the south of the median for an east-west oriented source. DCL can be 0 for
lanes of traffic with defined source coordinates, unless the user includes the RDEPRESS keyword,
explained below, in which case DCL must represent the distance from the roadway centerline for
each individual source. In the multi-lane, divided highway example where each lane is a unique
source, each source would have a DCL reflecting the distance from the midpoint of the median to
the middle of the individual lane of traffic, with the easternmost lane having the largest, positive

DCL value, and the westernmost lane having the lowest, negative DCL value.

It should be noted that use of the RDEPRESS keyword requires that all RLINEXT sources
have coordinates reflecting the roadway centerline coordinates, and not coordinates representing the
individual lane of traffic. DCL with the RDEPRESS keyword must, therefore, define the distance of
each source to a common location. The user may apply similar source characterization to RLINEXT
sources without the use of RDEPRESS, so that DCL defines the location of each lane from a

common set of coordinates.

The Width parameter indicates the width of the RLINEXT source (e.g., the width of a lane
or multiple lanes, depending on how the source is defined). A warning message is issued if Width is

less than zero.

Optionally, RLINEXT sources can also contain source configurations to represent solid
barriers or a depressed location. A roadside barrier is specified with the RBARRIER keyword. The
syntax, type, and order for the RBARRIER card for RLINEXT sources are summarized below:
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Syntax: SO RBARRIER Srcid Htwall DCLwall (Htwall2 DCLwall2)

Type: Optional, Repeatable

Order: Must follow the SRCPARAM card for each source input

where the Srcid parameter is the same source ID that was entered on the LOCATION card for a

particular source, and the other parameters are as follows:

Htwall - height of the solid barrier (wall) in meters,

DCLwall - the distance from the centerline of the source to the barrier (wall) in meters,
Htwall2 - height of a second solid barrier (wall) in meters, if present,

DCLwall2 - the distance from the centerline of the source to the second barrier (wall) in meters,

A roadside located in a depression is specified with the RDEPRESS keyword. The syntax, type and
order for the RDEPRESS card for RLINEXT sources are summarized below:

Syntax: SO RDEPRESS Srcid Depth Wtop Wbottom

Type: Optional, Repeatable

Order: Must follow the SRCPARAM card for each source input

where the Srcid parameter is the same source ID that was entered on the LOCATION card for a

particular source, and the other parameters are as follows:

Depth - depth of the depression in meters (should be negative),
Wtop - width of the top of the depression containing the RLINE source in meters,
Whbottom -  width of the bottom of the depression containing the RLINE source in meters (must

be less than, or equal to, Wtop).

As of version 19191, barrier and depressed roadway source configurations can only be used

if the ALPHA flag is present as a MODELOPT.

Roadside barrier configurations are specified by the height of the barrier (Htwall) and the

distance from the centerline to the wall (DCLwall). Currently, there is no limit to the Htwall
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parameter, but a fatal error message is issued if the height of the barrier is less than zero. If a second
barrier is specified with Htwall2 and DCLwall2, this barrier should be on the opposite side of the
roadway from barrier 1. Positive values of DCLwall (and DCLwall2) indicate barriers east of the
roadway centerline (or north if the roadway runs directly east-west). Negative values indicate

barriers west of the roadway centerline (or south if the roadway runs directly east-west).

Depressed roadway dimensions are specified by the Depth parameter, defining the depth of
the roadway relative to surrounding terrain, in meters, and the Wtop and Wbottom parameters,
defining the widths of the depression top and depression bottom, respectively. The Depth
parameter must be a negative value, reflecting a lower elevation than the surrounding terrain. A
fatal error is issued if the Depth parameter is greater than zero. A fatal error is issued if either the
Wtop or Wbottom parameters are less than zero, or if the specified Wbottom parameter is greater
than the Wtop parameter for the source. Wbottom can, however, have a greater value than the
width of the roadway, if the inclusion of shoulders or other areas are considered within the

depression.

3.3.2.10 BUOYLINE source inputs

The syntax, type and order for the SRCPARAM, BLPINPUT, and BLPGROUP cards for a

BUOYLINE source are summarized below:

Syntax: SO SRCPARAM Srcid Blemis Relhgt
Type: Optional, Repeatable
Order: Must follow the LOCATION card for each line input

where the Srcid parameter is the same source ID that was entered on the LOCATION card for a

particular line within the buoyant line source, and the other parameters are as follows:

Blemis - buoyant line emission rate in g/(s) for the individual line,

Relhgt - average release height of the individual line above ground in .Since the original
BLP model was developed for elevated sources, a minimum release height of 2.0
m is enforced for the individual buoyant lines when AERMOD processes the

buoyant line sources. If a release height less than 2.0 m is detected, AERMOD
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changes the height to 2.0 meters, issues a warning message, and continues

processing.

The buoyant line source also requires the user to enter average values representative of a
buoyant line source as a whole and not for the individual lines that comprise the buoyant line

source.

As of version 21112, the user can specify multiple buoyant line groups (i.e., multiple
buoyant line sources) each comprised of individual buoyant lines. Each buoyant line source group
(previously referred to as a buoyant line source) requires the user to enter average values
representative of the group using the BLPINPUT keyword. The average parameters are applied to
the buoyant line group by associating each individual buoyant line with a buoyant line group using
the BLPGROUP keyword (described below) through the BLPGrpID. The BLPGrpID is optional on
the BLPINPUT keyword if only one buoyant line group is modeled. Allowing BLPGrpID to be
optional when a single buoyant line group is being modeled lets legacy control files run with

AERMOD. These are entered as parameters on the BLPINPUT keyword:

SO BLPINPUT BLPGrpID Blavgblen Blavgbhgt Blavgbwid Blavglwid Blavgbsep
Blavgfprm

Type: Mandatory, Repeatable

BLPINPUT keywords must appear before the BLPGROUP keywords

Syntax:

Order: The order of the BLPINPUT records and their associated buoyant lines (as defined on the
BLPGROUP keywords and linked through the BLPGrpIDs) must be in the same order as
the lines on the SO LOCATION records

where the parameters are defined as follows (the order shown is the same as the input in BLP with

the variable names used in BLP shown in parentheses):

BLPGrpID - buoyant line group ID,

Blavgblen (L) - average building length (m),

Blavgbhgt (HB) - average building height (m),

Blavgbwid (WB) - average building width (m),

Blavglwid (WM) - average line source width (m) (of the individual lines),
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Blavgbsep (DX) - average building separation (m) (between the individual lines),

Blavgfprm (FPRIME) - average buoyancy parameter (m*/s*).

When multiple buoyant line groups are in a model run, the order of the individual buoyant
lines associated with the BLPINPUT keywords (as defined on the BLPGROUP keywords and
linked via the BLPGrpIDs) in the control file must be in the order of the individual buoyant lines
defined by the SO LOCATION keywords. For example, assume a model run consists of SO
LOCATION records for a 3-line buoyant line group followed by the SO LOCATION records for a
2-line buoyant line group (i.e., five total individual buoyant lines in two BL groups). The
BLPINPUT records for the 3-line group must be specified before the BLPINPUT record for the 2-
line group in the control file. If they are in the opposite order, AERMOD will issue an error

message and fail to run.

The BLPGROUP keyword associates one or more individual buoyant lines with a buoyant
line group and a corresponding BLPINPUT keyword. To process two or more buoyant line sources
this keyword is mandatory; for modeling a single buoyant line source the keyword is optional, i.e.,

when omitted all individual lines are treated as a single buoyant line source.

Syntax: SO BLPGROUP BLPGrpID SrcID (or SrcRng)
or
SO BLPGROUP ALL
Type: Mandatory, Repeatable
Order: BLPGROUP keywords must appear after the BLPINPUT keywords

where BLPGrpID identifies a group individual buoyant lines to be treated as a single buoyant line
source and the Srcid or Srcrng identifies the group of buoyant lines to be included in the BLP
group. As with the SO SRCGROUP card, individual source IDs and source ranges may be used on
the same record, and if more than one input record is needed to define the sources for a particular
BLP group, then additional records may be input by repeating the pathway, keyword and
BLPGrpID. A user can also specify a BLPGrpID of ALL, which means that all the individual line
sources are to be treated as a single buoyant line source. There must be one, and only one,
associated BLPINPUT record for BLPGrpID ALL. Another constraint for the BLPGROUP

keyword is that a buoyant line source cannot be association with more than one BLPGrpID.
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3.3.2.11 SWPOINT source inputs

The SWPOINT source type has been added beginning with version 22112 as a research tool
to further study the phenomena researchers have coined as “sidewash” which is a lateral shift of the
building wake cavity that forms on the lee side a building that occures when the wind is oblique to
one of the longer sides of an elongated building. Yang et al. (2020) investigated the flow structures and
concentration fields under oblique wind conditions. A key finding was that the flow is not only entrained
downward (downwash) but also directed by the oblique wind along the building leeward surface (sidewash),
which creates a sidewash-downwash (S-D) vortex. This S-D vortex causes the plume to shift in the lateral
direction. The use of the SWPOINT source type requires the non-regulatory ALPHA flag to be
entered as a model option with the MODELOPT keyword on the CO pathway. The syntax, type and
order for the SRCPARAM cards for a SWPOINT source are summarized below:

Syntax: SO SRCPARAM Srcid Swemis Stkhgt Bw Bl Ba
Type: Optional, Repeatable
Order: Must follow the LOCATION card for each line input

where the Srcid parameter is the same source ID that was entered on the LOCATION card for a

particular SWPOINT source, and the other parameters are as follows:

Swemis Sidewash point source emission rate in g/s,

Stkhgt Release height above ground in meters,

Bw Building width in meters,

Bl Building length in meters, and

Ba Building angle in decimal degrees measured clockwise where north is 0
degrees.

As a research tool, the SWPOINT source has a number of limitations in the implementation
in version 22112 that need to be highlighted for the user who uses the SWPOINT source type to

investigate and study the sidewash effect. These limitations include the following:

o Produces downwind concentrations from short stacks assumed to be centered along the
leeward side of elongated buildings. Refer to Figure X below for an illustration of the
assumed stack location with respect to the building and wind flow orientation.
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o Model concentrations are limited to the building wake cavity. Impacts at receptors
outside or in the transition zone from the building wake cavity are not calculated.

o Terrain impacts are not considered.

o Plume rise due to mechanical and thermal buoyancy is not considered.
o Building representation is assumed to be rectangular.

o PRIME downwash is not applied.

J SWPOINT sources have not been configured for use with EVENT processing, NOx-
to-NO2 conversion methods, or the MAXDCONT source culpability processing.

J Stack top wind speeds below approximately 2 m/s have been shown to cause
anomalously high concentrations. This parameter is quite sensitive and currently can
shift from reasonable predicted concentrations to values several orders of magnitude
with the adjustment of a few tenths of a meter per second.

Figure 3-2. Fixed Stack location with respect to Building and Wind Flow Orientation

3.3.3 Specifying gas deposition parameters

3.3.3.1 Source parameters for gas deposition (dry and/or wet)

The input of source parameters for dry and wet deposition of gaseous pollutants is controlled
by the GASDEPOS keyword on the SO pathway. The gas deposition variables may be input for a

single source or may be applied to a range of sources.
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The syntax, type, and order for the GASDEPOS keyword are summarized below:

Syntax: SO GASDEPOS Srcid (or Srerng) Da Dw rcl Henry
Type: Optional, Repeatable
Order: Must follow the LOCATION card for each source input

where the Srcid or Srcrng identify the source or sources for which the inputs apply, the parameter
Da is the diffusivity in air for the pollutant being modeled (cm?/s), Dw is the diffusivity in water for
the pollutant being modeled (cm?/s), rcl is the cuticular resistance to uptake by lipids for individual
leaves (s/cm), and Henry is the Henry's Law constant (Pa m*/mol). Values of the physical

parameters for several common pollutants may be found in the appendices to the ANL report

(Wesely, et. al, 2002).

As of version 21112, optional default gas deposition parameters (Da, Dw, rcl, Henry) are
included for elemental mercury, divalent mercury, dioxins, polycyclic aromatic hydrocarbons
(PAH), SO, and NOy. There are two requirements to use the default gas deposition parameters.
First, the POLLUTID keyword must be set to a specific value, depending on the pollutant (see
below). Second, the deposition parameter must be set to a value of 0 in the GASDEPOS keyword.
If each parameter is to be a default value, a 0 must be entered for each parameter. The user can also
specify a mix of default versus user-entered parameters. For example, the user can specify a value
for diffusivity in air with the user entered value and a default value of diffusivity in water by
entering a 0. If any default values are used for a particular source, the user will receive a message

in the ERRORFIL.
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The pollutants, POLLUTID, and default gas deposition parameters used are:

Pollutant | POLLUTID | Diffusivity in air | Diffusivity in water | Cuticular resistance | Henry’s Law
(Da) (Dw) (rel) (Henry)
Elemental HGO 0.055 6.4E-6 100000 719
Mercury
Divalent HGII 0.045 5.2E-6 100000 0.000072
Mercury
Dioxin TCDD 0.05196 4.39E-6 9.67 1.46
(as TCDD)
PAH BAP 0.0513 4.44E-6 0.441 0.046
(as BaP)
SO, SO2 0.1122 1.83E-5 732 72
NO; NO2 0.1361 1.4E-5 12000 8444

Note, that for elemental mercury, the third character of the POLLUTID is a zero, not a

capital O. The POLLUTID for SO2 and NO2 contains a capital O and not a zero.

3.3.3.2 Option for specifying the deposition velocity for gas dry deposition

An optional keyword is available on the Control (CO) pathway to allow the user to specify

based on a user-specified deposition velocity should be used with extra caution.

The syntax and type of the GASDEPVD keyword are summarized below:

the dry deposition velocity for gaseous emissions. A single dry deposition velocity can be input for
a given model run and is used for all sources of gaseous pollutants. Selection of this option will by-
pass the algorithm for computing deposition velocities for gaseous pollutants and should only be

used when sufficient data to run the algorithm are not available. Results of the AERMOD model

Syntax:

CO GASDEPVD Uservd

Type:

Optional, Non-repeatable
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message is generated by the model if a value of Uservd greater than 0.05 m/s (5 cm/s) is input by




the user. When the GASDEPVD keyword is used, the GDSEASON, GDLANUSE, and
GASDEPRF keywords for the CO pathway, and the GASDEPOS keyword for the SO pathway, are
no longer applicable and cannot be used in the same model run. As a result, gas wet deposition
processes (DEPOS, WDEP, and WETDPLT) cannot be simulated with the GASDEPVD option is

used.

3.3.4 Specifying source parameters for particle deposition

The AERMOD model includes two methods for handling dry and/or wet deposition of
particulate emissions. Method 1 is used when a significant fraction (greater than about 10 percent)
of the total particulate mass has a diameter of 10 pm or larger, or when the particle size distribution
is known. The particle size distribution must be known reasonably well in order to use Method 1.
Method 2 may be used when the particle size distribution is not well known and when a small
fraction (less than 10 percent of the mass) is in particles with a diameter of 10 um or larger. The
deposition velocity for Method 2 is calculated as the weighted average of the deposition velocity for
particles in the fine mode (i.e., less than 2.5 um in diameter) and the deposition velocity for the
coarse mode (i.e., greater than 2.5 um but less than 10 um in diameter). As described in Section 0,
use of the Method 2 option is considered a non-DFAULT option and cannot be used when the
DFAULT keyword is specified.

3.3.4.1 Specifying particle inputs for Method 1

The input of source variables for particle deposition using Method 1 is controlled by three
keywords on the SO pathway, PARTDIAM, MASSFRAX, and PARTDENS. These inputs are
comparable to the particulate inputs used in the ISCST3 model (EPA,1995a). The particle variables

may be input for a single source or may be applied to a range of sources.
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The syntax, type and order for these three keywords are summarized below:

SO PARTDIAM Srcid (or Srcrng) Pdiam(i), i=1,Npd
Syntax: SO MASSFRAX Srcid (or Srcrng) Phi(i), i=1,Npd
SO PARTDENS Srcid (or Srcrng) Pdens(i), i=1,Npd

Type: Optional, Repeatable
Order: Must follow the LOCATION card for each source input

where the Srcid or Srcrng identify the source or sources for which the inputs apply, and where the
Pdiam array consists of the mass-mean aerodynamic particle diameter (microns) for each of the
particle size categories, the Phi array is the corresponding mass fractions (between 0 and 1) for each
of the categories, and the Pdens array is the corresponding particle density (g/cm?) for each of the

categories.

The number of particle size categories for a particular source is Npd. The user does not
explicitly tell the model the number of categories being input, but if continuation cards are used to
specify particle size variables, all inputs of a keyword for a particular source or source range must
be contiguous, and the number of categories must agree for each of the three keywords input for a
particular source. As many continuation cards as needed may be used to define the inputs for a
particular keyword. The model checks the inputs to ensure that the mass fractions sum to 1.0
(within 2 percent) for each source input and issues a warning message if that range is exceeded.
The model also ensures that mass fractions for each particle size category are within the proper

range (between 0 and 1), and issues fatal error messages for any value exceeded that range.

3.3.4.2 Specifying particle inputs for Method 2

The Method 2 particle information is input through the METHOD 2 keyword on the SO
pathway. The syntax, type, and order for the METHOD 2 keyword are summarized below:

Syntax: SO METHOD 2 Srcid (or Srcrng) FineMassFraction Dmm
Type: Optional, Repeatable
Order: Must follow the LOCATION card for each source input
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where the Srcid or Srcrng identify the source or sources for which the inputs apply, the parameter
FineMassFraction is the fraction (between 0 and 1) of particle mass emitted in the fine mode, less
than 2.5 microns, and Dmm is the representative mass-mean aerodynamic particle diameter in
microns. Estimated values of fine particle fractions and mass mean diameters for various pollutants

are provided in Appendix B of the ANL report (Wesely, et al, 2002).

As of version 21112, optional default Method 2 particle deposition parameters
(FineMassFraction and Dmm) are included for arsenic, cadmium, lead, mercury, and polycyclic
aromatic hydrocarbons (PAH). There are two requirements to use the default Method 2 particle
deposition parameters. First, the POLLUTID keyword must be set to a specific value, depending on
the pollutant (see below). Second, the deposition parameter must be set to a value of 0 in the
METHOD 2 keyword. If each parameter is to be a default value, a 0 must be entered for each
parameter. The user can also specify a mix of default versus user-entered parameters. For example,
the user can specify a value for fine mass fraction with the user entered value and a default value of
mean particle diametr by entering a 0. If any default values are used for a particular source, the

user will receive a message in the ERRORFIL.

The pollutants, POLLUTID, and default Method 2 particle deposition parameters used are:

Pollutant POLLUTID Fine mass | Mean particle diameter
fraction (Dmm)
Arsenic AS 0.75 0.5
Cadmium CD 0.70 0.6
Lead PB 0.75 0.5
Mercury HG 0.80 0.4
PAH (as POC 0.90 0.1
POC)

3.3.5 Specifying Emission and Output Units

Since the AERMOD model allows for both concentration and deposition to be output in the
same model run, the EMISUNIT keyword (see Section 3.3.13) cannot be used to specify emission

unit factors if more than one output type is being generated. The AERMOD model therefore allows
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for concentration and deposition units to be specified separately through the CONCUNIT and
DEPOUNIT keywords, respectively. The syntax and type of the CONCUNIT keyword are

summarized below:

Syntax: SO CONCUNIT Emifac Emilbl Conlbl

Type: Optional, Non-repeatable

where the parameter Emifac is the factor to convert emission rate input units to the desired output
units, Emilbl is the label for the emission input units (up to 40 characters), and Conlbl is the output
unit label (up to 40 characters) for concentration calculations. The default conversion is from g/s to
ng/m? and the value is 1x10%. The conversion from g/s to mg/m> would simply be 1x10° and the
conversion from g/s to ppb is simply the grams/m?> to ppb conversion factor for the pollutant. The

syntax and type of the DEPOUNIT keyword are summarized below:

Syntax: SO DEPOUNIT Emifac Emilbl Deplbl
Type: Optional, Non-repeatable

where the parameter Emifac is the factor to convert emission rate input units to the desired output
units, Emilbl is the label for the emission input units (up to 40 characters), and Deplbl is the output
unit label (up to 40 characters) for deposition calculations. The default conversion is g/s to g/m2
and the value is 3600. To convert to units such as ng/m?, the conversion would be 3.6x10'? (3600

*1x10%) where 1x10° is the conversion from g to nanograms.

3.3.6 Source input parameters for NO; conversion options

Note that beginning with version 18081, ARM2 has been implemented for all source
types (POINT, POINTHOR, POINTCAP, AREA, VOLUME, LINE, BUOYLINE, etc.) while
PVMRM, OLM, TTRM, and GRSM have not been implemented for BUOYLINE sources.
Beginning with version 19191, ARM2 has been implemented for the RLINE and RLINEXT
source types while PYMRM and OLM have not been implemented for the RLINE and
RLINEXT source types.
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Note that when modeling with Tier 2 or Tier 3 NO2 conversion and using source
groups, the conversion mechanism will be based on the total NOx at each receptor for all

sources rather than the NOx concentration just for each source group.

3.3.6.1 Specifying in-stack NO>2/NOxy ratios by source for PVMRM, OLM. TTRM/TTRM?2. and
GRSM

As noted above, the PVMRM, OLM, TTRM/TTRM2, and GRSM options for modeling NO,
conversion require in-stack NO2/NOx ratios to be specified for each source, i.e., AERMOD no
longer assumes a default in-stack ratio of 0.10 for the OLM option. The user can specify in-stack
NO2/NOx ratios through the optional NO2RATIO keyword on the SO pathway. The syntax of the
NO2RATIO keyword is as follows:

Syntax: SO NO2RATIO SrcID or SrcRange NO2Ratio
Type: Optional, Repeatable
Order: Must follow the LOCATION card for each source input

where the SrcID or SrcRange identify the source or sources for which the inputs apply, and where
the NO2Ratio parameter specifies the in-stack ratio. In this way, the user can specify a single

in-stack NO2/NOy ratio for a group of stacks. For example, the following input:

SO NO2RATIO STACKI-STACKI10 0.15

will apply the in-stack ratio of 0.15 to sources with IDs falling within the range STACKI to
STACKI10. Any value specified on the SO NO2RATIO card will override the default ratio, if any,
specified on the CO NO2STACK card. Users should note that while SO NO2RATIO is an optional
keyword, the PVMRM and OLM options require the user to specify an in-stack NO»/NOx ratio for
each source, using either the CO NO2STACK (Section 3.2.5.4) or SO NO2RATIO cards, or both.

3.3.6.2 Specifying combined plumes for OLM

The OLM option for modeling NO, conversion includes an option for specifying which
sources are to be modeled as combined plumes, i.e., where the NOx within the plumes competes for

the available ambient ozone. Sources which are not specified for modeling as combined plumes
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will be modeled as individual plumes, i.e., where all of the ambient ozone is available for
conversion of NO to NO». The selection of individual or combined plume option for OLM is
specified through the OLMGROUP keyword on the SO pathway. The syntax of the OLMGROUP

card is as follows:

SO OLMGROUP OLMGrpID SrcID’s and/or SrcRange’s

Syntax: or
SO OLMGROUP ALL
Type: Optional, Repeatable (except for OLMGROUP ALL)

Must follow the LOCATION card for each source input;

Order: OLMGROUP ALL must follow the LOCATION card for all sources

where OLMGrpID identifies a group to be treated as a combined plume with OLM, and the SrcID's
and/or SrcRange's identify the sources to be included in the OLM group. As with the SO
SRCGROUP card, individual source IDs and source ranges may be used on the same record, and if
more than one input card is needed to define the sources for a particular OLM group, then
additional records may be input by repeating the pathway, keyword and OLM group ID. A user can
also specify an OLMGrpID of ALL, which means that OLM will be applied on a combined plume
basis to all sources. However, unlike the SO SRCGROUP card, the results will not be output for a
specific OLM group unless the same group of sources is also identified on a SRCGROUP card.
Another constraint for the OLMGROUP keyword is that a source cannot be included in more than
one OLM group.

If a source is not selected for an OLMGROUP card, then OLM will be applied to that source
as an individual plume. Other than the similarity in syntax, there is no connection in the model
between the groups defined on the OLMGROUP card and groups defined on the SRCGROUP card.
The OLMGROUP card relates to how the results are processed within the model for the OLM
option, and the SRCGROUP card simply controls how source impacts are grouped in the model

outputs.

If the user identifies one or more groups of sources to apply OLM on a combined plume
basis using the OLMGROUP card, the model will still need to calculate the concentration for
individual plumes within the OLM group in order for the model to sum the results for the sources

listed on the SRCGROUP card(s). The individual source concentrations are calculated by applying
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the ratio of the combined concentration for the OLM group with and without OLM to each source

within the OLM group.

3.3.6.3 Specifying ambient NO,/NOx ratios for the ARM?2 option

The ARM2 option in AERMOD is based on applying an ambient ratio of NO2/NOx to a
modeled NOx concentration to estimate ambient NO> concentrations. The ARM?2 option applies an
ambient ratio to the 1-hr modeled NOx concentrations based on a formula derived empirically from
ambient monitored ratios of NO2/NOx. The default upper and lower limits on the ambient ratio
applied to the modeled NOx concentration are 0.9 and 0.5, respectively. These limits can be

modified using the optional ARMRATIO on the CO pathway as follows:

Syntax:  CO ARMRATIO ARM2 Min ARM2 Max

Type: Optional, Non-Repeatable

When the regulatory DFAULT keyword is included on the MODELOPT line, the allowed range for
the ARM2 ratio represented by ARM2 Min and ARM2 Max is 0.5 to 0.9, respectively. When the
DFAULT keyword is not included, the allowed range is extended to a lower limit greater than 0 to

an upper limit of 1.0.

3.3.7 Modeling NO; increment credits with PVMRM

Due to the ozonelimiting effects of the PVMRM option, the predicted concentrations of NO»
are not linearly proportional to the emission rate. Therefore, the approach of modeling NO»
increment consumption with PSD credits through the use of a negative emission rate for credit
sources cannot be used with the PVMRM option. However, the ALPHA PSDCREDIT option
allows modeling PSD increment credits for NO2 when the PVMRM option is specified. The
PSDCREDIT option is currently implemented as an ALPHA option and requires that the PVMRM
and ALPHA options be specified on the CO MODELOPT card (see Section 3.2.2). As an ALPHA
option, PSDCREDIT requires additional testing and evaluation before it should be considered
for use in a regulatory application. The PSDCREDIT option utilizes a the PSDGROUP keyword,

described below, to identify which sources consume or expand increment. This option is not valid
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if the OLM, TTRM/TTRM2, or GRSM option is specified, and no comparable option is available
for modeling increment credits with the any of those options. The user should check with the

appropriate reviewing authority for further guidance on modeling increment credits for NO».

A general discussion of concepts related to modeling increment consumption is provided
below, followed by a description of inputs required to use the ALPHA PSDCREDIT option for
PVMRM.

3.3.7.1 Increment consuming and baseline sources

Increment is the maximum allowable increase in concentration of a pollutant above a
baseline concentration for an area defined under the Prevention of Significant Deterioration (PSD)
regulations. The PSD baseline area can be an entire State or a subregion of a State such as a county
or group of counties. Increment consumption is the additional air quality impact above a baseline

concentration.

The baseline concentration is the ambient concentration of the pollutant that existed in the
area at the time of the submittal of the first complete permit application by any source in that area
subject to PSD regulations. A baseline source is any source that existed prior to that first application
and the baseline date is the date of the PSD application. This baseline date is referred to as the
minor source baseline date in PSD regulations. By definition, baseline sources do not consume
increment. However, any baseline source that retires from service after the baseline date expands
the increment available to new sources. Therefore, a PSD modeling analysis performed for a new
source may need to account for this increment expansion. Such an analysis may therefore involve
identification of three groups of sources: 1) increment-consuming sources; 2) retired (increment-

expanding) baseline sources; and 3) existing, non-retired, baseline sources.

3.3.7.2 Calculating increment consumption under the PSDCREDIT option

Calculating increment consumption under the PSDCREDIT option in AERMOD is not a
simple arithmetic exercise involving the three groups of sources defined above. Since the amount
of ozone available in the atmosphere limits the conversion of NO to NO,, interactions of plumes

from the existing and retired baseline sources with those from the increment consuming sources
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must be considered as part of the calculation of net increment consumption. Without the
PSDCREDIT option, properly accounting for the potential interaction of plumes among the
different source categories would require post-processing of results from multiple model runs.
Internal “post”-processing algorithms have been incorporated in AERMOD under the PSDCREDIT
option to account for the apportioning of the three groups of sources to properly calculate increment

consumption from a single model run.

Define the following three source groupings for the discussion that follows:

A = increment-consuming sources;
B = non-retired baseline sources; and
C =retired baseline, increment-expanding sources.

The calculation of the amount of increment consumption by the A sources cannot simply be
estimated by modeling the A sources alone because of the possible interaction of those plumes with
the plumes from B sources. The PVMRM algorithm is designed to account for such plume
interactions and calculate the total NO to NO> conversion in the combined plumes based on the
amount of ozone available. Therefore, the total increment consumption by the A sources is given
by the difference between (1) the total future impact of increment consuming sources and non-
retired baseline sources (A+B) and (2) the total current impact (B), which can be expressed as
(A+B) — (B). Here (A+B) represents the value that would be compared against the National
Ambient Air Quality Standard (NAAQS) for NO; during PSD review of the A sources.

In a case where some of the baseline sources have been retired from service (C sources), the
PSD regulations allow the consideration of increment expansion when assessing compliance with
the PSD increment. However, the amount of increment expansion cannot be estimated by simply
modeling the C sources alone because of the possible interaction of those plumes with the plumes
from B sources. Therefore, the total increment expansion, i.e., PSD credit, is calculated as the
difference between (1) the total impact prior to the retirement of C sources, i.e., (B+C), and (2) the

total impact from existing (non-retired) baseline sources (B), which can be expressed as (B+C) —

B).
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Finally, the net increment consumption is given by the difference between total increment

consumption and the total increment expansion, or

[(A+B) - (B)] - [(B+C) - (B)] (Equation 1)

Note that in the absence of any increment expansion, the net increment consumption is equal to the

total increment consumption [(A+B) — (B)], as described above.

These expressions of net increment consumption and expansion cannot be interpreted as
algebraic equations. Instead, the terms within parentheses represent the results of separate model
runs that account for the combined effects of NOx conversion chemistry on specific groups of
sources. The expression shown in Equation 1 above represents four model simulations: (A+B), (B),

(B+C), and (B) again. In this case, the two (B) terms do cancel each other, and we are left with:

[(A+B)] - [(B+C)] (Equation 2)

The expression presented in Equation 2 summarizes how the net increment consumption calculation
is performed under the PSDCREDIT option. Under this option, AERMOD first models the A and
B groups together, then models the B and C groups together, and finally computes the difference to
obtain the desired result, i.e., the value to compare to the PSD increment standard. For AERMOD
to perform the special processing associated with this option, the user must define which sources
belong to each of the groupings defined above. The next section describes how this is

accomplished.

3.3.7.3 Specifying source groups under the PSDCREDIT option

The PSDCREDIT option introduces limitations on grouping sources to calculate increment
consumption as described in the previous section. A new keyword, PSDGROUP, is used to group
the sources to correctly calculate the increment consumption. The syntax, type, and order are

similar to the regular SRCGROUP keyword and are summarized below:
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Syntax: SO PSDGROUP Grpid Srcid’s and/or Srcrng’s
Type: Mandatory for PSDCREDIT option, Repeatable
Order: Must follow the last keyword in the SO pathway before FINISHED

If the PSDCREDIT model option is specified, the PSDGROUP keyword must be used. The
SRCGROUP keyword cannot be used with the PSDCREDIT option since results from other
groupings beyond these three do not have any meaning when the PSDCREDIT option is invoked,
and sources are allocated to the calculation of increment consumption. Special source groups for
outputting model results are defined within AERMOD for the PSDCREDIT option, as described in

the next section.

Only the following special PSD group ID’s can be used. Failure to use these group ID’s will
result in a fatal error message during setup processing by AERMOD. The group ID’s are:

INCRCONS -  increment-consuming sources (group A above); these can be new sources or
modifications to existing sources;

NONRBASE —  existing, non-retired baseline sources (group B above); and
RETRBASE —  retired (increment-expanding or PSD credit) baseline sources (group C above).

It is important to note that the source emission inputs for sources included in the
RETRBASE PSD group must be entered as positive numbers, unlike other types of PSD credit
modeling where negative emissions are input to simulate the impact of the credit sources on the
increment calculation. The increment-expanding contribution from RETRBASE sources is

accounted for within the AERMOD model under the PSDCREDIT option.

The group ID’s can appear in any order, but these are the only three that can be specified. If
there are no retired baseline sources (i.e., no baseline sources are retired), the keyword RETRBASE
can be omitted. Likewise, if there are no non-retired baseline sources (i.e., all baseline sources have
been retired), the NONRBASE keyword can be omitted. The special group ID ‘ALL’ that can be
used with the SRCGROUP keyword cannot be used with the PSDGROUP keyword. As with the
SRCGROUP keyword for non-PSDCREDIT applications, the group IDs are repeatable, and they
must be the last keyword before FINISHED on the SO pathway when the PSDCREDIT option is
specified.
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Source ranges, which are described in more detail in Section 3.3.9, are input as two source
IDs separated by a dash, e.g., STACK1-STACKI10. Individual source IDs and source ranges may
be used on the same card. If more than one input card is needed to define the sources for a
particular group, then additional cards may be input, repeating the pathway, keyword and group ID.

A source can appear in only one of these source groups and must be assigned to one of the groups.

The requirements for specifying sources and source groups under the PSDCREDIT option

are summarized below:

o The SRCGROUP keyword cannot be used with the PSDCREDIT option;

o Special PSD group ID’s must be used with the PSDGROUP keyword;

J The group ID ALL is not allowed when the PSDCREDIT option is specified,
o A source must appear in one, and only one, of the PSDGROUPs; and

o Emission rates for increment-expanding (RETRBASE) sources must be entered as
positive values.

3.3.7.4 Model outputs under the PSDCREDIT option

Unlike the regular SRCGROUP keyword, the PSDGROUP keyword does not define how
the source impacts are grouped for model output. As described in the previous sections, the
PSDGROUP keyword defines the different categories of sources needed, in order to properly

account for NOy conversion chemistry under the PVMRM option.

The model outputs under the PSDCREDIT option in AERMOD are based on demonstrating
compliance with the air quality standards, i.e., the NAAQS and PSD increment for NO>. As a
result, AERMOD uses hardcoded “SRCGROUP” names of ‘NAAQS’ and ‘PSDINC’ to label these
two types of outputs. The results output under the ‘NAAQS’ source group label are based on the
calculation of (A+B) as described above in Section 3.3.7.2. The results reported under the

‘PSDINC’ source group label are based on the expression presented above in Equation 2.
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3.3.8 Background concentrations

Beginning with version 11059, users can specify uniform or temporally varying background
concentrations using the BACKGRND keyword on the SO pathway and beginning with version
13350 users can vary background concentrations by wind sector. Background concentrations can
be included with any source group to estimate cumulative ambient impacts. Background
concentrations can be specified using a range of options, similar to those available with the

EMISFACT keyword for source emissions, or on an hourly basis from a separate data file.

3.3.8.1 Defining background concentration sectors

For applications that include sector-varying background concentrations, the sectors are

defined based on the SO BGSECTOR keyword, as follows:

Syntax: SO BGSECTOR StartSectl StartSect2 ... StartSectN, where N <6

Type: Optional, Non-Repeatable

For applications that include sector-varying background concentration the minimum sector width
allowed is 30 degrees and warning messages will be issued for sector widths less than 60 degrees.
Sector-varying background concentrations will be selected based on the flow vector, i.e., the
downwind direction, based on the wind direction specified in the surface meteorological data
file.

3.3.8.2 Specifying the background concentration

For applications that do not include sector-varying background concentrations, the syntax of

the BACKGRND keyword is as follows:

SO BACKGRND BGflag BGvalue(i), i=1,n
Syntax: and/or

SO BACKGRND HOURLY BGfilnam (BGformat)
Type: Optional, Repeatable
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where the BGflag parameter is the variable background concentration flag, BGvalue is the array of
background concentration values associated with BGflag, HOURLY indicates use of an hourly
background file, BGfilnam is the filename for the hourly background data, and BGformat is the
optional Fortran format of the hourly background file (‘free’ format is used by default). The
BGfilnam can be up to 200 characters in length based on the default parameters in AERMOD.
Double quotes (*“) at the beginning and end of the filename can also be used as field delimiters to

allow filenames with embedded spaces.

For applications that include sector-varying background concentrations, the syntax of the

BACKGRND keyword is as follows:

SO BACKGRND SECTn BGflag BGvalue(i), i=1,n
Syntax: and/or

SO BACKGRND SECTn HOURLY BGfilnam (BGformat)
Type: Optional, Repeatable

where the SECTn parameter identifies the applicable sector as defined on the SO BGSECTOR

keyword, and the other parameters are as defined above.

