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LEGAL DISCLAIMER

The information provided herein may include content supplied by third paktieeugh the data

and information contained herein has been produced or processed from sources believed to be
reliable, the Federal Aviation Administration makes no warranty, expressed or implied, regarding
the accuracy, adequacy, completeness, legaktyability or usefulness of any information,
conclusions or recommendations provided herein. Distribution of the information contained herein
does not constitute an endorsemamivarranty of the data or information provided herein by the
Federal Aviation Administration or the U.S. Department of Transportaieither the Federal
Aviation Administration nor the U.S. Department of Transportation shall be held liable for any
improper or incorrect use of the information contained herein and assumes no responsibility for
anyoneo6s use oThe Federal Aviatidn ddninisttatioo and U.S. Department of
Transportation shall not be liable for any claim for any loss, harnther damages arising from
access to or use of data or information, including without limitation any direct, indirect, incidental,
exemplary, special or consequential damages, even if advised of the possibility of such damages.
The Federal Aviation Administration shall not be liable to anyone for any decision made or action
taken, or not taken, in reliance on the information contained herein.
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EXECUTIVE SUMMARY

The ASSURE A52 Phase Il projedtjtiated by the Federal Aviation Administration (FAA), was

designed to evaluate the role of Unmanned Aircraft Systems (UAS) in disaster preparedness and
response, focusing on how UAS can be integrated into the National Airspace System (NAS). The
primary djective of this research was to enhance disaster response capabilities by identifying the
strengths and limitations of UAS in various disaster scenarios and establishing best practices for their
deployment in realorld emergencies. This phase built upprh e @A Beyond Part 107
developed in Phase | to assist first responders in understanding UAS roles and limitations during
disaster response.

The ASSURE A52 framework aimed to understand how UAS can reduce response times, improve
agency coordination, and provide r¢iate data to support decisianaking during disasters. The
research covered a broad range of disaster types, including hurriwddfgs, pandemics, oil spills,

and train derailments. Through this work, the project sought to address critical questions such as
identifying best practices for UAS integration in disaster response, determining how operations can be
standardized acrosgrious disaster types, and understanding the regulatory changes needed for rapid
UAS deployment.

To address these questions, the ASSURE A52 team conducted 29 events, including mock
demonstrations, workshops, and functional exercises across the US. These events tested UAS
operations in realistic disaster settings, from hurricanes in Alabama to negipdf deliveries during
pandemics in Alaska, and rea@he flooding response in Vermont. The methodology involved detailed
pre-event planning for safe UAS deployment, simulations in challenging environmentsagerity
coordination, and posvent analgis to gain insights into UAS performance and operational
challenges.

The research produced significant findings. UAS have proven beneficial in disdated tasks such

as oversight, search and rescue, imaging, mapping, and transporting critical goods like medical
supplies. However, there is wide variation in the knowdgdxxpertise, and training regarding UAS

use across local, state, and federal organizations. The project introduced the concept of Minimal
Operational Proficiency Standards (MOPS), highlighting the need for training and accreditation
processes to evaluad@d credential UAS operators. As UAS use in disaster exercises amebrihl

events increases, their utility is expected to expand further. The project also underscored the
importance of Functional Exercises, where operators interacted with real ortsanerteironments

and incident command to assess risks and adapt to changing circumstances, delivering actionable data
to save lives and expedite recovery.

Looking ahead, Phase Il will further refine the regulatory structure to create emerpsuijc
guidelines that expedite UAS deployment. Additionally, the team will develop uniform standards for
UAS operations to ensure consistent data collection aageusicross agencies. Mtdiency
collaboration between the FAA, FEMA, and NIST will be key to executing standardized training for
first responders, UAS operators, and agency leaders to improve interoperability during disaster
response efforts. Lastly, ctimued industry investment in UAS technology is critical to advancing
capabilities such as battery life, payload capacity, and data transmission in disaster environments. This
research represents a pivotal step toward building a national framework fodis#s®er response,
ensuring that UAS technology is fully leveraged to save lives and mitigate damage in future disaster
scenarios.
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1 INTRODUCTION & BACKGROUND

This A52projecte n t i A11LdJAS.EG8: Disaster Preparedness and Emergency Response Phase
Il, was awarded as a follean to the A28 effortwithin which the researcas oriented toward

the development of Concep® Operationd CONOR) likely to be encountered and appropriate

to various kinds of natural and mamade disaster The A28team evaluated dozenslastorical
disasters hurricanes, tornadoes, floods, wind eventdcanoes, seismic events, earthquakes,
landslides, avalanchgsandemics, oil spillgerrorism, and biohazasdl examiningeach example

for ways in which the use of UAS was effective and demonstrated positive Kaltle historical
eventwas also examinetb determine possible lessons learned teittedto drone usage in
disaster response situations.

Another group within the A28 team examined certain past disastecssing on the
interorganizationalelationships of respoeds andestablished communication patterfibe team
developedUse Casaliagrans depicing the highlevel interactions among thevolved entities
thatoccurredduring the disaster. The entitiereidentified in ttesediagrans as actorswhile

theinteractionsvereidentified as use cases

A third group of analysts examined various detaied cases, again across a wide spectrum of
imagined disasterenumerating the many ways in which variugds of UAS might be brought
into disaster response servidenis modeling included the kinds of aircsafind sensors most
appropriate for specific missionthe phase of the disaster within which they would be expected
to participatethe hazards associated with their uke,type of flight CertificateOf Waiver Or
Authorization(COA)/Part 107Waiver), whethertheir mission might requirBeyondVisual Line

Of Sight (BVLOS) permissionghe flight details, andthe payloads This group examined the
different kinds of data collected and their usefulngébgse detaile@ ONORs would become the

fi s c r from tviEch the events conducted undas b2 effort were derived.

Another A28effort was the assessment of operational risk for various disaster response £ONOP
andadetermination of specific mitigation measures that might be employed to reduce or eliminate
that risk.

1.1 Research Questions

There were 11 primary research questions posed in the Research Task Plan:

1. What subset ofise cases for the different disaster preparedness and response efforts
are representative to demonstrate that UAS can help facilitate response?

2. How did the various agencies, responders, participants, and support personnel
coordinate in the demonstrations and the lessons learned to ensure safe operations after
a disaster?

3. What are the common risks for the use cases and what are the mitigations to those risks

to ensure safe operations for UAS?
4. What are the ConceptSf Operations (CONO$ and Operational Risk Analysis
(ORA) for the specific use cases identified?
What category of vehicles will work with each mission type?
What are the characteristics of the optimum UAS(s) for disaster preparedness?
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7. What should future coordination with FEMA/DOI/DHS look like with UAS integrated

into the NAS?

What are the considerations for secure Comn#amai Control(C2) links?

What are the cyber security considerations?

10. What recommendations can be made for the refinement of requirements, technical
standards, policies, procedures, guidelines and regulations needed to enable emergency
response operations for use cases using UAS that increase effective, efficient, and safe
use of UAS in a disaster?

11. What types of hazards/disasters and scale are best suited for UAS compared with
manned flights as the primary investigation tool?

© ©

2 MOCK EVENTS AND DEMONSTRATIONS

The Research Task Plan for this effort included the provision that the research team would plan,
coordinate, and conduct six mock exercises based on the findings of A28 and further research
associated with this effort. A table of possible candidates ®ekercises included hurricane

flood, tornado, earthquake, fire event, train derailment, terrorist atteakaatport, and health
pandemic. Nearly coincident with the submittal of the Research Task Plan, the highest single
weekly occurrence of COVH19in the United States took place. During the week of January 20,
2022, over 807,000 new cases were confirmed. This immediately raised caincetthe idea of
bringing largenumbers of participants together to conduct major exeraisgmg which there

would be no way to avoid being in close proximity and risking the transmission of the CI3VID
virus.

In the January 2022 Technical Interchange Meeting (TIM), the team made clear that other options
were being considered to achieve the end goals of the program, while minimizing the COVID risk
to participants. The TIM presentation included a listing andhdieins of several options:

1 Seminaii Discussiorbased training to develop a common framework understanding

1 Workshop with a Tabletop Designed tdrain policies and procedures

1 Gamei Exercise with hypothetical situations that require specific decisiand
participants argraded on thie actions

91 Drill 7 Field Exercise to demonstrate a specific functiepeatedlyin order to gain
proficiency, and

1 Functional Exercisé Field exercises with situatianin which decisions are made across
multiple entities and the assessment of their decisions are scored with a rubric

It was pointed outitheTI M t hat a risk to the program was
meetings, trainingppnd exer ci ses. O

By the time of the February 2022 TIM, the team was engaged in risk mitigation and first presented
to the FAA the following concept idea for conducting various alternatives to tHaduwh mock
exercises:



Tablel. Alternative Event Types, February 2022

UAS for Disaster Response Type of Exercise
Mission Type Active Exercise
Workshop | Game Drill Functional | Seminar
Tabletop Exercise
Geospatial Mapping Y Y
Hotspot, Fire Behavior, Y
Fuels Identification
SAR Y
SAR Y Y
Flood Map Y Y
Airborne Hazard Y Y
Airborne Surveillance Y
Inspection Y
Delivery / Critical Supply Y
During thefollowingmo nt h s, driven by events and forces
events was modified. The final number and types of events are presehtdie 2
Table2. Final Number and Types of Events
Date(s) of Event Event Type (Focus) Location Lead Org.
Event Category
9-Nov-22 Seminar Hurricane/Tornado/Flooding | Huntsville, AL & UAH
Zoom
17-Jan23 Seminar Pandemic: Medical Delivery Zoom UAF
Between Rural Communities
19-Jan23 Seminar Pandemic: Medical Delivery Zoom UAF
Between MajoHub and Rural
Community
24-Jan23 Seminar Volcanic Eruption Zoom UAF
25-Jan23 Seminar Wildland Fire: New Fire in Zoom UAF
Satellite Data
26-Jan23 Seminar | Wildland Fire: Prescribed Burn Zoom UAF




30-Jan23 Seminar Oil Spill Zoom UAF
31-Jan23 Seminar Earthquake with Tsunami Zoom UAF
22-Feb23 Workshop/ Hurricane/Tornado/Flooding Huntsville, AL UAH
Tabletop
24-Mar-23 Drill Flood Response Burlington, VT UVM
29-Mar-23 Seminar Train Derailment Zoom UVM
30-Mar-23 | Workshop/ Volcanic Eruption Anchorage, AK UAF
Tabletop
11-Apr-23 | Workshop/ Earthquake with Tsunami Anchorage, AK UAF
Tabletop
14-Apr-23 Workshop/ Qil Spill Anchorage, AK UAF
Tabletop
24-Apr-23 | Workshop/ Wildland Fire: New Fire in Anchorage, AK UAF
Tabletop Satellite Data
17-May-23 Seminar Airport Terrorism Huntsville, AL & UAH
Zoom
18-May-23 | Workshop/ Train Derailment Burlington, VT UvM
Tabletop
19-May-23 Drill Airport Terrorism Huntsville, AL UAH
7-Jun23 Drill Landslide Burlington, VT UvM
21-Jun23 Workshop/ Train Derailment Burlington, VT UVM
Tabletop
28-Jun23 Functional Hurricane/Tornado/Flooding Tallahassee, FL UAH
Exercise
11-Juk23 Functional Flood Response Montpelier, VT UVM
Exercise
8-Sep23 Functional PandemicMedical Delivery Fairbanks, AK to UAF
Exercise Between Major Hub and Rural Nenana, AK
Community (IUAS)
23-Sep23 Functional Pandemic: Medical Delivery Bethel, AK UAF
Exercise Between Rural Communities
Small UAS(sUAS)
19-24-Oct-23 Drill Landslide Smuggler's Notch, UvM
VT
1-Feb24 Seminar Train Derailment Burlington, VT UvM
12-Mar-24 Workshop Train Derailment Burlington, VT UVM
28-Mar-24 Workshop Train Derailment Burlington, VT UVM
2-Apr-24 Functional Train Derailment Burlington, VT UVM
Exercise
3-5-Sep2024 | Functional | Wildland Fire: Controlled Burn Pontotoc, MS NMSU and MSU
Exercise

A total of 29 events, includingix functional exercises substituted for the originally concesned
mock exercisesl he details and findings of those events are presented in the sections below.
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2.1 11/9/2022, Seminar, Hurricane/Tornado/Flooding, Huntsville, AL, Conductethy UAH

OnNovember 9, 2022a seminar focusing dmrricanestornadoes, antloodingwas conducted

in Huntsville, Alabama, by personnel from tHé&H as part ofA52. The seminar was lelay Mr.

Jerry Hendri x, Director of UAS Systems within
and Simulation Center. There were 23 individuals attending in person and 17 online via ZOOM.
These individuals representesix universities, Huntsville law enforcement, the Alabama
Departmen©Of TransportatiofALDOT), FEMA, FEMA Missouri Task Force 1, tl&AA, United

States Army (PM Unmanned Aircraft Systenmgjustry at large, Civil Air PatrdlCAP), Madison

County Emergency Management Agency, and the National Aeronadtitds Space
Administration(NASA).

2.1.1 Objectives of thédurricane/Tornado/Flooding Seminar

The seminar in November 2022 focused predominantly on UAS operations performed during the
response efforts in the aftermath of Hurricane larCBy strike teams embedded with FEMA
Urban SearctAnd Rescue (USAR) in Fort Meyers Beach, FL. Casey Calamaio from the UAH
team volunteered as a UAS Mission Pilot for CAP and activated to Fort Meyers Beach for two
weeks. Upon returning, Calamaio presented his experience fallidnece For System Safety Of

UAS Through Research ExcellencASSURE seminar to a diversaudience of local/state
Emergency ManagemeAgencies industres, and other government partners

2.1.2 Planning for and Logistics of thedurricane/Tornado/Flooding Seminar

The Hurricane/Tornado/Flood seminaas hosted irtonjunction with a local monthly meeting
about UAS technologies by the Associat@hUncrewed Aircraft System International (AUVSI)
Pathfinder chapter in Huntsville, AL. The monthly meetingsistedf both inperson attendance
and teleconference via Zoom

2.1.3 Hurricane/Tornado/Flooding SeminaiExecution

This seminar took advantage of recent activation amongst team members tesedégdnirricane
incident to showcase in detail how U&&e used by FEMA. In partnership with the local AUVSI
Pathfinder chapter, the delivery of the seminar was received by a diverse audience froth@cross
UAS industry and government affiliates. The seminar was rougldyhours in lengthncluding
guestions and wdepth discussion of UAS in the context of hurricane relief efforts

2.1.4 Hurricane/Tornado/Flooding SeminaiFollow-Up Activities, If Applicable

Advertisement of follomup ASSURE activities involving Hurricane/Tornado/Flooding was a
topic of discussion, specifically the workshop for this task scheduled for February 2023

2.1.5 Lessond.earnedfrom theHurricane/Tornado/FloodingSeminar.
2.1.5.1 Hurricane/Tornado/Flooding Seminar Key findings:
1. From Justin Adams, FEMA Missouri Task Force 1: In emergency response, based on
experience in Florida and elsewhere
a. No one seemed to care about the presence of drones.
b. Non-cooperative aircraftare a real problem.
c. Currently, the only way to integrate is by eyehalls
d. Part of the problem ithelack of discipline among the vast number of UAS



e. Mr. Adams characterized it as the AW | d,
2. Command staff gets too involved in operational details.
3. There is a aedfor protocols for use by operational organizations to avoid airspace conflicts.
4. From New Mexico State UniversigNMSU):
a. There is a aedfor research on how close UAS can be flown safely in proximity to
manned aircraft.
b. The Marine Corps controlled UAS by assigning an individuahias raffic Control
(ATC) for UAS in a specified operational area. UABented personnel would strictly
monitor and control all UAS traffic in the working area while also deconflicting with
crewed aircraft.
i.  UAS shouldreport to theUAS Joint Terminal Attack ControllelJAS-
JTAC) and get permission for flight after providing general flight
information.
ii.  UAS-JTAC constructs an Airspace Coordination Area or Restricted
Operations Zone for UAS in the flight area of UAS.
iii. UAS-JTAC presents information to Mannd@AC and ensures
deconfliction.
iv.  UAS land and launch on UASTAC command (whether they like it or not)
V. Ensures at | east 2 of the fApoints
Position, Orientation, and Time.
c. Could the FAA consider training some kind of Junior ATC for emergency response
situations?
d. Safety should be emphasized.
e. All emergency response personnel should go through emergency medical service
training.
5. There is a aedfor someone on the ground in charge of all military assets .
6. Itis crucial to work within the FEMA Incident Commaggstem(ICS).

2.1.5.2 Seminar, Hurricane/Tornado/Flooding Recommendations:

Research is needem how close UAS can be flown safely in proximity to manned aircraft.
The FAA might consider trainingJunior ATC for emergency response situations

All emergency response personnel should go through emergency medical service training.
When the military is involved in a disaster response, someone on the grioowd bein
charge of all military assets (JTAC).

1 Itis crucial to work within the FEMA ICS.

2.1.5.3 Informed Research Question(s):

= =4 -4 -

The research questions outlined in Section 1.1 were informed by this event as follows:

1. In this event, use cases included maintairfaitgational AwarenesgSA) through use of a
persistent oversight UASSearch And Rescue (SARpissions, and directed retine
observation of specific rapidly developing targets.

2. Seminar participants agreed on the importance of following the FEBdAmmendetCS due
to its familiarity and capacity to expand or contract to best respond to changing situational
requirements.



It was recommended that if military assets are employed as part of disaster response, that they
have a separate control organization that equates to a JTAC.

3. Common risks include aircraft iflight collision with other UAS due to proximity flying and
loss of aircraft due to poor battery managembhtigations are to separate UAS as far as
possible when assigning tasks, have designated, trained and qualified visual observers assigned
to each Piloin Command (PIC) and to have at least one individual on the response team
responsible for battery management.

4. CONOPsin an event of this nature is usualhe use of multicopters carrying visual sensors
with real time displayWhen conductingsAR, thermal imagery may be employed to locate
heat sources. The ORA for this type of CONOP is described in quéstemabove.

5. Forthe general survey and tRARmission, a multicopter capable of lifting the imaging device
and having a battery life appropriate to the mission are the prerequisites. Proven reliability of
the aircraft and its control system are also necessary attributes.

6. Discussion of this subject by the participants highlighted long battery life and the ability to
capture high-quality imagery as desirable characteristics for a disaster response aircraft
Reliability was also stressed. Another factor mentioned was that larger aircraft seem to fare
better in stormy conditions and are more stable, enabling better images to be delivered.

7. This seminar was held as part of a lead up to thestalle FEMA hurricane/flooding exercise

later in the year, entitled Catastrophic UAS Remote Sensing ExelCldBRSE. As a

consequence, much of the seminar discussion was related to how such an exercise might be

organized. This exercise became a poster child for how such an event, involving dozens of
dissimilar organizations, should be run. The organizers insistedthdt t he ri gor of
internal discipline be usedtheICS, expansive use of chedls and procedures, disciplined

and orderly communications, and precise definition of organizational roles. This same level of

controlled integrated activity will be required to integrate UAS on a large scale into the NAS.

Secure C2 linksverenot addressed in the seminar.

Cyber security was raised as a topic in the seminar, but the discussion centered on how

disruptive it would be and how difficult it would be to prevent or work around. The subject of

control system vulnerability toyberattacksvas discussed, but no remedy was identified.

10. The most frequent opinion rendered at the seminar was the need for strict adherence to process
(as in checklists) and discipline to be effective contributors to disaster respbastructure
and discipline demanded by FEMA during a major disastesperations, communications,
reporting, role definitionand precise tasking are all components that could be incorporated
into requirements, technical standards, policies, procedures, guidalmesegulations that
would increaseheeffective, efficient, and safe use of UAS in a disaster.

11.Flights nearstructures and infrastructure, ldevel flying for damage assessment or search
andrescue, or flight in or around hazardous materials are ideal for UAS as compared with
manned aircraftThe UAS becomes a proxy for a human pilot and makes it unnecessary to
place human pilots in dangerous situations

©

2.1.5.4 Seminar, Hurricane/Tornado/Flooding Seminar Lessons Learned Summary

The discussion at this seminar covered an extremely broad spectrum of topics. People who were
practitioners of emergency response were very forthcoming with anecdotes and opinions of the
discipline and structure needed five safe integration of UAS into the NAS during disaster
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responseThe current status was referred to as t
untrained UAS operators who appear during disasters

2.2 1/17/2023, Seminar, Pandemic: Medical Delivery Between Rural Communities,
ZOOM, Conducted by UAF

2.2.1 Objectives of th&?andemic: Medical Delivery Between Rural Communities Seminar

This was a use case for delivering medical supplies between two rural communities that are
inaccessible by other means from the road network or river crossing/access. The early stages of
the COVID-19 pandemic were used as part of the .CHse seminar was held to showcase the use
case to the wider UAS and disaster response community and to get their feedback on the developed
use case.

2.2.2 Planning for and Logistics of thePandemic: Medical Delivery Between Rural
Communities Seminar

The seminar was held online via Zoom. Google and Microsoft team forms were used to have
potential attendees sign up and receive the Zoom logindatai ver si ty of Al ask
Alaska CenteFor UAS IntegratiofUAF-A C U A S hebwork of collaborators and those signed

up to the Interest User group were used to showcase the seminar as well as the wider &52 team
connections and UAS networR9 people signed up argb atteneékdthe seminar.

2.2.3 Pandemic: Medical Delivery Between Rural Communities Semigaxecution

The seminar wasnehour long, and attendees followed a slide presentation by Professor Webley
from UAF-ACUASI. The attendees also completed a Mentimeter survey on their current
capabilities and knowledge of UAS as applied to this use case. The survey only collectedsesponse
based on the organization type and position type of the attendees and did not capture personally
identifiable information.

2.2.4 Lessons Learned from th®andemic: Medical Delivery Between Rural Communities
Seminar, Including Responses to Research Questions
2.2.4.1 Pandemic: Medical Delivery Between Rural Communities Seminar Key findings:

1. Most of thecoordination would occur between the medical facilities sending and receiving
the supplies(These facilities would likely be part of the same medical organization and as
such, coordination would occur within the organizafion

2. Depending on the flight requirements such as altitvasyal Line Of Sight VLOS), or
BVLOS, there may need to be coordination between the flight crethaR@&A to obtain
the permissions needed for safe operations under Part 107.

3. The aircraft may be classified as carrying cargo ahdreforewould need relevant
permissions for the operator and operator organization to carry the supplies.

2.2.4.2 Pandemic: Medical Delivery Between Rural Communities Seminar Recommendations:

For pandemic useasessuch as the focus in this CON§Rhere are specific components of the
event where UAS are best suited that minimize risk to ground teams and medical professionals:

1 Rapid operations across rivecationswhen no other ground transpatallowed.
1 Moving supplies from warehouse, hospital, or clinic to smaller locations when needed.



1 Getting the medical supplies to where they are needed and not being limited by the weather
conditions, geographical environment, or logistical issues caust pgndemic event.

2.2.4.3 Pandemic: Medical Delivery Between Rural Communities Seminar Informed Research
Question(s):

The research questions outlined in Section 1.1 were informed by this event as follows:
1. Theimportant roles that UAS provide for this pandemic ewatas follows

Moving essential supplie®uring an event like the 2020 stage of the COM®pandemic,

there wadittle to no ground movement of personnel or vehicles as well as no ability to travel
to a rural Alaskan community from the main communities of Fairbanks, Anchorage, or Juneau.
Therefore, moving supplies by air and ideally by UAS would allow these comautatstill

get the medical supplies to those in need and on time.

Minimizing interactions between communiti®€sAS provide anairbornebasedplatform to

move supplies around Alaskamall UAS(sUAS)can be up to 55 Ib. of takaf weight which

allows for sizeable payloads along with the aircraft airframe. They can fly over significant
distances and for several hours. Therefore, they provide an ideal tool to minimize movement
between communities whenpandemic event, like the early stages of CO¥®is in full

force.

2. This use case would include several different organizations in the two communities to ensure
that the UAS can transport the medical supplies between them. One lesson learned is that for
follow-on demonstrations, nursing and medical students should be included. These students
will become the nurses and doctors of the future, when UAS could become part of the medical
delivery transportation network like helicopters and ambulances are used nowerAesson
learned is the available information provided tadinal practitioners that accompany the UAS
to be used in medical deliveries. Tpractitioneranay not be UAS pilots or operators and will
need some manuals and support in how to effectively use the UAS and add the medical supplies
to thesystempayload.

3. A general ORA for risks that could impact all use cases under A52 and a specific ORA for this
use case are coupled to event response. Several risks were highlighted by the attendees:

Available UAS pilots and systems: This use case is for medical supply delivery between two
rural communities. Therefore, for the UAS to be an effective tool then there needs to be local
Part 107 pilot operators and available systems in the communitisk. &etting a flight crew

to arrive at the main medical location would not be possible under the 2020 €®VID
pandemic environment. Today, there wob&la major impact on medical supply delivery if

the flight crew had to travel from another locatiorb&able to perform the mission to get the
supplies from one community to the next.

4. Attendees noted a need for training to be provided to megliaatitionerson the capabilities
and capacity oSUAS. This would be included in the community outreach as part of a
CONORs. For the ORA, one possible risk would be that there are no medical personnel on
duty that has worked with UAS for medical deliveries and as such there could be adelay
gettingthe supplies into the payload ready for flight. Therefore, a mitigation and action plan is
to provide sufficient manuals and operating procedsmélhat medically trained personnel can
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load the supplies and also ensuring that duringgaren shift there is at least one person with
the background and training to operate the UAS and load the supplies as well as unload and
operate the drone at the landing site.

5. A sUASwould be sufficient for this mission. This would also support the flight crew to fly
under Part 107 regulatiohsvhere possible. Depending on the supplies being carried and flight
routes additional permissions and requirements would be placed on the flight crew to ensure
safe and legal operations in the NAS.

6. For this use case, the defined UAS is a small less than 55 Ib. aircraft. Given the flight time,
takeoff and landing sites and altitude, it could béetical Take OffAnd Landing YTOL),

VTOL and fixed wingor fixed wing system. Its main goal is to take the medical supplies from

the medical clinic/hospital/warehouse to the location where they are needgétareturn.
Therefore, the available power and system endurance are considerations when determining the
optimal system to support this use case avimg medical supplies between two rural
communities during a pandemic.

7. Most of the coordination would occur between the medical facilities sending and receiving the
supplies. These facilities would be part of the same medical organization and as such
coordination would occur with the organization. Depending on the flighiresgents such as
altitude, VLOS or BVLOS, there would need to be coordination between the flight crew and
FAA to obtain the permissions needed for safe operations. The aircraft may be classified as
carrying cargo and would need relevant permissions éooplerator and operator organization
to carry the supplies.

8. There was no direct reference to C2 links in the seminar. As with the cyber security
considerations, therareimportant details to ensure safe flight operations from the-daéke
location at the original medical clinic/hospital as well asdfrag-off location. Additionally,
the aircraft will bereturning tothe original location for future use and so there will be a-take
off at the remote medical location back to the main site for more medical deliveries. Can the
takeoff ground station keep continued comnications with the aircraft or is there a need for
a second ground control station?

1The FAA rules for sUAS, or Adrone, 0 operations cover
drones weighing less than 55 pounds. Highlights of the rule, 14 CFR PaitdQde: Always avoid manned aircraft,

Never operate in a careless or reckless manner. Keep your drone within sight. If you use First Person View or similar
technology, you must have a visual observer always keep your drone within unaided sight (foreexampl
binoculars). You cannot be a pilot or visual observer for more than one drone operation at a time. Do not fly a drone
over people unless they are directly participating in the operation. Do not operate your drone from a moving aircraft.
Do not operat your drone from a moving vehicle unless you are flying your drone over a sparsely populated area and

it does not involve the transportation of property for compensation or hire. You can fly during daylight (30 minutes
before official sunrise to 30 minwgeafter official sunset, local time) or in twilight if your drone has-aatiision

lighting. Minimum weather visibility is three miles from your control station. The maximum allowable altitude is 400

feet above the ground, higher if your drone remairtkivid00 feet of a structure. Maximum speed is 100 mph (87
knots). Your drone can carry an external load if it is securely attached and does not adversely affect the flight
characteristics or controllability of the aircraft. You also may transport profperepmpensation or hire within state
boundaries provided the drone (including its attached systems), payload, and cargo, weighs less than 55 pounds total
and you obey the other flight rules. (Some exceptions apply to Hawaii and the District of ColiYobiean request

waiver of most restrictions if you can show your operation will provide a level of safety at least equivalent to the
restriction from which you want the waiver. Some of the most requested waivers are for operations BVLOS, during
nighttime,and over people.
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9. For this case, there are concerns in terms of the medical supplies being transported and their
security between the two sites, when there could also be personal identifiable information
onboard as well as sensitive supplies. Ensuring that no bad actdgishcanc k 6 t he f | i g
access the supplies when the UAS is transiting between the two locations will be essential for
flight security on medical front but also on the safe operations of the UAS in the NAS.

10. For this case, there is a need to move medical supplies between two rural locations during a
pandemic event. Below are two recommendati on
1 Ensuring sUAS pilots and systems in rural communikiesing pilots in the communities

across Alaska and other rural sites in theitJ&ssential for this use case to transition into
day-to-day operations. Waitinfpr the crews to come from other sfest to perform the
mission adds additional time to the mediteédswith significant impact on the safety of

those concerned. Therefore, having Part 107 pilots and systems with payload capacity in
the local communities is essential. The organizations moving the medical supplies need to
have all permissions in place to safety and legally perthermissions, as they will be
carrying cargo between the two sites.

1 Ensuing medical professionals are trained in how to engage with Wdgn loading and
unloading sensitive medical supplies, there is a need to have medically trained personnel
performing these duties. Just as for loading and unloading medical supplies for ground
transportation, there is a need for personnel in both lowsatmbe trained to work with the
UAS, especially their payload systems. Also ensuring that there is at least one person per
shift who has the training to support the implementation ®4AS into the dayo-day
activity of the medical facilities.

11.For pandemic use case such as the focus in this C@Ni@@Pe are specific components of the
event where UAS are best suited that minimizes risk to ground teams and medical
professionals:

1 Rapid operations across river location when no other ground tramsaloived.

1 Moving medical supplies from warehouse, hospital, or clinic to smaller locations when
needed.

1 Getting the medical supplies to where they are needed and not being limited by the weather
conditions, geographical environment, or logistical issues caused by pandemic event.

2.2.4.4 Pandemic: Medical Delivery Between Rural Communities Seminar Lessons Learned
Summary:.

Attendees at the seminar noted that there is a need for training to be provided to medical
practitionerson the capabilities and capacityst#AS. This would be included in the community
outreach as part of a CON@RA sUAS would be sufficient for this mission. This would also
support the flight crew to fly under Part 107 regulations where possible. For this use case, most of
the coordination would occur between the medical facilities sending and receiving the supplies.
Thee facilities would likely be pamf the same medical organization aad suchcoordination

would occur witlin the organization. This use case would include several organizations in the two
communities to ensure that the UAS can transport the medical supplies between them. One lesson
learned is that for follow on demonstrations, nursing and medical students sbontduded.
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2.3 1/19/2023, Seminar, Pandemic: Medical Delivery Between Major Hub and Rural
Community, ZOOM, Conducted by UAF

2.3.1 Objectives of thePandemic: Medical Delivery Between Major Hub and Rural
Community Seminar

This is a use case for delivering medical supplies between a major medical halruaat
community in need of supplies that is inaccessible by other means from the road network or river
crossing/access. The early stages of the COlApandemic were used as part of the case. The
seminar was held to showcase the use case to the wideatbABisaster response community

and to get their feedback on the developed use case.

2.3.2 Planning for and Logistics of thd?andemic: Medical Delivery Between Major Hub and
Rural Community Seminar

The seminar was held online via Zoom. Google and Microsetins forms were used to have

potential attendees sign up and receive the Zoom login data-AJBRJAS|1 6 s net wor k
collaborators and those signed up to the Interest User group were used to showcase the seminar as
well as the wider A52 tea@m connections and UAS netwoEk people signed up aril attenekd

the seminar

2.3.3 Pandemic: Medical Delivery Between Major Hub and Rural Community Seminar
Execution

The seminar wasnehour long, and attendees followed a slide presentation by Professor Webley
from UAF-ACUASI. Additionally, all attendees were asked to compleldeatimeter survey to
record relevant knowledge and capabilities regarding the use of UAS in this specific uSaease.
survey only collecteéhformation abouthe organization and position type of the attendea®s
personally identifiable informatiowas recorded.

2.3.4 Lessons Learned from thBandemic: Medical Delivery Between Major Hub and Rural
Community Seminarincluding Responses to Research Questions

2.3.4.1 Pandemic: Medical Delivery Between Major Hub andRural Community Seminar Key
findings:

1. TheUAS is alarge UAS(IUAS) with sufficient payload. Given the flight time, tak#

and landing sites and altitude, it could be a VTOL and fixed yangxed wing system.

a. Its main goal is to take the medical supplies from the medical clinic/hospital/warehouse
to the location where they are needed and return. Therefore, the available power and
system endurance are considerations when determining the optimal system to support
this use case of moving medical supplies between two rural communities during a
pandemic.

