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Today’s Learning Objectives

(1) Articulate the variations in apron and 
ramp markings at U.S. airports, including 
the collaborative practices developed 
with stakeholders

(2) Explore the fundamentals of large UAS 
and their airfield infrastructure 
requirements for airport operations



American Association of Airport Executives (AAAE) 

1.0 Continuing Education Units (CEUs) 
are available to Accredited Airport 

Executives (A.A.E.)

Report your CEUs: 
www.aaae.org/ceu

http://www.aaae.org/ceu


American Institute of Certified Planners (AICP) 

1.5 Certification Maintenance Credits

You must attend the entire webinar to be 
eligible for credits

Log into the American Planning Association 
website to claim your credits



Questions and Answers

Please type your questions into 
your webinar control panel

We will read your questions out 
loud, and answer as many as 
time allows

#TRBwebinar



Matthew Koss
Garver, LLC



Today’s Speakers

#TRBwebinar

Thomas Mackie, PS
Thomas.mackie@woolpert.com 
Woolpert

Nathan Polsgrove A.A.E., IAP, ACE
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ACRP 
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Airfield Apron/Ramp Surface Markings

Nathan Polsgrove A.A.E., IAP, ACE



INTRODUCTION

Nathan Polsgrove A.A.E., IAP, ACE
Aviation Planning Director

• Prior airport management/leadership 
experience

• Instrument rated pilot

• Lead role in eight applied research projects

• Airport planning and safety work (e.g. SMS)



TOPIC S07-03 PANEL

Scott M. Ayers, 
City of Atlanta Department of Aviation,
Atlanta, GA 

David Decoteau, 
King County (WA),
Seattle, WA

Raymond A. Herron, 
Charlotte Douglas International Airport, 
Charlotte, NC

Gaël Le Bris, 
WSP, 
Pittsboro, NC

Serena Sheetz, 
San Francisco International Airport, 
San Francisco, CA

Jordan Stringfellow, 
Volkert, Inc., 
Mobile, AL

Mike Rottinghaus, 
FAA Liaison

Christopher J. Oswald, 
Airports Council International-
North America Liaison



RESEARCH FOCUS AND APPROACH

The objective of this 
synthesis is to document 
NPIAS airport ramp and 
apron marking variations, 
including but not limited 
to, aircraft parking 
(hardstand or gate), 
taxilanes, and airside 
roadway system areas.

Literature 
Review

Industry
Survey

Case Examples 
& Interviews



KEY RESEARCH OBSERVATIONS
Variable Terminology

ACI Apron Markings 
and Signs Handbook

A4A SG 908

ACRP Report 96



KEY RESEARCH OBSERVATIONS

LITERATURE REVIEW

Current practices go 
beyond the guidance 
provided.



KEY RESEARCH OBSERVATIONS

Airports are 
Solving Similar 
Challenges 
Using Different 
Marking 
Approaches

Dashed Taxilane Centerline at MIA Diamond Taxilane Centerline at SFO



KEY RESEARCH OBSERVATIONS

Airports are 
Solving Similar 
Challenges 
Using Different 
Marking 
Approaches

SEA Parallel Taxilane Centerlines DEN Purple Taxilane Centerline Outline



KEY RESEARCH OBSERVATIONS

Marking 
Aprons for 
Aircraft of 
Different Sizes 
is a Challenge



KEY RESEARCH OBSERVATIONS

Airports generally 
rated the sufficiency of 
apron/ramp markings 

lower for ground 
personnel compared 
to pilots in two areas:

Gate Markings 
4.2 Pilots vs. 3.72 
Ramp Personnel

Hardstand Markings 
3.97 Pilots vs. 3.53 
Ramp Personnel

1

Communicate 
wingspan restrictions 

in ft. instead of 
Airplane Design 

Group (ADG)

2

Collaborate with 
flight data providers 

to ensure their 
publications are 

updated

3

Guard against marking 
congestion

4



ACRP Report 238

Airfield Design for Large 
Unmanned Aircraft Systems

Thomas E. Mackie, PS
Woolpert, Inc.



Thomas E. Mackie, PS
Principal Investigator

 Aviation Program 
Director, Woolpert, Inc.

 Specializes in Integration 
of Geospatial and 
Operations Technology

 Senior UAS and AAM 
SME for Woolpert

 Licensed Professional 
Land Surveyor - Ohio



ACRP Report 238 Research Team



ACRP Report 238 Oversight Panel

Michael R. Scott, Reno, NV (Chair)

Matthew Dowell, Golden Triangle Regional Airport, Columbus, MS

Jennifer Eckman, Minot International Airport, Minot, ND

Andrew Y. Ndolo, Metropolitan Washington Airports Authority, Washington, DC

Samuel Burk Siewert, Embry Riddle Aeronautical University, Prescott, AZ

Basil Yap, Hovecon, Winston-Salem, NC

James Schroeder, FAA Liaison

Christopher J. Oswald, Airports Council International–North America Liaison

Christine L. Gerencher, TRB Liaison



Project Overview and Goals

Project Objective
 The objective of this research is to develop guidelines for 

airfield design challenges, issues, and considerations for the 
unique operational needs of large UAS (currently > than 55 lbs). 

