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Abstract:

Corridor Q,as part of the Appalachian Development Highway System1émile-long addition to USA60 in
Buchanan County, Virginithatis currently under construction. The diverse la@®d mediurrsized wildlifein this area
present risks for drivers, requiring an exploration of the diffeaaithalvehiclecrash(AVC) mitigation technologieavailable
to statedepartments of transportatioD@Ts). In addition tathewildlife typically found in the areayhich already poses a thre
to drivers (and vice versa), a local herd ofwls reintroduced to this area between 2012 and 20ddre often seen along thi
new roadway. Elk pose adidinal dangersiue to theilargebodysize,herding behavigrand many other unique qualities that
setthemapart from other similar local species, like wktitded deer. Elk primarily feed on legrowing vegetatiorsuch aghe
grasses typically usetlring construction to prevembadsidesrosion. Soon after construction began, the elk were observeq
feeding on the grass along Corridor Q #maded to remaiim the area. GPS collar ddtam tagged elk near Corridor Q reflec
this observation. AVCs involving elk are costly, averaging around $73,196 inl2®2llars with more recent estimates of
$80,771 AVC mitigation efforts along Corridor Q must consider the unique challenges elk will present to drivers upon
completion ofthe roadway.

While many different AVC mitigation techniquease inuse today, this project focuses on the feasibility of utilizing
animal detection and driver warning systg@®B/DWS) as a coseffective measure to reduce the risk of AVCs along Corrid
Q. AD/DWS combine animal detectigAD) with driver warning(DW) systems to effectively alert drivers of animals near th
roadway. ADS are electronic systems that use methods such as tracking motion viatbammeahimageryor radar, the
breaking of an invisible bearor perturbation of underground sensors, with the goal of detecting the presence of an anin
the roadway. DWS are signage systeoosinected to AD3hatgive driversadvanced alertsf animal detectiofocatiors.

In this studythe Virginia Tech Transportatidnstituteresearchethe state of AD/DWS technologies to determine t
feasibility for their use on Corridor Q, to review produttistare currently available to state DOTs asthishelf solutions
andto identify potential locations for a pilot study sitaterviews with subject matter experts were conducted to help guide
research. To ensure a cestective approach, an analysis of the partially completed portion of the roadmgithe activity of
the local elk populationwas conducted to observe the varying characteristics that could distinguish between areas of hi
potential riskof elk-vehicle crashefEVCs)versus areas of lower risk. In doing so, implementation of AD/DWS can be foc
on the areas of higher apparent risk, keeping overall costs down while maximizing the effectiveness of these systems.
wereconsidered both as standalone opgiand in combination with other strategies to assess which mithedter

As this is a new roadway, typical analysis methods used for assessing AVC mitigation strategies, such as histq
data and traffic volume dateould not be appliedSome elk in the area were collared with GPS tracking devices, allowing
an analysis of their movement around and near the roadway. AdditicdhellyjrginiaDOT (VDOT) provided asbuilt data of
the new roadway, and georeferenced footage was recorded to assist with the analysis.

Ultimately, the roadway was classified into distinct sections where conditions were indicative of a higheEviSks of
based orananalysis othe data collected for this proje@®etails on these sections were provided to three vendors with diff
potential AD/DWS products that VDOT could readily purchase. These vendors provided their assessinargts of
implementing their solutions along Corridor Q.
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ABSTRACT

Corridor Q,as part of thé\ppalachian Development Highway Systema is4mile-long
addition to U460 in Buchanan County, Virginthatis currently under construction. The
diverse largeand mediurrsized wildlifein this area present risks for drivers, requiring an
exploration of the differeranimalvehiclecrash(AVC) mitigation technologieavailableto
statedepartments of transportation@Ts9). In addition tathewildlife typically found in the area,
which already poses a threat to drivers (and vice versa), a local herdaatsetkintroduced to
this area between 2@ and 2014ndare often seen along this new roadway. Elk pose additional
dangerglue to theitarge bodysize,herding behavigrand many other unique qualities that set
themapart from other similar local species, like wkied deer. Elk primarily feed on lew
growing vegetatiosuch aghe grasses typically usédringconstruction to prevent roadside
erosion. Soon after construction began, the elk were observed feeding on the grass along
Corridor Q andended to remaiim the area. GPS collar ddtamtagged elk near Corridor Q
reflect this observation. AVCs involving elk are costly, averaging around $73,196 iru&20
dollars with more recent estimates of $80,7AVC mitigation efforts along Corridor Q must
consider the unique challenges elk will present to drivers upon completion of the roadway.

While many different AVC mitigation techniquase inuse today, this project focuses on
the feasibility of utilizinganimal detection and driver warning systg@dB/DWS) as a cost
effective measure to reduce the risk of AVCs along Corridor Q. AD/DWS combine animal
detection(AD) with driver warning(DW) systems to effectively alert drivers of animals near the
roadway. ADS are electronic systems that use methods such as tracking motion via camera
thermalimagery,or radar, the breaking of an invisible beam, or perturbation of underground
sensors, with the goal of detecting the presence of an animal near the roadway. DWS are signage
systemsconnected to AD3hatgive driversadvanced alertsf animal detectiotocatiors.

In this studythe Virginia Tech Transportation Institutesearchethe state of AD/DWS
technologies to determine the feasibility for their use on Corridor Q, to review prolatcise
currently available to state DOTs as-tifé-shelf solutionsand to identify potential locations for
a pilot study sitelnterviews with subject matter experts were conducted to help guide this
research. To ensure a cedtective approach, an analysis of the partially completed portion of
the roadwayand the activity of the local elk populatiamas conducted to observe the varying
charateristics that could distinguish between areas of higher potentialfridk-vehicle crashes
(EVCs)versus areas of lower risk. In doing so, implementation of AD/DWS can be focused on
the areas of higher apparent rikkeping overall costs down while maximizing the effectiveness
of these systems. AD/DW8ereconsidered both as standalone opgiand in combination with
other strategies to assess which metbdzktter

As this is a new roadway, typical analysis methods used for assessing AVC mitigation
strategies, such as historic crash data and traffic volumgecdatd not be applied. Some elk in
the area were collared with GPS tracking devices, allowing for an analysis of their movement
around and near the roadway. Additionathe VirginiaDOT (VDOT) provided asbuilt data of
the new roadway, and georeferenced footage was recorded to assist with the analysis.

Ultimately, the roadway was classified into distinct sections where conditions were
indicative of a higher risk dVCs based on an analysis of the data collected for this project
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Details on these sections were provided to three vendors with different potential AD/DWS
products that VDOT could readily purchase. These vendors provided their assessieoists
of implementing their solutions along Corridor Q.



| NTRODUCTI ON

Animal-vehiclecrashegAVCs), defined as any adverseident that involves a moving
vehicle and animal (typically wildlifebut may includelomestic anima)ghat resulted in
damage to a vehiclaave remained a top cause of crashes among drivers in Vi{Diomaldson
B. M., 2017; Donaldson & Elliott, 2020Studies in the state have tested different mitigation
techniques, with varying levels of succeSse study by the Virginia Department of
Transportation (VDOTtilized fencing along464 near Charlottesville to guide wildlife to
nearby existing underpasses and culvees,lting in @ average 92%eduction of AVCs in the
areas where the fencing was constru¢i@ohaldson & Elliott, 2020)A separatestudy,
conductedn the same interstatested the effectiveness of changeable message signs (CMSSs)
to alert drivers of deer crossmduringtemporalpeaks of wildlife activityleading to a 51%
reduction inrecordedcarcasesremowvedand a average oi.2 mph decrease in driver speed
during periods when the CMSs dispalthe deer advisorgDonaldson & Kweon, 2019 hese
studies demonstrate the potential of AVC mitigatdiorts particularly in southwest Virginia's
mountainous and biodiverse environmeéntaddition, the relatively low upkeep and
maintenance neededflecttheir costeffectiveness, as the reduction in AVCs can quickly offset
the investment in fencing and CMSscludingrequiredmaintenancegver the lifespan of the
equipment.

While these effortsaneffectively reduce AVCs along existing roadways, new road
construction in rural southwest Virgingdsoposes transportation management and wildlife
preservatiorchallengesCorridor Q, a 14mile-long addition to US460 in Buchanan County,
Virginia, as part of thé\ppalachian Development Highw&ystemaims to improve travel with
faster speeds and redudealveldistance. However, its location irraral area with diverse
wildlife presents risks for drivel@nd danger to wildlifelmplementing #ective AVC mitigation
efforts before the road's completion can improve driver safety.

While many different AVC mitigation techniques are in use today, this project focuses on
the feasibility of utilizing animal detection and driver warning systems (AD/DWS) as-a cost
effective measure to reduce the risk of AVCs along Corridor Q. AD/DWS canaiimal
detection (AD) with driver warning (DW) systems to effectively alert drivers of animals near the
roadway. ADS are electronic systems that use methods such as tracking motion via camera
thermal imageryor radar, the breaking of an invisible beamperturbation of underground
sensors, with the goal of detecting the presence of an animal near the roadway. DWS are signage
systems, connected to ADS, that give drivers advanced alerts of animal detection locations.

In this study, Virginia Tech Transportation Institute (VTTI) researchers investigated the
state of AD/DWS technologies to determine the feasibility for their use on Corridor Q, and to
review products that are currently available to state DOTs dlefielf solutions. Interviews
with subjectmatter expert§SMES were conducted to help guide this research. To ensure-a cost
effective approach, an analysis of the partially completed portion of the roadway was conducted
to observe the varying characteristics that could distinguish between areas of higher potential
riskof EVCsversus areas of lower risk. In doing so, implementation of AD/DWS can be focused
on the areas of higher apparent risk, keeping overall costs down while maximizing the
effectiveness of these systerResearchers studied various methods of AD/DWS



implementation and the feasibility of their dseptions included using AD/DWS as a standalone
option or in combination with other mitigation strategies like fencing, using variable speed limit
signs, installing crossing structures where appropriate, ang electrified mats and fencing to
create designated,-gtade crosswalks. These strategies were considered in terms of their
potential application along this roadway, as the characteristics of Corridor Q and local wildlife
may make some strategies besieited than others. Additionally, an emphasis was placed on the
cost effectiveness of each of these mitigation strategies, and the recommendations in this report
reflect this emphasis.

Typical wildlife in the Appalachian region of Virginareadyposea threat talrivers
(and vice versa)Adding to thishazarda small herd o¥5 elk was reintroduced to this area
between 2012 and 201¥irginia Department of Wildlife Resources, 202@&hich has since
grown substantially in siz@ecent estimatagportover 250 ell, andgeographidabitat range
Elk pose additional challenges due to ttmarding behaviofi.e., their tendency to group and
move as a uniftheir size, which ibetweerthreeand fivetimesthatof an average deer
(Sawyer, Merkle, Middleton, Dwinnell, & Monteith, 2018; World Deer, 2028d many other
unique qualities that sdtemapart from other similar local species, like whided deerElk
cantakean averge of15 seconds to cross a highway dmely may stand on the roadway for
several minuteHuijser, Fairbank, & Abra, 2017[Ik primarily feedon grasses and lew
growingnonwoody, nonRgrass plantsalled forbsWhile muchof Buchanan Countis forested,
thecounty alsaontaindarge areas thareblanketed byhese lowgrowinggrasses and forbs
that grow orreclaimed surface mines, utility righté-way, economic development sitesmd
roacsides. Theavailability of this food sourckasenabledhe elk herdo grow and thriveSoon
after construction begamé elkwereobserved feeding on the grdakat was plantedlongside
the new roadwato reduce erosiofVirginia Mercury, 2022)andthe herdseemed to stay in the
area While easterrelk populations tend to move over smaller ay@assus western populations
with larger migration habitghe uniquedaily and seasonahovement patterrend herding
behaviorobservedn the local population near Corridor Q are concerning for motoAMEs
involving elk are costly, averaging around $73,196 in 2@20ent, Huijser, & May, 2022)with
more recent estimates of $80,{Dbnaldson, Hillard, Rosenberger, & Callahan, 2028¢
cause significant property damaggitigation efforts along Corridor Q must consider the
challenges elkvill present to drivers upon completion of the roadway

PURPOSE AND SCOPE
The primary objectives of this research project were to:

1. Explore the current state AID/DWS and identify the most appropriadgstem(sfor a
potential pilot orthe 10.5mile portion of thel4-mile sectionof Corridor Qthatwas
analyzed in this study

2. Determine how to best implement AD/DWS technology either:

a. independentlypf otherAVC mitigation methodsi., wildlife crossing structures
andfencing or



b. in combination withothermitigation methodsuch as fencing ar@bnstructed
crossing (pending available fundinguch ashoseexploredin the VTRCstudy
(see next sectiond achieve enhanced overall system effectiveness.

VTRC Report 24-R8, Evaluation of Wildlife Crossings for Corridor Q

While completingthis report VTTI collaborated with thauthorsof arelated report
completedunderthe Virginia Transportation Research CounilTRC) that focused othe
evaluation ofwildlife crossingsas a mitigation strategglong Corridor QDonaldson, Hillard,
Rosenberger, & Callahan, 2028)hereaghis reportstudies the implementation and
effectiveness of AD/WS. The VTRCreport was published in September 2023, prodidesits
own analysis of the roadway, the local elk population,cmtliusions and recommendatipns
specificallyon the evaluation andmplementation otvildlife crossingsWhile VTTI worked
closely with the primary author of the VTRC reptimtoughout the procestheanalysis and
conclusions in this report wefeund independently from the VTRC repor orderto providea
separatevaluationof the same roadwagnd challengeposed bywildlife, and more specifically
the local elk herdDespite the difference in analysis methods performed by each Stadyeas
of higher EVC risk indicated within this report reflect a consistency with the findings of the
VTRC report.Any othernotable similaritieandbr differenceswith the VTRC reporare
mentionedn this report.

One of he intens of providingthese twastudies as separate, standalone reportsgs/éo
differentsuggestions of mitigatiomethodgor the same roadway. Thidlows forthe
comparison of these mitigation methodbétterunderstand their benefits and challenges
help determinevhether one or a combination of the methods woelchorebeneficial for
Corridor Q.

METHODS
Overview of Approach

The following is a summary of the main tasksried out to accomplish the research objectives:

1 Conduceda literature review to identify the current state of AD/DWS, and exgkbesr
potential applications for Corridor Q.

1 Collected data on the status of Corridor Q, inclugingposed andsbuilt data, GPS
collar data from elk, and georeferenced footage to produce a comprehensive map and
conduct an analysis of h e ¢ ofeatuiesiTberstiidy area was defined as thendite-
long sectiorof US 460 between the Kentucky state line andlitwen of Grundy with
focus placed on th&0.5mile portion of roadwayhat wasaccessibl@luring the
collection of the georeferencedleo footage (seEigurel andFigure2).

1 Developed a comprehensive document on Corridor Q, dividing it into 16 segments of
roadwaywhere theapparent risk oEVCswas higher thaother sectiondyy utilizing the
previously collectedlata To assess the suitability of each segmenAIDWS, factors



such as density of elk collar data near the roadway, elk crossing densitgadnaey
characteristicsvere evaluated

1 Reached out to experts in the field, consultants, and potential vendors, providing them
with comprehensive information about Corridor Q. This facilitated the collection of
information onavailable technology, expenses, and factors to consider during the
implementation of AD/DWS.