2.3.4.2 Pandemic: Medical Delivery Between Major Hub and Rural Community Seminar
Recommendations:

1 Ensure that there are personnel in the rural community that can remove the cargo from the
IUAS and administer any vaccines. Without personnel to perform these duties, then the
aircraft will arrive at the rural community, but the community will not be able to benefit
from the supplies transported to them.
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2.3.4.3 Pandemic: Medical Delivery Between Major Hub and Rural Community Seminainformed
Research Question(s):

The research questions outlined in Section 1.1 were informed by this event as follows:

1. Moving essential supplie®uring an event like the 2020 stage of the COMMDpandemic,
there was little to no ground movement of personnel or vehicles as well as no ability to travel
to a rural Alaskan community from the main communities of Fairbanks, Anchorage, or Juneau.
Therebre, moving supplies by air and ideally by UAS would allow these communities to get
the medical supplies to those in need and on time.

Minimizing interactions between communiti®€sAS provide anairbornebasedplatform to
move supplies around AlaskBIAS provide an increased payload capacity and ability to carry
both inneed medical supplies as well as cargo for {amg response and preparedness.
Therefore JUAS provide an ideal tool to minimize movement between communities when a
pandemic event, like the early stages of COMMD and support the rural community in
preparation for long periods of isolation.

2. This use case includeseveral different organizations in both communities to ensure that the
UAS can transport the medical supplies between them. One lesson learned is to ensure that
there are personnel in the rural community that can remove the cargo frdbhAtBeand
administer any vaccines. Without personnel to perform these duties, then the aircraft will arrive
at the rural community, but the community will not be able to benefit from the supplies
transported to them. For flight operations, severaitiaal sensors would be needed to ensure
mission success. If the flight must occur unttestrument Flight RulegIFR) only then a
thermal sensor would be essential and be included as a default sensor on the aircraft. This
would support the flight crew to continue flight operations and alloWdA& to land, deliver
its cargo, takeoff, and return to the main hub. Secondly, there should be a meteorological
sensomn boardhelUAS to provide reatime data to the ground crews to support safe flight
operations and provide data to mitigate the impact that could occur from iciHgAG
platforms.

3. A general ORA for risks that could impact all use cases under A52 and a specific ORA for this
use case are coupled to event response. Several risks were highlighted by the attendees:

Available crew to remove cargdhis use case is for medical supply delivery between a major
hub andarural community. Therefore, for the UAS to be an effective tool then there needs to
be local operators in the community at risk. Getting a specialist crew to arrivedab st
location would not be possible under the 2020 COY®@pandemic environment. Today, there
would be a major impact on medical supply delivery if the flight crew had to travel from
another location to perform the mission to getsbpplies from one community to the next.

4. Attendees noted that there is a need for training to be provided to nyadicitionerson the
capabilities and capacity of the UAS, especially those in the rural community who would
unload the cargo and provide the secondary flight crew. One possible risk would be that there
are no medical personnel on duty thatédavorked with UAS for medical deliveries and as
such there could be a delmygettingthe supplies from the payload. A mitigation and action
plan to provide sufficient manuals and operatingcpdures is needed so medically trained
personnel can unload the supplies endurethere is at least one person with the background
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and training to operate the UAS and load the supplies as well as unload and operate the drone

at the landing site.

5. A IUAS would be needed. A system with sufficient flight time to travel from the main hub to
the community and back would be needed. A fixed wing or VTOL with fixed wing capabilities
would be options with all payload capacity to carry the needed cargo and nsegickes.

6. For this use case, the defined UAS IWAS with sufficient payload. Given the flight time,
takeoff and landing sites and altitude, it could be a VTOL and fixed wandixed wing
system. Its main goal is to take the medical supplies from the medical
clinic/hospital/warehouse to the location where they are needed and return. Therefore, the
available power and system endurance are considerations when determiningirtta¢ op
system to support this use case of moving medical supplies between two ruralnitb@smu
during a pandemic.

7. For this use case, most of the coordination would occur between the medical facilities sending
and receiving the supplies. These facilities would likely be part of the same medical
organization ands suchcoordination would occur with the organization. Depending on the
available UAS, this would also include the airports where the aircraft may have-ufftakel
land. Depending on the flight requirements such as altitude, YaxBY/LOS, then there may
need to be coordination between the flight credthe FAA to obtain the permissions needed
for safe operations. Additionally, the aircraft will be classified as carrying cargo and would
need relevant permissions for the operator and operator organization to carry the supplies.

8. There was no direct reference to C2 links in the seminar. As with the cyber security
considerations, there are important details to be evaluated to ensure safe flight operations from
the takeoff location at the original medical clinic/hospital as weltresdrop-off location. The
aircraft will be returningo the original location for future use so there will be atakground
crew at the remote medical location ready to support the aircraft to get back to the main site
for more medical deliveries.

9. For this case, there are concerns in terms of the medical supplies being transported and their
security between the two sites, when there could be personal identifiable information onboard
as wel |l as sensitive suppl ikeods .t hken sfulriignhgt tahnadt
supplies when the UAS is transiting between the two locations will be essential for flight
security onthemedical front but alstor the safe operations of the UAS in the NAS.

10. For this case, there is a need to move medical supplies between a main hub and a rural location
during a pandemic event. Below are recommendations from the seminar attendees:

1 Ensuring sensorsn boardto perform IFR missiongzor this use case, there is a need to
always get medical supplies into the rural community, irrespective of the weather
conditions. As such, a UAS with only a visible camera to supplement the navigation tools
would limit the conditionsvhich the aircraft could fly in. Adding in a thermal camera as
part of the sensor packagestmrard would ensure the necessary data to couple with the
aircraft navigational systems abBetect And Avoid DAA) sensors.

1 Ensuing medical professionals are trained in how to engage with Wa&n loading and
unloading sensitive medical supplies, there is a need to have medically trained personnel
performing these duties. Just as for loading and unloading medical supplies for ground
transportation, there is a need for personnel in both lowsatmbe trained to work with the
UAS, especially their payload systems. Also ensuring that there is at least one person per
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shift who has the training to support the implementation of the UAS into thtodiay
activity of the medical facilities.
11.For pandemic useasessuch as the focus in this CON§PRhere are specific components of

the event where UAS are best suited minimize risk to ground teams and medical

professionals:

1 Rapid operations across riecationswhen no other ground transpatallowed.

1 Moving supplies from warehouse, hospital, or clinic to smaller locations when needed.

1 Getting the medical supplies to where they are needed and not being limited by the weather
conditions, geographical environment, or logistical issues caused by parelemis

2.3.4.4 Pandemic: Medical Delivery Between Major Hub and Rural Community SeminarLessons
Learned Summary:

This use case would include several different organizations in both communities to ensure that the
UAS can transport the medical supplies between them. One lesson learned is to ensure that there
are personnel in the rural community that can remove the &any thelUAS and administer any
vaccines. Without personnel to perform these duties, then the aircraft will arrive at the rural
community, but the community will not be able to benefit from the supplies transported to them.
Attendees noted that theredsneed for training to be provided to medipedctitionerson the
capabilities and capacity of the UAS, especially those in the rural community who would unload
the cargo and provide the secondary flight crew.

2.4 1/24/2023, Seminar, Volcanic Eruption, ZOOM, Conducted by UAF
2.4.1 Obijectives of th&/olcanic Eruption Seminar

The scenario for this use case \wamlcanic eruption from Mt. Spurr in Alaska along with volcanic

ash moving across Anchorage and Sdoémtral Alaska. The seminar was held to showcase the
use case to the wider UAS and disaster response community and to get their feedback on the
developd use case

2.4.2 Planning for and Logistics of th&/olcanic Eruption Seminar
The seminar was held online via Zoom. Google and Microsedins forms were used to have

potential attendees sign up and receive the Zoom login data-AJBRJAS|1 6 s net wor k
collaborators and those signed up to the Interest User group were used to showcase the seminar as
well as the wider A52 tea@ connections and UAS netwodé people signed up ar8? attenekd

the seminar
2.4.3 Volcanic Eruption SeminarExecution

The attendees completed a Mentimeter survey on their current capabilities and knowledge of UAS
as applied to this use case. The survey only collected responses based on the organization type and
position type of the attendees and did not capture persadatiifiable information

2.4.4 Lessons Learned from th€olcanic Eruption Seminay Including Responses to Research
Questions
2.4.4.1 Volcanic Eruption Seminar Key findings:

1. There is no one optimum UAS to support all aspects of the volcanic use case and provide
all necessary observations to support the response.
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2. sUAS can provide rapid response observational data that can operate fromfactpradit
takeoff zone and can be carried layteam to get to locations not possible by crewed
systems olUAS.

3. It would be hard for a ground team to reach the summisWS operations while the
volcanic ash and gases would limit flight operations to BVLOS.

4. Sensors onboard provide specific observational needs, either visible cameras to build
Structure from Motion$fM) 3D models, thermal sensors to determine heat flux from the
event and/or flow speed, and ash and gas samples to assess the changing volcanic signals
and support decision makers on the likelihood for an increase or decrease in activity levels.

5. IUAS can provide a highltitude observational dataset not possible from small rotor UAS
systems and can be flown to targeted locatfonthe need of the event response.

2.4.4.2 Volcanic Eruption Seminar Recommendations:

For a volcanic eruption use case, UAS can provide additional capabilities that would be difficult
to collect from manned flights. These include:

1 Longterm highaltitude observations of the full extent of the volcanic event.

1 Continued nightime operations when manned systems are unable to operate.

1 Rapid response events with ability to switch out sensors for situational awareness.

1 Access to summit to support decision making when risk is too high for manned systems.

2.4.4.3 Volcanic Eruption Seminar Informed Research Question(s):
The research questions outlined in Section 1.1 were informed by this event as follows:

1. Realtime Situational AwarenesBuring the seminait was noted that a8UAS could provide
proximal and close access to the area when a groasedd team would be unabléis UAS
could provide thermal and visible data and observations from the active region and prevent the
ground teams from being put at risk.

2.1tdés all about the | ocation of the event. On

Safety plan and access to volcabepending on the location of the eruption, aceeayg be
limited and/or safe landing zones requiredespondo hazards during flighhay bein areas
of limited access. Communicating on likely safe zones for UAS wéhisionmakers
mitigated the chance of unexpected landings in inaccessible Autésionally, for this use
case, thevolcano'ssummit is at 11,000 fAbove Ground Leve{AGL), and therefore to map
the full extent of the volcanic products, a high latitild&S would be required.

3. Two riskswere discussethat were not included in the general or specific operational risk
assessment shown to the workshop participants.

f Need for aTemporary Flight Restriction(TFR): For an event such as a volcanic
eruption, response organizations will want to prevent access to the summit and highly
active region. Given the location of the volcano in this use case as well as other active
volcanoes in the Cook Inlet, Alaskhen a TFR would be needed. With an active air

2 A Temporary Flight Restriction (TFR) is a typéNotices to Airmen (NOTAM). A TFR defines an area restricted
to air travel due to a hazardous condition, a special event, or a general warning for the entire FAA airspace. The text
of the actual TFR contains the fine points of the restriction.

16



traffic corridor and airspace around Anchorage, a TFR will limit any other aircraft and
assist those responding to the event to be able to map the active area and make informed
decisionsaboutthe ongoing hazard and its future activity levels.

1 Volcanic hazard (Ash/SO2/CO2pegradation: Significant volcanic hazardous
material impacts the airframe and payload while in flight thakingthe aircraft of
limited use or unsafe to use. This will cause the flight crew to be unable to support the
operational needs of those in the response. Flight crew will mitigate this through
cleaning of systems between flights, minimizing the chance ofdeitting the aircraft
in flight, and vigorous assessment of the airframe and payloads after each flight.

4. The CONOR andORA were developed by the A52 team for a volcanic eruption fviim
Spurr Volcano in Soutlentral Alaska with an eruptive vent at the summit and attached plume
as well as dispersing ash clouds towards Anchorage. A general hazards ORA that could occur
in all use cases under A52 and specific hazards ORA for this use caseleveloped to
accompany the CONGPAdditionally, a quad chart and a suite of checkhgtseadded to
the CONOR and two ORAs.

5. AIUAS would provide higher altitude observations of the volcanic event and be able to sample
the plume from the summit vent. JASwould be flown from the summit region to provide
precision observations of the ground hazards at this location and vertical profiles through the
plume. AsUASwould provide downwind ash and gas measurements to support the decision
team in predicting the cloud impamt Anchorage and its surrouing infrastructure.

6. There is no one optimum UAS to support all aspects of the volcanic use case and provide all
necessary observations to support the eruption resped#es systems can provide rapid
response observational data that can operate from afewmiiint takeoff zone and can be
carried byateam to get to locations not possible by crewed systefidA®. It was noted
during this seminar that it would be hard for a ground team to reach the sumsiitASr
operations while the volcanic ash and gases would lingihtfloperations to BVLOS only.
Sensors onboard provide specific observational needs, either visible cameras to build SfM 3D
models, thermal sensors to determine heat flux from the event and/or flow speed, and ash and
gas samples to assess the changing mmcsignals and support decision makers on the
likelihood for an increase or decrease in activity level$UAS can provide a highltitude
observational dataset not possible from small rotor UAS systems and can be flown to targeted
locations at the neeaf the event response.

7. For this use case, organizations wanting to integrate UAS into the event response and the NAS
will need tofollow locallCSand local and regional eruption response protocols for responsible
agencies and communication structure. For the volcanic use case, agencies responsible for the
event response should follow the regional interagency coordination plans that provide details
on all responsible groups and points of contact. As UAS continue be used as a research tool
for the volcanic community, they will lsvailable for event response. As such plans are needed
for how these will support volcanic event responses and who will manage the fleet of aircraft,
just as is done for crewed systems today to move resources and gain access to the volcanic
summit region.

8. There was no direct reference to C2 ingbeinar. Airspace coordination, specifically having
a TFR in place, was stated as important given the number of crewed and uncrewed systems.
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9. Ensuring a safe network of UAS is highlighted in the ORA and having a flight crew able to
mitigate against any bad actors wanting to take control of the aircraft is a consideration in the
ORA but was not discussed at the seminar.

10.For this use case, a volcanic eruption frbth Spurr, Alaskawas selected for the event
location. While this event may occur soon, operationally UAS/drones have been used at
eruptions in Hawaii. One of the seminar attendees has been part of two eruption responses in
Hawaii andhasseen the application of UAS.

Ensure all potential airspace coordination procedures are in place as during an event, there is
a need to prevent any bad actors and-e&sential airborne assets from passing over the
volcano summit. Having a TFR in place will mitigate this issue andsalpport those event
response crewed and uncrewed systems from supporting ground crews.
11.For a volcanic eruption use case, UAS can provide additional capabilities that would be

difficult to collect from manned flights. These include:

1 Longterm highaltitude observations of the full extent of the volcanic event.

1 Continued nightime operations when manned systems are unable to operate.

1 Rapid response events witie ability to switch out sensors for situational awareness.

1 Access to summit hazard to suppdecisionmakingwhen risk is too high for manned

systems.

2.4.4.4 Volcanic Eruption Seminar Lessons Learned Summary:

Organizations wanting to integrate UAS into the event response and the NAS will ekairto
localICSand where seatip local and regional eruption response protocols for responsible agencies
and communication structure. For the volcanic use case, agencies responsible for the event
response should follow the regional interagency coordination plans thatigombetails on all
responsible groups and points of contact. As UAS contiobe used as a research tool for the
volcanic community, they will be aWable for event response. As syphans are needddr how

these will support volcanic event responses and who will manage the fleet of aircraft, just as is
done for crewed systems today to move resources and gain access to the volcanic summit region

2.5 1/25/2023, Seminar, Wildland Fire: New Fire in Satellite Data, ZOOM, Conducted by
UAF

2.5.1 Objectives of th&Vildland Fire: New Fire in Satellite Data Seminar

This event of a newly detected wildland fire from satellite data led to several different use cases
where drones and UAS can operationally support the event response. There are several hazardous
impacts to the surrounding landscape and infrastructure &rdneEne/UAS can minimize putting
personnel at risk and supplementing existing assets. The seminar was held to showcase the use
case to the wider UAS and disaster response community and to get their feedback on the developed
use case

2.5.2 Planning for and Logistics of th&Vildland Fire: New Fire in Satellite Data Seminar
The seminar was held online via Zoom. Google and Microsedirs forms were used to have

A

potential attendees sign up and receive the Zoom login data-AJBRJAS|1 6s net wor k
collaborators and those signed up to the Interest User group were used to showcase the seminar as
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well as the wider A52 tea@m connections and UAS networlQ people signed up and 28 attedd
the seminar

2.5.3 Wildland Fire: New Fire in Satellite Data SeminaExecution

The seminar wasnehour long, and attendees followed a slide presentation by Professor Webley
from UAF-ACUASI. At the end of the seminahé attendeesere given aMentimeter survey on

their current knowledge of UAS as applied to this use.dd®e survey did not capture personally
identifiable informationonly information regarding organizations and positions.

2.5.4 Lessons Learned from thevildland Fire: New Fire in Satellite Data Seminaincluding
Responses to Research Questions
2.5.4.1 Wildland Fire: New Fire in Satellite Data Seminar Key findings:

1. Any organizations wanting to integrate UAS into the event resp@sseell as th&lAS,
will need tofollow local incident command structure aatide bylocal and regional
response protocols for responsible agenciesaminunication structure.

2. Oneof the attendees spoke about building a wildland fire training program and how this
could be a tool to use to effectively integrate UAS into wildland fire response and safe
integration into the NAS.

2.5.4.2 Wildland Fire: New Fire in Satellite Data Seminar Recommendations:

91 Operational skills of flight crewWith such a busy use case, a flight crew should be able
to highlight their experience of operating in an event response and around multiple
airborne systems, both crewed and uncrewed. This recommendation ensures that the flight
crew will then be an asséb the response rather tharhinderance and impact other
response teams.

1 Flight teams have incident trainin@he flight crew teams should have some level of ICS
training. This can be FEMA 100 and 200 independent study as well as national 700 and
800coursesAlso, there is an iperson course, GO19IICS/Emergency Operating Center
(EOQ interface. This recommendation ensures all members of the flight crew are aware
of the event response protocols and can be an additional asset for the response.

1 Ensure all flight crew have additional safety equipment as they could come into close
contact with wildland fire ash and gases and so would need mitigation devices (air filters
with masks) that they could use to continue to operate. Also, crews $mowangoing
hazar@ so could evacuate to safe zones if theifipactstheir flight location including
takeoff and landingzones This recommendation ensures the flight crew are safe to
operate in and around this hazardous event and can ensure the ghtstycoéw and not
put extra burden on the other event response teams.

2.5.4.3 Wildland Fire: New Fire in Satellite Data Seminar Informed Research Question(s):
The research questions outlined in Section 1.1 were informed by this event as follows:

1. This event of a newly detected wildland fire from satellite data led to several different use cases
where drones and UAS can operationally support the event response. There are several
hazardous impacts to the surrounding landscape and infrastructure avtienee/UAS can
minimize putting personnel at risk and supplementing existing assets.

19



Realttime Situational Awarenes$his provids visible and thermal feeds of the ongoing
activity. This will support ground teams responding to the new firefiadchg where to

place ground assets to both monitor and mitigate against the ongoing event. It was also
highlighted that drones/UAS can be used fiwstto look for hotspotdeft from the fire

front. Also, the systems could provide knowledge on the local winds at the surface and
multiple altitudes to support spot forecasting and lingering term plus dispersal.

Postflight Mapping: These would be generated péisgtht but during the ongoing
response. Products would include orthorectified imagery and composite maps (both visible
and thermal). Products suppddcisionmakingteams duringheongoing event as well as
postfire to assess fire impact on the environment and-afteon reviews. Consideration

is requiredfor the dissemination of this data including all metadata to ensure it can be
visualized by all entities in the response, whether from federal, kted, academia, or
private sector.

Realtime SamplingThe products from wildland fire events, such as ashes, need to be
sampled in realime to assess any changes in the fire activity that can support plume
forecasting and to determine the potential dispersal extent of the plume and downwind
clouds. This dat can also support those in the fire modeling to determine fire activity
changes. Consideration is needed on the types of missions, altitudes to be flown including
permissions needed, and impact on the aircraft to provide sustainegatibssrto support

the operational agencies.

Postmission 3D modelingSfM processing from visible and thermal imagery can produce
3D models of the local landscape, especially below cloud cover that prevents satellite
mapping or other crewed systems. Coupled visible and thermal 3D model data provides
added actionable intedjence on the fire products and if they are still a hazard to the local
population and infrastructure.

Communication is keyFor this event, the detected fire most likely will be in a remote location

and there may be many airborne assets operating in the area with one central operations center
or EMOC with an air boss/air coordinator. Ensuring that the teaeadl aware of the airspace
environment and involved in all daily briefings limits the impact of a lack of communication
where a flight team might behindranceto operations.

The teamwill need toknow air traffic in the areas, if TFR is in plaand if so, whereThe team

will need to coordinate witthe Air Boss. The teanwill need waivers to get in and out of TFR, if
takeoff is not in TFR zoneThe team shouldasry copes of all teams'107 permissions. One
component that came up in the workshop discussiongavasiunication channelgVhat are the
communication channels being used? Where are all other manned/crewed systems supporting the
response? Ensure no cross commuiunatbetween teams and all follow ICS procedures. The
response will be a complex event and the team will need to show that they can operate safely in
this type of operation.

3.

Seven risks came up for discussion that were not included in the general or <pBéific
shown to the workshop participants
a. Change in winds leads to fire spread and plume dispeBaing the event, the fire may

spread towards the UAS takeoff and landing site while the dispersing plume may move to
put the flight crew at risk and unhealthy atmospheric conditions. This causes the team to
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be at risk and therefore impacts for safe flight operations of the UAS in the NAS. Flight
crew will mitigate this by keeping in communications with central operations to stay
informed on fire spread and plume dispersal. Where needed, the crew will mostsonise

to a safe location and stop the flight to ensure safe operations with a Reltumn To
Landing RTL). Action ensures safe operations and a safe flight crew.

. Crewed and uncrewed all together in the same airsp&eeen the busy operations to
respond to this event, there may be numerous assets in the air. An uninformed crew may
have a crewed system enter their airspace and planned route as well as have other uncrewed
systems passing through their airspace. Fligkivcwill mitigate this by staying in
communicatiorwith theair boss/air operations lead to be aware of all airborne operations
as well as have a visual observer monitoring the UAS and the airspacel aheu
operations. If needed to ensure safe operations, a flight will RTL or DLI following their
action plans. Action ensures safe operations in the NAS.

Lack of knowledge dhelocation of ground response crewihe flight crew operating the

UAS is unaware of the ground teams responding to the fire and mitigating its spread. As a
result, the flight crew could put their operations at risk as well as other airborne assets and
the ground crew at risk. Flight crew Ilwimitigate this by ensuringthey have
communications with the central operations to have knowledge of current ground teams
and be integrated into all briefings befaolay operations to they are aware of ground team
movements and plans for fire mitigation. Action will ensure that no person or equipment
is put at risk. If there are other assets near flight operation, the crew will follow DIL or
Return To BaseRTB) actions to ensure safe operations in NAS.

. Heat from fire impacts flight operations including thermd&lbere is a change in intensity

and the heat from the rapidly growing fire puts the UAS at risk that impacts safe operations
in the NAS and completing the mission. Flight crew will mitigate against this by
monitoring the location of the fire front and plaramitted from the spreading fire as well
asstayingat a safe altitude above the fire to limit the potential for this hazard. This action
ensures safe operations, equipment to continue operatidghe crew completing their
mission as requested to support the fire response.

Impact of fire ash on airframe and all componei&mgnificant firebased ashes impact the
airframe and payload while in flight that makes the aircraft of limited use or unsafe to use.
This will cause the flight crew to be unable to support the operational needs of those in the
response. Flight crew wilinitigate this through cleaning of systems between flights,
minimizing the chance of debris hitting the aircraft in flighntd vigorous assessment of

the airframe and payloads after each flight.

Risk of health of crew from poor air quality at groui@given the event response centered
onsupporbfa wi I dl and fire, there is the potent
location will deteriorate to unhealthy conditions to be outside and operating. This will put
the health of the crew at risk. Flight crew will mitigate this risk by ensuhagthe team

has respirators and masks as part of their equipment list and that they will ensure that this
equipment is listed on multiple checklist$ig action will support the team to continue to
operate as the air quality deteriorates. If the conditions become unsafe for any ground
operations, the team will RTB or DLI the aircraft to ensure safe flight operations and to
ensure the health and safefytlee flight crew.
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g. Wildlife in the flight zoned.ocal wildlife in proximity to thefire preventghe flight crew
from reachingheir defined takeff site and/or interfering with the operations while the
flight is in process. This prevents the crew from setting up the mission and/or from being
unable to safety operate. Flight crew will mitigate this by being aware of local iati{ent
harmful wildlife, carrying safety gear to protect all the ground crew and having safe landing
zones to send the aircraft, if the ground tearaffected by wildlife and must leave their
takeoff and landing site.

4. These were developed by the A52 team fsat@llitedetectedvildland fire in Central Alaska
with both large andUASresponding along with hazardous fire smoke spreading across Alaska
and the communities of the Interior. A general hazards ORA that could occur in all use cases
under A52 and specific hazards ORA for this use case were developed to accompany the
CONORs. Additionally, a quad chart and a suite of checklists added to the COA@RwWO
ORAs.

5. A IUAS would provide higher altitude observations of tltectedvildland fire event and be
able to sample the fire plume. #etheredsUAS would be flown to provide overview
observations of the fire front response and supgpeEmergency Operations Center (EOC)
to determine where ground assets could be sent. A sstiflwould map the fire perimeter
and intensity while a third would be sampling the plume generated from the fire as it spreads
to support plume forecasting for air quality. The figdlAS would be mapping the landscape
ahead of the moving fire to support those in fire spread modeling and mapping the environment
below and local cloud cover and/or the plumes.

6. A IUAS is extremely useful to map the full extent of the impact from the fire as it spreads while
a suite ofsUAS can provide fast response observations and critical intelligence to support
response and assessment of the ongoing event. There is not one optimum UAS for this event
response. Based on this use case, specific requirements are needed by the operatasl age
responsible for the event response, monitoring of the hazard, and mitigating its impact.

1 Large UAS:Fixedwing or VTOL and fixeewing operationswith built in thermal and
visible sensors. Where possijdeld in fire plume sampling capacity.

1 Small UASVTOL systems with sustained endurance. Onboard DAA will support EVLOS
or BVLOS operations. Coupled sensor systems with minimum visible and thermal.
Depending on missiomequirementsadd in Laser Imaging, Detection And Ranging
(LIDAR), fire plume sampling, and muipectral.

7. Similar to the first key finding for this exercislecal incident command structure afige
response protocolnust be followed by all organizations involvédight crews will need to
haveknowledge of air traffic in the areas, if TFR is in plaaed if so, whereThey will need
to coordinate with Air Boss. Team will need waivers to get in and out of TFR, ibfakenot
in TFR zone. Carracopy of all teams 107 permissions. Teams should have communications
to central operations. Check on aRilot Reports PIREFRs). Checkthe weather at flight
location and altitudes to be flow&heck operability ofn-reach system. Check with incident
meteorologist on potential fire spread and plume dispersal. For those organizations developing
the next iteration of their event response protocols, adding in the oppogndéagsessinthe
impact thatUAS could provide to support the event response then they will have state of the
art tools available. These organizations should coordinate on the availability bftdoca
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regional UAS teams to then add them into the event response to benefit the deaisiun
process.

8. There was no direct reference to C2 in the workshop. Airspace coordination was stated as
important given the number of crewed and uncrewed systems. Also, control of the large and
SUAS was included in the ORA with corresponding mitigation and discussed with the
attendees.

9. Ensuring a safe network of UAS is highlighted in the ORA and having a flight crew be able to
mitigate against any bad actors wanting to take control of the aircraft is a consideration in the
ORA. In terms of the data produced and products developed, slimtsisocused on how to
make this accessible to all groups in the response. Attendees stated to produce all data in
common formats that could be placed on secure servers that could then interface with the
relevant software used by each organization.

10. For this use case, a wildland fire seen from satellite data in the Alaskan Interior was selected
for the event location. Some of the recommendations from the workshop attereteess
follows:

1 Operational skills of flight crewiVith such a busy use case, a flight crew should be able
to highlight their experience of operating in an event response and around multiple airborne
systems, both crewed and uncrewed. This recommendation ensures that the flight crew will
then be an assai the response rather thahindrance

1 Flight teams have incident training@he flight crew teams should have some level of ICS
training. This can ba FEMA 100 and 200 independent study as well as national 700 and
800 course. Also, there is an-person course, G0191 ICS/EOC interface. This
recommendation ensures all members of the flight crew are aware of the event response
protocols and can be an atitshal asset for the response.

1 Safety Equipmen&nsure all flight crew have additional safety equipment as they could
come into close contact with wildland fire ash and gases and would need mitigation devices
(air filters with masks) to continue to operate. Also, crews shkndav ongoinghazards
sothey could evacuate to safe zones if the fire impacted their flight logatioluding
takeoff and landing zone. This recommendation ensures the flight crew are safe to operate
in and around this hazardous event and can ensure the dafetyr arew and not puan
extra burden on the other event response teams.

11.For a wildland fire use case, UAS can provide additional capabilities that would be difficult to
collect from manned flights. These include:

Plume sampling to assist forecasting and air quality assessment.

Mapping landscape below cloud deck when manned unable to fly.

Vertical profile of atmospheric conditions to supposgteorological analysis.

Finertemporal scale actional intelligence to support satellite observations.

Largescalemapping at low altitudes to support asset movement of ground equipment.

Reattime classification of firdhotspotsandthe landscape ahead tfefire, with coupled

Al/ Machine LearningNIL).

1 Postfire analysis to determineftihefire is over and safe for ground crews.

= =4 4 -4 A8 -9
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2.5.4.4 Wildland Fire: New Fire in Satellite Data Seminar Lessons Learned Summary:

For this use case, a wildland fire seen freatellite data was selected for the event use case.
Lessons learned included:

1 Airspace challenges and coordination: it was highlighted by the seminar attendees that
ensuring all airspace considerations are in place before flight operations would ensure effective
and safe integration of UAS into the event response and the NAS. dbid e to ensure
COAsin place, permissions for BVLOS operatio@gecial Government InterestSGlg (if
needed)andTFRs

91 Data access in redime from missionsAttendees also highlighted the type of data and how
it could be accessed from the flight operations to support mission success. Given the location
of the wildland fire, the data collected in flight would need to be streamed to the mission ground
station ad onto the incident command center. postflight observations, data needed for
rapid assessment would be processed in the field to get the productdeoishenmakers

2.6 1/26/2023, Seminar, Wildland Fire: Prescribed Burn, ZOOM, Conducted by UAF
2.6.1 Objectives of th&Vildland Fire: Prescribed Burn Seminar

This event of a prescribed burn use case where UAS are supporting the ground crews to monitor
the burn event. Three systems are proposed in the use case, each providing a different observation
of the event and supporting those responsible for the preddsira. The seminar was held to
showcase the use case to the wider UAS and disaster response community and to get their feedback
on the developed use case

2.6.2 Planning for and Logistics of th&Vildland Fire: Prescribed Burn Seminar

The seminar was held online via Zoom. Google and Microfetim forms were used to have

potential attendees sign up and receive the Zoom login data-AJBRJAS|1 6 s net wor k
collaborators and those signed up to the Interest User group were used to showcase the seminar as
well as the wider AUWBA3netwerkddpedple signedrue aBll atteneéds a n d

the seminar
2.6.3 Wildland Fire: Prescribed Burn SeminaExecution

The seminar wasnehour long, and attendees followed a slide presentation by Professor Webley
from UAF-ACUASI. The attendees also completedemeral knowledge surveyn their current
capabilitieswith UAS as applied to this use case.

2.6.4 Lessons Learned from theWNildland Fire: Prescribed Burn Seminar Including
Responses to Research Questions
2.6.4.1 Wildland Fire: Prescribed Burn Seminar Key findings:

1. Ensuring that the teams were all aware of the airspace environment and involved in all
daily briefings limits the impact of a lack of communication where a flight team might be
ahindranceo operations.

2. The teanshould carrya copy of allteams107 permissions.

3. Communication channels: What are the communication channels being used? Where are
all other manned/crewed systems supporting the respdinseitnportant to ensurao
cross communicatianoccurbetween teams and all follow ICS procedures.
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4. The response will be a complex event and the team will need to show that they can operate
safely in this type of operation.

2.6.4.2 Wildland Fire: Prescribed Burn Seminar Recommendations:

For this use case, a prescribed burn in Central Alaska was used as the case for the seminar. A
couple of recommendations were proposed by the seminar attendees:

1 Knowledge of downwind air qualityfor events like this prescribed burn, the impact from the
hazardous event could extend downwind from the original location. The airborne particulates
from the prescribed burn could travel away from the burn sitetawdrd surrounding
infrastructure angbopulationcenters. Therefore, UAS could provide rapid assessment of air
quality at popup locations when needed and to provide the observations and digaifoon
makersto determine if the air is safe for all membefshe community.

1 Mapping of the local landscape from mdpectral datalUAS can have muklspectral sensors
included as part of their payload along with the traditional visible and thermal sensors. This
multi-spectral data can support the decigioakers to assess the area to be burned and if it is
safe to start the prescribed burn. Analysis of this rspiéictral data can information on the
vegetation type and surrounding flora that if the bwere to continue could cause the
prescribed burn to accelerate into a mapmardous event and extend beyond the containment
of the ground teams.

2.6.4.3 Wildland Fire: Prescribed Burn Seminar Informed Research Question(s):
The research questions outlined in Section 1.1 were informed by this event as follows:

1. This event of a prescribed burn use cadwre UAS are supporting the ground crews to
monitor the burn event. Three systems are proposed in the use case, each providing a different
observation of the event and supporting those responsible for the prescribed burn.