The HOURLY background file must include the year, month, day, and hour, followed by the
background concentration, in that order (unless specified differently through the BGformat
parameter). The year can be specified as either a 2-digit or 4-digit year. If an optional Fortran
format is specified using the BGformat parameter, the year, month, day, and hour variables must be
read as integers using the Fortran I format, and the background concentration must be read as a real
variable, using the Fortran F, E, or D format, e.g., (412,F8.3). Note that background values that do
not include decimal places can be read as Fx.0, where x is the length of the data field. The
BGformat parameter must include the open and close parentheses as shown in the example and may
also include embedded spaces if double quotes () are used to delimit the field. A warning message
will be generated if the specified format does not meet these requirements, and AERMOD may also
issue a fatal error message when reading the file in cases where real variables are read with an

integer format, or vice versa.
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If the optional BGformat parameter is missing, then the model will read the background data
using a Fortran ‘free’ format, i.e., assuming commas or spaces separate the data fields, and that the
fields are in the order given above. The date sequence in the background data file must also match

the date sequence in the hourly meteorological data files.

Note that the HOURLY option and an option to specify values based on the BGflag
parameter can both be specified in the same model run. This allows the user to specify background
concentrations on a temporally varying basis, such as SEASHR, that can be used to substitute for
missing values in an hourly background file. NOTE: AERMOD will issue a fatal error message
and abort processing if missing data are encountered in an HOURLY background file unless
the user provides other temporally varying background concentrations (e.g., SEASHR, etc.) to
substitute for missing data. Background concentration units can be specified using the
BACKUNIT keyword, described below. If the BACKUNIT keyword is omitted, default units of
PPB are assumed for background NO; and SO, PPM for CO, and UG/M3 for all other pollutants.
Background concentrations specified in units of PPB or PPM are converted to UG/M3 based on
reference temperature (25 C) and pressure (1013.25 mb).

To include background concentrations with a particular source group, the reserved “source
ID” of BACKGROUND (or BACKGRND) can be included on the SRCGROUP keyword,
including source group ALL. NOTE: AERMOD will NOT automatically include background
concentrations in source group ALL, but the user can specify that background be included in results
for group ALL by including the BACKGROUND (or BACKGRND) keyword after ‘ALL’ on the
SRCGROUP keyword. Users can also include the NOBACKGROUND (or NOBACKGRND)
keyword after ‘ALL’ on the SRCGROUP keyword to explicitly indicate that BACKGROUND is
NOT included with group ‘ALL.” The contribution of background concentrations can also be
tracked separately by including a source group with BACKGROUND as the only “source ID.”
NOTE: The source of background concentrations and the method used to incorporate
background concentrations in a cumulative impact assessment involves several considerations

and should be documented and justified on a case-by-case basis.

Background concentrations specified with the BACKGRND keyword are combined with

source impacts on a temporally paired basis to estimate cumulative ambient impacts. However,
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since modeled concentrations are not calculated for hours with calm or missing meteorological data,
background concentrations are also omitted for those hours. This may result in the background
contribution being lower than expected for short-term averages of 3-hours up to 24-hours for
periods when the denominator used to calculate the multi-hour average is adjusted in accordance
with EPA’s calms policy (see Section 8.3.4.2 of the Guideline, EPA, 2017b), which is implemented
within the AERMOD model. For example, if 12 hours out of a 24-hour period are calm or missing,
the calms policy dictates that the 24-hour average concentration would be based on the sum of the
12 non-calm/non-missing hours divided by 18. The contribution from background concentrations
would also be based on the sum of background values for the 12 non-calm/non-missing hours,
divided by 18. If background was specified as uniform during that 24-hour period, then the

contribution from background would appear to be 33.3% lower than expected (i.e., 12/18).

The BGflag parameter must be specified as one of the following secondary keywords (the

number in parentheses indicates the number of values required for each option):

ANNUAL -  annual background value (n=1),

SEASON - background values vary seasonally (n=4),

MONTH - background values vary monthly (n=12),

HROFDY - background values vary by hour-of-day (n=24),

WSPEED - background values vary by wind speed (n=6),

SEASHR - background values vary by season and hour-of-day (n=96),

HRDOW - background values vary by hour-of-day, and day-of-week [M-F, Sat, Sun] (n=72),

HRDOW?7 - background values vary by hour-of-day, and the seven days of the week [M, Tu, W,
Th, F, Sat, Sun] (n=168),

SHRDOW -  background values vary by season, hour-of-day, and day-of-week [M-F, Sat, Sun]
(n=288),

SHRDOW?7 - background values vary by season, hour-of-day, and the seven days of the week [M,
Tu, W, Th, F, Sat, Sun] (n=672),

MHRDOW - background values vary by month, hour-of-day, and day-of-week [M-F, Sat, Sun]
(n=864), and

MHRDOW?7 - background values vary by month, hour-of-day, and the seven days of the week [M,
Tu, W, Th, F, Sat, Sun] (n=2,016).
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The seasons are defined in the following order: Winter (Dec., Jan., Feb.), Spring (Mar.,
Apr., May), Summer (Jun., Jul., Aug.), and Fall (Sep., Oct., Nov.).* The wind speed categories used
with the WSPEED option may be defined using the ME WINDCATS keyword. If the WINDCATS
keyword is not used, the default wind speed categories are defined by the upper bound of the first
five categories as follows (the sixth category is assumed to have no upper bound): 1.54, 3.09, 5.14,
8.23, and 10.8 m/s. The BACKGRND keyword may be repeated as many times as necessary to
input all of the background values and repeat values may be used for the numerical inputs,
e.g., 12*25.6 can be used to specify a value of 25.6 for 12 adjacent “cells” within the array of

values.

3.3.8.3 Specifying background concentration units

Background concentration units can be specified on the optional BACKUNIT keyword on
the SO pathway. The syntax of the BACKUNIT keyword is as follows:

Syntax: SO BACKUNIT BGUnits
Type: Optional, Non-repeatable

where the BGUnits parameter specifies the units as parts-per-billion (PPB), parts-per-million
(PPM), or micrograms/cubic-meter (UG/M3). Units specified on the BACKUNIT keyword are
applied to HOURLY and temporally varying background values if both are included in the same
model run. If the BACKUNIT keyword is omitted, default units of PPB are assumed for
background NO> and SO,, PPM for CO, and UG/M3 for all other pollutants. Background

concentrations specified in units of PPB or PPM are converted to UG/M3 based on reference
temperature (25 C) and pressure (1013.25 mb). NOTE: When using the BACKUNIT keyword, PPB
and PPM may only be used with the NO2, SO2, and CO POLLUTID. AERMOD will issue a fatal

4 Note that the seasons are based on northern hemisphere seasons. For applications in the southern hemisphere using
the seasonal factors (SEASHR, SHRDOW, and SHRDOW?7), background concentrations that would be associated with
the southern hemisphere winter, for example, should be assigned to the summer seasonal background concentrations
input to AERMOD. Similarly, spring southern hemisphere concentrations should be assigned to the fall season
background concentrations input to AERMOD.
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error if PPB and PPM are used with any other pollutant types. Use micrograms/cubic-meter

(UG/M3) when specifying any other pollutant type.

3.3.9 Specifying building downwash information

As noted above, the AERMOD model include algorithms to model the effects of buildings
downwash on emissions from nearby or adjacent point sources. The building downwash algorithms
do not apply to volume or area sources. For a technical description of the building downwash
algorithms in AERMOD, the user is referred to Schulman, et. al. (2000). The AERMOD model uses

direction-specific information for all building downwash cases.

There are five keywords that are used to specify building downwash information:
BUILDHGT, BUILDWID, BUILDLEN, XBADJ, YBADJ. The syntax, type and order for the
BUILDHGT keyword, used to input direction specific building heights, are summarized below:

Syntax: SO BUILDHGT Srcid (or Srerng) Dsbh(i),i=1,36 (16 for LT)

Type: Optional, Repeatable
Order: Must follow the LOCATION card for each source input

where the Srcid parameter is the same source ID that was entered on the LOCATION card for a
particular source. The user also has the option of specifying a range of sources (the Srcrng
parameter) for which the building heights apply, instead of identifying a single source. This is
accomplished by two source ID character strings separated by a dash, e.g., STACK1-STACK10.
Since the model reads the source range as a single input field there must not be any spaces between
the source IDs. The model then places the building heights that follow (the Dsbh(i) parameter) into
the appropriate arrays for all Srcid's that fall within that range, including STACK1 and STACK10.

When comparing a source ID to the range limits for a Srcrng parameter, the model separates
the source IDs into three parts: an initial alphabetical part, a numerical part, and then the remainder
of the string. Each part is then compared to the corresponding parts of the source range, and all
three parts must satisfy the respective ranges for the source ID to be included. If there is no
numeric part, then the ID consists of only one alphabetical part. If the ID begins with a numeric

character, then the initial alphabetical part defaults to a single blank. If there is no trailing
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alphabetical part, then the third part also defaults to a single blank part. If the trailing part consists
of more than one alphabetical or numeric field, it is all lumped into one-character field. For
example, the source ID 'STACK?2' consists of the parts 'STACK' plus '2' plus a single trailing blank,
"', By comparing the separate parts of the source IDs, it can be seen that STACK2 falls between the
range 'STACK1-STACK10." For a three-part example, it can also be seen that VENT1B falls
within the range of VENT1A-VENTI1C. However, VENT2 does not fall within the range of
VENTI1A to VENT3B, since the third part of VENT?2 is a single blank, which does not fall within
the range of A to C. This is because a blank character will precede a normal alphabetical character.
Normally, the source ranges will work as one would intuitively expect for simple source names.
Most importantly, for names that are made up entirely of numeric characters, the source ranges will
be based simply on the relative numerical values. The user is strongly encouraged to check the
summary of model inputs to ensure that the source ranges were interpreted as expected and to avoid
using complex source names in ranges, such as AAIB2C-AB3A3C. Since the order of keywords
within the SO pathway is quite flexible, it is also important to note that the building heights will

only be applied to those sources that have been defined previously in the input file.

Following the Srcid or the Srcrng parameter, the user inputs 36 direction-specific building
heights (Dsbh parameter) in meters, beginning with the 10-degree flow vector (wind blowing
toward 10 degrees from north), and incrementing by 10 degrees in a clockwise direction. Some

examples of building height inputs are presented below:
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SO BUILDHGT STACK1 34. 34. 34. 34. 34. 34. 34. 34. 34. 34. 34. 34.

SO BUILDHGT STACK1 34. 34. 34. 34. 34. 34. 34. 34. 34. 34. 34. 34.

SO BUILDHGT STACK1 34. 34. 34. 34. 34. 34. 34. 34. 34. 34. 34. 34.

SO BUILDHGT STACK1 36*34.0

SO BUILDHGT STACK1-STACK10 33*34.0 3*0.0

SO BUILDHGT STACK1 35.43 36.45 36.37 35.18 32.92 29.66 25.50 20.56

SO BUILDHGT STACK1 15.00 20.56 25.50 29.66 32.92 35.18 36.37 36.45

SO BUILDHGT STACK1 35.43 33.33 35.43 36.45 0.00 35.18 32.92 29.66

SO BUILDHGT STACK1 25.50 20.56 15.00 20.56 25.50 29.66 32.92 35.18

SO BUILDHGT STACK1 36.37 36.45 35.43 33.33

The first example illustrates the use of repeat cards if more than one card is needed to input all of
the values. The values are processed in the order in which they appear in the input file and are
identified as being repeat cards by repeating the Srcid parameter. The first and second examples
produce identical results within the model. The second one illustrates the use of a repeat value that
can simplify numerical input in some cases. The field "36*34.0" is interpreted by the model as
"repeat the value 34.0 a total of 36 times." This is also used in the third example where the building
height is constant for directions of 10 degrees through 330 degrees, and then is set to 0.0 (e.g., the
stack may be outside the region of downwash influence) for directions 340 through 360. The third
example also uses a source range rather than a single source ID. The last example illustrates
building heights which vary by direction and shows that the number of values on each card need not
be the same. For improved readability of the input file, the user may want to put the numerical
inputs into "columns," but there are no special rules regarding the spacing of the parameters on this

keyword.

The BUILDWID keyword is used to input direction-specific building widths for downwash
analyses. The syntax for this keyword, which is very similar to the BUILDHGT keyword, is

summarized below, along with the type and order information:
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Syntax: SO BUILDWID Srcid (or Srcrng) Dsbw(i),i=1,36 (16 for LT)

Type: Optional, Repeatable
Order: Must follow the LOCATION card for each source input

For a description of the Srcid and Srcrng parameters, and for a discussion and examples of the
numeric input options, refer to the BUILDHGT keyword above. The Dsbw(i) parameter contains
the 36 direction-specific building widths. The directions proceed in a clockwise direction,

beginning with the 10-degree flow vector.

The BUILDLEN keyword is used to input direction-specific along-flow building lengths for
downwash analyses. Figure 3-3 shows the relationship of the projected building to this dimension.
The syntax for this keyword, which is very similar to the BUILDHGT keyword, is summarized

below, along with the type and order information:

Syntax: SO BUILDLEN Srcid (or Srcrng) Dsbl(i),i=1,36

Type: Optional, Repeatable
Order: Must follow the LOCATION card for each source input

For a description of the Srcid and Srcrng parameters, and for a discussion and examples of the
numeric input options, refer to the BUILDHGT keyword above. The Dsbl(i) parameter contains the
36 direction-specific building lengths. The directions proceed in a clockwise direction, beginning
with the 10-degree flow vector. Figure 3-3 shows the relationship of the projected building to these

distances.
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Figure 3-3. Schematic Diagram Identifying New Building
Data for Prime Downwash

The XBADJ and YBADJ keywords are used to input direction-specific along-flow and
across-flow distances from the stack to the center of the upwind face of the projected building,
respectively. Figure 3-2 shows the relationship of the projected building to these distances. The
syntax for these keywords, which is very similar to the BUILDHGT keyword, are summarized

below, along with the type and order information:

SyntaX: SO XBADJ Srcid (or Srerng) Xbadj(i),i=1,36
Type: Optional, Repeatable
Order: Must follow the LOCATION card for each source input

Syntax: SO YBADJ Srcid (or Srcrng) Ybadj(i),i=1,36

Type: Optional, Repeatable
Order: Must follow the LOCATION card for each source input

For a description of the Srcid and Srcrng parameters, refer to the BUILDHGT keyword above. The
Xbadj(i) parameter contains the 36 direction-specific along-flow distances from the stack to the
center of the upwind face and the Ybadj(i) parameter contains the 36 direction-specific across-flow
distances from the stack to the center of the upwind face. The directions proceed in a clockwise

direction, beginning with the 10-degree flow vector.
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3.3.10 Specifying urban sources

As discussed in Section 3.2.8, the AERMOD model allows the user to incorporate the
effects of increased surface heating from an urban area on pollutant dispersion under stable
atmospheric conditions. The user specifies the parameters for one or more urban areas on the CO
URBANOPT card (see Section 3.2.8), and identifies which sources are to be modeled with urban
effects and the urban area that will apply to each source affected using the SO URBANSRC card.
If a source is not included on the URBANSRC card, it will be modeled without the urban effects.

The syntax, type and order for the URBANSRC keyword are summarized below:

For Multiple Urban Areas:
SO URBANSRC UrbanID SrcID’s and/or SrcRng’s

Syntax: For Single Urban Areas:
SO URBANSRC SrcID’s and/or SrcRng’s

or
SO URBANSRC ALL (to specify all sources as URBAN)

Type: Optional, Repeatable
Order: Must follow the LOCATION card for each source input

where the UrbanID parameter is the alphanumeric urban ID (up to eight characters) defined by the
user on the CO URBANOPT keyword when multiple urban areas are defined, and the SrcID's and
SrcRng's are the individual source IDs and/or source ID ranges that are to be modeled with urban
effects. Source ranges are described in more detail in Section 3.3.9. As with the URBANOPT
keyword, the syntax of the URBANSRC keyword for applications with single urban areas has not
changed from the previous version of AERMOD, so that existing input files will not require
modification. However, beginning with version 12060, users can specify that all sources are to be
treated as urban sources by specifying ‘ALL’ on the SO URBANSRC keyword for applications
with a single urban area. Since the URBANSRC ALL option is identified during the pre-SETUP
phase, there are no restrictions on the order of the URBANSRC ALL keyword within the SO
pathway.
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3.3.11 Specifying variable emission factors (EMISFACT)

The AERMOD model provides the option of specifying variable emission rate factors for
individual sources or for groups of sources. The syntax, type and order of the EMISFACT keyword

are summarized below:

Syntax: SO EMISFACT SrcID or SrcRange Qflag Qfact(i), i=1,n
Type: Optional, Repeatable
Order: Must follow the LOCATION card for each source input

where the SrcID parameter is the same source ID that was entered on the LOCATION card for a
particular source. The user also has the option of using the SrcRange parameter for specifying a
range of sources for which the emission rate factors apply, instead of identifying a single source.
This is accomplished by two source ID character strings separated by a dash, e.g., STACKI-
STACK10. The use of the SrcRange parameter is explained in more detail in the description of the
BUILDHGT keyword (see Section 3.3.9).

The parameter Qflag is the variable emission rate flag, and must be specified as one of the
following secondary keywords (the number in parentheses indicates the number of values required

for each option):

SEASON - emission rates vary seasonally (n=4),

MONTH - emission rates vary monthly (n=12),

HROFDY - emission rates vary by hour-of-day (n=24),

WSPEED - emission rates vary by wind speed (n=6),

SEASHR - emission rates vary by season and hour-of-day (n=96),

HRDOW - emission rates vary by hour-of-day, and day-of-week [M-F, Sat, Sun] (n=72),

HRDOW?7 -  emission rates vary by hour-of-day, and the seven days of the week [M, Tu, W, Th,
F, Sat, Sun] (n=168),

SHRDOW -  emission rates vary by season, hour-of-day, and day-of-week [M-F, Sat, Sun]|
(n=288),

SHRDOW?7 - emission rates vary by season, hour-of-day, and the seven days of the week [M, Tu,
W, Th, F, Sat, Sun] (n=672),
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MHRDOW -  emission rates vary by month, hour-of-day, and day-of-week [M-F, Sat, Sun]
(n=864), and

MHRDOW? - emission rates vary by month, hour-of-day, and the seven days of the week [M, Tu,
W, Th, F, Sat, Sun] (n=2,016).

The Qfact array is the array of factors, where the number of factors is shown above for each
Qflag option. The seasons are defined in the following order: Winter (Dec., Jan., Feb.), Spring
(Mar., Apr., May), Summer (Jun., Jul., Aug.), and Fall (Sep., Oct., Nov.).5 The wind speed
categories used with the WSPEED option may be defined using the ME WINDCATS keyword. If
the WINDCATS keyword is not used, the default wind speed categories are defined by the upper
bound of the first five categories as follows (the sixth category is assumed to have no upper bound):
1.54, 3.09, 5.14, 8.23, and 10.8 m/s. The EMISFACT card may be repeated as many times as
necessary to input all of the factors, and repeat values may be used for the numerical inputs.
Examples for the more recent HRDOW and MHRDOW options are presented below, with column

headers to indicate the order in which values are to be to input:

5 Note that the seasons are based on northern hemisphere seasons. For applications in the southern hemisphere using
the seasonal factors (SEASHR, SHRDOW, and SHRDOW?7), emission factors that would be associated with the
southern hemisphere winter, for example, should be assigned to the summer seasonal emission factors input to
AERMOD. Similarly, spring southern hemisphere emission factors should be assigned to the fall season emission
factors input to AERMOD.
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B

SO

**

SO

Saturdays:
EMISFACT STK1
Sundays:
EMISFACT STK1

SO EMISFACT STK1 HRDOW  enter 24 hourly scalars for each of the “days”, first for Weekdays
(Monday-Friday), then for Saturdays, and finally for Sundays, e.g.,
** Weekdays: Hrs: 1-5 6 7-17 18 19-24
SO EMISFACT STK1 HRDOW 5*0.3 0.5 11*1.0 0.5 6*0.3
** Saturdays: Hrs: 1-5 6 7-17 18 19-24
SO EMISFACT STK1 HRDOW 5*0.3 0.5 11*1.0 0.5 6*0.3
** Sundays: Hrs: 1-5 6 7-17 18 19-24
SO EMISFACT STK1 HRDOW 5*0.3 0.5 11*1.0 0.5 6*0.3
SO EMISFACT STK1 HRDOW7 enter 24 hourly scalars for each of the “days”,
first for Mondays, then for Tuesdays, ., then for Saturdays,
and finally for Sundays, e.g.,
** Mondays: Hrs: 1-5 6 7-17 18 19-24
SO EMISFACT STK1 HRDOW? 5*0.3 0.5 11*1.0 0.5 6*0.3
** Tuesdays: Hrs: 1-5 6 7-17 18 19-24
SO EMISFACT STK1 HRDOW?7 5*0.3 0.5 11*1.0 0.5 6*0.3
** Saturdays: Hrs: 1-5 6 7-17 18 19-24
SO EMISFACT STK1 HRDOW?7 5*0.3 0.5 11*1.0 0.5 6*0.3
** Sundays: Hrs: 1-5 6 7-17 18 19-24
SO EMISFACT STK1 HRDOW?7 5*0.3 0.5 11*1.0 0.5 6*0.3
SO EMISFACT STK1 MHRDOW enter 24 hourly scalars for each of the twelve months, first for Weekdays
(Monday-Friday), then for Saturdays, and finally for Sundays, e.g.,
** Weekdays JAN FEB MAR APR MAY JUN . NOV DEC
SO EMISFACT STK1 MHRDOW 24*1.0 24*0.8 24*0.6 24*0.8 24*1.0 24*0.8 24*0.6 24*0.8
** Saturdays:
SO EMISFACT STK1 MHRDOW 24*1.0 24*0.8 24*0.6 24*0.8 24*1.0 24*0.8 24*0.6 24*0.8
** Sundays:
SO EMISFACT STK1 MHRDOW 24*1.0 24*0.8 24*0.6 24*0.8 24*1.0 24*0.8 24*0.6 24*0.8
SO EMISFACT STK1 MHRDOW7 enter 24 hourly scalars for each of the twelve months,
first for Mondays, then for Tuesdays, ., then for Saturdays,
and finally for Sundays, e.g.,
** Mondays JAN FEB MAR APR MAY JUN NOV DEC
SO EMISFACT STK1 MHRDOW7 24*1.0 24*0.8 24*0.6 24*0.8 24*1.0 24*0.8 24*0.6 24*0.8
** Tuesdays JAN FEB MAR APR MAY JUN . - Nov DEC
SO EMISFACT STK1 MHRDOW7 24*1.0 24*0.8 24*0.6 24*0.8 24*1.0 24*0.8 24*0.6 24*0.8

MHRDOW?7 24*1.0 24*0.8 24*0.6 24*0.8 24*1.0 24*0.8 24*0.6 24*0.8

MHRDOW?7 24*1.0 24*0.8 24*0.6 24*0.8 24*1.0 24*0.8 24*0.6 24*0.8

3.3.12 Specifying an hourly emission rate file (HOUREMIS)

The source (SO) pathway includes an option for inputting hourly emission rates for the

AERMOD model, controlled by the HOUREMIS keyword. AERMOD currently allows for a single

hourly emission file to be used with each model run. The syntax, type and order for this keyword

are summarized below:
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Syntax: SO HOUREMIS Emifil Srcid's (and/or Srcrng's)

Type: Optional, Repeatable
Order: Must follow the LOCATION card for each source input

where the Emifil parameter specifies the filename for the hourly emission file, and Srcid or Srcrng
identify the source or sources for which hourly emission rates are included. The Emifil filename
can be up to 200 characters in length based on the default parameters in AERMOD. Double quotes
() at the beginning and end of the filename can also be used as field delimiters to allow filenames
with embedded spaces. Source ranges, which are described in more detail in Section 3.3.9, are
input as two source IDs separated by a dash, e.g., STACKI1-STACK10. The user may include more
than one HOUREMIS card in a control file, if needed to specify additional sources, but there can be
only one hourly emissions file, and therefore the filename must be the same on all HOUREMIS

cards.

The format of each record of the hourly emissions file includes a pathway and keyword (SO
HOUREMIS), followed by the Year, Month, Day, Hour, Source ID, and emission rate (in the
appropriate units). For POINT/POINTHOR/POINTCAP sources, the stack gas exit temperature
(K), and stack gas exit velocity (m/s) are also specified. Beginning with version 09292, the release
heights and initial dispersion coefficients can also be varied on an hourly basis for AREA,
AREAPOLY, AREACIRC, and VOLUME sources using the HOUREMIS option. Beginning with
version 19191, release heights and initial dispersion can be varied for RLINE and RLINEXT
sources. The user selects this enhanced option by including the additional source parameters in the
hourly emissions file. AERMOD determines whether hourly release heights and initial dispersion
coefficients are being used based on the first HOUREMIS record for each source, and these
additional parameters must be included on all HOUREMIS records unless the emissions are

missing, which is indicated by leaving the emission rate and all fields beyond the source ID blank.

When hourly emissions are specified for a buoyant line source, each of the individual
lines (BUOYLINE sources) that comprise the the buoyant line source must be represented in
the hourly emissions file for every hour, and the buoyancy (m#/s®) of each line must be
specified after the hourly emission rate. The buoyancy of each line can vary within an hour and
from hour to hour. AERMOD computes an average buoyancy of the buoyant line source for each
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hour using the buoyancy values specified for each individual line that comprises the buoyant line

source.

The hourly emissions file is processed using the same routines used to process the control
file, therefore each of the parameters must be separated by at least one space, but otherwise the
format is flexible. It is also not necessary to include the SO HOUREMIS on each line, as long as the
parameters (Year, Month, etc.) do not begin before column 13. The data in the hourly emission file
must also include the exact same dates as are included in the meteorological input files, and the
source IDs must correspond to the source IDs defined on the SO LOCATION cards and be in the

same order as defined in the ‘aermod.inp’ file.

The model will check for a date mismatch between the hourly emissions file and the
meteorological data, and also for a source ID mismatch. However, it is not necessary to process the
entire hourly emissions file on each model run, i.e., the correct emissions data will be read if the
ME DAYRANGE or the ME STARTEND cards (see Section 3.5.4) are used, as long as all the
dates (including those that are processed and those that are skipped) match the meteorological data

files.

An example of several lines from an hourly emissions file for two point sources is provided

below:

SO HOUREMIS 88 8 16 1 STACK1 52.5 382.60 12.27
SO HOUREMIS 88 8 16 1 STACK2 44.3 432.33 22.17
SO HOUREMIS 88 8 16 2 STACK1 22.3 377.88 9.27
SO HOUREMIS 88 8 16 2 STACK2 42.2 437.68 19.67
SO HOUREMIS 88 8 16 3 STACK1 51.5 373.72 11.87
SO HOUREMIS 88 8 16 3 STACK2 41.3 437.28 18.77
SO HOUREMIS 88 8 16 4 STACK1 36.0 374.83 9.63
SO HOUREMIS 88 8 16 4 STACK2 43.7 437.68 18.23

The use of hourly varying release heights and initial dispersion coefficients for VOLUME and

AREA sources is illustrated in the following example:
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SO HOUREMIS 88 3 1 1 VOL1 500.0 2.0 2.0 2.0
SO HOUREMIS 88 3 1 1 AREA1 5.000 2.0 2.0
SO HOUREMIS 88 3 1 2 VOL1 500.0 2.0 2.0 3.0
SO HOUREMIS 88 3 1 2 AREA1 5.000 2.0 3.0
SO HOUREMIS 88 3 1 3 VOL1 500.0 2.0 2.0 4.0
SO HOUREMIS 88 3 1 3 AREA1 5.000 2.0 4.0

For POINT/POINTHOR/POINTCAP sources, the model will use the stack release height and stack
inside diameter defined on the SO SRCPARAM card, but will use the emission rate, exit
temperature and exit velocity from the hourly emission file. As noted above regarding VOLUME
and AREA sources, if the emission rate, exit temperature and exit velocity are not included for a
particular hour, i.e, any or all of those fields are blank, the model will interpret emissions data for
that hour as missing and will set the parameters to zero. Since the emission rate will be zero, there

will be no calculations made for that hour and that source.

3.3.13 Adjusting the emission rate units for output

The default emission rate units for the AERMOD model are grams per second for
POINT/POINTHOR/POINTCAP and VOLUME sources, grams per second per meter for
RLINEXT sources, and grams per second per square meter squared for AREA, LINE, OPENPIT,
and RLINE sources. By default, the model converts these input units to output units of micrograms
per cubic meter for concentration calculations. This is accomplished by applying a default emission

rate unit factor of 1.0E06 for concentration.

The EMISUNIT keyword on the SO pathway allows the user to specify a different unit
conversion factor, and to specify the appropriate label for the output units for either concentration

calculations. The syntax and type of the EMISUNIT keyword are summarized below:

Syntax: SO EMISUNIT Emifac Emilbl  Conlbl
Type: Optional, Non-repeatable

Order: Must follow the LOCATION card for each source input
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where the parameter Emifac is the emission rate unit factor, Emilbl is the label for the emission
units (up to 40 characters), and Conlbl is the output unit label (up to 40 characters) for concentration
calculations. For example, to produce output concentrations in milligrams per cubic meter,

assuming input units of grams per sec, the following card could be input:

SO EMISUNIT 1.0E3 GRAMS/SEC MILLIGRAMS/M**3

since there are 1.0E3 milligrams per gram. The emission rate unit factor applies to all sources for a
given run. Since the model uses one or more spaces to separate different fields on the input control
file commands, it is important that there not be any spaces within the label fields on this card. Thus,
instead of entering 'GRAMS PER SECOND' for the emission label, a label of 'GRAMS/SECOND’,
or 'GRAMS-PER-SECOND' or an equivalent variation should be used.

For the RLINE or RLINEXT source types an additional keyword was introduced in version
19191 to allow alternate units of grams per link per hour. These alternate units can be used if the
keyword RLEMCONYV (RLine EMission CONVersion) is used on the SO card. This keyword has
no additional inputs, but when present, emissions for all RLINE and RLINEXT sources are
assumed to be in grams per link per hour. The model converts such units internally to its native
units for each source and the computation proceeds as normal. The syntax and type of the

RLEMCONYV keyword are summarized below:

Syntax: SO RLEMCONV

Type: Optional, Non-repeatable

Order: Can be present anywhere on the SO card

3.3.14 Including source data from an external file

The user has the option of including source data from an external file by using the
INCLUDED keyword on the source (SO) pathway. A SO INCLUDED card may be placed
anywhere within the source pathway, after the STARTING card and before the FINISHED card
(i.e., the SO STARTING and SO FINISHED cards cannot be included in the external file). The
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data in the included file will be processed as though it were part of the control file. The syntax and

type of the INCLUDED keyword are summarized below:

Syntax: SO INCLUDED Incfil
Type: Optional, Repeatable

where the Incfil parameter is a character field of up to 40 characters that identifies the filename for
the included file. The contents of the included file must be valid control file commands for the
source pathway. If an error is generated during processing of the included file, the error message
will report the line number of the included file (see APPENDIX B). If more than one INCLUDED
file is specified for the source pathway, the user will first need to determine which file the error
occurred in. If the starting column of the main control input file is shifted from column 1 (see
Section 2.4.8), then the control file commands in the included file must be offset by the same

amount.

3.3.15 Using source groups

The AERMOD model allows the user to group contributions from particular sources
together. Several source groups may be setup in a single run, and they may, for example, be used to
model impacts from the source being permitted, the group of increment consuming PSD sources,
and the group of all sources for comparison to a NAAQS in a single run. There is always at least
one source group in a run, which may consist of all sources, so the SRCGROUP keyword has been
made mandatory in the AERMOD model unless the PSDGROUP is specified, which is mandatory
when using the PSDCREDIT keyword with the PVMRM NO to NO: conversion option (See
Section 3.3.7). The SRCGROUP keyword cannot be be used when the PSDGROUP keyword is
used. The syntax, type and order of the SRCGROUP keyword are summarized below:

Syntax: SO SRCGROUP Grpid Srcid's  and/or Srcrng's
Type: Mandatory (conditional), Repeatable

Order: Must be the last keyword in the SO pathway before FINISHED
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where the Grpid parameter is an alphanumeric string of up to eight characters that identifies the
group name. The Srcid's and Srcrng's are the individual source IDs and/or source ranges that make
up the group of sources. Source ranges, which are described in more detail in the description of the
BUILDHGT keyword (Section 3.3.9), are input as two source IDs separated by a dash, e.g.,
STACKI-STACK10. Individual source IDs and source ranges may be used on the same card. If
more than one input card is needed to define the sources for a particular group, then additional cards

may be input, repeating the pathway, keyword and group ID.

A special group ID has been reserved for use in specifying the group of all sources. When
Grpid = ALL, the model will automatically setup a source group called ALL that includes all
sources modeled for that particular run. If desired, the user can setup a group of all sources with a

different group ID by explicitly specifying all sources on the input card(s).

The number of source groups is allocated dynamically at the time AERMOD is run. This
value, in concert with the other dynamically allocated arrays and input requirements, is limited only

by the amount of available memory.

As discussed in Sections 1.2.9 and 3.2.13, it is sometimes important for a user to know the
contribution of a particular source to the total result for a group. These source contribution analyses
are facilitated for short-term averages by the use the EVENT processing capabilities in the
AERMOD model. EVENT processing uses the same source groups that are identified by
AERMOD (when the input file is generated using the CO EVENTFIL option), but the model is
structured in a way that it retains individual source results for particular events. Refer to the

sections noted above for a more complete description of EVENT processing and its uses.

With respect to buoyant line sources, note that the SRCGROUP keyword treats the
individual lines (BUOYLINE) that comprise a buoyant line source as if they are individual sources.
A SRCGROUP can consist of all or a subset of the indivual lines by specifying the source IDs from
the LOCATION keyword for those lines that should make up the SRCGROUP.
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Note that when modeling with Tier 2 or Tier 3 NO2 conversion and using source
groups, the conversion mechanism will be based on the total NOx at each receptor for all

sources rather than the NOx concentration just for each source group.

3.3.16 Specifying platform downwash information (POINT, POINTHOR, POINTCAP sources
ONLY

The Offshore and Coastal Dispersion (OCD) Model is the EPA’s preferred model for
estimating near field air pollutant impacts from overwater emission sources, for both deep water
and shoreline applications. The original platform downwash algorithms were developed by Petersen
(1984) and adapted when implemented into OCD by Hanna and Dicristofaro (1988). The platform
downwash algorithms from OCD were integrated into AERMOD for
POINT/POINTHOR/POINTCAP source types ONLY.

The SRCPARAM input for stack height is used with inputs via a new PLATFORM keyword
to simulate a platform’s influence on the dispersion from a POINT or POINTHOR or POINTCAP
source. When the PLATFORM keyword is included in the AERMOD control file, platform
downwash will be applied to the source identified by the source ID. The syntax, type, and order for
the PLATFORM keyword are summarized below:

Syntax: SO PLATFORM Srcid Zelp Hb Wb
Type: Optional, Repeatable

Order: Must follow the LOCATION card for each source input

where the Srcid parameter is the same source ID that was enterd on the LOCATION card for a

particular POINT/POINTHOR/POINTCAP source, and the other parameters are as follows:

Zelp - Base height (in meters) defined as the height of the bottom of the platform above the
sea surface. NOTE: This input is consistent with the input for OCD, but this input is not
currently used in the AERMOD implementation of platform downwash specific algorithms,
because the full height of the source as defined for the POINT/POINTHOR/POINTCAP
source is used, no adjustment is made for the height of the platform.
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Hb - Total height (in meters), above the sea surface, of the tallest solid or “influential” building
(i.e., the sum of the height of the base of the platform above the sea surface and the height of
the building above the base of the platform)

Wb - The lesser of the two distances (in meters) from outer edges of the leftmost and
rightmost buildings on top of the platform that can influence downwash when comparing the
side and end views of the platform as shown in Figure 3-4. The platform downwash influence
is not adjusted for platform dimension normal to the wind, the influce will be identical for all
wind directions.

Figure 3-4. New platform parameter figure with correct parameter definitions. Adapted from
Petersen (1984)

All parameters are required for a POINT or POINTHOR or POITCAP source located on a
platform. POINT or POINTHOR or POINTCAP sources located on a platform are NOT subject to
the PRIME building downwash options. An ERROR message will occur if the same source ID is

used with the building downwash keywords.

3.4 Receptor pathway inputs and options

The REceptor pathway contains keywords that define the receptor information for a
particular model run. The RE pathway contains keywords that allow the user to define Cartesian
grid receptor networks and/or polar grid receptor networks, with either uniform or non-uniform grid
spacing, as well as discrete receptor locations referenced to a Cartesian or a polar system. The
number of receptors and receptor networks are allocated dynamically at the time AERMOD is run.
This value, in combination with the other dynamically allocated arrays and input requirements, is

limited only by the amount of available memory.
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All of the receptor options in AERMOD allow the user to input terrain elevations and hill
height scales for each receptor, both of which are needed when applying AERMOD in an elevated
terrain situation. To facilitate the generation of hill height scales for AERMOD, a terrain
preprocessor, called AERMAP, has been developed (EPA, 2004c). The AERMAP terrain
preprocessor, which can process U.S. Geological Survey (USGS) Digital Elevation Model (DEM)
data and data from the National Elevation Dataset (NED), may also be used to generate the terrain
elevations for the receptor locations. The AERMAP program generates an output file that contains
the receptor pathway data for AERMOD in the format described below. This file may be cut and
pasted into the AERMOD control file or included as an external file using the RE INCLUDED card
(see Section 3.4.4).

The default units for receptor elevations for the AERMOD model are in meters; however,
the user may specify receptor elevations to be in units of feet by adding the RE ELEVUNIT FEET
card immediately after the RE STARTING card. Since the AERMAP terrain preprocessor outputs
elevations in meters and includes the RE ELEVUNIT METERS card as the first record, the
AERMAP data must be placed at the beginning of the receptor pathway.

