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Mission Statements 

The U.S. Department of the Interior protects America’s natural resources 

and heritage, honors our cultures and tribal communities, and supplies the 

energy to power our future. 

The mission of the Bureau of Reclamation is to manage, develop, and 
protect water and related resources in an environmentally and 
economically sound manner in the interest of the American public. 
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Executive Summary
	

Executive Summary 
The Department of the Interior ma nages approximately 20% of the land and water in the 
United States, muc h of it in re mote, sensitive, and da ngerous areas.  It is the 
Departme nt’s mission to preserve and protect these assets. Remote sensing is used 
exte nsively to survey these resources. As part of Interio r, Recla mation shares these 
commitme nts, but also mana ges enormous amounts of water and powe r infrastructure 
whic h is essential to the economic health of the 17 Western United States. This 
infrastructure, too, must be surveyed and monitored on a regular basis, often with the use 
of remote sensing tec hnology.  Unma nned aerial systems (UAS) have shown promise for 
use in monitoring small areas such as reservoirs and power facilities on a frequent basis 
and at a substantial cost savings whe n compared to conventional aerial photograp hy. 

To coordinate research and developme nt of UAS technology in Recla matio n, the 
Research and Developme nt Office provided funding for the creation of a UAS 
Community of Interest to support bureau-wide information e xcha nge concerning 
unma nned aerial systems (UAS) technology (and related laws), inter-a ge ncy 
collaboration, project development, flight and data processing training, briefings of senior 
ma na ge ment, and conducting needs analysis. 

By the end of the project the community contained more than 80 me mbers ; had a 
dedicated SharePoint site; co nducted multiple training sessions; briefed directors of 
Policy and Administration, Ma nage me nt and Services, Safety Security and 
Administration, Technical Services, and various senior Regional ma nagers about the 
feasibility of using UAS tec hnology to conduct mission re mote sensing activities. Team 
me mbers participated in DOI work groups and analyzed Departmental needs surveys 
whic h will be used to help develop a DOI UAS road map. 

Recomme nded ne xt steps include development of a UAS best practices manual and 
provision of continued support for testing the feasibility of using this technolo gy fo r a 
variety of new uses such as dam face analysis, emerge ncy ma na geme nt , security, 
topographic mapping, and boundary encroac hme nt monitoring. 
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Explor ing Uses of Unmanned Aerial Systems to Support Reclamat ion’s Mission 


Purpose 
This research and development project sought to provide a clearinghouse for unma nned 
aerial systems (UAS) activities in Reclamatio n. Ma ny science, engineering, a nd security 
efforts go on in isolation.  Creation of a single point of contact can facilitate informatio n 
exc hange. 

Surplus UAS equipme nt have moved fro m the military to t he Departme nt of the Interior 
(DOI). It is desirable that research and developme nt of water resource applications of 
these technolo gies occur in a coordinated fashio n to ma xi mize investme nts and to avoid 
duplication. 

The overall goal of this effort was to build a commu nity of interest in Reclamation for the 
exploration of potential uses for these technologies to advance Reclamation’s mission. 
The project coordinated Reclamation-wide efforts to learn what nic hes these new 
technolo gies might fill. It also explored various platforms and sensors, investigated 
Federal Aviation Administration (FAA) a nd DOI re gulations governing the use of UAS, 
developed relationships with other age ncies, conducted training activities, and 
encoura ged project development. It also sought to learn what training require me nts exist 
for the use of UAVs. It asked, “How can we best pair people willi ng to research these 
technologies with those who have a need for the data they produce?  And how can we 
coordinate scientific, e ngineering, a nd research and developme nt efforts?” 

Tasks 
There were twelve tasks associated with this research and developme nt project: 

1. Build a UAS commu nity of i nterest and foster commu nicatio ns withi n it. 
2. Build relatio nships with ot her DO I age ncies using UAS technolo gy 
3. Conduct training sessions and encourage training in the use of UAS techno lo gy. 
4. Explore technological developme nts. 
5. Conduct UAS reviews and assessments. 
6. Encourage UA S project development. 
7. Participate in intera ge ncy work groups. 
8. Conduct and analyze UAS needs surveys. 