1 Realtime Situational Awarenesshis is to provide visible and thermal feeds of the
ongoing activity. This will support ground teams responding to the prescribed burn and
where to place ground assets to monitor the ongoing event. It was also highlighted that
drones/UAS can be used tmlofor hotspotdeft from thefire front.

1 Postflight Mapping: These would be generated péigghts but during the ongoing
monitoring of the burn. Products would include orthorectified imagery and composite maps
(both visible and thermal). Consideratierequiredfor the dissemination of this data
including all metadata to ensure it can be visualized by all entities in the response, whether
from federal, state, local, academia, or private sector.

1 Postmission 3D modelingJsing SfM processing on visual and thermal imggesiuces
detailed3D landscapenodels This isespeciallyhelpful in area®elow cloud coverwhich
generallypreventsmapping bysatellite or other crewed systems. Coupled visible and
thermal 3D model data provides added intelligence to the local population and
infrastructure.

2. Communication is keyEnsuring that the teams were all aware of the airspace environment
and involved in all daily briefings limits the impact of a lack of communication where a flight
team might be dindranceto operationsThe teamshould carry a copy of all teath$07
permissions. Communication channels: What are the communication channels being used?
Where are all other manned/crewed systems supporting the response? Ensure no cross
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communications between teams and all follow ICS procedures. The response will be a complex
event and the team will need to show that they can operate safely in this type of operation.

. For this use case, the A52 team prodiecset of common risks for UAS operations as well as
specific risks with action and mitigation plans for a prescribed burn. No new risk was brought
up by the seminar attendees.

. These were developed by the A52 team fprescribed burfire in Central Alaska with both

large and small UAS responding along with hazardous fire smoke spreading across Alaska and
the communities of the Interior. A general hazards ORA that could occur in all use cases under
A52 and specific hazards ORA for thise case were developed to accompany the CGNOP
Additionally, a quad chart and a suite of checklists added to the CO&@Rwo ORAs. One
attendee brought up the need to include an air quatityoseand &/isible And Near Infrared
(VNIR) sensor to collect observations during the mission response to the prescribed burn.

. A IlUAS would provide higher altitude observations of grescribed burmevent and be able

to sample the fire plume. A small tethered UAS would be flown to provide overview
observations of the prescribed burn and supperEOCin determiningwhere ground assets

could be sent. A secostUASwould map the fire perimeter and provide ignition and retardant
materials and equipment to start and end the prescribed burn.

. A IUAS is extremely useful to map the full extent of the impact from the fire as it spreads while
a suite ofsUAS can provide fast response observations and critical intelligence to support
response and assessment of the ongoing event. There is not one optimum UAS for this event
response. Based on this use case, specific requirements are needed by the operati@sl age
responsible for the event response, monitoring of the hazard, and mitigating its impact.

Additional Small UASYTOL systems with sustained endurance. Onboard DAA will support
extended visual line of siglir BVLOS operations. Coupled sensor systems with minimum
visible and thermal. Depending on mission requires)estid in multispectral and air
quality/sampling.

. For this use case, organizations wanting to integrate UAS into the egpohse mugbllow

local incident command structure. Flight crews will caroppy of all team8107 permissions.
Teams should have communications to central operations. Check on any PGREEIShe
weather atheflight location and altitudes to be flow@heck with incident meteorologist on
potential fire spread and prescribed burn dispersal.

. There was no direct reference to C2 in the seminar. Airspace coordination, especially
downwind of the prescribed burn was deemed important given the potential impact on local
air quality as the ashes disperse from the burned landscape.

. Ensuring a safe network of UAS is highlighted in the ORA and having flight crews to mitigate
against any bad actors wanting to take control of the aircraft is a consideration in the ORA. For
this use case, there could be three UAS in the airspace atmmestich flight crew ensuring

safe operations and knowledgfghe location of all other aircraft and the surrounding airspace.
Therefore, ensuring that there are no issues between the three ground statnasoéertial

for bad actors to impact thedhts d any one of the crews.

10. For this use case, a prescribed burn in Central Alaska was used as the case for the seminar. A

couple of recommendations were proposed by the seminar attendees:
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1 Knowledge of downwind air qualitffor events like this prescribed burn, the impact from
the hazardous event could extend downwind from the original location. The airborne
particulates from the prescribed burn could travel away from the burn sitowacH
surrounding infrastructure and population centers. Therefore, UAS could provide rapid
assessment of air quality at pop locations when needed and provide observations and
data fordecisionmakersto determine if the air is safe for all members of t@@unity.

1 Mapping of the local landscape from mdpectral data:UAS can have mukspectral
sensors included as part of their payload along with the traditional visible and thermal
sensors. This mulspectral data can support the decigiagkersin assessinghe area to
be burned and if it is safe to start the prescribed burn. Analysis of thisspedtiral data
canprovideinformation on the vegetation type and surrounding flora that if the burn was
to continue could cause the prescribed burn to accelerai@ méjor hazardous event and
extend beyond the containment of the ground teams.

11.For a prescribed burn use case, UAS can provide additional capabilities that would be difficult
to collect from manned flights. These include:

Air quality sampling to assist forecasting and a community safety assessment.

Multi-spectral mapping landscape below cloud deck when manned unable to fly.

Finertemporal scale actional intelligence to support satellite observations.

Ignition of the prescribed burn area to mitigate placing ground crews at risk.

Placement of retardant on burned areas to effectively end the prescribed burn.

Postfire analysis to determine tihefire is over and safe for ground teams.

= =4 4 -4 4 -9

2.6.4.4 Wildland Fire: Prescribed Burn Seminar Lessons Learned Summary:

For this use case, organizations wanting to integrate UAS into the event response and the NAS
will need tofollow local incident command structure. Flight crews will carigopy of allteams'

107 permissions. Teams should have communicatigtis central operations. Check on any
PIREPS.Checkthe weather at flight location and altitudes to be flo@heck with incident
meteorologist on potential fire spread and prescribed burn dispersal.

2.7 1/30/2023, Seminar, Oil Spill, ZOOM, Conducted by UAF
2.7.1 Obijectives of th@®il Spill Seminar

This is an oil spill use case from an oil terminal in Alaska that impacts the surrounding land
surfaces and spreads across the Bay. There is also a need to map the impact of the event that led
to thespill at the terminal itself. The seminar was held to showcase the use case to the wider UAS
and disaster response community and to get their feedback on the developed. use case

2.7.2 Planning for and Logistics of th&il Spill Seminar
The seminar was held online via Zoom. Google and Microsetins forms were used to have

potential attendees sign up and receive the Zoom login data-AJBRJ A S| 6 s net wor k
collaborators and those signed up to the Interest User group were used to showcase the seminar as
wel | as the wider A5 2netwerka6hpedplesignadrue el attendess and |

the seminar
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2.7.3 Oil Spill SeminarExecution

The seminar wasnehour long, and attendees followed a slide presentation by Professor Webley
from UAF-ACUASI. The attendees completed a Mentimeter sutlrai/collected informatioas
applied to this use casEBor the purpse of providing an accurate estimate of capabilities, t
survey only collected responses based on the organization type and positjorotygezrsonally
identifiable information

2.7.4 Lessons Learned from theDil Spill Seminar, Including Responses to Research
Questions

2.7.4.1 Oil Spill Seminar Key findings:

1. There is no ne optimum UAS to support all aspects of this oil spill use case and provide
all necessary observations to support the hazard assessment and event response. For this
use case, there are different roles that a largestvA&s provides to support the decision
making process. AIUAS with integrated thermal and visible camerpsovides
observational data on the full extent of the evetAS provide several benefits for this
use case. They can, through thermal/visible/LIDAR sensors, support mapping of the
damag to the terminal infrastructure from the initial spill event, map the spill extent on
land and separately on water, provide herder/burner tools for spill spread mitigation, and
providelow-altitude airborne observations of all assets in the event response.

2. Data access is important and a UAS can provide rapid observations of an ongoing event.
Access to this data as fast as possible while ensuring integrity and accuracy will be an
important component of successfully integrated UAS in event response.

2.7.4.2 Oil Spill Seminar Recommendations:

1 All response organizatiomeed to beware of UAS teams in the vicinity. During an event
response, there may be a need to increase the number of UAS platforms to collect data on
the spill, provide retardant to mitigate the spill, supB#4R, and map the landscape to
ensure no further spread. Therefore, knowledge of all available UAS assets is important
along with available equipment so that 8tate Emergency Operations CerOQ or
lead organization can call upon these teams in time of need.

1 Flight crews show evidence of past event response, including spill response. This event
response will have a lot of moving parts. There will be several UAS operations in the
surrounding airspace, along with crewed airborne systems and ground/oceaniseespon
teams with their oil spill mitigation equipment. Any flight crew supporting these operations
should have experience in operating in active and raittraft responses. This will show
that they can respond to potentisksand ensure safe flight opéians.

1 Flight crewsshould beaware of all wildlife sites and cultural heritage sites. For this use
case, and for others in areas with significant wildlife including protected sites, and with
cultural heritage sites in the vicinity, then all flight crews should ktieevocation of
wildlife sites of significance as well as heritage sites not to be disturbed. Recommendations
would be for the flight crews to have, where appropriate, maps of these sites and if needed
direct communications with a local wildlife expert or Ibcaltural hertage expert to
determine the inaccessible sites and to ensure safe flight operations.
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2.7.4.3 Oil Spill Seminar Informed Research Question(s):

The research questions outlined in Section 1.1 were informed by this event as follows:

1. Below are the important roles that UAS provide for this oil spill event:

T

Data streaming t&&EOC The seminar attendees spoke about the different ways that the
data from the UAS could and should be streamed off the aircraft and3&@®@and lead
organization for the event response. Planning is required on how the thermal and visible
data is accessed by those in the incident command and dewigiong team, when the
UAS may be considerable distances from the EOC or incident command cente

Raw versus processed dat@iscussionswere held on what types of data would be
available from the UAS during flight or in near ré¢@he as soon as it landsollow-on
postmission data could be processed in the field and be made availabledi&citfien
makersrapidly, while additional higher precision datan beproduced once the flight
crews return from the field. Decisions need to be made on what is provided directly from
the aircraft, what is provided to the incident commanoimptly post flight and what
observations can wait until the flight crew returns from the missions.

2. This use case would be under a @S with a SEOC Communication between the flight
crews and the Air Boss/lead for air operations aStB®Cwould be essential. All flight crews
should know about all airborne operations so they are aware of any other crewed or uncrewed
systems that could come into their airspace. Given that there would be multiple UAS flight
crews along with other airborne ats as well as ground teams, then to minimize any issues
all UAS crews should have comprehensive flight chetkliall permits in place for defined
flight patterns, and communicate with central operations before and after a flight.

3. A general ORA for those risks that could impact all use cases under A52 and a specific ORA
for this use case are coupled to the oil spill event response. Several specific risks were
highlighted by the attendees at the work:

T

T

Flight patterns of all airborne assetstany crewed and uncrewed systems dhirborne
during the response. Therefore, any UAS teams will need to be able to track all other
airborne assets while always providing details on the flight patterns and location to the Air
Boss and those managing the crewed air assets. A lack of repafidimgation on the UAS

flight and its location could lead to issues of close interactions between ceewled
uncrewedassets UAS teams would need to hawell-trainedcrews ad DLI or RTB
operations prepared if required during their missions.

Wildlife in the vicinity of operations prevents flight:ocal wildlife moves into the
operational footprint of the praefined flights. This wildlife may be on the ground or
airborne. The wildlife may attack the aircraft or put the crew and operations at risk. If the
aircraft is impactedthen it may put the crew, the operation, and other response assets in
the vicinity at risk. This results in unsafe flight operations in the NAS with the potential
for fly away aircraft and further risk to the responseghilicrew will mitigate this by (1)
having knowledge of the local wildlife and its habits; lfaving knowledge olocal sites

for protected habitats including but not limited to haul outs; and (3)gb&
communication with wildlife experts to know when it is safe to be around protected
locations and when the crew should RTL. This action ensures that theargauessafe
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operations and mitigateke potential of disturbing the wildlife, impacting the operations,
and putting both wildlife and flight operations at risk.

1 Drone operations put local wildlife at riskIAS can be noisy and in their hover and flight
modes produce significant dBO0s that scare
planned to map the oil spill and hazardous environments and do not take into consideration
the local wildlife, espeaily those in protected sites. This results in wildlife being disturbed
and put at risk as well as breaching NOAA and protected site policies on proximity to
wildlife. Flight crew will mitigate this by (1) workig with local biologists to understand
locations of protected sites and their habitsp@kingwith operational response to define
flight routes that support the event analysis while ensuring safe flight operations and
minimal wildlife impact. This action ensures safe flight operations, continued mapping of
the ongoing hazard, and undisturbed logiddllife.

. Attendees at the seminar noted that there is a need to know where all available Part 107 pilots

are to respond. Also, there is a need to know where all the resources used in the response are,

therefore the UAS crews are aware of other crewed aircraftllagn@and response teams.

. A IlUAS would provide higher altitude observations of the oil épdktent to the local region

as well as the potentially wider spread of the oils@WAS would be used to map the spill

location and impact of the event to the terminal, where another would be used to map the extent

of the spill on the oceanic environment and ignite any oil on the water surface and use a

retardant to put it out. Attendeesthé seminar noted that drone pilots should be integrated

into the decision support an@s.

. There is no one optimum UAS to support all aspects of this oil spill use case and provide all

necessary observations to support the hazard assessment and event response. For this use case,

there are different roles that a large sk Sprovides to support the decisiomaking process.

A IUAS with integrated thermal and visible camepasvidesobservational data on the full

extent of the eventsUAS provide several benefits for this use case. They can, through

thermal/visible/LiDAR sensors, support mapping of the damage to the terminal infrastructure

from the initial spill event, map the spill extent on land and separately on water, provide
herder/buner tools for spill spread mitigation, and kaltitude airborne observations of all

assets in the event response. Data access is important and a UAS can provide rapid observations

of an ongoing even Access to this data as fast as possible while ensuring integrity and

accuracy will be an important component of successfully integrated UAS in event response.

. For this use case, response organizations should know all available UAS assets that can support

the event response and develop plans of how these systems can be integrated safely and

successfully. Coordination between all those agencies responsible frethieshould been

done ahead of the need and a list of all UAS assets be available to determine the missions that

they could perform and continue to operate safely in the NAS.

. There was no direct reference to C2 links in the seminar. Flight route coordination was stated

as important given the number of potential crewed and uncrewed systems.

In terms of the data produced and products developed, discussions focugeat would be

available as raw data in near real time and what would be post processed. Additionally, one

attendee spoke about how AI/ML can be used in event response. Thesegbety and
infrastructure needed to safely use such tools in local, stetéederal response events needs
further work.
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10. For this case, an oil spill from a terminal in Valdez veispill spreading across landscape and
oceanic environmenwas exploredBelow are several recommendations from the atteddee
response to this use case:

T

All response organizatiorshould beaware of UAS teams in the vicinity. During an
event response, there may be a need to increase the number of UAS platforms to collect
data on the spill, provide retardant to mitigate the spill, sugpaR, and map the
landscape to ensure no further spread. Therefore, knowledge of all available UAS
assets is important along with available equipment so thatSE®C or lead
organization can call upon these teams in time of need.

Flight crews show evidence of past event response, including spill response. This event
response will have a lot of moving parts. There will be several UAS operations in the
surrounding airspace, along with crewed airborne systems and ground/oceanic
resporse teams with their oil spill mitigation equipment. Any flight crew supporting
these operations should have experience in operating in active aneaincudtft
responses. This will show that they can respond to poteiskabnd ensure safe flight
operdions.

Flight crewsshould beaware of all wildlife sites and cultural heritage sites. For this
use case, and for others in areas with significant wildlife including protected sites, and
with cultural heritage sites in the vicinity, all flight crews should kribelocation of
wildlife sites of significance as well as heritage sites not to be disturbed.
Recommendations would be for the flight crews to have, where appropriate, maps of
these sites and if needed direct communications with a local wildlife expert br loca
cultural heritageexpert to determine the inaccessible sites and to ensure safe flight
operations.

11.For an oil spill event use case in this CONRere are specific components of the hazardous
event where UAS are best suited as the data collection approach that minimizes risks to ground
crew and optimizes other assets:

T
il
T
il
il

1
T

Early-on situational awareness the oil spread.

Realtime data to help SEOC send assets to appropriate site.

Realtime monitor, via tethered drone, of all other operations to optimize response.
Access to hardio-reach locations, like small coves, to perf@horeline Cleanupnd
Assessment Techniq8CAT) surveys.

Proximal observations of impact of oil spread on wildafed understanding impact
that UAS might have on local habitat.

Al/ML on-board UAS to provide redime feed of oil expanse.

Ignition of oil via herdeiburner approach that limits risk to manned systems.

2.7.4.4 Oil Spill Seminar Lessons Learned Summary:

This use case would be under a full incident command structure VBECGC Communication
between the flight crews and the lead for air operations &E@Cwould be essential. All flight

crews should know about all airborne operations so they are aware of any other crewed or
uncrewed systems that could come into their airspace. Given that there would be multiple UAS
flight crews along with other airborne assas well as ground teams, then to minimize any issues
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all UAS crews should have comprehensive flight checklists, all permits in place for defined flight
patterns, and communicate with central operations before and after a flight

2.8 1/31/2023, Seminar, Earthquake with Tsunami, ZOOM, Conducted by UAF
2.8.1 Objectives of th&arthquake with Tsunami Seminar

This use case is a combination of a major earthquake in South Central Alaska that tsanmsesia
warning and then impast smaller community in the region. The seminar was held to showcase
the use case to the wider UAS and disaster response community and to get their feedback on the
developed use case

2.8.2 Planning for and Logistics of th&earthquake with Tsunami Seminar
The seminar was held online via Zoom. Google and Microsetins forms were used to have

potential attendees sign up and receive the Zoom login data-AJBRJAS|1 6 s net wor k
collaborators and those signed up to the Interest User group were used to showcase the seminar as
well as the wider A5 2netwerlad®peodplesignadrugaiDattendes and |

the seminar
2.8.3 Earthquake with Tsunami SeminaExecution

The seminar wasnehour long, and attendees followed a slide presentation by Professor Webley
from UAF-ACUASI. Additionally, all attendees were asked to complete a Mentirsatgey to

record relevant knowledge and capabilities regarding the use of UAS in this specific use case. The
survey only collected information about the organization and position type of the attemdees
personally identifiable informatiowas recorded.

2.8.4 Lessons Learned from thBarthquake with Tsunami Seminarincluding Responses to
Research Questions
2.8.4.1 Earthquake with Tsunami Seminar Key findings:

For an earthquake with tsunami use case, UAS can provide additional capabilities that would be
difficult to collect from manned flights. These include:

Long-term highaltitude observations of the full extent of the events
Continued nightime operations when manned systems are unable to operate to provide
overnight derived products for groutelmallocation
Rapid response events witie ability to switch out sensors for situational awareness
Access to atisk locations to map landslides that prevent access to infrastructure
Proximal Precise mapping of buildingsrisk to determine if safe to access
Low altitude thermal mapping of infrastructure suppground asset allocation and
SAR;
1 Provide preparedness capability to reachskt landslide/avalanche aretet might

be instigated by earthquake activitgfore the event occyrs
1 Sampling of potential gas leaks without putting ground crews or manned aircraft at
risk.

= =
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2.8.4.2 Earthquake with Tsunami Seminar Recommendations:

1 Know the available UAS resources in the regifhile the event was written as hitting
the City of Seward, the region has otlpapulationcenters like Valdez that could
provide UAS support if required. There are other UAS owners and operators across
South Central Alaska so being able to access these grotipgegof crisis would be
helpful. Work would be needed to know who a safe and effective operator is and would
be an asset and nohandranceo the response.

1 Runtestcases and exercises so ready to respond duringBverd:are event response
exercisesthat happen, like AlaskEx, and others in #tate where plans can be
developedo integrate UAS/drones in the events and assess the effectiveness to support
ground responses. Additionally, talking to statewide groups responsible for earthquake
and tsunami responsegularlywould help the UAS community understand how the
event response organizations would use these innovative systems.

2.8.4.3 Earthquake with Tsunami Seminar Informed Research Question(s):

The research questions outlined in Section 1.1 were informed by this event as follows:

1.

3.

This use case is a combination of a major earthquake in South Central Alaska that causes a
Tsunami warning and then impaet smaller community in the region. These coupled hazards
lead to several subset uses for UAS to support the respbtiseoverall use case. Both large
andsUASwould be used during the event.

The focusof the seminar was the earthquake and tsunami use case. It was an online event, so
all attendeesommunicatedhrough Zoom and shared their input to the facilitator. The main
point brought up by the attendees was the timing of the different flights and the most important
data to collect foBAR and situational awareness.

A general ORA for those risks that could impact all use cases under A52 and a specific ORA
for this use case are coupled to the earthquake and tsunami event response. Several specific
risks were highlighted by the attendees at the work:

1 Large UAS airport inaccessible duedarthquakeéhazard: The original earthquake is
significantandputs theairport, tobe used for thBJAS operations, as unsafe for flight
access. This results in th@AS being unable to take off and complete the kagfiiude
flight operations to provide data to assess the full extent of the earthquake and tsunami
damage. ThdUAS flight crew will mitigate this by including additional airport
locations as part of their site assessment so that they can still acceéspteeaeeded
to provide the operational response teavith the data that they require. Also, if the
airport becomes inaccessible during the missions, then the flight crew will use its safety
protocols to ensure safe operations oflh&S in the NAS. These actions will ensure
the flights can be completed to provide the observations needed and to ensure no
additional risks to safkJAS flights in the NAS.

1 UAS with evenspecific sensor, SARnd communications for ground teamihe
attendees noted a specific UAS should be assigned to supbBrteams and also
provide an airborne communications platform, as the earthquake could have caused the
local ground communications to fail. The lesson learned here is to have available stand
by UAS ready for special cases and specific needs to supporsgiomse. This would
mean that the organization responsible for the response would need a fleet of aircraft
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and operators with experience aatuility to determine the likely cases where a UAS
would be a asset to the event response.

. These were developed by the A52 team for a large earthquake centered on Anchorage, Alaska
along with a tsunami event that impacted the City of Seward. This was developed based on the
1964 Good Fridayarthquakeand Tsunami along with the 2018 November Earthquake in
Anchorage. A general hazards ORA that could occur in all use cases under A52 and specific
hazards ORA for this use case were developed to accompany the GOA@Rionally, a

guad chart and a suite of checklistsreadded to the CONGRand two ORAs.

. A IUAS would provide higher altitude observations of #athquake'smpact to the local

region as well as the wider tsunami inundation that extends beyond the community to be
mapped by thaUAS flights. A sUASwould be flown to support the assessment of a bridge
collapse while a second sUAS team will support the event response to evaluate the impact of
the tsunami to a local smaller community.

. There is no one optimum UAS to support all aspects of this earthquake with tsunami use case
and provide all necessary observations to support the hazard assessment and event response.
For this use case, there are different roles that a lagi¢AfB provides to support the deciston
making process. AUAS with integrated thermal and visible cameras provmeservational

data on the full extent of the evestUAS provide several benefits for this use case. They can,
through thermal/visible/LIDAR sensors, fupt mapping of the damage to the local
infrastructure from the initial large earthquake, tsunami wave(s), and earthquake aftershocks.
SUAS can also provide observations on local landslides, both as preparedness tools-and post
event analysis, and depending on the time of year on avalanche potential @awerpre
assessment. UAS can have two rotee as rapid response situational awareness tool that can
get observations on the event impact before any ground crews need to be placed and before
other airborneassets can be deployethe second role is to provide precise data and
observations of the hazards and their impact for infrastructure assessment aadtiafier
review of the event impact. This secondary role requires more precise data and can be collected
by a UAS that operatesound the other ground and air response teams.

. For this use case, organizations who want to integrate UAS into the event response and the
NAS will need tofollow local, state, and regional incident command structutegas stated

by attendees that they would be local UAS operators that the response organization could
access, such as the City of Valdez. It was also noted, at the time in 2023, that Anchorage Fire
did not haveadrone program so they magedUAS to support them for event response and
those systems come from another organization respgnalithe event.

. There was no direct reference to C2 links in the seminar. Airspace coordination was stated as
important given the number of potential crewed and uncrewed systems. Also, control of the
large andsUASwas included in the ORA with corresponding mitigation.

. Ensuring a safe network of UAS is highlighted in the ORA and having a flight crew be able to
mitigate against any bad actors wanting to take control of the aircraft is a consideration in the
ORA.Discussion includetow to provide reatime videos to incident command and therefore,

how would this feed be securedget upso that no bad actors could access the feed as it may
have sensitive information that would not be for the public.

10. Attendees highlighted that UAS could provide additional support to the event response,

including but not Ilimited to landslide/avalanche susceptibility assessment, and
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landslide/avalanche mapping once hazare\glent Several recommendations from the
attendeeds r es pmegwein$eotion2Bh.2 use case
11.For an earthquake with tsunami use case, UAS can provide additional capabilities that would
be difficult to collect from manned flights. These include:
1 Longterm highaltitude observations of the full extent of the events.
1 Continued nightime operations when manned systems are unable to operate to provide
overnight derived products for groutebm allocation.
Rapid response events witie ability to switch out sensors for situational awareness.
Access to atisk locations to map landslides that prevent access to infrastructure.
Proximal Precise mapping of buildingsragk to determine if safe to access.
Low altitude thermal mapping of infrastructusapportsground asset allocation and
SAR.
1 Provide preparedness capability to reachisk landslide/avalanche areas before the
event occurs, that might be instigated by earthquake activity.
1 Sampling of potential gas leaks without putting ground crews or manned aircraft at
risk.
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2.8.4.4 Earthquake with Tsunami Seminar Lessons Learned Summary:

For this use case, organizations who want to integrate UAS into the event response and the NAS
will need tofollow local, state, and regional incident commastductures It was stated by
attendees that they would be local UAS operators that the response organization could access, such
as the City of Valdez. It was also noted, at the time in 2023, that Anchorage Fire did nat have
drone program and so tteemay be UAS required to support them for event response and those
systems come from another organization responding to the event.

2.9 2/22/2023, Workshop/Tabletop, Hurricane/Tornado/Flooding, Huntsville, AL,
Conducted by UAH

The scenario for thigse casavasasignificant hurricane (CAT 4hatpasses onto land near New
Orleans with subsequent tornadoes impacting the landscape and compamitiéen postvent
extensive flood waterthat continueto impact surrounding communities. Alsiiwe lack of cell
coverageaequires airborne communications to support ground teams.

Missions:

1 IUAS provideslong-endurance eyes and communications over the impacted area from high
altitude.

1 sSUAS #1 provides a communications hub for ground operations as well as additional
EO/thermal video feed of the arram atetheredpositionandfixed location

1 sSUAS #2 with an EO and thermal paylaggkratesloseto buildings to support ground SAR

[SAR for survivors.

Campaigns are short, aimitg support ground operations

SUAS #3 with an EO and thermal payldaduseson collecing data on atisk buildings so

that ground teams can assess poigntialrisk of further damage/collapse

1 SUAS #4hasEO andVNIR payload to fly around the flooded areas to assess extent of water
flooding, andalsoto assess the water levels as thegedeover time.

= =
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Roles:

1 IUAS with reattime data taGroundControl Station (GCS and on teemergency management
operationLenters used asirborne surveillance from above the disaster zone
1 Tethered sUAS #1 in the disaster zasesed agyes and communications on the event from
a fixed location angrovidesa dedicated communications hub over specific channels only for
ground operations use
1 SUAS #2 is flown manually and the flight pattern adapts based on the ground team SAR needs
it will take off and land from several locations as the ground team makes requests
1 sUAS #3is flown to provide data on theresk infrastructure within the disaster zone. As with
SUAS #2, sUA #3 will be flown manually with takeff and landing locations as defined by
the needs of the ground team.
1 SsUAS #4 is flown on predetermined routes based on observations that have been analyzed by
the ICS and collected by thHdAS. SUAS #4 will fly with VLOS permissions in place and also
with capability to adapt flight plans based on needs of the ICS to map the water levels.
o Evaluate how sUAS missions can respond to IUAS operations and data analysis.
o Evaluate how local 107 pilots can respond to needs of State and/or City agencies.
Evaluate how tethered UAS #1 can provide eyes and communications on events as well
as act as a communications hub

2.9.1 Objectives of thédurricane/Tornado/Flooding Workshop/Tabletop

The workshop that followed a few months after the introductory seminar was meant to serve as
both an informational session to present use cases and UAS technologies as well as a scripted
tabletop exercise with participants. The scenario for the tabletibgdpwom lessons learned

during Hurricane lan deployments and from previous A28/A52 scenarios with accompanying
checklists. The presentation of the operational checklists was intended to elicit feedback from
participants leading to a more informed refirmnof the checklists

2.9.2 Planning for and Logistics of thedurricane/Tornado/Flooding Workshop/Tabletop

UAH hosted the workshop at the university campus in the conference room of the Rotorcraft
Systems Engineering and Simulation Center buildingpdrson and teleconference options were
available Except UAH personnel, all participants joined via Zoom teleconference. Presentations
were developed #house for technology introduction, use cases, and geospatial data products. A
detailed overview of checklists developedibg ASSURE partnership in A28/A5R2aspresented

in Excel and PowerPoint format

2.9.3 Hurricane/Tornado/Flooding Workshop/Tabletogxecution

The morning session was dedicatedan informational session with presentations and directed
guestions to the audience for inplihe afternoon sessions consisted of the tabletop exercise

2.9.4 Hurricane/Tornado/Flooding Workshop/Tabletopollow-Up Activities, If Applicable

ASSURE involvement in the CURSE operational exercise with Florida State University in July
2023 was the main followp activity from this exercise
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2.9.5 Lessons Learned from the Hurricane/Tornado/Flooding Workshop/Tabletop, Including

Responses to Research Questions

2.9.5.1 Hurricane/Tornado/Flooding Workshop/Tabletop Key Findings:

1.

Selection of an appropriate SUAS to use in a specific situation must consider all the factors
surrounding the situation, e.g., weather, natuth@payload, anticipated flight duration,
and skill of the PIC.

. Because of the faghoving developments experienced in disaster response, deconfliction

between crews poses a particularly vexing challenge.

Because it takes time to familiarize a crew with a particular aircraft, it-eslvlised to
introduce a new or recently acquired UAS into an operational environment during a disaster
response. The crew is unlikely to understand the nuances of the UAS being considered.
When operating with DJI aircraft, the operating team may encounter unexpected GEO
fencing locks.

Equipment malfunctions are more likely toccur during operations in extreme
environments.

With regards to communications, especially involving diverse teams who may have never
previously operated together, simpler is bettéewer channels of communication with
clearly defined protocols.

When operating with several crews from diverse sources, one cannot expect them to all be
familiar with knowledge of applicable regulations that apply to the designated operating
area.

2.9.5.2 Hurricane/Tornado/Flooding Workshop/Tabletop Recommendations:

The following checklists were recommended to all participants for use in any similar disaster.
Examples of each were reviewed and discussed:

= =4 4 -4 -8 -8 2

Site Survey Checklist
Mission Planning Checklist
PreDeployment Checklist
Deployment Checklist
PreFlight Checklist
PostFlight Checklist
PostMission Checkilist

2.9.5.3 Hurricane/Tornado/Flooding Workshop/Tabletop Informed Research Question(s):

The research questions outlined in Section 1.1 were informed by this event as follows:

1. During major natural disasters, there are four key phases for public safety and health efforts
mitigation, preparedness, response, and recovery. UAS can effectively be used in all four
phases associated with hurricanes, tornados, and flood events. Example use cases include:

a. Mitigation:
i. Weather forecasting
ii. Climate and environmental research
iii. Resiliencyassessments
iv. Firstrespondereadinessraining
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b. Preparedness:
i. Infrastructurenspection
ii. Resourcdransportation
lii. Resource angersonnekvaluation
iv. Respons@lanning
c. Response:
i. SAR
ii. Damageassessment
iii. Reconnaissance
iv. Medical/lEmergencgupply delivery
d. Recovery
i. Postevent infrastructure inspection
ii. Forceprotection /Lawenforcement
iii. Environmentatesourceassessments
iv. Rehabilitationresourcemanagement
2. While the participant list was short for théurricane, Tornado, and Flood workshop, the
participants were very engaging and represented all levels of public safety. Namely, we had
representation from federal agencies (U.S. Geological Survey), State Agénd3T) and
Local agencies (Lake County Ohio).

Participants Online:

1 Scott Mlacheri Lake County UAS Program in Lake County, Ohio since 2014
Composeaf police, fire/rescue, anfimergency Management Service

1 Lance Bradyi Chief of National Uncrewed Systems office fibreUnited States
Geodetic SurvefUSGS since2008. Falls under tHaepartmen©Of Thelnterior (DOI)
with a fleet size of 507 remote pilots and 450 aircraft conducting missions in Earth
science. Regularly support volcanic monitoring and volcanic eruptions and wildfires.

91 John Darvilleif ALDOT. Developed a UAS sectionthe ALDOT in 2016. Over 4,000
flights in 2022 covering the whole state of Alabama. Mostly construction projects but
support hurricane and tornado damage assessments working with Alabama EMA.
Consisted of.2 different drones and 6 remote pilots

3. The most challenging common riglasunqualified personnel condurag) flight operations in
austere environments engaging with maljency, multjurisdictional, and multdisciplinary
organizations. An unqualified, illegal operatamutd shut down operations during response
efforts and put resources and personnel at Tikkerefore, gnificant training, qualification
standards, and muligency collaborative training is very valuafde mitigating that risk.