3.4.1 Defining networks of gridded receptors

Two types of receptor networks are allowed by the AERMOD model. A Cartesian grid
network, defined through the GRIDCART keyword, includes an array of points identified by their x
(east-west) and y (north-south) coordinates. A polar network, defined by the GRIDPOLR keyword,
is an array of points identified by direction and distance from a user-defined origin. Each of these
keywords has a series of secondary keywords associated with it that are used to define the network,
including any receptor elevations for elevated terrain and flagpole receptor heights. The
GRIDCART and GRIDPOLR keywords can be thought of as "sub-pathways," since their secondary
keywords include a STArt and an END card to define the start and end of inputs for a particular

network.

3.4.1.1 Cartesian grid receptor networks

Cartesian grid receptor networks are defined by use of the GRIDCART keyword. The

GRIDCART keyword may be thought of as a "sub-pathway," in that there are a series of secondary
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keywords that are used to define the start and the end of the inputs for a particular network, and to
select the options for defining the receptor locations that make up the network. The syntax and type

of the GRIDCART keyword are summarized below:

RE GRIDCART Netid STA
XYINC Xinit Xnum Xdelta Yinit Ynum Ydelta
XPNTS Gridx1 Gridx2 Gridx3 .... Gridxn, and
or YPNTS Gridyl Gridy2 Gridy3 .... Gridyn

Syntax: ELEV Row Zelevl Zelev2 Zelev3 ... Zelevn
HILL Row Zhilll Zhill2 Zhill3 ... Zhilln
FLAG Row Zflagl Zflag2 Zflag3 ... Zflagn
END

Type: Optional, Repeatable

where the parameters are defined as follows:

Netid Receptor network identification code (up to eight alphanumeric characters)
STA Indicates the STArt of GRIDCART inputs for a particular network, repeated for each
new Netid

XYINC Keyword identifying uniform grid network generated from x and y increments

Xinit Starting x-axis grid location in meters

Xnum Number of x-axis receptors

Xdelta Spacing in meters between x-axis receptors

Yinit Starting y-axis grid location in meters

Ynum Number of y-axis receptors

Ydelta Spacing in meters between y-axis receptors

XPNTS Keyword identifying grid network defined by a series of discrete x and y coordinates
(used with YPNTS)

Gridx1 Value of first x-coordinate for Cartesian grid (m) Value

Gridxn of 'nth' x-coordinate for Cartesian grid (m)

YPNTS Keyword identifying grid network defined by a series of discrete x and y coordinates

(used with XPNTS)
Gridyl Value of first y-coordinate for Cartesian grid (m) Value
Gridyn of 'nth' y-coordinate for Cartesian grid (m)
ELEV Keyword to specify that receptor elevations follow (optional)
Row Indicates which row (y-coordinate fixed) is being

input (Row=1 means first, i.e., southmost row) An
Zelev Array of receptor terrain elevations (m) for a

particular Row (default units of meters may be changed to feet by use of
RE ELEVUNIT keyword), number of entries per
row equals the number of x-coordinates for that network
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HILL Keyword to specify that hill height scales follow (optional)

Row Indicates which row (y-coordinate fixed) is being
input (Row=1 means first, i.e., southmost row) An
Zelev Array of hill height scales (m) for a

particular Row (default units of meters may be changed to feet by use of
RE ELEVUNIT keyword), number of entries per
row equals the number of x-coordinates for that network

FLAG Keyword to specify that flagpole receptor heights follow (optional)
Row Indicates which row (y-coordinate fixed) is being

input (Row=1 means first, i.e., southmost row)
Zflag An array of receptor heights (m) above local terrain

elevation for a particular Row (flagpole receptors), number of
entries per row equals the number of x-coordinates for that
network

END Indicates the END of GRIDCART inputs for a particular network, repeated for each
new Netid

The ELEV, HILL, and FLAG keywords are optional inputs, and are only needed if elevated

terrain or flagpole receptor heights are to be used. If elevated terrain is being used, then both the

ELEV and HILL inputs are needed for each receptor. If the ELEV and HILL keywords are used

and the model is being run with the flat terrain option (see Section 3.2.2), then the elevated terrain
height inputs will be ignored by the model, and a non-fatal warning message will be generated. If
the elevated terrain option is selected, and no elevated terrain heights are entered, the elevations will
default to 0.0 meters, and warning messages will also be generated. The model handles flagpole

receptor height inputs in a similar manner.

The order of cards within the GRIDCART subpathway is not important, as long as all inputs
for a particular network are contiguous and start with the STA secondary keyword and end with the
END secondary keyword. It is not even required that all ELEV cards be contiguous, although the
input file will be more readable if a logical order is followed. The network ID is also not required
to appear on each control file command (except for the STA card). The model will assume the
previous ID if none is entered, similar to the use of continuation cards for pathway and keywords.

Thus, the following two examples produce the same 8 X 4 Cartesian grid network:
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RE GRIDCART CAR1 STA
RE GRIDCART CAR1 XPNTS -500. -400. -200. -100. 100. 200. 400. 500.
RE GRIDCART CAR1 YPNTS -500. -250. 250. 500.
RE GRIDCART CAR1 ELEV 1 10. 10. 10. 10. 10. 10. 10. 10.
RE GRIDCART CAR1 ELEV 2 20. 20. 20. 20. 20. 20. 20. 20.
RE GRIDCART CAR1 ELEV 3 30. 30. 30. 30. 30. 30. 30. 30.
RE GRIDCART CAR1 ELEV 4 40. 40. 40. 40. 40. 40. 40. 40.
RE GRIDCART CAR1 HILL 1 50. 50. 50. 50. 50. 50. 50. 50.
RE GRIDCART CAR1 HILL 2 60. 60. 60. 60. 60. 60. 60. 60.
RE GRIDCART CAR1 HILL 3 70. 70. 70. 70. 70. 70. 70. 70.
RE GRIDCART CAR1 HILL 4 80. 80. 80. 80. 80. 80. 80. 80.
RE GRIDCART CAR1 FLAG 1 10. 10. 10. 10. 10. 10. 10. 10.
RE GRIDCART CAR1 FLAG 2 20. 20. 20. 20. 20. 20. 20. 20.
RE GRIDCART CAR1 FLAG 3 30. 30. 30. 30. 30. 30. 30. 30.
RE GRIDCART CAR1 FLAG 4 40. 40. 40. 40. 40. 40. 40. 40.
RE GRIDCART CAR1 END
RE GRIDCART CAR1 STA

XPNTS -500. -400. -200. -100. 100. 200. 400. 500.

YPNTS -500. -250. 250. 500.

ELEV 1 8*10.

HILL 1 8*50.

FLAG 1 8*10.

ELEV 2 8*20.

HILL 2 8*60.

FLAG 2 8*20.

ELEV 3 8*30.

HILL 3 8*70.

FLAG 3 8*30.

ELEV 4 8*40.

HILL 4 8*80.

FLAG 4 8*40.
RE GRIDCART CAR1 END

The Row parameter on the ELEV, HILL, and FLAG inputs may be entered as either the row

number, i.e., 1, 2, etc., or as the actual y-coordinate value, e.g., -500., -250., etc. in the example
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above. The model sorts the inputs using Row as the index, so the result is the same. The above

example could therefore be entered as follows, with the same result:

RE GRIDCART CAR1 STA
XPNTS -500.
YPNTS -500.
ELEV ~ -500.
FLAG -500.
ELEV ~ -250.
FLAG -250.
ELEV 250.
FLAG 250.
ELEV 500.
FLAG 500.

RE GRIDCART CAR1 END

-400.

-250.

8*10.

8*10.

8*20.

8*20.

8*30.

8*30.

8*40.

8*40.

-200. -100. 100. 200. 400. 500.

250. 500.

Of course, one must use either the row number or y-coordinate value consistently within each

network to have the desired result.

The following simple example illustrates the use of the XYINC secondary keyword to

generate a uniformly spaced Cartesian grid network. The resulting grid is 11 x 11, with a uniform

spacing of 1 kilometer (1000. meters), and is centered on the origin (0., 0.). No elevated terrain

heights or flagpole receptor heights are included in this example.

RE GRIDCART CG1 STA

RE GRIDCART CG1 END

XYINC -5000.

11 1000. -5000. 11 1000.

3.4.1.2 Polar erid receptor networks

Polar receptor networks are defined by use of the GRIDPOLR keyword. The GRIDPOLR

keyword may also be thought of as a "sub-pathway," in that there are a series of secondary

keywords that are used to define the start and the end of the inputs for a particular network, and to
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select the options for defining the receptor locations that make up the network. The syntax and type

of the GRIDPOLR keyword are summarized below:

RE GRIDPOLR Netid STA
ORIG Xinit Yinit,
or ORIG Srcid
DIST Ringl Ring2 Ring3 ... Ringn
DDIR Dirl Dir2 Dir3 ... Dirn,

Syntax: or GDIR Dirnum Dirini Dirinc
ELEV Dir Zelevl Zelev2 Zelev3 ... Zelevn
HILL Dir Zhilll Zhill2 Zhill3 ... Zhilln
FLAG Dir Zflagl Zflag2 Zflag3 ... Zflagn
END

Type: Optional, Repeatable

where the parameters are defined as follows:

Netid Receptor network identification code (up to eight alphanumeric characters)
STA Indicates STArt of GRIDPOLR inputs for a particular network, repeat for each
new Netid
ORIG Keyword to specify the origin of the polar network (optional)
Xinit x-coordinate for origin of polar network
Yinit y-coordinate for origin of polar network
Srcid Source ID of source used as origin of polar network
DIST Keyword to specify distances for the polar network
Ringl Distance to the first ring of polar coordinates
Ringn Distance to the 'nth' ring of polar coordinates
DDIR Keyword to specify discrete direction radials for the polar network
Dirl First direction radial in degrees (1 to 360)
Dirn The 'nth' direction radial in degrees (1 to 360)
GDIR Keyword to specify generated direction radials for the polar network
Dirnum Number of directions used to define the polar system
Dirini Starting direction of the polar system
Dirinc Increment (in degrees) for defining directions
ELEV Keyword to specify that receptor elevations follow (optional)
Dir Indicates which direction is being input
Zelev An array of receptor terrain elevations for a
particular direction radial (default units of meters may be
changed to feet by use of RE ELEVUNIT keyword),
number of entries per radial equals the number of distances for
that network
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HILL Keyword to specify that hill height scales follow (optional)

Dir Indicates which direction is being input

Zelev An array of receptor hill height scales for a

particular direction radial (default units of meters may be
changed to feet by use of RE ELEVUNIT keyword),

number of entries per radial equals the number of distances for
that network

FLAG Keyword to specify that flagpole receptor heights follow (optional)
Dir Indicates which direction is being input
Zflag An array of receptor heights above local terrain
elevation for a particular direction (flagpole
receptors)
END Indicates END of GRIDPOLR subpathway, repeat for each new Netid

The ORIG secondary keyword is optional for the GRIDPOLR inputs. If omitted, the model
assumes a default origin of (0.,0.) in x,y coordinates. The ELEV, HILL, and FLAG keywords are

also optional inputs, and are only needed if elevated terrain or flagpole receptor heights are to be

used. If elevated terrain is being used, then both the ELEV and HILL inputs are needed for each

receptor. If the ELEV and HILL keywords are used and the model is being run with the flat terrain

option (see Section 3.2.2), then the elevated terrain height inputs will be ignored by the model, and
a non-fatal warning message will be generated. If the elevated terrain option is selected, and no
elevated terrain heights are entered, the elevations will default to 0.0 meters, and warning messages

will also be generated. The model handles flagpole receptor height inputs in a similar manner.

As with the GRIDCART keyword described above, the order of cards within the
GRIDPOLR subpathway is not important, as long as all inputs for a particular network are
contiguous and start with the STA secondary keyword and end with the END secondary keyword. It
is not even required that all ELEV cards be contiguous, although the input file will be more
readable if a logical order is followed. The network ID is also not required to appear on each
control file command (except for the STA card). The model will assume the previous ID if none is

entered, similar to the use of continuation cards for pathway and keywords.

The following example of the GRIDPOLR keyword generates a receptor network consisting
of 180 receptor points on five concentric distance rings centered on an assumed default origin of
(0.,0.). The receptor locations are placed along 36 direction radials, beginning with 10. degrees and

incrementing by 10. degrees in a clockwise fashion.
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RE GRIDPOLR POL1 STA

DIST 100. 300. 500. 1000. 2000.

GDIR 36 10. 10.

RE GRIDPOLR POL1 END

Another example is provided illustrating the use of a non-zero origin, discrete direction

radials and the specification of elevated terrain and flagpole receptor heights:

RE GRIDPOLR POL1 STA

ORIG 500. 500.

DIST 100. 300. 500. 1000. 2000.

DDIR  90. 180. 270. 360.

ELEV ~ 90. 5. 10. 15. 20. 25.

ELEV 180. 5. 10. 15. 20. 25.

ELEV 270. 5. 10. 15. 20. 25.

ELEV 360. 5. 10. 15. 20. 25.

HILL 90. 50. 60. 75. 80. 95.

HILL 180. 50. 60. 75. 80. 95.

HILL 270. 50. 60. 75. 80. 95.

HILL 360. 50. 60. 75. 80. 95.

FLAG 90. 5. 10. 15. 20. 25.

FLAG 180. 5. 10. 15. 20. 25.

FLAG 270. 5. 10. 15. 20. 25.

FLAG 360. 5. 10. 15. 20. 25.

RE GRIDPOLR POL1 END

The user has the option of specifying the radial number (e.g., 1, 2, 3, etc.) on the ELEV,
HILL, and FLAG inputs, or the actual direction associated with each radial.

For purposes of model calculations, all receptor locations, including those specified as polar,
are stored in the model arrays as x, y and z coordinates and flagpole heights. For the purposes of
reporting the results by receptor in the main print file, the tables are labeled with the polar inputs,

i.e., directions and distances.
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3.4.2 Using multiple receptor networks

For some modeling applications, the user may need a fairly coarsely spaced network
covering a large area to identify the area of significant impacts for a plant, and a denser network
covering a smaller area to identify the maximum impacts. To accommodate this modeling need, the
AERMOD model allows the user to specify multiple receptor networks in a single model run. The
user can define either Cartesian grid networks or polar networks, or both. With the use of the ORIG
option in the GRIDPOLR keyword, the user can easily place a receptor network centered on the
facility being permitted, and also place a network centered on another background source known to
be a significant contributor to high concentrations. Alternatively, the polar network may be

centered on a receptor location of special concern, such as a nearby Class I area.

As noted in the introduction to this section (3.4), the model dynamically allocates array
storage based on the number of receptors and receptor networks when the AERMOD model is run,

up to the maximum amount of memory available on the computer.

3.4.3 Specifying discrete receptor locations

In addition to the receptor networks defined by the GRIDCART and GRIDPOLR keywords
described above, the user may also specify discrete receptor points for modeling impacts at specific
locations of interest. This may be used to model critical receptors, such as the locations of schools
or houses, nearby Class I areas, or locations identified as having high concentrations by previous
modeling analyses. The discrete receptors may be input as either Cartesian x,y points (DISCCART
keyword) or as polar distance and direction coordinates (DISCPOLR keyword). Both types of
receptors may be identified in a single run. In addition, for discrete polar receptor points the user

specifies the source whose location is used as the origin for the receptor.

3.4.3.1 Discrete Cartesian receptors.

Discrete Cartesian receptors are defined by use of the DISCCART keyword. The syntax

and type of this keyword are summarized below:
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Syntax: RE DISCCART Xcoord Ycoord (Zelev Zhill) (Zflag)

Type: Optional, Repeatable

where the Xcoord and Ycoord parameters are the x-coordinate and y-coordinate (m), respectively,
for the receptor location. The Zelev parameter is an optional terrain elevation (m) and Zhill is a
corresponding hill height scale for the receptor for use in elevated terrain modeling. Both the Zelev
and Zhill parameters must be specified for use with the elevated terrain algorithms and are
referenced to the same reference elevation (e.g., mean sea level) used for source elevations. The
Zflag parameter is the optional receptor height above ground (m) for modeling flagpole receptors.
All of the parameters are in units of meters, except for Zelev and Zhill, which default to meters but

may be specified in feet by use of the RE ELEVUNIT keyword.

If neither the elevated terrain option (Section 3.2.2) nor the flagpole receptor height option
(Section 3.2.11) are used, then the optional parameters are ignored if present. If only the elevated
terrain height option is used (no flagpoles), then the third parameter (the field after the Ycoord) is
read as the Zelev parameter. If only the flagpole receptor height option is used (no elevated
terrain), then the third parameter is read as the Zflag parameter. If both options are used, then the
parameters are read in the order indicated for the syntax above. If the optional parameters are left
blank, then default values will be used. The default value for Zelev is 0.0, and the default value for
Zflag is defined by the CO FLAGPOLE card (see Section 3.2.11). Note: If both the elevated
terrain and flagpole receptor height options are used, then the third parameter will always be used as
Zelev, and it is not possible to use a default value for Zelev while entering a specific value for the

Zflag parameter.

3.4.3.2 Discrete polar receptors

Discrete polar receptors are defined by use of the DISCPOLR keyword. The syntax and

type of this keyword are summarized below:

Syntax: RE DISCPOLR Srcid Dist Direct (Zelev Zhill) (Zflag)

Type: Optional, Repeatable
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where the Srcid is the alphanumeric source identification for one of the sources defined on the SO
pathway which will be used to define the origin for the polar receptor location. The Dist and Direct
parameters are the distance in meters and direction in degrees for the discrete receptor location.
Degrees are measured clockwise from north. The Zelev parameter is an optional terrain elevation
for the receptor and Zhill is the corresponding hilltop elevation (m) for use in elevated terrain
modeling. Both the Zelev and Zhill parameters must be specified for use with the elevated terrain
algorithms and are referenced to the same reference elevation (e.g., mean sea level) used for source
elevations. The units of Zelev and Zhill are in meters, unless specified as feet by the RE
ELEVUNIT keyword. The Zflag parameter is the optional receptor height above ground (meters)

for modeling flagpole receptors.

If neither the elevated terrain option (Section 3.2.2) nor the flagpole receptor height option
(Section 3.2.11) are used, then the optional parameters are ignored if present. If only the elevated
terrain height option is used (no flagpoles), then the third parameter (the field after the Ycoord) is
read as the Zelev parameter. If only the flagpole receptor height option is used (no elevated
terrain), then the third parameter is read as the Zflag parameter. If both options are used, then the
parameters are read in the order indicated for the syntax above. If the optional parameters are left
blank, then default values will be used. The default value for Zelev is 0.0, and the default value for
Zflag is defined by the CO FLAGPOLE card (see Section 3.2.11). Note: If both the elevated
terrain and flagpole receptor height options are used, then fourth parameter will always be used as
Zelev, and it is not possible to use a default value for Zelev while entering a specific value for the

Zflag parameter.

3.4.3.3 Discrete Cartesian receptors for evalfile output

The EVALCART keyword is used to define discrete Cartesian receptor locations, similar to
the DISCCART keyword, but it also allows for grouping of receptors, e.g., along arcs. It is
designed to be used with the EVALFILE option, described later for the output pathway, which
outputs arc maxima values to a separate file for evaluation purposes. The EVALCART keyword
can be used without the use of the EVALFILE option, in which case the receptor groupings are

ignored. The syntax and type for the modified EVALCART keyword are summarized below:
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Syntax: RE EVALCART Xcoord Ycoord Zelev Zhill Zflag Arcid (Name)

Type: Optional, Repeatable

where the Xcoord and Ycoord parameters are the x-coordinate and y-coordinate (m), respectively,
for the receptor location. The Zelev parameter is the terrain elevation (m) for the receptor and Zhill
is the corresponding hilltop elevation (m) for use in elevated terrain modeling. Both the Zelev and
Zhill parameters must be specified for use with the elevated terrain algorithms and are referenced to
the same reference elevation (e.g., mean sea level) used for source elevations. The Zflag parameter
is the receptor height above ground (m) for modeling flagpole receptors. All of the parameters are
in units of meters, except for Zelev and Zhill, which default to meters but may be specified in feet
by use of the RE ELEVUNIT keyword. The Arcid parameter is the receptor grouping
identification, which may be up to eight characters long, and may be used to group receptors by arc.
The Name parameter is an optional name field that may be included to further identify a particular
receptor location. The Name parameter is ignored by the model. Unlike the DISCCART keyword,
all of the parameters (except for the Name) must be present on each card with the EVALCART
keyword. The terrain height and flagpole height inputs are ignored if the appropriate options are
not specified on the CO TERRHGHT and CO FLAGPOLE cards.

3.4.4 Including receptor data from an external file

The user has the option of including receptor data from an external file by using the
INCLUDED keyword on the receptor pathway. A RE INCLUDED card may be placed anywhere
within the source pathway, after the STARTING card and before the FINISHED card (i.e., the RE
STARTING and RE FINISHED cards cannot be included in the external file). The data in the
included file will be processed as though it were part of the control file. The syntax and type of the
INCLUDED keyword are summarized below:

Syntax: RE INCLUDED Incfil
Type: Optional, Repeatable

where the Incfil parameter is a character field of up to 40 characters that identifies the filename for
the included file. The contents of the included file must be valid control file commands for the

receptor pathway. If an error is generated during processing of the included file, the error message
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will report the line number of the included file (see APPENDIX B). If more than one INCLUDED
file is specified for the receptor pathway, the user will first need to determine which file the error
occurred in. If the starting column of the main control input file is shifted from column 1 (see
Section 2.4.8), then the control file commands in the included file must be offset by the same
amount. The INCLUDED option allows the user to include receptor data that have been generated
by the AERMOD Terrain Preprocessor, AERMAP, in the control file without having to cut and
paste the AERMAP output file. Since AERMAP generates terrain elevations in meters and includes
the RE ELEVUNIT METERS card as the first record, an AERMAP file must be INCLUDED at the
beginning of the receptor pathway, immediately following the RE STARTING card. If more than
one AERMAP output file is INCLUDED on the receptor pathway, the RE ELEVUNIT METERS

card must be deleted from all but the first one.

3.5 Meteorology pathway inputs and options

The MEteorology pathway contains keywords that define the input meteorological data for a

particular model run.

3.5.1 Specifying the input data files and formats

The AERMOD model uses hourly meteorological data from separate surface and profile
data files as one of the basic model inputs. These input meteorological data filenames for
AERMOD are identified by the SURFFILE and PROFFILE keywords on the ME pathway. The

syntax and type of these keywords are summarized below:

Svntax: ME SURFFILE Sfcfil (Format)
y ) ME PROFFILE Profil (Format)
Type: Optional, Repeatable

where the Srcfil and Profil parameters are character fields of up to 40 characters that identify the
filenames for the input meteorological data files. For running the model on an IBM-compatible PC,
the filename parameters may include the complete DOS pathname for the file or will assume the
current directory if only the filename is given. The optional Format parameter specifies the format
of the meteorological data files. The default formats for the surface and profile data files

corresponds with the format of the files generated by the AERMET meteorological preprocessor
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program. The user also has the option of specifying the Fortran read format for each of these files.
The contents of the meteorological data files are described below, and the file formats are

documented in APPENDIX C.

The surface meteorological data file consists of a header record containing information on
the meteorological station locations, and one record for each hour of data. These data are delimited
by at least one space between each element, i.e., the data may be read as free format. The contents

of the surface file are as follows:

e Year

e Month (1 -12)

e Day of Month (1 —31)

e Julian Day (Day of Year) (1 — 366)

e Hour of Day (1 —24)

e Heat Flux (W/m2)

e Surface Friction Velocity, u* (m/s)

e Convective Velocity Scale, w* (m/s)

e Lapse Rate above Mixing Height (K/m)
e Convective Mixing Height (m)

e Mechanical Mixing Height (m)

e Monin-Obukhov Length, L (m)

e Surface Roughness Length, zo (m)

e Bowen Ratio

e Albedo

e Reference Wind Speed (m/s)

e Reference Wind Direction (degrees)

e Reference Height for Wind (m)

e Ambient Temperature (K)

e Reference Height for Temperature (m)
e Precipitation Code (0-45)

e Precipitation Amount (mm)

¢ Relative Humidity (%)

e Surface Pressure (mb)

e Cloud Cover (tenths)

e Wind Speed Adjustment and Data Source Flag

The sensible heat flux, Bowen ratio and albedo are not used by the AERMOD model but are passed
through by AERMET for information purposes only.
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The profile meteorological data file consists of one or more records for each hour of data. As
with the surface data file, the data are delimited by at least one space between each element and

may be read as Fortran free format. The contents of the profile meteorological data file are as

follows:
e Year
e Month (1 -12)
e Day(1-31)

e Hour (1-24)

e Measurement height (m)

e Top flag = 1, if this is the last (highest) level for this hour,
0, otherwise

e Wind direction for the current level (degrees)

e Wind speed for the current level (m/s)

e Temperature at the current level (°C)

e Standard deviation of the wind direction, o, (degrees)

o Standard deviation of the vertical wind speed, ¢, (m/s)

The data in this file include the on-site meteorological data that are processed by AERMET.
Since AERMET was designed to be able to perform dispersion parameter calculations with NWS
data only, i.e., no on-site data, the profile data may consist of a one-level "profile" based on the

NWS winds and temperature.

3.5.2 Specifying station information

Three keywords are used to specify information about the meteorological stations,
SURFDATA for the surface meteorological station, UAIRDATA for the upper air station, and the
optional SITEDATA for any on-site meteorological data that may be used. The syntax and type of

these keywords are summarized below:
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Syntax: ME SURFDATA  Stanum Year (Name) (Xcoord) (Ycoord)
Syntax: ME UAIRDATA  Stanum Year (Name) (Xcoord) (Ycoord)

Syntax: ME SITEDATA Stanum Year (Name) (Xcoord) (Ycoord)

Tvpe: Mandatory, Non-repeatable for SURFDATA and UAIRDATA
YPE: Optional, Non-repeatable for SITEDATA

where Stanum is the station number, e.g., the 5-digit WBAN number for NWS stations, Year is the
year of data being processed (either 2 or 4 digits), Name is an optional character field (up to 40
characters with no blanks) specifying the name of the station, and Xcoord and Ycoord are optional
parameters for specifying the x and y coordinates for the location of the stations. Note: The Year
should indicate the first year of data that are present in the meteorological data regardless if
only a subset of complete temporal period will be modeled by AERMOD using the
STARTEND keyword (Section 3.5.4). At the present time, the station locations are not utilized in
the model. Therefore, no units are specified for Xcoord and Ycoord at this time, although meters
are suggested in order to be consistent with the source and receptor coordinates. The AERMOD
model compares the station numbers input using these keywords with the numbers included in the
header record of the surface meteorological data file, and issues non-fatal warning messages if there

are any mismatches.

3.5.3 Specifying the base elevation for potential temperature profile

The AERMOD model generates a gridded vertical profile of potential temperatures for use
in the plume rise calculations. Since potential temperature is dependent on the elevation above
mean sea level (MSL), the user must define the base elevation for the profile with the PROFBASE
keyword. The syntax and type for the PROFBASE keyword are summarized below:

Syntax: ME PROFBASE BaseElev (Units)
Type: Mandatory, Non-repeatable

where the BaseElev parameter specifies the base elevation above MSL for the potential temperature
profile, and the optional Units parameter specifies the units of BaseElev. Valid inputs of Units are

the secondary keywords METERS or FEET. The default units for BaseElev are in meters if Units is

left blank. The base elevation should correspond with the base elevation of the primary
meteorological tower.
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3.5.4 Specifying a data period to process

There are two keywords that allow the user to specify particular days or ranges of days to
process from the sequential meteorological file input for the AERMOD model. The STARTEND
keyword controls which period within the meteorological data file is read by the model, while the
DAYRANGE keyword controls which days or ranges of days (of those that are read) for the model
to process. The default for the model is to read the entire meteorological data file (up to a full year)

and to process all days within that period.

The syntax and type for the STARTEND keyword are summarized below:

Syntax: ME STARTEND  Strtyr Strtmn Strtdy (Strthr) Endyr Endmn Enddy (Endhr)
Type: Optional, Non-repeatable

where the Strtyr Strtmn Strtdy parameters specify the year, month and day of the first record to be
read (e.g., 87 01 31 for January 31, 1987), and the parameters Endyr Endmn Enddy specify the year,
month and day of the last record to be read. The Strthr and Endhr are optional parameters that may
be used to specify the start and end hours for the data period to be read. If either Strthr or Endhr is
to be specified, then both must be specified. Any records in the data file that occur before the start
date are ignored, as are any records in the data file that occur after the end date. In fact, once the end
date has been reached, the model does not read any more data from the meteorological file. If Strthr
and Endhr are not specified, then processing begins with hour 1 of the start date, and ends with hour

24 of the end date, unless specific days are selected by the DAYRANGE card described below.

Any PERIOD averages calculated by the model will apply only to the period of data actually
processed. Therefore, if someone wanted to calculate a six-month average, they could select

PERIOD averages on the CO AVERTIME card, and then specify the period as follows:

ME STARTEND 87 01 01 87 06 30

for the period January 1, 1987 through June 30, 1987.

The syntax and type for the DAYRANGE keyword are summarized below:
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Syntax: ME DAYRANGE Rangel Range2 Range3 ... Rangen

Type: Optional, Repeatable

where the Range parameters specify particular days or ranges of days to process. The days may be
specified as individual days (e.g., 1 2 3 4 5) or as a range of days (e.g., 1-5). The user also has the
option of specifying Julian day numbers, from 1 to 365 (366 for leap years), or specifying month
and day (e.g., 1/31 for January 31). Any combination of these may also be used. For example, the
following card will tell the model to process the days from January 1 (Julian day 1) through January
31 (1/31):

ME DAYRANGE 1-1/31

The DAYRANGE keyword is also repeatable, so that as many cards as needed may be included in
the ME pathway.

As with the STARTEND keyword, any PERIOD averages calculated by the model will
apply only to the period of data actually processed. If the STARTEND keyword is also used, then
only those days selected on the DAYRANGE cards that fall within the period from the start date to
the end date will be processed. Thus, if the ME pathway included the following two cards:

ME STARTEND 87 02 01 87 12 31

ME DAYRANGE 1-31

then no data would be processed, since the days 1 through 31 are outside the period 2/1 to 12/31.

3.5.5 Correcting wind direction alignment problems

The WDROTATE keyword allows the user to correct the input meteorological data for wind
direction alignment problems. All input wind directions or flow vectors are rotated by a user-
specified amount. Since the model results at particular receptor locations are often quite sensitive to
the transport wind direction, this optional keyword should be used only with extreme caution and

with clear justification.

3-138



The syntax and type of this keyword are summarized below:

Syntax: ME WDROTATE Rotang
Type: Optional, Non-repeatable

where the Rotang parameter specifies the angle in degrees to rotate the input wind direction
measurements. The value of Rotang is subtracted from the wind direction measurements. It may be
used to correct for known (and documented) calibration errors, or to adjust for the alignment of a
valley if the meteorological station is located in a valley with a different alignment than the source

location.

3.5.6 Specifying wind speed categories

Variable emission rate factors may be input to the model that vary by wind speed category.
The model uses six wind speed categories, and these are defined by the upper bound wind speed for
the first five categories (the sixth category is assumed to have no upper bound). The default values
for the wind speed categories are as follows: 1.54, 3.09, 5.14, 8.23, and 10.8 m/s. The syntax and
type of the WINDCATS keyword, which may be used to specify different category boundaries, are

summarized below:

Syntax: ME WINDCATS Wsl Ws2 Ws3 Ws4 Ws5
Type: Optional, Non-repeatable

where the Ws1 through WsS5 parameters are the upper bound wind speeds of the first through fifth
categories in meters per second. The upper bound values are inclusive, i.e., a wind speed equal to

the value of Ws1 will be placed in the first wind speed category.

3.5.7 Specifying SCIM parameters

The SCIM parameters on the SCIMBYHR card specify the starting hour and sampling
interval for the regular sample and an optional file name. The syntax and type of the SCIMBYHR

keyword are summarized below:
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Syntax: ME SCIMBYHR NRegStart NRegInt NwetStart Nwetlnt (SfcFilnam PflFilnam)

Type: Optional, Non-repeatable

where the NRegStart and NReglnt parameters specify the first hour to be sampled and the sampling
interval, respectively, when performing the regular sampling. The NWetStart and NWetlnt
parameters are used to specify the first wet hour (i.e., with non-zero precipitation) and the wet
sampling interval for wet sampling. However, since the AERMOD model currently does not
include wet deposition algorithms, the wet sampling option is not operational, and the user should
enter a value of zero (0) for bot NWetStart and NWetInt. Optionally, the user can create output
files containing the surface and profile meteorological data for the sampled hours by specifying the
SfcFilnam and PflFilnam parameters. These output files are in the same format used in the

summary of the first 24 hours of data included in the main output file.

In order to use the SCIM option, the user must specify the non-DFAULT SCIM option on
the CO MODELOPT card. Although the ME SCIMBYHR is an optional card, it is required when
using the SCIM option. NRegStart is required to have a value from 1 through 24, i.e., the first
sampled hour must be on the first day in the meteorological data file. There are no restrictions for
NReglnt; however, NRegInt would generally be greater than 1. For example, NRegInt could be
based on the formula (24n+1), where "n" is the number of days to skip between samples, in order to

ensure a regular diurnal cycle to the sampled hours (e.g., 25 or 49).

3.5.8 Specify the number of years to process

The NUMYEARS keyword on the ME pathway allows the user to specify the number of
years of data being processed for purposes of allocating array storage for the MAXDCONT option
(see Section 0), with a default value of five (5) years being assumed if the optional NUMYEARS
keyword is omitted. The syntax of the optional NUMYEARS keyword is summarized below:

Syntax: ME NUMYEARS NumYrs
Type: Optional, Non-repeatable

where NumYTs specifies the number of (full) years of meteorological data being processed.
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3.5.9 Specify turbulence treatment options

Beginning with version 21112, the user can prompt AERMOD to set non-missing values for
turbulence (o¢ or 6w) from the profile file to missing for certain conditions. These options
were included to facilitate the use of meteorological data with turbulence under certain
conditions. For example, these options allow for the user to use an urban meterological site
with turbulence data with the URBAN option in AERMOD without rerunning AERMET to
ignore the site-specific turbulence as discussed Section 3.3 of the AERMOD
Implementation Guide (EPA, 2022b). The syntax of the turbulence options is summarized

below:

Syntax: ME TurbOpt
Type: Optional, Non-repeatable

Where TurbOpt is defined as:

e NOTURB: set oy and oy to missing for all hours

e NOTURBST: set op and o for stable hours only

e NOTURBCO: set 69 and oy for convective hours only
e NOSA: set og to missing for all hours

e NOSW: set oy to missing for all hours

e NOSAST: set o to missing for stable hours only

e NOSWST: set 6w to missing for stable hours only

e NOSACO: set 6 to missing for convective hours only
e NOSWCO set oy to missing for convective hours only

Where stable (convective) hours are defined as hours where the Monin-Obukhov length is positive
(negative). The options NOTURB and NOTURBST can be used with the DFAULT keyword on
the MODELOPT pathway. The remaining options cannot be used with the DFAULT keyword and
if they are used with the DFAULT keyword, AERMOD will warn the user that the option can not
be used with the DFAULT keyword and the option will not set the appropriate turbulence
parameters to missing, i.e., AERMOD will ignore the turbulence option. For the options that only

reset turbulence under stable conditions only or convective conditions only, AERMOD will report
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the day and hour and turbulence parameter that is being reset to the file specified with the

ERRORFIL keyword.

3.6 Event pathway inputs and options

EVENT processing is specifically designed to facilitate analysis of source contributions to
specific events for short-term averages (less than or equal to 24 hours). These events may be design
concentrations generated by the AERMOD model, occurrences of violations of an air quality
standard, or user-specified events. These events are input to the AERMOD model through the
EVent pathway. Each event is defined by an averaging period and specific data period, a source
group, and a receptor location. Since the locations are only of interest in combination with

particular averaging and data periods, the REceptor pathway is not used with EVENT processing.

There are two keywords that are used to define the events on the EV pathway. The
EVENTPER keyword defines the averaging period, data period and source group, while the
EVENTLOC keyword defines the receptor location for the event. Each event is also given an

alphanumeric name that links the two input cards for that event.

The syntax and type of the EVENTPER and EVENTLOC keywords are summarized below:

Syntax: EV EVENTPER Evname Aveper Grpid Date

EV EVENTLOC Evname XR=Xr YR=Yr (Zelev) (Zflag)
Or Evname RNG= Rng DIR= Dir (Zelev) (Zflag)

Type: Mandatory, Repeatable

Syntax:

where the parameters are as follows:
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Evname -  event name (an alphanumeric string of up to 8 characters),
Aveper -  averaging period for the event (e.g., 1, 3, 8, 24 hr)

Grpid -  source group ID for the event (must be defined on SO pathway),

Date -  date for the event, input as an eight-digit integer for the ending hour of the
data period (YYMMDDHH), e.g., 84030324 defines a data period ending at
hour 24 on March 3, 1984. The length of the period corresponds to Aveper.

XR= - X-coordinate (m) for the event location, referenced to a Cartesian coordinate
system

YR= - Y-coordinate (m) for the event location, referenced to a Cartesian coordinate
system

RNG= -  distance range (m) for the event location, referenced to a polar coordinate

system with an origin of (0., 0.)

DIR= - radial direction (deg.) for the event location, referenced to a polar coordinate
system with an origin of (0., 0.)