Results 

Community of Interest
The Reclamation UAS Community of Interest no w has more tha n 80 me mbers across all 
five regions.  Members include ma nage rs, engineers, physical scientists, biologists, 
geologists, hydrologists, security personnel, e mergency ma nage me nt specialists, real 
estate staff, planners, and policy analysts. Several times each month commu nications are 
exc hanged amongst these personnel rega rding developme nts both in UAS technolo gy a nd 
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Explor ing Uses of Unmanned Aerial Syste ms to Support Reclamat ion’s Mission
	

in related flight regulations.  In additio n, to further foster communication the team 
developed a UAS SharePoint site: 
https://dosp/TECHRESC/TR/TSC/UAS/Pa ges/default.aspx 

Relationships with Other Agencies and Training Sessions 
The Reclamation UAS tea m primarily developed relationships wit h the DOI Office of 
Aviation Services (OAS), The U.S. Geological Survey (USGS), and the Bureau of La nd 
Mana ge me nt (BLM).  Representatives of these agencies have flown missions, processed 
data, produced reports, and provided educational sessions for Reclamation staff. The 
training sessions have dealt with subject such as: 

 Mission planning 
 FAA requireme nts 
 OAS requireme nts 
 Data processing 
 UAS history 
 Mission summaries 
 Future prospects for UAS 

The research team also briefed USBR senior ma nage me nt in Safety, Security, and La w 
Enforce ment; Property Ma na geme nt; Policy and Ad ministratio n; a nd various Regional 
Offices concerning the potential uses of UAS. The briefings included summaries of 
current capabilities, potential applications within Reclamatio n, legal require me nts, and 
the strengths and limitations of this technology. 

The research team surveyed UAS literature and websites, visited university research 
facilities, and participated in vendor demo nstratio ns in an effort to keep abreast of UAS 
developme nts.  It has also made periodic visits to the USGS UAS laboratory to receive 
briefings on that bureau’s activities. Finally, it has participated in monthly DO I-wide 
calls hosted by Bruce Quirk, whe re we have seen presentations fro m the University of 
Florida, the Departme nt of Defense, the National Aeronautics and Space Administration, 
the Federal Aviation Administration, amo ng others.  We have passed summaries of these 
meetings on to the community of interest. 

Project Review 
In addition, tea m me mbers conducted reviews of potential UAS projects and initiatives. 
Douglas Clark and Kristin Swoboda attended the Center for Unma nned Aerial Systems 
meeting in Salt Lake City, UT to assess the desirability of becoming a me mber of that 
orga nizatio n.  They gathered pro and con data and submitted a report to Reclamatio n’s 
Research and Developme nt Office.  It peer reviewed an analysis of T-Hawk hover craft 
capabilities for Dr. Jade Soddell. Members of the team also peer reviewed R&D UAS 
research proposals. 

The team assisted with the development of UAS projects and research on T-Hawk usage, 
Predator usage, sedimentation studies, and dam face applications of UAS.  Reclamation’s 
PN Office team me mbers are currently developing UAS missions for that region, 
including flights for wildfires. 

6
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Explor ing Uses of Unmanned Aerial Systems to Support Reclamat ion’s Mission
	

Inter-Agency Work Groups and Surveys 
Team me mbers have participated in DOI wo rk groups.  Douglas Clark participated in the 
DOI Executive Aviation Subcommittee (EAS) Work Group whic h is producing a road 
map for the adoption of UAS within DO I bureaus. Issues under discussion include the 
following: 

	 Maintena nce of the current fleet of UAS aircraft 
	 Inve nto ry of bureau requirements for new UAS aircraft 
	 Contracti ng wit h ve ndors for ne w aircraft 
	 Determining the airworthiness of new aircraft 

o	 Determining what criteria will be used to certify airwort hi ness. 
o	 Determining if vendo rs certify airworthiness. 
o	 Exa mi ni ng the feasibility of using a third party such as a UAS test 

facility or NASA to certify airworthiness. 
 The orga nizational arrange me nts for the imple me ntation of UAS. Specifically, 

would individual bureaus be allowed to mana ge their own UAS progra ms? 