Data Compiling and Collection

During early discussionsith VDOT and authors of the VTRC repouTTI was
informedabout the activity of the local elk population near the roadway. In these discussions, it
was noted thawhile the elk were introduced in arearsouth of thetudy areathe elkhad
slowly moved northwardndstayednear theCorridor Qroadway It was explainedh one
discussiorthattheelk seemed to not onlyeactivenearthe entire length of thewadway butit
appeared thesnightalso beutilizing the roadwaytself as a method travel from one location
in theareato anothermore easilyTo understanthe nature of the elk and their interaction with
the roadway,His report discusses the analysis that VTTI researchers conddoigdver the
VTRC report provides its own analysis and conclusisapplyingarobuststudy of the
geography and surrounding areas of Corridor Qetpexplan why the elk prefer this area.
Based on several different factonscluding the geographyocal vegetationand habitat use,
Corridor Q providesn optimal habitat for elk=or more information on this analysisfer to the
VTRC r e p o s otnélishabitaaseldctiomamdsuitability of Corridor QDonaldson,

Hillard, Rosenberger, & Callahan, 2023)

While a largescale approacltsuch asnonitoting the entire roadwaywith ADS, could be
taken,methods coul@lsobe used to find the areas along the roadway where efioagtivity
may be occurringThis would make it possible to targetasvhereADS could be focusetb
redue theoverall cost of such a projedthe process otlata retrieval, collection, and analysis
centerednfinding the besmethodsavailableto determine whethepecific areas of the
roadway tend tthave more elk activity than others

BecauseCorridor Qis a new roadwaywhere only certain portiortsavebeenopenedo
traffic, publicly available data is difficult teource much lesautilize for an analysis of the
roadway.During the analysis, onlthe westernmost portipmvhereCorridor Q intersects with
StateRoute693,was publiclyaccessible. While completing this repdiie next portion opened
to trafficin the fall of 2023which now extends to the intersectionStateRoute 744(seeFigure
1). As this roadwayloes not yet provideaffic-relateddatasuch as historicrasles ortraffic
volume,the conventionaimethods ofinalysistypically used oraroadway with otherwise similar
challenge<ould notbe performedAccordingly, the data collection processquiredseekingany
otherrelevant datafrom both Virginia Department of Wildlife Reurces(DWR) and VDOT
sourcesas well ady VTTI researchersisiting and gathering data onsiM/hile Corridor Q
containsl4 miles of roadwaybetween the state border with Kentucky and the town of Grundy
the area analyzed consistecaobughly 10.5mile-long portion as shownn Figure?2.
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Figure 1. Overview of Corridor Q Study Area

As-built data

VTTI receivedrelevantCorridor Qdatafrom VDOT in a compressed KMZ format
compiled byAECOM, aninfrastructure consulting firmWithin thiscompresse&MZ file,
variousKML (a version of XML notationjiles provideddetailedmap layersnthe construction
of theroadway, containingxisting,proposedand asbuilt data.Among thedatg notabldayers
includeproposed and existinglevationcontours roadvay characteristicsuch as theenterline,
number of road lanepavement/shoulder widthnd thepresence of guardrailDOT right-of-
way boundariedencing, and power/utilitiecGAECOM, n.d.)

Elk GPS Collar Data

VTTI receiveddata fromthe Virginia DWRcontaining GPS collar trackindatafrom 15
uniquefemaleelk, with afix rate of 4 to 6 hours, and a date rarigem January 2019 through
December 2022n a discussion with DWRt wasexplained that onlfemaleelk werecollared
during the tagging campaigrasarepresentatiomdicativeoft h e lyeograpdicangeand
movements thereitdowever,DWR explained thattte geographic extenhay be larger than the
datashows asmaleelk, especially older individual$end totravel furtheraway from the typical
geographiacange of thédemaleelk in theherd In additionto GPS coordinates, date, and time
the datasetsontairedhorizontal dilution of precisiorHDOP) datg whichprovides a relative
accuracyratingof the coordinate

As part of the data use agreemeith the Virginia DWR no individual collar data points
will be shown in this repornor any data layer that mégad toprovidingthe specific locations
of these data point$he analysis layers, including point density analyses, will be shasviney
do not indicate exact locations or movemeinthetaggedelk within theherd.



GeoreferenceadVideo

To aid data analysis amisually assess the road conditions, VTTI conducted a site visit
to Corridor Q on July 18, 2028sing awindshieldmountedcamera thatollectedreattime
GPSlocation elevationand othetelemetric data, video footage was recordedriwyelling
alongthe roadway with the camera secured and facing forwardahiale operated by VDOT
personnelFootage begn at the westernmost sectiamere the borders of Kentucky and Virginia
meet,continuel to the fartheseasterrsection of roadway that was accessibleéhgpassenger
vehicledriven for this recordingand returedto thewestern side, where the roadway intersects
with Route 693 seeFigure?2). A total of 10.5 miles of roadwayas recordé, whichinformed
the portion of roadwayhtat was ultimatehanalyzed in this study.

While analyzingthe elkactivity, theresearch team found thatllar datapointsreflected
extremely lowto noactivity along theemainingeasterrportion of theroadway As suchthat
areawas not analyzed in this repo@nce the remainingortion ofCorridor Qis completed, th
elk activity in this areanay changeas a result of the roadway and surrounding landscape
changing, in additionotthe roadwayecomingopen to drivers.
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Figure 2. A map indicating the portion of Corridor Q recorded while collecting georeferenced video footage.
Subject Matter Experts and VendorsMethodology

To identify SMEs and vendors to interview for our research on AD/DWS on roagways
literature reviewwas conductetb find key academic articles, reports, and industry publications
related to the subject matt@ersonalized message®re sento various authors of the relevant
literature foundexpressing interest ier work, and requegtg an interview to gain insights

into the topic Unstructured interviews were conducted to collect data from SMEs and vendors of

AD/DWS. All interviews focused on AD/XYS relative to Corridor Q and were conducted over



Zoom. Before each interview started, researchers explained the purpose of the intieavtbe,
primary focus was on readily available AD/DWS, and the unique challenges present within
Corridor Q.By combining these approaches, connectiverse establishedith SMEsand
vendorswhich provided valuable insights into the advancements, challenges, and future
directions of AD/DWS on roadways.

RESULTS AND DI SCUSSI ON
Literature Review i ADS and DWSTechnologyand Other Mitigation Efforts

AD/DWS are one of mmerous methodbathave been developed to mitigate AVCs,
especially those related to large wild mammals. ADS detect animals nearing the road and, when
combined with DWS, alert drivers to tageecautionary measures like reducing speed and
staying vigilant thus reducing the risk of AVCk a review of the literature, VTTI researchers
compiled information on the different forms of AD and DW systems, and how they are used in
combination along witlother possible methods of mitigation for maximum effect. VTTI
submitted a draft report of the literature and technologies reviewed in this project to VDOT on
June 12, 2023, and a discussion was held on how the information learned in this review would
inform the completion of the remaining project tasks.

Animal Detection Systems

ADS use electronic sensors to detect large animals approaching the roadwsgnand
warnapproachingnotorists. Most ADSuseabove ground/area cover sensors such as thermal
infrared microwave,or radiowaves; breakthe-beam sensorsuch as active infrared or radio
wave beamsyr in-ground sensorsuch as buried electromagnetic cables or seismic sensors
These systems activate upon detecting a disturbance in the signal caused by an animal. Once
verified through software pogirocessingthe systemsends aignal to a connected DWS to
trigger a warningsuchasflashinglights or a lightup message sign, to alert drivers. This can
result in reduced speeds and increased stopping distances, thereby lowering the risk of AVCs
(Smith, Noss, & Grace, 2015; Mukherjee, Sullivan, Sinha, Liu, & Brake, 2015; Huijser,
McGowan, Clevenger, & Ament, 2008; Grace, Smith, & Noss, 2017; Druta & Alden, 2020;
Gordon & Anderson, 2001Monitoring studies reveal that, depending on various faeciods
combinations with other methods of mitigatidhese systems can reduce wildlife crashes by
over 90% in some areé8ment, Huijser, & May, 2022; Gagnon, et al., 2018)r a
comprehensive |ist of the I|Iiterature on ADS,
Machine Learning to Mitigate Wildlifie/ehicle Collisions: A Review, Challenges, and New
Per spect i v e sSensorgNandutu,éAteinkeng,r&O&duma, 2022)

The following sections detail the different types of ADS and their potential applications if
considered for implementation on Corridor Q.

Br etaHbee a m

Breakthe-beam sensors, placed across a pathway, detect animals when they cross, or
Abr,eakhe s i(Hyiser,let alb 20AAThese sensors require a clear line of sight, which
might be challenging in Corridor Q duettee local topography, road curvature, and vegetation
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near the roadwayPlacingsensorloser to the road cassist with issues caused by vegetation,
but can alsdead to shorter detection times, causing animals to be closer to the patgrtient
time drivers are alerte(Huijser, Fairbank, & Abra, 2017If the road curvature is too high, more
systems would be needed to ensure full coverage, increasing the price of this type of system.
False positivesnay also occuwhen vehicles or strong windsuse falséetecions which may
affectthepublicd perception of ADSs a useful mitigation measuy@harafsaleh, et al., 2012;
Huijser, et al., 2009)

|l yround Sensors

In-ground sensors, such @m®se used in huried cable animal detection system
(BCADS), are installed underground to detedtlife ground movement. Whemaanimal walks
nearorcrosse® ver t he c,aalktHamgé isthd eedrantagnetio fidietectedwhich
thenactivatesanearby warning sign to alert motorigGray, 2009)A BCADS is primarily used
to monitor larger animals such as deer, elk, or m{idagser, Haas, & Crooks, 201,2s the
systemmay have difficulty detecting smaller animals, especially during snowy conditions that
weaken the signal. A study by Druta and Al§2819)found BCADS to be effective, with a
nearly 99% reliabilityratein positive detectiomianddriver warningsabout large animals, such as
deer. These systems are capable of functioning in areas with heavy snowfall, and at least 80% of
drivers decreased their spasicting times when thearning sigrwas activatedThe study
estimated that an 86 BCADS costs approximately $125 par or roughly$100,000 for the
entiresystem put installatiorof this systentould save approximately $1.3 million over the
service life of the cable sendg@ssumingl5 years)f vehicle crashes involvingleerwere
reduced by 50%which in the case of this studywld be 10 per year

While these systems have been proven to function properly under recommended
conditions, implementation of a BCADS can require a much medeth analysis of roadway
conditions than an aboyground solution to determine their suitability for a particalaa. For
instance, the state of the soil or presence of air pockets or large rocks casyaffent
functionality, though these types of issues can be accounted for during the installation process
thus reducing the potential of false positives and fadggtivesCo |l or adoés DOT comp
study of the effectiveness of this type of sensor for animal detdttiojser, Haas, & Crooks,
2012) and while the results were inconclusive, local drivers had a negative perception of its use
as a mitigation technique duette level of perceived false positive and false negatroes
poorsystemmplementationDH News, 2017; DH News, 2010} is important to note that iall
of thesepublished reporta BCADS was used as a staalbne measure and did not incorporate
other mitigation techniques.

Above Ground/ Area Cover Sensor s

As their name suggestfiave ground/area cover sensors are positioned above ground
and provide a conshaped coverage area, surpassing the coverage area efnerbalm
sensorsas they onlyletect within a thin, straight linén this mitigation strategynfrared and/or
radarsensors are used detect heat and/or motion within their coverage édaadutu,
Atemkeng, & Okouma, 2022These sensors are generally useful for both small and large
animals but become less sensitive with high wiittlgjser, et al., 2009)Studies have shown
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thatwhen coupled with machine learning algorithihgse sensorsan detect wildlife with over
90% accuracyMunian, MartinezMolina, Miserlis, Hernandez, & Alamaniotis, 2022; Chen, et
al., 2019; Anténio, Da Silva, Miani, & Souza, 2019)

Area cover strategies could work on Corridor Q, but likely will not be as effective in
areas with lineof-sight issues, such as closeffl sections or sporadic, small openings along a
portion of roadway. However, in areas of high lofesight visibility, these types of sensors may
be useful and more cost effective than any other solution, as few sensors would need to be
installed to cover these areas of high visibility. However, fog, rain, snow, wind, and other
weatherrelated factors prevalent in the amdaCorridor Q are a concern for the efficiency of
these systems.

Summary of ADS

While properly implemented ADS have demonstrated the potential to reduce AVCs
involving large mammalfficacyrates areeported at betwee3B%and97% which is quite a
wide rangeMany reports stress that ADS as a mitigation stradeg)still considered
experimental, due tthe potential issues with the technolofjuijser, et al., 2021; Huijser,
McGowan, Clevenger, & Ament, 2008; Munian, Martifdalina, Miserlis, Hernandez, &
Alamaniotis, 2022; Smith, Noss, & Grace, 200\hile ADS can reliably detect large animals
such as elk, the technology varies and may have a harder time picking ugemakiumsized
animals(Huijser, et al., 2021; Huijser, et al., 2009; Huijser, Camel, & Hardy, 2@06dng the
various ADS a few stand out as possible choices for Corridor Q. More information on these
different ADS types are detailed Trable1. BCADS present a promising optiowith successful
testing of similar systemaong similar roadway@ruta & Alden, 2015; Druta & Alden, 2019;
Druta & Alden, 2020andthe ability to overcoméhe challenges that visubhsed ADS may
have in the rural, forested area of southwest Virgid@vever, there could kfficulties in
implementing BCADS within a substrate not suitable for proper detection. The level of testing
and realworld use of above ground, areaver solutions should not be discounted, and these
types of solutions may have a higher doshefit tha any other solution in areas that are better
suited, such as large, open areas. Due to the characsesisGorridor Q, breakhe-beam
solutions would be challenging to properly implement as aeftesttive measureand thus were
not considered further after the conclusion of the literature review



ADS Type
Above Passive
Ground Infrared /
Area Thermal
Cover

Radar

Table 1. Description of the Various ADS Technologies and Their Advantages and Disadvantages

Description Accuracy Advantages Disadvantages
9 Detection occurs wher Systems detected { Potentially useful fIncrease in false negatives during hi
an emitting heasource  between 85 i for detecting winds @
crosses two adjacent = 98.85% of nocturnal animals  qLimited range(5)
sector boundaries or intrusions @ and animals that
crosses the same {Signs activated cross the road at
boundary twice within  96% of the time for  night *
a specified time*?) elk and 98% of the
time for deer
following the

presence of animal
in the detection

zone.®
i Transmits and receive! J At least 75.62% of 9 Uses fewer fCan have delayed detectidi
microwave radiation. detections were sensorgoles to i Pedestrians and turning vehicles ma
7 Detects whether the correct.® cover roadway than  be detected instead of large animals
strength of the infrared €7 ©)
reflected signal is T Height of radar {1 Theremay be alind spotunder the
weaker than the one locationmayreduce  radarthat will need additional sensor
initially sent. risk of theft, @

vandalism, or

accidental damage
6)
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ADS Type

Breakthe-Beam

In-ground (BCADS)

Description Accuracy Advantages Disadvantages

i Consists of a 1 Systems detected = §Simple method of = {Difficult to cover long distances,
transmitter placed between 72.4% an( detection, little requires multiple sensors, more
across a pathway that  100% of alll processing needed { expensive and requires additional
detects animals when intrusions in the ensure accuracy of  maintenancg”
they fAbrea detectionared? the system. 1If placed closer to the road, results ir
beam ?® less time for drivers to reac®)

TRequires a clear line o {'Requires more hardware resources
sight © curves, slopes, and vegetation

landscapes®

' May result in false positives when

vehicle or strong winds are detected
29

{Generates an invisible JBCADS can detect No/very low false  {False detectionare stillpossible 10

electromagnetic with > 98% positives and false = §Primarily used to detect large anima
detection field around  confidencdarge negatives®1? and may have difficulty picking up
the buried cable$® animals if properly = qCan detect large ani  smaller animals’®

fAdjustable threshold  installed and possibly smaller  Challenges with installation in soil

{| Detects largeand calibrated % animals with over with air pockets or large rocks

mediumsized animals fPerimitrax® systenr  95%reliability. ¢:1%)
crossing over the cabl¢  detected 99.54% ol qDoes notequire

provides data on their  intrusions in the line-of-sight.

location along the detection ared®  §Capable of

length of the cablé® functioning in areas
with heavy snowfall
(10)

Note. Information retrieved froifNandutu, Atemkeng, & Okouma, 2022Muijser, et al., 2009)%, (Munian, MartinezMolina, Miserlis, Hernandez, &
Alamaniotis, 2022) (Huijser, Haas, & Crooks, 2012)(Huijser, Fairbank, & Abra, 2017 (Mukherjee, Stolpner, X., Vrenozaj, & Fei C., 2013)
(Gray, 20093, (Sharafsaleh, et al., 2012)Druta & Alden, 2019%
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Driver Warning Systems

In most casesf ADS deploymentsystemsare combinedavith DWS. Alternative
methods camlsobe usedto warndriverswithout the need foADS, however Each level of
DWS usagehas advantages and disadvantages. In this section, the different DWS options
available and the level of confidence in their ability to mitigate A¥f@sdiscussed

War ni n gStSaingdnasr:d , a rEch hTaenncpeodr a |

Static, or standard, animal warning signs are commonly used in areas with concerns
about large mammal AVCs. They resemble regular traffic signs, featuring common wildlife
images, and are inexpensive.