4. The typical CONOBfor sUAS follow rules that pertaimoth toPart 107 and beyond Part 107.
For instance, during a disaster response miskimn Altitude AuthorizationAnd Notification
Capability (LAANC) and Part 107.41 airspace authorization waivers still prove to be an
effective process to operate in controlled airspace. It is imperative to maintain a high level of
coordination discipline when operating in a TFR area, especially over austere conili¢ions
the aftermath of severe weather. The SGI process has been streamlined and very effective for
SUAS operations in support of disaster response.

5. Both multirotor and fixeeing sUAS have a role to play in hurricane, tornado, and flooding
events and the mission sets outlined in Question 1. Tethered systems may also prove beneficial
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as communication and network relays or persistent monitoring of an area @r.asseturity
or risk assessment
6. There is no shortage of diversity in mission sets, mission requirements, and mission demands
during hurricanes, tornados, and flooding events. The devastation is significant. The only
commonality of UAS platforms to consider for optimal performance are:
1 Flight Endurance (one hour or greater)
1 Rapid Deployment (easy to deploy and pack up for quick relocation)
1 Safety Redundancies (broadcasting location, geofence, maximum and minimum
altitudes and distances from operator)
1 Ruggedized Design (must be able to sustain safe operatitresdisaster zone)

7. The term Acommon operating picturedo comes t
with manned and unmanned teaming, as well as ground assets, is important. Additionally,
reducing redundancies for data colleactis®sn n
important. It is always a good idea to check the same area multiple times in case something is
missed but this must be balanced with effective use of resourg@sographidnformation
System (GIS) with aviation, ground, and maritime assets helgdeint command make
effective decisions.

8. Encryption is an important consideration for C2 but not at the expense of effective
communication. The majority of UAS deployed during disaster response are COTS systems
that use fairly basic security measures, though there are smoeptions Encrypting
transmission is importanbut the security of hardware msore important. For instance, the
transceiver on the aircraft ai@CS,as well as the software/firmware used for both devices,
are more important to secure than the transmission broadcast itself.

9. The personally identifiable information and sensitive data from disaster response efforts can
have devastating consequences if taken advantage of or not properly handled.

10.Recommendations to incident command and public safety leadership on how to safely deploy
UAS assets, what kind of data can be collected, the data processing requirements needed to
create actionable data products, and how to properly integrate UAS witheotieegency
management resources is an important step in developing the requirements, technical
standards, and policies/procedures to enable the next generation first responder.

11.The scale of capability reduces as image resolution increases. This is true for both spatial and
temporal resolution of data. Satellites provide the largest geographic scale but are often limited
in spatial and temporal resolution. Temporal resolutiorsébellites is dictated by the orbital
period. Manned aircraft further reduces scale and can be deployed to eatioreded,
increasing spatial and temporal resolution. However, manned aviation requires infrastructure
such as fuel depots of specialtyefuassigned landing sites, location broadcasting, and
communication networks. As the scale further reduces, UAS can fill in for lower adtdnde
smaller geographic extent. Although some UAS can have significant endurance and areal
coverageUAS, in general, are deployed with ground team resources and provide a wide range
of capabilites For instance, the same UAS can be used to perform damage assessment of large
areas, reconnaissance missions for personnel safety, SAR, andicicatiors relay.

2.9.5.4 Hurricane/Tornado/Flooding Workshop/Tabletop Lessond_earned Summary:
The discussion at thisorkshop was driven by directed questions to the audience and the UAH
hosts. The diversity of the participants, while small in size, led to beneficial feedback from a wide
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range of operational contextlLocal, state, and federal government UAS operators were
represented at this workshophere theyrovided valuable feedback based on their very specific
use cases

2.10 3/24/2023, Drill, Flood Response&tarksboro, VT, Conducted by UVM

SUAS flight operations by the Universi®f Vermont(UVM) Spatial Analysis Laboratory were
conducted on March 24, 2023, to evadlldAS response to flood conditions along Lewis Creek
in Starksboro, VT

2.10.1 Objectives of thé-lood Response Drill

The purpose ohis drill was to gecute a UAS mapping mission under flood conditions to evaluate

the processes, procedures, capabilities, limitations, processing, and dissemination athiisties.

drill served as an evaluation of the ability to predict and captureviddér flood levels in UAS

data, evaluate the usage of flight checklists and UAS platforms and sensors, determine the types
of UAS data that are most applicable to determiningdivater extent, and develop a workflow

to share and visualizeese datasets

2.10.2 Planning for and Logistics of thd-lood Response Drill

Through the spring of 2023, UVM6és UAS Team co
additional research objectives related to floodplain monitoring. This location was identified as an

area of concern for flood events that may impact multiple pr@sewithin the rural community

of Starksboro, VT.
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Il n preparation for executing the drill, UV MO s
for deployment and generated automated flight plans for mapping. An AgEagle (senseFly) eBee

X fixed-wing UAS was selected for its ability to carry out wsleak mapping operations, with a

senseFly DueT ElectroOptical/Infrared EO/IR) imagery sensor. A DJI Mavic 3 was selected to

capture oblique imagery and video of river conditions at the time of the drill. In advance of
executing the drill, the UVM UAS Teameceived authorizations and approvals for the flight
operations from UVM6és UAS Working Group, whioc
university. This was facilitated through the DroneLogBook compliance management solution. As

part of this authorizéon (Figurel), the staff documented the regulations under which operations

would occur, airspace classification, relev&@ammon Traffic Advisory Frequenc{CTAF)/

Universal Communication@JNICOM) frequency for monitoring communications from manned
aviaion, and other regulatory and risk mitigation items as appropriate

Type Operation
Science AUTONOMOUS

> University of Vermont Spatial Analysis Lab Legal Rule Max AGL Altitude
e, Part 107 122m

[2848] River Monitoring- CIROH Spring 2023

Pilot: Adam Zylka (3915735)

APPROVAL: THIS MISSION HAS BEEN APPROVED .

AP Metrs

John Marcus, UVM Emergency Management (Chief Remote Pilot / Manager). 2023.02-14 09:37.07

2023-02-16 05:00:00 2023-07-31 12:00:00 S
S

Personnel Protective Equipment

Local Area Frequencies

Emergency Contact Numbers

Cloud Cover Visibility =~ Temperature Wind Humidity
59 10 miles 41 F 6.44 miles/h (1 90

Pressure

'VM SAL M300-2 - DJI/M300 RTK [AIRWORTHY]
Serfal #: 1581F1ZBNK8200C00300 Type

UVM SAL M300

Project Customer
CIROH UvM

Figurel. Mission authorization request for flood response .drill

Monitoring for possible flood conditions was informed by hydrograph forecasts provided by the
NWS Northeast River Forecast Centé&rror! Reference source not found. displays the
observed and predicted water levels in the nearby Winooski River during the week of the drill.
Increases in water levels to or near flood stage were anticipated due to the combination of spring
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rains and snowmelt. The hydrograph forecast provided insight into expectations of peak flow rates
and potential action flood stage occurring on March 24, 2023.

WINOOSKI RIVER AT ESSEX JUNCTION
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Figure2. Hydrograph observation and forecast for Winooski River between Mar2h,12023

UAS research staff generated a flight plan for the eBee X and Duet T mapping package, displayed
in Figure 3. This sensor captures EO/IR imagery and can therefore generate betbldrue
orthoimagery products and thermal reflectance/temperature maps. However, due to the focal
length of the thermal sensor, the overlap parameters of the EO imagery are greatgithh
standard practices resulting in increased flight time. The mission area was approximately 125
acres. The basemap and elevation data fomiéyeping area were cached locally on the ground
station laptop to allow for a visual reference of the region should internet connection be unavailable
in the field
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Figure3. eBee X mapping flight plan

2.10.3 Flood Response DrilExecution

The flood response drillbegan with
extensive prélight checks for the site ang
any hazards, as well as team preparedn
througha customized checklist Fulcrum

software Checks included verification o
weather in compliance with Part 107
regulations and platform limitationg
identification of potential irflight

obstacles tasking of roles and location
for PIC and VOsconfirmation that radios|
were working properly, andplanned
emergency proceduresNext, custom
checklists designed for the designat
platforms, sensors, andight planning
software wereompleted to verify that the
systems were properly prepared for fligh
The ompleted checklist information ca
be seen irrigure4.

Once all prdlight checklists were
completed and the PIC was prepared

operate, the DJI Mavic 3 multirotor wal

2023-03-24, Lewis creek CIROH

Created
Updated

Location

Mission Information
Mission Name/ID/Location
Mission Date

Mission Time

PIC

Crew

Airspace/weather

Area

Type of UAS

GCP/Checkpoints required?

UAS Checlist (Fixed Wing)
UAS Being Used (Fixed Wing)

eBee X

eBee X Batteries in Use
Camera Type

Duet T Camera Check

‘eMotion (eBee X)

UAS Checklist (Multirotor)
UAS Being Used (Multirotor)
DJi Mavic 3

2023-03-24 13:21:30 UTC by Maddy Zimmerman
2023-04-06 17:31:29 UTC by Maddy Zimmerman
44.2442718802905, -73.06122673976279

Lewis creek CIROM

202303-24

09:24

Viv Karins, Maddy Zimmerman

Crew responsibilities assigned, VO location and directions assigned, Hiviz vests, Radio
check completed

Airspace is Class G or airspace authorization (LAANC/DroneZone) has been received,
ATAC notified by phone (f applicable), Airband radio on with sufficient battery, Airband
radio set to correct channel, ADS-B receiver engaged if applicable, Wind speed less than
10m/s or 22mph, Greater than 500ft vertical cloud ceiling, Greater than 2000ft
horizontal distance to clouds, Minimum 3 SM visibility

Landing and launch area clear of obstructions, Cones/signs placed, Landing pad in
place, Potential flight obstacles identified

Fixed Wing, Multirotor

No

eBee X

Body, Wings, Propeller (secured with 3x rubber bands), Rubber Bands in good
condition (3x), Radio Tracker installed and on, Ground sensor is clean, Pitot tube clear,
Camera connected

Xtend-2, Xtend-3
Duet T

Sufficient space on SD card, Payload bay is inserted in drone, Lens protector is
removed, Lenses are clear and clean, Camera is installed

Working area ceiling set, Working area radius set, Home waypoint, Start waypoint set,
Landing approach sector set (steep or linear), Confirm mapping area polygon, Ground
resolution, Overlap, Assign mission block to drone, Wind estimate (if needed), Power
drone on (drone sitting stationary on ground), Connect to drone, RTK Source Set, GNSS
Status, GNSS Accuracy, RTK fix, Check autopilot temperature, Initialize camera (for
SODA 3D) (hold drone off ground level and still), Camera check (Power on, take picture,
power off)

DJI Mavic 3

Drone cover removed, Install and secure battery, MicroSD card inserted, Check body
and landing gear for defects, Propellers mounted correctly/firmly x4, Check propellers
for defects/cracks, Power on controller, Gimbal cover removed, Power on Mavic 3,
Open DJi Fly app

deployed near 10:1(Eastern Daylight
Time EDT). The UAS was flown undel
manual control, with a maximum altitud

Figure4. Preflight mission checklists for flood respor

drill.
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of 393 feet AGL for the purpose of capturing oblique aerial images and video of the river and to
quickly identify any flood conditions esite in the live video feed. The total flight length was
approximately 20 minutes, covering more than 7000 linear feet.

The UAS maximum distance from the PMas
approximately 1500ft horizontally, whic
allowed for sustained VLOS operation. Floc
conditions were not identified by the PIC inr
time during this flight using the live camergsas
feed. The PIC captured 29 oblique image m\ﬁ%
(JPG + RAW format) and 1¥ideos (MP4
format), which were copied from the SD cag
of the UAS to a ground station laptop ar
manually reviewed in an attempt to rapid,;
identify potential flooding, in case the mappir®
flight plans required adjustment.

The second flight to occur was EOQ/IR mappit .+
imagery collection using the senseFly eBeegs , = & -
and DueiT sensor. In preparation for th ~ :
mission, the relevant custom dlight _g==

checklist for the platform and sensor we

completed to ensure mission readinesse Tue
flight plan created in preparation for the dri = 7
was |l oaded into sen&7 5
andfurther adjustments were made to the St
and Home (landing) waypoints, the orientatic
of the landing trajectory to account for
obstacles on site (treexwerlines, fences), and the prevailing wind speed and direction. Due to
the lack of flood conditions identified during the previous multirotor flight, adjustments to the
planned mission trajectory were not carried out. A Verizon MiFi hotspot was deptopeavide

the ground station laptop with internet connectivity so that the UAS could be connected to the
Vermont VECTOR ReatlTime Kinematic RTK) network for increased spatial accuracy.
Integration of a UAvionix pingUSB Dudand Automatic Dependent Surlkince Broadcast
(ADS-B) Traffic Receiver with the eMotion software allowed the PIC to have additional awareness
of possible nearby manned aviation.

war e

Figure5. Flood response drill flight operations

Following the launch of the eBee X at 10:33 EDT, the UAS was commanded to loiter on the Start
waypoint for 5 minutes to stabilize the IR ca
recommendation. Following this period, the PIC commanded the XBedegin the mapping

mission, consisting of nortbouth parallel flight lines at or under 400ft AGL. The maximum
distance of the UAS from the PIC during this mission was approximately 4000ft horizontal. The

PIC was able to retain VLOS throughout thgtili due to the height, size, color, and shape profile

of the UAS system. The eBee was able to complete only 60% of the planned missions and the PIC
commanded the eBee to return Home for landing with approximately 40% of the remaining battery
available. TheJAS landed and was powered off at 11:01 EDT, for ari28ute flight time. The
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images and UAS flight log were copied from the sensor to the ground station laptop immediately
following landing before the UAS was prepared for a second flight to complete the mapping
mission.

The subsequent eBee X flight began at 11:07 EiXIiminutes after its prior landing. Following
launch, it was commanded again to loiter at the Start waypoiffiveominutes to allow the IR
sensor to stabilize temperature, before the PIC commanded the eBee X to resumplémpde
mapping mission beginning at the last waypoint. The PIC allowed the eBee X to automatically
return to Home for landing after completiofhthe programmed mission at 11:29 EDT. During the
initial linear landing approach, the PIC issued an abort landing command to the UABL&EDT:

due to concerns about obstacles in the landing approach. Adjustments were made and the PIC
issued a second linear landing command to the UAS, which was successful. In total, this flight
spanned more than 25 minutes. Images and fliglstwaye copied locally to the ground station
computer following completion of this mission. In total, mapping the approxiynb2&-acre area

with a combined EO/IR mapping imagery sensor took more than 53 minutes of flight time. 3D
views of the two flight trajectoriesan be found ifrigure®6.

eBee X Flight 1 o /. : eBee X Flight 2

ta Restart
14:37:24 372 feet 24.61 mph aa2a010000076 -~ 15:30:39 245feet 21.47 mph
ETEN)/ 14 897 ASL 62657477459 XN 1 6

Figure6. eBee X flight trajectories

2.10.4 Flood Response DrilFollow-Up Activities, If Applicable

In the hours following completion of the flight operations, the data and flight logs captured by the
two UAS platforms were copied to a U\Hkosted server system for shared access. The oblique
images and videos were reviewed and organized for sharing purposes, JPG image format was the
most efficient for dissemination.

The EO and IR imagery captured with the Dlietensor between the two flights totaled 1690
images. These were imported to create a new project in Pix4Dmapper photogrammetry software
and processed on a higlowered workstation (1€entralProcessingdJnit (CPU) cores, 128GB
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Random Access MemoryRAM), discrete Graphics Processing UnitlGPU)). The discrete
processing phases required to generate true color orthoimagery, a digital surface elevation model,
and a thermal reflectance and temperature map exceeded 100 minutes. As a result of the
overlapping images, the area of these data productedgd 200 acres, which was 75 acres more
than planned during data collection.

The resulting data products wel
imported to a new project in ArcGIS
Pro for visualization and sharing
These raster layers were published
ArcGIS Online, which took more e
than 90 minutes to complete. The s
tile layers were added to an ArcGl
Online group with shared updat€pme
permissions, allowing any grout
member to modify the sharin
naming, and display of the layer§
The layers were displayed within &
ArcGIS Online Web Map, which waj
used to create an ArcGIS Onli
Web Mapping Application. Thi vl
public gplication can be found at th fos”
following URL:

Layer List

https://go.uvm.edu/Ohbzo P

Flight logs from both UAS platforms
used during the drill were Figure7. ArcGIS Online Web Mapping Application
synchronizedo the DroneLogBook

log management platform within 4®urs following flight operations.

2.10.5 Lessons Learned from thé&lood Response Drill Including Responses to Research
Questions

2.10.5.1 Flood Response Drill Key findings:

1. If available,asmall multirotor UAS with a live video capability provides significant and rapid
insight into flood conditions and impacted regions, including if there are no flood impacts in
the area.

2. Capturing oblique images in RAMérmat can be cumbersome and incur large file sizes
compared to JP@rmat images. RAW file formats are not compatible with all standard image
viewing software.

3. Predicting flood conditions based solely on hydrograph forecasts can be challenging, adding
difficulty to the task of capturing highwater marks with UAS.

4. Thermal mapping data provides marginal added value in determining the extent of water,
particularly in neafreezing outdoor temperatures.

5. The thermal sensor (senseFly Digtused to capture mapping data added inefficiency to the
collection of mapping data and was a primary contributor to requiring multiple flights to map
the planned 12acre area.
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1 Requires narrower lateral distance between adjacent flight lines due to narresi-field
view, resulting in a greater number of flight lines required than if only-doler
imagery was collected.

1 The manufacturer recommends bgstctice of loitering for 8.0+ minutes before
beginning mapping data collection to allow for sensor temperature to stabilize.

91 DuetT sensor has increased weight (268g) over equivalenttioe sensor (senseFly
SODA at 111g). Manufacturer documentation indicates a 25% decrease in flight time
in optimal conditions when comparing the Dideand SODA.

1 Itis anticipated that deployment of the SODA EO sensor would have required only a
single flight of less than 40 minutes to complete mapping of theat@5mission area.

6. Custom prélight checklists tailored to a platform and sensor combination provide operators
in stressful environments with a trusted method to avoid human error.

7. Basemaps and elevation data in ground control software should be downloaded or cached for
offline usagebefore deployment.Reliance on reliable internet connectivity during flight
operationshould be avoided.

8. Capturing mapping imagery with high spatial accuracy using RTK amtistProcessing
Kinematic PPK) Global Positioning SystenGPS corrections, when available, can provide
more accurate georeferencing of §#nagery, improving the precision of orintagery.

9. Localized processing of orthoimagery may only be scalable with sufficient processing capacity
on highpowered workstations.

10.Sharing orthoimagery, elevation, and other raster data through ArcGIS Online provides an
effective and reasonably efficient way to disseminate large datasets for public viewing and
analysis. Due to the large size of files, this is likely not feasible wndlkile or conducting
operations.

2.10.5.2 Flood Response Drill Recommendations:

1 Utilize a small multirotor UAS with live video capability for initial inspection of flood
conditions. Adjust preprogrammed mapping flight plans or generate a new flight plan on
the fly based on this rapid feedback about the conditions and impacted regions.

9 Capture oblique images in JH@mat only to facilitate rapid sharing and to simplify file
management.

1 Orthoimagery can be captured, processed, and disseminated via online web mapping
applications within hours of deployment. Recommend developing the efficiency of this
workflow to minimize processing time, account for varying levels of computing resources
available, and to establish best practices for sharing orthoimagery via ArcGIS Online.

1 Focus primary orthoimagery data capture around-¢oler/EO imagery to maximize
efficiency in flight operations and data processing. The value of IR data and thermal
reflectance/temperature maps did not provide significant insightshieextent of water
levels during this drill in neaireezing conditions and increased both the required flight
time and processing time.

9 Utilize RTK and/or PPK geospatial corrections for mappmggery,when possible, to
allow for best potential pre/post flood data comparisons.
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1 Prediction and timing of UAS data collection during flood conditions can be challenging.
Tasking of UAS resources for flood response should be supported in advance by response
personnel familiar with meteorological and hydrological forecasting.

2.10.5.3 Flood Response Drill Informed Research Question(s):

The research questions outlined in Section 1.1 were informed by this event as follows:

1.

N

S

In this drill, manual flight of a small multirotor UAS platform allowed the pilot to quickly
evaluate thearea determine the extent of any floodinand capture oblique images before
beginning an automated flight plan with a fixethg to collect mapping data. Using a fixed

wing for mapping allowed greater efficiency and increased battery life compared to mapping
with a multirotor over an area spanginundreds of acres.

N/A

A common risk when manually operating a UAS platform, as used in this case to collect
obliques and assess the area, is the potential for collision with obstacles. The primary obstacles
in this area were trees. To mitigate this risk, some UAS platformesgaipped with obstacle
avoidance sensors that cause the UAS to break or alert the pilot when in proximity to an
obstacle. Utilizing one or more VOs can also help to ensure that the UAS maintains a safe
distance from any obstacles, as observers can sqeatifierm from a variety of angles. In
addition, maintaining a flight height above trees or other obstacles reduced any concern of
collision during this flight.

Landing a fixedwing platform, such as the eBee X, presents challenges that require careful
planning and redime decisioamaking to mitigate the risk of collision, especially when
operating in environments surrounded by obstacles like trees. A crymeak & this process

is the careful selection of the landing location, or home point, which should be an open, flat
area free of hazards that could interfere with a safe landing. The approach must be configured
to ensure the UAS is flying into the wind, wwh helps reduce ground speed and allows for a
more controlled descent. Utilizing VOs is also important, as they can provide the pilot with
reattime feedback on the position of the UAS and any potential hazards in the landing
approach. This combination céreful site selection, continuous monitoring, and the ability to
abort and retry landings when conditions are not ideal helps mitlgatisk of collision and
ensures a safer landing process.

N/A

Oblique imagery/video collection & live aerial view: small to medium multirotor SUAS with
theability to capture JP@ormat imagery, video files, and provide live video stream to
thecontroller.

True-color orthoimagery collection: dependenttbaarea impacted by floodwaters. Areas less
than 50100 acres can likely utilize multirotor UAS with dedicated EO imagery sensor for data
collection. Areas larger than 100 acres may be better served by awixga@nd/or VTOL

UAS platform with EO imagery sepor designed for largarea mapping purposes. The fixed
wing and VTOL platforms will provide greater efficiency in mapping imagery collection
compared to common multirotor systems, though mapping o Eneps can be accomplished
through theexecution of multiple multirotor mission®perations Over PeopleOOP-
compliant UAS would be recommended for mapping flood extent over urban areas.
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6. When responding to a disaster such as flooding, it would be ideal to bring multiple UAS
platforms, as each platform serves a unigue purpose and has specific advantages. During this
drill, it was beneficial to have access to both a small quadcopter ameédanving UAS.
However, if a response is limited to a singular UAS platform, the optimum UAS would be a
multirotor thatcan provide a reatime video feed to the controller, for situational awareness,
and capturing oblique images and videos using manugiltflas well as carrying out an
automated mission for mapping purposes.

7. N/A

8. N/A

9. N/A

10.N/A

11.Relatively smalscale hazards are best suited for UAS compared to manned flights. In this
case, over 200 acres of data was collected, which was feasible for maintaining line of sight and
completing flights in a relatively short time. These factors anatsinal, and some areas larger
than this could be successfully mapped with UAS, but anything larger than a localized response
would be better suited to manned flights.

UAS deployment can provide a rapid and esfé¢ctive way of providing situational awareness

of the impacts (or lack of impacts) from flood events, potentially precluding the need for
support from manned aviation should a brief flight from a small mwtirdAS indicate that
flooding is not impacting the area as anticipated.

2.10.5.4 Flood Response Drill Lessons Learned Summary:

Oblique imagery, oblique videos, and tre@or orthoimagery data provided by UAS offer the
greatest value in efficiency of collection, analysis, and rapid sharing for flood response efforts. If
only a single UAS platform is available, the recommendasofoi a multirotor UAS that can
capture oblique imagery, video, provide a ke live video feed to the PIC, and can execute
preprogrammed flight plans to capture EO imagery for orthoimagery generation. Further
development in best practices for tre@or orthoimagery processing and disseminaisoequired

to facilitate standardized and rapid data sharing

2.11 3/29/2023, Seminar, Train Derailment,Burlington, VT and Online, Conducted by
UVM

This was the first seminar for planniagnock train derailmemesponsevith SUAS technologies

The meetingbegan with discussing the major logistics to considiars meeting wakosted by

the UVM Spatial Analysis Lab (SAL) DirectandUAS Team Lead. In attendance werethéV

Emergency ManagementDirector, Vermont AgencyOf Transportation(VTrans) Rail and

Aviation Bureau DirectgrVTrans UAS Program Directpas well as other members of tBAL

UAS teamincluding staff, students, and interiss is the case with all following seminars and

wor kshops, this event was hosted in person or
Microsoft Teams call to allow for flexibility in attendance

2.11.1 Objectives of th@rain Derailment Seminar

For this initial meeting, the primary goadasfor UVM to introduce the idea of the functional
exercise to potential collaborators and start to receive feedback, ideas and suggestions for the
exercise moving forward. This process would involve sharing the vision for the exercise,
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consideing locationoptionsandany associatedoncerns for the area, and discussing other major
logistics to work out in the following meetings. It was important to highlight that this would be a
collaborative effort, with the input and needs of other organizations and agencies driving the
planning pocess

2.11.2 Planning for and Logistics of thérain Derailment Seminar

The planning of thidirst train derailment seminar was conducted weeks in advameUVM

Team met internally to work out key decisions beforehand, including the goals of the exercise,
which collaborators should be included in the initial planning stages, and the meeting objectives,
topics, and agenda for the first seminar.

The vision for the train derailment exercise was to bring together major players throughout the

state of Vermont to work through challenges that may arise when responding to an emergency
using UAS. Emphasis would be placed on a scenario in which multjplecees are operating

UAS at the same time, introducing potential challenges surrounding airspace coordination,

communication, and effective data collection. Each seminar could promote valuable conversation
and exchange of ideas, with the final exerciseimy these plans into place and offering a space

for evaluation of the performance and methods for improvement in the.future

In terms of participants, UVM considered who in the state might benefit from being heavily
involved in the planning process and handdlight experience. Because of their established UAS
program and collaboration with UVM in the past, VTrans was idedt#is a key player to include

in the exercise, with hope that this collaboration would strengthen relationships between teams,
improve collaboration efforts, share knowledge and expertise, and develop best practices together.
Later in the planning procedkge intention would be to identify and include additional stakeholders
throughout the state of Vermont who would similarly benefit from a mock UAS exercise, such as
agencies beginning to develop their own UAS program related to emergency or disasteserespo

Leading up to the eventjrtual meeting links were sent to seminar participants to join remotely

and an indoor space was booked on UVMOGs camp!
seminar and in preparation for each remaining seminar, the UVM team often carried out internal
meetings to continue planning, track progress on tasks, and movemsaration forward. This

allowed UVM to discuss small details and work through tasks as the lead for the exercise without
taking up too much time during official seminars.

For the first seminar, UVM prepared a PowerPoint presentation to introduce the exercise, share
initial thoughts, and kickstart the exercise planning process

2.11.3 Train Derailment SeminarExecution

During the first seminar, UVM presented information via PowerPoint regarding the exercise goals
and key points to begin considering. Throughout the presentation, open discussion was held
amongst participants to provide input, questions, concerns, suggestieas, and other valuable
insights. Following the presentation, conversations expanded on these topics and any other
relevant considerations. A variety of topics were discussed to begin planning logistics of the mock
exercise including, but not limited:

1 The vision Error! Reference source not found) and objectivesKigure9) for the mock train
derailment exercise to provide an overview of why the event was being hosted and the intended
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outcomes. These outcomes include exercise and flight experience, testing § @ND&ing
collaboration, and integrating UAS into emergency planning in the state.

VISION @

Conduct exercises using mock
events and demonstrations to
enhance disaster recovery and
emergency response using UAS.

Figure8. Vision for the mock exercise

OBJECTIVES

td | EE
— Y

aw
Integrate

Test Improve UAS into

CONOPS Collaboration Emergency
Plans

Figure9. Objectives for the mock exercise

1 Examples of how SUAS have been used in the past for real world disaster response as well as
in training and drills for the first responder community.
o UVM6s UAS Team has responded to a train
incidents throughout the state of Vermont that showcase the utility of the technology.
They have also hosted workshops for professionals, promoting learning and
exchanging oknowledge in the UAS and GIS field.
o Outside of Vermont, therare multiple organizations thamploy UAS, such as the
New York City Fire Department. These connections were made to help get across the
value of UAS integration into emergency response in Vermont, and hence the need for
seminars and exercises to develop those CGNMDE collaboration.
1 Possible locations for the exercisghin Vermont,including the cities oMontpelier, Rutland,
and Middlebury, as well as associated consideratiensh aderrain, line of sight, airspace
restrictions, and pedestrian traffit each area. It was highlighted that the exercise location
should be a site that is somewhat realistic for the scenario and include some challenges to
overcome without being too unsafe.
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1 Potential issueso address such asobilization, airspace, data collection, data processing, and
disseminationKigure10).

0 Mobilization refers to the process in which UAS support is requested and the UAS
teams deploy for response. This was especially important to consider for U\idh, wh
is not an official resource for the Vermont Emergency Operation Center. It was unclear
what chain of command might look like for UVM or other UAS groups.

o Airspace refers to the operation area and its associated regulations, which could
potentially limit flight height. Areas in both Burlington and Montpelier have some level
of restriction due to nearby airports, which would need to be considered when ghoosin
a location for operations.

o Data collection, processing, and dissemination refers to the UAS data to be collected
to meet the goals of the operation, hovptocess it most efficient)yand then the best
methods for sharing with stakeholders. Although the focus of the exercise would be
geared more towards communication and coordination efforts during flight operations,
the sharing of data is still a crucial step in emergency response.

ISSUES

s o

L

Figure10. Issues to address during the mock exercise

1 The number and role of UAS flight teajghich should be sufficient to test communication
and coordination efforts, but not unreasonable or unsafe.
o It was decided that two to three teams seemed feasible based on interest and to
deconflict airspace.
o Based on capabilities and experfisem past operationg was decided thaiVM will
provide mappingvhile VTrans will collect live stream videdlhis aligns well with
experience level and ensures teams can practice and further develop their typical
protocols.
1 Based on communication and coordinatigsuesthe role ofi UA'S A i was 8istissd
and who might be a good fit for that role
o Remaining questions included identification of the Air Boss, proper radio procedures,
coordination with external groups who may be flying in the area, and other related
airspace coordination/communication practices.
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Other potential stakeholders were identified, including the Vermont State Badloeother local
first respondersvho may wishto participate/observe if thejo nothave UAS

2.11.4 Train Derailment Seminar~ollow-Up Activities, If Applicable

The primary followup activity was for UVM to shedule the nexseminar, develop a rough
timeline for the event, and determine the participantitistas decided tanvite other important
stakeholders such 3 Emergency ManagemetdSAR VT-TF1, and other potential participants

or observers who would benefit. This would serve to make connections between UAS operators in
the region and the organizations they may need to work with during a disaster

2.11.5 Lessons Learned from th&rain Derailment Seminar Including Responses to Research
Questions

2.11.5.1 Train Derailment Seminar Key findings:

1. Barriers may exist around mobilizing UAS teams during an emergency if there are no clear
protocols in place for requesting UAS support.

2. There is no clear answer for the number of UAS operations feasible at the same time, as this
can depend on the specific environment and situation.

3. With multiple UAS operations occurring at t
Al r Bossd to coordinate airspace, but it
qualifications necessary.

4. Mapping and livestream missions were confirmed as being key tasks to support a train
derailment response.

2.11.5.2 Train Derailment Seminar Recommendations:

1 Connect with the EOC, emergency managers, first responders, town planners, and related
bodies to spread awareness of UAS capabilities and develop a protocol for UAS support
requests for local, state, or larger response.

1 Develop,assessand refine procedures and CONS& multiple UAS operations at the same
time under varying environments and situations to better understand best practices and
limitations.

1 Determine what responsibilities would be useful for an Air Boss and what experience would
be necessary to designate a qualified person for the role.

2.11.5.3 Train Derailment Seminar Informed Research Question(s):
The research questions outlined in Section 1.1 were informed by this event as follows:

1. Thus far, the seminar has determined the benefit of UAS to assist in a response such as a train
derailment by keeping responders out of potential haraviding a unique aerial perspective
and situational awareness, and the ability to collect data for highly precise maps and terrain
models for analysi®\ live stream feed from a UAS would provide situational awareness while
UAS mappingoperations can collect data for analysis following the event.

2. N/A

3. Airspace coordination is a major concern, depending on location there is the potential for
nearby airports with heavy air traffic. In areas wWelwver occupied aircraft, there is risk in
multiple UAS teams operating in the same airspace, as is planned for this exercise.