 Integration vs. segregation of operational 
areas at airfields

 Considerations for different UAS 
categories and capabilities

 Integration of technology
 Airport master planning, including 

economic and cost considerations
 UAS support infrastructure
 Environmental impacts
 Approach surfaces and terminal airspace



Approach to Research

Scope of research included entire airfield and 
all infrastructure

Broke down airfield into buckets of focus

 Lighting, Marking, and Signage
 Hangars and Support Facilities
 Pavement
 Airfield Surface Infrastructure
 Navigational Aids
 Communication and Data Systems

 Fueling and Charging
 Obstacles and Airspace
 Noise and Environmental Impacts
 Airport Passenger Terminals
 Air Traffic Control
 Aircraft Rescue and Firefighting



Findings Into Guidance

Focused on identifying gaps and challenges 
for L-UAS introduction into airport 
environment

Provide guidance to sponsors and 
consultants on ability and challenges of 
new fleet mix
 Unique characteristics of L-UAS and their 

supporting technology
 Levels of impacts on applicable airfield 

infrastructure standards
 Key indicators for integration versus segregation
 Important considerations around airfield assets



Vehicle Characteristics

Challenge for “one-size-fits-all” result
 Type – Propulsion – Launch & Recovery
 Table 2-8 summarizes variety of vehicles



Demonstrating Complexity



Summary of Key Findings

Identify gaps between current design standards and impacts 
“unmanned” vehicles introduce
 AUVSI Unmanned Systems and Robotics Database (USRD)
 Existing operations utilizing L-UAS (airport sponsors)
 Available research and literature

Common denominator for comparison – ADG and AAC
 Majority considered ADG I
 Operate at AAC A speeds

Understand vehicle and operational characteristics
 Type:  Fixed-wing, Rotorcraft, Other
 Propulsion:  Combustion, Jet, Electric, Ducted Fan
 Launch & Recovery:  HTOL, VTOL,                                                                          

               Assisted, Combination
Unexpectedly found few drastic impacts

 Majority of design criteria satisfy L-UAS operations
Highly integrable with existing operations



Summary of Impacts & Consideration



Sample Stakeholder Guidance

Component Impact Analysis

Accommodability

Accommodability



Recommended Use of Guidebook

Chapter 4:  Determining Airport Compatibility
 No unlike other operations at airports (skydiving, helicopters, etc.)

 How can the L-UAS become part of the crewed ecosystem?
 Can the L-UAS integrate in existing operations?
 Do the L-UAS need to be segregated from other operations?

 Integration vs. Segregation
 Do not start by limiting L-UAS, look deeper 

into each operational component to 
determine ability to integrate
 Utilize same approach to traditional 

planning & design
 Complicated due to variety of systems 

& characteristics



Each Airfield & Operation are Unique

What Scenario are you in?
 Scenario 1: Support of a specific L-UAS vehicle or type for an 

individual operator.
 Scenario 2: Support a variety of L-UAS—acting like a hub or 

incubator for emerging aviation technology—potentially with the 
premise of attracting operators to become tenants. 



FOR ADDITIONAL INFORMATION

Thomas E. Mackie, PS
Woolpert, Inc.

Thomas.mackie@woolpert.com
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Other Events for You:

November 13-15, 2023
TRB's Transportation Resilience 2023

January 7-11, 2024
TRB Annual Meeting

https://www.nationalacademies.org/trb/events

https://www.nationalacademies.org/trb/events


Subscribe to the newsletter for the most recent 
TRB news & research: 

https://bit.ly/ResubscribeTRBWeekly 

https://bit.ly/ResubscribeTRBWeekly


Get involved with TRB

Receive emails about upcoming webinars: 
https://mailchi.mp/nas.edu/trbwebinars 

Find upcoming conferences: 
https://www.nationalacademies.org/trb/events

Transportation Research Board

@NASEMTRB

@NASEMTRB

https://mailchi.mp/nas.edu/trbwebinars
https://www.nationalacademies.org/trb/events
https://www.linkedin.com/company/transportation-research-board-of-the-national-academies/
https://www.linkedin.com/company/transportation-research-board-of-the-national-academies/
https://twitter.com/nasemtrb
https://twitter.com/nasemtrb
https://www.facebook.com/NASEMTRB/
https://www.facebook.com/NASEMTRB/


Get Involved with TRB

Be a Friend of a Committee bit.ly/TRBcommittees
 Networking opportunities
 May provide a path to Standing Committee membership

Join a Standing Committee bit.ly/TRBstandingcommittee

Work with CRP https://bit.ly/TRB-crp 

Update your information www.mytrb.org 

Getting involved is free!

http://bit.ly/TRBcommittees
http://bit.ly/TRBstandingcommittee
https://bit.ly/TRB-crp
http://www.mytrb.org/


Have you heard TRB’s 
Transportation Explorers?

Listen on our website or 
subscribe wherever you 
listen to podcasts!

#TRBExplorers

https://www.nap.edu/trb/podcasts/


Get involved with ACRP

Visit us online: 
www.trb.org/ACRP 

http://www.trb.org/ACRP


Other Ways to Participate

Become an Ambassador. Ambassadors 
represent ACRP at events and conferences 
across the country! 

Sponsor or become an ACRP Champion. The 
champion program is designed to help early- 
to mid-career, young professionals grow and 
excel within the airport industry.

Visit ACRP’s Impacts on Practice webpage to 
submit leads on how ACRP’s research is being 
applied at any airport.

http://www.trb.org/ACRP/ACRP.aspx


ACRP Recorded Webinars

Have you missed a past ACRP webinar that you wish you 
could have attended?

No worries! All ACRP webinars are recorded and posted to 
TRB’s website for viewing at any time. 

There are over 100 webinar recordings on a variety of 
aviation topics available to you at:

https://www.nationalacademies.org/events
Select “Past Events” tab and search for “TRB Webinars”.

https://www.nationalacademies.org/events
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