Enhanced wildlife warning signsith features likdlashing lightsand vividillustrations,
aremore effective in high AVQones although they armore costlyWhile they can raise
awarenessomedriversmay seé¢hem as sufficierdndnot supportcostlier mitigation efforts
(Huijser, et al., 2021 Research shows varyimgfectiveness imlifferentsettings and the signs
may becomeess effective over time due to driver habituaiiodriverssee the same sign or
flashing light overrepeated travdlme through the aredNonethelesghey canstill help reduce
liability concerns.

Temporal signs aréke enhancedvarningsbutareonly active atspecific timeswith the
aim of combattinghabituation andaisng awareness during peak wildliieossing timesThe
data is difficult to quantify, €Hsijsesetaldi es on
2021; Donaldson & Kweon, 2019)emporal signs work best when aligned with specific
wildlife migration corridorsandmaybeless effective in larger areas due to potential sign
oversaturation, which can lead to reduced driver attefitiaijser, et al., 2021)

Warning Signs Activated by Roadside ADS

Warning signs can be connected to ADS to alert drivers to animals bedaaaimals reach the
roadway(Dodd, Gagnon, & Schweinsburg, 2009; Nowakowski, Sharafsaleh, & Huijser,.2013)
Signs that are used as part of an ADS have a much more effectivenede@hg AVCs than
standard, enhanced, and temporal warning signs, with a reduction in AVCs of 33% to 97%
(Huijser, MoslefBerger, Olsson, & Strein, 2019)he most significant decreases in vehicle
speed happen when signs are connected to mandatory or advisory speed limits, or when road
conditions and visibility are poqHuijser, et al., 2021)lhere is diability concern if a wildlife
detection system fails or if sudden braking due to a warning sign results ireadeatlision
(Huijser, et al., 2021; Gagnon, et al., 20H)wever, compared to static, enhanced, or temporal
signs, this type of DWS minimizes habituation to the systems, resulting in a higher rate of
intended driver response to these sighsijser, MoslefrBerger, Olsson, & Strein, 2015; Huijser,
et al., 2021)

Vari able Speed Limit Signs

Variable speed limi¢VSL) signs are legally enforceable and use sensors to adjust speed
limits based on roaday conditionsand hazardsuch awisibility, crashes, congestipaor
constructionVSLswere recently introduced or9b in Virginia, with prior use on roads like |
77 andthe Hampton RoadandMonitor Merrimac MemoriaBridge Tunnels(Virginia
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Department of Transportation, 2023; WSET, 2022ere is potential to use these signs
tandemwith ADS to warn drivers of wildlife crossingndprovide alegally enforceable measure
to alter driver behavior. This can also be helpful for maintaining better mobility along the
roadway during times when wildlife is not crossing and to encourage a lower risk of AVCs
during times when wildlife is crossing.

VSL signs can enhance traffic safdbyt setting speed limits too far below the highdsy
design speed can lead to speed dispersion, potentially increasing crashhedkerature
suggests that effective AVC risk reduction may require limiting speedd #®36ph, but this
might not be suitable for higépeed corridors like Corridor (Huijser, MosletBerger, Olsson,
& Strein, 2015; Huijser, Fairbank, & Abra, 2017) should be notethat thisstrategywas
consideredn relation to permanently reducing the réGadpeed limit, rather than usingy8&L
sign.

| vehi cl e Al ert Systems

Connectedrehicletechnologes provideanopporturnty for alerting drivers to AVE
related riskvia in-vehicleinterfacesPresently, these capabilitiage available vismartphone
applications that either provide crowdsourceddway informationincluding animal sightings
(Donaldson B. M., 2017 prthat communica&with infrastructue-basedAD/DWS (Druta &
Alden, 2020) Theseapplicationgequirethat drivers have a capable smartphdraee
downloaded and are actively using the app, and that either other drivers have provided
information in a crowdsourced app, or ttied AD/DWScommunicatalirectly or indirectlywith
vehicle systems @gmartphoned-or the purposes of this studygseoptions were not
considered furthedue to their lack ofurrentwidespreadhvailability.

Ef fectiveness of D WS

Quantifying the effectiveness of DWS is challengifilge goals of a reliable DW&e
reflected inFigure3. The common metric in the literature measures changes in vehicle speed
when these signs are actiostanalysis of past crash data or carcass removal cabalssed
to evaluatesystem effectiveness, but these values vary widely, making it hard to predict driver
reactions on new roads. MoreovebWS is often combined with other mitigation strategies,
making it difficult to isolate its specific impact in the results.
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Reliable warning signals

'

Increased driver awareness; large
animals may be on or near the road

v v

Lower vehicle speed Increased driver alertness

v

Reduced reaction time
when confronted with
an animal ahead

Shorter
p| stopping ¢
l distance
Vehicle may hit Vehicle may not
animal at lower speed hit animal

Figure 3. Driver response components dependent on reliable warning signaReprinted from The
Comparison of Animal Detection Systems in a TedBed: A Quantitative Comparison of System Reliability
and Experiences with Operation and Maintenancé Final Report, by M. P. Huijser et al., 2009. Copyright

2009 by the Western Transportation Institute. Reprinted with permission.

Roadway Barriers

Roadwaybarriers, such as wildlife fencingre usedo separate@lriversfrom potential
hazarddike wildlife. They can be combined with AD/DWS to guide wildlife to safe crossing
areas and alert drivers of their presef@agnon, et al., 2018; Dodd, Gagnon, & Schweinsburg,
2009) Fencing is commonly used around highways to prevent animals from entering the road
and causing accidentaresco, 2005; Donaldson B. M., 2005; Dodd, Gagnon, & Schweinsburg,
2009) However, fencing alone can negatively impact wildlife by blocking migration routes and
fragmenting habitatsvhichisk n o wn as t h edTdinhtigaterthese effeasfildiife c t
structures, such akedicated overpassaiedicated or prexistingunderpasses, culverts, or
breaks in the fencin@.e., jumpouts)can be used in combination with wildlife fencing
(Bouchard, Ford, Eigenbrod, & Fahrig, 2009; Jaeger & Fahrig, 2004; Andrews & Gibbons, 2005;
Rees, Roe, & Georges, 2009; Hedlund, Curtis, Curtis, & Williams, 2004; Bhardwaj, et al., 2022)
The benefitof properlyimplementing wildlife fencingvould exceed thassociatedossin less
than 5 years through reductionA¥Cs (Gagnon, et al., 2015; Donaldson B. M., 2005; Gagnon,
et al., 2018; Dodd, Gagnon, & Schweinsburg, 20093 important to involve wildlife experts in
the design and implementation process to minimize negative impacts.

Regular maintenance @dsocrucial to prevent increased wildlife activity and the risk of
accident§fReses & Wood, 2015; Bhardwaj, et al., 202@)addition, it isimportant to ensure
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thatthewildlife crossing structurethat thefencingis directing wildlife towardsare adequately
sized to allow animals to use them effectiveltherwise the barrier effest furtherexacerbated
This is particularly trudor elk, which have a lower tolerance for smaller structures than-white
tailed dee(Gagnon, et al., 2015If the structures are too small, animals may resort to fence
jumping or refuse to use underpasses. In cases where the motivations for crossing the road
outweigh the deterrent of the fence, it is recommended to usena\2aven wire to connect
wildlife crossing structure&agnon, et al., 2015; Clevenger & Waltho, 2000; Gagnon, et al.,
2018) While it is not the focus of this report, more information on the evaluation and
implementation of wildlife crossings along Corridor Q can be found in the VTRC report

di scussed in the fAPur pos@®onaldsah, Hilardh Rosenhbegyer,&t i 0 n
Callahan, 2023)

Electrified fencing and kground mats are another option to restrict the movement of
animals and guide them in the intended direction. In most cases, vehicles are not impaeted by in
ground electrification due to the insulating effect of tires, and huceambe provided with a
crosswalk button, like ones used in typical urban crosswalks, to temporarily deactivate the
electrified mats and allow for safe passé&@eay, 2009) However, use of these electrified mats
can require alterations to the roadway and can cause issues when maintenance crews are
preparing for winter weather events or plowing existing snow on the roadway. Additionally, they
have been shown to be a dangesmaller animals, with some studies finding dead wildlife on or
near the electrified barriefbluijser & Getty, 2022)

A notable project in Preacher Canyon, Arizona, effectively reducedeslicle collisions
by 97%usingfencing andAD/DWS atan atgrade crosswalkOnly three total elk collisions
occurredalong the fenagarea in the 9 years following tla¢gradecrosswalk installationAn
electrified matvas also useduide wildlife and reduce collisiof{&agnon, et al., 2018Jhe
implementation of this system relied on modifying both animal and human behavior instead of
just one or the other. By using this method, wildlifasstill able to freely travel within their
habitat range, and simultaneously motorists were warned of animals crossing in these locations.

However, the differences in characteristics and behavior of elk in southwest Virginia may
pose challenges for similar implementation. In the west, the herds are much larger and typically
cross the roadway to arrive at another location within their habitge. For the elk near
Corridor Q, most of the area surrounding the roadway is their habitat. As there are concerns that
these elk are using the roadway itself as a path of travel, it could be possible that elk do not cross
an atgrade crosswalk, and iestd may enter the cragalk, then turn andvalk parallel to the
road,gettingstuck in between the roadway and fence, leading to a potential incrda¢€ of
risk. The use of jumyouts (i.e., escape ramps) would be a requirement to ensure trapped animals
can exit the roadway safely. Additionally, use of electrified mats or concrete to inhibit this
parallel movement could be difficult for this area; unlike kbcation in Arizona, routine winter
maintenance could affect their function. It is worth nothing tlacing can be used in areas that
may not be suitable for AD/DWS, and vice versa, improving overall mitigation efforts.

Data Analysis

The analysis began with retrieving thelaslt data to gain a better understanding of the
roadwayodés characteristics. The data pThevided
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layers include information on the roadway, sucthascenterlinenumbers of lanegnd
pavement widthelevation contours, both pexisting and proposed; and other aspesttsh as
right-of-way boundaries, utilities, stormwater drains, and ottkégsire4 shows an overview of
some of the layers provided within the KML files.

In the absence of official, publicly available data, the KML files provide a great overview
and visual representatiaf the roadway when overlaid on a map, showing such information as
the exact location of the roadway, shape, pavement width, and lane numbers. The data also
provided asbuilt elevation contours, which can assist in determining sections where the road is
aacessible by discerning the slope of the roadside and the height of certain strugingshis
dataas a visual aidvTTI decidedto canducta site visit to retrieve quantifiable data that could
beused in tandem with the KML files &ffectivelyanalyzethe characteristics of thevadway

Corridor Q Study Site
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Figure 4. Map depicting theroad centerline, proposed andas-built contours, and stateright of way boundary
layersincluded in theKML files for Corridor Q.

Roadside Classification

The analysis continued by gathering the georeferenced footage from the site visit (see
Figure5). In lieu of referenceable elevation data, fhistagecould provide information on the
state of the roadside anglvealindicators that a certain area may be more accessible to wildlife
than othersThe goal of this procedure was to indicate areas along the roadway that appeared
more open and accessilbbe wildlife to enter or interact with the roadwagrsus areas that
seemed more closed off due to topography and any existing structures, and therefore begin to
classify all portions of the roadway based on these characterstidsionally, elevation data
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was included in theecorded telemetric data, which could assist in indicating where fog has a
higher potential of occurring more often thatrother locations along the roadway.

To begin the assessment of this footage, the telemetric data was extracted and reviewed.
Within this data were the latitudengitude coordinates and timestamps of the video recording at
designated points, which could be added to a map and overlaidkrMize f i | eds r oad c
layer. Because there was information on the exact location to accompany the footage, researchers
could then begin to describe the state of the roadside in both directions.

The GPS coordinate data was recorded at a frequency of 60 points per second.

Extraneous points from the telemetric data were removed to reduce the dataset to only contain
points at isecond intervals. The video footage was reviewed alongside the newly created 1

second interval dataset to provide a method to tabulate changesdadkigle, which could then

be incorporated into the map using the road centerline provided within-theltagata. As the

recording was viewed for changes in the state of tadside, the timestamp in the video was

matched to the timestamp within the telemetry dataset, and a classification was given to the

points within the dataset. The roadside would be characterized by several options, including cut

and fill sections, areasahwere more flat or open, intersections, and bridgeways. This was done

to denote when the roadside characteristics changed from more open to moreftldsdibth

directions of the recording, the area near the roadside on the right was observethgpaostidte

of the south side and north side to then compare to each other. Considering the state of both sides
of the roadway, a level of openness or accessibility from the roadside was assigned to the entire
length of recorded roadway (segure6). For thisanalysishopeno i s defined as
both sides of the roadway are flatwithe | at i vel y hi gh accmeassthieo t he
areais characterized by cut sections of earth, orelegation issosteepthat acess to the

roadwayid i kel y di f f-dapceund & , c camtda idmasactesistion dbathopen e o f

and closedectionsWhilefic | osed o may mean t hdowldifaemteragy 1 s |
from the roadside, this does not necessarily mearithtbabadway is entirelynaccessible

Wildlife mayenter this area parallel to the roadway, and tleasperpendiculawithin this

section. However, in later sections, ifligstratedt hat t he s e shdwléssedlke d 0 ar eas
activity. The roadway designatéti/A0 wa s n ot gepreferencef wdeo td be r

recorded.
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Figure 5. A screenshot of the georeferenced viddootagereviewedas part of the roadside classification
analysis. This area depicts a section that is open on the left side of the road, and closed on the right.