One of the actions of the EAS was to conduct a survey of the DOI bureaus to determine 
their individual UA S needs. Clark evaluated the Reclamation results. There were 26 
respondents in Reclamation, insufficient for a high level of statistical significa nce, but 
still possibly suggestive.  Most of the Reclamation responde nts were either me mbers of 
the geospatial community or mana gers (Figure 1). Other areas of expertise included 
biologists, a budget analyst, a contract specialist, a hydrologist, a mecha nic , a natural 
resources specialist, a project mana ger technicia n, a real estate specialist, and a surveyor. 

Figure 1: Expertise of respondents 

The Pacific Northwest Re gion in Boise, Idaho, where the Office of Aviation Services is 
also located, had the highest number of responde nts (Figure 2), followed by the Mid-
Pacific Region, the Denver Office, a nd the Lo wer Colorado Region. 
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Figure 2:  Geography of respondents 

Questioned about using UAS for unmet data gathering require ments, Reclamation 
personnel mentioned operations and maintenance (O&M) surveys, vegetation surveys, 
and reservoir surveys most prominently (Figure 3).  Other areas of interest included 
agricultural surveys, archeological surveys, change detection analyses, habitat surveys, 
high definition photography, e ncroachme nt/trespass detection, monitoring inaccessible 
areas, and telemetry surveys. Other areas of interest included various types of monitoring 
activities including endangered species, water flow, flood control, boundary, ineligible 
lands, restoration, regulatory compliance, water ma nage ment, water quality, and wildlife. 
Finally, me ntion was also made of requirements for using UAS for areas needing 
frequently repeated monitoring and those that might require thermal imagery (perhaps to 
detect canal leaks). 
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Explor ing Uses of Unmanned Aerial Systems to Support Reclamat ion’s Mission
	

Figure 3:  What unmet data requirement needs UAS might address 

There were survey questions about both required flight a nd mission durations.  The most 
prominently me ntioned flight durations were in the range of 4 or more hou rs, follo wed by 
1 to 3 hours (Figure 4) and mission frequencies ranged from multiple days to a single day 
(Figure 5).  The aerial extents of missions were most frequently less than 10 square miles 
(Figure 6).  Linear distances ranged fro m 1 to 60 miles.  Particular features were also 
me ntioned as the focus of particular missions. These included dam sites, shoreli nes, and 
rivers. 
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0 1 2 3 4 5 6 7 

Project Dependent 

4 or more Hours 

1 to 3 Hours 

Mentions 

Flight Duration 

Figure 5:  Mission Duration Requirements 

Figure 4:  Flight duration requirements
	

Whe n asked what sorts of missions might be improved using UAS, Recla mation 
respondents reported most interest in aerial photography (traditional, multispectral, IR, 
and CIR) a nd LiDAR (Figure 7).  Others included dam inspections, topo graphic surveys, 
aquatic surveys, O&M inspections, reservoir surveys, collection of IR a nd CIR ima gery, 
snow surveys, telemetry surveys and the like.  Interestingly, using UAS as replacement of 
some field surveys was also mentioned.  Field surveys are expensive and repeated ones 
are obviously even more expe nsive. The view amongst some respondents was the UAS 
might be used to replace some of these in certain cases. In the event that this was 
possible, certain nu merical extrapolations for missing data might be avoided. 
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Figure 6:  Mission area requirements 

Overall, the survey respondents indicated that unma nned aerial systems hold promise for 
making it possible to conduct frequent missions to gather high resolution ima gery over 
small areas. 
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0 2 4 6 8 

Wildlife Sur veys 
Water Quality Sur veys 

Videography 
Veg mapping 

Topographic Surveys 
Thermal Imagery 

Telemetry tracking 
Supplement other aerial missions 

Snow surveys 
Safety and Security 
Restoration Data 

Replace satellite data 
Replace numerical extrapolations 

Replace some field surveys 
Videography 

Remote site evaluations 
Photogrammetry 
O&M Inspections 

Nadir 6 inch imagery; 1 meter… 
Multispectral Photos 

More frequent surveys 
LiDAR 

Landslide Surveys 
IR/CIR Imagery 

Support Design Projects 
Dam inspections 

Boundary Conflicts/Mgm't 
Aquatic Surveys 

Aerial Photography 

Mentions 

Missions that Might be Improved with 
UAS 

Figure 7: Missions that Might be Improved with UAS 

After this initial survey, as a next step, the DOI Executive Aviation Subco mmittee Work 
Group requested that the bureaus conduct a subsequent survey of possible users and 
report back respecting t he follo wing items: 