Mitigations for external air traffic include:
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Notifying the nearby airport of UAS flight operations, if applicable
Monitoring an Airband Radio

Monitoring an ADSB receiver;

Using one or more VOs to monitor the airspace

= =4 -4 A

Mitigation for multiple UAS operating at the same time include:

1 Limiting operations to a reasonable number of UAS that can be safely tracked and
managed
1 Partitioning the air space to avoid overlap in flight locations using horizontal and
verticalbuffers
1 Communicating flight maneuvers
1 Using an Air Boss to coordinate and communicate amongst flight teams
N/A
N/A
N/A
N/A
N/A
. N/A
0.There is a need for protocols or procedures in place to request UAS support or initiate
deployment following an emergency. Whether this is built into an ICS or tasked by the EOC,
there should be clear steps to most efficiently and effectively deploy UshSst® the area
wherethey are needed. Ideally, UAS teams are requested based on their capability to collect
the required data, with priorities clearly defined.

HBOO~NO O A

Refinement of an Air Boss role and their tasks during an operation to safely coordinate UAS
operations is needed, as well as the required experience for the position. A certificate or
credentialing pathway could help to standardize the role amongst @iyamizand prove
proficiency when arriving on scene

11.A local or smalscale train derailment could be suited for UAS due to the abflityAS to
get closer to the subjects of interest and utilize advanced sensors for specialized data products
compared to occupied (manned) flights.

UAS could also be beneficial in a situation where a train derailment happens along a corridor,
allowing for efficient flight along the length of the rail as opposed to sending out a ground
crew. Due to keeping VLOS with the UAS, it may no longer be feasilih increased distance
between the control station and the UAS, resulting in losing linglf@i connection between

the controller and the platform.

2.11.5.4 Train Derailment Seminar Lessons Learned Summary:

For effective and efficient UAS response to a disaster such as a train derailment, there needs to be
a protocol in place for UAS support requeestientifying types of data needed and organizations
capable of collecting the data. Multiple mission profiles may be suited for the response, including
live stream UAS video feed for remme monitoring and mapping operations for pesent
analysis. When multiple UAS opsions occur at the same time, there should be refined
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procedures and CONGBRo guide safe operations, including the use of a UAS Air Boss to
coordinate and deconflict air space

2.12 3/30/2023, Workshop/Tabletop, Volcanic Eruption, Anchorage, AK, Conductedy
UAF

2.12.1 Objectives of th&/olcanic Eruption Workshop/Tabletop

The workshop was heldith similar objectives as the Seminar completed on January 4, PO23.
attendeesalso completed a Mentimeter surveyimilar to the one completed for the January
Seminar (See section 2.4)

2.12.2 Planning for and Logistics of th&/olcanic Eruption Workshop/Tabletop

Professor Peter Webley, Associate Director of Research alAReACUASI, held aoneday
workshop at the Applied Health Building on ti&F campus, starting at 8 am Alaska time. 10
people signed up to attend and, in the énd,attended in person afiour attendednline. Of the

two in-person, one was a federal representative who had been involved in volcanic eruption
response itheUS (Hawaii) and used drones while the secongdrson attendee was a private
industry representative

2.12.3 Volcanic Eruption Workshop/Tabletojxecution

Webley led the participants through a set of slides that went step by step through thesG@NOP

this use case. Time was provided for the attendees to provide feedback at certain times in the day
long workshop. This was done through printed forms that only collated the comments and the
persors job description and organization type or througkthmday notes that only connected
comments made with the same categories

2.12.4 Volcanic Eruption Workshop/Tabletop-ollow-Up Activities, If Applicable

From the recommendations, Webley from UAEUASI developed an updated CONSiBr a
Mt. Redoubt eruption, rather than Mt. Spurr, as this is more likely and be a key event that impacts
Alaska and the Anchorage area

2.12.5 Lessons Learned from th&olcanic Eruption Workshop/Tabletopncluding Responses
to Research Questions
2.12.5.1 Volcanic Eruption Workshop/Tabletop Key findings:
1. Mt. Redoubt volcano would be more likety response close to Anchorage.
2. UAS would support both day and night operations.
3. Anchorage International Airport could be closed
a. In case of this, there needs to be a backup location for IUAS operations.
4. How will ash and gasses degrade the airframe and serisdrs?information is needed to
create accurate checklists.
5. The UAS must fly into the plume (a BVLOS operatiosd the UAS should have DAA
capabilities.
6. Ash particulatesouldimpact communicatias) which addsdditional risk for ORA.
7. Datashould be collected regarding the following
1 How do UAS operators get reine data to decision support? Where is it stored?
1 Is metadata necessarywho collectedhedataandwhat aircraft and sensor was used?
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1 Realtimedata needs to be communicatediecision support. Poestission.do n 6t r e |
onthe doud, insteadHDD backupsshould be used.

8. It would be nice to havAl/ML to determinethe plume location to minimizéhelikelihood of
flying through it.

9. sUAS #1, positionedat thesummit sampleshe lava lake or summit eruption to minimize
peopleat risk.

10.sUAS#2, positionecatANC, is 1K feet sufficient altitude to capture data for decision support?

11.IUAS, at ahigher altitude should movein a drcular pattern to capturehefull extent of
theplume/cloud. Once detectdd AS shouldmapthetephra/ashfall othelandscape.

12. Additional safety briefingare necessaygiven the significant hazard frothevolcano.

13.Detailed assessment lbazard and projected activitare also necessaty determine ifit is
safe to fly.

14.The Quad Charshouldinclude details on hazards and major riskih critical maps on the
back.

2.12.5.2 Volcanic Eruption Workshop/Tabletop Recommendations:

1 Ensure all flight crews have detailed checklists as drone/UAS support for volcanic
eruption responses can be differBom usual Part 107 flight operations.

0 Ensuring teams assess crew health was seen as important as well as additional
engineering checks of the airframe given the hazardous volcanic material that
the aircraft could encounter.

1 Ensure all flight crew have additional safety equipment as they could come into close
contact with volcanic ash and gases and so would need mitigation devices (air filters
with masks) that they could use to continue to operate.

1 Crews should know ongoing hazardo they could evacuate to safe zones if the
volcanic event impastheir flight location including takeff and landing zone.

2.12.5.3 Volcanic Eruption Workshop/Tabletop Informed Research Question(s):
The research questions outlined in Section 1.1 were informed by this event as follows:

1. Volcanic eruptions produce several hazardous impacts on the local enviroantént
infrastructure where UAS can support the existing event response and mitigation. Each of these
hazards leads to an impact where UAS can provide new opportunities to understand the event
itself and support those responding to it. Volcanic eruptions andyekan volcanic activity
are managed and monitored in the US by USGS volcano observatories (including some
academic and state partners like in Alaska) along with regionedmial ash advisgrcenters
maintained by the NWS. Stdet use cases include but are not limited to:

1 Realtime Situational Awarenesghis is to provide visible and thermal feeds of the
ongoing activity. This will suppothevolcano observatory on the extent of eruption
including lava flows and eruption vent signals. Video feeds can also help to assess flow
rates of the ongoing activity to determine future hazard extent and likelihood to impact
local infrastructure.

1 Postflight Mapping: These would be generated péisgghts but during any ongoing
eruption response. Products would include orthorectified imagery and composite maps
(both visible and thermal). Products support dectsnaking teams during ongoing
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evens as well as postruption to assess ashfall/tephra extent, flow extent, and derived

eruption volume estimations. Consideratismequiredfor the dissemination of this

data including all metadata to ensure it can be visualized by all entities in the response,

whether from federal, state, local, academia, or private sector.

1 Realtime and Posmtission SamplingThe products from volcanic events, such as ash
and toxic gases, need to be sampled intie@d to assess any changes in the volcanic
activity that can support eruption forecasting and to determine the potential dispersal
extent of the plume and downwintbads. Consideration is needed on the types of
missions, altitudes to be flown including permissions needed, and impact on the aircraft
to provide sustained observations to support the operational agencies.

1 Postmission 3D modelingSfM processing from visible and thermal imagery can
produce 3D models of the eruptive products and remaining summit topography post
eruption. This data is extremely useful for volcano community to determine total
eruption volume and to understand how thell@@scape will recover after the event
has ceased. Coupled visible and thermal 3D model data provides added actionable
intelligence on the erupted products and if they are still a hazard to the local population
and infrastructure.

. Communication is keyt is important to asueground teams know the hazafcbm the event

ensue the UAS/drone team is aware of other uncrewed or crewed systems supporting the

responsgensuee that the teamareall aware of the airspace environment and involved in all

daily briefings limits the impact of a lack of communication where a flight team might be a

hindrance to operations. Two several specific components for consideration from the workshop

were:

. Safety plansEnsuring that all groups involved had plans on how to evacuate if the activity

changed and that they had components of their checklists that ensured mental and physical

safety of the flight crew.

Permissions for site acced3epending on the location of the eruption, access maybe limited

and/or safe landing zones required to response to hazards during flight maybe in areas of

limited access. Communicating on likely safe zones for UAS with decision makers mitigated
the chancef unexpected landings in inaccessible sites

Five risks came up for discussion that were not included in the general or specific operational
risk assessment shown to the workshop participants.

1 Volcanically induced weatheihe volcanic event cause changes in the local weather
patterns that put operations at risk. This causes landing zones to be inaccessible and/or
returnto-home not possible. Flight crew will mitigate and ensure that they are aware
of changing weather conditions and have backup options if a significant change in the
conditions prevents flights from continuing.

1 Bad actors:There are people on the ground wiantto get close to the eruption and
arecausing issues to the safe operations. This causes impact to safe operations as the
bad actors want to interfere with the mission and are below the flight paths and/or close
to the drone. Flight crew will mitigate this and sgt safety barriers and work to see
thatthe publicdo not cross them. If they do, then the flight team will take aircraft to
safe locations, safe landings, or return to home so that flight is not a risk or further
impact.
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1 Volcanic hazard (Ash/S0O2/C0O2) degradati@mgnificant volcanic hazardous material
impacts the airframe and payload while in flight that makes the aircraft of limited use
or unsafe to use. This will cause the flight crew to be unable to support the operational
needs of those in the response. Rligrew will mitigate this through cleaning of
systems between flights, minimizing the chance of debris hitting the aircraft in flight
and vigorous assessment of the airframe and payloads after each flight.

1 IUAS airport closure: Depending on the volcanic event, local earthquakes induced
from the volcanic eruption may cause an airporbéoinaccessiblend/or become
unusable during a flight or set of flights. This causes the flight crewldA& to be
unable to return to home and complete safe operations. Flight crew will mitigate this
by defining backup locations wherdlAS can safely land and/@et upa backup site
for takeoff and landing if the impaaiccursbefore the mission starts.

1 Wildlife in the flight zoned:ocal wildlife in proximity to the volcanic eruption prevent
the flight crew from reaching their defined tad# site and/or interfering with the
operations while the flight is in process. This prevents the crew from setting up the
mission and/or from beg unable to safg operate. Flight crew will mitigate this by
remainingaware of local potentially harmful wildlife, carrying safety gear to protect
all the ground crew and having safe landing zones to send the aircradt,gfdund
team is affected by local wildlife and has to leave timdiial takeoff and landing site.

4. These were developed by the A52 team for a volcanic eruption frorBgdrr Volcano in
SouthCentral Alaska with an eruptive vent at the summit and attached plume as well as
dispersing ash clouds towards Anchorage. A general hazards ORA that could occur in all use
cases under A52 and specific hazards ORA for this use emsadeveloped to accompany the
CONORs. Additionally, a quad chart and a suite of checklists added to the COA@RwWO
ORAs.

5. AIUAS would provide higher altitude observations of the volcanic event and be able to sample
the plume from the summit vent. (JASwould be flown from the summit region to provide
precision observations of the ground hazards at this location and vertical profiles through the
plume. A sUAS would also provide downwind ash and gas measurements to support the
decision team in predictinpe cloud impact to Anchorage and its surrangdhfrastructure.

6. There is no one optimum UAS to support all aspects of the volcanic use case and provide all
necessary observations to support the eruption response. Based on this use case, specific
requirements are needed by the operational agencies responsible foethaesponse,
monitoring of the hazard, and mitigating its impattAS systems can provide rapid response
observational data that can operate from a sfoatprint takeoff zone and can be carried by
team to get to locations not possible by crewed sys@MJAS. Sensors onboard provide
specific observational needs, either visible cameras to build SfM 3D models, thermal sensors
to determine heat flux from the event and/or flow speed, and ash and gas samples to assess the
changing volcanic signals and support deci makers on the likelihood for an increase or
decrease in activity levels. AJAS can provide a higlaltitude observational dataset not
possible from small rotor UAS systems and can be flown to targeted locations at the need of
the event respae.

7. Any organizations wanting to integrate UAS into the event response and the NAS will need to
follow local incident command structuges well aslocal and regional eruption response
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protocols for responsible agencies and communication structure. UAS integration in this use
case can then be seen as a benefit to the agencies responsible for preparedness, response,
monitoring, mitigation, and impact assessment. UAS operators and fliglws can then

follow FAA policy and regulations for NAS integrah in parallel to becoming part of the

event response tools and assets. For those organizations developing the next iteration of their
event response protocols, adding in the opportunitytA& provide and assessing the impact

that they could provide to support the event response then they will havefstagert tools

available. These organizations should coordinate on the availability of local to regional UAS
teams to then add them into the event response to benefit the deasdiomg process.

8. There was no direct reference to C2 links in the workshop. Airspace coordination was stated
as important given the number of potential crewed and uncrewed systems. Also, control of the
large and sUAS was included in the ORA with corresponding mitigatidrdecussed with
the attendees.

9. Ensuring a safe network of UAS is highlighted in the ORA and having a flight crew be able to
mitigate against any bad actors wanting to take control of the aircraft is a consideration in the
ORA but was not discussed at the workshop. In terms of the dadaged and products
developed, discussions focused on how to make this accessible to all groups in the response.
Attendees stated to produce all data in common formats that could be placed on secure servers
that could then interface with the relevant w@aiite used by each organization.

10.For this use case, a volcanic eruption fromh Bpurr, Alaska was selected for the event
location. While this event may occur soon, operationally UAS/drones have been used at
eruptions in Hawaii. Some of the recommendations from the workshop attendees, based on the
potential for a Mt. Spurr event and frompexience in Hawaii were:

1 Ensure all flight crews have detailed checklists as drone/UAS support for volcanic
eruption responses can be different usual Part 107 flight operations. Ensuring teams
assess crew health was seen as important as well as additional engineering checks of
theairframe given the hazardous volcanic material that the aircraft could encounter.

1 Ensure all flight crew have additional safety equipment as they could come into close
contact with volcanic ash and gases and so would need mitigation devices (air filters
with masks) that they could use to continue to operate. Also, crews should know
ongang hazard sothey could evacuate to safe zones if the volcanic event impacted
their flight location including takeff and landing zone.

11.For a volcanic eruption use case, UAS can provide additional capabilities that would be
difficult to collect from manned flights. These include:

1 Longterm highaltitude observations of the full extent of the volcanic event.

1 Continued nightime operations when manned systems are unable to operate.

1 Rapid response events with ability to switch out sensors for situational awareness.

1 Proximal access to volcanic hazard to support decisiaking when risk is too high
for manned systems.

2.12.5.4 Volcanic Eruption Workshop/Tabletop Lessons Learned Summary:

Below are several important topics raised by those attending the workshop and from the comments
made on thtday. The experience of several of the attendees was invaluable as it highlighted the
information that flight teams should know when supporting a hazardous sweintas volcanic
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eruption, and that the teams should have knowledge of the flight environment to ensure safe
operations as well as the volcanic hazard (ground and airborne) so that they can be a support team
to other operations and not a hinderance to the other decigiparsteams and organizations.

Is Mt. Spurr likely to erupt? What happens if Anchorage International is out of use?
Who can conduct night operations and flights over people?

Who has been involved in muftight operations, experience in re@the events?

Will operators have permissions to reach > 400 ft AGL for downwind plume detection?
Do the flight teams have BVLOS permissions?

Do flight teams have risk assessment of crew fatigue and safety included in checklists?
Do the flight teams know of the ongoing volcanic event risk and potential change?
Does summit team have training and safety gear to operate around toxic environment?

2.13 4/11/2023, Workshop/Tabletop, Earthquake with Tsunami, Anchorage, AK,
Conducted by UAF

2.13.1 Objectives of th&arthquake with Tsunami Workshop/Tabletop

=4 =4 =4 -8 _48_9_95_-°

The workshop was held to showcase the use case to the wider UAS and disaster response
community and to get their feedback on the developed use case. The attendees also completed a
Mentimeter survey on their current capabilities and knowledge of UAS ads@ppthis use case.

The survey only collected responses based on the organization type and position type of the
attendees, and did not capture personally identifiable information

2.13.2 Planning for and Logistics of thezarthquake with Tsunami Workshop/Tabletop

Professor Peter Webley of the UAECUASI held aoneday workshop at the Applied Health
Building on theUAF campus, starting at 8 am Alaska time. 18 people signed up to attend and, in
the endfour attended in persg@andsix were online

2.13.3 Earthquake with Tsunami Workshop/Tabletdpxecution

Webley led the participants through a set of slides that stepby-stepthrough theCONOP<sor

this use case. Time was provided for the attendees to provide feedback at certain times in the day
long workshop. This was done through printed forms that enly| | ect ed t he per
description, comment®nd organization typer through orthe-day notes that only connected
comments made with the same categories

2.13.4 Lessons Learned from th&arthquake with Tsunami Workshop/Tabletppgncluding
Responses to Research Questions
2.13.4.1 Earthquake with Tsunami Workshop/Tabletop Key findings:

Comments made and suggestions on improvements were directly related to the components of the
CONORs and the slides within the workshop. Below is a summary of those comments.

1. Pilots and UAS teamshouldunderstand the ICS and have 46@eltraining.

2. Additional datai need to prforma Landslide and Rockfall assessment along the Turnagain
Arm.

3. Additional data’ Provide observations for the Port of Anchorage.

4. Add in ORA summary, Coordination, and logistics sumniaiy the Quad Chart.
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5. The numbepof dronesvashigher in public than durinthe6 1e&rthquakén Anchorage. How
should this beoordnated with Operation8

6. A site survey should be performed &sass ithe selected location has been impactedHzy
earthquake. Regardlesmckup sites should be identified.

7. Add nautical chartsevacuation sitesandimportant local infrastructurgsuch as hospitals) to
maps.

8. How can local good Samaritans be used to provide first eydsesnene?

9. Collect a étabase of availabRart107 pilots for SARascertified operators that can be called
upon. Add in periodic trainingandalso have basic ICS training. Who manages this database?

10.Includein the mapsny TFR and/or links to where these are available if in place.

11. All operatorsshouldhave basid¢CS training so that they kow who to talk to and the flow of
data and communicationsclude FEMA 100 & 200 courseswith certificates inthe mission
folder.

12.Current CONOB arefor long-term mission development. Whattise minimum needed if
rapid responses required to support SAR?

13.Ensuethat data collected is availalppestmissionto support After Action Review (AAR).

14. Add dateandtimeto checklistsso team knows it is necessaryo return to previous list.

15. Create achecklist to ensure theam hadirst aid andadditional clothes/food/water/boilép
be able to beelf-sufficient fortwo days.

16.Create a p-flight checklist including an aspace and weather chedlotential need foan
incident meteorologiss noted.)

17.UseLiDAR to support marine observatiorgmpare bw fast to geRed, Green, BlueRGB)
images versus 3D model

18. For operationsywhat can be collected instantly to support SAfong-term for AAR?

19. 1t would be nice to haveldAS withaspeaker to support SAR, evisvpo-way communications.

20.Plan how to traclpilot fatigueto minimize riskpostflight.

21.PostFlight checklistshould include a weatheheckto helplong-term assessment of aircraft
usability.

22.List issues that occur or record Nfé updatdogged operationgostmission.

23.Include netadata on who was on the flighttse sensorandtheaircraft used.

24.Add to EXIF for images or have metadata files in folder with data.

25.First, useRealtime RGB imagessecond, useligh precision model® support AAR.

26.Assess gpsin dataregulaty. The UAS is optimized to support EM response.

27.How can theteam respond tearthquakeaftershocks or moresunami impact tassist the
community?

2.13.4.2 Earthquake with Tsunami Workshop/Tabletop Recommendations:
1 The drone flight teams should have FENh&ident Management TeartMT) training so
are aware of protocols, processasd workflows during an event and are less likely a
hindrance.

1 There needs to be a process to determine flight team fatigue so that they can be a supportive

team for the operations and mmtt themselvestheir team, and those they are supporting
at risk.

1 Flight teams need to show evidence of experience of flying in-ainttiaft environments

as the airspace will be very busy during an event. The team needs to show that they have

61



and can continue to operate in a busy airspace and provide support to the existing
operations and not be a risk.

2.13.4.3 Earthquake with Tsunami Workshop/Tabletop Informed Research Question(s):

Findings from this Workshop/Tabletop were similar to the seminar completed on January 31,
2023 references to find the appropriate sections are noted bElmwresearch questions outlined
in Section 1.1 were informed by this event as follows:

1. See number one iBection 2.8.4.3 for details on the use caBelow are the important roles
that UAS provide to support the operational agencies regpptalan event as detailed in the
use case workshop:

1 Realtime Situational Awarenesstere, video feds (both visible and infrared) would
support the ground teams to map the extent of the damage to the local infrastructure
(buildings, roads) as well as the inundation of the tsunami event to the local community.
Thermal data would allow the event respormsart to assess if any fires had started due
to building collapse as well as to support teams in B&R operations.

1 Postflight Mapping: After each flight and mission, the visible and thermal imagery
would be developed into orthorectified composite msipswingthe extent of the
damage from the earthquake on the region as well as the impact of the tsunami to the
local community. These products would be developed to integrate into available data
visualization tools, such as GIS software. The products can supp&t building
damage assessment, and aftetion review for damage removal and recovery.

1 Postmission 3D modelingBuilding a digital surface model of the impacted zones
from the earthquake event and tsunami inundation would support those in damage
assessment and pdsizard analysis on the extent of the event and-aft#on review.
Rapidly developed products proeidhose in building assessment to make informed
decisions on the safety of the infrastructure and if they are accessible or inaccessible
for ground response teams during the event response.

The UAS systems to be used in this case would map the extent of the earthquake impact, assess
a bridge postollapse, and the inundation of a local community from a tsunami. Some of the
attendees stated that UAS could also assess the potential for avalanche collapse that may result
from the major earthquake and subsequent aftershocks. This would a prepargueassheat

a UAS can provide in addition to the event response, after the major event. Additionally, UAS
could be used to map out road closuremftandslides that would otherwise be impassible by
ground crews. Each of these additional uses for UAS during this hazard event would each
support SA, develop poeflight maps of the hazardous event, and produce 3D models of the
surface forAAR.

2. The focus on this topic at the workshop was communication between the flight crews and the
incident command structure, that would be in place to respond to the event. Wit a
operating at higher altitude to provide observations on the full extent of the earthcplakg
with at least twasUAS in two separate locations, communicating the decision support needs
will be important to provide the observations needed and for the flight crews to understand the
current air operations. There will be a statewide procedure to respond to a large eaythquak
with anEOC setup that follows ICS processes. Having flight crews understand this structure
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and where they fit within the event response will be important along with communication

between the flight crews themselves, any other air operations, aanl buss for the event

response.
3. Several specific risks were highlighted by the attendees at the work:

1 Data accuracy for damage assessméiight crew do not have RTK capabilities and as a
result cannot provide geospatial accuracy in the-fligstt data products. This could result
in inaccurate mapping of the damage and impact assessment aratidiereview.The
flight crew will mitigate this by including a check for the RTK equipment during their
checklistsbefore heading tadhetakeoff location. These additional checks will ensure that
the flight crew have all needed equipment to support safe apesand to generate the
derived products needed for the event response.

1 Communication loss t8EOC There is a break in communication between the flight crew
and the lead air coordinator at t8&OC This results in the flight crew being unable to
adapt missions ttheneed of event response or receive updates on new flight operations
from the SEOCThe fight crew will mitigate this by having a satellite phone as part of
their equipment to increadkelikelihood of continued communications and to continue
their predefined flight patterns while monitoring the airspace for mew aircraft that is
near their operations. This action will ensure safe flight operations, that the original
observations required are collected, and that the crew can communicate to the SEOC, even
if radio or call service is down.

1 SsUAS airframe breaks and unable to operdike SUAS supporting the mapping of the
tsunami inundation breaks and cannot support the event response. This results in no
situational awareness of the impanttbe local community and a lack of observations for
the event response agencies. Flight crews will mitigate this by taking additional airframe
components tdeable to replace any impacted components. The event response will
mitigate this potential risk by having access to additional SUAS operators whe added
to the response i f original c¢crews canb6t <col
are UAS available to support the mapping of the tsunami inundation and that the actionable
intelligence reaches those in decision support and evemnssp

1 Pilots distracted by other air assefhe UAS pilots and their observers are watching their
flight operations and the airspace around the aircraft, and they are distracted by the
additional crewed and uncrewed systems that are also iNatienal Airspace System
(NAS). This results in the potential for dw-air impact and unsafe flight operations. The
flight crews will mitigate this by staying focused on their own aircraft and if they determine
it is unsafe for their operations then they will returrirtegstem to home or land at a safe
zone. They will inform the SEOC that they cannot carry out their flights and will wait until
it is safe to continue. This action ensures safe flight operations, lower likelihood of any
impact on all air operations, andmmizes the impact that the UAS has on hindering the
event response and aB8AR operations.

1 UAS operations impacting safety of others in event respdimseUAS (both large and
small) are hindering the other event response teams including the drassadiSAR
teams. This results in the operational agencies being unable to complete their mission to
support the event and carry out their duties. Flight crews will mitigate this by staying in
communication with the SEOC to ensure that the flight operations do patcimther
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operations andvhen required by returning to home, landing at a safe location, or moving

to a holding pattern until safe to continue their flights. This action ensures safe flight
operations and no impact to the other event response activities that the UAS are there to
support.

No power to recharge batteries for SUA®s a result of the earthquake event and tsunami
inundation there is no available local power to support the SUAS operations and to provide
a power source for tH@CS.This results in the flight crew being unable to charge batteries
and to provide power to the GCS. Flight crews will mitigate this by including generators
in the equipment list and in their checklists. Crews will doubleck and review that they

have a fully charged generator so tha&ytban operatesaa stanealone team. This action
ensures that the team can operate as stated in their CCaw@fhat the decision support

and event response teams receive the data and derived products from the UAS flights.
Earthquake aftershock3he large earthquake has caused significant damage to the region.
There are resultant aftershocks across the previously impacted zones that is causing further
damage to the local infrastructure and potentially bringing new hazards into play. This
results n originally safe areas for operations now at risk and/or inaccessible. The flight
crew will mitigate this by staying in communication with the SEOC or event response lead
to ensure they have all available knowledge on the earthcheard and sate-access
zones. The flight crew lead will also ensure the safety of all their crew and evacuate the
ground station (takeff and landing zone) if needed. This action ensures all flight crew are
safe and that the flights can be completed safely, and thairth@&ft operates safely in the
NAS. If the crew must evacuate their ground station location during a fligh®|@heill

ensure that the aircraft lands safely through a divert to land immediately opeaation
when it is safe to aess this site, they will retrieve the system.

Multiple tsunami waves into communi@ne of thesUASis requests to map the inundation

of the first tsunami wave to impact the community. The flight crew will setup at a safe
takeoff and landing site to map the area. The SEOC or event response lead informs the
crew of additional tsunami waves, or the fliglhhew sees them approaching. This results

in their original takeoff and landing site being impacted and unsafe to use. Flight crew
will mitigate this by evacuating to a safe zone, as defined by teaabhmi evacuation
routes, or as informed by SEOC or event response lead. Flight crew will also ensure that
knowledge of local evacuation routes and extent of potential tsunami inundation is included
as part of their preleployment checklist and includesl maps in their CONGPThe crew

will perform a DLI for the irroute aircraft and when it is safe to access this site, they will
retrieve the system. This action ensure safety for all the flight crew and safe operations of
the UAS in the NAS.

IUASairport inaccessible due arthquakédiazard:The original earthquake is significant
which makeshe airporimeantto be used for thRJAS operations unsafe for flight access.

This results in thdUAS being unable to take off and complete the kadfitude flight
operations to provide data to assess the full extent of the earthquake and tsunami damage.
ThelUAS flight crew will mitigate this by including additional airport locations as part of
their site assessment so that they can still accessirspa@e needed to provide the
operational response teams the data that they require. Also, if the airport becomes
inaccessible during the missions, then the flight crew will use its own safety protocols to
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ensure safe operations of tf#AS in the NAS. These actions will ensure the flights can
be completed to provide the observations needed and to ensure no additional risks to safe
IUAS flights in the NAS.
See section 2.8.4.3 number four.
See section 2.8.4.3, number five.
See section 2.8.4.8umber six.
For this use case, organizations who want to integrate UAS into the event response and the
NAS will need tofollow local, state, and regional incident command structlirevas
specifically stated by attendees at the workshop that UAS operators and flight crews should all
have some level of FEMA ICS/IMT training. Teams with IMT 100, 200, 700, and 800 training
will understand the IMT aasetup for an event, like this use case, and be able to smoothly
integrate into the support response and become anaseBOC. Depending on the location,
there may be statewide emergency response plans in place that define the EMC structure and
responsible operational agency for each aspect of the decision making and assegstent
integration in this use case should be evaluated with these plans in mind so that the systems
can be seen as a benefit to the agencies responsible for preparedness, response, monitoring,
mitigation, and impact assessment. UAS flight crews can follow pdlicy and regulations
for NAS integrag in parallel to becoming part of the event response tools and assets. For those
organizations developing the next iteration of their event response protocols, adding in the
opportunity that UAS provide and assessing their impact that they could prosiggpiart the
event response then they will have state of the art tools available. These organizations should
coordinate on the availability of local to regional UAS teams to then add them into the event
response to benefit the decisioraking process.
See section 2.8.4.3 number eight.
Ensuring a safe network of UAS is highlighted in the ORA and having a flight crew be able to
mitigate against any bad actors wanting to take control of the aircraft is a consideration in the
ORA, but was not discussed at the workshop. In terms of the data produced and products
developed, discussions focused on how to make this accessible to all groups in the response.
Attendees stated to produce all data in common formats that could be plaeedmesgrvers
that could then interface with the relevanttaaire used by each organization.

10Bel ow are sever al recommendations from t he

1 All non-emergency response drone teams should have basic IMT training. This would
be FEMA training and/or a digital badge or miar@dential that they can show like
their Part 107 certificate. All Part 107 private pilots who want to support emergency
respnse should have basic IMT training so when called upon then they can more
effectively be integrated into operations.

1 Emergency response policies assess where UAS systems can be integrated and
guidelines in place on how to integrate systems from operational agencies already in
the response as well as integrating in other organizations with-pérgdrmance track
record.

1 UAS missions be defined based on the timeline of the event. Build processes to support
rapid response flights to support SA and eathge SAR. Build processes and
guideline on the data and observations needs for infrastructure assessment and after
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event reviews so UAS operations can collect the necessary high precision data to build
the needed products.

1 Build recommendations on how flight crews should archive the meta data on the team,
aircraft, organization, etc. so that once raw imagery and/or derived products are
analyzed either during or after the event then the end users can trace where it came
from, what system was used, and from whom the data and products originated.

1 There should be a database of Part 107 pilots in the region who could be called upon to
support SAR. DOI has this for their personnel but there is not one for public users.
These would be drone/UAS Part 107 certified users that can be called up. Include
Peiodic training so that all have basic response understanding and SAR needs. FAA
has a list of all who passed Part 107 and registered in a State. But who keeps this data
for operations? Like an emergency officer for a building at a company/organization.
Ge automated text when a need arises, and they can come to help and show Part 107
card and get orientated to need.

11.See section 2.8.4.3 number eleven

2.13.4.4 Earthquake with Tsunami Workshop/Tabletop Lessons Learned Summary:

Below are several important topics raised by those attending the workshop and from the comments
made on thelay. The experience of several of the attendees was invaluable as they spoke about
other hazards that can come from an earthquake event, such as landslides and avalanches, as well
as the aftershocks that follow a large event that was the focus of thasese c

1 The drone flight teams should have FEMA IMT training so are aware of protocols,
processes and workflows during an event and are less likely a hinderance.

1 There needs to be a process to determine flight team fatigue so that they can be a supportive
team for the operations and not but themselves and their team at risk as well as those that
they are supporting.

1 Flight teams need to show evidence of experience of flying in-anttiaft environments
as the airspace will be very busy during an event. The team needs to show that they have
and can continue to operate in a busy airspace and provide support to stiveg exi
operations and not be a risk

2.14 4/14/2023, Workshop/Tabletop, Oil Spill, Anchorage, AK, Conducted by UAF
2.14.1 Objectives of th@il Spill Workshop/Tabletop

The workshop was held to showcase the use case to the wider UAS and disaster response
community and to get their feedback on the developed use case. The attdsole@spleted a
Mentimeter surveyon their current capabilities and knowledge of UAS as applied to this use case.
The survey only collected responses based on the organization type and position type of the
attendees, and did not capture personally identifiable information

2.14.2 Planning for and Logistics of theil Spill Workshop/Tabletop

Professor Peter Webley, Associate Director of Research dvAlreACUASI, held a iday
workshop at the Applied Health Building on tb&F campus, starting at 8 am Alaska time. 34
people signed up to attend and, in the end, 4 attended in person and 11 weré\ ordloanic

eruption in Russia caused issues for several to attend in person due to the spreading ash cloud
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causing cancelled flights across Alaska. Several of the attendees haweviobaad in Oil Spill
response events and integrate drones into the operational support and they provided extremely
useful insight

2.14.3 Oil Spill Workshop/Tabletogexecution

Webley led the participants through a set of slides that wenbsgtsfep through th€ ONOPsor

this use case. Time was provided for the attendees to provide feedback at certain times in the day
long workshop. This was done through printed forms that entyl | ect ed the per
description, comment®nd organization typer through orthe-day notes that only connected
comments made with the same categories

2.14.4 Oil Spill Workshop/Tabletog-ollow-Up Activities, If Applicable

Outcomes from the workshapereto develop a different oil spill CONGRver land and with a
smaller spill volume, as this is more likely and where UAS can provide a major difference. Webley
from UAF-ACUASI developed an additional CON®#hat focused on a small oil spill from the
TransAlaska Pipeline Systein Alaska

2.14.5 Lessons Learned from theil Spill Workshop/Tabletop Including Responses to
Research Questions

2.14.5.1 Oil Spill Workshop/Tabletop Key findings:

1. TheAlyeskaPipeline Companyesponds as owners thiefacility. They are supported by The

Alaska Department of Environmental Conservatwith other state, local, and federal

agencies

sUAScould be used to map the oil shine in the harbor.