Zelev - optional terrain elevation for the event location (m)

Zflag - optional receptor height above ground (flagpole receptor) for the event
location (m)

Each event is defined by the two input cards EVENTPER and EVENTLOC, and these inputs are
linked by the event name, which must be unique among the events being processed in a given run.
There is no particular requirement for the order of cards on the EV pathway. Note that the location

for the event may be specified by either Cartesian coordinates or by polar coordinates, however, the

polar coordinates must be relative to an origin of (0,0).

3.6.1 Using events generated by the AERMOD model

The AERMOD model has an option (CO EVENTFIL described in Section 3.2.13) to
generate an input file for the AERMOD EVENT processing. When this option is used, the
AERMOD model copies relevant inputs from the AERMOD control input file to the Event
processing input file and generates the inputs for the EVent pathway from the results of the

modeling run. These events are the design concentrations identified by the OU RECTABLE
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keyword (see Section 2.1.1.1), such as the highest and high-second-high 24-hour averages, etc., and
any threshold violations identified by the OU MAXIFILE keyword (see Section 2.1.1.2). The
inputs generated by the AERMOD model correspond to the syntax described above for the
EVENTPER and EVENTLOC keywords. The locations for events generated by the AERMOD

model are always provided as Cartesian coordinates.

To easily identify the events generated by the AERMOD model, and to provide a
mechanism for the AERMOD model to manage the events generated from the model run, a naming
convention is used for the EVNAME parameter. The following examples illustrate the event names

used by the AERMOD model:

HI1HO01001 -  High-first-high 1-hour average for source group number 1
H2H24003 -  High-second-high 24-hour average for source group number 3
THO030010 -  Threshold violation number 10 for 3-hour averages
TH240019 -  Threshold violation number 19 for 24-hour averages

The high value design concentrations are listed first in the EVENT processing input file, followed
by the threshold violations (grouped by averaging period). To make it easier for the user to review
the EVENT processing input file generated by the AERMOD model, and determine which events
are of most concern, the actual concentration value associated with the event is included as the last
field on the EVENTPER card. This field is ignored by the AERMOD model and is included only
for informational purposes. The user should be aware that the same event may appear in the
AERMOD model input file as both a design value and as a threshold violation, depending on the
options selected and the actual results. Since the model processes the events by date sequence and
outputs the results for each event as it is processed, the order of events in the output file will
generally not follow the order of events in the input file, unless all of the events were generated by

the MAXIFILE option.
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3.6.2 Specifying discrete events

The user can specify discrete events by entering the EVENTPER and EVENTLOC cards as
described above. The averaging period and source group selected for the event must be among
those specified on the CO AVERTIME and SO SRCGROUP cards. If the EVENT processing input
file was generated by the AERMOD model, the user may include additional events for those
averaging periods and source groups used in the original AERMOD model run. They may also add
averaging periods or define new source groups in the Event processing input file in order to define

additional events.

3.6.3 Including event data from an external file

The user has the option of including event data from an external file by using the
INCLUDED keyword on the source (EV) pathway. An EV INCLUDED card may be placed
anywhere within the event pathway, after the STARTING card and before the FINISHED card (i.e.,
the EV STARTING and EV FINISHED cards cannot be included in the external file). The data in

the included file will be processed as though it were part of the control file. The syntax and type of
the INCLUDED keyword are summarized below:

Syntax: EV INCLUDED Incfil
Type: Optional, Repeatable

where the Incfil parameter is a character field of up to 40 characters that identifies the filename for
the included file. The contents of the included file must be valid control file commands for the
event pathway. If an error is generated during processing of the included file, the error message
will report the line number of the included file (see APPENDIX B). If more than one INCLUDED
file is specified for the event pathway, the user will first need to determine which file the error
occurred in. If the starting column of the main control input file is shifted from column 1 (see
Section 2.4.8), then the control file commands in the included file must be offset by the same

amount.
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3.7 Output pathway inputs and options

The OUtput pathway contains keywords that define the output options for the model runs.
Beginning with version 11059, a number of enhancements have been incorporated in AERMOD to
more fully support the form of more recent 1-hour NO; and SO, standards, as well as the 24-hour
PM; 5 standard. The form of these NAAQS is similar in that they are based on a ranked percentile

value averaged over the number of years processed.

The options on the OUtput pathway have been divided into five categories: 1) options that
control different types of tabular output in the main output files of the model; 2) output files for
specialized purposes that that can be generated for any pollutant and averaging period; 3) options
that are specific to more recent 24-hour PMz s, 1-hour NO, and/or 1-hour SO, standards; 4) options
related to EVENT processing; and 5) miscellaneous options. The user may select any combination

of output option for a particular application.

3.7.1 Selecting options for tabular printed outputs

The three tabular printed output options are controlled by the following keywords:

RECTABLE: Controls output option for high value summary tables by receptor;
MAXTABLE: Controls output option for overall maximum value summary tables; and

DAYTABLE: Controls output option for tables of concurrent values summarized by
receptor for each day processed.

The keywords are described in more detail in the order listed above.

The syntax and type for the RECTABLE keyword are summarized below:
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OU RECTABLE Aveper FIRST SECOND ... SIXTH ... TENTH and/or
Syntax: IST 2ND .. 6TH ... 10TH and/or
1 2 ..6 .. 10.. N ...999
Type: Optional, Repeatable

where the Aveper parameter is the short-term averaging period (e.g., 1, 3, 8 or 24 hr or MONTH)
for which the receptor table is selected, and the secondary keywords, FIRST, SECOND, etc.,

indicate which high values are to be summarized by receptor for that averaging period. The
RECTABLE card may be repeated for each averaging period. For cases where the user wants the
same RECTABLE options for all short-term averaging periods being modeled, the input may be
simplified by entering the secondary keyword ALLAVE for the Aveper parameter.

In order to support the implementation of recent guidance regarding modeling to
demonstrate compliance with these NAAQS, the RECTABLE keyword had been modified to allow
user-specified ranks of short-term averages (for all pollutants) up to the 999th highest value. The
previous version of AERMOD was limited to the 10th-highest value and also restricted the rank for
the 24-hour PM25 NAAQS to the 8th highest value (corresponding to the 98th percentile of daily

values during a year).

The following example will select summaries of the highest, second highest and third

highest values by receptor for all averaging periods:

OU RECTABLE ALLAVE FIRST SECOND THIRD

The model will also recognize a range of high values on the RECTABLE input card, and therefore

the following card will have the effect:

OU RECTABLE ALLAVE FIRST-THIRD

The output file will include tables for only the high values selected. Tables for all source
groups for a particular averaging period are grouped together, and the averaging periods are output
in the order that they appear the CO AVERTIME card. For each averaging period and source group
combination, the tables of high values for the receptor networks (if any) are printed first, followed

by any discrete Cartesian receptors, and any discrete polar receptors.
3-147



If the CO EVENTFIL keyword has been used to generate an input file for EVENT
processing, then the design values identified by the RECTABLE options, e.g., the high-second-high

24-hour average, are included in the events that are defined in the EVENT processing input file.

If the PLOTFILE (3.7.2.3) and/or MAXDCONT (0) keywords are used, the RECTABLE
keyword is required and must be specified prior to these keywords in the OU pathway. The rank or
high value (e.g., FIRST, SECOND, etc.) specified for each PLOTFILE must also be included on the
RECTABLE keyword. There will need to be a RECTABLE entry that includes each of the high
values and averaging periods for which a PLOTFILE is generated, or a single RECTABLE entry
with the ALLAVE keyword and each high value specified can be used. However, because the
RECTABLE only relates to short-term averaging periods, a RECTABLE entry is not required for a
PLOTFILE that is generated for either an ANNUAL or a PERIOD average. When the
MAXDCONT keyword is used, the UpperRank and LowerRank values of the MAXDCONT file
must be within the range of ranks specified on the RECTABLE keyword. The MAXDCONT
THRESH value analysis is limited to the range of ranks specified on the RECTABLE keyword (but
not the individual ranks that are specified). Read more about the requirements of the of
RECTABLE as it relates to the PLOTFILE and MAXDCONT keywords in Sections 3.7.2.3 and 0,

respectively.

The syntax and type for the MAXTABLE keyword are summarized below:

Syntax: OU MAXTABLE Aveper Maxnum
Type: Optional, Repeatable

where the Aveper parameter is the short-term averaging period (e.g., 1, 3, 8 or 24 hr or MONTH)
for which the receptor table is selected, and the Maxnum parameter specifies the number of overall
maximum values to be summarized for each averaging period. The MAXTABLE card may be
repeated for each averaging period. As with the RECTABLE keyword, for cases where the user
wants the same MAXTABLE options for all short-term averaging periods being modeled, the input
may be simplified by entering the secondary keyword ALLAVE for the Aveper parameter. The

following example will select the maximum 50 table for all averaging periods:
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OU MAXTABLE  ALLAVE 50

A separate maximum overall value table is produced for each source group. The maximum
value tables follow the RECTABLE outputs in the main print file. All source group tables for a
particular averaging period are grouped together, and the averaging periods are output in the order

that they appear on the CO AVERTIME card.

The syntax and type for the DAYTABLE keyword are summarized below:

Syntax: OU DAYTABLE Avperl Avper2 Avper3
Type: Optional, Non-repeatable

where the Avpern parameters are the short-term averaging periods (e.g., 1, 3, 8 or 24 hr or
MONTH) for which the daily tables are selected. The DAYTABLE card is non-repeatable, but as
with the RECTABLE and MAXTABLE keywords, for cases where the user wants daily tables for
all short-term averaging periods being modeled, the input may be simplified by entering the
secondary keyword ALLAVE for the first parameter. The following example will select the daily

tables for all averaging periods:

OU DAYTABLE  ALLAVE

For each averaging period for which the DAYTABLE option is selected, the model will
print the concurrent averages for all receptors for each day of data processed. The receptor
networks (if any) are printed first, followed by any discrete Cartesian receptors, and any discrete
polar receptors. Results for each source group are output. For example, if 1, 3, and 24-hour
averages are calculated, and the OU DAYTABLE ALLAVE option is used, then for the first day of
data processed, there will be 24 sets of tables of hourly averages (one for each hour in the day),
eight sets of 3-hour averages (one for each 3-hour period in the day), and one set of 24-hour
averages. The averages are printed as they are calculated by the model, but for hours where more
than one averaging period is calculated (e.g., hour 24 is the end of an hourly average, a 3-hour
average, and a 24-hour average), the order in which the averages are output will follow the order

used on the CO AVERTIME card. Note: This option can produce very large output files,

3-149



especially when used with a full year of data and very short period averages, such 1-hour and

3-hour. It should therefore be used with CAUTION.

3.7.2 Selecting options for special purpose output files

The AERMOD model provides options for seven types of output files for specialized

purposes. These options are controlled by the following keywords that create the output file

described:

MAXIFILE -

POSTFILE -

PLOTFILE -

TOXXFILE -

RANKFILE -

EVALFILE -

SEASONHR -

MAXDCONT -

MAXDAILY -

MAXDYBYYR -

Occurrences of violations of user-specified threshold value;

Concurrent (raw) results at each receptor suitable for post-
processing;

Design values that can be imported into graphics software for plotting
contours;

Unformatted files of raw results above a threshold value with a special
structure for use with the TOXX model component of TOXST;

Output values by rank for use in Q-Q (quantile) plots;

Output values, including arc-maximum normalized concentrations,
suitable for model evaluation studies;

Output values by season and hour-of-day;

Ranked values for individual source groups to
determine source contributions for 24-hour PM, s, 1-
hour NO; and 1-hour SO; standards;

Daily maximu 1-hour concentrations for a specified
source group, for each day in the data period processed,
useful for analyzing the 1-hour NO2 and SO> NAAQS;
and

Summary of daily maximum 1-hour concentrations by
year for each rank specified on the RECTABLE
keyword.

The keywords are described in more detail in the order listed above.
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3.7.2.1 MAXIFILE

The syntax and type for the MAXIFILE keyword are summarized below:

Syntax: OU MAXIFILE Aveper Grpid Thresh Filnam (Funit)
Type: Optional, Repeatable

where the Aveper parameter is the short-term averaging period (e.g., 3, 8, 24 for 3, 8 and 24-hour
averages, or MONTH for monthly averages) and Grpid is the source group ID for which the
MAXIFILE option is selected. The Thresh parameter is the user-specified threshold value, and
Filnam is the name of the file where the MAXIFILE results are to be written. The optional Funit
parameter allows the user the option of specifying the Fortran logical file unit for the output file.
The user-specified file unit must be in the range of 30-100, inclusive. By specifying the same
filename and unit for more than one MAXIFILE card, results for different source groups and/or
averaging periods may be combined into a single file. If the Funit parameter is omitted, then the

model will dynamically allocate a unique file unit for this file (see Section 3.7.2).

The MAXIFILE card may be repeated for each combination of averaging period and source
group, and a different filename should be used for each file. The resulting maximum value file will
include several header records identifying the averaging period, source group and the threshold
value for that file, and a listing of every occurrence where the result for that averaging
period/source group equals or exceeds the threshold value. Each of these records includes the
averaging period, source group ID, date for the threshold violation (ending hour of the averaging
period), the x, y, z and flagpole receptor height for the receptor location where the violation

occurred, and the concentration value.

Each of the threshold violations, except for monthly averages, identify events that may be
modeled for source contribution information with EVENT processing by selecting the CO
EVENTFIL option (see Sections 3.2.13 and 2.1). Each of the threshold violations is included as an
event on the EV pathway, and is given a name of the form THxxyyyy, where xx is the averaging
period, and yyyy is the violation number for that averaging period. For example, an event name of
TH240019 identifies the 19th threshold violation for 24-hour averages. Monthly average threshold

violations are included in the file specified on the MAXIFILE card but are not included in the
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EVENT processing input file since the AERMOD model currently handles only averaging periods
of up to 24 hours.

The following examples illustrate the use of the MAXIFILE option:

OU MAXIFILE 24 ALL 364.0 MAX24ALL .OUT

OU MAXIFILE 24 PSD 91.0 MAXPSD.OUT 50

OU MAXIFILE 3 PSD 365.0 MAXPSD.OUT 50

OU MAXIFILE 3 PLANT 25.0  C:\OUTPUT\MAXI3HR.FIL
OU MAXIFILE  MONTH ALL 10.0 MAXMONTH.OUT

where the 3-hour example illustrates the use of a DOS pathname for the PC, and the last example
illustrates the use of monthly averages. The FILNAM parameter may be up to 40 characters in
length. It should also be noted that only one MAXIFILE card may be used for each averaging
period/source group combination. Note: The MAXIFILE option may produce very large files for
runs involving a large number of receptors if a significant percentage of the results exceed the

threshold value.

3.7.2.2 POSTFILE

The syntax and type for the POSTFILE keyword are summarized below:

Syntax: OU POSTFILE Aveper Grpid Format Filnam (Funit)

Type: Optional, Repeatable

where the Aveper parameter is the averaging period (e.g., 3, 8, 24 for 3, 8 and 24-hour averages,
MONTH for monthly averages, PERIOD for period averages, or ANNUAL for annual averages)
and Grpid is the source group ID for which the POSTFILE option is selected. The Format
parameter specifies the format of the POSTFILE output and may either be the secondary keyword
UNFORM for unformatted concentration files, or the secondary keyword PLOT to obtain formatted
files of receptor locations (x- and y-coordinates) and concentrations suitable for plotting contours of
concurrent values. The Filnam parameter is the name of the file where the POSTFILE results are to

be written. The optional Funit parameter allows the user the option of specifying the Fortran logical
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file unit for the output file. The user-specified file unit must be in the range of 30-100, inclusive.
By specifying the same filename and unit for more than one POSTFILE card, results for different
source groups and/or averaging periods may be combined into a single file. If the Funit parameter
is omitted, then the model will dynamically allocate a unique file unit for this file (see

Section 2.1.2).

The POSTFILE card may be repeated for each combination of averaging period and source
group, and a different filename should be used for each file. If UNFORM is specified for the
Format parameter, then the resulting unformatted file includes a constant-length record for each of
the selected averaging periods calculated during the model run. The first variable of each record is
an integer variable (4 bytes) containing the ending date (YYMMDDHH) for the averages on that
record. The second variable for each record is an integer variable (4 bytes) for the number of hours
in the averaging period. The third variable for each record is a character variable of length eight
containing the source group ID. The remaining variables of each record contain the calculated
average concentration values for all receptors, in the order in which they were defined in the input

runstream.

The following examples illustrate the use of the POSTFILE option:

OU POSTFILE 24  ALL UNFORM PST24ALL.BIN
OU POSTFILE 24 PSD UNFORM  PST24PSD.BIN
OU POSTFILE 3 PLANT UNFORM C:\BINOUT\PST3HR.FIL
OU POSTFILE MONTH ALL PLOT PSTMONTH.PLT

OU POSTFILE PERIOD ALL PLOT PSTANN.PLT

where the 3-hour example illustrates the use of a DOS pathname for the PC, and the last example
illustrates the use of monthly averages. The Filnam parameter may be up to 200 characters in
length. The use of separate files for each averaging period/source group combination allows the
user flexibility to select only those results that are needed for post-processing for a particular run,
and also makes the resulting unformatted files manageable. Note: The POSTFILE option can

produce very large files and should be used with some caution. For a file of hourly values for a full
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year (8760 records) and 400 receptors, the resulting file will use about 14 megabytes of disk space.

To estimate the size of the file (in bytes), use the following equation:

# Hrs/Yr

File Size (bytes) = —————
ile Size (bytes) ¥ Hrs/Ave

* (# Rec +4) 4

Divide the result by 1000 to estimate the number of kilobytes (KB) and divide by 1.0E6 to estimate
the number of megabytes (MB).

3.7.2.3 PLOTFILE

The syntax and type for the PLOTFILE keyword are summarized below:

OU PLOTFILE Aveper Grpid Hivalu Filnam (Funit), or
Syntax: OU PLOTFILE PERIOD Grpid Filnam (Funit)
OU PLOTFILE ANNUAL Grpid Filnam (Funit)

Type: Optional, Repeatable

where the Aveper parameter is the averaging period (e.g., 3, 8, 24 for 3, 8 and 24-hour averages,
MONTH for monthly averages, PERIOD for period averages, or ANNUAL for annual averages),
Grpid is the source group ID for which the PLOTFILE option is selected, and Hivalu specifies
which short-term high values are to be output (FIRST for the first highest at each receptor,
SECOND for the second highest at each receptor, etc.) Note that the Hivalu parameter is not

specified for PERIOD or ANNUAL averages, since there is only one period or annual average for

each receptor. The Filnam parameter is the name of the file where the PLOTFILE results are to be
written. The optional Funit parameter allows the user the option of specifying the Fortran logical
file unit for the output file. The user-specified file unit must be in the range of 30-100, inclusive.
By specifying the same filename and unit for more than one PLOTFILE card, results for different
source groups and/or averaging periods may be combined into a single file. If the Funit parameter is

omitted, then the model will dynamically allocate a unique file unit for this file (see Section 2.1.2).

Note: The averaging period and high value for which a PLOTFILE is generated must
also be included on the RECTABLE keyword (see Section 3.7.1). The RECTABLE keyword
entry must be specified on the OU pathway prior to the PLOTFILE entry. However, a
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RECTABLE entry is not required for a PLOTFILE generated for the ANNUAL or PERIOD

average.

The PLOTFILE card may be repeated for each combination of averaging period, source
group, and high value, and a different filename should be used for each file. The resulting
formatted file includes several records with header information identifying the averaging period,
source group and high value number of the results, and then a record for each receptor which
contains the x and y coordinates for the receptor location, the appropriate high value at that location,
and the averaging period, source group and high value number. The data are written to the file in
the order of x-coord, y-coord, concentration so that the file can easily be imported into a graphics
package designed to generate contour plots. Many such programs will read the PLOTFILEs

directly without any modification, ignoring the header records, and produce the desired plots.

The following examples illustrate the use of the PLOTFILE option:

OU PLOTFILE 24 ALL  FIRST  PLT24ALL.FST

OU PLOTFILE 24 ALL SECOND  PLT24ALL.SEC

OU PLOTFILE 24 PSD 2ND  PLTPSD.OUT 75

OU PLOTFILE 3 PSD 2ND PLTPSD.OUT 75

OU PLOTFILE 3 PLANT  1ST  C:\PLOTS\PLT3HR.FIL
OU PLOTFILE MONTH ALL THIRD PLTMONTH.OUT

OU PLOTFILE PERIOD ALL PSTANN.PLT

where the 3-hour example illustrates the use of a DOS pathname for the PC, and the last example
illustrates the use of monthly averages. As illustrated by the second and third examples, the high
value parameter may also be input as secondary keywords using the standard abbreviations of 1ST,

2ND, 3RD ... 10TH. The Filnam parameter may be up to 40 characters in length. The use of

separate files for each averaging period, source group, high value combination allows the user

flexibility to select only those results that are needed for plotting from a particular run.
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3.7.2.4 TOXXFILE

The syntax and type for the TOXXFILE keyword are summarized below:

Syntax: OU TOXXFILE Aveper Cutoff Filnam (Funit)
Type: Optional, Repeatable

where the Aveper parameter is the short-term averaging period (e.g., 1, 3, 8, 24 for 1, 3, 8 and 24-
hour averages, or MONTH for monthly averages) for which the TOXXFILE option has been
selected. The Cutoff (threshold) parameter is the user-specified threshold cutoff value in g/m’, and
Filnam is the name of the file where the TOXXFILE results are to be written. It is important to note
that the units of the Cutoff parameter are g/m’, regardless of the input and output units selected with
the SO EMISUNIT card. The optional Funit parameter allows the user the option of specifying the
Fortran logical file unit for the output file. The user-specified file unit must be in the range of 30-
100, inclusive. If the Funit parameter is omitted, then the model will dynamically allocate a unique
file unit for this file (see Section 2.1.2). While the TOXXFILE option may be specified for any of
the short-term averaging periods that are identified on the CO AVERTIME card for a particular run,
a non-fatal warning message will be generated if other than 1-hour averages are specified. This is

because the TOXST model currently supports only 1-hour averages.

The TOXXFILE card may be repeated for each averaging period, but a different filename
should be used for each file since the structure of the output file generated by the TOXXFILE
option does not allow for a clear way to distinguish between results for different averaging periods.
The resulting output file for the AERMOD model is an unformatted file with several header records
identifying the title, averaging period, receptor information, and the threshold value for that file,
followed by records listing every occurrence where the result for any source group for that
averaging period equals or exceeds the threshold value. When one of the source groups exceeds the
threshold value, the results for all source groups for that averaging period and receptor location are
output. Each concentration that is output through the TOXXFILE option is paired with an integer
ID variable that identifies the averaging period (hour number of the year), the source group number,
and the receptor number corresponding to that value. The concentration values and corresponding

ID variables are stored in buffer arrays, and the arrays are then written to the unformatted output file
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when full. The size of the arrays is controlled by the NPAIR PARAMETER defined in MODULE
MAINI and is initially set at 100. At the end of the modeling run, any values remaining in the
buffer arrays are written to the file, padded to the right with zeroes. The structure of the output file
generated by the TOXXFILE option is described in more detail in Section 2.1.2 and in APPENDIX
C. When using the TOXXFILE option, the user will normally place a single source in each source
group. The user should refer to the user's guide for TOXST for further instructions on the

application of the TOXXFILE option of the AERMOD model.

The following examples illustrate the use of the TOXXFILE option:

OU TOXXFILE 1 1.0E-5 TOXX1HR.BIN

OU TOXXFILE 24 2.5E-3 TOXX24HR.BIN 50

The Filnam parameter may be up to 40 characters in length. It should be noted that only one
TOXXFILE card may be used for each averaging period. Note: The TOXXFILE option may
produce very large files for runs involving a large number of receptors if a significant percentage of

the results exceed the threshold value.

3.7.2.5 RANKFILE

The RANKFILE keyword outputs values by rank for use in Q-Q (quantile) plots. The
MAXTABLE option must be specified first in order to use the RANKFILE option for a particular
averaging period. However, the RANKFILE output differs from the results in the MAXTABLE
output in that duplicate date/hour occurrences are removed. The syntax and type for the

RANKFILE keyword are summarized below:

Syntax: OU RANKFILE Aveper Hinum Filnam (Funit)

Type: Optional, Repeatable

where the Aveper parameter is the averaging period (e.g., 3, 8, 24 for 3, 8, and 24-hour averages, or
MONTH for monthly averages), and Hinum is the number of high values to be ranked. The
RANKFILE keyword cannot be used with PERIOD averages. As noted above, the MAXTABLE

option must be specified first for the particular Aveper, and the Hinum parameter on the
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RANKFILE card must be less than or equal to the Maxnum parameter on the corresponding
MAXTABLE card. Since duplicate dates are removed from the RANKFILE output, the output file
may contain less than the number of requested high values. The NMAX parameter, which controls
the maximum number of values that can be stored, has been set initially to 400. The Filnam
parameter is the name of the file (up to 40 characters) where the RANKFILE results are to be
written. The optional Funit parameter allows the user the option of specifying the Fortran logical
file unit for the output file. The user-specified file unit must be in the range of 30-100, inclusive.
By specifying the same filename and unit for more than one RANKFILE card, results for different
averaging periods may be combined into a single file. If the Funit parameter is omitted, the model

will dynamically allocate a unique file unit for this file according to the following formula:

IRKUNT =100 + IAVE

where IRKUNT is the Fortran unit number and IAVE is the averaging period number (the order of
the averaging period as specified on the CO AVERTIME card).

3.7.2.6 EVALFILE

The EVALFILE option is specifically designed for use in generating residuals for model
evaluation studies. The EVALFILE output consists of the arc-maximum normalized concentration
values for each hour of meteorology and for each source specified. The arc groupings of the
receptors must be specified using the RE EVALCART keyword described above. The syntax and
type for the EVALFILE keyword are summarized below:

Syntax: OU EVALFILE Srcid Filnam (Funit)

Type: Optional, Repeatable

where the Srcid parameter is the source ID for which EVALFILE results are requested, the Filnam
parameter is the name of the file (up to 40 characters) where the EVALFILE results are to be
written, and the optional Funit parameter allows the user the option of specifying the Fortran logical
file unit for the output file. The user-specified file unit must be in the range of 30-100, inclusive.

By specifying the same filename and unit for more than one EVALFILE card, results for different
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sources may be combined into a single file. If the Funit parameter is omitted, the model will

dynamically allocate a unique file unit for this file according to the following formula:

IELUNT =400 + ISRC*5

where IELUNT is the Fortran unit number and ISRC is the source number (the order of the source

as specified on the SO pathway).

For each hour of meteorological data processed and for each receptor grouping (e.g., arc),
the EVALFILE option outputs five records containing the source ID, date, arc ID, arc-maximum
normalized concentration (P/Q), emission rate, and other plume dispersion and meteorological
variables associated with the arc-maximum. Since the EVALFILE option looks at receptor
groupings, it must be used in conjunction with the EVALCART keyword described above for the

RE pathway, and a fatal error is generated if no receptor groups are identified.

3.7.2.7 SEASONHR

The SEASONHR option is used to output a file containing the average results by season and
hour-of-day. To select this option, the user must include the SEASONHR keyword on the OU
pathway. The syntax, type, and order for the SEASONHR keyword are summarized below:

Syntax: OU SEASONHR GroupID Filenam (FUnit)

Type: Optional, Repeatable

where the GroupID parameter specifies the source group to be output, FileName specifies the name
of the output file, and the optional FileUnit parameter specifies an optional file unit and must be in
the range 30-100, inclusive. If FileUnit is left blank, then the model will dynamically assign a file
unit based on the formula 302+IGRP*10, where IGRP is the group index number. A sample from a
SEASONHR output file is shown below:
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* MODELING OPTIONS USED:

* CONC WDEP  RURAL  FLAT TOXICS

* FILE OF SEASON/HOUR VALUES FOR SOURCE GROUP: ALL

* FOR A TOTAL OF 216 RECEPTORS.

* FORMAT: (4(1X,F13.5),1X,F8.2,2X,A8,2X, 14,2X, 14,2X, 14,2X,A8)

* X Y AVERAGE CONC  ZELEV GRP NHRS SEAS HOUR NET 1D
*

8.68241 49.24039 0.00000 0.00 ALL 87 1 1 POL1
17.36482 98.48077 0.00000 0.00 ALL 87 1 1 POL1
86.82409 492 .40387 0.18098 0.00 ALL 87 1 1 POL1

173.64818 984.80774 2.52520 0.00 ALL 87 1 1 POL1
868.24091 492403857 2.07470 0.00 ALL 87 1 1 POL1
1736.48181 9848.07715 0.93252 0.00 ALL 87 1 1 POL1
17.10101 46.98463 0.00000 0.00 ALL 87 1 1 POL1
34.20201 93.96926 0.00000 0.00 ALL 87 1 1 POL1
171.01007 469.84631 0.15772 0.00 ALL 87 1 1 POL1
342.02014 939.69263 2.48554 0.00 ALL 87 1 1 POL1
1710.10071 4698.46289 6.09119 0.00 ALL 87 1 1 POL1
3420.20142 9396.92578 4.49830 0.00 ALL 87 1 1 POL1
25.00000 43.30127 0.00000 0.00 ALL 87 1 1 POL1
50.00000 86.60254 0.00000 0.00 ALL 87 1 1 POL1
250.00000 433.01270 0.10114 0.00 ALL 87 1 1 POL1
500.00000 866.02539 2.12970 0.00 ALL 87 1 1 POL1
2500.00000 4330.12695 2.79993 0.00 ALL 87 1 1 POL1
5000.00000 8660.25391 1.97200 0.00 ALL 87 1 1 POL1

The NHRS column in the output file contains the number of non-calm and non-missing hours used
to calculate the season-by-hour-of-day averages. The SEAS column is the season index, and is 1
for winter, 2 for spring, 3 for summer and 4 for fall. The records loop through hour-of-day first,

and then through the seasons.
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3.7.2.8 MAXDCONT

Beginning with version 11059, three output options have been incorporated on the OU
pathway to support the 1-hour NO> and SO; standards, especially the analyses that may be required
to determine a source’s (or group of sources) contributions to modeled violations of the NAAQS for
comparison to the Significant Impact Level (SIL). The form of the standards, based on averages of
ranked values across years, complicates this analysis, especially for the 1-hour NO> and SO,
standards which are based on ranked values from the distribution of daily maximum 1-hour

averages. One of the options (MAXDCONT) can also be used for the 24-hour PM25 NAAQS.

The MAXDCONT option, applicable to 24-hour PM2 5, 1-hour NO2 and 1-hour SO>
standards, can be used to determine the contribution of each user-defined source group to the high
ranked values for a target source group, paired in time and space. This is accomplished as an
internal post-processing routine after the main model run is completed. The user can specify the
range of ranks to analyze, or can specify an upper bound rank, e.g., 8th-highest for 1-hour NO»
(note that “upper bound” rank implies a higher concentration, while “lower bound” rank implies a
lower concentration), and a threshold value, such as the NAAQS, for the target source group. The
model will process each rank within the range specified but will stop after the first rank (in

descending order of concentration) that is below the threshold.

The syntax, type and order of the optional MAXDCONT keyword are summarized below:

OU MAXDCONT GrpID UpperRank LowerRank FileName (FileUnit)
Syntax: or
OU MAXDCONT GrpID UpperRank THRESH ThreshValue FileName (FileUnit)

Type:  Optional, Repeatable

where GrplD is the target or reference source group toward which contributions are being
determined, UpperRank and LowerRank are the upper bound and lower bound ranks (where upper
bound rank implies higher concentrations and lower bound rank implies lower concentrations),
THRESH indicates that the lower bound rank is determined based on a lower concentration
threshold, ThreshValue is the user-specified concentration threshold for GrpID impacts which

serves as a lower bound on the range of ranks analyzed, FileName is the output file name, and
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(FileUnit) is the optional file unit. The filename can be up to 200 characters in length based on the
default parameters in AERMOD. Double quotes (“‘) at the beginning and end of the filename can
also be used as field delimiters to allow filenames with embedded spaces. When the THRESH
option is selected AERMOD will skip the contribution analysis for any receptor where the target
GrpID impact is less than the threshold and will stop processing completely after the first rank
where the target GrpID values are below the threshold for all receptors. NOTE: It is important
note that the range of ranks that can be analyzed under the MAXDCONT option is limited to
the range of ranks (not the individual ranks) specified on the OU RECTABLE keyword, even
when the THRESH option is used in lieu of specifying a LowerRank value. AERMOD will
issue a fatal error if the THRESH option is used and the range of ranks is less than or equal to
8 for the 1-hr SO2 NAAQS, or less than or equal to 12 for the 1-hr NO2 and 24-hr PM2s
NAAQS. Non-fatal warning messages will be generated if the THRESH option is used and
the range of ranks is less than or equal to 24 for the 1-hr SO2 NAAQS, or less than or equal to
28 for the 1-hr NO2 and 24-hr PM25s NAAQS. The RECTABLE keyword entry must be
specified on the OU pathway prior to the MAXDCONT entry.

When the MAXDCONT option is specified, AERMOD stores all meteorological variables
in memory for each hour during the initial stage of processing in order to optimize the model
runtime during the post-processing stage. Any temporally varying emissions and background
concentrations, including background ozone concentrations for the OLM and PVMRM options, are
also stored in memory for each hour. While optimizing runtime for the post-processing, this
approach may also significantly increase the memory storage requirements of the model. In
addition, since the MAXDCONT option extracts meteorological variables and other temporally-
varying data stored in memory to optimize runtime, the MAXDCONT option cannot be used with
the model “re-start” option using the INITFILE and SAVEFILE keywords (Section 3.2.14) on the
CO pathway, or with the MULTYEAR option (Section 3.2.7) on the CO pathway.
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3.7.2.9 MAXDAILY

The MAXDAILY option, introduced with version 11059, is applicable to 1-hour NO; and 1-
hour SO, NAAQS and generates a file of daily maximum 1-hour concentrations for a specified
source group, for each day in the data period processed. The MAXDAILY file provides an interim
output that may be useful for analyzing the 1-hour NO2 and SO> NAAQS. The syntax, type and
order of the optional MAXDAILY keyword are summarized below:

Syntax:  OU MAXDAILY GrpID FileName (FileUnit)
Type: Optional, Non-repeatable

where GrplID is the source group selected for daily maximum 1-hour values, FileName is the name
of the MAXDAILY output file, and FileUnit is the optional file unit. The filename can be up to 200
characters in length based on the default parameters in AERMOD. Double quotes () at the
beginning and end of the filename can also be used as field delimiters to allow filenames with

embedded spaces.

3.7.2.10 MAXDYBYYR

Another option applicable to 1-hour NO2 and 1-hour SO2 NAAQS introduced with version
11059, the MXDYBY YR keyword, generates a summary of daily maximum 1-hour concentrations
by year for each rank specified on the RECTABLE keyword. The ranks included in the
MXDYBYYR file are the ranks used in the MAXDCONT postprocessing option. The syntax, type
and order of the optional MXDYBY YR keyword are summarized below:

Syntax: OU MXDYBYYR GrpID FileName (FileUnit)

Type: Optional, Non-repeatable

where GrplD is the source group selected for daily maximum 1-hour values summarized by year,
FileName is the name of the MXDYBY YR output file, and FileUnit is the optional file unit. The
filename can be up to 200 characters in length based on the default parameters in AERMOD.

Double quotes (*“) at the beginning and end of the filename can also be used as field delimiters to

allow filenames with embedded spaces.
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3.7.3 EVENT processing options

EVENT processing in the AERMOD model is designed specifically to perform source
contribution analyses for short-term average (less than or equal to 24-hour) events. The events may
either be generated by the AERMOD model, or they may be user-specified events, or both. Because
of this rather narrow focus of applications, the output options are limited to a single keyword. The
EVENTOUT keyword controls the level of detail in the source contribution output from the
EVENT model. The syntax and type of the EVENTOUT keyword are summarized below:

Syntax: OU EVENTOUT SOCONT DETAIL
Type: Mandatory, Non-repeatable

where the SOCONT secondary keyword specifies the option to produce only the source
contribution information in the output file, and the DETAIL secondary keyword specifies the option
to produce more detailed summaries in the output file. The SOCONT option provides the average
concentration (or total deposition) value (i.e., the contribution) from each source for the period
corresponding to the event for the source group. The basic source contribution information is also
provided with the DETAIL option. In addition, the DETAIL option provides the hourly average
concentration (or total deposition) values for each source for every hour in the averaging period,
and a summary of the hourly meteorological data for the event period. In general, the DETAIL
option produces a larger output file than the SOCONT file, especially if there are a large number of
sources. There is no default setting for the EVENTOUT options.

3.7.4 Miscellaneous output options

The optional SUMMFILE keyword can be used to generate a separate formatted output file
containing the summary of high ranked values included at the end of the standard ‘aermod.out’ file.
The optional FILEFORM keyword can be used to specify the use of exponential notation, rather
than fixed format as currently used, for results that are output to separate result files. The optional
NOHEADER keyword can be used to suppress file headers in formatted output file options. These

new options are described below.
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The syntax, type, and order of the optional SUMMFILE keyword are summarized below:

Syntax: OU SUMMFILE SummFileName
Type: Optional, Non-repeatable

where the SummFileName is the name of the external file containing the summary of high ranked
values. The SUMMEFILE filename can be up to 200 characters in length based on the default
parameters in AERMOD. Double quotes () at the beginning and end of the filename can also be
used as field delimiters to allow filenames with embedded spaces. In addition to the summary of
high ranked values, the SUMMFILE also includes the “MODEL SETUP OPTIONS SUMMARY”

page from the main ‘aermod.out’ file.