 Each bureau’s basic concept of operation of unmanned aerial systems 
 Whether in-house operators or contract operators would be used 
 Contracti ng require me nts for UAS services 
 The internal bureau ma nage me nt structures for UAS 
 The probably mix of aircraft requireme nts, e.g. hover craft, fixed wing, etc. 
 UAS progra m fu nding 
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Explor ing Uses of Unmanned Aerial Systems to Support Reclamat ion’s Mission 

The research team undertook this assignme nt.  Survey results were consolidated for 
Reclamation responde nts.  A summa ry report was approved by John Brynda, USBR 
Aviation Director, a nd was subsequently submitted to the EAS. The results of the survey 
are listed below: 

Defining the Scope of Bureau Unmanned Aircraft Programs 

1) For your Bureau, describe the basic concept of operation for unmanned aircraft. 

Does your bureau plan on having trained operators, contracting for service or a mix? 

It depends o n the type of UAS platforms & sensors that DOI makes a vailab le to the B urea us, or if the Bureaus 
will be allowed to own/operate their own UAS. It wi ll likely be a mi x of trained operators and services contracts. 
Larger project areas will likely be serviced via contracti ng, while smaller projec t areas, or those that dema nd 
quick turnaround, will be serviced by i n-house operations. 

2) If your Bureau plans to contract for services, what do you anticipate them to be 
generally? 

Services primarily would be for imagery/data acquisition and de live ry. In some cases data processi ng and/or 
surveyi ng services may be required. It would be more feasible to fly contract services fo r larger projec t areas. 
Pricing is anticipated to be very competiti ve the first couple years a nd develop into a more structured sta ndard 
over time. As costs are unk nown at this point, co mparisons to s urveyi ng a nd ma nned flight co ntrac ts co uld be 
used as for comparison. 

3) For your Bureau describe the internal management structure that would be needed to 
support your UAS program. 

Any needed FTE's? Percent of time existing employees would be involved in UAS? 

It depends o n UAS use o ver time. Initially, perhaps a team of 3 FTE's worki ng part-time UAS projects per 
Region. Most all of Reclamation’s labor req uirements are project-driven. If UAS pro jects pro ve pop ular and 
demand i ncreases, more resources will flow towards UAS related thi ngs. As demand increases over time, the 
need fo r perso nnel wi ll increase. It is likely tha t Remote Sensi ng and GIS groups across the b ureau will be 
heavily i nvolved with and manage UAS operations, since they are already in the business of acquiri ng imagery 
and processi ng it i nto mapping products. At present, in Reclamatio n, the o ffice of Safety, Sec urity, a nd Law 
Enforcement oversees UAS policy, but flight operations are largely the domain of remote sensi ng and GIS 
shops. 

4) If your bureau intends on having "in-house" operators, how many would you anticipate? 
How/where would they be located (not the specific locations but the general concept of 
employment)? 

It a ll depends on whether Reclamation ma nagement supports i n house or co ntrac ted UAS. Tec hnical s taff wi ll 
want to exploit cost savi ngs a nd timeli ness tha t UAS offers as compared with using commercial contractors who 
work for p rofit.  For offices i nte rested i n acq uiring UAS imagery, a team of 3 in-house operators per o ffice 
seems reasonab le. B y October 1, 2015, dependi ng on what happens with respect to FAA law and OAS 
regulations, Reclamation may ha ve a nywhere from 3 to 30 operato rs, based in cities like Boise, Denver, 
Sacramento , Bo ulder City, Alb uq uerq ue, a nd sma lle r cities like Pro vo, Grand Junctio n, Coulee City, Page & 
Yuma, Arizo na, etc . 