Live video feeds have been fed back to IMT for oil spill drills in Alaska.

Power availability for all components is an issue in Alaska given remoteness.

Other hazardsan includempact of the UAS operations on the local wildlife.

UAS teamseed guidance from the PIC/MO minimize impact to wildlife.

sUAS could support SCAT teams to locations where they cannot send boats and people.

Update the quad chart to includehois on the teannwhat istheflight plan, and what will the

team do to support response?

9. Operations should prioritize theamediate needextent of contaminationand goss estimate
of the spill.

10.How can UAS assist to map complication coastlines?

11. Are there sensors to include on UAStbe t and passibly categorizée oil (thick versus
thin oil, what ype of cik et ¢ . ) ?

12.UAS shouldprovide a quick pojup missiorat 25ft AGL to understand extent of the event

13.CanML/Al be added into the data stredaminterpret infemationfor decision suppo®

14.The eamshould ncluce wildlife observerto respond quickly to operations around local
wildlife.

15.How do UAS teams send data back to operatiq@sth they usd-ile TransferProtocol
Starlink, Microwavé et ¢ . ?)

16.Can the UAS be a mobile IP with data feeds that can be viewed anywhere?

17.To wrveythe etent of the spillbackup sites are needésipredicted spill movement an issue?

18. Surveywildlife in the regionto determine if safe for operations.

NG hA~WN
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19. Teamwill need to know ICS protocol® react and provide benefit, not hinderance.

20.Mapsshould includeitlal changes at sites, local wildlife zonasgdglobal reference systesn

21.1t is necessary to keep track of theather forecast ovehe region as well as at altitude of
missions.

22.Mission checklist should include firstid trainingand notate eithersunrise or sunsdo be
aware ifit is aNight OP.

23.Mission typed First: large scale viewo help deploy other assewiscover the extent of view
overland vs.ocean, and makeA obgrvations Secondhigh precision data to help with long
term impact and any AAR.

24.0nce the first mission to support EM respoisseompletedlonger flightscan be planned.

25.Tethered UAS providereattime feed over the bagnd hrge scale continued eyes on
operations

26.UAS observationsupport derivation of relative thickness to supplement satellite data.

27.Dataarchivingis a challenge because of the volume of ddthaght logs as CSV. Metadata on
flight crew, aircraft, sensors etc.

28.Issueswith long-term response could pusiieteam to perform night operations.

29.Wildlife impact (such as arassment of wildlife by UAS and of UAS by wildlfes an ORA.

30.The team needs to be aware of any cultural heritage sites in the area.

31.Make a quick response version versus {ergn mapping response the CONOPs

32Z2Looking to the future, how does Al /ML fit i

33. A detail missing in the use case was thatalkspill, where onlyone teamwould respond,
(Part 107operationywould be a mre common response type in AK.

2.14.5.2 Oil Spill Workshop/Tabletop Recommendations:

Below are several important topics raised by those attending the workshop and from the comments
made on the day. The experience of several of the attendees was invaluable. Several of those
groups directly involved in oil spill response said that: (1) alsspdl on land from the existing
pipeline systems would be more likely and could benefit from drones; (2) situational awareness of
the first estimate on the size of the spill would be most useful and help to deploy other assets in
the event response.

91 Drone teams should have FEMA IMT/ICS training to understand protocols and decision
making process.

1 Drone teams should be aware of local wildlife hazards and the impact that their operations
could have on the wildlife in the area.

1 Itis important to have metadata of the aircraft, payload, and team attached to the data so that
anyone analyzing the data is aware of its source.

Drones could provide a quick response mission to support other operations and determine where
to send out other assets. As a result, the drone team will be part of the early response and also need
to know the potential for further hazards from the everd,reot just be a part of the spill cleap

response.

2.14.5.3 Oil Spill Workshop/Tabletop Informed Research Question(s):
The research questions outlined in Section 1.1 were informed by this event as follows:
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1. This use case is a spill from an oil terminal in Alaska that impacts both the surrounding land
surfaces andpreads across the Bay. There is also a need to map the impact of the event that
led to the spill at the terminal itself. The different components of the event response led to a
subset of use cases under this event where UAS will provide actionablgéemedi Below
are the important roles that UAS provide for this oil spill event:

1 Reattime Situational Awarenesktere, video fees (both visible and infrared, including
combined VNIR) would support the ground teams to map the extent of the damage to
the terminal infrastructure as well as the oil spill spread across the region. Thermal data
would allow the event respee team to assess if any fires had started due to terminal
collapse. VNIR data useful to assess extent of oil on land. Thermal/visible useful to
assess extent on water. Combined data used to determine gross estimates of oil spill as
first observations ab@ the event before other assets placed for response.

1 Postflight Mapping: After each flight and missions, the visible, VNIR, and thermal
imagery would be developed into orthorectified composite maps of the extent of the
spill and any damage to the terminal. These products would be developed to integrate
into available data viglization tools, such as GIS software. The products can support
SAR, building damage assessment, and &ftion review for damage removal and
recovery.

1 Postmission 3D modelingBuilding a digital surface model of the impacted area from
the oil spill would support those in damage assessment antigegzsd analysis on the
extent of the event and aftaction review. Rapidly developed products provide those
assessment team to makéormed decisions on the safety of the terminal and if they
are accessible or inaccessible for ground response teams during the event response.

1 Oil Sampling, Ignition, and retardant mitigatiosUAS could provide response teams
proximal access to the oil spill and its extent across the landscape and water surface.
SUAS could sample the oil to assess its thickness and consistency, as well as carry
ignition equipment to burn the oil in place and then place retardant to mitigate the fire
and support those water surface equipment herding up the oil.

The UAS used in this case would map the extent of the spill and provide situation awareness
of where to send other assets to mitigate the oil spread and its impact on the surrounding region.
Several of the attendees, especially those who had been mespidhse and used UAS, stated

that more likely a spill would be from the pipeline itself and smaller in size. Therefore, early

on SA is essential to understand the spread of the oil and where to send other ground assets to
limit the spread and its impact.

N

See section 2.7.4.3 number two.
3. Findings were similar to the Seminar conducted on January 30, 2023. See section 2.7.4.3
number threeSeveraimorespecific risks were highlighted by the attendees at the work:

1 Communication loss t8SEOC There is a break in communication between the flight
crew and the lead air coordinator at ®EOC This results in the flight crew being
unable to adapt missions to need of event response or receive updates on new flight
operations from the SEOC. Flight crew will mitigate this by having a satellite phone as
part of their equipment to increase likeldtbof continued communications and to
continue their pralefined flight patterns while monitoring the airspace for any new
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aircraft that is near their operations. This action will ensure safe flight operations, that
the original observations required are collected, and that the crew can communicate to
the SEOC, even if radio or call service is down.

1 Operations moves from day to night operatid@azen the time of year, the flight crew
operations continue long into the day and towards the local nighttime and the crew is
not set up to operate a night. This results in the team flying without nighttime safe
equipment and putting themselves and othérssk. Flight crew will mitigate this by
having nighttime equipment dvoard their aircraft if there is the potential for their
operations extending into local twilight or nighttime operations. This actibangure
that the team can fly as long as possible in the given conditions and ensuring a safe
mission. Those teams with potential twilight or nighttime operations will add to their
checklist to ensure that this equipment is included. If there is norofaicontinue,
given the light conditions, then the team will end their operations and flights, inform
the air operations led, and return to-peployment location in preparation for next
daydés operations.

1 Drop in atmospheric temperature and conditiombe local temperature at the ground
control station/takeff and landing site and/or flight altitude drops below the safe
operating range of the aircraft and/or the payload. This results in the airframe and/or
payload have issues and failing. The flighemtions will be impacted and potentially
put the flight and other airborne assets at risk as well as those below the flight route.
The aircraft could stop working midflight and be unable to land safelyhtFirgw will
mitigate this by continually tracking the temperature at the ground station and accessing
National Weather Service data of the region that they are flying in. The crew will also
keep a track of the system performance of the aircraft. Thnaetll allow the flight
crew to rapidly respond to a sudden change in the atmospheric temperature conditions.
The crew will be able to set up a return to home/land operation to ensure safe flight
operations or a divert to land immediately if the RTL is pmssible.

1 Takeoff/landing sites move as flown from moving vessel/bdamall VTOL UAS
uses a takeff and landing location for its return to home. For this event cadéA&
will be flown to support mapping of the oil spill impact to the oceanic environment
and/or be used in a herder/burner mode to ignite the oil, in place, and to mitigate the
burning oil. The boat being used losing its mooring and drifts from its origiretidoc
when the aircraft took off. Therefore, the landing site and RTL location has randed
so if auto requested it will not return to the location of the flight crew. This puts the
flight crew and other airborne and ground assets at risk. Flight crew will mitigate this
by continually tracking boat location as compared to originaktdksite and if RTL
is requested then the crew will request this to be the current location of the boat and
ask the skipper to keep the boat as close to this site as possible. The PIC will navigate
the aircraft to the location of the flight crew and the boatdhe aircraft returns for
safe landing. This action always ensures that the flight is performed safely and that the
crew has control of the aircratft.

4. These were developed by the A52 team for an oil spill from the Valdez terminal and subsequent
spill onto the surrounding landscape and oceanic environment. A general hazards ORA that
could occur in all use cases under A52 and specific hazards ORA farsthisase were
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developed to accompany the CON©Rdditionally, a quad chart and a suite of checklists
added to the CONGRand two ORAs. Attendees at the workshop noted that for an oil spill
event in Alaska, while this use case was a major event, the most likely is sscahalspill

from a landbased pipeline where there needs rapid assessment of the spill extent, mitigatio
of the hazard, and clean up.

. Findings were similar to section 2.7.4.3 number fAdditionally, attendees at the workshop
stated that additionaUAS, hexa and octacopter VTOL systems, could be used for several
other components of the use case. These included but were not limited to: SCAT assessment,
and monitoring of response assets to support targeted deployment.

. See section 2.7.4.3 number Six.

Additionally, UAS can have two roles. One as rapid response situational awareness tool that
can get observations on the event impact before any ground crews need to be placed and before
other airborne assets can be deployed. The second role is to provide preciseddata an
observations of the hazards and their impact for infrastructure assessment aadtiafier

review of the event impact. This secondary role requires more precise data and can be collected
by a UAS that operates around the other ground mmdsponse teams.

. For this use case, organizations who want to integrate UAS into the event response and the
NAS will need tofollow local, state, and regional incident command structlirevas
specifically stated by attendees at the workshop that UAS operators and flight crews should all
have some level of FEMA ICS/IMT training. Teams with IMT 100, 200, 700, and 800 training
will understand the IMT as setup for an event, like this @s®,cand be able to smoothly
integrate into the support response and become an ads=H0C. Depending on the location,

there may be statewide emergency response plans in place that define the EMC structure and
responsible operational agency for each aspect of the decision making and assegstent
integration in this use case should be evaluated with these plans in mind so that the systems
can be seen as a benefit to the agencies responsible for preparedness, response, monitoring,
mitigation, and impact assessment. UAS flight crews can follow pdlicy and regulations

for NAS integratan parallel to becoming part of the event response tools and assets. For those
organizations developing the next iteration of their event response protocols, adding in the
opportunity that UAS provide and assessing their impact that they could provigmtotsthe

event response then they will have state of the art tools available. These organizations should
coordinate on the availability of local to regional UAS teams to then add them into the event
response to benefit the decisioraking process.

. There was no direct reference to C2 links in the workshop. Airspace coordination was stated
as important given the number of potential crewed and uncrewed systems. Also, control of the
large andsUAS was included in the ORA with corresponding mitigation and discussed with

the attendees.

. Ensuring a safe network of UAS is highlighted in the ORA and having a flight crew be able to
mitigate against any bad actors wanting to take control of the aircraft is a consideration in the
ORA but was not discussed at the workshop. In terms of the dadaged and products
developed, discussions focused on how to make this accessible to all groups in the response.
Attendees stated to produce all data in common formats that could be placed on secure servers
that could then interface with the relevant w@ite used by each organization.
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10.See section 2.7.4.3 number ten. In additiateralees highlighted that UAS could provide
additional support to the event response, including but not limited to SCAT assessment and
asset management monitoring. Bel ow are sev:
response to this use case:

1 All non-emergency response drone teams should have basic IMT training. This would
be FEMA training and/or a digital badge or miar@dential that they can show like
their Part 107 certificate. All Part 107 private pilots who want to support emergency
respnse should have basic IMT training so when called upon then they can more
effectively be integrated into operations.

1 Team members in SEOC trained on how to interpret data from UAS. This would be to
have those in th8EOCbe able to take the UAS reiiine data and derived products
and use them directly in the event response without having to get the flight crew and/or
UAS operations team to interpret the data. This can be done through a remote sensing
expert being in the BOC and/or a specialist in UAS operations who can provide the
actionable intelligence from the data.

1 Flight crews all aware of wildlife impact from UAS and wildlife impact to UAS. For
this specific use casas well as for others in areas of protected wildlife, UAS flight
crews need to be aware of the protected areas and arei@smight be inaccessible or
unsafe to enter. These restrictions could change during the day, depending on the
wildlife, and so gaining redlme insight and instructions from a local biologist/wildlife
expert would be critical. Also, having this informationw hi n a thedklgtht cr e
with its maps, would be a useful addition to the CON@® crew checklists.

1 UAS used as first situational awareness tool to get gross estimate of spill. UAS could
provide fast response operational support on the estimated spill. This data can support
the response teams to understand the extent of the event and the potentiaaigdound
oceanic assets needed to mitigate the spill and its spread. This would be a
recommendation on supporting fast approval of UAS operations so that the data can be
collected efficiently, effectively, and safely to support the event response.

1 Coordinate sUAS to get observations in small inlets. For this use case, along with the
fast response for gross spill estimates, shiAS would be extremely useful for
mapping the spill as it extends into the small inlets and support ground asset allocation.
This would require a coordinated response between the UAS crews and those cleaning
up the oil in this inlet regions. Communication Wbk key as well as ensuring the
ground/ocean crews can also access thetirealdata to support their decision making
of where to travel to mitigate the spread and remove the oil.

11.See section 2.7.4.3 number eleven

2.15 4/24/2023, Workshop/Tabletop, Wildland Fire: New Fire in Satellite Data, Anchorage,
AK, Conducted by UAF

2.15.1 Objectives of th&Vildland Fire: New Fire in Satellite Data Workshop/Tabletop

The workshop was held to showcase the use case to the wider UAS and disaster response
community and to get their feedback on the developed useAwdigonally, all attendees were
asked to complete a Mentimeter survey to record relevant knowledge and capabilities regarding
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the use of UAS in this specific use case. It should be noted that the survey did not collect any
personally identifiable information

2.15.2 Planning for and Logistics of theWildland Fire: New Fire in Satellite Data
Workshop/Tabletop

Professor Peter Webley, Associate Director of Research dtAlreACUASI, held a iday
workshop at the Applied Health Building on tW&F campus, starting at 8 am Alaska time. 18
people signed up to attend and, in the end, 3 attended in person and 3 wer&ewdra of the
attendees have been involved in wildland fire response events and been part of the support network
for those first responders and decision makers

2.15.3 Wildland Fire: New Fire in Satellite Data Workshop/Tabletdgxecution

Webley led the participants through a set of slides that stepby-stepthrough theCONOPsor
this use case. Time was provided for the attendees to provide feedback at certain times in the day
long workshop

2.15.4Lessons Learned from theWildland Fire: New Fire in Satellite Data
Workshop/Tabletopincluding Responses to Research Questions
2.15.4.1 Wildland Fire: New Fire in Satellite Data Workshop/Tabletop Key findings:

1. UAS can be useful wheronditions are too smoky for manned systems

2. Add in the numberof people, whas on the mission,and theircontact infemationinto the
Quad ChartWhere isthis data to be stored?

3. These are some examples skful data to suppoit wind profile above PBLand a high
resolution map of the fire.

4. Things to sirvey onsite what arethe local hazards? Ithe fire predicted to reacthe site?
Regardlesshackup locationare needed

5. Maps should include redical facilities, population density/locations, vegetation nzaqal
weather maps.

6. Things to consider ini@pace coordinatiomnclude: communications to Air Boss/ICS lead,
and where areghemanned systems?

7. Mission checklisshould include ptocols n case o&n emergencyls there nedical facilities
nearby?

8. Predeployment checklistshould include wathercheckat ground and flight altituddt is
advantageous tieave arincident Mdeorologist orsite.

9. Risk is addedf team has not completed checkliéthat is thempact on operationand what
is theaction plan?

10. Fly downwind sUAS over Fairbanks for air quality assessment.

11.Mission: What is base data to help on change detedsah@re anyearly coverage?

12.General commentsnd questions includ&hat is experience of the operations team to flying
around multiple aircraftandwhat are team skills and history? How fibmr sUAS teams
communicate? How does VO communicate with their PIC?

13.A Log Sheetshould be inplace for multiple sensors and batteries per mission. Adden
numberof GPS satellites.

14. Metadateon the flightshould be archived, but where should itsharel?
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15.Required training for flight teams should inclu@S 100 and 200 as well as National bl
800

16.General ORAshould include iods intheairspace, dense air traffiand kad actors.

17. Specific ORAshould include lsange in windslack of knowledge on fire locatipfire intensity
increaseand & quality risk to crew.

18. Objectives should be used astnics of successnap theperimeter, support ground crews on
the containment, update overnight mapd collectdata that can be interpreted by those in
decision support.

2.15.4.2 Wildland Fire: New Fire in Satellite Data Workshop/Tabletop Recommendations:

Below are several important topics raised by those attending the workshop and from the comments
made on the day. The experience of several of the attendees was invaluable.

1 Drone teams should have FEMA IMT/ICS training to understand protocols and decision
making process.

91 Drone teams should provide evidence of the experience in operating in busy airspace
environments and hazardous response. Not just as simple as having Part 107 and turning
up to provide air support.

1 Flight teams need to show that they are-sefficient and can minimize any hinderance on
the other support teams and the ICS so that are assets to the operational response.

2.15.4.3 Wildland Fire: New Fire in Satellite Data Workshop/Tabletop Informed Research
Question(s):

The research questions outlined in Section 1.1 were informed by this event as follows:

1. This event of a newly detected wildland fire from satellite data led to several different use cases
where drones and UAS can operationally support the event response. There are several
hazardous impacts to the surrounding landscape and infrastructure awtienee/UAS can
minimize putting personnel at risk and supplementing existing assets.

2. See section 2.5.4.3 number two. Additionally, teams shdwddlcon any PIREPS. What is
the weather at flight location and altitudes to be flownfebch system, check it works. Check
with incident meteorologist on potential fire spread and plume dispersal.

3. A general ORA for those risks that could impact all use cases under A52 and a specific ORA
for this use case are coupled to the wildland fire response. Several specific risks were
highlighted by the attendees at the work:

1 Understanding airspace and environmerdbw will UAS/drone operators respond to
a change in the fire weather conditions? Will want to get data off aircraft, in case it
could be lost due to incoming fire, and so will need-tiea¢ need to ground or Al/ML
that sends derived products-flight. Birds/wildlife in airspace- how will team
respond? Dense airspace with many airborne asketg does team respond? Loss of
data streams? Bad actors in the airspace?

1 Access to flight metadatall flight teams should use standard format, and defined
location so can be access from same place for all missions. With raw format, need all
accompanying information so that anyone who gets the data can easily generate derived
products without needingtget back to flight team. This is important if there is an
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afteraction report and assessment of the event response where flight data will need to
be coordinated.

See section 2.5.4.3 number four.

See section 2.5.4.3 number five.

See section 2.5.4.3 number six.

See section 2.5.4.3 number seven.

See section 2.5.4.3 number eight.

. See section 2.5.4.3 number nine.

10. See section 2.5.4.3 number ten.

11.See Section 2.5.4.3 number eleven

2.15.4.4 Wildland Fire: New Fire in Satellite Data Workshop/Tabletop Lessons Learned Summatry:

©ooNoOA

Lessons learned focused on ensuring that the teams supporting disaster response to a new satellite

detected wildland fire event should have FEMA IMT/ICS training to understand protocols and
decisionmaking process. This will provide them with an understandf the operational structure

in an event response and provide a beneficial support to the operations and not a hinderance. Drone

teams should provide evidence of the experience in operating in busy airspace environments and
hazardous responde.t Otgust &s simple as having Part 107 and turning up to provide air support.
Flight teams need to show that they are-sefficient and can minimize any hinderance on the
other support teams and the ICS so that are assets to the operational response

2.16 5/17/2023, Seminar, Airport Terrorism, Huntsville, AL, Conducted by UAH

The scenario for this seminar was as folléwduntsville International AirportSV) was selected

as a |l anding site for the Dream Chaser, .Sierr

The inaugural landing of Dream Chaser at HSV is expected to draw large crowds surrounding the
Airport OperationsArea (AOA) which has several locations on local and county roads as well as
interstate highwaysrhe event will include a mukagency public safety preparedness effort with
local, state, and federabhw enforcement, fire/rescue, and emergency medical personnel on
standby. During the event, multiple authorized UAS will be operating to provide situational
awareness for public safety as well as media outlets reporting on the event. ATC has denied
countles LAANC requests for commercial and recreational remote pilots from the public who
wish to observe and record the Dream Chaser landing from a persondlayA&nforcement and
airport authority public safety subsequently respond to multiple unauthorized UAS spotted in the
area.

One response led to an unauthorized UAS causing havoc to authorized UAS conducting safety
monitoring missions, leading to a crash into the public viewing Areanauthorized quadcopter

falls into the bleachers, injuring two people, one sever&hother unauthorized UAS was
successfully countered but caused a small battery fire in the field adjacent to the AOA, % mile
behind the observation bleachers.

Additional support from federal Count&lAS operators provide unique mu#tgency interactions
2.16.1 Objectives of theirport Terrorism Seminar

The Airport Terrorism seminar was meant to discuss the risk of UAS incursion on airports and
during special aviation events. The seminar mostly consisted of the risk of UAS incursions at
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airport and the use of detection and mitigation technologies available usedatitade airspace
management. The seminar also introduced the tabletop drill that would be hosted following the
seminar

2.16.2 Planning for and Logistics of the\irport Terrorism Seminar

This seminar and folloven drill were hosted during the largeale UAS and Countémmanned

Aircraft System(C-UAS) technology symposium event in partnership with &V, Skyfire

Consulting, LLC,and @ AS Hub. The 0FutWASe SRurnono ft otilayw& s& aC t
event focused on showcasing the current technology fofAS and lowaltitude airspace
management. Over 250 attendees were present at the sympivsmmocal/state/federal
government agencies and industry involved in UABIES development. ThASSURE seminar

on Airport Terrorism was advertised daily at the Future Proof Summit and took advantage of the
existing event infrastructure, for instance, an event tent, temporary restrooms, and televisions, to
host the seminar

2.16.3 Airport Terrorism SeminarExecution

The presentation of the seminar was executed during one of the UAH talking sessions of the Future
Proof UAS and dJAS Summit

2.16.4 Airport Terrorism SeminarFollow-Up Activities, If Applicable

Thisseminarwastaa bl et op dril |l with | ocal | aw enforcer
First Responhder o progr ams

2.16.5 Lessons Learned from the Airport Terrorism Seminar, Including Responses to Research
Questions

2.16.5.1 Airport Terrorism Seminar Key findings:

1. Drones araiseful in response to a terrorist event, but not in its prevention.

2. The restricted airspace in and around airports present specific challenges when employing
disaster response UAS in that environment.

3. Following an airport terrorist event, drones were particularly useful in damage assessment,
SAR, and image gathering for forensic use.

4. sUAS multirotor aircraft were deemed best for all emergency response CONOP

2.16.5.2 Airport Terrorism Seminar Recommendations:

1 The development of processes, standards, policies, procedures, etc. need to be refined
by a combination of agencies involved in all aspects of every imaginable disaster.

T The use of UASs in disasters may UARquire
Traffic ManagementYTM)) and t he reqguirements for t
effectively be defined by individual stove piped agencies.

t

2.16.5.3 Airport Terrorism Seminar Informed Research Question(s):
The research questions outlined in Section 1.1 were informed by this event as follows:

1. Drones are not useful in preventing a surprise airport attatkb s not f easi bl e t
permanently airborne in the sensitive airspace around airports.
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Drones are useful for peattack for damage assessmeé&AR, situational awareness, target
tracking.

N/A

3. In operations near or within airports, congested and restricted airspace are issues. In an
emergency, close coordination with ATC and minimizing the number of drones in use at any
one time are the mitigating factors.

4. No CONOR were deemed to be useful in preventing an atteoktattack, CONOR using

SUAS for damage assessmeBAR, and image gathering for forensic use were examined

Mitigation included minimizing number of concurrent flights, close coordination with airspace

management.

All aircraft were assumed to I3&JAS multirotor.

In this disaster scenario, no UAS were optimum for disaster preparedness; sUA®Boti

aircraft were deemed best for all emergency response CAQNS&d#e question 4 above)

7. 1t will be imperative to ensure common language and procedures betwe&hGHenction
and all emergency response organization making use of drones.

8. N/A

9. N/A

10.The development of processes, standards, policies, procedures, etc. need to be refined by a
combination of agencies involved in all aspects of every imaginable disaster. The use of UASs
indisastersmy require technologies that donodt yet
these technologies canodt effectively be defi

11.This seminar points out that muittor SUAS are particularly suited to pestent damage

assessment and SAR that require close proximity flying within a relatively localized field of

interest.

no

o o

2.16.5.4 Airport Terrorism Seminar Lessons Learned Summary:

Within the limitations imposed by restricted airspace regulations, UAS were extremely valuable
aftera terrorist event in damage assessm®AR, and image gathering for forensic use. Multi
rotor SUAS are particularly suited to pastent damage assessment and SAR that require close
proximity flying within a relatively localized field of interest

2.17 5/18/2023, Workshop/Tabletop, Train Derailment, Burlington, VT and Online,
Conducted by UVM

The second train derailment exercise planning meeting was bpénson and virtual to allow for
flexibility in attendance. This workshop provided the opportunity for the group to continue
exercise development after the initial seminar and dive deepethmtjuestions that arosehis
meeting wasosted byheUVM SAL DirectorandUAS Team Lead. In attendance werethavi
EmergencyManagemenbDirector, VTrans UAS Program Direct@nd Emergency Planner from
Vermont Emergency Management, in addition teeotmembers of thBAL UAS teamincluding

staff, students, and interns

2.17.1 Objectives of the Train DerailmentVorkshop

The objectives of thisvorkshopwere toidentify key partners, participants and resourselect a
location for the exercise everdevelop an implementation plaanddiscuss how the exercise
eventcan nf orm Ver mont 6s use of sUAS in disaster
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2.17.2 Planning for and Logistics of the Train DerailmentVorkshop

This train derailmentvorkshopwasplanned at the conclusion of the previous semindh UVM

finalizing a date and sending out a Microsoft Teams invite for those who wished to meet virtually
and booking a room on UVMO6s .dhe®pLDgectéroreated h o s e
and shared a PBfermat flyer inviting UAH and the FAA to attend.

Based on conversation during the previous seminar and the remaining questions, discussion topics
were developed in advance by UVM.

2.17.3 Train DerailmentWorkshopExecution

UVM presented information via PowerPoint including a reminder of the exercise vision and
objectives, approximate timeline, issues to solve, and logistics such as team roles and platforms.
Throughout the presentation, open discussion was held amongsippatticto provide input,
guestions, concerns, suggestions, and other valuable insights. Following the presentation,
conversations expanded on these topics and any other relevant considerations. A variety of topics
were discussed to continue planning owg thgistics of the mock exercise including, but not
limited to:

1 Location

o The exercise will take place near tBarlington Waterfront Urban Reserve Park in
Burlington, VT. This site was chosen because inactive train cars are stored along the
railroad, which could provide a realistic but safe scene for the mock derailment.
Additionally, it was close to UVM, which could allow for collaboration with local
contacts.

o UVM will want to reach out to Burlington Parks, Recreation, and Waterfront who
manages the land to discuss the usage and signage to block off public access during the
event.

1 UAS Capabilities and Roles

o UVM presented their capabilities and example data from a variety of platforms and
sensordor either mappingKrror! Reference source not found) or real time data
collection Error! Reference source not found). This began conversation amongst
teams about capabilities and expertise with different platform and sensor combinations,
and identified how each group could assist to based on their strengths.

o0 Mapping data and live stream video were chasekey mission profiles for the mock
train derailment exercisgue to the ability for first responders and decisioakers to
utilize the data products for aftactioninvestigations and monitoring

o UVM would focus on LIiDAR,EO, and multispectral data collectiatue to their
platform/sensor capabilities and expertise in these areas.

A Each of these mapping types would simulate collection that may be needed after
a train derailment: 1) LIDAR to generate terrain models for analyzing the
landscape and potential movement of spilled materials, 2ctioe mapping
for documentation of thecene and generation of a 3D model for visualization
and analysis, and 3) multispectral to potentially identify hazardous substances
or other changes to the landscape that cannot be detected by the human eye.
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A As part of this mapping, UVM will operatea multirotor anda fixedwing
platform that is approved for flights over people, which is key given the exercise
location and proximity to recreational areas.

A It was decided that thermal mapping would not be a crucial data collection to
test out during the event. Thermal information could be more valuable in real
time.

o VTranswoul d c ontdiunceto filrievael stream video to
and simulate what might occur during a realrld event, in which case a live feed back
to the EOC could be beneficial.

o An additional Amedi ao or Ainvader o UAS
disruption to airspace that pilots are not expecting, requiring deconfliction.

UVM MAPPING PLATFORMS

Approved by the FAA for
Operations Over People (OOP)

Multispectral Multispectral

Figure1ll UVM platform options and capabilities for mapping
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UVM ‘REAL-TIME’ PLATFORMS

Jrs
True-color imagery & video

True-color imagery & video
Coordinates

Rangefinder

Figurel2. UVM platform optionsand apabi | i ttiiense of odra tfiar ecaoll | ect i o

1 Additional Participants

o VermontUSAR VT-TF1 was identified as a potential group to involve, due to their
expertise in SAR and thermal data collectibany of their members were interested
in getting more handsn flight time and being able to collaborate with other UAS
groups in the state.

0 Additional participants, stakeholders, and observers may include Vermont Eenter
Geographic Information (VCGI), Burlington Police Department, Burlington Fire
Department, Vermont State Police, or Agency of Natural Resources due to their interest
in either UAS or the resulting data products.

1 Airspace Coordination

o The UAS Program Managéom VTranswasselectedo serve as thé U A/Ar Boss 0
To keep focus on this role, the Air Boss would not be piloting any platforms. This role
was intended to monitor the status of flight operations, conduct communication
between groups, ensure safe airspace, and carry out other tasks related to the safe
operation of multiple UAS in the same airspace.

o Potential airspace coordination and visualization tools were discusisasas
undecided if complex software solution would be helpful, or a simple whiteboard
would be better to help track and partition air. Ultimately, it was decided to focus on a
method that could be easily repeatable by different organizations.

91 Data Sharing and Dissemination

o UVM will be responsible for processing and dissemination of data products.

o0 No concrete solutions were chosen for sharing the products, but gwdent that
dissemination and analysis need to be considered in the workflow.

80



T

Schedule and timeline as well asgistics such as equipment, food, refreshments, and
restrooms were also discussédlist of remaining questions surrounding these topics was
generated.

2.17.4 Train DerailmentWorkshopFollow-Up Activities, If Applicable

After the workshop, several followp activities were carried out by UVM, including:

T
)l

T

Scheduled the next workshop with all involved groups.

Contacted USAR VATF1 about involvement in the train derailment exercise to carrg ARt
operations.

Contacted the Burlington Department of Parks, RecreadimhyVaterfront about conducting

the exercise at the desired location, as they own/manage the land. UVM has carried out UAS
operations for the department before and has an established relationship, which would allow
for easy communication regarding permissionise area.

Investigated software capabilities and options for airspace partitioning and visualization,
keeping in mind the desire for an easy and accessible application.

Prepared a visual of airspace coordination during the event to add planning materials and
provide to the Air Boss. It was acknowledged that in aweald emergency, this partitioning

of airspace might not be established until operators arrive on the. $emnsafe and efficient
operations during the mock exercise, it was decided to generate this ahead of time.
Continued to internally work out logistics of the exercise such as refreshments, restroom
access, signage for the public, etc. Although less related to the actual flight operations, these
details were crucial to consider for hosting a successful event

2.17.5 Lessons Learned from the Train DerailmentVorkshop Including Responses to

Research Questions

2.17.5.1 Train Derailment Workshop Key findings:

1.