The syntax, type, and order of the optional FILEFORM keyword are summarized below:

Syntax: OU FILEFORM EXP or FIX
Type: Optional, Non-repeatable

where the EXP parameter specifies that output results files will use exponential-formatted values,
and the FIX parameter specifies that the output results files will use fixed-formatted values. The
default option is to use fixed-formatted results, so use of FILEFORM = ‘FIX’ is extraneous. Note
that AERMOD only examines the first three characters of the input field, so that the full terms of
‘EXPONENTIAL’ or ‘FIXED’ can also be used. The format specified on this optional keyword is
applicable to PLOTFILEs, plot formatted POSTFILEs, MAXIFILEs, RANKFILEs, and
SEASONHR files, but will not affect the format of results in the standard ‘aermod.out’ file or the
optional SUMMFILE. The FILEFORM optional may be useful to preserve precision in
applications with relatively small impacts, especially for the purpose of post-processing hourly
concentrations using the POSTFILE option. The option may also be useful for applications with
relatively large impacts that may overflow the Fortran format specifier of F13.5 used for fixed-
formatted outputs. AERMOD will issue a warning message if values that exceed the range allowed

for fixed format are detected unless the FILEFORM EXP option has been selected.
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The syntax, type, and order of the optional NOHEADER keyword are summarized below:

OU NOHEADER FileTypel FileType2 FileType3 ... FileTypeN
Syntax: or
OU NOHEADER ALL

Type: Optional, Non-repeatable

where FileTypeN identifies the keywords for formatted output files for which the file headers will
be suppressed, which may include the includes the following file types: POSTFILE, PLOTFILE,
MAXIFILE, RANKFILE, SEASONHR, MAXDAILY, MXDYBYYR, and MAXDCONT. The
keyword ALL may be used to specify that header records will be suppressed for ALL applicable
output file types.
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APPENDIX A. Functional keyword/parameter reference

This appendix provides a functional reference for the primary keywords and related
secondary keywords and parameters used by the input control files for the AERMOD model.
The keywords are organized by functional pathway. Except where noted, there is not a required
order that the primary keywords within a pathway must be specified. Similarly, there is not a
required order in which secondary keywords that follow a primary keyword must be specified,
unless noted. However, AERMET assumes that user-entered values for parameters following a
primary keyword are specified in the order listed in the tables below. The pathways used by the
model are as follows, in the order in which they appear in the control file and in the tables that

follow:

CO - for specifying overall job COntrol options;

SO - for specifying SOurce information,;

RE - for specifying REceptor information;

ME - for specifying MEteorology information and options;
EV - for specifying EVent information and options;

OU - for specifying OUtput options.

The pathways and keywords are presented in the same order as in the Detailed Keyword

Reference in Section 3.0, and in the Quick Reference at the end of the manual.

Two types of tables are provided for each pathway. The first table lists all of the
keywords for that pathway, identifies each keyword as to its type (either mandatory or optional
and either repeatable or non-repeatable), and provides a brief description of the function of the
keyword. The second type of table, which takes up more than one page for most pathways,
presents the parameters for each keyword, in the order in which they should appear in the control

file where order is important, and describes each parameter in detail.

The following convention is used for identifying the different types of input parameters.
Parameters corresponding to secondary keywords which should be input "as is" are listed on the
tables with all capital letters and are underlined, although none of the inputs to AERMOD are
treated as case sensitive. Other parameter names are given with an initial capital letter and are not

input "as is." In all cases, the parameter names are intended to be descriptive of the input
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variable being represented, and they often correspond to the Fortran variable names used in the
AERMOD code. Parentheses around a parameter indicate that the parameter is optional for that
keyword. The default that is taken when an optional parameter is left blank is explained in the

discussion for that parameter.
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Table A-1. Description of Control Pathway Keywords

CO Keywords | Type |Keyword Description

STARTING M — N [Identifies the start of CONTROL pathway inputs

TITLEONE M — N | First line of title for output

TITLETWO O — N [Optional second line of title for output

MODELOPT M — N [Job control and dispersion options

AVERTIME M — N [Averaging time(s) to process

URBANOPT O —R [Specifies parameters for urban dispersion option

POLLUTID M — N |Identifies type of pollutant being modeled

HALFLIFE! O — N [Optional half life used for exponential decay

DCAYCOEF! O —N |Optional decay coefficient

GASDEPDF O —N [Option to override default parameters for gas dry deposition

GASDEPVD O —N [Option to specify deposition velocity for gas dry deposition

GDLANUSE O —N [Specify land use categories by sector for gas dry deposition

GDSEASON O —N [Specify seasonal definitions for gas dry deposition

LOW_WIND O —N [ALPHA option for low wind conditions that allows user to specify values for
minimum sigma-v, minimum wind speed, and maximum meander factor

AWMADWNW | O—-N (Specifies downwash options developed by AWMA

ORD DWNW [ O—N |[Specifies downwash options developed by ORD

NO2EQUIL O —N [Option to override default NO»/NOy equilibrium ratio for PVMRM, OLM, or
TTRM/TTRM2

NO2STACK O —N [Option to specify default in-stack NO»/NOy equilibrium ratio for PVRM, OLM,
TTRM/TTRM2, and GRSM options; may be overridden by NO2RATIO option on
SO pathway

NOX FILE O —N | Specifies hourly NOx file for the GSRM option

NOX UNIT O —N [Option to specify units for temporally varying NOx concentrations for the
NOX_ VALS keyword used with the GSRM option for estimating NO,

NOXVALUE O —N [Specifies background value of NOx for the GSRM option for estimating NO,

NOXSECTR O —N |Option to specify wind sectors for use in varying background NOx concentrations
by wind direction for use with the GSRM option for estimating NO,; can be used
with the NOX_ FILE, NOXVALUE, and NOX_ VALS options

NOX_ VALS O —R [Option to specify temporally varying NOx concentrations for use with the GSRM
option for estimating NO,

ARMRATIO O —N |Option to override default minimum and maximum (equilibrium) ratios for the
ARM2 option

O3SECTOR O —N [Specifies optional wind sectors for use in varying background ozone (O3)

concentrations by wind direction for use with OLM, PVMRM, TTRM/TTRM2,
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and GRSM options; can be used with the OZONEFIL, OZONEVAL, and
O3VALUES options

OZONEFIL O —N [Specifies filename for hourly ozone file for use with OLM, PVMRM,
TTRM/TTRM2, and GRSM options

OZONEVAL O — R [Specifies background value of ozone for use with OLM, PVMRM,
TTRM/TTRM2, and GRSM options

O3VALUES O — R | Option to specify temporally varying ozone concentrations for use with OLM,
PVMRM, TTRM/TTRM2, and GRSM options for estimating NO,

OZONUNIT O —N |Option to specify units for temporally varying ozone concentrations for the
O3VALUES keyword

FLAGPOLE O — N [Specifies whether to accept receptor heights above local terrain (m) for use with
flagpole receptors, and allows for default flagpole height to be specified

RUNORNOT M — N |Identifies whether to run model or process setup information only

EVENTFIL? O —N | Specifies whether to generate an input file for EVENT model

SAVEFILE® O —N |Option to store intermediate results for restart of model after user or system
interrupt

INITFILE? O —N [Option to initialize model from intermediate results generated by SAVEFILE
option

MULTYEAR? | O—N [Option to process multiple years of meteorological data (one year per run) and
accumulate high short-term values across years

DEBUGOPT O —N [Option to generate detailed result and meteorology files for debugging purposes

ERRORFIL O —N [Option to generate detailed error listing file

FINISHED M — N (Identifies the end of CONTROL pathway inputs

Type: M - Mandatory
O - Optional

N - Non-Repeatable
R - Repeatable

1) Either HALFLIFE or DCAYCOEF may be specified. If both cards appear a warning message will
be issued and the first value entered will be used in calculations. The DFAULT option assumes a
half-life of 4 hours for SO, modeled in urban mode.

2) The EVENTFIL keyword controls whether or not to generate an input file for EVENT processing.
The primary difference between AERMOD “regular” processing and EVENT processing by
AERMOD is in the treatment of source group contributions. The AERMOD model treats the source
groups independently, whereas EVENT processing determines individual source contributions to
particular events, such as the design concentrations determined from AERMOD, or user specified
events. By specifying the EVENTFIL keyword, an input control file will be generated that can be
used directly for EVENT processing. The events included in the generated EVENT processing input
file are defined by the RECTABLE and MAXIFILE keywords on the OU pathway and are placed in
the EVENT pathway.
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3)

The SAVEFILE and INITFILE keywords work together to implement the model's re-start
capabilities. Since the MULTYEAR option utilizes the re-start features in a special way to
accumulate high short-term values from year to year, it cannot be used together with the SAVEFILE
or INITFILE keyword in the same model run.
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Table A-2. Description of Control Pathway Keywords and Parameters

Keyword

Parameters

TITLEONE

Title1

where:

Title1

First line of title for output, character string of up to 68
characters (additional characters can be included on the
TITLEONE keyword, but only the first 68 characters are printed
in the output files).

TITLETWO

Title2

where:

Title2

Optional second line of title for output, character string of up to
68 characters (any additional characters are not printed)

MODELOPT

DFAULT ALPHA BETA CONC AREADPLT FLAT NOSTD NOCHKD NOWARN SCREEN SCIM NOMINO3

RLINEFDH ELEV WARNCHKD NOURBTRAN VECTORWS PSDCREDIT FASTALL FASTAREA GSRM TTRM

TTRM2 PVMRM OLM ARM2 DEPOS DDEP WDEP DRYDPLT WETDPLT NODRYDPLT NOWETDPLT

where:

DFAULT

ALPHA

BETA

CONC
DEPOS
DDEP
WDEP

AREADPLT

FLAT

Specifies that the regulatory default options will be used; note
that specification of the DFAULT option will override some
non-DFAULT options that may be specified in the input file,
while other non-DFAULT options will cause fatal errors when
DFAULT is specified (see below for details)

Non-regulatory option flag that allows the input control file to
include research/experimental options for review and
evaluation by the user community; (e.g., LOW_WIND,
PSDCREDIT, ORD DWNW, AWMADWNW, PLATFORM,
METHOD 2 particle deposition, gas deposition, RLINEFDH,
and RLINEXT with options for modeling barriers and
depressed roadways) and cannot be used with DFAULT
keyword

Non-regulatory option flag that allows the input control file to
include options that have been vetted through the scientific
community and are waiting to be promulgated as regulatory
options. Prior to promulgation, BETA options require
alternative model approval for use in regulatory applications
and cannot be used with DFAULT keyword

Specifies that concentration values will be calculated

Specifies that total deposition flux values will be calculated

Specifies that dry deposition flux values will be calculated

Specifies that wet deposition flux values will be calculated

Specifies use of non-regulatory method for optimized plume
depletion due to dry removal mechanisms for area sources
(cannot be used when the DFAULT keyword is specified)

Specifies that the non-regulatory option of assuming flat terrain
will be used; Note that FLAT and ELEV may be specified in
the same model run to allow specifying the non-regulatory
FLAT terrain option on a source-by-source basis; FLAT
sources are identified by specifying the keyword FLAT in
place of the source elevation field on the SO LOCATION
keyword (cannot be used simultaneously with the DFAULT
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Keyword

Parameters

ELEV

NOSTD

NOCHKD

WARNCHKD

NOWARN

PVMRM

OLM

ARM?2

TTRM

keyword); the RLINE and RLINEXT source types require
FLAT to be used

Specifies that the default option of assuming elevated terrain will
be used; Note that FLAT and ELEV may be specified in the
same model run to allow specifying the non-regulatory FLAT
terrain option on a source-by-source basis (the ELEV option is
set as a regulatory option with the DFAULT keyword)

Specifies that the non-regulatory option of no stack-tip
downwash will be used (cannot be used with the DFAULT
keyword)

Specifies that the non-regulatory option of suspending date
checking will be used for non-sequential meteorological data
files (cannot be used with the DFAULT keyword)

Specifies that the option of issuing warning messages rather than
fatal errors will be used for non-sequential meteorological data
files

Specifies that the option of suppressing the detailed listing of
warning messages in the main output file will be used (the
number of warning messages is still reported, and warning
messages are still included in the error file controlled by the
CO ERRORFIL keyword)

Non-regulatory option for running AERMOD in a screening
mode for AERSCREEN will be used (cannot be used when
the DFAULT keyword is specified)

Sampled Chronological Input Model — non-regulatory option
used only with the ANNUAL average option to reduce
runtime by sampling meteorology at a user-specified regular
interval; SCIM sampling parameters must be specified on the
ME pathway (cannot be used with the DFAULT keyword)

Specifies that the Plume Volume Molar Ratio Method
(PVMRM) for NO; conversion will be used (regulatory
option, can be used simultaneously with DFAULT); cannot be
used with OLM, ARM2, or GRSM; cannot be used with
TTRM without TTRM2

Specifies that the Ozone Limiting Method (OLM) for NO,
conversion will be used (regulatory option, can be used
simultaneously with DFAULT keyword); cannot be used with
PVMRM, ARM2, or GRSM; cannot be used with TTRM
without TTRM2

Specifies that the Ambient Ratio Method - 2 (ARM2) for NO,
conversion will be used (regulatory option, can be used with
DFAULT keyword); cannot be used with PVMRM, OLM, or
GRSM; cannot be used with TTRM without TTRM2

Specifies that the non-regulatory Travel Time Reaction Method
(TTRM) will be used for NO, conversion (non-regualtory
alpha option, requires the ALPHA keyword and cannot be
used with the DFAULT keyword); cannot be used with
PVMRM, OLM, ARM?2 without TTRM2; cannot be used with
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Keyword

Parameters

TTRM2

GRSM

PSDCREDIT

FASTALL

FASTAREA

DRYDPLT

NODRYDPLT

WETDPLT

NOWETDPLT

GRSM; cannot be used with TTRM2 without PVMRM, OLM,
or ARM2

Specifies that the non-regulatory Travel Time Reaction Method
(TTRM) will be paired with OLM, PVMRM, or ARM2 for
NO: conversion (non-regualtory alpha option, requires the
ALPHA keyword and cannot be used with the DFAULT
keyword); cannot be used with TTRM alone or GRSM; must
be paired with one of PVMRM, OLM, or ARM?2

Specifies that the non-regulatory Generic Reaction Set Method
(GRSM) will be used for NO; conversion (non-regulatory
option, requires the BETA keyword and cannot be used with
the DFAULT keyword); cannot be used with PVMRM, OLM,
TTRM, TTRM2, or ARM?2

Specifies that the non-regulatory ALPHA option will be used to
calculate the increment consumption with PSD credits using
the PVMRM option (cannot be used with the DFAULT
keyword)

Non-regulatory option to optimize model runtime through use of
an alternative implementation of horizontal meander for
POINT and VOLUME sources; also optimizes model runtime
for AREA/AREAPOLY/AREACIRC/LINE, and OPENPIT,
RLINE, and RLINEXT sources (formerly associated with
TOXICS option, now controlled by the FASTAREA and
FASTALL option, cannot be used with the DFAULT
keyword)

Non-regulatory option to optimize model runtime through hybrid
approach for AREA/ AREAPOLY/AREACIRC and
OPENPIT sources (formerly associated with TOXICS option,
cannot be used with the DFAULT keyword)

Option to incorporate dry depletion (removal) processes
associated with dry deposition algorithms; this requires
specification of dry deposition source parameters and
additional meteorological variables; dry depletion will be used
by default if dry deposition algorithms are invoked; cannot be
used with NODRYDPLT

Option to disable dry depletion (removal) processes associated
with dry deposition algorithms; cannot be used with
DRYDPLT

Option to incorporate wet depletion (removal) processes
associated with wet deposition algorithms; this requires
specification of wet deposition source parameters and
additional meteorological variables; wet depletion will be used
by default if wet deposition algorithms are invoked; cannot be
used with NOWETDPLT

Option to disable wet depletion (removal) processes associated
with wet deposition algorithms; cannot be used with
WETDPLT
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Keyword

Parameters

NOURBTRAN

VECTORWS

NOMINO3

RLINEFDH

Non-regulatory option to ignore the transition from nighttime
urban boundary layer to daytime convective boundary layer
(i.e., to revert to the urban option as implemented prior to
version 11059) (cannot be used with the DFAULT keyword)

Option to specify that input wind speeds are vector mean (or
resultant) wind speeds, rather than scalar means. Under the
VECTORWS option, the adjustments to wind speeds based on
Equation 112 of the AERMOD Model Formulation document
(EPA, 2022a) will be applied (can be used with the DFAULT
keyword).

Option to remove the minimum ozone used for Tier 2 & 3 NO;
options. Without this option, AERMOD will use a minimum
value of 40 ppb of ozone for nighttime stable conditions,
regardless of the value in an hourly input file (can be used
with the DFAULT keyword)

Option to have wind profile calculations without a displacement
height for RLINE and RLINEXT source types. This makes the
wind profile closer to other AERMOD source types, which do
not use a displacement height in wind profile (requires the
ALPHA keyword and cannot be used with the DFAULT
keyword)

AVERTIME Timel Time2 ... TimeN MONTH PERIOD
or
ANNUAL
where: TimeN Nth optional averaging time (1, 2, 3, 4, 6, 8, 12, or 24-hr)

MONTH Option to calculate MONTHIy averages

PERIOD Option to calculate averages for the entire data PERIOD; for the
MULTYEAR option, the summary of highest PERIOD
averages is based on the highest PERIOD average across the
individual years processed with MULTYEAR

ANNUAL Option to calculate ANNUAL averages (assumes complete
years); for multi-year meteorological data files, with and
without the MULTYEAR option, the multi-year average of the
ANNUAL values is reported

URBANOPT For multiple urban areas:

UrbanID Urbpop (Urbname) (UrbRoughness)

For single urban area:

Urbpop (Urbname) (UrbRoughness)

where: UrbanID Specifies the alphanumeric urban ID (up to eight characters)

UrbPop Specifies the population of the urban area

(UrbName) Specifies the name of the urban area (optional)

(UrbRoughness) Specifies the urban surface roughness length, meters (optional,

defaults to 1.0m; value other than 1.0m treated as non-
DFAULT)
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Keyword

Parameters

POLLUTID

Pollut (H1H or H2H or INC)

where:

Pollut

HIH or
2H or

Identifies type of pollutant being modeled. Any name of up to
eight characters may be used, e.g., SO2, NOX, CO, PM25,
PM-2.5, PM10, PM-10, TSP or OTHER.

NOTE: Some processing options are pollutant-specific, and
require the user to specify the appropriate pollutant ID. For
example, use of PM10, PM-10, PM25, PM2.5, PM-2.5, PM-
25, LEAD, NO2, SO2, or OTHER allows for the use of the
MULTYEAR option.

Use of PM25, PM2.5, PM-2.5, or PM-25, triggers special
processing for the PM-2.5 NAAQS, based on values averaged
across the number of years processed (see Section 3.2.15.1).

Use of NO2 or SO2 triggers special processing for their
respective 1-hr NAAQS based on daily maximum 1-hr
concentrations, averaged across the number of years modeled
if the CO AVERTIME keyword includes 1-hr averages (see
Section 3.2.16).

Use of NO2 is required in order to use the OLM and PVMRM
options for simulating conversion of NO to NO,.

Use of SO2 also triggers the use of a 4-hour half-life for SO,
decay for urban applications under the regulatory default
option.

Use of the H1H or H2H or INC keyword (not case-specific)
disables the special processing requirements associated the 1-
hr NO, and SO, NAAQS and the 24-hr PM, s NAAQS.
Specifying one of these keywords would allow for modeling
PM; s 24-hr increments which are based on the H2H value,
and also allow evaluating NO, options in AERMOD based on
incomplete years of field measurements.

HALFLIFE

where:

Half-life used for exponential decay (s)

DCAYCOEF

where:

Decay coefficient for exponential decay (s!) = 0.693/HAFLIF

GASDEPDF

React F _Seas2 F Seas5 (Refpoll)

The ALPHA option must be specified as a MODELOPT on the CO pathway to
use the GASDEPDF keyword.

where:

React

Value for pollutant reactivity factor (f;)
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Keyword Parameters
F Seas2 Fraction (F) of maximum green LAI for seasonal category 2
F Seas5 Fraction (F) of maximum green LAI for seasonal category 5
(Refpoll) Optional name of reference pollutant
GASDEPVD Uservd
The ALPHA option must be specified as a MODELOPT on the CO pathway to
use the GASDEPVD keyword.
where: Uservd User-specified dry deposition velocity (m/s) for gaseous
pollutants
GDLANUSE Secl Sec2 Sec36
The ALPHA option must be specified as a MODELOPT on the CO pathway to
use the GDLANUSE keyword.
where: Secl Land use category for winds blowing toward sector 1 (10
degrees)
Sec2 Land use category for winds blowing toward sector 2 (20
degrees)
Sec36 Land use category for winds blowing toward sector 36 (360
degrees)
GDSEASON Jan Feb ... Dec
The ALPHA option must be specified as a MODELOPT on the CO pathway to
use the GDSEASON keyword.
where: Jan Seasonal category for January:
1 = Midsummer/Lush vegetation;
2 = Autumn/Unharvested cropland;
3 = Late autumn after harvest or Winter with no snow;
4 = Winter with continuous snow cover; or
5 = Transitional spring/partial green coverage/short annuals)
Dec Seasonal category for December
LOW_WIND SVmin (WSmin) or
SVmin WSmin (FRANmax) or
SVmin WSmin FRANmax (SWmin) or
SVmin WSmin FRANmax SWmin (BigT) or
SVmin WSmin FRANmax SWmin BigT (FRANmin) or
SVmin WSmin FRANmax SWmin BigT FRANmin (PBAL)
The ALPHA option must be specified as a MODELOPT on the CO pathway to use the
LOW_WIND keyword
where: SVmin Minimum value of sigma-v, within a range of 0.01 to 1.0 m/s
WSmin Minimum value of wind speed, within a range of 0.01 to 1.0 m/s
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Keyword Parameters

FRANmax Maximum value for meander factor, within a range of 0.0 to 1.0

SWmin Minimum value of sigma-w, within a range of 0.0 to 3.0 m/s

BigT Time period (BigT) used to calculate the time scale TRAN,
within a range of 0.5 to 48.0 hours

FRANmin Minimum value for meander factor, within a range of 0.0 to 1.0
but must be less than or equal to FRANmax

PBAL Alternate momentum balance approach to determine plume
meander which overrides the default energy balance approach

AWMADWNW | AWMAUEFF and/or

AWMAENTRAIN and/or

((AWMAUTURB or AWMAUTURBHX) w/wo STREAMLINE(D))

The ALPHA option must be specified as a MODELOPT on the CO pathway to

use the AWMADWNW keyword.

where: AWMAUEFF Redefines the height at which the wind speed is taken from the
profile wind speed used in the calculation of concentrations
from the primary plume.

AWMAENTRAIN [ Changes beta (B) entrainment coefficient for PRIME downwash
from default value of 0.60 to 0.35.

AWMAUTURB Uses alternative formulations for turbulence enhancement and
velocity deficit calculations.

AWMAUTURBHX [ Uses distance-based plume rise at the downwind distance X for
calculations.

STREAMLINE Reduces dispersion in the wake of streamlined structures such as
storage tanks and cooling towers.

ORD DWNW |ORDUEFF and/or ORDTURB and/or ORDCAV
The ALPHA option must be specified as a MODELOPT on the CO pathway to
use the ORD_DWNW keyword.
where: ORDUEFF Redefines the height at which the wind speed is taken from the
profile wind speed used in the calculation of concentrations
from the primary plume.

ORDTURB Redefines the maximum value of the ambient turbulence
intensity in the wake, reduced from 0.07 to 0.06.

ORDCAV Redefines the initial vertical dispersion, oz, of the re-emitted
plume at the cavity boundary to equal the oz of the cavity
plume.

NO2EQUIL NO2Equil
where: NO2Equil Equilibrium ratio of NO,/NOx for the PVMRM, OLM, and
TTRM options; between 0.1 and 1.0, inclusive (default is 0.9)
NO2STACK NO2Ratio
where: NO2Ratio Default in-stack ratio of NO,/NOy for PVMRM, OLM, TTRM,

and GSRM options, which may be overridden by the
NO2RATIO keyword on SO pathway.
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Keyword Parameters
NOTE: Beginning with version 11059, AERMOD no longer
assumes a default in-stack ratio of 0.1 for the OLM option.
ARMRATIO ARM2 Min ARM2 Max For ARM2 Option
where: ARM2 Min Minimum ARM?2 ambient ratio, with a default value of 0.50
ARM2 Max Maximum ARM?2 ambient ratio, with a default value of 0.90
O3SECTOR StartSectl StartSect2 . . . StartSectN, where N is < 6
where: StartSectl Starting direction for the first sector
StartSect2 Starting direction for the second sector
StartSectN Starting direction for the last sector
NOTE: The minimum sector width allowed is 30 degrees, and
warning messages will be issued for sector widths less than
60 degrees. Sector-varying Os concentrations will be selected
based on the flow vector, i.e., the downwind direction based
on the wind direction specified in the surface meteorological
data file.
OZONEFIL O3FileName (O3Units) (O3Format) (without O3SECTORs)
or
SECTn O3FileName (O3Units) (O3Format) (with O3SECTORs)
where: SECTn Applicable sector (n = 1 to 6) defined on the CO O3SECTOR
keyword, if specified
O3FileName Filename for hourly ozone data file (YR, MN, DY, HR,
0O3Value)
(O3Units) Units of ozone data (PPM, PPB, or UG/M3); default is UG/M3
(O3Format) Fortran format statement to read ozone file; default is FREE-
format, i.e., comma or space-delimited data fields (Yr Mn Dy
Hr O3Value). The O3Format parameter must include open
and close parentheses, the date variables must be read as
integers (Fortran I format), and the O3Value must be read as
real (Fortran F, E, or D format), e.g., ‘(412,F8.3)’. The year
may be specified as a 2-digit or 4-digit year, and the data
period in the OZONEFIL must match the data period in the
meteorological data files.
OZONEVAL O3Value (O3Units) (without O3SECTORs)
or
SECTn O3Value (O3Units) (with O3SECTORs)
where: SECTn Applicable sector (n = 1 to 6) defined on the CO O3SECTOR
keyword, if specified
O3Value Background ozone concentration; also used to substitute for
missing data in OZONEFIL
(O3Units) Units of ozone value (PPM, PPB, or UG/M3); default is UG/M3
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Keyword Parameters

O3VALUES O3Flag O3values(i), i=1,n) (without O3SECTORs)
or
SECTn O3Flag O3values(i), i=1,n) (with O3SECTORs)
where: SECTn Applicable sector (n = 1 to 6) defined on the CO O3SECTOR
keyword, if specified
O3Flag Background ozone values flag:

ANNUAL for annual; SEASON for seasonal; MONTH for
monthly; HROFDY for hour-of-day; WSPEED for wind speed
category; SEASHR for season-by-hour; HRDOW for
emission rates vary by hour-of-day, and day-of-week [M-F,
Sat, Sun]; HRDOW?7 for emission rates vary by hour-of-day,
and the seven days of the week [M, Tu, W, Th, F, Sat, Sun];
SHRDOW for season by hour-of-day by day-of-week
(M-F,Sat,Sun); SHRDOW? for season by hour-of-day by
day-of-week (M, Tu,W,Th,F,Sat,Sun); MHRDOW for month
by hour-of-day by day-of-week (M-F,Sat,Sun); MHRDOW?7
for month by hour-of-day by day-of-week
(M,Tu,W,Th,F,Sat,Sun)

O3values Array of background concentrations, for: ANNUAL, n=1;
SEASON, n=4; MONTH, n=12; HROFDY, n=24;
WSPEED, n=6; SEASHR, n=96; HRDOW, n=72;
HRDOW7, n=168; SHRDOW, n=288; SHRDOW?7, n=672;
MHRDOW, n=864; MHRDOW?7, n=2016

NOTE: Background ozone values input through the
O3VALUES keyword are assumed to be in units of PPB,
unless modified by the OZONUNIT keyword.

OZONUNIT OzoneUnits

where: OzoneUnits Ozone concentration units for O3VALUES, specified as PPB for
parts-per-billion, PPM for parts-per-million, or UG/M3 for
micrograms/cubic-meter.

The following keywords: NOXSECTR, NOX_FILE, NOXVALUE, NOX_VALS, and NOX_UNIT,
are only applicable to the GRSM NO-to-NO; Conversion Option. The BETA and GRSM options
must both be specified as MODELOPTSs on the CO pathway.

NOXSECTR StartSectl StartSect2 . .. StartSectN, where N is <6

where: StartSectl Starting direction for the first sector
StartSect2 Starting direction for the second sector
StartSectN Starting direction for the last sector

NOTE: The minimum sector width allowed is 30 degrees, and
warning messages will be issued for sector widths less than 60
degrees. Sector-varying NOX concentrations will be selected
based on the flow vector, i.e., the downwind direction based on
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Keyword Parameters
the wind direction specified in the surface meteorological data
file.
NOX FILE NOXFileName (NOXUnits) (NOXFormat) (without NOXSECTRs)
or
SECTn NOXFileName (NOXUnits) (NOXFormat) (with NOXSECTRs)
where: SECTn Applicable sector (n = 1 to 6) defined on the CO O3SECTOR
keyword, if specified
NOXFileName Filename for hourly NOX data file (YR, MN, DY, HR,
NOXValue)
(NOXUnits) Units of NOX data (PPM, PPB, or UG/M3); default is UG/M3
(NOXFormat) Fortran format statement to read NOX file; default is FREE-
format, i.e., comma or space-delimited data fields (Yr Mn Dy
Hr NOXValue). The NOXFormat parameter must include
open and close parentheses, the date variables must be read as
integers (Fortran I format), and the NOXValue must be read
as real (Fortran F, E, or D format), e.g., ‘(412,F8.3)’. The year
may be specified as a 2-digit or 4-digit year, and the data
period in the NOX FILE must match the data period in the
meteorological data files.
NOXVALUE NOXValue (NOXUnits ) (without NOXSECTRs)
or
SECTn NOXValue (NOXUnits) (with NOXSECTRs)
where: SECTn Applicable sector (n =1 to 6) defined on the CO NOXSECTR
keyword, if specified
NOXValue Background ozone concentration; also used to substitute for
missing data in OZONEFIL
(NOXUnits) Units of ozone value (PPM, PPB, or UG/M3); default is UG/M3
NOX_ VALS NOXFlag NOXvalues(i), i=1,n) (without NOXSECTRSs)
or
SECTn NOXFlag NOXvalues(i), i=1,n) (with NOXSECTRs)
where: SECTn Applicable sector (n = 1 to 6) defined on the CO O3SECTOR
keyword, if specified
NOXFlag Background ozone values flag:

ANNUAL for annual; SEASON for seasonal; MONTH for
monthly; HROFDY for hour-of-day; WSPEED for wind speed
category; SEASHR for season-by-hour; HRDOW for
emission rates vary by hour-of-day, and day-of-week [M-F,
Sat, Sun]; HRDOW?7 for emission rates vary by hour-of-day,
and the seven days of the week [M, Tu, W, Th, F, Sat, Sun];
SHRDOW for season by hour-of-day by day-of-week
(M-F,Sat,Sun); SHRDOW? for season by hour-of-day by
day-of-week (M, Tu,W,Th,F,Sat,Sun); MHRDOW for month
by hour-of-day by day-of-week (M-F,Sat,Sun); MHRDOW?7
for month by hour-of-day by day-of-week

(M, Tu,W,Th,F,Sat,Sun)
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Keyword Parameters
NOXvalues Array of background concentrations, for: ANNUAL, n=1;
SEASON, n=4; MONTH, n=12; HROFDY, n=24;
WSPEED, n=6; SEASHR, n=96; HRDOW, n=72;
HRDOW7, n=168; SHRDOW, n=288; SHRDOW7, n=672;
MHRDOW, n=864; MHRDOW?7, n=2016
NOTE: Background NOX values input through the
NOXVALUES keyword are assumed to be in units of PPB,
unless modified by the NOX UNIT keyword.
NOX UNIT NOXUnits
where: NOXUnits NOX concentration units for NOX VALS, specified as PPB for
parts-per-billion, PPM for parts-per-million, or UG/M3 for
micrograms/cubic-meter.
FLAGPOLE (Flagdf)
where: (Flagdf) Default value for height of (flagpole) receptors above local
ground, a default value of 0.0 m is used if this optional
parameter is omitted
RUNORNOT RUN or NOT
where: RUN Indicates to run full model calculations
NOT Indicates to process setup data and report errors, but to not run
full model calculations
EVENTFIL (Evfile) (Evopt)
where: (Evfile) Identifies the filename to be used to generate a file for input to
EVENT model (Default=EVENTFIL.INP)
(Evopt) Optional parameter to specify the level of output detail selected
for the EVENT model: either SOCONT or DETAIL (default is
DETAIL if this parameter is omitted)
SAVEFILE (Savfil) (Dayinc) (Savfl2)
where: (Savfil) Specifies name of disk file to be used for storing intermediate
results (default = SAVE.FIL); file is overwritten after each
dump
(Dayinc) Number of days between dumps (optional: default is 1)
(Savfl2) Optional second disk filename to be used on alternate
dumps - eliminates risk of system crash during the dump. If
blank, file is overwritten each time.
INITFILE (Inifil)
where: (Inifil) Specifies name of disk file of intermediate results to be used for
initializing run (default = SAVE.FIL)
MULTYEAR (H6H) Savfil (Inifil)
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Keyword Parameters
where: H6H Optional field formerly used to specify that High-Sixth-High is
being calculated for use in PM10 processing; no longer
required
Savfil Specifies name of file to be used for storing results at the end of
the year
Optional name of file used for initializing the results arrays from
previous year(s). The Inifil parameter is not used for the first
(Inifil) year in the multi-year run.
DEBUGOPT MODEL (Dbgfil) and/or METEOR (Dbmfil) and/or PRIME (Prmfil)
and/or
AWMADW (AwmaDwfil)
and/or
PLATFORM (PlatfmDbgFil)
_and/or
DEPOS (Dbgfil )
and/or
[AREA (AreaDbFil) or LINE (LineDbFil)]
and/or
RLINE (RlineDbgFil)
and/or
BLPDBUG (BLPDbFil)
and/or
URBANDB (UrbanDbFil)
and/or
[PVMRM (Dbpvfil) (and TTRM2) or
OLM (OLMfil) (and TTRM2) or
ARM2 (ARM2fil) (and TTRM2) or
TTRM (TTRMfil) or GSRM (GSRMfil)]
and/or
SWPOINT (SWfil)
where: MODEL Specifies that MODEL debugging output will be generated
(Dbgfil) Optional filename for the model calculation debug file (a default
filename of ‘MODEL.DBG’ will be used if omitted)
METEOR Specifies that METEOROological profile data file will be
generated
(Dbmfil) Optional filename for the meteorological profile data file (a
default filename of ‘METEOR.DBG’ will be used if omitted)
PRIME Specifies that PRIME debugging output will be generated
(Prmfil) Optional filename for PRIME debug file (a default filename of
‘PRIME.DBG’ will be used if omitted)
AWMADW Specifies the debug out will be generated for AWMA
DownWash options
(AwmaDwfil) Optional filename for AWMADW debug file (a default filename
of ‘AWMADW.DBG’ will be used if omitted)
PLATFORM Specifies the debug out will be generated for PLATFORM
Downwash options.
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(PlatfmDbgfil)

DEPOS

AREA or LINE

(AreaDDbfil)

RLINE
(RLineDbgFil)

BLPDBUG
(BLPDbFil)

URBANDB

(UrbanDbFil)

PVMRM
(Dbpvfil)

OLM
(OLMfil)

ARM?
(ARM2fil)

TTRM
(TTRM(il)

TTRM2

GRSM
(GSRMfil)

SWPOINT

Optional filename for PLATFORM downwash debug file. (a
default filename of ‘PLATFORM.DBG’ will be used if
omitted)

Specifies that DEPOSition debugging output will be generated,
using default filenames of ‘GDEP.DAT’ for gas deposition
and ‘PDEP.DAT" for particle deposition.

Specifies that AREA or LINE debugging output will be
generated, including debugging outputs for OPENPIT sources,
if included in the modeling.

Optional filename for AREA debug file (a default filename of
‘AREA.DBG’ will be used if omitted)

Specifies that RLINE dbugging output will be generated.

Optional filename for RLINE debug file (a default filename of
‘RLINE.DBG’ will be used if omitted).

Debug information for the BUOYLINE source

Optional filename for BLPDBUG debug file (a default filename
of ‘BLPDBUG.DBG’ will be used if omitted)

Debug information from the URBANDB option. This will
produce 2 output files, one for the profile meteorology and one
for the surface meteorology.

Optional filename for URBANDB debug files. One file will be
generated using the name provided while a second file will be
generated with a ‘1° appended to the base filename. (Default
filenames ‘URBDBUG.DBG’ and 'URBDBUG1.DBG' will be
used if omitted)

Specifies that PVMRM debugging output will be generated

Optional filename for PVMRM debug file (a default filename of
‘PVMRM.DBG’ will be used if omitted)

Specifies that OLM debugging output will be generated

Optional filename for OLM debug file (a default filename of
‘OLM.DBG’ will be used if omitted)

Specifies that ARM2 debugging output will be generated

Optional filename for ARM2 debug file (a default filename of
‘ARM2.DBG’ will be used if omitted)

Specifies that TTRM debugging output will be generated

Optional filename for TTRM debug file (a default filename of
‘TTRM.DBG’will be used if omitted)

Specifies that TTRM2 debugging output will be generated.
TTRM2 can only be used with ARM2, PVMRM, or OLM and
only if specified with the MODELOPT keyword along with
one of those options. A user-defined debug filename cannot be
specified for the TTRM2 debug option.