Another option would be to have a centrali zed DOI pilot cadre i n p laces such as Boise or Denver where DOI 
bureau offices congregate. The establishme nt of OAS flight “districts” would make management and oversight 
of UAS acti vities simple and transparent. (Continued on next page). 
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Explor ing Uses of Unmanned Aerial Syste ms to Support Reclamat ion’s Mission 

In brief, Reclamation primarily expressed an interest i n both a small fixed wing craft and a hexacopter. These 
would be flown by a mi x of both Federal and contract perso nnel for primarily small a rea missions .  Pro jects 
would be funded on a fee for service cost basis for each project. 

Most likely UAS work will be project funded. National or regio nal funds would be welcome. R&D funds have 
been used i n the past to e xplore ne w airframes and sensors. 

local, project, mix)? 
6) For your Bureau, how would the UAS program likely be funded? (national, regional, 

D) If smaller sensors are developed, higher resolutio n multi-spectral (false-color IR), thermal, hyperspectral, and 
‘AR’ (LiDAR, Radar, InSAR, IFSAR) type se nsors) may become available. These could be flown on either fixed 
wing o r ho ver c raft. 

C) Aerostat for loca tion critical (areas that cannot be serviced b y UAS because of FAA res trictions ), or site 
specific monitori ng or surveillance. 

B) Fixed wing/airplane type UAS with a high quality digital camera/optics that is capable of capturing 
photogrammetric quality, high resolutio n images suitable for hi-res digital elevation model (DEM) and 
orthophotography production. 

A) Small Hexacopter type tha t is capable of carrying a high quality digital SLR came ra payload (Nikon D800 
type) that will acq uire vertical, ob lique, right-angle imagery/data. Multi-bladed copters are generally more 
imagery acquisition stable than si ngle/double bladed helicopter type UAS. These are ideal fo r hovering-
inspection type projects and for mapping smaller project areas. 

5) What mix of aircraft would your bureau need to complete 80% of its mission set? 

(small rotorcraft, small airplane, mid-size airplane, large UAS etc...) 

Clark also participated in the monthly DO I UAS call hosted by Bruce Quirk, USGS UAS 
Liaison.  During one of these calls, he made a presentation to the Departme nt about 
Reclamatio n UAS ini tiatives includi ng the community of interest, expe rime ntal missions, 
ma na ge ment briefings, outreach activities and the like. 

Future Work 
The Reclamation Community of Interest will continue support projects designed to 
explore the feasibility of using UAS to conduct re mote sensing and surveilla nce activities 
in a more efficie nt and cost effective manner. 

Team me mbers Douglas Clark and Alan Bell of the Emerge ncy Ma na gement and GIS 
Group at the TSC have applied for Policy and Administration fu nds to develop a 
Directives and Standards manual for s mall unma nned aerial systems usage in 
Reclamation.  This document will describe the major types of platforms and sensors that 
exist.  It will exp lain whic h types should be used for various data gathering activities such 
as terrain gene ration, dam face analyses, vegetation mapping, etc.  Other subjects that 
will be discussed include mission planning, ground testing, pre-flight and inflight testing, 
emerge ncy procedures, record keeping, aviation safety, crew resource mana geme nt , 
navi gatio n, Federal Aviation Ad ministratio n require me nts, trai ning require ments, medical 
requireme nts, a nd data processing. 
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Data Sets that support the final report 

Share Drive folder name and path where data are stored:
https://dosp/techResc/TR/TSC/UAS/Reports/Forms/AllItems.aspx?RootFolder=% 
2FtechResc%2FTR%2FTSC%2FUAS%2FReports%2FCommunity%20of%20Int 
erest&FolderCTID=0x012000F4D84E1CC0A371499017EDF32B963366& View 
={3CB561AC-7850-4ECE-9BA3-
B307F00CE9AF}&InitialTabId=Ribbon%2EDocument&VisibilityContext=WSS 
TabPersistence 

Point of Contact name, email and phone:
Douglas R. Clark, Ph.D. 
Denver TSC 
drclark@usbr.gov 
303-445-2271 

Short description of the data: (types of information,
principal locations collected, general time period of
collection, predominant files types, unusual file types.)
DOI Survey to determine bureau UAS requirements.  Collected as an electronic 
survey.  Excel spreadsheets. 

Keywords:  Unmanned Aerial Systems, UAS, remote sensing, communities 
of interest. 

Approximate total size of all files:  (folder size) 500 KB 
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