Roadside Classification of Corridor Q
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Figure 6. A map of Corridor Q road centerline after roadside classificationof the accessible portion of the
roadway was completed.
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Analysis of the EIk GPS Collar Data

Near the conclusion of the roadside classification analysis, DWR provided VTTI with
access to the GPS collar data of the elk herd near Corrididig@e were a total of 53,303 data
point locations provided with this dataset. The date coverage varied betwedenealeelk, as
shown inTable2. The Dates Covered by Each of the IndivideaemaleElk That Were Included
in This Study

Table 2. The Dates Covered by Each of the IndividuaFemaleEIk That Were Included in This Study

2019 2020 2021 2022
JIFIMIAIM[J]|J|A|S|ON|D]J|FIM[AIM[J]|J|A[S|O|N|DJJ[FIM|AM|J[J|A|S|O|N[D

olNjoalbdlw]N e

Because the data only contains information on the local elk population, no determinations

can be made with high confidence abbotv the othewildlife in this areamay interact with the
roadwayand vehicles once it is open to the pubowever, due to their unique behavior, this is
one of the more important species to consider for crash mitigation. Elk are one of the most
dangerous wildlifespeciego motorists due to their size. Furthieecause they agehighly
vulnerable specgan analysis of thidata was considered crucial to understanding the unique
challenges that elk pose on the roadway. Multiple analyses were performed using this data to
support finding areas where elk activity occurs near the roadway.

Prior to any further analysis, all points with an HDOP value greater than five were
removed from consideration, as their values indicate a poor confidence in exact positioning. Of
the initial 53,303 points, 53,115 remained after removing the 188 poittdight HDOP values.
An initial test was performed on the density of GPS collar data points that fell within certain
distances of the roadway.

Of the remaining data, 21,411 poiitt€l0%) of all elk activity were recorded within 200
m of the roadway. A total of 14,296 poir§t27%) fell within 100 m of the roadway,067
points(~13.3%9 within 50 m 1,866 pointg~3.5%) within 20 m 489 pointg~0.9%) within 10
m, and 242 point¢< 0.5%9 within 5 m. Of these different radial distances to the roadway, the
100 m buffer was chosen to maximize the amount of quality data points near the roadway for
analysis, while making it easier to discern between areas of high and low densitypioorh a
density analysis.

The data was provided as 15 unidemaleelk sets and sorted temporally, from the
earliest to latest entry. Using this informatistraightline pathsgenerated foeach unique elk
could beviewedby dr awing | ines from one pvastracked. t o
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Unfortunately it cannot be determindtiat the lines traced this wayerethe actual paths the elk
traveled as a time interval of 4 to 6 hours likely meant the elk took a much different path than

the generated straight line. Additionally, despite how parallel or perpendicular to the roadway the
paths were traceao determinations could be madendfether an elk used the roadway itself to
travel from one point to another, whether it crossed at a certain location, or if it dtessed
roadwaymultiple times within thed-to-6-hourtimeframe. However, by taking every point in

which an elk path intersected with the roadway, and conducting a point density on the resultant
points,fcrossing activitg along the roadway could be mapped and considered for further
analysis.

Subject Matter Expert and Vendor Interviews

SevenSME and vendointerviews were conducted gather information c0ADS
implementation, current technologiémitations, and potential challengeghenotable
information gathered from the interviewsssummarizedhelow. When evaluating vendor
i nf or maimpodanttoconstdépstential biasvith regard toADS technologyas they may
stand to benefit from potential sales or have more particular knowledge about their own,systems
and | ess o n Thistinforenationmasgdtioeréd coeate a full scope of current ADS
technology that &s not present in the literature revie®ecommendations givemere usedo
gatherthe totalscope of current ADS technology availafide potential use on Corridor.@ur
recommendations were based on analysis done outside of the inteBatlwsecommendations
and potential challengésr these systemare listedFor the full intervievs seeAppendix A

Interview 17 Marcel Huijser a senior research ecologist with the Western Transportation
Institute.Huijseris an SMEwith extensive experienga AVC mitigationwho assisted with
progressing the analysis bjfering insight on the benefits and challenges of AD/DWS and
suggestinggome vendors to contact.

Crossing structures are preferred in most situations due to their high effectiveness.
Research on the implementation of ADS is limited.

Survival rates of ADS projects are poor.

It is imperative taunderstand the future of the systems once implemeiated,

instancewho will maintain the systems once they have been installed.

Fencing can increase the fAbarrier effecto
Elk require properly sized crossing structures.

Other countries take a conservatimantered instead of a safatgnteredcapproach

Upkeep and maintenance responsibilities need to be considered.

= =4 -4 -9

= =4 =4 -9

Interview 2i Jeffrey W. Gagnon, a statewide research biologist with the Arizona Game and Fish
DepartmentGagnon is another SMEith experiencen conducing studies on the use of
AD/DWS, specificaly in applicationgor which elk were a primary consideration.

1 A thermal system mounted 12 ft off the ground with fencitig @smalér crossing
area is recommended.
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ol tds effective for | arge animal detect
accuracy can reach 90%-+.
Sensing limits are controlled effectively 50i 100 ft wide
The system does not tolerate high winds wsglladditional pole support is needed in
windy areas
1 Without fencing more sensors are requirethdthe error potential goes up
exponentially théarger the area you try to cover with just sensors
1 Escape structuresithin stretches of exclusionary fenciage recommended at a
minimum of every half mile
|l tds i mportant to monitor ar erarseffesther e f en
Electrified concrete can be used as an alternative to electrified mats in snowy regions.
Upkeep and maintenanoesponsibilities need to be considered.
There is potential for hacking and vandalism.
Gagnommentions beingersonally reluctant to put any detection system ottead
road due to the speéd70 mph) of motorists.
1 Detection systems are unique; theraosonesizefits-all solution.

= =4
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It should be noted that the recommendations that Gagnon offered are for mitigation
strategies in general, anthy notapply specificallyto Corridor Q as the characteristics may
vary from one roadway arits local wildlife to another.

Interview 3i Chris Peguesse, a consultant with Senstar, a vendor of advanced security systems.
In this interview, the discussion focused on the use of their Om®isggtem, a buried cable
solutionthatPeguesse has experience in utilizing as an ADS.

1 TheirOmnitrax® product consists of a single central processor, with cable length up to
400m in each direction (up to 8010 of linear roadside total with one unithe system
has the following features.
o Can be powered by solar panels.
o Isunderground, so visibiligpased challenges have no effect.
o Can discern location of animals alotige roadway, which could aid in
understanding elk movement.
1 Metallic structures (i.efences or guardrails) near the cable can cause signal disruption.
o0 Strategic placement can minimize impact and even boost signal if metallic
structures are properly accounted for.
o If the distance of the guardrails are too close to the pavethergystenmay
detect passing vehicles.
1 Burrowing wildlife may disturb the cable.
0 The cable can be encased in impermeable material to discourage animals from
disturbing it.
1 Duetoelkbéphysi que, the cablebds ability to prop
false negatives.
0 The system needs to be adjusted to account for this while not detecting smaller
wildlife that pose no threat to drivers.
o A berm placed on top of the cable laid directly on an existing surface is
recommended to increase the area of detection.
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1 The cable cannot discern whether an animal is travelling from the roadside into the road
or vice versa.

1 This system requiraglatively uniform soil with little to no air pockets or large rocks.

Interview 41 Gert Hambergs the founder andlirector ofProWild, avendor ofAVC mitigation
technologiesHamberg discussed the options that Prow@d offer, including breathe-beam
and aboveground areaoversystems

1 ProWwild caninstall thermal, lidar, active infrared, passive infrared, and radar and have
access to all ahesewithin the same controller.

1 Their system has wireless connectivity over 5 km, but wired systems are best.

1 Theirlongrangethermal cameras can look over 2 km and detect specific animals.

1 Since the elk stay on the road, additional technology is needed to differentiate them from
cars.

1 Passive infrared wonodot work alone as a det

technology.

Passive infraredhas been adddd their active infrared systems to make them safer.

Active infrared can be sensitive to foggy conditions.

Lidar technology has recently progressed and needs to be tested again.

Detection systems are unique; there is noginefits-all solution.
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Interview 51 Tim Hazlehursts the foundeland president a€rossTeka vendoof AVC
mitigation technologiesHazlehurst has experienceutilizing systems, such as thermal and
radar as AD/DWS solutions.

1 CrossTek uses a growug engineering approach and develops each systénthe
environment.

1 Off-the-shelf systems have limited succeBisn is not aware of andff-the-shelf* system
that has remained in roadway operation. Some didn't work from day one. The rest were
decommissioned with 1to 4 years.

1 A mobile-datacollection wildlife detecting radawith or without wildlife detecting

thermal camerass an option to test different systems and document wildlife movement

across roads in different areas before committing to permanent installation.

Multiple sensors and cameras can be integratedone driver warning system.

Recommended having an area to control the movement of the animals while targeting the

bigger crossing areas and considering what the driver will. eegecommended a

combination of fencing;adar sensors aridermal sensors (with solid animal detection

capabilities) to optimize detection and warning.

1 Recommendedsingfencing and tying it to crossing structures and underpasses for
animal flow; when possible.

1 Some clear space (minimal vegetation or vegetation maintained at certain height) on both
sides of the road is required for line of site detection of wildlife.

1 Radar snsors have a 146@ radius in each directioesigned for up to 1.6 miles with
oneradar sensor positioned at a central location of the road corridor. At 1400, riineters
radar can accurately detect a human crawling on the ground.

= =
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1 A thermal camera can be placed to view the area under the radar to mitigate the blind
spot created by the angle of declination. An alternative is to install a short section of
game fence (200 feet) behind the radar to steer wildlife away from crossiatydireder
the radar.

1 In the past, a@ssive thermal imaging maxed out at il0#6 ft along the roadwayput
CrossTekare now getting strong results out to P300 feet.

1 Does notrecommend turning signs on unless confirmed or very high probability that
wildlife are near the roadway.

1 Bothradar andhermal systems work well in rain, fog and snow. Liddess reliable and
sometimexhibitsvery poor performance in these conditions.

1 Motorists need enough time to react to animal detection. This pertains to sign placement
and speed of activation upon positive detection.

1 Costs will vary based on what state DOTs require in thesign planssuch as strict
adherence to th&pproved Productist or extra reviews for environmental permits or
extra steps in developing plsets, etc.

1 Oncethesection of roadway is open atrdfficispresent t he el k6és movemen
may change.

1 Weather matters some sensors will fail dravereducedperformancen heavy rain or
snow.

1 Thermal has limited range but is a good option at the end of fencing or near concentrated
crossings.

Interview 61 Steve Bega and Steve Mars from Animex, as well as Gert Hamberg from ProWild.
Animex worksin partnershipvith Prowildto provideAD/DWS and other mitigatiosolutions
for clients around the world.

1 RecommendethatVDOT apply for grant money for overpasses/underpasses before the
roadway is opened to mitigate future costs and potential fatalities with humans and elk.
There is no onsizefits-all for ADS.
Location, budget, elk patterns all need to be considered.
Haslong-rangethermal camemathat can view up to m and radar.
If position is changed, parameters need to be reset.
Power options can change price significantly.
o Can alwaysaddsolar panels later.
With fencing, active infrared is an option.
Due to potential fog, 1 km thermal may be better than 2 km
1 Multiple sensors/cameras can be added to one main controller to save money.

= =4 =4 -8 -9
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Interview 71 Gary Lester has worked with MBI cDonough Bolyard Peglas a service
executive Lester offered some insight into the requirementhie implementation afystems
along the roadside.

1 Recommend efting information from different vendors and systems.
1 Likely not a lot of information on ADS, ahis isa newer technology.
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1 Noted the need torlow the specifications ahe installation procedures for each piece of
equipment, s¢MBP can know what is needed from them.

Key factors from interviews:

1 Need to consider the capabilities and limitations of each system, as there isseone
fits-all solution.

1 Installation procedures and maintenance requirements are important factors to consider.

1 Costs can vary based on the specific requirements of each system.

1 Thorough research and understanding of different vendors and systems is necessary
before making a decision.

Knowledge Synthesis

Based on the culmination of knowledge synthesized fronittrature review, analysis
of the roadwayinterviews withSMEsand vendorsand a review ofthe VTREt udy 6 s r epor |
Figure7 summarizest a high levethe variougpossibleAVC mitigation strategieshatmight be
implementedandhow they compare to one another, considevagous operational
characteristi¢rends.Additionally, recommendedhitigation methods$or Corridor Q arecolored
in blue, while methods not recommendedsirewnin orangeThe study area dforridor Qhas
several uniquattributes whichmake recommendingertain strategies difficult to determine.
Due to how the elk are likely utilizing the roadway itself as a path of trandthe geography of
the surrounding areasing improved fencing alongside AD/DV¥Sdifficult to recommendor
this roadway until further study is conducted ondtieherd andheir interaction with vehicles
on theroadway .Currently, the data required to determine the relative cost of the different AVC
methods on a parash incident basis is not available.

24



Dedicated Wildlife Crossing
e  With Adjacent Access Control
Barriers (improved fencing)

Improved Fencing (8-ft.)
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e  With Static Signage

Standard Fencing (4-ft.)

(Baseline condition)

Figure 7. A comparison of AVC mitigation treatment methods versus general operational factor trends.
Methods in blue indicate feasible options for Corridor Q, while methods in orange are not recommended or
feasible.It is uncertain whether improved fencing with AD/DWS will be beneficial for Corridor Q, based on

both the unigue behavior of the local elk population and thecharacteristics of the roadway.
*The Overall Cost trend of Improved Fencing versus ADS as standalone options may be yeeseihg on
several factors, such as the materials used, installation, and maintenance. All other trends between these
methods remain consistent.

Road Classification and Site Selection Criteria

At the conclusion of theoadwayanalysisyesults of the elk GPS collar data and path
tracinganalysisappeared to aligwith the roadside classificatiowhen viewed simultaneously,
areas in whichhe roadsidevas classified as being maspen matched witha higher density of
elk GPS activitynear the roadwafseeFigure8), and in many cases tlgensity ofpath tracing
intersected with the road centerline more otisrwell(seeFigure9). Conversely, in areashere
theroadsidewas classified as being more clos&tl GPS collar activity and path tracing were
bothmuch lower thamn other areas of roadwaFrom this informationit wasdetermined that
there werespecificsectionsalong the roadwawhereelk seemed to congregatearerto the
road, and that there were areas where crossing actwagynore likely to be occurring=rom
these results, it was determined that specific areas along the road would benefit more from
AD/DWS instalbtionthan others and could providermrecosteffective approacto system
implementationAdditionally, the results of the collar data aligned witle analysisdentifying
areas of higher EVC riséarried ouin the VTRC study of Corridor Q
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Elk GPS Collar Data Activity Near the Corridor Q Roadway
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Figure 8. GPScollar tracking activity occurring near the roadway along Corridor Q, with the roadside state
layer overlaid.
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Figure 9. Path tracing of the elk collar data, and the density of the points along the roadway in which the
paths intersect.
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It should be noted that despite analyzing the path tracing of the elk, allowing for a view
into areas of possible crossing density, these paths do not account for the movement of the elk in
between each time stamp, which could vary widely from the analysigever, as this is a point
density analysis, it shows an average across the entire roadway, illustrating where crossing
activity is more likely occurring. Additionally, the paths can show patterns when overlaid and
reviewed visually to determine the geal direction of movement, as determined by whether the
tracks appear to be more parallel or perpendicular to the roadway.

Roadway Classification

Based on the discussisrfrom the interviews and anaégs thedetermination was made
to classify portions of the roadwdny their varying characteristic§ his was done to identify
areasvhereAD/DWS strategiesould befocused andto provide this information to each
vendor as anethodto geta better understanding bbw their system could bmplemenedin a
strategic and cosdffective approach.