Specifies that GRSM debugging output will be generated

Optional filename for GRSM debug file (a default filename of
‘GRSM.DBG’ will be used if omitted)

Specifies debugging output for the SWPOINT (sidewash) source
type will be generated.
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SWiil

Optional filename for SWPOINT debug file (a default filename
of SWPOINT.DBG will be used if omitted)

Note: The user can specify any of the applicable debug
options for a particular model run, and the options can be
specified in any order. However, the optional filenames
must be specified immediately after the keyword option
associated with the filename. Also note that debugging
information that was written to the main ‘aermod.out’ file
for the MODEL debug option prior to version 13350 is
now written to the applicable debug file (either MODEL
or PRIME) and beginning with version 14134 debug
information for AREA/LINE/OPENPIT sources is written
to the AREA debug file.

ERRORFIL

(Errfil)

where:

(Errfil)

Specifies name of detailed error listing file (default =
ERRORS.LST)
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Table A-3. Description of Source Pathway Keywords

SO Keywords Type [Keyword Description

STARTING M — N | Identifies the start of SOURCE pathway inputs

ELEVUNIT O —N [ Defines input units for source elevations (defaults to meters), must be first
keyword after SO STARTING if used.

LOCATION M — R | Identifies coordinates for particular source

RLEMCONV O - N | Optional emission units conversion that changes the input units for the
RLINE and RLINEXT sources to grams/hour/link

SRCPARAM M —R [ Identifies source parameters for a particular source

BUILDHGT O — R | Building height values for each wind sector

BUILDLEN O — R | Building projected length values for each wind sector

BUILDWID O — R | Building projected width values for each wind sector

XBADJ O —R | Along-flow distances from the stack to the center of the upwind face of the
projected building

YBADJ O —R | Across-flow distances from the stack to the center of the upwind face of the
projected building

AREAVERT M —R [ Specifies location of vertices for an AREAPOLY source type (mandatory if
AREAPOLY source is used)

RBARRIER O -R | Specifies RLINEXT barrier source configuration
The ALPHA option must be specified as a MODELOPT on the CO
pathway to use the RBARRIER keyword.

RDEPRESS O -R | Specifies RLINEXT depressed roadway source configuration
The ALPHA option must be specified as a MODELOPT on the CO
pathway to use the RDEPRESS keyword.

BLPINPUT M - R [ Buoyant line group parameters representative of the buoyant line group

URBANSRC O —R | Identifies which sources to model with urban effects

EMISFACT O —R | Optional input for variable emission rate factors

EMISUNIT O — N | Optional unit conversion factors for emissions, concentrations

CONCUNIT O —N [ Optional conversion factors for emissions and concentrations

DEPOUNIT O —N [ Optional conversion factors for emissions and depositions

PARTDIAM O — R | Input variables for optional input of particle size (microns)

MASSFRAX O —R | Optional input of mass fraction for each particle size category

PARTDENS O —R | Optional input of particle density (g/cm?) for each size category

METHOD 2 O —R | Optional input of parameters for METHOD 2 particle deposition
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SO Keywords Type [Keyword Description
The ALPHA option must be specified as a MODELOPT on the CO
pathway to use the METHOD_2 keyword.

GASDEPOS O — R | Optional input of gas deposition parameters
The ALPHA option must be specified as a MODELOPT on the CO
pathway to use the GASDEPOS keyword.

NO2RATIO O — R | Option to specify in-stack NO2/NOx equilibrium ratio for OLM and
PVMRM options by source

HOUREMIS O — R | Option for specifying hourly emission rates in a separate file

BGSECTOR O —N [ Specifies optional wind sectors for use in varying background
concentrations by wind direction for the pollutant being modeled, as
specified on the BACKGRND keyword

BACKGRND O —R [ Option to specify temporally varying background concentrations

BACKUNIT O —N | Option to specify units for background concentrations

INCLUDED O —-R [ Option to include data from a separate file in the runstream

OLMGROUP O —R [ Specifies sources to combine for OLM option to account for merging
plumes

BLPGROUP? M - R [ Associates individual buoyant lines with a buoyant line source group

PSDGROUP! O — R | Specifies source groups for PSDCREDIT option with PVMRM

SRCGROUP! M — R | Identification of source groups

PLATFORM O —-R [ Optional input for POINT and POINTHOR sources on a platform.
The ALPHA option must be specified as a MODELOPT on the CO
pathway to use the PLATFORM keyword.

FINISHED M —N | Identifies the end of SOURCE pathway inputs

1) The PSDGROUP or SRCGROUP keywords must be the last keyword within the SO pathway
before the FINISHED keyword. The SRCGROUP keyword is mandatory, unless the
PSDCREDIT option is used, which requires the PSDGROUP option instead.

2)  The BLPGROUP keyword(s) must be after the BLPINPUT keyword(s)
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Table A-4. Description of Source Pathway Keywords and Parameters

Keyword Parameters
ELEVUNIT |[METERS or FEET
where: METERS Specifies input units for source base elevations of meters (default if
ELEVUNIT is omitted)
FEET Specifies input units for source elevations of feet
Note: This keyword applies to source base elevations only.
LOCATION [ SrcID Srctyp Xs Ys (Zs) [for all Srctyps except LINE,
BUOYLINE, RLINE, and RLINEXT]
or
(FLAT) [for ‘FLAT & ELEV’ option]
or
SrcID Srctyp Xsl1 Ysl Xs2 Ys2 (Zs) [for LINE, RLINE, or BUOYLINE Srctyp]
or
(FLAT) [for ‘FLAT & ELEV’ option]
or
SrcID Srctyp Xsl Ysl Zs1 Xs2 Ys2 Zs2 (Zs)  [for RLINEXT Srctyp]
or
(FLAT) [for ‘FLAT & ELEV’ option]
where: SrcID Source identification code (unique alphanumeric string of up to 12
characters)
Srctyp Source type: POINT, POINTCAP, POINTHOR, VOLUME,
AREA, AREAPOLY, AREACIRC, OPENPIT, LINE,
BUOYLINE, RLINE, or RLINEXT
Xs x-coord of source location, corner for AREA, AREAPOLY, and
OPENPIT, center for AREACIRC (m)
Ys y-coord of source location, corner for AREA, AREAPOLY, and
OPENPIT, center for AREACIRC (m)
Xsl, Xs2 x-coords of midpoint for start and end of LINE, RLINE, RLINEXT,
or BUOYLINE source (m)
Ysl, Ys2 y-coords of midpoint for start and end of LINE, RLINE, RLINEXT,
or BUOYLINE source (m)
Zsl,7Zs2 z-coords of midpoint for start and end of RLINEXT source (m)
(Zs) Optional z-coord of source location (elevation above mean sea
level, defaults to 0.0 if omitted)
(FLAT) Optional keyword to indicate non-DFAULT option for identifying
sources to model as FLAT terrain
SRCPARAM [SrcID Ptemis Stkhgt Stktmp Stkvel Stkdia (POINT, POINTCAP,
POINTHOR source)
Vlemis Relhgt Syinit Szinit (VOLUME source)
Aremis Relhgt Xinit (Yinit) (Angle) (Szinit)  (AREA source)
Aremis Relhgt Nverts (Szinit) (AREAPOLY source)
Aremis Relhgt Radius (Nverts) (Szinit) (AREACIRC source)
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Lnemis Relhgt Width (Szinit)

(LINE or RLINE source)

Opemis Relhgt Xinit Yinit Pitvol (Angle) (OPENPIT source)
Blemis Relhgt (BUOYLINE source)
Rlemis DCL  Width Szinit (RLINEXT source)
where: SrcID Source identification code
Emis Source emission rate: in g/s for Ptemis, Vlemis, and Blemis; g/(s-
m?) for Aremis, Lnemis, and Opemis; g/m/s for Rlemis
Hgt Source physical release height above ground (center of height for
VOLUME, height above base of pit for OPENPIT)
Stktmp Stack gas exit temperature (K)
Stkvel Stack gas exit velocity (m/s)
Stkdia Stack inside diameter (m)
Syinit Initial lateral dimension of VOLUME source (m)
Szinit Initial vertical dimension of VOLUME, AREA, LINE, RLINE, or
RLINEXT source (m)
Xinit Length of side of AREA source in X-direction (m)
Yinit Length of side of AREA source in Y-direction (m) (optional
parameter, assumed to be equal to Xinit if omitted)
Angle Orientation angle (deg) of AREA or OPENPIT source relative to N
measured positive clockwise, rotated around the source location,
(Xs,Ys) (optional parameter, assumed to be 0.0 if omitted)
Nverts Number of vertices used for AREAPOLY or AREACIRC source
(optional for AREACIRC sources)
Radius Radius of circular area for AREACIRC source (m)
Width of LINE, RLINE, or RLINEXT source (m)
Width Volume of OPENPIT source (m?)
Pitvol Buoyant line emission rate in g/(s) for the individual line of
Blemis BUOYLINE source
DCL Distance from roadway centerline for RLINEXT source (m)
BUILDHGT | SrcID (or SrcRange) Dsbh(i), i=1,36
where: SrcID Source identification code
SrcRange Range of sources (inclusive) for which building dimensions apply,
entered as two alphanumeric strings separated by a '-'
Dsbh Array of direction-specific building heights (m) beginning with 10
degree flow vector and incrementing by 10 degrees clockwise
BUILDLEN SrcID (or SrcRange) Dsbl(i), i=1,36
where: SrcID Source identification code
SrcRange Range of sources (inclusive) for which building dimensions apply
Dsbl Array of direction-specific building lengths (m) beginning with 10
degree flow vector and incrementing by 10 degrees clockwise
BUILDWID SrcID (or SrcRange) Dsbw(i), i=1,36
where: SrcID Source identification code
SrcRange Range of sources (inclusive) for which building dimensions apply
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Dsbw

Array of direction-specific building widths (m) beginning with 10
degree flow vector and incrementing by 10 degrees clockwise

XBADJ SrcID (or SrcRange) Xbadj(i), i=1,36
where: SrclD Source identification code
SrcRange Range of sources (inclusive) for which XBADJ distances apply
Xbadj(i) Array of direction-specific along-wind distances beginning with 10
degree flow vector and incrementing by 10 degrees clockwise
YBADJ SrcID (or SrcRange) Ybadj(i), i=1,36
where: SrclD Source identification code
SrcRange Range of sources (inclusive) for which YBADJ distances apply
Ybadj(i) Array of direction-specific across-wind distances beginning with 10
degree flow vector and incrementing by 10 degrees clockwise
AREAVERT | SrcID Xv(1) Yv(1) Xv(2) Yv(2) ... Xv(i) Yv(i)
where: SrcID Source identification code
Xv(1) X-coordinate of the first vertex of an AREAPOLY source (must be
the same as the value of Xs for that source defined on the SO
LOCATION card)
Yv(1) Y-coordinate of the first vertex of an AREAPOLY source (must be
the same as the value of Y's for that source defined on the SO
LOCATION card)
Xv(i) X-coordinate for the i vertex of an AREAPOLY source
Yv(i) Y-coordinate for the i™ vertex of an AREAPOLY source
RBARRIER | SrcID Htwall DCLwall (Htwall2 DCLwall2)
where: SrclD Source identification code
Htwall Height of the wall (or barrier 1) near roadway (m)
DCLwall Distance from the roadway centerline to the wall (m)
Htwall2 Height of the second wall (or barrier 2) near roadway (m)
DCLwall2 Distance from the roadway centerline to the second wall (m)
RDEPRESS SrcID Htwall DCLwall Depth Wtop Wbottom
where: SrcID Source identification code
Depth Depth of the depression containing the roadway (m)
Wtop Width of the top of the depression containing the roadway (m)
Whbottom Width of the bottom of the depression containing the roadway (m)
BLPINPUT (BLPGrpID) Blavgllen Blavgbhgt Blavgbwid Blavglwid Blavgbsep Blavgfprm
where: BLPGrpID Buoyant line group ID following parameters apply to
Blavgllen Average buoyant line length (m)
Blavgbhgt Average building height (m)
Blavgbwid Average building width (m)
Blavglwid Average buoyant line width (m)
Blavgsep Average building separation (m)
Blavgfprm Average buoyancy parameter (m*/s*)
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URBANSRC | For multiple urban areas:

UrbanID SrcID’s and/or SrcRng’s

For single urban areas:

SrcID’s and/or SrcRng’s

User may also specify ‘ALL’ for SrcID’s to assign all sources as urban.

where: UrbanID Specifies the alphanumeric urban ID (up to eight characters)
SrcID Specifies which source(s) will be modeled with urban effects
SrcRange Specifies a range of sources that will be modeled with urban effects
EMISFACT SrcID (or SrcRange) Qflag Qfact(i), i=1,n
where: SrcID Source identification code

SrcRange Range of sources (inclusive) for which emission rate factors apply

Qflag Variable emission rate flag:

SEASON for seasonal; MONTH for monthly; HROFDY for
hour-of-day; WSPEED for wind speed category; SEASHR for
season-by-hour; HRDOW for emission rates vary by hour-of-
day, and day-of-week [M-F, Sat, Sun]; HRDOW?7 for emission
rates vary by hour-of-day, and the seven days of the week [M, Tu,
W, Th, F, Sat, Sun]; SHRDOW for season by hour-of-day by
day-of-week (M-F,Sat,Sun); SHRDOW? for season by hour-of-
day by day-of-week (M, Tu,W,Th,F,Sat,Sun); MHRDOW for
month by hour-of-day by day-of-week (M-F,Sat,Sun);
MHRDOW? for month by hour-of-day by day-of-week
(M,Tu,W,Th,F,Sat,Sun)

Qfact Array of scalar emission rate factors, for:

SEASON, n=4; MONTH, n=12; HROFDY, n=24;
WSPEED, n=6; SEASHR, n=96; HRDOW, n=72;
HRDOW?7, n=168; SHRDOW, n=288; SHRDOW7, n=672;
MHRDOW, n=864; MHRDOW?7, n=2016

EMISUNIT Emifac Emilbl Outlbl

where: Emifac Emission rate factor used to adjust units of output (default value is

1.0E06 for CONC for grams to micrograms; default value is 3600
for grams/sec to grams/m?/hr for deposition)

Emilbl Label to use for emission units (default is grams/sec)

Outlbl Label to use for output units; applies to first output type if more
than one output type is generated (default is micrograms/m**3
for concentration and grams/m**2 for deposition)

RLEMCONV | No parameters or secondary keywords
Changes the expected emission units for the RLINE (Lemis) and RLEINXT
(Rlemis)emissions to grams/hour/link
CONCUNIT | Emifac Emilbl Conlbl
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where: Emifac Emission rate factor used to adjust units of output (default value is
1.0E06 for concentration for grams to micrograms)
Emilbl Label to use for emission units (default is grams/sec)
Conlbl Label to use for concentrations (default is micrograms/m?)
DEPOUNIT |Emifac Emilbl Deplbl
where: Emifac Emission rate factor used to adjust units of output for deposition
(default value is 3600 for grams/sec to grams/m?/hr)
Emilbl Label to use for emission units (default is grams/sec)
Deplbl Label to use for deposition (default is grams/m?)
PARTDIAM | SrcID (or SrcRange) Pdiam(i), i=1,Npd
where: SrcID Source identification code
SrcRange Range of sources (inclusive) for which size categories apply
Pdiam Array of particle diameters (microns)
MASSFRAX | SrcID (or SrcRange) Phi(i), i=1,Npd
where: SrclD Source identification code
SrcRange Range of sources (inclusive) for which mass fractions apply
Phi Array of mass fractions for each particle size category
PARTDENS | SrcID (or SrcRange) Pdens(i), i=1,Npd
where: SrcID Source identification code
SrcRange Range of sources (inclusive) for which particle densities apply
Pdens Array of particle densities (g/cm?) for each size category
METHOD 2 | SrcID (or SrcRange) FineMassFraction Dmm
where: SrclD Source identification code
FineMassFraction |Fraction (between 0 and 1) of particle mass emitted in fine mode,
less than 2.5 microns
Dmm Representative mass mean particle diameter in microns
GASDEPOS [ SrcID (or SrcRange) Da Dw rcl Henry
where: SrclD Source identification code
Da Diffusivity in air for the pollutant being modeled (cm?/s)
Dw Diffusivity in water for the pollutant being modeled (cm?/s)
rcl Cuticular resistance to uptake by lipids for individual leaves (s/cm)
Henry Henry's Law constant (Pa m*/mol)
NO2RATIO SrcID (or SrcRange) NO2Ratio
where: SrcID Source identification code
SrcRange Source ID range for specified ratio
NO2Ratio In-stack ratio of NO»/NOy
HOUREMIS | Emifil SrcID's SrcRange's
where: Emifil Specifies name of the hourly emission rate file
SrcID's Discrete source IDs that are included in the hourly emission file
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SrcRange's Source ID ranges that are included in the hourly emission file
BGSECTOR | StartSect]l StartSect2 . .. StartSectN, where N is < 6
where: StartSect1 Starting direction for the first sector
StartSect2 Starting direction for the second sector
StartSectN Starting direction for the last sector
NOTE: The minimum sector width allowed is 30 degrees, and
warning messages will be issued for sector widths less than 60
degrees. Sector-varying background concentrations will be
selected based on the flow vector, i.e., the downwind direction,
based on the wind direction specified in the surface
meteorological data file.
BACKGRND |[BGflag BGvalue(i), i=1,n (without BGSECTORs)
and/or
HOURLY BGfilnam (BGformat)
or
SECTn BGflag BGvalue(i), i=1,n (with BGSECTORS)
and/or
SECTn HOURLY BGfilnam (BGformat)
where: SECTn Applicable sector (n = 1 to 6) defined on the SO BGSECTOR
keyword, if specified
BGflag Variable background concentration flag:

ANNUAL for annual; SEASON for seasonal; MONTH for
monthly; HROFDY for hour-of-day; WSPEED for wind speed
category; SEASHR for season-by-hour; HRDOW for emission
rates vary by hour-of-day, and day-of-week [M-F, Sat, Sun];
HRDOW? for emission rates vary by hour-of-day, and the seven
days of the week [M, Tu, W, Th, F, Sat, Sun]; SHRDOW for
season by hour-of-day by day-of-week (M-F,Sat,Sun);
SHRDOWT? for season by hour-of-day by day-of-week

(M, Tu,W,Th,F,Sat,Sun); MHRDOW for month by hour-of-day
by day-of-week (M-F,Sat,Sun); MHRDOW?7 for month by hour-
of-day by day-of-week (M,Tu,W,Th,F,Sat,Sun)

BGvalue Array of background concentrations; for:

ANNUAL, n=1; SEASON, n=4; MONTH, n=12;
HROFDY, n=24; WSPEED, n=6; SEASHR, n=96;
HRDOW, n=72; HRDOW?7, n=168; SHRDOW, n=288;
SHRDOW7, n=672; MHRDOW, n=864;

MHRDOW7, n=2016
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HOURLY

BGfilnam
(BGformat)

Flag indicating that hourly background concentrations are specified
in a separate data file; data period must match the meteorological
data period being processed; no missing values are allowed in the
hourly file, unless temporally varying background concentrations
are also specified through the BGflag parameter, which are used
to substitute for missing hourly values.

Filename for hourly background concentrations

Optional Fortran format of hourly background concentration file;
the default format is FREE format, i.e., comma or space-
delimited data fields (Yr Mn Dy Hr BGvalue). The BGformat
parameter must include open and close parentheses, the date
variables must be read as integers (Fortran I format), and the
BGvalue must be read as real (Fortran F, E, or D format), e.g.,
‘(412,F8.3)’. The year may be specified as a 2-digit or 4-digit
year, and the data period in the HOURLY background file must
match the data period in the meteorological data files. The
BGformat parameter cannot include any blank spaces, unless the
field in enclosed by double quotes.

NOTE: Background concentrations specified on the
BACKGRND keyword are currently assumed to be in units of
PPB for NO; and SO,, PPM for CO, and UG/M3 for all other
pollutants, unless otherwise specified on the SO BACKUNIT
keyword.

Background concentrations can be included with any source
group, including group ‘ALL’, by including a “SrcID” of
‘BACKGROUND?’ on the SRCGROUP keyword. Note that
background concentrations are automatically included
with group ALL by default; however, background
concentrations can be excluded from group ALL by
including NOBACKGROUND (or NOBACKGRND) on
the SRCGROUP ALL keyword.

BACKUNIT

BGunits

where:

BGunits

Background concentration units, specified as PPB for parts-per-
billion, PPM for parts-per-million, or UG/M3 for
micrograms/cubic-meter. Background concentrations input in
units of PPB or PPM are converted to micrograms/cubic-meter
based on reference temperature (25 C) and pressure (1013.25
mb).

Note: Units of PPB and PPM can only be used with the NO2,
SO2, and CO POLLUTID.

INCLUDED

Incfil

where:

SrcIncFile

Filename for the included source file, up to 200 characters in length;
double quotes (“) may be used as delimiters for the filename to
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allow for embedded spaces; and quotes don’t count toward the
limit of 200

OLMGROUP | OLMGrpID SrcID's SrcRange's
or
ALL
where: OLMGrpID Group ID (Grpid = ALL specifies group including all sources)
SrcID's Discrete source IDs to be included in group
SrcRange's Source ID ranges to be included in group
Note: Card may be repeated with same Grpid if more space is
needed to specify sources
BLPGROUP | BLPGrpID SrcID’s SrcRange’s
where: BLPGrpID Buoyant line group ID
SrcID’s Discrete BUOYLINE source IDs to be included in group
SrcRange’s BUOYLINE source ID ranges to be included in group
PSDGROUP | PSDGrpID SrcID's SrcRange's
where: PSDGrpID PSD GrpID for PSDCREDIT option, must be one of the following:
INCRCONS - increment-consuming sources,
NONRBASE — non-retired baseline sources, or
RETRBASE - retired (increment-expanding) baseline sources.
SrcID's Discrete source IDs to be included in group
SrcRange's Source ID ranges to be included in group
Note: Card may be repeated with same PSDGrpID if more
space is needed to specify sources
SRCGROUP | SrcGrpID SrcID's SrcRange's
where: SrcGrplD Group ID (Grpid = ALL specifies group including all sources)
SrcID's Discrete source IDs to be included in group; a “SrcID” of
‘BACKGROUND?’ (or ‘BACKGRND?’) can be used to include
background concentrations, based on the BACKGRND keyword.
Also note that background concentrations are automatically
included with group ALL; however, background concentrations
can be excluded from group ALL by specifying
‘NOBACKGROUND?’ on the SRCGROUP ALL keyword.
SrcRange's Source ID ranges to be included in group
Note: Card may be repeated with same Grpid if more space is
needed to specify sources
SRCGROUP | BLPINPUT Blavgblen Blavgbhgt Blavgbwid Blavglwid Blavgbsep Blavgfprm
where: Blavgblen Average building length (m)
Blavgbhgt Average building height (m)
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Blavgbwid Average building width (m)
Blavglwid Average line source width (m) (of the individual lines)
Blavgbsep Average building separation (m) (between the individual lines)
Blavgfprm Average buoyancy parameter (m4/s3)

Table A-5. Description of Receptor Pathway Keywords

RE Keywords | Type [Keyword Description

STARTING M — N |Identifies the start of RECEPTOR pathway inputs

ELEVUNIT O — N | Defines input units for receptor elevations (defaults to meters), must be first
keyword after RE STARTING if used.

GRIDCART O! — R | Defines a Cartesian grid receptor network

GRIDPOLR O! — R | Defines a polar receptor network

DISCCART O! —R | Defines the discretely placed receptor locations referenced to a Cartesian
system

DISCPOLR O! — R | Defines the discretely placed receptor locations referenced to a polar system

EVALCART O! — R | Defines discrete Cartesian receptor locations for use with EVALFILE output
option

INCLUDED O — R [Identifies an external file containing receptor locations to be included in the
inputs

FINISHED M - N [Identifies the end of RECEPTOR pathway inputs

1) At least one of the following must be present: GRIDCART, GRIDPOLR, DISCCART,
DISCPOLR, or EVALCART, unless the INCLUDED keyword is used to include receptor
inputs from an external file. Multiple receptor networks can be specified in a single run,
including both Cartesian and polar.
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Table A-6. Description of Receptor Pathway Keywords and Parameters

Keyword Parameters
ELEVUNIT |METERS or FEET
where: METERS | Specifies input units for receptor elevations of meters
FEET Specifies input units for receptor elevations of feet
Note: This keyword applies to receptor elevations only.
GRIDCART ([Netid STA
XYINC Xinit Xnum Xdelta Yinit Ynum Ydelta
or XPNTS Gridx1 Gridx2 Gridx3 .... GridxN, and
YPNTS Gridyl Gridy2 Gridy3 .... GridyN
ELEV Row Zelevl Zelev2 Zelev3 ... ZelevN
HILL Row Zhilll Zhill2 Zhill3 ... ZhilIN
FLAG Row Zflagl Zflag2 Zflag3 ... ZflagN
END
where: Netid Receptor network identification code (up to eight alphanumeric
characters)
STA Indicates STArt of GRIDCART subpathway, repeat for each new Netid
XYINC Keyword identifying grid network generated from x and y increments
Xinit Starting local x-axis grid location in meters
Xnum Number of x-axis receptors
Xdelta Spacing in meters between x-axis receptors
Yinit Starting local y-axis grid location in meters
Ynum Number of y-axis receptors
Ydelta Spacing in meters between y-axis receptors
XPNTS Keyword identifying grid network defined by series of x and y
coordinates
Gridx1 Value of first x-coordinate for Cartesian grid
GridxN Value of 'nth' x-coordinate for Cartesian grid
YPNTS Keyword identifying grid network defined by series of x and y
coordinates
Gridyl Value of first y-coordinate for Cartesian grid
GridyN Value of 'nth' y-coordinate for Cartesian grid
ELEV Keyword to specify that receptor elevations follow
Row Indicates which row (y-coordinate fixed) is being input
Zelev An array of receptor terrain elevations for a particular Row
HILL Keyword to specify that hill height scales follow
Row Indicates which row (y-coordinate fixed) is being input
Zhill An array of hill height scales for a particular Row
FLAG Keyword to specify that flagpole receptor heights follow
Row Indicates which row (y-coordinate fixed) is being input
Zflag An array of receptor heights above local terrain elevation for a particular
Row (flagpole receptors)
END Indicates END of GRIDCART subpathway, repeat for each new Netid
GRIDPOLR ([Netid STA
ORIG Xinit Yinit,
or ORIG Srcid
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DIST Ringl Ring2 Ring3 ... RingN
DDIR Dirl Dir2 Dir3 ... DirN,
or GDIR Dirnum Dirini Dirinc

ELEV Dir Zelevl Zelev2 Zelev3 ... ZelevN
HILL Dir Zhilll Zhill2 Zhill3 ... ZhilIN
FLAG Dir Zflagl Zflag2 Zflag3 ... ZflagN
END
where: Netid Receptor network identification code (up to eight alphanumeric
characters)
STA Indicates STArt of GRIDPOLR subpathway, repeat for each new Netid
ORIG Optional keyword to specify the origin of the polar network (assumed to
be at x=0, y=0 if omitted)
Xinit local x-coordinate for origin of polar network (m)
Yinit local y-coordinate for origin of polar network (m)
Srcid Source ID of source used as origin of polar network
DIST Keyword to specify distances for the polar network
Ringl Distance to the first ring of polar coordinates (m)
RingN Distance to the nth' ring of polar coordinates (m)
DDIR Keyword to specify discrete direction radials for the polar network
Dirl First direction radial in degrees (1 to 360)
DirN The 'nth' direction radial in degrees (1 to 360)
GDIR Keyword to specify generated direction radials for the polar network
Dirnum Number of directions used to define the polar system
Dirini Starting direction of the polar system
Dirinc Increment (in degrees) for defining directions
ELEV Keyword to specify that receptor elevations follow
Dir Indicates which direction is being input
Zelev An array of receptor terrain elevations for a particular direction radial
HILL Keyword to specify that hill height scales follow
Row Indicates which row (y-coordinate fixed) is being input
Zhill An array of hill height scales for a particular Row Keyword to specify that
flagpole receptor heights follow
FLAG Keyword to specify that flagpole receptor heights follow
Dir Indicates which direction is being input
Zflag An array of receptor heights above local terrain elevation for a particular
direction (flagpole receptors)
END Indicates END of GRIDPOLR subpathway, repeat for each new Netid
DISCCART |Xcoord Ycoord (Zelev Zhill) (Zflag)
where: Xcoord local x-coordinate for discrete receptor location (m)
Ycoord local y-coordinate for discrete receptor location (m)
(Zelev) Elevation above sea level for discrete receptor location (optional), used
only for ELEV terrain
(Zhill) Hill height scale (optional)
(Zflag) Receptor height (flagpole) above local terrain (optional), used only with
FLAGPOLE keyword
DISCPOLR | Srcid Dist Direct (Zelev Zhill) (Zflag)
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where: Srcid Specifies source identification for which discrete polar receptor locations
apply (used to define the origin for the discrete polar receptor)
Dist Downwind distance to receptor location (m)
Direct Direction to receptor location, in degrees clockwise from North
(Zelev) Elevation above sea level for receptor location (optional), used only for
ELEV terrain
(Zhill) Hill height scale (optional)
(Zflag) Receptor height (flagpole) above local terrain (optional), used only with
FLAGPOLE keyword
EVALCART |Xcoord Ycoord Zelev Zhill Zflag Arcid (Name)
where: Xcoord Local x-coordinate for discrete receptor location (m)
Ycoord Local y-coordinate for discrete receptor location (m)
Zelev Elevation above sea level for discrete receptor location (optional), used
only for ELEV terrain
Zhill Hill height scale (m)
Zflag Receptor height (flagpole) above local terrain (optional), used only with
FLAGPOLE keyword
Arcid Receptor arc ID used to group receptors along an arc or other grouping
(up to eight characters)
(Name) Optional name for receptor (up to eight characters)
INCLUDED ([ReclncFile
where: RecIncFile |Identifies the filename for the included receptor file, up to 200 characters

in length; double quotes (‘) may be used as delimiters for the filename
to allow for embedded spaces; quotes don’t count toward the limit of
200
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Table A-7. Description of Meteorology Pathway Keywords

ME Keywords | Type |Keyword Description

STARTING M —N [Identifies the start of METEOROLOGY pathway inputs

SURFFILE M —N [ Describes input meteorological surface data file

PROFFILE M —N [ Describes input meteorological profile data file

SURFDATA M —N [ Describes surface meteorological station

UAIRDATA M —N [ Describes upper air meteorological station

SITEDATA O —N |Describes on-site meteorological station

PROFBASE M —N | Specifies the base elevation for the potential temperature profile

STARTEND O —N | Specifies start and end dates to be read from input meteorological data file
(default is to read entire file)

DAYRANGE | O—-R |Specifies days or ranges of days to process (default is to process all data)

NOSA O—-N | Specifies to set oo to missing for all hours in profile data file

NOSACO O—-N | Specifies to set 6o to missing for convective hours only in profile data file

NOSAST O—-N | Specifies to set 6g to missing for stable hours only in profile data file

NOSW O—-N | Specifies to set 6w to missing for all hours in profile data file

NOSWCO O—-N | Specifies to set ow to missing for convective hours only in profile data file

NOSWST O—-N | Specifies to set ow to missing for stable hours only in profile data file

NOTURB O—-N | Specifies to set 6o and ow to missing for all hours in profile data file

NOTURBCO |O—-N | Specifies to set og and 6w to missing for convective hours only in profile
data file

NOTURBST |[O-N [Specifies to set 6 and ow to missing for stable hours only in profile data
file

SCIMBYHR O —N | Specifies the parameters for the SCIM (Sampled Chronological Input
Model) option (see CO MODELOPT)

WDROTATE | O-N [May be used to correct for alignment problems of wind direction
measurements, or to convert wind direction from to flow vector

WINDCATS O —N |Input upper bounds of wind speed categories, five values input - sixth
category is assumed to have no upper bound (used for WSPEED option on
the EMISFACT keyword)

FINISHED M —N [Identifies the end of METEOROLOGY pathway inputs
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Table A-8. Description of Meteorology Pathway Keywords and Parameters

Keyword Parameters
SURFFILE Stefil
where: Stefil Specify filename for surface meteorological input file
Note: FREE format is used for all SURFFILE reads beginning
with version 09292,
PROFFILE Profil
where: Profil Specify filename for profile meteorological input file
Note: FREE format is used for all PROFFILE reads beginning
with version 09292.
SURFDATA | Stanum Year (Name) (Xcoord Ycoord)
where: Stanum Station number, e.g., 5-digit WBAN number for NWS station
Year Year of data being processed (four digits)
(Name) Station name (optional)
(Xcoord) x-coordinate of station location (m) (optional)
(Ycoord) y-coordinate of station location (m) (optional)
UAIRDATA [Stanum Year (Name) (Xcoord Ycoord)
where: Stanum Station number, e.g., 5-digit WBAN number for NWS station
Year Year of data being processed (four digits)
(Name) Station name (optional)
(Xcoord) x-coordinate of station location (m) (optional)
(Ycoord) y-coordinate of station location (m) (optional)
SITEDATA Stanum Year (Name) (Xcoord Ycoord)
where: Stanum Station number for on-site meteorological data station
Year Year of data being processed (four digits)
(Name) Station name (optional)
(Xcoord) x-coordinate of station location (m) (optional)
(Ycoord) y-coordinate of station location (m) (optional)
PROFBASE BaseFElev (Units)
where: BaseElev Base elevation (above MSL) for the potential temperature profile
(Units) Units of BaseElev: METERS or FEET (default is METERS)
STARTEND | Strtyr Strtmn Strtdy (Strthr) Endyr Endmn Enddy (Endhr)
where: Strtyr Year of first record to be read
Strtmn Month of first record to be read
Strtdy Day of first record to be read
(Strthr) Hour of first record to be read (optional)
Endyr Year of last record to be read
Endmn Month of last record to be read
Enddy Day of last record to be read
(Endhr) Hour of last record to be read (optional)
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Note: File read begins with hour 1 of the start date and ends with
hour 24 of the end date if Stahr and Endhr are omitted.

DAYRANGE [Rangel Range2 Range3 ... RangeN
where: Rangel First range of days to process, either as individual day (XXX) or as
range (XXX-YYY); days may be input as Julian dates (XXX) or
as month and day (XX/YY)
RangeN The 'N-th' range of days to process
NUMYEARS |NumYrs
where: NumYrs Specifies the number of years of meteorological data being
processed for purposes of allocating array storage for the OU
MAXDCONT option. A default value of 5 years is assumed if the
optional NUMYEARS keyword is omitted.
NOSA
or
NOSACO
or
NOSAST
or
NOSW
or
NOSWCO No parameters or secondary keywords
or
NOSWST
or
NOTURB
or
NOTURBCO
or
NOTURBST
SCIMBYHR | NRegStart NReglnt (SfcFilnam PflFilnam)
where: NRegStart Specifies the first hour to be sampled with the SCIM option;
required to have a value from 1 to 24
NReglnt Specifies the sampling interval, in hours
(SfcFilnam) | Optional output file name to list the surface meteorological data for
the sampled hours
(PflFilnam) Optional output file name to list the profile meteorological data for
the sampled hours
WDROTATE [Rotang
where: Rotang Specifies angle (in degrees) to rotate wind direction measurements

to correct for alignment problems; value of Rotang is subtracted
from WD measurements, 1.e., rotation is counterclockwise
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WINDCATS [Wsl Ws2 Ws3 Ws4 Ws5
where: Wsl Upper bound of first wind speed category (m/s)
Ws2 Upper bound of second wind speed category (m/s)
Ws3 Upper bound of third wind speed category (m/s)
Ws4 Upper bound of fourth wind speed category (m/s)
Ws5 Upper bound of fifth wind speed category (m/s)

(sixth category is assumed to have no upper bound)
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Table A-9. Description of Event Pathways and Keywords

EV Keywords Type |Keyword Description

STARTING M — N | Identifies the start of EVENT pathway inputs

EVENTPER M — R | Describes data and averaging period for an event

EVENTLOC M — R | Describes receptor location for an event

INCLUDED O —R |Identifies an external file containing EVENT data to be included in the
inputs

FINISHED M — N | Identifies the end of EVENT pathway inputs
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Table A-10. Description of Event Pathway Keywords and Parameters

Keyword Parameters
EVENTPER [Evname Aveper Grpid Date Conc
where: Name Specify name of event to be processed (e.g., HOO2H24ALL), (up to
ten alphanumeric characters)
Grpid Specify source group ID for event
Aveper Specify averaging period for event
Date Specify data period for event (ending YYMMDDHH for averaging
period)
Conc Specifies the concentration value generated during the initial non-
EVENT processing
EVENTLOC [Evname XR= Xr YR= Yr (Zelev Zhill) (Zflag)
or
RNG= Rng DIR= Dir (Zelev Zhill) (Zflag)
where: Evname Specify name of event to be processed (e.g., HOO2H24ALL), (up to
ten alphanumeric characters)
XR= X-coordinate for event (discrete Cartesian receptor)
YR= Y-coordinate for event (discrete Cartesian receptor)
RNG= Distance range for event (discrete polar receptor)
DIR= Radial direction for event (discrete polar receptor)
(Zelev) Terrain elevation for event (optional)
(Zhill) Hill height scale (optional)
(Zflag) Receptor height above ground for event (optional)
INCLUDED EventIncFile
where: EventIncFile |Identifies the filename for the included EVENT file, up to 200
characters in length; double quotes (“) may be used as delimiters for
the filename to allow for embedded spaces; and quotes don’t count
toward the limit of 200
Note: EVENT locations can be input as either discrete Cartesian receptors (XR=, YR=) or as

discrete polar receptors (RNG=, DIR=). Events that are specified in the file generated by
the AERMOD model (CO EVENTFIL card) are always given as discrete Cartesian
coordinates. Discrete polar receptors are assumed to be relative to an origin of (0,0).
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Table A-11. Description of Output Pathway Keywords

OU Keywords | Type [Keyword Description

STARTING M — N |Identifies the start of OUTPUT pathway inputs

RECTABLE O —R | Option to specify value(s) by receptor for output

MAXTABLE O —R [Option to summarize the overall maximum values

DAYTABLE O —N [Option to print summaries for each averaging period for each day processed.