During an emergency, a variety of platform and sensor capabilities may be necessary to collect
the needed data. For an effective response, UAS teams in a region should respond according
to their capabilities and expertise.

An ongoing livestream for situational awareness would provide feedback to an EOC,
stakeholders, or other parties that are not physically at the scene to improve decision making.
Not every platform has an option for livestream, though, and software selut@ybe pricy,
creating a need for a simple solution.

If there is limited time to collect UAS data, it may be necessary to prioritize data collection
based on the immediate priorities as tasked by an EOC or within ICS.

During a train derailment, a live thermal feed providing insight into fires, locations of people,

or related subjects may be more useful than thermal mapping, which requires time for
processing and dissemination.

A platform that is approved to operate over people can expand emergency response capabilities
by allowing for flight in more populated areas.

There are groups and organizations not directly involved in UAS operations that could find
value in coordinating with UAS teams and helping to generate protocols.

During an emergency, UAS teams should be aware of the possibility of external and
unexpected UAS or other aircraft to be in the area.
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8.

9.

There is a need to safely coordinate airspace and track multiple UAS operations at once using
an easy and accessible method or application.

Data dissemination and analysis are a crucial step in emergency response and need to be
considered when planning UAS operations.

10. UAS operators should be aware and prepared to encounter unexpected sUAS that are not taking

part in the response operations.

2.17.5.2 Train Derailment Workshop Recommendations:

T

UAS teams should be in communication about their platform/sensor capabilities and expertise
and be aware of the data they can collect to fill gaps to carry out more effective emergency
response.

Research and test different UAS livestream functionalities to find a solution that is quick to set
up and easily accessible to pilots and-asdrs alike.

Before beginning an operation, ensure UAS teams are aware of the data priorities as tasked by
the EOC or within ICS. In case there are complications or timing issues, the most important
data should be prioritized over secondary collections.

Develop protocols for which types of collections (mapping vs-tiead data) would be useful
depending on the situation.

During incidents, consider using a platform that G&kpliant to expand access, improve
safety, and collect more data.

Make connections with groups and organizations throughout the region, even if they are not
directly involved in UAS operations, as they may have valuable insight or suggestions for how
to best integrate UAS into emergency response.

To mitigate the risk of interference with other unexpected aircraft (manned and sUAS) in the
operation area, consider what roles or procedures may be needed, such as designating a VO to
solely scan the airspace.

Research and test applications and methods for safely coordinating airspace and tracking
multiple UAS operations at once, taking note of ease of use and accessibility.

Further develop best procedures for easy processing and sharing of UAS data during or directly
following an emergency response.

2.17.5.3 Train Derailment Workshop Informed Research Question(s):

The research questions outlined in Section 1.1 were informed by this event as follows:

1.
2.

N/A

The UVM UAS team communicated with Burlington Parks, Recreation, and Waterfront for
permission to operate in the area and had valuable conversations regarding the scope of the
flights, safety procedures in place, and methods for keepingaicipants otiof the area.

UVM Emergency Management and Vermont Emergency Management provided valuable
insight into the logistics behind emergency response mobilization, what to expect on scene and
common challenges that arise during these types of events. This bridged the gam betwe
technical UAS operations and the overarching risk involved in disaster operations.

There is a recreational path adjacent to the proposed flight area, posing a risk for the presence
of nonparticipants. Some methods for mitigating this include:
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7.

8

9.

1 Planning the automated flight paths to stay within the designated area that does not
overlap with recreation path.
Adding a geebarrier to the platforms so they cannot cross over the recreational path.
Physically blocking off the entrance to the path that leads into the flight area to prevent
the public from wandering in.
Posting signage that notifies the public of the UAS operations in the vicinity.
Having designated liaisons posted around the flight area along the recreational path to
answer questions from the public or redirect if needed.
1 Having additional VOs with the sole task of spotting 4panticipants that may enter
the flight area and communicate this informatiortite Remote Pilot In Command
(RPIC) for mitigation.
1 Using an OORcompliant SUAS platform.

= =4

= =

A risk in this scenario was operating within Class C airspace and in vicinity to manned aircraft.
This could be mitigated by:

1 Deploying VO(s) to support RPIC in monitoring airspace.
1 Utilizing ADS-B receivers for situational awareness.
1 Monitoring airband radio scanner to be aware of communications on CTAF/UNICOM

in vicinity.
1 Identifying and being prepared to execute emergency procedures to yield ROW during
the flight.
N/A
N/A

A multirotor platform will allow for hovering and easy manual flight to perform a variety of
tasks including:

1 Hovering in place to provide a constant live stream of the scene

1 Maneuvering around obstacles and hazards to capture photos and videos

1 ConductSAR operations with the flexibility to hover or maneuver

A UAS platform that is approved to operate over people will allow for collection in more
populated areas.

A UAS platform that can efficiently swap payloads will allow for increased flexibility in data
collection and specialized data products such as thermal, multispectral, or LiDAR.

N/A
N/A
N/A

10. Guidance surrounding prioritization of data collection would be useful for UAS teams to better

understand where and how to focus their efforts during a response. Although this would be
dependent on the situation, it wouldliest practice for the EOC, ICS, or other tasking agency
to provide this information as needed to guide UAS operations.

11.N/A
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2.17.5.4 Train Derailment Workshop Lessons Learned Summary:

With a variety of platform and sensor options, UAS teams should be able to succinctly define their
capabilities to share with other UAS groups in the region, relevant agencies, or the EOC/ICS
during an emergency, allowing for more effective tasking anoripzation of data collection.
During a response, it is important to determine if -tsaé monitoring, mapping, or some
combination is required; examples of mission profiles for a train derailment could include a live
stream feedSAR operation, and EQnultispectral, and LIDAR mapping. It is crucial to mitigate

risk during these operations by using VOs, coordinating and partitioning air space, and avoiding
nonparticipants unless operating an G€dtnpliant UAS

2.18 5/19/2023, Drill, Airport Terrorism, Huntsville, AL, Conducted by UAH

This drill is a continuation of the Seminar event held on May 17, 2023, so the scenario is identical.
See section 2.16.

2.18.1 Objectives of thé\irport Terrorism Drill

The Airport Terrorism drill was hosted as a repetitive tabletop exercise with local law enforcement
and airport operations employees freluntsville, AL. The main objective of this drill was to step
through a realorld scenario of UAS incursion on active airspace during a special event and to
elicit feedback from participants on how the use of other UAS assets may help alleviate the threat

2.18.2 Planning for and Logistics of the\irport Terrorism Drill

This dril |l was hosted on the |-0468 &awhdhf ot he
was a threglay event focused on showcasing the current technology-tbA&and lowaltitude

airspace management. Over 250 attendees were present at the symposium mostly from
local/state/federal government agencies and industry involved in UAB8& devebpment. The
ASSURE seminar on Airport Terrorism was advertised daily at the Future Proof Summit and took
advantage of the existing event infrastructure, for instaatesvent tent, temporary restrooms,

and televisions, to host the drill

2.18.3 Airport Terrorism Drill Execution

The drill was conducted in Huntsville at the UAS/Coul&S Test Facility west of HSVThe
dri || was conducted under a | arge tent that h
event, providing a comfortable shaded location for the drill.

The drill coordinator explained the relationship between this drill and the seminar that had been
conducted on 17 May &SV, and explained the scenario accordingly.

The initial setup was shown graphically, with a map of HSV highlighted with the locations of
public viewing areas (bleachers) and a VIP tent. The location and direction of the incoming Dream
Chaser is indicated, as well as the location of emergency respehscles, equipment, and
personnel . This graphical depiction was print
that was laid on some tables surrounded by participants. Colored pins were used to represent
various vehicles, response groups, teaffdicators, and physical constructs. Since this was a drill,

the map was cleared several times during the event and repopulated with pins as various Injects
were inserted into the everolving scenario.
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There were two drill attendees, both members of the Huntsville Civic organiZBtiey were:

Chad Tillman (Director UAS Operations for Huntsville City), and Joshua Shubert (HPD Law
Enforcement Officer). Both had considerable experience operating UAS in the exact kind of
environment represented in the drill. In spite of there being only two agtenbBescussion and
critique were spirited and varied.

Seminar participants were prompted: Wiabares cus s
some possible pitfalls? How would you change the arrangement? How might a nefarious actor
take advantage of this |l ayout?06 As the discus
were introduced for di sc usS®©PsdonUAS Dpemioss? poesur o r
your organization have equipment preparation and maintenance checklists? Does your
organization have airspace authorization processes? Whaanation from the ICS would you
expect bef orT¥eydverpdlso promptad td stiggest the possible kinds of mishaps

that might occur relating to drone usage during this event.

The dril | di scussion then moved into what mig
the emergency scenario unfolds. The scenario was identical to the one discussed in the seminar
two days priorAs the instructor/facilitator described the unfolding events, he placedauled

push pins into the layout image to identify specific locations of vehicles, groups, happenings, etc

This made it easier to recall and discuss specific details of theH¥ikhlso imposed unforeseen

Ai njectsat.into the scr

1 Law enforcement and airport authority public safety subsequently respond to multiple
unauthorized UAS spotted in the area.

1 One response leads to an unauthorized UAS causing havoc to authorized UAS conducting

safety monitoring missions, leading to a crash into the public viewing area.

An unauthorized quadcopter falls into the bleachers, injuring two people, one severely.

Another unauthorized UAS is successfully countered but causes a small battery fire in the field

adjacent to the AOA, ¥4 mile behind the observation bleachers.

il
1

During this portion of the drill, the guided conversation focused on possible responses and how
the initial layout of resources might have been improved upon. Also, additional questions elicited
responses relating to the organizations of the participéntka s y our or gani zati o
Airport or Public Event incidents in the past

As a final point for discussion during the drill, the participants were offered suggestions for ways
in which UAS might have been used proactively in this scenario and invited to comment on the
pros and cons of each suggested use

2.18.4 Airport Terrorism Drill Follow-Up Activities, If Applicable

Follow up includd further demonstrations of-OAS technologies and engagement with local law
enforcement developindyone first responderapabilities
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2.18.5 Lessons Learned from the Airport Terrorism Drill, Including Responses to Research

Questions
2.18.5.1 Airport Terrorism Drill Key findings:

At the conclusion of a lengthy discussion of the various paths by which the drill might have

unfolded, the following Lessons Learned were discussed:

1. Prior to this event, a more thorough evaluation of the site, engaging the participation of varied
first responders, would have produced a far more robust strategy. Response vehicles would
have been dispersed over a broad area for rapid response in figegrdbcations. The
positioning of observers and VIPs might have been moved to safer locainohiaffic flow
would have been evaluated, redefined, and better controlled, for example.

2. Advance planning for crowd and traffic management is particularly important to a public event

of the sort described in thssenario. A lockdown of the entire area of concern should have

been imposed well in advance of the landing date.

3. With regard to previous historical airport attacks, there is little that UAS might have done to

prevent the incident or even to have given significant advance warning of the impending action.
4. A persistent over head
vehicles useful for reconstruction and forensic analysis of the incident. This, of course, is
complicated by privacy issues when conducting persistent dancsl
5. Postevent, drones are useful for damage assessment, search & rescue, avoiding the personnel
hazards of secondary detonations and chemical hazards.
6. Over the long term after an event that involves infrastructure damage, drones are of value in
inspection and damage assessment, avoiding the hazard of placing humans in the midst of
unstable structures.

2.18.5.2 Airport Terrorism Drill Recommendations:

(Extracted directly from drill participant discussion topics)

observer

dr one

mi ght b

1 HPD has a common frequency, but their radios are labeled differ&h#yreed exists for
consistent equipment labeling practices.

1 1.5 hous before Dream Chaser landing:

3 days beforgbegin flagging parking areas @ountyLine Road as well asareas on

o

(0]
(0]

Boeing Blvd.

Need controlling element at entrances to roads that have parking.

ACascading chaoso

Get word out early that traffic on the day of event is going to be bad. Bring in HPD

f

we

onl

y

have

one

traffic services to help control the flow of traffic. Public relatians necessaigs well.
Get traffic off the roads. Maybe use busses to move people fresit@fparking.

(Helps preclude vehiclborne IEDS)

Define jurisdiction lines. Are we dealing with HSV or Madison County jurisdiction?
VIP center is blocked in, there's no emergency exit or way to get emergency vehicles

in.

Move the VIP tent to the emergency respondleos. Splits people up and keeps them
away from the crowd. Also eases the burden on response teams. Or could possibly

move tent further south.
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(0]

Add some cameras around the area with remote viewing areas.

Put an additional emergency response team next to the bleachers. (Ask Huntsville
Hospital or nursing students to assist in the medical tent) (Reach out to other cities to

help provide ambulances)

Alabama Law Enforcement Agen¢XLEA) takes lead.

Liaison from each agency to help communication.

Since i1tdéds private i ndustry, t hNASAiwi | | b e
probably going to want to be engaged as well.

FAA is the ultimate authority for this event. It will be crucial to establish roles and
responsibilities early.

M Use of UAS before an event

(0]
(0]
(0]

(0]
(0]
(0]

Have one on each fence line monitoring perimeter.

UAS won't prevent unauthorized UAS usage but will help find pilots.

Reach out to people with active tracking systems like Observation Without Limits
(O.W.L.)E to help find UAS in the air.

Threats from agriculture sprayer?

Huge threat from fentanyl since so little is needed to kill so many (Small payload)

50 miles out ground all UAS in the air.

9 Drone in air:

(0]

(0]
(0]
(0]

o o

© O OO

Have we posted signs saying no drones in the area?

Post signs AAny drones in the air wil!/ b e
No packages allowed at or beyond security checkpoints.

If we have proper checkpoints drone pilots are going to be restricted to distant parking

lots.

Is it coming from the river? Proximity of Tennessee River demands extra vigilance to

the south.

Add game wardens to the list of people that should participate due to proximity of
Wheeler Wildlife Refuge.

Use Leidos systems to bring drones down.
possible.)

10 minutes from landing everything allowed is on the ground.

Candét use a helicopter because of the TFR
Reserve airspace for all counter UAS operations.

Issues to consider if eliminating nefarious drone: Where do we bring it down? Does it

have explosives on it?

1 Drone comes down and injures someone:

(0]
(0]

o

o

Bring in a smaller (rather than larger) group in order to limit the amount of panic.
Assume there is an explosive on the drone. Nobody moves in until Explosive Ordnance
Disposal (EOD) team clears the area.

Name parking lots and have aisles so that we can communicate pilot locations.
Ensure decl aration of #Alntent to fly.o
By nature, DJI aircraft will not be able to fly in the airport airspace. Looking for First
Person View pilots that are more likely to be flying.

Concern: Where does liability fall if we take control of the drone and then it crashes?
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o Put up temporary telescoping cameras to watch parking areas during 10 minutes that
drones candét be in the sky.
o Air Boss will be monitoring two channels. One helping get people out, one for
Emergency Medical Services situational awareness.
0 Aid station is the staging point until we can get an ambulance involved.
1 Fire in the hay field behind the audience:
Employ nearest fire truck to contain blaze.
The ambulance will drive through the smoke.
Keep all parking off county line road to let ambulance in and out.
Need containment to keep people from running onto runway when they are moving
away from the smoke.
The best method to prevent all of this is to prevent drones from getting into the air.
Have vendors selling water equipped with fire extinguishers.
Have multiple brush trucks available and create fire lanes.
Use all the counteAS systems from future proof to mitigate risk.
o Look for heat signatures in the nearby woods.
1 Each agency knows its roles and responsibilities and when they take over:
0 Someone at the command hub is deciding which agency takes over and when.
o Have a round table I'N PERSON with all the
o Isthe FAA or NASA going to have their own resources to map in the event of a crash.
We will have to deconflict airspace.
There are going to be a lot of cameras at this event.
Whenever systems take over control of UAS, t
Park people on the other side of the airport and require a shuttle over to the bleachers.
Have bomb dogs sniffing cars.
Still put drones on the corners of the event.
Parking is available at Dunlop and Remington plants.
Posted officers near bleachers, patrolling parking, and on roads for traffic management.
When drone is in the air what do we do?
o Utilize counter UAS devices.
Mitigated poorly and comes down in bleachers to cause an4njury
o Get HEMSI on their way.
o0 Move patient to the nearby aid station.
o The officer on county line road opens it up for an ambulance.
1 Move the crowd back to the west of county line road.
o Emergency crews can move in front of the crowd. Need to keep people out of the road.
1 Terrorist attack to run a barricade:
o0 Need to keep people off road in this scenario.
o Utilize serpentine access points on entrances.
1 Deter, Deny, Delay:
0 Putfood trucks on the road to help block road off.
0 Possibly bring food trucks behind the crowd.
1 Move aid station up the road closer to crowd. And put another one near parking.

O O OO

O O 0O
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People can park at the airport too, but they will need to be shuttled to viewing.
Wind pushes fire across the road:
0 Brush trucks handle this.
o Can Redstone Arsenal FD help supplement fire response?
Outsource some of the screening to lighten the load on Huntsville Police Department (HPD)
What happens if kids are there on school field trips?
0 Set special bleachers for the kids to help keep them contained.
0 Required to register to find out how many kids will be there.
o0 Maybe put them outside of the terminal on inside of the fence so they can be controlled.

2.18.5.3 Airport Terrorism Drill Informed Research Question(s):

The research questions outlined in Section 1.1 were informed by this event as follows:

1.

2.

3.

4.

5.
6.

For the Airport Terrorism event drill, the participants identified several different use cases for
which UAS are particularly well suited:
9 Traffic monitoring
1 Transporting of medical supplies in a highly congested environment
1 Large scale event situational awareness
For the Airport Terrorism everdrill, the Huntsville local law enforcement was extremely
engaged in discussing a strategy and solution to a potentialyoeal scenarioSome of the
lessons learned were the level of effort required for preparatory success in managing traffic of
both people and automobiles, sterilizing the airspace at@gbeemined time before the event
takes place, and having a method of UAS mitigatii@t ensured protection of spectators
The A52 drill participants responded with a suggestion of reducing the use of UAS at time of
event This was surprising to hear until their justification of being able to rapidly identify a UAS
flight violation in what would effectively be airspace with a TFR in pldd¢es rapid 1D would
allow the law enforcement team to quickly decide best practices for effectively disabling the
aircraft or identifying the PIC of the craft and to respond appropriately.
Traffic monitoring Use SUAS in areas of heavy traffic on the day of the event to inform law
enforcement when the need arises to redirect traffic or take other measures to improve/control
traffic flow. Mitigation i avoid flying over people or traffic, use qualified Part Xdned
UAS PIC to maintain proper flight procedures for the situation.

Transporting of medical supplies in a highly congested environnusme sUAS to deliver
medical supplies in an extremely congested environment with restricted traffic flow. Medical
supplies (Whole blood, plasma, or medication) are flown from the central medical facility (near
the center of the airfield) to the point of de@nost likely in the crowded spectator area).
Mitigation T minimize flying over people or traffic, use qualified Part 107 trained UAS PIC to
maintain proper flight procedures for the ation. Land the UAS in an unoccupied area nearest
to point of need. Qualifiedmergency management agepeysonnel, stationed in many food
trucks, will arrive on scene rapidly enough to direct PIC in landing of UAS.

All CONOPs defined in this drill would employ sSUAS, typically commercial multicopters.

All CONOPs defined in this drill would employ sUAS, capable of carrying video equipment
of high resolution and sufficient battery power to remain airborne for up to anAtdeast

one sUAS must have sufficient lifting capability to transport medical supplies up to and
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included blood bags. One unit of blood weighs 1.04 Ibs. Because the equipment may

unavoidably fly over people, proven reliability is also needed.

N/A

N/A

N/A

0.1t became evident that planning must begin months in advance for an event of this magnitude
and complexity. Elements such as remote parking, traffic management, site layout, and
logistics must be carefully planned and synchronized. When conducting thisnglait is
useful to brainstorm in an attempt to conceive of every imaginable nefarious activity that might
be encountered and how it might be prevented, thwarted, or minimized. A planning checklist
for large public events in a time of drones would belaable asset in conducting this leng
range planning.

11.N/A

2.18.5.4 Airport Terrorism Drill Lessons Learned Summary:

B ©oowoN

Advanced fanningis crucialfor an event of this magnitude and complexégpecially for details
like remote parking, traffic management, site layout, and logisfiben conducting this planning,
it is important to tryto be cognizantof every imaginable nefarious activity that might be
encounteredso to prepare fdmow it might be prevented planning checklisshould be created
before darge public eveniike this.

2.19 6/21/2023, WorkshopTabletop, Train Derailment, Burlington, VT and Online,
Conducted by UVM

The third workshop was conductedperson and virtually. With the exercise location selected,

the topics discussed during this workshop focused on associated risks and hazards, airspace

considerations, and finalization of UAS teams and additional rolesaifendees included UVM,

VTrans, UVM Emergency Management, and Vermont USARTVL.

2.19.1 Objectives of the Train Derailment Workshop

The objectives of this meeting were to further solidify logistics for the exercise, including roles
and responsibilities for flight teams and airspace deconfliction. Additionally, this meeting
discussed risk mitigation techniques for the area and thesaggetions to ensure safety amongst
participants and the public.

2.19.2 Planning for and Logistics of the Train Derailment Workshop

This train derailment workshop was planned at the conclusion of the previous event, with UVM
finalizing a date and sending out a Microsoft Teams invite for virtual participation and reserving
a room on UV Méersog atengance. Disocnssionitapd consider as a growpere

noted prior to the start of the meetimghich were based on conversation and remaining questions
from the previous meeting. To provide more insight into the exercise location, the UVM Team
visited the site ahead of the meeti captured photog=igure 13, Figure 14), and took note of
important considerations.
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Figurel3. Entrance to the site location on the right, adjacent to the rail tracks. Recreation path is to the
left.

Figurel4. Stationary train cars present on the.site

2.19.3 Train Derailment WorkshopExecution

UVM presented information via PowerPoint. Throughout the presentation, open discussion was
held amongst participants to provide valuable insights and address concerns. Following the
presentation, conversations expanded on these topics and other relegatgrations. A variety

of topics were discussed to continue planning out logistics of the mock exercise including, but not
limited to:

1 Burlington Vermont WaterfrontHrror! Reference source not found) along the Vermont
Rail Systems railwayHrror! Reference source not found) is the decided location of the
exercise. The site has train cars to replicate what might be present during an emergency, nearby
nonparticipants that must be mitigated, and controlled airspace requiring authorization, all of
whichwill help participants practice necessary procedures for UAS operations. Efforts will be
made to ensure the public are kept out of the operating area and aware that the event is a mock
exercise and not an active emergency.
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Figurel5. Blue arrow indicates the site location in relation to the city of Burlington

7 SN R e

Figurel16. A closer look at the site location, which is along the railroad tracks offset from the
recreation path

1 Risks identified for the location include power lines that should be avoided during flight,
potential for norparticipants to be recreating in the area, and varying topography that should
be considered when flight planningdure17).
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RISKS

Eu

Utility People Terrain
Lines

Figurel17. Identified risks include utility lines, people, and terrain

1 The exercise location is within Class C airspace, due to its proximity to the Burlington

International Airport (BTV). The location fallwithin a 400foot LAANC cell (Figure18). It
was determined that LAANC approvals will be obtained prior to flight operations by each UAS
team to allow for flights up to the maximum of 400 feet in the designated area of interest.

AIRSPACE

e 6/15/2023

12/712017

44,4875
-73.2292

Global Unique 49456533-299b-
Identifier 4c31-bbSa-
73ed8ceeSelc

Airport Count

Figurel8. The LAANC cell for the site is selected, revealing a ceiling height of 400ft

1 The UAS operators for the exercise are UVM, VTrans, and USAR. Each organization will

T

operate their own individual SUAS platforms and sensors to help accomplish the goals of the
mock train derailment response. The following are additional attendees thatotvibe
operating platforms but plan to remain involved for observation and/or evaluating
performance: Burlington Police Department, Vermont Emergency Management, and UVM
Emergency Management.

The mission profiles were finalized for each group as well as the associated
roles/responsibilities for each team.
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o It was decided that identification of the following mock hazards would suit a train
derailment: Fire, SpillISAR, and afteraction investigationHigure19).

A Fire will be identified using regime EO (RGB) and thermal imaging

Chemical spill by EO (RGB) and mulipectral orthomosaic

SAR using EO (RGB)

After-action investigations data collected with EO (RGB) Orthomosaic and

terrain models.

> > > >

MISSION PROFILES

Situation _______INeed _________Platform & Sensor

Fire Real-time RGB and Multi-rotor with RGB
thermal imaging and thermal sensors
Spill Real-time RGB Multi-rotor with RGB

Multispectral orthos Fixed-wing
multispectral

SAR Real-time RGB Multi-rotor with RGB
Investigation RGB orthos Fixed-wing orthos
Terrain Models Multi-rotor LiDAR

Figure19. Mission Profiles for the mock exercise

1 The scenario will be logistically planned by UVM, the Air Boss will be a representative from
the VTrans evaluation of the event will be conducted by Kansas State University (KSU), data
will be processetly UVM, anddata will be disseminateady UVM and VCGI Eigure20).

ROLES & RESPONSIBILITIES

Role  Organizaon
Scenario UvM

Air Boss VTrans

Evaluation KSU

Data Processing UVM

Data Dissemination UVM/VCGI

Figure20. Exercise roles assigned to participanting organizations

2.19.4 Train Derailment Workshop FollowUp Activities, If Applicable

The primary followup activity was for UVM to finalize the schedule and documentation for the
functional exercise, planned to occur in August 2023. However, the severe impacts from major
flooding that occurred throughout Vermont in July and August 2028teelsin the SAL Director
postponing the planned exercise event until the winter/spring of 2024.
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2.19.5 Lessons Learned from the Train Derailment Workshop, Including Responses to

Research Questions

2.19.5.1 Train Derailment Workshop Key findings:

1.

Non-participants and other public in the vicinity of UAS flight operations often have curiosity
and questions that can be distracting to UAS pilots or otherwise disruptive to the safety of
flights.
UAS pilots should be aware of how to submit airspace approval requests through typical
pathways as well as during an emergency. When applicable, LAANC can be a quick and
straightforward method.
When conducting an exercise or readrld flight operations, there are often issues, challenges,
unexpected technical problems, or other lessons learned that arise.
Expected mission profiles were confirmed for a train derailment situation:

1 Realtime fire response: multirotor with EO/IR capabilities

1 Oil or hazmat spill: Multirotor with EO sensor & fixed wing with multispectral sensor

1 Search & Rescue: Multirotor with EO sensor

1 Investigation & Reconstruction: Fixaging with EO mapping sensor, multirotor with

LiDAR sensor

2.19.5.2 Train Derailment Workshop Recommendations:

l

T

Develop methods for limiting interruptions from the public, such as:
o Designating a liaison who can communicate with the public during operations to
prevent distraction of pilots or observers.
o Creating signage, leaflets, and/or digital outreach to inform the public on the
operations.
o Physically blocking off access to the flight area if permissible.
0 Ensuring RPICs are wearingVisibility vests identifying them as sUAS operators.
During an emergency, check airspace restrictions prior to arrival to muster point deployment
if possible. If applicable, LAANC should be used to acquire airspace authorization instantly
and expedite operations. For more complicated methods such as SSElecgenerating an
SOP for types of airspace approval, how to request authorization depending on the scenario,
and resources for doing so.
Develop a method for tracking challenges or other lessons learned during an exercise or real
event such as:
o Designating someone who will take notes as issues arise.
o0 Hosting a hotwash afterwards and recording notes.
o Conducting a debrief meeting in the following days, or a follgmover the next weeks.
Integrate the feedback and solutions captured during the above activities into action as soon as
is feasible.

2.19.5.3 Train Derailment Workshop Informed Research Question(s):

The research questions outlined in Section 1.1 were informed by this event as follows:

1.

UAS can be used for reime monitoring and live stream capabilities, strategical operations
such asSAR, and technical analysis resulting from mapping products. Most of these use cases
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6.
7.
8.
9.

would not be possible for boots on the ground during an active, potentially hazardous or
dangerous train derailment.

While live stream feed can be ingested by the ICS or EOC in real time, the resulting UAS
products from mapping could be used for further analysis, damage assessment, or research.
UVM, VTrans, and USAR VITF1 discussed capabilities, internal procedures, best practices
and suggestions, and other insightful knowledge to generate mission profiles that best fit their
capabilities and addressed the challenge at hand.

The VTransUAS Program Manager will serve as UAS Air Boss, enabling communication
between agencies and ensuring successful coordination, which otherwise would not be possible
between each team.

KSU will serve as an evaluator and track lessons learned, assisting in the process of reviewing
and refining procedures, which is a crucial step in facilitating safe UAS operations.

The issue of airspace and flight over fmarticipants has been discussed and previously
mentioned mitigation techniques have been further develdpedher common risk identified

for the location include obstacles such as trees and power lines:

1 Utilize available obstacle avoidance capabilities for UAS that have the functionality,
which will allow the platform to stop before encountering obstacles.

9 Utilize VOs to keep an eye on the platform and warn pilot if it nears obstacles, which
can be especially helpful for powerlines or thin branches that are often not detected by
obstacle avoidance features.

An additional risk is the varying topography of the landscape, which slopes upwards near the
railroad tracks.

1 A mitigation technique is to ensure any automated flight plans utilize elevation
data/terrain following to ensure consistent altitude above ground through changes in
the landscape.

N/A
Thefollowing categories:

1 Realtime fire response: multirotor with EO/IR capabilities

1 Oil or hazmat spill: Multirotor with EO sensor & fixagiing with multispectral sensor

1 SAR: Multirotor with EO sensor

1 Investigation and Reconstruction: Fixethg with EO mapping sensor, multirotor
with LIDAR sensor

N/A
N/A
N/A
N/A

10.N/A
11.The following hazards/disasters and scale:

1 In this scenario, UAS would be beneficial to provide a higheolution, ongoing
livestream of the scene. With the capability to hover at relatively low altitudes, move
in closer to investigate features of interest, and provide either EO or IR data, a
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multirotor UAS could more effectively provide detailed information and context of the
scene that would be challenging with a larger manned flight.

1 If the emergency is localized, as may be the case with a train derailS?%Rt,
operations could be more focused with a UAS that can navigate at a range of altitudes
and reach otherwise inaccessible locations that are not feasible for a larger manned
aircraft.

1 The precision of a smaller UAS sensor as opposed to a manned flight would also aid in
identification of fires, hazardous materials, or other features that could be difficult to
see at a higher altitude.

2.19.5.4 Train Derailment Workshop Lessons Learned Summary:

UAS pilots should be aware of the process for checking airspace and gaining approval, LAANC
being a crucial capability to take advantage of. It is important to be aware -pantazipants in

the area and consider using a variety of methods includinggsigmad/or a liaison to prevent non
participants from entering the flight area and distracting UAS operators or crew members. For a
train derailment scenario, a combination of mission profiles will likely be needed to capture the
data, so it is best to getipport from those with the proper capabilities and bring a variety of
platforms and sensors when possible.

2.20 6/28/2023, Functional Exercise, Hurricane/Tornado/Flooding, Tallahassee, FL,
Conducted by UAH

TheCURSEwas a largescale functional exercise involving 63 agencies from across the southeast
region involved in disaster response. Running froa228une 2023, CURSE consisted of two

full days of field operations performing reabrld tasks for UAS strike team3hese kinds of

tasks included damage assessmBAR, and mapping missions in locations across Tallahassee,
FL. UAH pulled together two UAS strike teams consisting of at least one UAS mission pilot and
one UAS technician to attend and partiogoat the functional exercise. The Leon County Public
Safety Complex in Tallahassee, FL served as the EOC and hosted the FEMA Region IV Remote
Sensing Cell

2.20.1 Objectives of thédurricane/Tornado/Flooding Functional Exercise

CURSE was designed to bring together UAS operators and remote sensing expertise across a wide
range of emergency management agencies. Teams were expected to conduct a senesriof real
disaster response tasks and follow the ICS processes to propenyuomate and record
activities

2.20.2 Planning for and Logistics of théHurricane/Tornado/Flooding Functional Exercise

UAH prepared two strike teams to attend and participate in CURSE consisting of at least one
mission pilot and one field technician

2.20.3 Hurricane/Tornado/Flooding Functional Exercisdexecution

UAH teams drove from Huntsville, AL to Tallahassee with multiple UAS and supporting hardware
to properly engage with the CURSE operational tasks. On the first day of operational tasks, the
UAH teams operated independently. On the second day, the two dAts temained together to

more effectively collect and process data to the remote sensing teams at the EOC
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2.20.4 Hurricane/Tornado/Flooding Functional Exercisd-ollow-Up Activities, If Applicable

CURSE 2024 a followup to this CURSEeventhas alreadyaken places a tabletop exercise in
which UAH participate.

2.20.5Lessons Learned from the Hurricane/Tornado/Flooding Functional Exercise,
Including Responses to Research Questions

Covered in separate report covering Lessons Learned Fmnctional ExercisesAlso, the
following:

2.20.5.1 Hurricane/Tornado/Flooding Functional ExerciseKey findings:

1. Understanding of the circumstances surrounding the situatiohpgaramount importanc®
appropriate UASselection

2. Multi-crew deconfliction becomes a challenge during the-rfasting developments
experienced in daster response

3. UAS familiarization:Crewmembers may not have a complete understanding of the UAS being

flown.