The site selection process bedprusing themap data alongside thecorded video
footageto note when certain characteristics changediffered.In order to consider a section of
roadway for the installation of AD/DWS, the following criteria were used to determine the level
of relative apparerEVC risk. While higher precedence was placed on the elk activity near the
roadway, all dteria belowwere considered important tioe site selection process.

1 Density of collar data points neidwe roadwayi usingpoint density
0 Low
o0 Medium
o High
1 Crossing density using point density
0 Low
o0 Medium
o High
o Visual determination gbath tracingn relation to roadway
A Parallel tracks
A Perpendicular tracks
A Ratio ofparallelvs. perpendicular
1 Roadway characteristiGsfrom georeferenced video footage analysis ardugs data
Though all characteristics were important to consitthety ardisted hereby theirlevel
of consideration, from most to leagir the analysis.
0 Line of sight, vertical and/or horizontal
o Cut/fill/level sections, both sides of roadway
0 Vegetationandother natural structures
o Number of lanesndnon-natural structure presence (e.g., guardrails)

The different sections were classifieganalyzing the different areas along Corridor Q,
noting where areas transitioned from more closed to open, where the density of elk GPS collar
data was higherand where elk crossing density was highée captured footage was observed
to classify the state of the roadside as the vehicle drove along the roadway. While there is nuance
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depending on the section of roadway being observed, the roadside is generally characterized by
either being open (both sideffer access to the roadwagemiopen (one side contains a cut
section with tall, neavertical cliffs), and closed (both sides are cut sections).

A total of 16 sections were noted as distinct areas to considiefpotential of
AD/DWS implementationeach with varying characteristics that lead to a higher or lower
relative level of risKseeFigurel0). In somecases, it was easy to discern the change in these
variables meaning that there were more discrete, easily distinguisbati®ns. Somareas
appeared to be longstretches of open roadside and high activity, making it challenging to
separate different sectioris.addition to the variables discussed, line of sight was also a
consideration fotransitioning from one area to the next. For some forms of ADS this is more
important to note, such as for abey®und area covaptions, but others, like BCAD#8p not
need to take this into account as highly.

Sections With Higher Levels of Apparent Risk Based on Elk Activity and
Roadside Conditions on Corridor Q

0 038 075

™ A Mile:

Figure 10. The 16 sections designated as areas to consider for the potential of AD/DWS implementation, and
their apparent risk levels of EVCs. Analysis layers are included to show how they influenced the site selection
process. For reference of the different layers depicted in this map, refer teigure 6, Figure 8, and Figure 9.
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Informational Packet for Vendors

After the conclusion of the interviews, researchers worked on creating a comprehensive
informational packet detailing all relevant aspects of Corridor Q that the vendors had requested
prior to providing their assessment of ADS strategies, suitability of using certain ADS based on
selected criteria, and ultimately cost estimatdt wasrequested that this estimate include the
pricing for parts (ADS unit, communications, power, and any other materials), labor (installation,
calibration, training, and any followp), andobeupscaled to include all areas that the vendors
believed to behe sites suitablfor utilizing their ADS products.

The following sections detail the information provided to all three vendors that VTTI met
with. This informational packet was (see eated u
AppendixB) as a guideline to provide all relevant information in a simple, straightforward
format that could be given to each vendor for equal opportunity to respond. For the original
informational packet, se&ppendixC.

Overview

The packet providea general description @orridorQ, such aghe characteristicsf the
roadway overalandthe challenge®f the local wildlife

Coverage Area

It wasexplained that mst, if not all, of the roadway should be considered an area of
concern for wildlife activity. However, an analysis of the roadway shows that several locations
can be considered areabkere there ifigher activityof wildlife. Areas along the roadway range
from low to very high activity, depending on location, state of the roadside, access to vegetation,
topography, and other factors.

Site Topography, Lines of Sight, and Site Con:

In some of the sections of higher activity, areas are wider, flatter, and more accessible,
but other areas are cut off and more discrete. Some areas may have hills with steep grades that
either incline or decline shortly past the side of the roadway,@nd kave high cliffs on one or
both sides of the roadway, causing line of sight obstruction and presenting challenges for
detection system location. Some sites blend into the next site, with the only variable being the
line of sight, due to the curvaturétbe roadway.

Signing Strategy

One of he goat of thisprojectis to findan appropriatevarningsystem taalertdrivers as
animals are approaching, near, or within the roadway itself. This may include flashing lights,
imagery, succinct lightip message boards, or other options as part of the signage near the
roadway.Specifics ofhow the drivers should be alertegere not discussednerely that drivers
need to be alerted Bbmemanner
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Sign | magery/ Graphics

There were @ncerns that if specific images of animals were on a sign along this roadway,
such as an imaggepicting the profile of an elk, that people with nefarious intent could possibly
exploit this information to learn where certain species tend to congregate and use the information
to poach or otherwise harm these animals. Elk are a protected speciggniayand therefore a
generic wildlife image, and/ or a generic mess
better option than specispecific signage.

Sensor Layout

The way in which any sensors are laid out along the roadway will likely vary depending
on the section. Accordinglyt, was important to considéhelikely locations ofthese possible
crossing locations, what characteristics they contain, and how they compare/contrast to other
sections. Certain animal detection system sensor types, such as thermal imagery, radar, buried
cables, or other considerations, may fare bettar tthers depending on the location.

Power Availability/ Connectivity
Gri ddeegrvs @®fofwer

It wasexplained to the vendors thatirrently, there are few to no proposed connected
power sources. In all locations, standalone power, such as solar or otherwise, should be
considered necessary for powering the systems. Careful consideration should be taken as to the

exact location within gection; some areas may be challenging for solar power, as high
cliffs/hills can obscure the sun in the early morning, late evening, or both.

Remote Connectivity

For data collection and observational purpogesdors were asked tonsider the use of
remote connectivity and include that option in a cost estimate.

Testing and Validati on

It wasrequested that vendaesensider the inclusion of visual cameras for surveillance
and realtime or historic validation of the alert system. The quantitthese visual cameras
would depend on how many cameras are needed to accurately validate the systems.

Warranty, Support, Training, and Documentati ot

Theimportance of includinghese aspecia the cosestimatevere stresseds was
understanithg the process for how the systemill be transferred to VDOT once they are
installed and validated. This would include the costs of system support and training.

Similarities
When analyzing thearious sectionsome similarities were note@lo provide more

overall information on the roadway characteristcgendorseach sectiorwas described as
showng an area in which:
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1 the density ofelk GPScollar data was higher than average

the censity ofelk crossing activity was higher than average /and

1 observations of the roawtleindicate that it is more opeand accessible to wildlifesither
overall or relative to its surroundings.

=

Temp ®aala

The elk collar data wasnalyzedemporaly to providemore informatiorand context
abouthow the elk appeared toteract with the roadway at different times of day and.yEais
was done in the event this type of information was relévémt example, there might be
challenges for certain systems to properly fumctiothe daytime vs. nighttime or in the summer
vs. winter When observing the different sectiotisgre were many similarities bothdaily and
seasonahspects.

In all areas, moractivity concentrated near the roadwagis noted during times of
sunset and night, with data showing less and more sparsely populated points during sunrise and
day.More collar datgpointswerenoted as being near the roadway during the winter and fall
versus the summer and spri@enerally the western areas the roadwayppeared tgshow
more activity in winter, and the eastemmeasshowedmore activity in fall.

Additionally, this information can be used in other ways related t(AD/DWS vendor
providedtechnologiesbutwhich arestill useful as a potentiahitigation strategyFor instance,
temporal information on wildlife activitgould be used to determine whether traeeecertain
times of day or year that, shooKEL signs be an option to considghe mandatedpeed limit
could be adjusteduring times of peaWildlife activity near the roadway.

We at Qleirmat e

Weathefrelated characteristics of the roadway were also considenédue to the
relative similarities along the roadway, teesction primarily detailed the characteristics of the
region instead of trying to discern the slight differences in how wiridgopmay affect the
placement of ADS.

1 Fogi Corridor Q is mostly flatand there will therefore Hgtle difference of fog
potential for each section.

0 The bwest area that has higher potential is near the bridge, away from most elk
collar data points.

o However, the potential for fog to obscure the roadway is likely along the entire
length of roadway, as the sections with lower elevation can be affected by valley
fog, while the higher sections can be affected by orographic, or upslope, fog.

1 Wind direction and speedill likely not change in most areas, with some possible
exceptions depending on the direction of wind over fill sections or between cut sections
1 Access tognlight will alsolikely notchange among the different are@ke sections

where sunlight may be cut off in the morning or evening, such as ebtésackas with

high cliffs on either or both sides of the road, show much less GPS collar activity, and

have a lower level of priorify mostof the highest areas ofossing ativity arewithin

the moreopen sectionsThere are adw exceptionssuch asSections 1, 14, and 16s

described below.
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Differences

The informational packet also descudlibe differencedetween the sectionghich were
further detailedor each individual section itnefinal portion of the packet

CrosBomgopes

In theanalysis of the roadway, fodistinctcrossingzonefi t y pvers abserved among
the 16 total sectionsvhich can assist in determining more broadly the application of certain
ADS depending on th&milarities between thgectiontypes Below are those typgetheir
characterizationsand thenumbers of the sections the typing applies to

1 Typeli These are wstly, to entirely discrete sectionsharacterized by distinct open
area thatareseparated on bottnds of the sectiolny naturalstructures such as cut
sectionf roadway.

o Sections 1, 3, 8, 15, and 16

1 Type2i This type is emewhatike Type 1 in distinction, buas a section isot as
discretemeaning it isnot as easy to discern whasection begins and endbkng
roadwayby just observing the footag€hese areas areostlyopen butthere may be
some blind spoti theline of sight.There may bearious characteristics to the re#adke
andthere may béransitionsbetween cut and open sectiamghin the area

o Sections 2 and 4

1 Type 3i This type has evemss distinction between adjacent sectitvas the previous
type The madwaycanblend betweeradjacensectionsmaking it difficult to discern
why discrete elk collar activity and crossings odouthe map datehowever, thenap
still shows discrete or semidliscrete hotspots. Line of sigistthe best methodsed to
assist in determining section transitions.

o Sections 5, 6, and 7, and sections 9 and 10

1 Type4i This type has theehst amount of distinction between sections, with the only
di fference being | ine ofTheséaeadaredsityopan a
throughout each sectipwith lines of sight determined by natural structuwéen
observing the vehicle footagghis type @compasses the Southern Gap afahe
roadway.

o Sections 11, 12, 13, and 14

The final section of the informational packet providedher details of each individual
roadway section. This includeddetermination of overall risk &VCsoccurring within each
section using theesults of the elk collar data and roadside classification analysele3
provides thesdetails which werealso giverto the vendors in order teceive a more thorough
response on system implementation along the entire roadaysectiomumbes correspond
to the section labels iRigure10. The wildlife activity, crossing activig, road characteristics,
length, line of sight, and natural and Aoatural structureolumnswerecompiledfrom the
various roadway analysés provide all relevant informatioof each section to the vendors.
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Table 3. A compilation of all relevant information on each sectiorfrom the roadway analy®s including an overall EVC risk based onthe results of the elk collar data
and roadside classification analysegprovided to the vendors as a method to determine full system implementation.

Section | Type Overall Wildlife Activity Crossing Roadway Length Line of Sight Natural Structures Non-natural
EVC risk Activity Characteristics Structures
1 1 Low /Very | Small amount, low | Few crossings, | Semiopen, 750m Some horizontal | Cut and open sectiong 2 lanes + climbing
Low density mostly parallel | discrete. Cut and (0.5 mi) obscurations on north side, lane, eventually 4
tracks to open sections from road vegetation on both lanes.Guardrails
roadway throughout curvature. sides, fill sections on | proposedn south
south side. side.
2 2 Low / Small/moderate Some crossings,| Semiopen, semi | 1.1km | Horizontal Cut and fillsections 2 lanes + climbing
Moderate | amount and mainly parallel | discrete. Cut, and (0.75 obscuration, throughout. lane, eventually 4
density to roadway open sections mi) roadway curves lanes. Guardrails
throughout. southward (from proposed for a
W to E) portion of north side.
throughout
section.
3 1 Low / Small/moderate Few Open,semi 500m Horizontal Cut section 2 lanes + climbing
Moderate | amount and perpendicular discrete. (0.3 mi) | Obscuration, transitioning to open | lane, eventually 4
density paths, mostly Openffill sections roadway curves | on south side, lanes. Dainage pond
parallel to throughout. northward, vegetation on north on north side.
roadway vegetation side.
obscures vision.
4 2 Moderate/ | Moderate amount | Moderate, Semiopen, fairly | 1.5km | Little/no Cut section on half of | 2 lanes + climbing
High and density, dense| multiple discrete. Cut and| (g g9 mj) | obscuration, north side, some lane, eventually 4
on southern side | perpendicular to | fill sections straight section. | vegetation on south | lanes. Guard rails
roadway throughout. side, but mostly open | proposed for half of
past cut section. north side.
5 3 Moderate | Moderate amount | Low/moderate. | Open, semi 550m Little Cutsection along 2 lanes + climbing
and density, more | ~50/50 on discrete (adjto | (0.33 obscuration, majority of north side, | lane, eventually 4
along eastern side | parallel vs. #6). Cut and fill mi) roadway curves | open on south side. | lanes. Guardrails

perpendicular to
roadway.

sections.

southward but
little vegetation.

proposed foa
majority ofthe
section. Drainage
pond on south side.

33




perpendicular
paths.

side.

Section | Type Overall Wildlife Activity Crossing Roadway Length Line of Sight Natural Structures Non-natural
EVC risk Activity Characteristics Structures

6 3 Moderate | Moderate amount | Low/moderate. | Open, semi 550m Little Cut sections within 2 lanes + climbing
and density, more | ~50/50 on discrete (adjto | (0,33 obscuration, road road section, but lane, eventually 4
along eastern side | parallel vs. #5 & 7). Fill to mi) curves northward| mostly open. Some lanes. Guardrails

perpendicular to | cut section. and some cut vegetation near proposed for majority
roadway sections and southern end. of section.
vegetation.

7 3 Moderate/ | Moderate/high Moderate, Semiopen, semi | 800m Little to no Large cut sections on | 2 lanes + climbing

High amount and ~50/50 on discrete (adj to (0.5 mi) obscuration, north end of section, | lane, eventually 4
density, both sides| parallel vs #6). Cut and straight section. | opens up on south lanes. Guardrails
of road perpendicular to | openf/fill sections. side. proposed for majority
roadway of section. Drainage
pond on north side.
8 1 Moderate/ | Moderate amount, | Moderate, Open, discrete. | 1.1km | Little to no Some vegetation, but | Proposed 4 lanes.
High high density near | ~50/50 on Fill section (0.7 mi) obscuration, mostly open, fill Guardrails proposed
roadway parallel vs throughout. relatively straight| section. for majority of
perpendicular to section. section.
roadway

9 3 Moderate | Moderate amount | Moderate, Semiopen, semi | 950m Moderate Vegetation and cut Proposed 4 lanes.
and density, even | ~50/50 on discrete. Cutand| (g 55 obscuration, § | sections on both sideg Guardrails proposed
distribution along | parallel vs open/hilly mi) bend in roadway for most of south
road perpendicular to | sections. and vegetation + side, some of north

roadway cut sections. side. Drainage pond
on south side.