MAXIFILE O —R |Option to list events exceeding a threshold value to file (if CO
EVENTFIL option is used, these events are included in the input file
generated for the EVENT model).

POSTFILE! O —R |Option to write results to a mass storage file for postprocessing.

PLOTFILE! O —R | Option to write certain results to a storage file suitable for
input to plotting routines

TOXXFILE O —R |Option to write results to a storage file suitable for input to the
TOXX model component of TOXST or the RISK

RANKFILE O —R | Option to output file of ranked values for Q-Q plots (must be used
with the MAXTABLE keyword)

EVALFILE O —R |Option to output file of normalized arc maxima from EVALCART
receptors for model evaluation studies

SEASONHR O —R | Option to output results by season and hour-of-day

MAXDAILY O —R | Option to output file of daily maximum 1-hour values for each day
processed; only applicable for 1-hour NO; and 1-hour SO, NAAQS

MXDYBYYR | O-R |Option to output file of daily maximum 1-hour values by year, for each year
processed; only applicable for 1-hour NO; and 1-hour SO, NAAQS

MAXDCONT | O-R |Option to output contributions of each source group to ranked values
averaged across years for a reference source group, paired in time and space;
only applicable for 24-hour PM 5 1-hour NO,, and 1-hour SO, NAAQS

SUMMFILE O —N [ Option to output summary of high ranked values to separate file

FILEFORM O —N [ Specify fixed or exponential format for output results files

NOHEADER O —N | Option to suppress file headers for output file options, e.g., POSTFILE,
PLOTFILE, MAXDCONT, etc.

EVENTOUT M — N | Specifies the level of output information provided for EVENT
Processing [EVENT Only]

FINISHED M — N |Identifies the end of OUTPUT pathway inputs

1) POSTFILE is used to output concurrent concentration values for particular source groups and
averaging times across the receptor network suitable for postprocessing. PLOTFILE is used to
output specific design values, such as second high concentrations, across the receptor network,
suitable for plotting concentration contours.
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Table A-12. Description of Output Pathway Keywords and Parameters

Keyword Parameters
RECTABLE |Aveper FIRST SECOND ... SIXTH ... TENTH and/or
Aveper 1ST 2ND 6TH ... 10TH and/or
Aveper 1 2 6 ... 10 N ... 999
where: Aveper Averaging period to summarize with high values (keyword
ALLAVE specifies all short-term averaging periods)
FIRST Select summaries of FIRST highest values by receptor
SECOND Select summaries of SECOND highest values by receptor
SIXTH Select summaries of SIXTH highest values by receptor
1ST Select summaries of 1ST highest values by receptor
2ND Select summaries of 2ND highest values by receptor
6TH Select summaries of 6TH highest values by receptor
N Select summaries of N-th highest values by receptor (up to 999-th
highest values)
Note:
If two parameters are input separated by a dash (e.g.
FIRST-THIRD or 4-12), then summaries of all high
ranked values within that range (inclusive) are provided.
If the CO EVENTFIL keyword is exercised, then the
events generated by the RECTABLE keyword are included
in the input file for EVENT model.
The range of ranks specified on the RECTABLE keyword
(but not the individual ranks specified) also determines
the range of ranks that may be considered with the
MAXDCONT option.
MAXTABLE | Aveper Maxnum
where: Aveper Averaging period to summarize with overall maximum values
(keyword ALLAVE specifies all averaging periods)
Maxnum Specifies number of overall maximum values to summarize
DAYTABLE [Avperl Avper2 Avper3 ...
where: Avperl Averaging period, e.g., 24 for 24-hr averages, to summarize with
values by receptor for each day of data processed (keyword
ALLAVE for first parameter specifies all averaging periods)
MAXIFILE Aveper GrpID Thresh Filnam (Funit)
where: Aveper Specifies averaging period for list of values equal to or exceeding a
threshold value
GrpID Specifies source group to be output to file
Thresh Threshold value (e.g., NAAQS) for list of exceedances
Filnam Name of disk file to store maximum values
Funit Optional parameter to specify the file unit
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Note:
If the CO EVENTFIL keyword is exercised, then the events
generated by the MAXIFILE keyword are included in the input
file for EVENT processing.

POSTFILE Aveper GrpID Format Filnam (Funit)
where: Aveper Specifies averaging period to be output to file, e.g., 24 for 24-hr
averages, PERIOD for period averages
GrpID Specifies source group to be output to file
Format Specifies format of file, either UNFORM for unformatted files or
PLOT for formatted files for plotting
Filnam Specifies filename for output file
Funit Optional parameter to specify the file unit
PLOTFILE Aveper GrpID Hivalu Filnam (Funit) (Short-Term values)
Aveper GrpID Filnam (Funit) (PERIOD or ANNUAL averages)
where: Aveper Specifies averaging period to be output to file, e.g., 24 for 24-hr
averages, PERIOD for period averages, etc.
GrpID Specifies source group to be output to file
Hivalu Specifies rank to be included in high value summary (e.g., FIRST,
SECOND, 1ST, 2ND, etc.) to be output to file (the rank must be
included on the RECTABLE card)
Filnam Specifies filename for output file
Funit Optional parameter to specify the file unit
TOXXFILE |Aveper Cutoff Filnam (Funit)
where: Aveper Specifies averaging period to be output to file, e.g., 1 for 1-hr
averages.
Cutoff Specifies cutoff (threshold) value in g/m* for outputting results for
AERMOD model
Filnam Specifies filename for output file
Funit Optional parameter to specify the file unit
RANKFILE | Aveper Hinum Filnam (Funit)
where: Aveper Specifies averaging period to be output to file, e.g., 24 for 24-hr
averages
Hinum Specifies the number of high values to be ranked
Filnam Specifies filename for output file
Funit Optional parameter to specify the file unit
EVALFILE |SrcID Filnam (Funit)
where: SrcID Specifies the source ID to be output to file
Filnam Specifies filename for output file
Funit Optional parameter to specify the file unit
SEASONHR | GrpID FileName (FileUnit)
where: GrpID Specifies the source group ID to be output to file
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FileName Specifies filename for output file
(FileUnit) Optional parameter to specify file unit
MAXDAILY |GrpID FileName (FileUnit)
where: GrplD Specifies the source group ID to be output to file
FileName Specifies filename for output file
(FileUnit) Optional parameter to specify file unit
MXDYBYYR | GrpID FileName (FileUnit)
where: GrpID Specifies the source group ID to be output to file
FileName Specifies filename for output file
(FileUnit) Optional parameter to specify file unit
MAXDCONT | GrpID UpperRank LowerRank FileName (FileUnit)
or
GrpID UpperRank THRESH ThreshValue FileName (FileUnit)
where: GrpID Specifies the source group ID to be output to file
UpperRank Upper bound of ranks to evaluate for contributions
LowerRank Lower bound of ranks to evaluate for contributions (note that lower
rank refers to lower concentrations and higher rank refers to
higher concentrations)
NOTE: The UpperRank and LowerRank values must be within
the range of ranks specified on the RECTABLE keyword.
AERMOD will analyze each rank within the range, regardless
of whether the rank is specified explicitly on the RECTABLE
keyword.
THRESH Indicates that a threshold concentration (ThreshValue) will be
specified as a limit on the lower bound rank to process
ThreshValue Lower threshold value for evaluating contributions; processing will
stop after the first ranked value that is below ThreshValue
NOTE: The ThreshValue analysis will be limited to the range
of ranks specified on the RECTABLE keyword (but not the
individual ranks that are specified). A warning message is
generated if the ThreshValue is not reached within the range of
ranks analyzed.
FileName Specifies filename for output file
(FileUnit) Optional parameter to specify file unit
Note:
The range of ranks specified on the RECTABLE keyword
(but not the individual ranks specified) also determines
the range of ranks that may be considered with the
MAXDCONT option, even with the THRESH option.
SUMMFILE [SummFileName
where: SummFileName | Specifies filename of output summary file
FILEFORM |EXP or FIX
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where: EXP Specifies that the output results files will use EXPonential-
formatted values
FIX Specifies that the output results files will use FIXed-formatted
values (fixed-formatted values will be used if FILEFORM is
omitted)
NOHEADER |(FileTypel FileType2 FileType3 . . . FileTypeN
or
ALL
where: FileTypeN Specifies the output file type(s) for which header records will be
suppressed; includes the following file types:
POSTFILE, PLOTFILE, MAXIFILE, RANKFILE,
SEASONHR, MAXDAILY, MXDYBYYR, and MAXDCONT
ALL Specifies that header records will be suppressed for ALL applicable
output file types
EVENTOUT |SOCONT or DETAIL [EVENT Only]
where: SOCONT Provide source contribution information only in the event output
DETAIL Include hourly concentrations for each source and hourly
meteorological data in the event output
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APPENDIX B. Explanation of error message codes

B.1 Introduction

Prior to AERMOD beginning the intensive processing to calculate predicted values
specified by the user (e.g., concentrations, deposition), AERMOD runs a series of checks on the
input control file to identify issues that would prevent AERMOD from completing successfully.
Some of these checks include the control file structure and syntax, proper use or use of undefined
keywords or parameters, missing required keywords, and conflicting options. Also, a great deal of
effort has been made to eliminate the possibility of run time errors, such as "divide by zero" and to

identify questionable input data.

Error messages are reported to the user in two ways. A summary of messages is provided in

the main output result file. The user can also request a detailed message file.

Message Summary: Whether the user selects a detailed message file or not, the AERMOD

model outputs a summary of messages within the output result file. This message table gives the
number of messages of each type, together with a detailed list of all the fatal errors and warning
messages. During setup processing, if no errors or warnings are generated, then the model simply

reports to the user that "SETUP Finishes Successfully."

Detailed Message File: The AERMOD model provides the option of saving a detailed list

of all messages generated by the model in a separate output file. The user can select this option by
specifying the keyword "ERRORFIL" followed by a filename inside the COntrol pathway. For
example, the following statements will save all the error messages to an ASCII text file named

"errormsg.out":

CO STARTING
ERRORFIL errormsg.out
CO FINISHED
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B.2  Output message summary

There are two message summaries provided in the standard output file of the AERMOD
model. The first one is located after the echo of input control file options and before the input data
summary. This summary will take one of two forms, depending on whether any fatal error or non-
fatal warning messages were generated and depending on whether the option to RUN or NOT to run
was selected on the CO RUNORNOT card. If there are no errors or warnings generated during the
setup processing, and the RUN option was selected, then the model simply reports that "SETUP
Finishes Successfully." If any fatal errors or warning messages were generated during the setup
processing or if the option NOT to run was selected, then a more detailed summary is provided.
This summary provides a message count for each type of message and a detailed listing of each fatal
error and warning message generated. The second message summary table is located at the very
end of the standard output result file, and it sums up the messages generated by the complete model
run - both setup processing and run-time processing. An example of a setup processing message

summary is shown in Figure B-1.

*** Message Summary For The AERMOD Model Setup ***

————————— Summary of Total Messages ---------
A Total of O Fatal Error Message(s)
A Total of O Warning Message(s)

A Total of 0 Information Message(s)

wxkskkskx EATAL ERROR MESSAGES **xssxx

* *x

*** SETUP Finishes Successfully ***

* *h K ki

Figure B-1. Example of an AERMOD Message Summary
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B.3  Description of the message layout

Three types of messages can be produced by the model during the processing of input

control file commands and during model calculations. These are described briefly below:

*  Errors that will halt any further processing, except to identify additional error
conditions (type E);

*  Warnings that do not halt processing but indicate possible errors or suspect
conditions (type W); and

* Informational messages that may be of interest to the user but have no direct
bearing on the validity of the results (type I).

The messages have a consistent structure which contains the pathway ID, indicating which
pathway the messages are generated from; the message type followed by a three-digit message
number; the line number of the input control file command file for setup messages (or the
meteorology hour number for runtime messages); the name of the module (e.g., the subroutine
name) from which the message is generated; a detailed message corresponding to the message code;

and an 8-character simple hint to help the user spot the possible source of the problem.

The following is an example of a detailed message generated from the CO pathway:

CO E1008 EXPATH: Invalid Pathway Specified. The Troubled Pathway is FF

The message syntax is explained in more detail below (values in parentheses give the column

numbers within the message line for each element):



If an error occurs during processing of an included file (either SO INCLUDED or RE
INCLUDED), the line number will represent the line number of the included file. The line number
of the control file is saved before processing the included data, and then restored when processing
returns to the main control file. The three message types are identified with the letters E (for errors),

W (for warnings), and I (for informational messages).



APPENDIX C. Description of file formats

C.1 AERMET meteorological data

Two files are produced for input to the AERMOD dispersion model by the AERMET
meteorological preprocessor. The surface OUTPUT contains observed and calculated surface
variables, one record per hour. The PROFILE file contains the observations made at each level of
an on-site tower, or the one level observations taken from NWS data, one record per level per hour.

The contents and format of each of these files is described below:

SURFACE OUTPUT

Header record:
READ() latitude, longitude, UA identifier, SF identifier, OS identifier, Version date
FORMAT (2(2X,A8), 8X,' UA ID:"'AS8,' SF ID:'A8,"' OS _ID:'AS, T85, 'VERSION:', A6)

where latitude= latitude specified in Stage 1 for primary surface station
longitude = longitude specified in Stage 1 for primary surface station

UA identifier = station identifier for upper air data; usually the WBAN number used
to extract the data from an archive data set

SF identifier = station identifier for hourly surface observations; usually the
WBAN number used in extracting the data

OS identifier = site-specific identifier

Version date = AERMET version date; this date also appears in the banner on

each page of the summary reports

Note that the ¢ cc_ID: ’ fields in the FORMAT statement above where cc can be UA for
upper air, SF for surface, and OS for onsite or site-specific, include two spaces before the
2-character pathway ID and one space after the colon.

Data records:

READ() year, month, day, j _day, hour, H, ux, w«, VPTG, Zic, Zim, L, z, , Bo , ¥, W5, Wa, Zres,
temp, Ziemp, ipcode, pamt, rh, pres, ccvr, WSADJ

FORMAT (3(12,1X), 13,1X, 12,1X, F6.1,1X, 3(F6.3,1X), 2(F5.0,1X), F8.1,1X, F7.4,1X,
2(F6.2,1X), F7.2,1X, F5.0, 3(1X,F6.1), 1X,15, 1X,F6.2, 2(1X, F6.0), 1X, IS5, 1X,
A7)
where j_day = Julian day
H = sensible heat flux (W/m?)
U = surface friction velocity (m/s)
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W
VPTG
Zic
Zim
L

Zo
By

r

Wi
Wa
Zref
temp

Ztemp

ipcode

pamt

rh

pres

cevr
WSADJ =

convective velocity scale (m/s)

vertical potential temperature gradient above Zic (K/m)
height of convectively-generated boundary layer (m)
height of mechanically-generated boundary layer (m)
Monin-Obukhov length (m)

surface roughness length (m)

Bowen ratio

Albedo

reference wind speed (m/s)

reference wind direction (degrees)

reference height for wind (m)

reference temperature (K)

reference height for temperature (m)

precipitation type code (0=none, 11=liquid, 22=frozen,
99=missing)

precipitation amount (mm/hr)

relative humidity (percent)

station pressure (mb)

cloud cover (tenths)

wind speed adjustment and data source flag

When site-specific data are included in the data base, the definition of the reference height

wind speed and direction are subject to the following restrictions:

. the wind speed, W, must be greater than or equal to the site-specific data threshold

wind speed;

o the measurement height must be at or above 7*zy, where z is the surface roughness

length;

o the height must be less than or equal to 100 meters;

If AERMET is run only with NWS data, i.e., no site-specific data are in the data base, then

the restrictions above do not apply and the reference winds are taken to be the NWS winds

independent of the height at which the winds were measured.

Ambient air temperature is subject to a similar, but less restrictive, selection process:

o the measurement height must be above zo; and

o the height must be less than or equal to 100 meters.
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The sensible heat flux, Bowen ratio and albedo are not used by AERMOD, but are passed through
by AERMET for information purposes only.

PROFILE OUTPUT
READ() year, month, day , hour, height, top, WDnn, WSnn, TTnn, SAnn, SWnn

FORMAT (4(12,1X), F7.1,1X, I1,1X, F7.1,1X, F8.2,1X, F8.2,1X, F8.2,1X, F8.2)

where, height = measurement height (m)
top= 1, if this is the last (highest) level for this hour, or 0 otherwise
WDnn = wind direction at the current level (degrees)
WSnn = wind speed at the current level (m/s)
TTnn = temperature at the current level (°C)
SAnn = oo (degrees)
SWnn = oy (M/s)

C.2  Threshold violation files (MAXIFILE option)

The OU MAXIFILE card for the AERMOD model allows the user the option to generate a
file or files of threshold violations for specific source group and averaging period combinations.
The file consists of several header records, each identified with an asterisk (*) in column one. The
header information includes the model name and version number, the first line of the title
information for the run, the list of modeling option keywords applicable to the results, the averaging
period and source group included in the file, and the threshold value. Any value equal to or
exceeding the threshold value will be included in the file. The header also includes the format used
for writing the data records, and column headers for the variables included in the file. The variables
provided on each data record include the averaging period, the source group ID, the date
(YYMMDDHRH) for the end of averaging period, the X and Y coordinates of the receptor location,
receptor terrain elevation, hill height scale, flagpole receptor height, and the concentration value
that violated the threshold. The following example from a threshold file identifies the contents of
the MAXIFILE:



* AERMOD ( 15181): A Simple Example Problem for the AERMOD-PRIME Model 06/09/16

* AERMET ( 15181): 17:03:34

* MODELING OPTIONS USED: NonDFAULT CONC FLAT RURAL

* MAXI-FILE FOR 3-HR VALUES >= A THRESHOLD OF 50.00

* FOR SOURCE GROUP: ALL

* FORMAT: (1X,13,1X,A8,1X,18.8,2(1X,F13.5),3(1X,F7.2),1X,F13.5)

*AVE  GRP DATE X Y ZELEV ~ ZHILL  ZFLAG AVERAGE CONC

A
3 ALL 88030112 344.68271 -60.77686 0.00 0.00 0.00 71.36678
3 ALL 88030112 492.40388 -86.82409 0.00 0.00 0.00 73.20689
3 ALL 88030112 984.80775 -173.64818 0.00 0.00 0.00 50.65556
3 ALL 88030112 164.44621 -59.85353 0.00 0.00 0.00 112.74896

C.3  Postprocessor files (POSTFILE option)

The OU POSTFILE card for the AERMOD model allows the user the option of creating
output files of concurrent concentration values suitable for postprocessing. The model offers two
options for the type of file generated - one is an unformatted file, and the other is a formatted file of

X, Y, CONC values suitable for inputting to plotting programs.

The unformatted POSTFILE option generates a separate unformatted data record of
concurrent values for each averaging period and source group specified. The averaging period and
source group combinations may be written to separate files or combined into a single file. Each
record begins with the date variable for the end of the averaging period (an integer variable of the
form YYMMDDHH), the averaging period (e.g., an integer value of 3 for 3-hour averages), and the
source group ID (eight characters). Following these three header variables, the record includes the
concentration values for each receptor location, in the order in which the receptors are defined on
the RE pathway. The results are output to the unformatted file or files as they are calculated by the

model.

The formatted plot file option for the POSTFILE keyword includes several lines of header

information, each identified with an asterisk (*) in column one. The header information includes
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the model name and version number, the first line of the title information for the run, the list of
modeling option keywords applicable to the results, the averaging period and source group included
in the file, and the number of receptors included. The header also includes the format used for
writing the data records, and column headers for the variables included in the file. The variables
provided on each data record include the X and Y coordinates of the receptor location, the
concentration value for that location, receptor terrain elevation, hill height scale, flagpole receptor
height, the averaging period, the source group ID, the date variable for the end of the averaging
period (in the form of YYMMDDHH) for short-term averages or the number of hours in the period
for PERIOD averages, and the receptor network ID. The following example from a formatted

postprocessor file for PERIOD averages identifies the contents of the POSTFILE:

* AERMOD ( 15181): A Simple Example Problem for the AERMOD-PRIME Model 06/09/16

* AERMET ( 15181): 16:58:19

* MODELING OPTIONS USED: NonDFAULT CONC FLAT RURAL

* POST/PLOT FILE OF PERIOD VALUES FOR SOURCE GROUP: ALL

* FOR A TOTAL OF 144 RECEPTORS.

* FORMAT: (3(1X,F13.5),3(1X,F8.2),2X,A6,2X,A8,2X, 18.8,2X,A8)

* X Y AVERAGE CONC ZELEV ZHILL ZFLAG AVE GRP NUM HRS NET 1D

*
30.38843 172.34136 0.21576 0.00 0.00 0.00 PERIOD ALL 00000096 POL1
60.77686 344.68271 0.53162 0.00 0.00 0.00 PERIOD ALL 00000096 POL1
86.82409 492 .40388 0.85993 0.00 0.00 0.00 PERIOD ALL 00000096 POL1
173.64818 984.80775 1.39778 0.00 0.00 0.00 PERIOD ALL 00000096 POL1
59.85353 164.44621 0.20861 0.00 0.00 0.00 PERIOD ALL 00000096 POL1
119.70705 328.89242 0.67388 0.00 0.00 0.00 PERIOD ALL 00000096 POL1
171.01007 469.84631 1.27452 0.00 0.00 0.00 PERIOD ALL 00000096 POL1
342.02014 939.69262 2.45702 0.00 0.00 0.00 PERIOD ALL 00000096 POL1
87.50000 151.55445 0.20576 0.00 0.00 0.00 PERIOD ALL 00000096 POL1
175.00000 303.10889 0.64322 0.00 0.00 0.00 PERIOD ALL 00000096 POL1
250.00000 433.01270 1.20422 0.00 0.00 0.00 PERIOD ALL 00000096 POL1
500.00000 866.02540 2.28880 0.00 0.00 0.00 PERIOD ALL 00000096 POL1
112.48783 134.05778 0.20172 0.00 0.00 0.00 PERIOD ALL 00000096 POL1
22497566 268.11556 0.48027 0.00 0.00 0.00 PERIOD ALL 00000096 POL1
321.39380 383.02222 0.76067 0.00 0.00 0.00 PERIOD ALL 00000096 POL1
642.78761 766.04444 1.19405 0.00 0.00 0.00 PERIOD ALL 00000096 POL1
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C.4  High value results for plotting (PLOTFILE option)

The OU PLOTFILE card for the AERMOD model allows the user the option of creating
output files of highest concentration values suitable for importing into graphics software to generate
contour plots. The formatted plot files generated by the PLOTFILE include several lines of header
information, each identified with an asterisk (*) in column one. The header information includes
the model name and version number, the first line of the title information for the run, the list of
modeling option keywords applicable to the results, the averaging period and source group included
in the file, the high value (e.g., 2ND highest) included for plotting, and the number of receptors
included. The header also includes the format used for writing the data records, and column
headers for the variables included in the file. The variables provided on each data record include
the X and Y coordinates of the receptor location, the concentration value for that location, receptor
terrain elevation, hill height scale, flagpole receptor height, averaging period, the source group ID,
the high value included for short-term averages or the number of hours in the period for PERIOD
averages, and the receptor network ID. For short-term averages, the PLOTFILE also includes the
date variable for the end of the averaging period (in the form of YYMMDDHH). The PERIOD
average PLOTFILE uses the same format for the data records as the PERIOD average formatted
POSTFILE shown in the previous section. The following example from a plot file for high second
highest 24-hour averages identifies the contents of the PLOTFILE:

* AERMOD ( 15181): A Simple Example Problem for the AERMOD-PRIME Model 06/09/16

* AERMET ( 15181): 17:07:58

* MODELING OPTIONS USED: NonDFAULT CONC FLAT RURAL

* PLOT FILE OF HIGH 2ND HIGH 24-HR VALUES FOR SOURCE GROUP: ALL

* FOR A TOTAL OF 144 RECEPTORS.

* FORMAT: (3(1X,F13.5),3(1X,F8.2),3X,A5,2X,A8,2X,A5,5X,A8,2X,18)

* X Y AVERAGE CONC ZELEV ZHILL ZFLAG AVE GRP RANK NET 1D DATE(CONC)

*
30.38843 172.34136 0.34726 0.00 0.00 0.00 24-HR ALL 2ND POL1 88030324
60.77686 344.68271 0.75187 0.00 0.00 0.00 24-HR ALL 2ND POL1 88030124
86.82409 492.40388 1.18649 0.00 0.00 0.00 24-HR ALL 2ND POL1 88030124
173.64818 984.80775 1.19837 0.00 0.00 0.00 24-HR ALL 2ND POL1 88030124
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The PLOTFILE output also includes a flag ('**') identifying the receptor with the highest
concentration. For short-term averages, the flag precedes the date field. For period averages, the

flag precedes the field with the number of hours in the period.

C.5 TOXX model input files (TOXXFILE option)

The OU TOXXFILE card for the AERMOD model allows the user the option to generate an
unformatted file or files of threshold violations for a specific averaging period for use with the
TOXX model component of TOXST. The file consists of three header records, including the first
line of the title information for the run, the number of source groups, receptors and averaging
periods, information on the type of receptor network, and the threshold cutoff value. Following the
header records are pairs of records identifying the specific averaging period, source group and
receptor location and corresponding concentration value for the values exceeding the user- specified
threshold. If any source group exceeds the threshold for a given averaging period and receptor
location, then the concentrations for all source groups are output for that period and receptor. The

structure of the unformatted file for the AERMOD model TOXXFILE option is described below:

Record # Description

1 Title (80 characters)
IYEAR, NUMGRP, NUMREC, NUMPER, ITAB, NXTOX, NYTOX, IDUMI,
IDUM2, IDUM3

3 CUTOFF, RDUMI, ..., RDUM9

where: TITLE = First line of title (80 characters)
IYEAR = Year of simulation NUMGRP = No. of source groups
NUMREC = Total no. of receptors
NUMPER = No. of averaging periods (e.g., number of hours in the year)

ITAB =1 for polar grid; 2 for Cartesian grid; O for discrete receptors or
mixed grids

NXTOX = No. of x-coordinates (or distances) in receptor network

NYTOX = No. of y-coordinates (or directions) in receptor network

IDUMI, IDUM2, IDUM3 = dummy integer variables, arbitrarily set equal to zero

CUTOFF = User-specified threshold for outputting results (g/m?)

RDUMI, ..., RDUMY = Dummy real variables (nine) arbitrarily set equal to zero
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Following the header records, the file consists of pairs of records including an ID variable
identifying the data period, source group number and receptor number, and the corresponding
concentration values. The number of values included in each record is controlled by the NPAIR
PARAMETER, which is initially set at 100 in MODULE MAINI1. The identification variable is

determined as follows:

IDCONC = IPER*100000 + IGRP*1000 + IREC
where: IPER = the hour number for the year corresponding to the concentration value
IGRP = the source group number (the order in which the group was defined on
the SO pathway)
the receptor number (the order in which the receptor was defined on the
RE pathway)

IREC

C.6  Maximum values by rank (RANKFILE option)

The OU RANKFILE card for the AERMOD model allows the user the option of creating
output files of the maximum concentration values by rank, suitable for generating Q-Q or quantile
plots. The data contained in the RANKFILE output is based on the MAXTABLE arrays, except
that only one occurrence per data period is included. The formatted data files generated by the
RANKFILE include several lines of header information, each identified with an asterisk (*) in
column one. The header information includes the model name and version number, the first line of
the title information for the run, the list of modeling option keywords applicable to the results, the
averaging period included in the file, and the number of ranked values included. The header also
includes the format used for writing the data records, and column headers for the variables included
in the file. The variables provided on each data record include the rank, concentration value, X and
Y coordinates of the receptor location, receptor terrain elevation, hill height scale, flagpole receptor
height, and the source group ID. Each RANKFILE includes results for all of the source groups for
a particular averaging period. Since the RANKFILE only include one occurrence per data period,
the file may not include the number of ranked values requested, especially for evaluation data bases

of limited duration. The following example identifies the contents of the RANKFILE:



* AERMOD ( 15181): A Simple Example Problem for the AERMOD-PRIME Model 06/09/16
* AERMET ( 15181): 17:11:08
* MODELING OPTIONS USED: NonDFAULT CONC FLAT RURAL
* RANK-FILE OF UP TO 40 TOP 3-HR VALUES FOR 1 SOURCE GROUPS
* INCLUDES OVERALL MAXIMUM VALUES WITH DUPLICATE DATA PERIODS REMOVED
* FORMAT: (1X,16,1X,F13.5,1X,18.8,2(1X,F13.5),3(1X,F7.2),2X,A8)
* RANK AVERAGE CONC DATE X Y ZELEV ZHILL ZFLAG GRP
*
1 329.96009 88030112 433.01270 -250.00000 0.00 0.00 0.00 ALL
2 278.47891 88030115 469.84631 -171.01007 0.00 0.00 0.00 ALL
3 124.30430 88030118 433.01270 -250.00000 0.00 0.00 0.00 ALL

C.7  Arc-maximum values for evaluation (EVALFIL option)

The OU EVALFILE card for the AERMOD model allows the user the option of creating
output files of the arc-maximum concentration values for individual sources suitable for use in
model evaluation studies. The data contained in the EVALFILE output is based on the maximum
value along arcs of receptors, identified using the RE EVALCART card. Receptors may be
grouped on arcs based on their distance from the source, or other logical grouping. The formatted
EVALFILE output includes five records of information for each selected source and each hour of

meteorological data. The information provided is as follows:

Source ID (12 characters)

Date (YYMMDDHH)

Arc ID (eight characters)

Arc maximum P/Q

Emission rate for arc maximum (including unit conversions)
Crosswind integrated concentration based on true centerline concentration
Normalized non-dimensional crosswind integrated concentration
Downwind distance corresponding to arc maximum (m)

9. Effective wind speed corresponding to arc maximum (m/s)

10. Effective F, corresponding to arc maximum (m/s)

11. Effective F_ corresponding to arc maximum (m/s)

12. F, corresponding to arc maximum (m)

13. Effective plume height corresponding to arc maximum (m)

14. Monin-Obukhov length for current hour (m)

15. Mixing height for current hour (m)

PRNAIN R WD =
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16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.

Surface friction velocity for current hour (m/s)
Convective velocity scale for current hour if unstable (m/s) or F, for current hour if stable

Buoyancy flux for current hour (m?/s?)
Momentum flux for current hour (m*/s?)

Bowen ratio for current hour

Plume penetration factor for current hour
Centerline P/Q for direct plume

Centerline P/Q for indirect plume

Centerline P/Q for penetrated plume
Nondimensional downwind distance

Plume height/mixing height ratio
Non-dimensional buoyancy flux

Source release height (m)

Arc centerline P/Q

Developmental option settings place holder (string of 10 zeroes)
Flow vector for current hour (degrees)

Effective height for stable plume reflections (m)

The following Fortran WRITE and FORMAT statements are used to write the results to the

EVALFILE output:

R RO R0 RO R RO Ro

WRITE(IELUNT(ISRC),9000) SRCID(ISRC), KURDAT, ARCID(I),
ARCMAX(1), QMAX(I), CWIC, CWICN,
DXMAX(1), UOUT, SVMAX(I),
SWMAX(1), SYOUT, HEMAX(I),
OBUOUT, ZI, USTAR, PWSTAR, FB, FM,
BOWEN, PPF, CHIDML(I), CHINML(I), CHI3ML(I),
XNDIM, HEOZI, FSTAR, AHS(ISRC), ARCCL(I),
AFV, HSBLMX(1)

9000 FORMAT(1X,A12,1X,18.8,1X,A8,4(1X,G12.6),

&
&
&

9X,6(1X,G12.4),9X,6(1X,G12.4),
9X,6(1X,G12.4),9X,4(1X,G12.4),1X, "0000000000" ,
1X,612.4,1X,G12.4)



C.8 Results by season and hour-of-day (SEASONHR option)

The SEASONHR option is used to output a file containing the average results by season and
hour-of-day. The formatted data files generated by the SEASONHR option include several lines of
header information, each identified with an asterisk (*) in column one. The header information
includes the model name and version number, the first line of the title information for the run, the
list of modeling option keywords applicable to the results, the source group included in the file, and
the number of receptors. The header also includes the format used for writing the data records, and
column headers for the variables included in the file. The variables provided on each data record
include the X and Y coordinates of the receptor location, the average concentration value, receptor
terrain elevation, hill height scale, flagpole receptor height, source group ID, number of non-calm
and non-missing hours used to calculate the season-by-hour-of-day averages (the NHRS column),
season index (the SEAS column with 1 for winter, 2 for spring, 3 for summer, and 4 for fall), the
hour-of-day for the concentration value, and the receptor network ID. A sample from a

SEASONHR output file is shown below:

* AERMOD ( 15181): A Simple Example Problem for the AERMOD-PRIME Model 06/09/16
* AERMET ( 14134): 17:27:43
* MODELING OPTIONS USED: NonDFAULT CONC FLAT RURAL

*

*

FILE OF SEASON/HOUR VALUES FOR SOURCE GROUP: ALL
FOR A TOTAL OF 144 RECEPTORS.

FORMAT: (2(1X,F13.5),1(1X,F13.8),3(1X,F7.2),2X,A8,2X,3(14,2X),A8)

X Y AVERAGE CONC  ZELEV ~ ZHILL  ZFLAG GRP NHRS SEAS HOUR  NET 1D
30.38843 172.34136  34.14568783 0.00 0.00 0.00 ALL 65 1 1 POL1
60.77686 344.68271  39.19676801 0.00 0.00 0.00 ALL 65 1 1 POL1
86.82409 492.40388  34.59785413 0.00 0.00 0.00 ALL 65 1 1 POL1

173.64818 984.80775  16.14253303 0.00 0.00 0.00 ALL 65 1 1 POL1
59.85353 164.44621  32.93762092 0.00 0.00 0.00 ALL 65 1 1 POL1
119.70705 328.89242  41.97750583 0.00 0.00 0.00 ALL 65 1 1 POL1
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C.9  Source group contribution for ranked averaged maximum daily values (MAXDCONT)

The OU MAXDCONT card of the AERMOD model allows the user to create output files
that provide source contributions for the 24-hour PM2.5, 1-hour NO; and 1-hour SO standards in
which the design value is based on averages of ranked values across multiple years. Ranked
concentrations and source contributions are based on a target source group specified by the user.
The user can define the ranks to include or a range of ranks and an optional minimum threshold
concentration value. The MAXDCONT output file includes several lines of header information,
each identified with an asterisk (*) in column one, ncluding: the model name and version number,
the first line of the title information, the list of modeling option keywords, the highest rank
specified, the averaging period, target source group, and threshold value if applicable. The header
also includes the total number of receptors and source groups and the Fortran format statement used
to write the data records. The variables provided on each data record include the X and Y
coordinates of the receptor location, the concentration value for the target source group at the
receptor location, receptor terrain elevation, hill height scale, flagpole receptor height, averaging
period, the source group ID, rank, receptor network ID, and the source contribution for each source
modeled. The data records are grouped by rank in ascending order. Concentrations are displayed
for all receptors for the highest rank, then the next highest rank, etc. The following example is a
partial MAXDCONT file with a minimum threshold value of 35 pg/m? was specified for ranks 1
through 50. Results for the first two ranks are displayed for four the source groups that were

modeled.