Especially when operating with DJI aircradfeware of unexpectgaEOfencinglocks

5. When operatingin extreme environmental conditions, be prepared éguipment
malfunctions.

6. Overly complex communication practices can overwhelm small or inexperienced response
teams and create a hindrance to good communication.

7. Especially with new or inexperienak crews, there may be a lack of knowledge or
understanding d8GI/TFR

8. Several crews observed during this exercise demonstrated a lasdwdédge or disregard for
appropriate and applicable regulations.

H

2.20.5.2 Hurricane/Tornado/Flooding Functional ExerciseRecommendations:
1 A visual observer or other liaison to coordinate with other crews on site can help solve
the issue of mulcrew deconfliction.
Ensure the crew has been trained and is proficient with the UAS being operated.
Simplifying communication modes and limiting communications to only pertinent
information would improve communication pitfalls
1 Wherever possible, dis@r response personnel should be required to have completed
thorough training in the regulatory framework that applies to their functions dbeng
emergency.

T
T

2.20.5.3 Hurricane/Tornado/Flooding Functional Exerciselnformed Research Question(s):

1. N/A

2. FEMA and the otheparticipants in the exercise conducted a thoraaftgractionreview on
the final day to ensure that each participant could share their lessons learned.

3. N/A

4. There were instances observed when crewmembers may not have a complete understanding of
the UAS being flown. Audible warnings for battery depletion were misinterpreted for Return
to Home initialization.
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Ensure the crew has been trained and is proficient with the UAS being operated. Currency
requirements for organizations could ensure knowledge recency and proficiency levels are
appropriate for the missions.

5. N/A

6. One flight area required a custom unlock from DJI. This cannot be done from a phone, so it
required the crew to utilize a laptop and go through the unlocking process.
Recommendati on: Utilize DJI O0s Quaflyrohesimd Ent i
the United States. While this is reserved for public safety entities, those who support these
entities on missions also qualify. This removes the requirement f@eeceustom unlock and
allows crews flying DJI equipment to get in the air much quicker. The crew will not have
insight on the area of operations until the request comes through, so, having the UAS unlocked
for all No-Fly Zones (NFZ) locations would beedl. It would also prove valuable to have a
non-DJI UAS with similar capabilities on site in case of NFZ issues. RPICs should keep in
mind that DJI unlocks do not replace an FAA airspace authorization, should one be required
for the flight location.

Some crews had equipment overheating and had to either move to shade or pause operations
to cool the equipment down. Ambient temperatures were in theld@¥®e Fahrenheit range.
Recommendations: Finding a spot to set up in the shade or pause operations to allow the
equipment to cool down worked well for crews. Ideally, BVLOS approvals to allow the RPIC

to operate from within a climateontrolled vehicle would be best. Bringing dbadevices,

fans, and ice coolers can also help in these situations. Before deployment, crews should
consider the environment and how to best mitigate the environmental hazards to themselves
and their equipment

7. Teams arrived on mission sites without assessing task requirements. For example, during the
first mission, t he st r i dethattheeatmer @ewldid oowthke d g e d
this mission. Their UAS would not have perfoc
UAS for the tasking.

Prior to deploying for a mission, if there are multiple strike teams, communicate task
requirements (data to be collected, area to observe, takeoff/landing locations if available, etc.).
Strike team capabilities knowledge may also be observed from tidemtcommander (IC),

who would be able to assign tasks based on those capabilities

Recommend esignaing a Visual Observer or other liaison to coordinate with other crews on
site. Being able to adjust as the situation progresses to accommodate other crews is essential.
Therefore, having a plan in place prior to takeoff would be beneficial. For examplafdtye s

brief could include alternate routes or altitudes to fly, depending on additional operators in the
area. This would also be beneficial if new, arriving crews spread out so much that it becomes
difficult to communicate with them.

8. N/A

9. N/A
10. There were multiple crews operating in one location at a titAél did a nice job coordinating
with each other and with external crews, but that level of communication and separation was
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not observed from external crews operating during the event. Additionally, as new teams
arrived on scene, communication for deconflicting wasexistent.

Due to the communication methods for this particular exercise, it was difficult for many crews

to keep up with the assigned tasks. At least three separate means for communicating between
crews and the EOC were established. Smaller crews especially didveothe resources to
dedicate someone to monitoring these methods continuously, and it was easy to miss
communications.

Recommendations: Simplifying communication modes and limiting communications to only
pertinent information would improve communication pitfalls. However, in a-weald
situation, electronic communications may be limited as a result of the disasteoctlibehfen

would be on intecrew communication procedures and should be something that is addressed
during the safety briefing with the crews.

While nearly all crews operated under 14 CFR Part 107 during the exercise, it would be helpful
for crews to become familiar with operations within TFR and how to procure SGI approvals
from the FAA.

Recommendations: Although SGI requests would not be approved for training scenarios, it
woul d be beneficial for future training exer
crews to run through the process. This would ensure that fewogkl stuations, crews would

have the knowledge necessary to obtain emergency approvals.

Multiple crews were observed flying BVLOS of the RPIC. Some crews employed a Visual
Observer (VO) in offset locations from the RPIC, under the impression that this would satisfy
the requirements of 14 CFR Part 107.31. One crew failed to use a VO atdalbramued
BVLOS of the RPIC throughout the entirety of the flight.

Recommendations: Ensure all crews are following the regulations by completing standardized
trainings and briefings prior to the operation. Explore all possible avenues for legal operations
SGI, public COA if possible, operating under 14 CFR Part 107 wsaive

11.N/A
2.20.5.4 Hurricane, Tornado, Flooding Use Cas€CURSE) Lessons Learned Summary

In this live exercisglessons emphasized the importance of matddihg to tasks through better
communication among tearasd the EOCEffective coordination among multiple UAS crews is
crucial to avoidnterference between strike teams and to ensure the UAS with the best capabilities
is assigned to the tasks at ha@dmprehensive training and currency requirements are needed to
prevent misinterpretationsf assignments and responsibilitiddnderstanding ofequipment
limitations andplanning for equipmencooling in hot environments is essential. Simplified
communication methods and intenew communication are crucial for effective operations.
Lastly, crews should beell-versed inthe regulatory environment in which they are operaiting

14 CFR Part 107 or Public COAs. Knowledge in obtairfa@gl approvals and procedures for
operations iNTFR areascan greatly increase safety of the NAS while adhering to the regulatory
environment. Practice of these operations should incorpoiatk approval processés SGI and

TFR access
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2.21 7/11/2023, Functional Exercise, Flood Response, Montpelier, VT, Conducted by UVM

The State of Vermont was severely impacted by severe storms, flooding, landslides, and mudslides
between July T 21, 2023. The initiastorm systenon July 910 dropped between-8 inches of

rain causing catastrophic flooding in many areas throughout the state. The storm, which initially
struck New York before moving to New England, resulted in severe flooding that shut down major
roads and highways and promptathdreds of evacuations. Two major rivers, the Winooski and
Lamoille, surpassed waterleveloec ds s et dur i ng ARdsasledwsas dedared i ¢ an ¢
by FEMA on July 14, 20230R-4720VT) foll owing the Governords
expedited major disaster declaration.

In coordination with Vermont Emergency Management, VTrans, and Vermont State Police,
UVM6és UAS Team began sustained sUAS flight 0
efforts on July 10, 2023, operations continued into late August. In total, mora@andividual

SUAS flights were carried out, with the final missions related to flood recovery efforts occurring

in late October and early November 2023.

This functional exercise presents a set of SUAS flight operations on Jly2023, with the
purpose of documenting highater flood impacts in downtown Montpelier. This operation was
selected as particularly illustrative of the variety of challenges and lessons learned throughout more
than 86 fixedwing and multirotor orthoimaggrmapping operations, in addition to 94 small
multirotor missions for oblique image and video capture.

2.21.1 Objectives of the Flood ResponBenctional Exercise

The purpose ofhlis operationwas to acquire UAS imagery and mapping data to visualize the
flooding extent provide situational awareness for potential rescue effupgort rapidseospatial
DamageAssessment@GDA), provide documentation to supp@trequest for a federal disaster
declarationand to aid irfutureflood resiliency research aminning Montpelierwas identified

by the VermonSEOCas a highkpriority location for data collection on July 11 due to the severity
of flooding damage, the cibyslense populan, and geographical location. Given the dense
population compared to many parts of a rural staég dollectionof this areawould provide
further insight into thémpact of flooding on urban areas and residentimizing the impact of
the work being donét the time of this mission, a dam located upstream fxontpelierwas at
risk of overflowing and given thatthe downtown areavas alreadyinundated, it wagrucial to
capture higkresolution spatial dataf the cityas quickly as possible.

2.21.2 Planning for and Logistics of the Flood ResponBenctional Exercise

Initial planningfor this operation began on the morning of July 10, 2023, as Vermont began to
realize the severity of the impacts of initial overnight July0%torms. The Director of the UVM
SAL created a new communicati ons ctiorasoftwaéd i n S
system, to focus on response to this flood event. Throughout July 10, meetings occurred for the
UAS team to deploy UAS response teams, assign mission priorities, allocate resources, and
prepare equipment for anticipated opienas. Initially, the response teams were generated to carry
out the following mission profiles and equipment allocations. This exercise report focuses on the
efforts of the team capable of O@Bmpliant large area mapping operations.
1 Large area trueolor mapping with OOP capacity. Secondary prafileapture of oblique

imagery and video.
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o0 AgEagle (senseFly) eBee X and eBee TAC fixadg UAS
A senseFly SODA trueolor mapping sensor (OOP compliant)
A senseFly SODA 3D trueolor mapping sensor with oblique capabilities (OOP
compliant)
A senseFly Aeria X trueolor mapping sensor
A senseFly DueT true-color and thermal mapping sensor
o DJI Mini 3 Pro multirotor
1 Medium/small area trueolor mapping and 3D modeling with focus on infrastructure,
landslides, small communities. Secondary prafitapture of oblique imagery and video.
o DJI M300 multirotor UAS (2 systems)
A DJI Zenmuse H20T EO/IR sensor
A DJI P1 truecolor mapping sensor
A Yellowscan Surveyor LIDAR sensor
o DJI Mini 3 Pro multirotor
1 Imagery/video collection. Secondary profilesmall area trueolor mapping.
o DJl Mavic 3
o DJI Mini 3 Pro
o DJI Mavic 3 Multispectral

Additional internal coordination occurred to identify priority locations and the expected timing of
peak flood water levels, which were anticipated to be around 12:00 EDT on July 11. Following
the SAL Director and UAS Team members attending a FEMA Regibederal Emergency
Functionpartnersactivation call at 10:45 EDT on July 10, outreach efforts to offer UAS support
to impacted communities across
the state were undertaken H Winooski River at Montpelier, VT - 04286000
email, listserv, and by phone cal G2ge height, feet

with agencies and contacts acro
the state Additional coordination
through text messages with th
UAS Program Manager at VTran|.
continued through this period t{ *
assist in identifying priority
locations. During the afternoon g
July 10, internal meetings with th
UVM UAS Team were held to
confirm tasking request fon
mapping of downtown Montpeliel
as soon as feasible, ideally to alic
with the expected peak flooc
conditions of the Winooski River on July 11.

21.24 ft- Jul 11, 2023 09:05:00 AM EDT

Sep 2023 Nov 2023 Jan 2024 Mar 2024 May 2024 Jui 2024

Figure21. Winooski River guage height exceeding record
flood stage at 21.24ft at 0900 EDT on July 11, 2023

The flight crew assigned to this operation began with a review of the anticipated flight area and
surroundingairspacen the late afternoon of July 1Montpelieris the capital city of Vermont and

is in Class E airspace due to its proximityEdward F. Knapp State Airport (MPV) as displayed

in Figure22. The intended flight araa downtownMontpelierwas restricted to LAANC approval

up to 200eet AGL (Figure23). To maintainVLOS of theUAS andmaximizemappingefficiency,
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the UAS crew were determined to receive approvals to operate at or below 400ftltAts
determined that the request for this airspace authorization should be submitted through the SGI
process, rather than an Airspace Authorizatimough FAA Drone ZonéA UAS Technician was

tasked with preparing a SGI request for operations at approximately 17:30 EDT on July 10. The
UAS Team Lead reviewed the request, added additional UVM personnel to the list of
pilots/observers, and increased the requested flighugai 0.75NM. The SGI request was
submitted to the FA/ASystem Operations Support Cen{80SQ at 18:53 EDT on July 10 by

email. Staff at the SOSC replied by email at 1911 EDT, requesting a statement of work from
VTrans on agency letterhead stating that they were enlisting the services of UVM. The SAL
Director replied at 19:18 EDT, copying the UABogram Manager at VTrans and providing
details about UVM6és role within ASSURE, wi t h
objectives in A52 was to respotaldisasters with UAS. A COA was issued at 16:51 EDT by the
SOSC, with a note to carry ocalls prior to lift and upon completion operationsat each site to
Boston Air Route Traffic Control Cente(ARTCC) (ZBW) so theycould issue advisories to
mannedraffic in the area.
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Figure22. The red point shows the approximate location of the flight in Montpelier, located in Class E
airspace.
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Figure23. The planned operational area in downtown Montpelier from July 11th is shown at the top of
the image and marked by a blue pin. This area is in a 200ft LAANC cell due to its proximity to the MPV

airport.

On the morning of July 11, the SAL Director confirmed that Interstate 89 between Burlington and
Montpelier was open for travel, with data collection over the flooded state capital being the next
priority as tasked through ttf&EOCand by communications with the UAS Program Manager at
VTrans. The UAS Program Manager communicated that the UVM UAS Team was the only group
requested for official emergency response UAS operations within the vicinity of Montpelier. Due
to the requiremerfor mapping over a populkad area, the flight team operating the senseFly eBee

X platforms were requested by the SAL Director and confirmed the tasking at approximately 10:30
EDT. This lightweightfixed-wing UAS platform is efficient at large area data collection and

approved for OOP FAA Category 3, which made it ideal for operating urk@an environment

such as Montpelier. To comply with OOP FAA Category 3, the platform and sensor configuration

had a required maximum weight of 1423 grams that was not exceeded during the floodees

flights for this event and other§he flight team took care to select the sensor (senseFly SODA)

and battery combination (senseFly Endurance battery) that would ensureddRfance.

Additionally, the PIC confirmed that the standard Remote ID capabilities of the platform were

enabled andctivated

With the confirmation of tasking, the UVM UAS Team Lead followed up with the SOSC at 11:08
and 11:12 EDT requesting the addition of pilots and UAS platforms to the COA, to account for

the OORcompliant eBee X systems and the flight crew tasked with thesatipn. The SOSC

replied by email with confirmation at 11:13 EDT that the files had been updated with this
information, that the existing COA was still valid, and that a new COA would not be issued. The
flight team were enroute to the site during thiscess and was notified by phone call by another

UVM lab staff member that the COA had been updated with their information. The COA PDF
ssued
application to allow fo the easiest access by phone or laptop for review prior to beginning

operations. To support the generation of flight plans by the flight team from the field, a screenshot
of the radius provisioned in the COA was shared to the flight team on Slack,lagetiSpError!
Reference source not found.Visual context for the extent of the COA allowed for the flight team

document

t hat

had

been

wa s

shared
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to gain a better understanding of the boundaries of this area and to compare the overlay from
Google Earth with the basemaps available in the eMotion 3 flight planning software for the
AgEagle (senseFly) eBee X platform. The staff member preparing thre filgiring the event was

not aware of a workflow to generate a geospatial Kkyfole Markup Languag&ML ), Zipped
Keyhole Markup LanguagekKMZ2)) representing the radius to share with the flight team, which
could have been imported to the eMotion 3wafe for reference during flight planning.

Deploying to the site brought many operational risks due to thewitddescale of the flooding
event, with travel impacts from extensive road closures and limited areas foffftake landing.
These challenges made navigation to the site and flighipig difficult and time consuming. The
UVM UAS Team utilized thé&New England 511oad closure map for updates when navigating to
and from Montpelier. Once arriving to the city, the UVM UAS Team had to locate a safe and
effective launch and land zone that would not be impacted by flood waters or in the way of other
response and rescteams. The team determined the most suitable location was the top of the
parking garage athe National Life Building, which sits on the top of a hill overlooking the
downtown area. This locatiphighlighted with an orange rectanglebrror! Reference source

not found., offered a clear line of sight as the UAS flew over downtown Montpelier and a large,
flat area needed to facilitate the fixadhg launch and landing requirements. The team obtained
permission from National Life staff to use the space before beginningtmper. The flight team
provideda Slack message update arourid30 EDT that they had located a suitable operational
location and were in place to prepare for operations.

Figure24. Operational radius (0.75 NM) for flights occuring at or below 400ft AGL as approved in the
provided COA.
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2.21.3 Flood Responsé&unctional ExerciseExecution

The July 1Y flood responsemission in Montpelier began with pfeght checks for the site
platform andteamusinga customchecklistdeveloped within the software applicatiBalcrum.

This checklist was completed in the field by flight crew personnel on an Apple iPad Mini. It
covered the same safety checks and equipment preparation steps as utilized in the March 2023
flood response drill. A Verizon MiFi hotspot was deployed to protieeground station laptop,

crew phones, and tablets with internet connectivity. The PIC, appended to the FAA records for the
COA, called theBoston ARTCC (ZBW})o notify of pending UAS operations.

A DJI Mini 3 Pro small multirotor UAS carried out an initial flight at 11:46 EDT. The intent of
this initial flight was to gain an aerial perspective of the city, determine the extent of flooding using
the live video stream to the controllandcollect oblique photoand videos t@rovide situational
awarenessThe launch location on the top level of the National Life parking garage served as a
clear and weldefined area for takeff. Manual flight enabledthe UAS to bemaneuveed to
beneficial viewpoirg of the city and ensured the platform was not flying overpwaoticipants.

From this brief éminute flight, heflight crewwas able to better understand the siterounding
flooding conditions, anchore accurately design a mapping flight plan to cover impacted portions
of the city. Oblique images were captured in JPG + RAW format, while videos were collected in
MP4 format with accompanying SR®@rmat subtitle files providing metadata.

Figure25. Oblique UAS image of flood conditions captured during initial multirotor flight

As a resultof this information the fixed-wing mapping flight plan was generatedAg Ea gl e 6 s
eMotion3 flight planning software. The automatagssion was designed for the eBee X platform
to collect truecolor mapping imagery at approximately 375ft AGL, with lateral and longitudinal
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overlapsof 75% betweemmages.The flight plan, displayed iRigure26 was designed to capture
1408 images spanning 240 acres, with an estimated time for collection of 77 minutes, likely
requiring 2 flights to complete collection. Though this level of image overlap ensures the ability
to generate orthoimagery products, idadnefficiency in data collection changes to the flight

plan to operate at 397ft AGL, with 65% lateral and 70% longitudinal overlap would have reduced
the estimated flight time to just 49 minutes, a 25% improvement, and likely the possibility of
completng the mapping in a single flight. These adjustments would have resulted in just 887
images being captured, a 37% decrease. In additichet@rimary Home/landing location,
alternative Home waypoints were included in the flight plaajlow for the PICto command the

eBee tdoiterin these locations should the need arise to give way to manned aviatsagnificant
challenge with operating fixedings systems in highly trafficked airspace is the lack of ability to
hover or descend rapidly in place.

Figure26. eBee X mapping flight plan for area of interest displayed in eMotion 3 software

With the flight plan finalized, the flight team was prepared to complete th#éigite checklists
for the eBee X platform, including connecting the communications modem via USB to the ground
station computer running eMotion 3 flight software. The fligldwc was unable to achieve a

connection between the ground station and the eBee X on the newly procured Dell Rugged laptop

they were using. Though UVM staff had confirmed that the eMotion 3 software was running as
expected during set up of the laptop, th&Sstaff did not test the connection between the eBee
X6s ground modem and the eMotion software.
Lead to discuss troubl eshooting steps and
additional troublesooting. This troubleshooting process took approximately 2 hours to make the
connection possible to the UAS system, without success, likely due to limitations of the drivers or
USB chipset on the rugged laptop. At 14:15 EDT, the UAS Team Lead locatedpatled would

be functional with the system and arranged for delivery of the laptop to the field crew by 14:50
EDT. A secondary flight with the DJI Mini 3 Pro was carried out at 14:18 EDT, lasting just over
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4 minutes, to capture additional oblique imagery and video while the new laptop was in route.
Upon delivery of the additional laptop, the flight crew utilized a USB stick to save, transfer, and
load the flight plans to the new device and were successfulaking a connection between
eMotion 3 and the eBee X.

The flight crew was able to complete the remainingfligat checks and begin the first eBee X
flight at 15:25 EDT. Following a hand launch of the UAS by the FAQUre 27), the mission
began with the flight lines to the farthest west of the mission and the UAS completed flight lines
from west to east, working its way back towards ltheding Zone [(Z), the PIC, and the city
center. The two supporting Vos assisted the PIC in maintaining VLOS throughout the flight and
supported the PIC in providing airspace awareness. Integration of a UAvionix pingUSB Dual
Band ADSB Traffic Receiver with the eMotion swfare allowed the PIC to have additional
awareness of possible nearby manned aviation, as did monitoring of the CTAF/UNICOM
frequency of KMPV airport by airband radio scanner. The maximum distance of the eBee X from
the PIC was just und@¢00 ft, but due to the profile and flight characteristics of the eBee system,
VLOS was achievable.

-
e

e

Figure27. Sequence of eBee X launch by PIC. Note that the PIC had temporarily removed their high
visibility vest identifying them as a UAS PIC for the launch sequence, due to safety concerns with loose
fitting fabric and the rear UAS propeller.

Although thetop deck of thegparking garage was a large, open area well suited for talkeff,
landingprocedure at the end of the flight provadrechallenging and required adjustments during

flight to achieve a successful landifgter commanding the UAS to return horioe landing, the

PIC aborted the first automated landing approach and adjusted the approach angle. The landing
command was issued to the UAS but once again aborted during the final approach as the landing
path appeared to be short, witte eBee at approximately 50ft above the tafdocation. With

this abort, the eBee X climbed back to the altitude of the Home waypoint (246ft abowdflake

and the PIC made additional adjustments to the landing location and approach path. The third
landing attempt was successful at 16:24 EDT (@ah&ute flight) and the SD card from the SODA
sensor was removed and replaced in preparation for a subsequent flight. Due to the need to split
up supporting equipment among the multiple UAS teams deployetligihiecrew did not have

an adapter to connect a standard SD card to either of the laptops available to them. The rugged
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field |l aptop would only accept a microSD card
standard practice of copying images and flight logs from the SODA sensor SD card to the field
laptop to ensure data redundancy would not be possible.
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Figure28. Trajectory of first eBee X flight from 15:25 to 16:24 EDT.

The eBee X was prepared for a second flight, which b&§amninutes after the end of the previous

flight at 16:40 EDT. This flight was 25 minutes in length and required just a single landing
approach, due to the previous adjustments to the landing approach and location made by the PIC
during the previous flightThe flight team extracted the SD card from the sensor, confirmed to
SAL staff that their operations were complete on Slack, and call&bgten ARTCC (ZBW)o

provide notification that the UAS {ht operations were complet€he flight crew packed up
equipment and returned to the SAL on UVM campus at 17:55 EDT.
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Figure29. Trajectory ofseconcdeBee X flightfrom 1640 to 1656 EDT

Following completion of the flight operations, it was critical to share the collected datasets as
rapidly as possible. On the return of the flight crew to the SAL, the members copied the contents
of the senseFly SODA SD cards and DJI Mini Pro 3 microSBtcea UVM-hosted server system

for shared access. The oblique images and videos from the DJI Mini 3 Pro were reviewed and
organized for sharing purposes. A selection of -d&f@at images and MP#rmat video files

were zipped to an archive and uploaded ®oogle Drive link that the VCGI created to facilitate
imagery and video ingestion and dissemination. VCGI offered a standardized pipeline for UVM,
VTrans, and Vermont State Police to upload aerial imagery and videos from UAS proved. This
was exceptiondf valuable to facilitate the most rapid sharing of these basic data products. From
the ingest of individual images or zipped archives through Google Drive, the images and videos
were added to VCGI d&ds Amazon Web Sywedasseleaable st or ¢
points on top of a publicly accessible web mapping application. The points representing the images
and videos could be displayed in the approximate position they were recorded due to the file
metadata including the GPS coordinates ofrtbapture (EXIF metadata within the JPG images

and supporting SRT subtitle files aligned with the MP4 files). A screenshot of the web application
is presented ifrigure30.
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Figure30. Web mapping application with UAS oblique imagery

The secondary data dissemination process for this exercise was to generate orthoimagery from the
imagery captured during the eBee X flights. A UAS Specialist at UVM utilized Pix4Dreact
photogrammetry software to rapidly generate a-tes orthoimagery practt by 18:57 EDT,
approximately one hour after returning to the lab. Simultaneously, beginning at 16:33 EDT, a UAS
Research Engineer accessed and imported the imagery from the eBee X flights to create a new
project in Pix4Dmapper photogrammetry softwareadmghpowered workstation (12 CPU cores,
128GB RAM, discrete GPUPue to outages with the statewide GPS infrastructure, the VTrans
VECTOR VRS network was offline, as was the CORS station typically operating in Montpelier.
This precluded the possibility of geotagging the collected imagery with RTK or PPK accuracy.
Adjustments were made to processing settings to reduce the time required for all processing steps
to complete, with the end goal of having a haghality orthoimagery product to share. The total
processing time required to transform 1408 images into approximately 350 acres of 3.8cm/pixel
resolution orthoimagery exceeded 4 hours.
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Figure31. Processedrthomosaioverlaid on satellitbasemap imagery

Upon completion of the processing, the UAS Research Engineer made a copy of the orthoimagery

file (GeoTi ff format), adjusted the nami
notified the SAL Director at 0:11 EDT on Jul * B
12 that the imagery product was prepared |
sharing to ArcGIS online. The SAL Directc
imported this orthoimagery product to &
ArcGIS Pro project and began the task z.'
publishing the imagery to a tile serviae06:40 .
EDT on July 12. The publishing of this til:
service toArcGIS Online completed at 09:2;
EDT, and the SAL Director adjusting shari
permissions to allow public access, in additige
to making a web mapping application by 10:
EDT. The links to the ArcGIS Online item§
were shared by email to VCGI for integraticg
to the public web mapping application. T
active and idle time required to process ag‘\
publish the orthoimagery was approximately&
hours. Visual analysis of the UAS orthoimage-4s
revealed that the imagery was captured sho
after the highwater mark m the city, but the
data clearly demonstrated the significa
impacts to property.

Figure32. Inset of orthoimagery showing flood
waters.

Flight logs from both UAS platforms use._

during the drill were synced to the DroneLogBook log management platform within 48hrs
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following flight operations to ensure compl i a
retention.

2.21.4 Flood Response Functional Exercise FolleWwp Activities, If Applicable

The UAS data products generated from this exercise, as well as the other related flight operations
carried out by the UVM UAS Team, VTrans, and Vermont State Police, were utilized in multiple
fashions by FEMA and to support decision makers in subsequgsitadd weeks. The FEMA
Region 1 Response Division, Planning Branch GIS T@h15IS) were able to ingest the publicly
shared ArcGIS Online item withiR E MA 6 s G| SThid data,cabhdathe erthoimagery from
subsequent missions carried out in the following day and weeks was utilized within hours of being
made available on ArcGIS Online during the activation 8 ARt e a ms .  Fe&rdh Aidds
RescueCommon Operating Platform (SARCOP) is an interagency platform with mobile
applications, welthased applications, and advanced geospatial analytics in a single place to map
out operations and provide search coverage analysis. UVM work directly with the SARGO

team to ensure that imagery could be loaded into the dashboard as soon as pdbsible
connection was facilitated through contacts at R1 GIS

FEMA HQ activatedGDA capabilities, with the goal of providingnofficial first look damage
assessmentsgithin 72 hoursof impact for all decisioimakers including external partners. R1 GIS
consolidated and disseminated the Ukbvided UAS datasetoghat assessmentsuid be
conducted by the HQ teamA n overview of t he GDA ©process
orthoimagery, was presented in FEMA Coordination Call at 15:00 EDT on July 14, as shown in
Figure33. It was noted during this meeting that a clear sign of damaged property to the analysts
carrying out GDA was if a property was inundated with floodwater in the captured UAS
orthoimagery. Therefore, it was stressed that urgency and timing of data colleaiomportant

to allow for the most rapid GDA possible. UAS orthoimagery captured after flood waters receded
adds significant difficulty to the analysis process, whereby analysts now must rely on more detailed
image interpretation to look for impactsflafod debris or other context to make the determination.

UVM representatives were informed by R1 GIS staff that the UAS data shared may have sped up
the process to receive a federal disaster declaration by several weeks. On July 13, 2023, just one
day after the UAS orthoimagery from this operation was madead@ilthe State of Vermont
requested an expedited major disaster declaration, which utilized sets of UAS imagery and data
products as supporting material to illustrate the extent and impact of the flood events. This, in
addition to the results from the GDA&ontributed to a federal major disaster declaration being
rapidly declared on July 14, 2023.
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Figure33. GDA in progress utilizing UVMprovided orthoimagery

Data management, especially as folop activities and UAS mission tasking continued
throughout the state as a high operational face, became increasingly important by July 12. The
SAL Director developed an excel spreadsheet to ensure that the orgamadtasingle document

to list basic flight details and data product locations. The operations in this case study were among
the first three flight operations completed in response to the flood events. A UAS Research
Engineer adoptedgthé tblFreugh odHdetaemanaf t he
functionality, including automations, to the tracking spreadsheet to allow for tracking of platforms,
pilots, geospatial corrections, data paths, flight log syncing, and the status of data mgocessi
management, and public sharing. Between July Adigust 23, 2023, this spreadsheet grew to
contain 102 individual line items representing mapping missions. The capture of oblique images
and videos were not included within this living database. The ®Aintained existing standard
practices for file management, organization, naming, and metadata management for UAS data
(flight products and generated data) which was valuable to ensure that even in stressful situations,
flight crews, data managers, angbswvisors could reliably know where to locate required datasets
and ensure that completed orthoimagery products were shared with VCGI for greater public
dissemination. After carrying out flight operations between Juht2,0the Research Engineer
servedfll-t i me as the O6data manager 6 until August 2
data processing and sharing workflows for each UAS mission set completed. In total, UVM
collected and generated more than 2.8TB of UAS data during the completegbé¢hnisdesponse.

This functional exercise discussed resulted in 12.7GB of imagery, video, and logs from the flight
operations and 13.3GB of locally stored processed products.
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UVM consulted with Esri6és Disaster Response P
further optimizing the workflow for orthoimagery generation and rapid sharing to ArcGIS Online.

Per these discussions, the UVM UAS Team pivoted to use of a-bémedl processing solution

(Esri SiteScan) for orthoimagery processing, rather than localized photogrammetry processing
software within the SAL. The benefits of this adjustment were numerous:

1 Ability to process dozens of missions simultaneously, without bottlenecks related to available
local computer resources.

1 Direct sharing of orthoimagery as tile service to ArcGIS Online via etowadoud transfer
simplifies and increases efficiency to alternative multistage local process and publish workflow
as utilized in this functional exercise.

1 Reduced local data storage needs, as only desired final products can be downloaded for local
offline analysis.

1 Possibility to allow for flight teams, should they have sufficient broadband access (i.e.
Starlink), to upload, process, and/or publish datasets while in the field

1 Simple workflow for including processing of 3D mesh outputs and sharing those directly to
ArcGIS Online in a compatible formetigure34) . Ver mont 6 s governor ex
interest in the capability to generate 3D mesh to allow for intuitive visualization by officials or
members of the public who are not emergency responders.

Cloud processing with Esri SiteScan did introduce several new challenges:

1 Limitations to maximum number of input images that can be processed for a single dataset

1 Requires reliable broadband internet connection and sufficient upload speeds to push input
image sets to the cloud.

1 Provides less ability to adjust settings to improve processing results, especially in areas of
dense forest and over large areas of standing or moving water. Several projects produced poor
results in SiteScan and were then processed using Pix4Dmappeatterapt to improve the
results.
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Figure34. 3D Mesh generated by Esri SiteScan

As previously discussed, following this functional flood response exercise, UVM continued to
carry out UAS operations in support of response and recovery efforts in Vermont at a significant
operational pace over the next six weeks. Many of the lessonsdieduring this realvorld event
presented in this exercise were addressed within hours or days to improve the operational
efficiency and safety of UAS operations, in addition to the enhancing the ability to rapidly provide
UAS data products to decision keas.

2.21.5 Lessons Learned from the Flood Response Functional Exercise, Including Responses to
ResearchQuestions

2.21.5.1 Flood Responsd-unctional ExerciseKey findings:

1. Effective internal communication within an organization tasked with Wp8rations was
critical. UVM communicated internallyhtough an internal messaging application, mobile
calls, text messages, Micros@harePoinfiles, and other methods to ensure that everyone
was aware of their tasks and any potential concerns as they arose.

2. Daily team briefings in the morning and evening, eithepanson or online, allowed for
effective communication of priorities, assignments, and required adjustments needed to sustain
safe and effective operations.

3. Having preestablished relationships with other UAS operators and geospatial
organizations/agencies within a state and region is critical to ensure that teams with the
required types of UAS resources and capabilities can be deployed. UVM was the only
organzation within the state operating any O©&mpliant UAS.

4. Relationships with UAS specialists at VTrans and Vermont State Police allowed those teams
to pass appropriate tasking to UVM, as they

5. Relationships with VCGI and FEMA R1 GIS staff allowed for the rapid development of data
sharing workflows.
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