10 3 Very High | Very highamount | High, most Open, discrete. | 950m Little to no Vegetation on all Proposed 4 lanes.
anddensity activity vs. any | Primarily (0.55 obscuration, sides, large cut Guardrails proposed
concentrated near | other segment. | fill/lopen section mi) relatively straight| sections along north | for most of south
open sections. Many throughout section. side, hills on south side, some of north

side.
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Section | Type Overall Wildlife Activity Crossing Roadway Length Line of Sight Natural Structures Non-natural
EVC risk Activity Characteristics Structures

11 4 High High amount and | High, several Semiopen to 1.3km | Some Hills and cut sections | Proposed 4 lanes.
density, esp. on groupings on open,norn (0.8 mi) obscurations. S | on north side, filllopen| Guardrails proposed
western portion either side of discrete. Some bend, cut section| on south side. for majority of
just after cut road. Many cut sections, and vegetation o section.
section. perpendicular mostly fill/lopen north side, but

paths. sections. rest is open after
road straightens.
Slight vertical
obscuration buis
accounted for by
splitting between
sections.

12 4 High High amount, High, mostly Open, non 1.6km | Some On aridge, some Proposed 4 lanes. N¢
relatively even nearthe center, | discrete. (1 mi) obscurations vegetation, primarily | proposed guardrails.
distribution, with groupings | Openffill sections from vegetation | on north side.
concentrations on the north and | throughout. on both sides ang

along southernmos
portions

south side. Many,
perpendicular

paths.

cut section on
north side.
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Section | Type Overall Wildlife Activity Crossing Roadway Length Line of Sight Natural Structures Non-natural
EVC risk Activity Characteristics Structures
13 4 Moderate | Moderate amount, | Low/moderate, | Open, non 1km Little to no Much vegetation, Proposed 4 lanes. N¢
moderate density | primarily on discrete. Open | (0,63 obscuration, some hills. proposed guardrails.
mostly on north western portion. | andfill sections mi) some vegetation 3-way intersection on
side. Some throughout. on north side on south side.
perpendicular western portion,
paths. hill/vegetation
section on south
side on eastern
portion, past
intersection.
14 4 Moderate/ | Moderate amount, | Moderate, Mostly open, 750m Some Hills/vegetation south | Proposed 4 lanes. N¢
High concentrated several nondiscrete. Cut, (0.5 mi) obscurations side, fill section north | proposed guardrails.
mostly on north groupings near | open, and fill from hills and side.
side, but more on | roadway. Some | sections vegetation on
south side near perpendicular throughout. both sides.
opening paths.
15 1 Low / Low/moderate Low, few Open, discrete. | 550m Little/no Fill section Proposed 4 lanes.
Moderate | amount, density crossings. Even | Open and fill (0.33 obscuration. throughout. Guardrails proposed
concentrated on between parallel | sections mi) Straight roadway for majority of both
north side and throughout. and little sides of road.

perpendicular
paths.

vegetation.

Drainage pond on
south side.
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Section | Type Overall Wildlife Activity Crossing Roadway Length Line of Sight Natural Structures Non-natural
EVC risk Activity Characteristics Structures
16 1 Moderate | Low/Moderate Moderate, Open, discrete. | 600m Some Fill section north side,| Proposed 4 lanes.
amount and density several Open and fill (0.38 obscurations on | large hill on south Guardrails proposed
on both sides, mor¢ groupings on sections mi) south side from | side. for majority of north
on the north side | either side of throughout. large hill. side of road, none on

road. Some
perpendicular
paths between
groupings.

south side.
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Vendor Response andCost Estimates

In this sectionthe various vendaesponseare providedThe details of the cost,
including a breakdown of the cost p&DS based on suggestednfiguration number of
suggesteavarning signs connected to the Al¥hdan estimated cost per unit length of roadway
areincluded in theassessmerfses Appendix D. All details of each systeisuggestedby the
vendors, such as a breakdown of the cost of individual parts, power requirements, and any other
information provided, are included as appendices in this reépsummary otheseestmated
costsfor each syem are providedvithin this section inTable4.

ProWild/Animex provided several different potential options for systentduding
breakthe-beam several forms of thermarea coverand radaarea coverBut due to the unique
nature of the elk along Corridor Q, they advised monitaitiegroadway itselin addition to the
roadsides and surrounding arBased on their assessment of the various roadway
characteristics, they recommetiitilizing their most advancethermaloptical bispectrum
system which can be used to monitor tteadway, roadsidena surrounding are&Vith human
sizedobject recognitiomangesof up to 735m perlong-range thermatamera, placing two of
theseon one postfacing opposite directiongvould cover nearly an entire mile of roadwahis
type of systenmay notbe the best option for some of the segmemtsvever especiallythose
sectionswith line-of-sightconcernsCheapealternativethermalcamerasystemswith shorter
rangesverediscusseds an alternative for these sectionsth an array of several of these
shorterrangesystemsissues due tbne of sightaremitigated. However,these shortange
cameras caqguickly becomgust ascostly, or even more expensivasthe more advancetbng
rangecameras, asultiples areneeded to cover the sanange as theong-range, twecamera
systemAdditionally, morecableswould need to be laitb connect thesghortrangecameras
togetherandto the main controllerThey advised thainy area where an array of these cheaper
shortrangecamerasreused will be comparable to the priceoofe of thdong-range, twe
camera system#én example systernhat they providedwvhichincludestwo longrange thermal
camerasa controller boxeightsigns(suggestion oapproximatelytwo signs per ¥4 mileboth
facing either directiongach with their own solar unit to power theand the engineering and
softwarefor installation the expected cost would B&37,250They advised this does not
includeitems such asax, labor/constructiongabling,power infrastructure, and any other
potential security systems, like standalone visual cam&rasre detailedbreakdown of these
costs and thevendois full responsegan be found i\ppendixD.

Senstar provided the price of a single whitheir buried cable systemhich includesa
single unit controller and 80@ of cable, 400n in either direction from the controller. As these
systemscouldrequire placement on either side of the roadwag,systems mape needed for a
given areaWith this information, ainglesystend s cao ledstimated byinderstanding the
length of the areasherethese systems would be installadddoublingthe number of systems
if thesection is over 80M. In areas where the length of roadway is shorter thamB@0 less
than 1.6km where two systems are neegibe price would decrease somewlaatless length of
cable is needetb covertheroadway However,Senstar representative ChiAsguesse
emphasizedhat a thorough investigation of the roadvigySenstarsuch asn assessment of the
condition of the sojlamount of availablspacebetween the roadsidad natural structurgand
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the presence or proposalarfy metallic objectaear the roadwayshould be completed to
provideamore accuratsystemprice.

In a discussion with CrossTekChim Hazlehurstemphasized thienportance of
considering fencing as a supplemental mitigation strategy to use with ADS. The discussion
reflected on thetudy completed in Arizonavolving an atgrade crosswalkGagnon, et al.,
2018) and the efficiency of allowing for ADS to be focused on a particular area, closed on both
sides by fencing or other structur®ghile in this case, the width of tla-gradecrosswalkwas
only 20 meters, the same princip&splyfor funneling wildlife along designated zorbsit
could beas large as 1 milesing wildlife fencingReduci ng t he amount of
necessary to monittrelps to guide where ADS strategies can be most beneficial.

Hazlehurst did note that, in several projects thatsSi@kCo has been involved with, ADS as a
standalone measure appeaiatecdotallyto reduce theumberof carcassethathe and his
team noted along the roadways their systems were implemgvitdd. Tim believes that
strategic placemeréncing would improve the overadffectiveness of ADS, using ADS as a
standalone measure is absfeasible method of wildlife mitigation.

CrossTekCo offered pricing on radar asA®dS option for Corridor Q. While it may not
be suitable for every location along the road, it could serve as-aftesive approach for a
large open area. As these systems can monitor up to 1.6 miles of rotwhirdyigh cost is
mitigated by the amount of roadwthatcanbemonitored CrossTekCo explained thal,e to
the way these radar systems opettaiey are ideally suited for detecting wildlife movements
Tim explainecthat, if this system is placed netire roadway, fencing can be used asdjnnct
inexpensive method to compensatedimnost all potential of &lind spot.

In addition to theorovidedProject Definition ReportseeAppendixB), CrossTekCo
offered estimated costs ofher key components and strategi®éth any of these systems,
standalone powesud as solaris requiredfor the controller box, as thigill containall the
hardwarenecessary for the systems to functiGnossTekCo estimates a lgwower solar power
station, witha 600W power supplyto cost $6,500while a more robust,440 Wpower station
would cost $9,500The price otthe softwarecan also vary, depending on the complexity of the
system, with a range of $1,200 to $18,08@omprehensive design package would vary as well,
with a range of $35,000 to $120,0@@pemling on DOT requirements/endor support is
estimated at $25,000, and training of the system and handoff to DOT personnel would cost
$9,000. Maintenanceontractgfor the systems can also be purchased, with an estimate of
$14,500 per yeaAnd finally, extendedvarranties are aviable, with a typical cost of 7%f the
original equipment cost for each year of éxtendedvarranty.A breakdown of these additional
costs can be found hppendixD.
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Table 4. An Estimated Costof Each System Considering All Componentsand Other Included Costs
including a Cost Per Unit Length based on thd_ength of Roadway Each System Coverf~or a more detailed
breakdown of costs, sedppendix D.)

Vendor ADS Type Method Distance Est. Single | Est. Cost per Unit

Covered System Length
Cost

Prowild/ Area Cover Thermal, long | 1,470m $137,250 | $93.37/m ($28.46/ft)

Animex range (4,823ft)

Prowild/ Area Cover Thermal, short | 368m $68,250 $185.46/m ($56.54/ft)

Animex range (1,207ft)

Prowild/ Area Cover Thermal, short | 736m $91,250 $123.98/m ($37.78/ft)

Animex range (2,415ft)

Senstar Underground | Buried cable | 800m $82,180 $102.73/m ($31.31/ft)
(2,625ft)

Senstar Underground | Buried cable | 800m $138,360 | $172.95/m ($52.71/ft)
(2,625ft) x2

CrossTekCo | Area Cover Radar 2,575m $218,000 | $84.66/m ($25.80/ft)
(8,448ft)

Note: the estimated costs do not incledets such as shipping, taxes, installatipermits, training, and
any otherfollow-on maintenance.

In an assessment of the various types of ADS technologies, and how the characteristics of

Suggested Sites and Systems for Pilot Studies

each section denoted in this analysis may mean different technologies will function more
efficiently than others, VTTI researchers have presented a suitability bvealad the
technologies for each sectionTiable5. Strategi@lly utilizing andpladng these different ADS
technologiesnayresult ina lowertotal costoverusinga blanket approaabf installing systems
along the entiréength of theroadwaywithout consideringhe suggested placement location
Due to the layout of some sections, certain ADS technologies could also begptatesgically
to reduce the number of systems needed to monitor the sameseses placing systemséach
sectionseparatelyFor instance, a buried cable system or {oamgge radar system could be
utilized in areas that are more open, such as the Southern Gap areacohapassdsur of the
sectiong11 through 14)separatedrom each other primarilipy line of sight from the roadway
A strategically placed radar sgs maybe able to monitothis areaqually as well as other
options, but at a significantly reduced céstsessments likthis, where the entire roadway is
considered within the context of the suggested sections to focus ADS stratagassist in
further reducingheoverall cost of a comprehensive system implementation
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Table 5. The auitability of each ADS type provided by the vendors basedon the characteristics of eachindividual section. Suitability was determined by
VTTI researchers from the review of the literature and capabilities ofthe ADS technologies

Crossing | Overall Thermal (short range, Thermal (short range, | Thermal (long range Buried
Section | type | EVC Risk | Radar 1i 2 camera3 3+ camerag 2 cameras Cable!
1 1 Low 0 3 o/
2 2 Low/Mod 3 0 3 3/0
3 1 Low/Mod 3 o] 3 0/0
4 2 Mod/High 3 0 3/0
5 3 Moderate 3 0 /
6 3 Moderate 3 3 0 /3
7 3 Mod/High o] o} 3/ 3
8 1 Mod/High 0 - 0 /
9 3 Moderate o] 0/ 0
10 3 Very High 3 o} 3/ 3
11 4 High 0 3 3/ 3
12 4 High 0 3 0/ 0
13 4 Moderate 0 3 0/ 60
14 4 Mod/High o] 3 0/ 0
15 1 Low/Mod 3 0 3 3 /
16 1 Moderate 3 0 3 3 /0

i May be Suitable3 i Moderately Suitabled i Most Suitable; i Not Recommend£&suitable

Buried cablecontains2 ratings, one for both sides thferoadway. Assume North/Sotflmoadway is oriented BV, or East/Wesif oriented NS.
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Based orthe information provided by this analysise authors of this repdoelievethe
site selection process should be focusedections where the overappparentisk of potential
EVCs occurringis high. Of the 16 sections denoted from the site selection proc&sstion 10s
the area witlihe highest level of potentigVCs and where mitigation efforts can be focused for
a pilot testof a single, standalone AD/DWBue to the roadway characteristics, a lsagge
thermal camera system is believed tohlmniost costeffectiveoptionsuitable forthis section.
The roadway iselatively flat and straighfThe roadside conditions vary widely, frateep
downslopes tdall, nearvertical cliffs, with the majorityconsisting oflat or hilly grassyterrain.
Thesecharacteristics best allothie behavior of wildlifeto be monitored to obsenmsteracton
with portions of roadway that are more opertlosedoff. The section is somewhat discrete on
bothends there aresemidistinct cut sectionthat separate ftom the adjacent sectionshich
can show howvildlife, and particularly elk, may enter this secti@bservations ofvildlife
travel patterns can also be used to inform whether placement of enhanced fencing may improve
the overall AVC mitigatio effectiveness.

Additionally, sections 11 through Merenoted as an area of highriskfor potential
EVCs. While only Sections 11 and 12 were designated as areas oEM@hrisk, those sections,
along with 13 and 14, comprise of a large, open &reayn as the Southern Gap, ahis
possible that thetrategic placemermtf aradarsystemasan ADS strategycan allow forthis
entire portion othe roadwayo be monitoredt acosteffectivelevel. However,depending on
the limitations of this systeppriority should bagiven to monitoringsections 11 and 1@ver
sectionsl3 and 14

It should be noted that, for any section ab@@ADS may also be a viable solution, and
consulting with the vendor @ BCADSmay be helpful in deciding which of thesalutions may
bemore suitableln any of these casesie vendor of the system chosen tiug pilot study
should be consulte@nd a site survey should be conducted by the vendore eact
placement of system equipmemtd hardwaréo ensurghe moseffectiveimplementation

CONCLUSI ONS

The findings of this report rely heavily on tbbserved behavior dfie local herd of elk
andtheirinteractonswith Corridor Q. Due to the unique way in which elk utilize the roadway
and surrounding area as their habitat, therepissaibility of a shift in thei® and other
wi | dd hehagidr after completion of roadway construction and subsequent increase of
vehiculartraffic, and the lack of historic crash d&aically required forthis type of analysis. It
is difficult to determine thevay the herdvill respond to trafficon Corridor Q until the roadway
is opened to the publitlowever asthe VTRC studyconcluded, based atudies 6 roadways
with EVC data andgimilar traffic volumes to the anticipated volumes for this roaqway
possible thaelk activity currently observed from Virginia DR6 s  cdatamaynotshift once
the roadway is complet&houldelk behavior changeontinued study would be required to
determine and quantify the risks that,ekher wildlife,and traffic on Corridor Q pose and the
effects of any AVC mitigation, should it be implemented.
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Our research experiencegview of the literatureand interviewswith those having

experience withespectivesystemséndicates thatas long as they are properly maintained
and calibrated with appropriatmonitoringthroughoutthe lifetime of the systeitine
installation of appropriateAD/DWStechnologyon Corridor Q in Virginiawill likely reduce
therate ofoccurrence and severity ofashesnvolving elkand otherarger speciesvhen
comparedo no or inadequate actioWhen compared to other methods for AVC mitigation,
AD/DWSs offer improvements over static signage with respect to crash risks.