* AERMOD ( 15181):

* AERMET ( 13350):

* MODELING OPTIONS USED:

*

MAXDCONT FILE OF

FOR A TOTAL OF

NonDFAULT CONC

FLAT

RURAL

1ST-HIGHEST 24-HR VALUES AVERAGED OVER

16 RECEPTORS AND

3 SOURCE GROUPS;

WITH CONTRIBUTIONS FROM OTHER SOURCE GROUPS PAIRED

FORMAT: (3(1X,F13.5),3(1X,F8.2),2X,A6,2X,A8,2X,A5,5X,A8,2X,

PM-2.5 Test Case for the AERMOD Model using single met file

5 YEARS FOR SOURCE GROUP: ALL

3(F13.5,2X:))

07/30/15

13:50:57

; ABOVE THRESH =

35.00000

IN TIME & SPACE

X Y AVERAGE CONC ZELEV ZHILL ZFLAG AVE GRP RANK NET ID  CONT STACK1 CONT STACK2 CONT ALL
200.00000 0.00000 9.76902 0.00 0.00 0.00 24-HR ALL 1sT poL1 0.00000 0.00000 0.00000
500.00000 0.00000 25.61401 0.00 0.00 0.00 24-HR ALL 1sT poL1 0.00000 0.00000 0.00000

1000.00000 0.00000 26.86548 0.00 0.00 0.00 24-HR ALL 1sT poL1 0.00000 0.00000 0.00000
3000.00000 0.00000 8.85979 0.00 0.00 0.00 24-HR ALL 1sT poL1 0.00000 0.00000 0.00000
0.00000 -200.00000 20.50162 0.00 0.00 0.00 24-HR ALL 1sT poL1 0.00000 0.00000 0.00000
0.00000 -500.00000 51.65594 0.00 0.00 0.00 24-HR ALL 1sT poL1 21.15838 30.49757 51.65594
0.00000 -1000.00000 52.82753 0.00 0.00 0.00 24-HR ALL 1sT poL1 13.99357 38.83396 52.82753
0.00000  -3000.00000 19.91409 0.00 0.00 0.00 24-HR ALL 1sT poL1 0.00000 0.00000 0.00000
-200.00000 -0.00000 8.64428 0.00 0.00 0.00 24-HR ALL 1sT poL1 0.00000 0.00000 0.00000
-500.00000 -0.00000 14.58084 0.00 0.00 0.00 24-HR ALL 1sT poL1 0.00000 0.00000 0.00000
-1000.00000 -0.00000 11.59131 0.00 0.00 0.00 24-HR ALL 1sT pPoL1 0.00000 0.00000 0.00000
-3000.00000 -0.00000 12.28970 0.00 0.00 0.00 24-HR ALL 1sT poL1 0.00000 0.00000 0.00000
-0.00000 200.00000 67.53734 0.00 0.00 0.00 24-HR ALL 1sT poL1 67.53733 0.00002 67.53734
-0.00000 500.00000 67.83252 0.00 0.00 0.00 24-HR ALL 1ST poL1 64.45844 3.37408 67.83252
-0.00000 1000.00000 52.28291 0.00 0.00 0.00 24-HR ALL 1ST poL1 28.94476 23.33815 52.28291
-0.00000 3000.00000 29.08609 0.00 0.00 0.00 24-HR ALL 1ST pPOL1 0.00000 0.00000 0.00000
AERMOD ( 15181): PM-2.5 Test Case for the AERMOD Model using single met file 07/30/15
AERMET ( 13350): 13:50:57
MODELING OPTIONS USED: NonDFAULT CONC FLAT RURAL
MAXDCONT FILE OF 2ND-HIGHEST 24-HR VALUES AVERAGED OVER 5 YEARS FOR SOURCE GROUP: ALL ; ABOVE THRESH = 35.00000
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FOR A TOTAL OF

16 RECEPTORS AND

3 SOURCE GROUPS;

FORMAT: (3(1X,F13.5),3(1X,F8.2),2X,A6,2X,A8,2X,A5,5X,A8,2X,

3(F13.5,2X:))

WITH CONTRIBUTIONS FROM OTHER SOURCE GROUPS PAIRED

IN TIME & SPACE

X Y AVERAGE CONC ZELEV ZHILL ZFLAG AVE GRP RANK NET ID  CONT STACK1 CONT STACK2 CONT ALL
200.00000 0.00000 7.91782 0.00 0.00 0.00 24-HR ALL 2ND POL1 0.00000 0.00000 0.00000
500.00000 0.00000 22.53064 0.00 0.00 0.00 24-HR ALL 2ND POL1 0.00000 0.00000 0.00000

1000.00000 0.00000 24.26451 0.00 0.00 0.00 24-HR ALL 2ND POL1 0.00000 0.00000 0.00000
3000.00000 0.00000 8.10584 0.00 0.00 0.00 24-HR ALL 2ND POL1 0.00000 0.00000 0.00000
0.00000 -200.00000 16.96505 0.00 0.00 0.00 24-HR ALL 2ND POL1 0.00000 0.00000 0.00000
0.00000 -500.00000 43.25276 0.00 0.00 0.00 24-HR ALL 2ND POL1 14.36197 28.89079 43.25276
0.00000  -1000.00000 43.82672 0.00 0.00 0.00 24-HR ALL 2ND POL1 10.92254 32.90417 43.82672
0.00000  -3000.00000 17.32480 0.00 0.00 0.00 24-HR ALL 2ND POL1 0.00000 0.00000 0.00000
-200.00000 -0.00000 6.77421 0.00 0.00 0.00 24-HR ALL 2ND POL1 0.00000 0.00000 0.00000
-500.00000 -0.00000 11.56687 0.00 0.00 0.00 24-HR ALL 2ND POL1 0.00000 0.00000 0.00000
-1000.00000 -0.00000 9.72229 0.00 0.00 0.00 24-HR ALL 2ND POL1 0.00000 0.00000 0.00000
-3000.00000 -0.00000 8.03098 0.00 0.00 0.00 24-HR ALL 2ND POL1 0.00000 0.00000 0.00000
-0.00000 200.00000 51.19765 0.00 0.00 0.00 24-HR ALL 2ND POL1 51.19763 0.00002 51.19765
-0.00000 500.00000 59.15581 0.00 0.00 0.00 24-HR ALL 2ND POL1 57.67153 1.48428 59.15581
-0.00000 1000.00000 41.49519 0.00 0.00 0.00 24-HR ALL 2ND POL1 18.49276 23.00243 41.49519
-0.00000 3000.00000 23.24160 0.00 0.00 0.00 24-HR ALL 2ND POL1 0.00000 0.00000 0.00000
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C.10 Daily maximum 1-hour values (MAXDAILY)

The OU MAXDAILY card of the AERMOD model generates a file of daily maximum
1-hour concentrations for a specified source group, useful for analyzing the 1-hour NO; and SO>
NAAQS. The MAXDAILY file includes several lines of header information, each identified with
an asterisk (*) in column one, including: the model name and version number, the first line of the
title information, the list of modeling option keywords, and the source group. The header also
includes the total number of receptors and the Fortran format statement used to write the data
records. The variables provided on each data record include the X and Y coordinates of the
receptor location, the concentration value for the target source group at the receptor location,
receptor terrain elevation, hill height scale, flagpole receptor height, averaging period, the source
group ID, day of the year, hour, date, and receptor network ID. The following example is a sample

from a MAXDAILY output file.



* AERMOD ( 15181): AERMOD OLM/OLMGROUP ALL Test Case, with BACKGROUND 07/30/15

* AERMET ( 13350): 13:50:48

*

MODELING OPTIONS USED: NonDFAULT CONC FLAT OLM RURAL
MAXDAILY FILE OF DAILY MAXIMUM 1-HR VALUES BY DAY FOR SOURCE GROUP: ALL
FOR A TOTAL OF 16 RECEPTORS.

FORMAT: (3(1X,F13.5),3(1X,F8.2),2X,A6,2X,A8,2X,14,2X,13,2X,18.8,2X,A8)

X Y AVERAGE CONC ZELEV ZHILL ZFLAG AVE GRP JDAY  HR
100.00000 0.00000 50.00000 35.00 35.00 0.00 1-HR ALL 1 13
300.00000 0.00000 50.00159 35.00 35.00 0.00 1-HR ALL 1 13

1000.00000 0.00000 50.20117 35.00 35.00 0.00 1-HR ALL 1 13
3000.00000 0.00000 50.12314 35.00 35.00 0.00 1-HR ALL 1 13
0.00000 -100.00000 50.00000 35.00 35.00 0.00 1-HR ALL 1 13
0.00000 -300.00000 50.00259 35.00 35.00 0.00 1-HR ALL 1 13
0.00000  -1000.00000 50.22100 35.00 35.00 0.00 1-HR ALL 1 13
0.00000  -3000.00000 68.29389 35.00 35.00 0.00 1-HR ALL 1 7
-100.00000 -0.00000 50.00000 35.00 35.00 0.00 1-HR ALL 1 13
-300.00000 -0.00000 50.00258 35.00 35.00 0.00 1-HR ALL 1 13
-1000.00000 -0.00000 50.20079 35.00 35.00 0.00 1-HR ALL 1 13
-3000.00000 -0.00000 50.12262 35.00 35.00 0.00 1-HR ALL 1 13
-0.00000 100.00000 50.00000 35.00 35.00 0.00 1-HR ALL 1 13
-0.00000 300.00000 50.00159 35.00 35.00 0.00 1-HR ALL 1 13
-0.00000 1000.00000 50.20117 35.00 35.00 0.00 1-HR ALL 1 13
-0.00000 3000.00000 50.12314 35.00 35.00 0.00 1-HR ALL 1 13
100.00000 0.00000 50.00000 35.00 35.00 0.00 1-HR ALL 2 13
300.00000 0.00000 50.00001 35.00 35.00 0.00 1-HR ALL 2 13
1000.00000 0.00000 50.00008 35.00 35.00 0.00 1-HR ALL 2 13
3000.00000 0.00000 50.00280 35.00 35.00 0.00 1-HR ALL 2 13
0.00000 -100.00000 50.00000 35.00 35.00 0.00 1-HR ALL 2 13
0.00000 -300.00000 50.00001 35.00 35.00 0.00 1-HR ALL 2 13
0.00000  -1000.00000 50.00009 35.00 35.00 0.00 1-HR ALL 2 13
0.00000  -3000.00000 50.00285 35.00 35.00 0.00 1-HR ALL 2 13
-100.00000 -0.00000 50.00000 35.00 35.00 0.00 1-HR ALL 2 13

DATE

99010113

99010113

99010113

99010113

99010113

99010113

99010113

99010107

99010113

99010113

99010113

99010113

99010113

99010113

99010113

99010113

99010213

99010213

99010213

99010213

99010213

99010213

99010213

99010213

99010213

NET

POL1

POL1

POL1

POL1

POL1

POL1

POL1

POL1

POL1

POL1

POL1

POL1

POL1

POL1

POL1

POL1

POL1

POL1

POL1

POL1

POL1

POL1

POL1

POL1

POL1
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C.11 Maximum daily 1-hour concentration by year (MAXDYBYYR)

The OU MAXDYBYYR card of the AERMOD model generates a file with a summary of
daily maximum 1-hour concentrations by year for each rank specified on the RECTABLE keyword
for a specified source group. This is another output file type that is applicable to the 1-hour NO»
and 1-hour SO2 NAAQS. The ranks included in the MXDYBY YR file are the ranks used in the
MAXDCONT postprocessing option. The MAXDYBY YR file includes several lines of header
information, each identified with an asterisk (*) in column one, including: the model name and
version number, the first line of the title information, the list of modeling option keywords, and the
source group. The header also includes the total number of receptors and the Fortran format
statement used to write the data records. The variables provided on each data record include the X
and Y coordinates of the receptor location, the concentration value for the target source group at the
receptor location, receptor terrain elevation, hill height scale, flagpole receptor height, rank, the
source group ID, day of the year, hour, date, and receptor network ID. The data records are
grouped by rank in ascending order. Concentrations are displayed for all receptors for the highest
rank, then the next highest rank, etc. The following example is a sample from a MAXDAILY
output file for which ranks 4, 8 12, and 50 were specified on the MAXDCONT keyword.



* AERMOD ( 15181): AERMOD OLM/OLMGROUP ALL Test Case, with BACKGROUND 07/30/15

* AERMET ( 13350): 13:50:48

*

MODELING OPTIONS USED: NonDFAULT CONC FLAT OLM RURAL
MXDYBYYR FILE OF RANKED DAILY MAXIMUM 1-HR VALUES BY YEAR FOR SOURCE GROUP: ALL
FOR A TOTAL OF 16 RECEPTORS.

FORMAT: (3(1X,F13.5),3(1X,F8.2),2X,A6,2X,A8,2X,14,2X,13,2X,18.8,2X,A8)

X Y AVERAGE CONC ZELEV ZHILL ZFLAG RANK GRP JDAY  HR
100.00000 0.00000 76.74205 35.00 35.00 0.00 4TH ALL 236 14
300.00000 0.00000 174.62886 35.00 35.00 0.00 ATH ALL 136 14

1000.00000 0.00000 146.90191 35.00 35.00 0.00 4TH ALL 147 14
3000.00000 0.00000 91.97719 35.00 35.00 0.00 4TH ALL 104 13
0.00000 -100.00000 99.52361 35.00 35.00 0.00 ATH ALL 252 15
0.00000 -300.00000 171.76063 35.00 35.00 0.00 4TH ALL 107 11
0.00000 -1000.00000 152.93801 35.00 35.00 0.00 ATH ALL 65 13
0.00000  -3000.00000 111.73167 35.00 35.00 0.00 4TH ALL 293 16
-100.00000 -0.00000 91.59388 35.00 35.00 0.00 ATH ALL 62 14
-300.00000 -0.00000 154.65265 35.00 35.00 0.00 4TH ALL 62 15
-1000.00000 -0.00000 131.73020 35.00 35.00 0.00 ATH ALL 360 13
-3000.00000 -0.00000 86.11262 35.00 35.00 0.00 4TH ALL 312 16
-0.00000 100.00000 80.06381 35.00 35.00 0.00 4TH ALL 203 8
-0.00000 300.00000 166.86210 35.00 35.00 0.00 ATH ALL 139 16
-0.00000 1000.00000 156.54681 35.00 35.00 0.00 4TH ALL 110 15
-0.00000 3000.00000 102.04635 35.00 35.00 0.00 ATH ALL 23 15
100.00000 0.00000 65.46639 35.00 35.00 0.00 8TH ALL 250 17
300.00000 0.00000 164.95260 35.00 35.00 0.00 8TH ALL 147 14
1000.00000 0.00000 137.02622 35.00 35.00 0.00 8TH ALL 145 16
3000.00000 0.00000 79.71649 35.00 35.00 0.00 8TH ALL 102 19
0.00000 -100.00000 90.20572 35.00 35.00 0.00 8TH ALL 175 9
0.00000 -300.00000 167.99537 35.00 35.00 0.00 8TH ALL 81 14
0.00000 -1000.00000 147.76997 35.00 35.00 0.00 8TH ALL 107 18
0.00000  -3000.00000 108.50074 35.00 35.00 0.00 8TH ALL 272 17
-100.00000 -0.00000 86.21569 35.00 35.00 0.00 8TH ALL 251 12
-300.00000 -0.00000 147.43347 35.00 35.00 0.00 8TH ALL 63 13
-1000.00000 -0.00000 113.23071 35.00 35.00 0.00 8TH ALL 144 8
-3000.00000 -0.00000 80.46493 35.00 35.00 0.00 8TH ALL 251 12
-0.00000 100.00000 62.77470 35.00 35.00 0.00 8TH ALL 213 15
-0.00000 300.00000 164.12251 35.00 35.00 0.00 8TH ALL 212 12
-0.00000 1000.00000 147.60345 35.00 35.00 0.00 8TH ALL 84 15
-0.00000 3000.00000 92.37244 35.00 35.00 0.00 8TH ALL 264 19

DATE

99082414

99051614

99052714

99041413

99090915

99041711

99030613

99102016

99030314

99030315

99122613

99110816

99072208

99051916

99042015

99012315

99090717

99052714

99052516

99041219

99062409

99032214

99041718

99092917

99090812

99030413

99052408

99090812

99080115

99073112

99032515

99092119
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POL1
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POL1
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POL1

POL1

POL1

POL1

POL1

POL1

POL1

POL1
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o

o

o
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-1000.
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0.00000
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-0.00000
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70.
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29793
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04997
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74471

67662
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APPENDIX D. Overview of AERMOD revisions in version 22112

Model Change Bulletin (MCB) 16
AERMOD version 22112 (April 22, 2022)

Changes are listed by type and with each change are the affected pollutants and source types:

Bug Fixes

ltem

Modification

Pollutants

Source Types

1

Updated DISTF to calculate plume penetration factor
for an urban source only when the stack height is less
than the mixing height and the stack height plus
plume rise is greater than or equal to mixing

height. Prior to this change, the penetration factor
was calculated when the stack height plus plume rise
was greater than or equal to mixing height without
consideration for the stack height relative to the
mixing height. Adding the additional consideration
for stack height less than mixing height avoids NaN
for penetration factor calculations when stack height
is at or above mixing height.

All

All urban
sources

End-of-File logical variable (EOF) was prematurely
set to TRUE in subroutine SUMTBL in

aermod.f when reading from temporary error file and
writing AERMOD.OUT file after encountering 999
warnings in temporary file. In some circumstances,
this would result in overwriting existing messages
beyond the first 999 in the temporary file before
messages are written to the permanent ERRORS.OUT
file. Subroutine in SUMTBL in aermod.f was
updated to read to end of the temporary file to avoid
overwriting existing messages.

All

All

Corrected double counting of NO> background
concentrations when the PVMRM NOx-to-NO; Tier 3
method is applied when modeling NO».

NO2

POINT, AREA,
VOLUME,
OPENPIT

Corrected the logic in SOSET.f to check that a
BLPINPUT record is present in the input control file
when one or more buoyant line sources are

modeled. Also added checks for the omission or
presence of combinations of BUOYLINE source type,

BLPINPUT keyword, and BLPGROUP keyword

All

BUOYLINE




Corrected Monin-Obukhov Length calculation for
URBANOPT to select the most neutral value for
nighttime hours and the most convective for daytime
hours.

All

All

Corrected the PG Stability class assignment for the
BOUYLINE source when urban option is used. PG
stability class is now set to 4 for stable hours when the
URBANOPT is used.

All

BUOYLINE

The array DEL was changed from a fixed value (10)
to an allocatable array. Corrected an additional bug in
which two or more BLPGROUP keywords with the
same BLP Group ID (BLPGrpID) caused an error
during setup, i.e., BLPGROUP was not repeatable
with the same BLPGrpID, inconsistent with the
AERMOD User’s Guide.

All

BUOYLINE

Corrected selection of indices to be used in an
interpolation in subroutine BL INTRSE in file
bline.f. A limited number of indices were selected in
v21112, the correction allows all indices to be
selected.

All

BUOYLINE

Corrected discontinuity in vertical velocity profile at
(Z =70+ DISPHT).

All

RLINE,
RLINEXT

10

Corrected double counting of initial lateral dispersion
(sigmay) for RLINE source types.

All

RLINE,
RLINEXT

11

Corrections to RLINEXT barrier algorithm: initialize
barrier variables in RLCALC; correct location of
barrier relative to road in TRANSLATE ROTATE;
correct location of release for upwind barriers in
oblique winds

All

RLINEXT

12

Corrected order of variable declarations for array
lengths in POLYINTERP in rline.f, needed for some
compilers.

All

All

13

IAdded 900 to the file units for AWMADWDBUNT,
RLINEDBUNT, PLATFMDBUNT, URBNUT,
URBNUT1, and BLPUNT in modules.f to avoid
possible output file unit conflict with several system
files. Conflict is still possible, but user now receives
warning of conflict

All

All
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Enhancements

Item Modification Pollutants | Source Types

1 Comment out variables that are set but never used All All
and variables that are defined but never used.

2 Reformatted user options summary that is reported in All All
the standard aermod.out file to simplify future code
maintenance.

3 Added debug file for the BOUYLINE source, All All,
RLINE source types, and the urban option, BOUYLINE.
URBANOPT. RLINE

4 Modified the EVALFIL output to have only one line All All

er hour/receptor rather than screen breaks.

5 Implemented MEANDR subroutine in RLINE for All RLINE
calculating FRAN (fraction of random plume). This
update replaces original RLINE meander
calculations and further integrates RLINE into
AERMOD for consistency with AERMOD
formulation for other source types.

6 Updated error/warning message arrays to use All All
dynamic array indices (incremented variable) rather
than hardcoded numbers to simplify future code
maintenance.

7 IAdded a FAST option for RLINE source types based All RLINE,
on CALINE interpolation approach for estimating RLINEXT
plume width. This same approach has been applied
in estimating the effective wind speed for RLINE in
which a look-up table us used to determine plume
wind speed, reducing computation time.

8 Removed ALPHA requirement for using the All RLINE &
URBAN option with the RLINE or BOUYLINE BOUYLINE
sources

Formulation updates — Regulatory
Item |[Modification Pollutants | Source Types
1 INOMINO?3 option has been added that removes the NO2 All except
nighttime, stable, minimum ozone restriction for NO» BOUYLINE
conversion. Unless NOMINO3 option is specified, and RLINE

AERMOD will limit the minimum nighttime ozone to
40 ppb (78 ug/m3) for NO conversion in OLM,
PVMRM, GRSM, and TTRM. NOMINO3 option
should be used in consultation with reviewing

agency.




Formulation updates — BETA

Item |Modification Pollutants | Source Types

1 The GRSM NO; conversion method has been changed NO2 All except
from ALPHA to BETA status BOUYLINE

and RLINE
Formulation updates - ALPHA
Item |Modification Pollutants | Source Types

1 IAdded new keyword, PLATFORM, on SO pathway to All POINT,
input overwater platform dimensions. One platform is POINTHOR,
associated with one SRCID. Modified POINT source POINTCAP
type processing to enhance plume spread and decrease

lume rise when a platform is present.

2 IAdded model option RLINEFDH, which removes the All RLINE
displacement height from RLINE wind speed profile.

3 The TTRM2 NO> conversion method has been added NO2 All except
as a new ALPHA NO; conversion technique. TTRM2 BOUYLINE
applies the existing TTRM method with one of and RLINE
ARM2, OLM, or PVMRM and will select the lowest
INO; concentration from TTRM and the other selected
INO; technique.

4 Experimental source type SWPOINT was added to All SWPOINT
facilitate further research of “sidewash” phenomena
caused by building downwash. Sidewash occurs
when wind is at an oblique angle to the long side of an
elongated building. In this circumstance, there is a
lateral shift of the cavity that forms on the lee side of
the building. This a point type source with limited
input and no buoyancy and does not utilize the
PRIME building downwash algorithm.

5 Updated subroutine wake u_turb in prime.f All POINT,
associated with AWMA ALPHA downwash options POINTHOR,
AWMAUTURB and AWMAUTURBHX. Limit on POINTCAP
tiz updated from 50 to 18. Limit on #iy updated from
50 to 6.

6 Added two alpha low wind options (FRANmin and All All

PBAL) to the LOW_WIND keyword in the CO
pathway. FRANmin is a user-specified minimum
value for the meander factor within a range of 0.0 —
1.0 which overrides the default value of 0.0. PBAL is
a secondary keyword to replace the default energy
balance approach to determining plume meander with

a momentum balance approach.
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APPENDIX E. Glossary

AERMAP -- AMS/EPA Regulatory Model (AERMOD) Terrain Preprocessor.

AERMET -- AMS/EPA Regulatory Model (AERMOD) Meteorological

Preprocessor. AERMOD -- AMS/EPA Regulatory Model.

ASCII -- American Standard Code for Information Interchange, a standard set of codes used by
computers and communication devices. Sometimes used to refer to files containing only
such standard codes, without any application-specific codes such as might be present in
a document file from a word processor program.

Card -- A single input record within the input control file.

CO -- COntrol, the 2-character pathway ID for input control file commands used to specify
overall job control options.

CO Pathway -- Collective term for the group of input control file commands used to
specify the overall job control options, including titles, dispersion options, terrain
options, etc.

Directory -- A logical subdivision of a disk used to organize files stored on a disk.

Dispersion Model -- A group of related mathematical algorithms used to estimate (model) the
dispersion of pollutants in the atmosphere due to transport by the mean (average)
wind and small scale turbulence.

DOS -- Disk Operating System. Software that manages applications software and provides
an interface between applications and the system hardware components, such as the
disk drive, terminal, and keyboard.

Echo of inputs -- By default, the AERMOD model will echo the input control file commands,
character by character, into the main printed output file. This serves as a record of
the inputs as originally entered by the user, without any rounding of the numerical
values. The echoing can be suppressed with the NO ECHO option.

EOF -- End-of-File.
EPA -- U. S. Environmental Protection Agency.

Error message -- A message written by the model to the error/message file whenever an error
is encountered that will inhibit data processing.

Error/Message File -- A file used for storage of messages written by the model.
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EV -- EVent, the 2-character pathway ID for input control file commands used to specify event
inputs for the Short-Term EVENT model.

EV Pathway -- Collective term for the group of input control file commands used to specify the
event periods and location for the Short-Term EVENT model.

EVENT Processing -- An option in the AERMOD model specifically designed to provide source
contribution (culpability) information for specific events of interest, e.g., design values
or threshold violations.

Extended Memory -- Additional memory on 80386 and 80486 PCs that allows programs to
address memory beyond the 640 KB limit of DOS. Special software is required to
utilize this extra memory.

Fatal Error -- Any error which inhibits further processing of data by the model. Model
continues to read input images to check for errors during setup and will continue to read
input meteorological data during calculation phase.

Flow Vector -- The direction towards which the wind is

blowing. GMT -- Greenwich Mean Time, the time at the 0°

meridian.

Informational Message -- Any message written to the error/message file that may be of interest to
the user, but which have no direct bearing on the validity of the results, and do not affect
processing.

Input Image -- User supplied input, read through the default input device, controlling the model
options and data input. A single card or record from the input control file. Each input
image consists of a pathway ID (may be blank indicating a continuation of the previous
pathway), a keyword (may also be blank for continuation of a keyword), and possibly
one or more parameter fields.

Input control file -- The basic input file to the AERMOD model controlling the modeling options,
source data, receptor locations, meteorological data file specifications, and output
options. Consists of a series of input images grouped into functional pathways.

Julian Day -- The number of the day in the year, i.e., Julian Day = 1 for January 1 and 365 (or
366 for leap years) for December 31.

KB -- Kilobyte, 1000 bytes, a unit of storage on a disk

Keyword -- The 8-character codes that follow immediately after the pathway ID in the input
run stream data.
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LST -- Local Standard Time.

Math Co-processor -- A computer chip used to speed up floating point arithmetic in a
personal computer.

MB -- Megabyte, one million bytes, a unit of storage on a disk

ME -- MEteorology, the 2-character pathway ID for input control file commands used to
specify meteorological data options

ME Pathway -- Collective term for the group of input control file commands used to specify the
input meteorological data file and other meteorological variables, including the period to
process from the meteorological file for the AERMOD model.

Meteorological Data File -- Any file containing meteorological data, whether it be
mixing heights, surface observations or on-site data.

Missing Value -- Alphanumeric character(s) that represent breaks in the temporal or spatial
record of an atmospheric variable.

Mixing Height -- The depth through which atmospheric pollutants are typically mixed
by dispersive processes.

NCDC -- National Climatic Data Center, the federal agency responsible for distribution
of the National Weather Service upper air, mixing height and surface observation
data.

NO ECHO -- Option to suppress echoing of the control file commands to the main printed output
file.

NWS -- National Weather Service.

On-site Data -- Data collected from a meteorological measurement program operated in
the vicinity of the site to be modeled in the dispersion analysis.

OU -- OUtput, the 2-character pathway ID for input control file commands used to specify
output options.

OU Pathway -- Collective term for the group of input control file commands used to specify the
output options for a particular run.

Overlay -- One or more subprograms that reside on disk and are loaded into memory only
when needed.
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Pasquill Stability Categories -- A classification of the dispersive capacity of the atmosphere,
originally defined using surface wind speed, solar insolation (daytime) and
cloudiness (nighttime). They have since been reinterpreted using various other
meteorological variables.

Pathway -- One of the six major functional divisions in the input control file for the AERMOD
model. These are COntrol, SOurce, REceptor, MEteorology, EVent, and OUtput (see
these entries in this section for a description).

PC -- Personal Computer, a wide-ranging class of computers designed for personal use, typically
small enough to fit on a desktop.

Quality Assessment -- Judgment of the quality of the data.

Quality Assessment Check -- Determining if the reported value of a variable is reasonable (see
also Range Check).

Quality Assessment Message -- Message written to the error/message file when a data value is
determined to be suspect.

Quality Assessment Violation -- Occurrences when data values are determined to be suspect (see
also Range Check Violation).

RAM -- Random Access Memory on a personal computer.

RAMMET -- Meteorological processor program used for regulatory applications capable of
processing twice-daily mixing heights and hourly surface weather observations for use in
dispersion models such as AERMOD, CRSTER, MPTER and RAM.

Range Check -- Determining if a variable falls within predefined upper and lower bounds.

Range Check Violation -- Determination that the value of a variable is outside range defined by
upper and lower bound values (see also Quality Assessment Violation).

RE -- REceptor, the 2-character pathway ID for input control file commands used to specify
receptor locations.

RE Pathway -- Collective term for the group of input control file commands used to
specify the receptor locations for a particular run.



Regulatory Applications -- Dispersion modeling involving regulatory decision-making as
described in the Guideline on Air Quality Models, which is published as Appendix W of
40 CFR Part 51 (as revised).

Regulatory Model -- A dispersion model that has been approved for use by the regulatory offices
of the EPA, specifically one that is included in Appendix A of the Guideline on Air
Quality Models, (as revised), such as the AERMOD model.

R-LINE — Research LINE-source dispersion model for near surface releases.

Control file -- Collectively, all input images required to process input options and input data for
the AERMOD model.

SCRAM -- Support Center for Regulatory Air Models - part of EPA's website on the internet,
used by EPA for disseminating air quality dispersion models, modeling guidance, and
related information.

Secondary Keyword -- A descriptive alphabetical keyword used as a parameter for one of the
main control file keywords to specify a particular option.

SO -- SOurce, the 2-character pathway ID for input control file commands used to specify
input source parameters and source groups.

SO Pathway -- Collective term for the group of input control file commands used to specify the
source input parameters and source group information.

Station Identification -- An integer or character string used to uniquely identify a station or site as
provided in the upper air, mixing height, and surface weather data formats available from
NCDC. There are no standard station numbers for on-site data or card image/screening
data, and the user may include any integer string

Subdirectory -- A directory below the root, or highest level, directory or another subdirectory,
used for organization of files on a storage medium such as a PC hard disk.

Surface Weather Observations -- A collection of atmospheric data on the state of the atmosphere
as observed from the earth's surface. In the U.S. the National Weather Service collect
these data on a regular basis at selected locations.

Surface Roughness Length -- Height at which the wind speed extrapolated from a near-surface
wind speed profile becomes zero.

Syntax -- The order, structure and arrangement of the inputs that make of the input control file,
specifically, the rules governing the placement of the various input elements including
pathway IDs, keywords, and parameters.
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Unformatted File -- A file written without the use of a FORTRAN FORMAT statement,
sometimes referred to as a binary file.

Upper Air Data (or soundings) -- Meteorological data obtained from balloon- borne
instrumentation that provides information on pressure, temperature, humidity, and wind
away from the surface of the earth.

Vertical Potential Temperature Gradient -- The change of potential temperature with height, used
in modeling the plume rise through a stable layer, and indicates the strength of the stable
temperature inversion. A positive value means that potential temperature increases with
height above ground and indicates a stable atmosphere.

Warning Message -- A message written by the model to the error/message file whenever a
problem arises that may reflect an erroneous condition but does not inhibit further
processing.
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Coastal Barrier Resources Act

Image Details (/media/146029)

We administer the Coastal Barrier Resources Act (CBRA), which encourages the conservation of storm-prone and dynamic coastal barriers by withdrawing the
availability of federal funding and financial assistance within a designated set of units known as the Coastal Barrier Resources System (CBRS). The CBRS includes
3.5 million acres along the Atlantic, Gulf of Mexico, Great Lakes, U.S. Virgin Islands, and Puerto Rico coasts.

https://www.fws.gov/program/coastal-barrier-resources-act 1/6
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1/26/23, 3:12 PM Coastal Barrier Resources Act | U.S. Fish & Wildlife Service

What We Do

Image Details (/media/effects-storm-surge-chincoteague-national-wildlife-refuge-va)

Our Services

Our responsibilities under CBRA include maintaining the official maps of the CBRS and making recommendations to Congress for appropriate changes to the boundaries; consulting with other
federal agencies regarding federally-funded projects proposed within the CBRS; and working with property owners, project proponents, and other stakeholders to determine whether a specific

property or project site is located within the CBRS.

Our Projects and Initiatives

The Service is committed to ensuring accurate and user-friendly maps depicting the CBRS. Through a series of mapping projects (https://www.fws.gov/program/coastal-barrier-resources-
act/what-we-do), we have made progress in modernizing maps for the CBRS using digital technology that has significantly improved public access to information, increased efficiency for
infrastructure project planning, and increased accuracy and timeliness in determining whether individual properties are located with the CBRS.

https://www.fws.gov/program/coastal-barrier-resources-act 2/6
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Image Details (/media/alabama-beach-mouse)

PatestNegygions

With the passage of CBRA in 1982, Congress recognized that certain actions and programs of the Federal Government have historically subsidized and encouraged development on coastal

restricting federal funding and financial assistance affecting the CBRS. The CBRS includes 588 System Units, which comprise nearly 1.4 million acres of land and associated aquatic habitat.
There are also 282 “Otherwise Protected Areas,” a category of coastal barriers that are mostly held for conservation and/or recreation purposes that include an additional 2.1 million acres of
land and associated aquatic habitat.

A 2019 study (https://doi.org/10.2112/JCOASTRES-D-18-00114.1) published in the Journal of Coastal Research analyzed the economic benefits from CBRA and found that CBRA reduced
federal coastal disaster expenditures by $9.5 billion between 1989 and 2013, and forecasts that additional savings will range between $11 and $108 billion by 2068.

CBRA does not prohibit the expenditure of private, state, or local funds within the CBRS. Additionally, it does not prevent federal agencies from issuing permits or conducting environmental
studies. Areas within the CBRS may be developed, provided that private developers or other non-federal parties bear the full cost and risk.

Emergency Management

\\/—Habitat Restoration
2007 WHAT WE DO (/PROGRAM/COASTAL-BARRIER-RESOURCES-ACT/WHAT-WE-DO)
:es . . ° Service Sends Coastal Barrier
liew Hurricanes Fiona and lan Resources System Report to
(/story/2022-10/cbra-guidance- Congress with Updated Maps
urces- following-hurricanes-fiona-and- for the North Atlantic Coast
riew- ian) (/press-release/2022-
After a Presidentially-declared 04/service-sends-coastal-
of 5-Year disaster, federal agencies make barrier-resources-system-
chigan, expenditures and provide financial report-congress-updated-
Fh assistance to help communities maps)
na recover and rebuild. Most federal The U.S. Fish and Wildlife Service has
funding for disaster relief is submitted to Congress its Report to
prohibited within System Units of Congress: John H. Chafee Coastal

Barrier Resources System Hurricane
Sandy Remapping Project. The
report includes revised maps for 438

the Coastal Barrier Resources
System (CBRS), with some

exceptions (.. Coastal Barrier Resources System

(CBRS) units in the nine states most
Oct 4,2022 affected by...

Apr 6,2022
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Our LI b ra ry (/PROGRAM/COASTAL-BARRIER-RESOURCES-ACT/NEWS)

Image Details (/media/emergent-wetlands)

Whether you are looking for additional information about the Coastal Barrier Resources System, our current mapping projects, or official maps, you can find it here in our library.

Official Coastal Barrier Resources System Maps (/library/collections/official-coastal-barrier-resources-system-maps)

The Coastal Barrier Resources Act (CBRA) of 1982 and subsequent amendments established the John H. Chafee Coastal Barrier Resources System (CBRS). The CBRS
consists of relatively undeveloped coastal barriers and other areas located the Atlantic, Gulf of Mexico, Great Lakes, U.S. Virgin Islands, and...

Library Collection

(/library/collections/official-
coastal-barrier- 25 Items
resources-system-

maps)

Service Sends Coastal Barrier Resources System Report to Congress with Updated Maps for the North Atlantic Coast (/press-release/2022-04/service-
sends-coastal-barrier-resources-system-report-congress-updated-maps)

The U.S. Fish and Wildlife Service has submitted to Congress its Report to Congress: John H. Chafee Coastal Barrier Resources System Hurricane Sandy Remapping
Project. The report includes revised maps for 438 Coastal Barrier Resources System (CBRS) units in the nine states most affected by...

(/press- Press Release

release/2022-
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Report to Congress: John H. Chafee Coastal Barrier Resources System Hurricane Sandy Remapping Project (/media/report-congress-john-h-chafee-
coastal-barrier-resources-system-hurricane-sandy-remapping)

In 2014, the U.S. Fish and Wildlife Service (Service) initiated a project to modernize the maps of the Coastal Barrier Resources System (CBRS) units in the nine
states along the North Atlantic coast most affected by Hurricane Sandy: Connecticut, Delaware, Maryland, Massachusetts, New Hampshire,...

PDF
Apr 5, 2022

Coastal Barrier Resources Act Project Consultation (/library/collections/coastal-barrier-resources-act-project-consultation)

This library collection includes resources and information related to Coastal Barrier Resources Act project consultations, as well as guidance for shoreline stabilization,

disaster assistance, and property buyouts.

Library Collection

(/library/collections/coastal-

barrier-resources-
act-project-
consultation)

(/story/2021-
04/updated-
maps-coastal-
barrier-resources-
system-units-
north-carolina-

10 Items

Updated Maps for Coastal Barrier Resources System Units in North Carolina, South Carolina, and Florida (/story/2021-04/updated-maps-coastal-
barrier-resources-system-units-north-carolina-south-carolina-and)

The Service has submitted to Congress seven draft revised maps for John H. Chafee Coastal Barrier Resources System (CBRS) units located in North Carolina, South

Carolina, and Florida.

Story
Apr 29,2021

Science and Technology
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Nationwide Rivers Inventory [ oemimenof e nterior

This is a listing of more than 3,200 free-flowing river segments in the U.S....
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