In general, mproved wildlife fencingnightbe used alongside AD/DWS to further increase
overall systeneffectiveness; one strategyghtbe used in areas of the roadway where
another is not as suitable, aifferent strategiesightbe used in tandem to create more
dedicated crossing areas, decreasing the length(s) of roadwagnit#ddS must monitor and
where drivers must be vigilaribue to elk likely using the roadway itself to travel, dmel
factthat electrified barriers are nappropriate for use mCorridor Q, it is difficult to
recommend the use of improved fencing with AD/DWS until further study moteenent of
the elk herds conductedCaution must be used when considering the length and function of
fencingif used with AD/DWS, with extra caution/scrutinyareas of roadway witthree or
moretravel lanes. Wildlife jumyputs would be requiredt strategic locationso ensure
wildlife do not becomt&rappedin the roadway.

Mitigation scenarios that reduanimalvehicleexposuresuch as usingnprovedfencing to
guidewildlife to preexisting, grade separated crossings like bridgesulverts, or
constructing dedicated wildlife crossings like natural overpassesderpassewith
adjacent access control barrienmaybe more costly, bure shown to benore effective
than AD/DWS strategidsecause ihegatstheneed for driver response pevent or
mitigatecrash incidents.

RECOMMENDATBI ON

. If AD/DWS is pursueds a means of reducing EV@s Corridor Q, VDOT should consider
the sections denoted from the site selection process (as Jeégnri@10andTable3 and
Table5. The sitability of each ADStypeprovidedby thevendors basedon the
characteristicsof eachindividual section Focus should be placed on areas of higher
apparent elk activitgand EVC risksuch as Section 10 or Sections 11 through 14

. If AD/DWSimplementation is being considédrr Corridor Q, the next stehouldinclude
engaging with vendors to arrange a site visiproducea formal sitespecific proposal.

. VDOT should consider tHeenefit ofincluding otherstrategiesn combination with
AD/DWS such as fencing/SLor otherchangeable messagens,and/or crossing
structures to maximize theverall effectiveness of AVg@reventionmitigation
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APPENDI X A

Interview 1 [June 29, 2023) Marcel Huijser, Ph.D.

The first interview was with Marcel Huijser, a senior research ecologist with the Western
Transportation Institute, a transportation research cafftéated with Montana State
University. Huijser has been involved with road ecology for nearly 30 years and is one of the
leading authorities on the effects of roadways and vehicles on wildlife and vice versa. Huijser
has been involved with myriad resetareportsaand has extensive knowledge on AVC mitigation
strategies.

The conversation focused on the implementation of ADS on Corridor Q and how this
compares to other possible mitigation stratedtesjser noted that the research on the
implementation of ADS is limited, and the survival rates of ADS projects are poor. Most projects
are removed after a few years, and folowresearch is very limited once reports are completed.
As such, Huijser couldot recommend any state D@3 contacthat he knew had previously
used ADS as a mitigation strategy. He noted that thesagroblem with most of the research
on ADS implementation is the upkeep and maintenance. A lot of ADS are either removed,
abandoned, or fall into disrepair once the research is complete. Huijser emphasized the
importance of understanding the future af #ystems once implemented, such as who will
maintain the systems once they have been installed.

The conversation continued with a discussion of other potential mitigation strategies.
Huijser iterated that crossing structures, while costly, will be the best solution for most
situations, as their effectiveness is much higher than any other strateligjorally, elk demand
adequately sized crossing structures to encourage them to cross at these locations instead of
continuing to cross the more open roadway.

Huijser also discussed the importance of understanding the goal of any mitigation
strategies wutilized. For instance, strategies
within a habitat range and cut off migration paths, increasingwhatisskn as t he fAbarri
effecto that roadways already create merely b

The interview ended with Huijser emphasizing the importance of structuring the
framework of the true goal of any AVC mitigation strategy. He expressed his concern that US
based DOTs tend to have limited mission statements, and that many people dozeohogali
limited DOT goals are compared to other countries. Generally, other countries take a
conservatiorcentered approach instead of a safagtered one. While safety is important, it
limits the scope to only looking at the impact of AVCs on driverd,rat the other way around.
Huijser concluded with a suggestion to not be trapped by artificial boundaries, and that there
must be a broader outlook when implementing these kinds of strategies.

Interview 2 [July 17, 2023 1 Jeffrey Gagnon

Thesecondperson interviewed was Jeffrey W. Gagnon, a statewide research biologist
who has worked for the Arizona Game and Fish Department since 1997. Gagnon has previous
experience implementing AD/DWS and wildlife crossings on Route 260 in Arizona and Route
550 in New MexicqCramer, et al., 2022; Gagnon, et al., 2018)
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When shown video for Corridor Q, Gagnon commenf®ou have a windy road there,

which is a big chall engelnileuofyitlifebcrossingsand g o i

fencingas a solution], m personal recommendatias a coseffective alternativieis athermal
system, fencinguiding animals t@ small areavhere thermal can detect wildlife as they cross

ng

the roadd Gagnon discussed the advantages of thermal systems, which he had previously used in

Arizona, and how they are effective for detecting larger animals, such as elk. Regarding this
technology, Gagnon said,

The sensing limits in the area are controlled effectivelylB0 ft wide. Without

fencing you must put in more sensors, and your error potential goes up exponentially
the further you pull away from an area. V

some hicups. The larger the area, the harder it is to deal with it.

The thermal systems, we spent a lot of time dealing with false positives and false
negatives. The thermals could see mice, which is incredlildeput a filter on it so

Acoyote sizedo animals or | arger would set
flashing.Then the accuracy became extremely high 9Qfdr+elk]. It can detect one
degree heat changes. There araltiplecriteria that make the thermal system know
itéds a [particular animal], sucltheas si ze,
ADSlhasallit r ues, 0 [¢onithe DWSt ausmisngon. | f it has e
it owi | not turn on. The ther mal componen

software that runs everything.

When asked about a vendor
the detection area is too wide, then the elk lookrgsbitst o t he system and
out. They can be very accur Regadngpotentiaissses a s
with this system, Gagnon remarked

This system does not seem to tolerate high wind well; it makes the poles vibrate and

, Gagnon responde

it O
far

changes the O6motiondé of the ther mal reade

on what | saw. They were mounted 12 ft off the ground. You would need a stable
mount;t hey di dnét have issues in Arizona
windy.

Gagnon mentioned monitoring areas where the fencingdende

For that project (Route 260 Elk Crosswalk), we had a series of wildlife crossings,

such as underpasses, for elk and other wildlife. Where the fence ended, it caused an

endrun effect. So, we put in an animal detection system at that location. So, if

animas di dndét wuse the underpasses, there
drivers instead. New Mexico implemented one there as well. Two ADS on the end of

fences that guide anirtsato existingstructures.

When asked about escape structures, GagnonrespondddYy e ah, f or el k

At a minimum every half mile, to make sure

Gagnonhighlighted the challenge of securing maintenance responsihiisiggg,
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Because detection systems still have their growing pains, maintenance orgs are not
too keen on it. ltés a hard sell. Our sys
beentryingtoget®H OT t o take over nildecompanyawhoc e but

made the system ended up taking over the maintef@ncrich of the duration of

the systems existence DOTs donét want to maintain, a
Maintenance can Kill it in many cases.
Gagnon mentioned other potenti al i ssues su
systems get shot a couple of times. We had someone break into our variable message system and
type in something, o0 he stated.

Gagnon shared his experience with vendors.

| 6 ve wor k eoBraidvwhicthsepgarateddntortwo companies. | kept working

with one of the companies, CrossTek, and there were hiccups, but they seem to be
good about going back and adapting if thi
that everything is goingtogosmoothly  t 6s a | earning curve f
Detection systems are so0o unigque to the si
size fits all for this sort of thing.

When discussing alternatives to electrified mats in snowy regions, J.W. Gagnon reported,
"Therebés a product out tihtede ¢hadtdosi wioedi agnc
something to keep in the back of your mind. The concrete is a little harder to damage."

Al havendt -theeram dh aapnpyy Isoonlgut i ons wusing it, o G
breakthebeam. When discussingla r Gagnon stated, Alt has pr omi
di stance and needs more work.o

He closed byoting

| am personally reluctant to put any detection system ofaaéroad. Mainly

because of the speed, ~70 mph, for motorists. When we had our evaluations on 260,
sometimes people would stop in the middle of the road to see the elk, and that caused
serious ssues with road safety. If this happened orAl@ road. someone could

have gotten killed. So, itéds an i mportant

Interview 3 [July 28, 2023]i Chris Peguesse, Senstar

The third interview was with Chris Peguesse, a consultant with Senstar, a vendor of
advanced security systems. Senstar primarily focuses on perimeter security, such as for
correctional facilities, airports, and manufacturing facilities. However, Peguasseén the
leader of a group within Senstar that focuses on the application of their equipment for the use of
wildlife detection. During his time with Senstar, Peguesse has been working on the function of
their Omnitrax product, a buried cable sensorgiesi for intrusion detection, as an ADS
technology. Peguesse has experience working with agencies focusing on the use of Omnitrax as
a BCADS solution and was one of the main points of contact with VTTI for ADS studies
involving buried cables. In both stedi, VTTI worked with Peguesse to ensure proper design
and specifications for the areas in which the cables wer@aida & Alden, 2015; Druta &

51



Alden, 2019) Studies like these have helped Peguesse and Senstar to optimize the design of this
product to be as functional as possible for this application.

Peguesse explained that the Omnitrax product consists of a single central processor, with
a cable length of up to 400 m in each direction, meaning up to 800 m of linear roadside detection
is possible with one unit. This processor would remain above gradnile,the cables would be
buried between 6 and 12 in. underground. Material such as sand or flowable fill would cover the
cables, and the earth would be laid on top. The system and any communications can be powered
by an array of solar panels.

Peguesse discussed the advantages of this type of system over other options. Because this
type of technology functions by being buried underground, visithlityed challenges of abeve
ground solutions, such as the prevalence of fog, wind, and reducedflisight due to road
curvature, vegetation, or structures do not affect its operation. This advantage could mean that, in
some areas along Corridor Q, BCADS could be the best, and possibly only, solution for animal
detection. Additionally, the cable sgst has the added benefit of being able to discern the
location of an animal along the length of roadway on which the system is installed. This could
assist with understanding the movement of elk, as it was discussed how they appear to be
travelling along he roadway, instead of merely crossing over, in some instances.

The discussion also included challenges of utilizing BCADS. The presence of metallic
structures like fencing or guardrails can require some consideration when placing the cables
within the ground, as any metallic structure near the cable will cause tia¢ tsidpe disrupted.
However, Peguesse explained that strategic placement of any of these metallic structures can
help to minimize any impact. Furthermore, the signal can even be boosted, as these structures are
stationary and can be accounted for in igaa. The only concern, Peguesse explained, was the
distance of the guardrails to the pavement, and whether they are close enough to cause the sensor
to falsely detect passing vehicles. There is also a concern that burrowing wildlife might disturb
the bured cable, but by encasing the cable in an impermeable material like flowable fill or
sprayable concrete, these burrowing animals are highly discouraged from attempting to disturb
the cabling. Additionally, while the cable can detect where along the ideteone an animal is,
it cannot discern whether an animal is travelling from the roadside into the road, or vice versa.

The discussion continued with addressing the presence of elk on Corridor Q. Peguesse
explained that while the presence of elk does not preclude BCADS as a solution, due to their
height and shape, the ability of a buried cable system to properly detechigidlered. Because
their center of gravity is much higher than other large wildlife in the area, such as deer and bear,
there will be less perturbation of the electromagnetic field, which could cause false negatives to
become more prevalent. However, Begse explained that Senstar already knows how the
system can be adjusted to account for this, as elk are similar in their center of mass to humans,
which their company is familiar with for the other applications of their technologies. For
instance, the dde could be buried at ai6 n . depth, or the sensor6s seE€
But these adjustments can cause challenges of their own, such as making it difficult to reduce the
sensitivity enough to not detect wildlife too small to be considerexk & drivers, but not so
low that elk are not as reliably detected. Instead, Peguesse suggested that a berm, or a small,
raised bank of earth, could be placed on top of a cable laid directly on, or slightly above, the
existing ground surface, to dragtily increase the area of detection. As elk approach the-berm

52



inlaid cable, the detection field wild.l Nfseeo
increase the sensitivity, resulting in detection of fewer small animals.

The meeting concluded with a discussion on what information VTTI could provide about
the characteristics of Corridor Q to assist with the determination of the feasibility of using
BCADS as an option. A buried cable has the benefit of functioning withouhémy challenges,
and the challenges that do exist can be accounted for. However, some characteristics of the
roadway do need to be considered more than agouend solutions. Because this system needs
to be buried in soil, the condition of the substratee ds t o be understood; t|
reliably detect wildlife requires a relatively uniform soil, with little to no air pockets or areas
with large rocks. A berm avoids this issue, however, and should be considered as a good option
for CorridorQ due to the uncertainty of the soil conditions. Beyond this, the location of
guardrails and any other metallic material should be considered. It should be noted, however,
that the presence of guardrails does not discount BCADS as a solution. Rathiageheept of
either the cables or metallic material should be discussed with Senstar to ensure maximum
detection efficiency while minimizing the chance of false positives due to passing vehicles.

Interview 4 [August 8 2023]i Gert Hamberg, Prowild

Thefourthinterview was with Prowild vendpGert Hamberg, who has 25 years of
experience in the field. He has spent the lasihG/ears focused on wildlife detection systems.
He emphasized the importance of developing flexible wildlife detection sysiems. k e e p
developing wildlife detection systems since there is not one perfect wildlife detection system for
all situations. Yowneed to adapt to the situation. So, you need to be flexible with which
technology is used based on the |l ocation, 0 Ha
When asked about animal detectiblambergresponded,

We use the standard platform to be able to control diffeygrs of detections. We

have installed thermal, lidar, active infrared, passive infrared, and radar. We have

access to all of them with the same controller. We are going to test lidar again next

and see how it works. We 0 hasprbgessedsanove r r e s
we are expecting to get good results.

Because [the elk] stay on the road, you need additional technology to identify them

and differentiate them from the cars. So
detector, you must combine it with other technology. Only passive infrared is not
recommenda |l e . But, also depending on the arese
better.

Wehave wireless connectivity over 5 km, [so] each time you need a new controller to
control components, we can connect the components wirelessly if needed too. But the
best will be a wired system, but it may not always be possible in a remote area.
Thermal caneras can also look over 2 km and be able to detect specific animals.

When asked about the performance of passive infrared systems in adverse weather
conditions,Hambergexplained that
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Lidar is supposed to be very resilient to fog and rain and snow. Most of the systems
we used are active infrared, and -wedve

infrared systems to make them safer. They have several functions such as heat
detection. Thessystems can be sensitive to foggy conditions.

When asked aboubpential vendorsHamberg stated,

We are cooperating with Animex in the US. Theancapability is done with an
American company as well. But we try to look for local partners if weAr@amex is

also a fencing company and may be convenient. They can be multifunctional, and it

can identify and count and detect speeds

monitoring of the pilot.

Interview 5 [August 11, 2023]i Tim Hazlehurst, CrossTek

Thefifth interview was a discussion with wildlife crossing vendor Hazlehursfrom
CrossTek, with J.W. Gagnon listening in. Tihazlehursshared his background with the
research team,

ad

My background is animal science out of college, then | got into electric fencing and
energizer design and manufacturing starting in 1990. In 2009, | put on State Route
216 in Arizona the first commercially hardened thermal system, | was aware of, with
Jef and his team conducting research to determine and validation acciéy.
successfully achieved the desired level of accuracy and also upgraded the system for
DOT-standard applications, with easy maintenance and long life. We continued to
work with thernal imaging as the main system. Getting the right types of sensors and
software involved to turn them into accurate detection is a big deal. Off the shelf
sensors without special "tuning" and correct sensor types for wildlife environments
and wildlife deteton to fail quickly. About a year ago, we launched our first radar
based system in Colorado. Thereds a nhew

0

installed in Florida this Springve 6 ve t aken engi n-apring fromn

approach so we could develop thestem in tandem with the transportation

environment and adjusting the system over the years so that it works in multiple
situations. As part of the total design we always consider; how the system will be
maintained (our systems are autonomous and edgalldas rapid response) and

who will maintain, the environmental conditions and seasons, roadway information,
objectives for accuracy, validation methods, key performance metrics in addition to
detection accuracy, ease of data retrieval and retention, wagyrservice and more.
Webve brought all these factors together

When asked about finding the best AD/DWS solutleazlehurstresponded,

We took an engineering approadhsteadou si ng systems off the
doomed to failure. Weodore stil!]l |l earning
take an engineering first approach, | think you will have more success than just
Atrying out o r ando mmaybavesissuesfiguriigout wheretkes | i
crossing will occur once the road is active, and some fun projects to figure out how

you can control the wildlife and where they cross so you can optimize the sénsors.
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you can do something that controls the movement of the animals, while targeting the
bigger crossing areas, and considering what the driver will see, that will be the best
approach. Motorists need good quality and timely information, so they have enough
time to react to the situation. Again, | would consider a medhgit-collection radar

to test out different areas you are uncertain almrhmittingto a permanent system.

The conversation touched on the challenges of deploying sensors effeétaaBhurst
explained,

|l f youdre talking about | idar, radar, or
to where the animals are crossirideally, we have the line of site prior to them

crossing, because it can take some time to analyze any image regardless of if its lidar,
radar, thermal, or another sensor. A lot of information goes into alerting the vehicle
properly. We want to make sutestwarning turns on early enough for the driver to

get the signal in time. So, you nesine cleaspace around the edges of the road

and a line of siteWe typically perform a prdesign site analysis to optimize sensor
placement.

|l dondét know how much fencing youol |l be a
range. The radars we are using now have a radius of 1400 m in each directitm. So,
maximize the distance of one radar you would want td4@em on both sides of the

road. We want to minimize the infrastructure and maximize the coverage of the area.

Once traffic is put on this roadway it may change elk movement. One thing we are
doing is putting radars on a mobile trail
crossing, you can use a mobile radar that gathers all the information and warns

motorist of wildlife crossing.

Hazlehursexplained that

For the Colorado project we were only involved in the detection and alerting

motorists. There was a major migration occurring with elk, deer, and antelope. What

they did was put in combinations of high fence sections and low fence sections. The

high fencesections prevent animals from going into the roadway, but the low fence

sections allowed wildlife to cross during their migration freely but prevented the

cattle from crossing. Even if radar can see long distance, the sight line will be the

limiting factor. You need enough clear land on both sides of the roadwaically,

35 feet of clear area on each side is ade
use fencing, to use it or to tie it to underpasses to manage the flow of animals. If we

look at (passive) thermal imaging, one camera is maxed out &820Gt along the

roadway If it loses too many pixels in the far regions of the field of view (beyond 300

feet) the software has difficulty recognizing (computer learning) the animals. Passive
thermalsensors are extremely sensitive and accurate. We can track small mice at 150
feet . ltdés i mportant to knoWeweattet t he r an
matters too, some sensors will completely fail in certain weather conditions, and

some will have a shorter range of accuracy depending on the weather. In heavy rain

or snow, evehigh-quality thermal sensors and radar range will be reduceid200%6.

This is true for every sensor. For lidar, it can go down tdtXd visibility in heavy

snow. | donodot know a | ot about buried cab
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itds too hard to calibrate in an environn
moisture, and on/off ramps.

Hazlehurstontinued

What they did in Colorado, where the low and high fence connect, they have a
perpendicul ar fence so that the ani mal c a
stuck insi de, a-outsintplacesywbereeneeded.tThey put white mp

stripes on tk road at the end of the perpendicular wiegce taking the righdf-way

section and fencing it off. They put in a bunch of large, angular rocks as well to
prevent animals from wanting to approach
than a year, g the results wiltake some tim® develop

The other studies | 6ve been involved in,
electrified barrier than electrified barrier by itself. One thing we can offer you is our

belief in sensors and our history with them. The thermal has a limited rartggodul

at the end of a fence situation or concen
point, itds great. |l tés good in all weath
is newer, we have another t@sfprocessn Nevada, so bytheendbft s year it ol
3 in the US. We mounted several different sensors on the same trailer. One

opportunity is to try a radar or thermal imaging camera, and put it on a mobile

platform and move it around to show the Virginia DOT what the capability is on

those sensors based on weather, reliability, etc. You could collect data on a

per manent solution before you i mplement i
but maybe thereds a solution there.

When discussing different challenges for thermal and ratéeighurselaborated,

So,the big thing icareful placement to optimize line of sight for bididar and

thermal The angle of declination matters. You can integrate different sensors to

activate the same set of warning sighs. her e6s a s mal | bl ind sp
canusea t her mal camera to cover that area, i
and tie it into the same system.

Wedbd be happy to help you with any sensor
you with the ability to gather data and present it going forward and show what works

and what doesndédt along the roadway. Then
effectivein terms of accuracy, performance, and cdsist a suggestion. Thermal is

good for rain, fog, etc. Lidar is not good since it is dependent on light, but lidar can

be great in certain conditions

When asked about estimating cddeelehursianswered

We would ask questions on what warranty and maintenance you want; do you want to
be able to maintain it yourself, do you want it online, do you want data stored on site
and to collect it, what data do you want to keep. If a DOT comes to us and tells us
they want wildlife detection on a section. We go out laot atthe specific area and

do a preliminaryreport, whichusually cost ~$10,000we would look at the area,

power sources, and talk to the stake holdelsaon what they wanand expecbut of

this system. | can send you the typical preliminary report outline to show the types of
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guestions we ask, but we usually need to go on site to look at what we are dealing
with. But this is for a permanent installation, fixedplace If we did a trailer, we set
it up to handle all of that and move it around and calibrate it to that area.

He ended the conversation by saying,

| could give you a ballpark estimate on different projects without seeing the site. The

track record of people who have just taken radars off the shelf and immediately

implement them usually does not work we#rtain radar types are not good at

seeing animal movement and some radars are not good at filtering out the

background noise we see in the roadway environme&hescost of engineering is

i mportant because thatoés what makes it wo
for each step. Some of thesests are based on the specific DOT requirements that

vary from state to state. So, our costs can change based on what the DOT needs from
us. | 611 send you the design sheet and pu
maybe ongadar and onghermalcamera.

Hazlehursbffered the following in closingi O rtheng | wanted to mention is turning on
signs at different times. The concern around habituation is a big one for human driving behavior,
especially ifthe detection isot completely accurate.

Interview 6 [August 17, 2023]i Animex and ProWild

Thesixth interview was held with Steve Bega and Steve Mars from Animex, as well as
Gert Hamberg from Prowild.
Regarding funding, Mars mentioned,

It would be good to see if they [VDOT] applied for grant money, if they did want

overpasses/underpasses. I f anyone applies
Franky, the time to do it is now when the
costw !l | be to close an active roadway, ver

Arizona andColorado,they are doing a huge initiative, 300 million dollars of putting
in underpasses, jump outs, and large fenceld& Colorado. They have had too many
fatalities with humansandelk.

Bega emphasized that Animex could provide support in various capacities. He continued,

Webve been in this game for years now, ac
committed to renovation and making sure any project has the best equipment

considered and implemented within the budget. It can be the concept phase, pilot,
completion. Theres no one size fits all for ADS. The location, budget, and elk pattern

are going to matter immensely.

Hamberg agreed and asked,
What sections of this road are going to be protected by this technology? What do
these sections look like so we can see what technology would fit best on those

sections, geography matters? We provide systems and have several types. First 2 km
thermal cameax and radar should be the first items. Thermal cameras should also set
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parameters to determine certain areas that need to be detected. If you change the
position of a camera you need to reset the parameters. For the components we can
get some estimated pricing, but power can change price significantly, so we can give
that toyou without powering, then can add solar panels later.

When asked about wind and fog conditions,
active infrared would be an option. Also, because of the fog it may be better to use thermal for 1

km[rather]than2k m, because itoll be more vulnerable t
Hamberg mentioned that if we fAhave two typ
main controller. So that may be a good option

Interview 7 [September 26, 2023/ Gary Lester, MBP

Gary Lester has worked with MBP as a seréxecutive in the Abindpn office for the
last3 years. Prior to that, he workéar 30 years at VDOT, and for the last 10 he was the district
bridge engineeit was suggested to the research team to reach out to Lester to discuss the
various costs when installing systems and hardware along the roadside.

When asked about getting quotes for pricigstersaid,

| think it would be advantageous to get this data from different vendors and systems.

One company could be considered for something and not another. Once you get that
info together would be hel pful so we woul
Thempaddbably not a | ot of data out on the:
technology. It would help to have that information up front.

This way his team would not have to talk to the same veridarsvere already
interviewed.
When asked about what information is needed for a cost estimeatersaid,fiThe
specification on the installation procedures for each equipment, so we can know what equipment

is needed from u8When asked if VDOT would need a pernhiesterr e s p o WROId,
would have to do the environment al permit, bu
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APPENDB X

Project Definition Report, Provided by CrossTekCq Used to Createlnformational Packet
for Vendors

Wildlife Detection Systems ”
: J«Cros

FFORDAE JLIFE ITIONS

Project Definition Report

Wildlife-vehicle collisions on North American roadways are a significant problem faced by all Capital Budget: $10 - 15,000
transportation agencies. These collisions often result in serious personal injuries, endanger various . L
wildlife species, and cost millions of dollars annually. Timeline: 2-3 Weeks

Wildlife Detection Systems (WDS) are a highly effective tool designed to reduce animal-vehicle
collisions, protect wildlife, and improve safety for motorists. CrossTek integrates proven Intelligent
Transportation System (ITS) components with high-performance security technologies to solve this
very challenging problem.

To implement WDS effectively, the installation must be properly designed to suit an agency's
operations, human safety and wildlife concerns while addressing the specific physical configuration
of the chosen site. Factors such as site terrain and topography, service availability, remote
communications and messaging strategy will influence the design. CrossTek designs WDS for "Long
Open Road Corridor Crossings” and “Limited Area Wildlife Crosswalks". The Open Road System relies
primarily on Radar sensors whereas the Crosswalk System relies primarily on Thermal sensors. Both
systems were developed to be highly flexible, autonomous solutions that can be adapted to suit the
needs of the project: sensor placement and type can be adjusted, messaging can be simple or complex,
connectivity can be remote or local and power can be on or off-grid. In order to optimize the solution,
appropriate engineering needs to be undertaken up front. The recommended first step in the
implementation process is the Project Definition Report (PDR). The purpose of the PDR is to
undertake the preliminary engineering work necessary to define, plan, and cost the project. The main
tasks of the PDR include:

Site Assessment
Requirements Definition
Conceptual Design
Implementation Strategy
Cost Proposal

Report Preparation

R

Important factors that are reviewed and confirmed as part of the PDR process include the following:

*  Problem definition. What challenges are being encountered? Where are collisions
occurring? What wildlife types? What time of day/season?

*  Coverage area. What segment of the roadway should be covered, including shoulders and
adjacent areas?

*  Site topography, lifes of sight, and site constraints. Are there existing obstructions or
intersections?

*  Signing strategy. What active components will be used for the motorist advisory messaging?
(ex: DMS, flashing beacon). What static imagery should be used?

*  Sensor layout. What sensor configuration is optimal to ensure full coverage and accurate
detection?

*  Power availability and proposed communication architecture. Does off-grid power need to
be included? Is remote connectivity required?

*  Concept of operations. Overview of how the system will operate, including parameters,
functions, and features. Who will interact with the system and in what manner? (ex: reports,
alerts, etc.)

*  Site design. Are there specific infrastructure standards that need to be adhered to?

*  Implementation process. Who will be responsible for what portions of the work?

*  Testing and validation. Video coverage is required to support validation. What type and
quantity of video cameras are optimal?

*  Warranty, support, training, and documentation requirements. How will the project be
handed over?

Our team knows how to facilitate discussion among diverse stakeholders and has the proven
experience and expertise to assist our clients in answering these questions and refining the proposed
solution. The resulting PDR deliverable is a concise engineering report that summarizes all findings
and presents recommendations and costs for project implementation so that the client can move
forward to approval and construction in an informed manner.
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Wildlife Detection Systems

Project Definition Report

sscrossltel.

AFFORDABLE WILDLIFE SOLUTIONS

WDS OVERVIEW ADVISORY SIGN STRATEGY
e  Highly accurate and reliable system for e Systemsupportsam of electronic
detecting wildlife and advising motorists ’ yope
*  Lower costs compared to underpasses, &ing
o Z *  Flashing beacons
overpasses, wildlife fence and barriers 3
e LEDdisplays

* Designed to effectively cover long
stretches of roadways and shoulder areas
or limited area Crosswalks

e  Long- and short-range capability

NTCIP-compliant electronic dynamic
message signs

achieved by a modular system, with up to PERFORMANCE METRICS
3-mile range sections for a single sensor,
resulting in cost-effective installation e Vehicle volumes and speeds

e Tailored to all weather conditions *  Quantity of detection events

e All components integrated into a single e Signactivation time

operational platform for ease of use

e Includes support infrastructure to
properly validate performance

e Accurately detects all medium to large
size animals, simultaneously tracking all
animals

All system events logged for traceability
Embedded reporting function for all data

FULL IMPLEMENTATION SUPPORT

e  Proven technology and award-winning * Sltea. ¥ Jefiniti
design and deployment methodology ¢ Ry ; = i
®  Messaging strategies
e  Preliminaryand detailed designs
FEATURES e  Turn-key installation and testing
e  Stationary Long Range (RAD-OR™), s - ) g : alsoppont
e Maintenance service

Mobile (RAD-MD™) and Short Distance

Crosswalk (RAD-X™) applications

available

Low false alarm rate

Low maintenance, autonomous operation

Straightforward installation

Modular long-range system

Ability to integrate multiple detection

technologies

e Highly configurable parameters, filters, &
rules allow system to adapt and respond
to different deployment conditions

e Integrated video and event recording

e Detection events linked to video
recording timeline for ease of review

*  Remote access allows users to interact

without the need to travel to the site
e  Automated alerts for system status
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APPEND X
Informational Packet of Site Selection Characteristics and Criterigprovided to vendors
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Elk GPS Collar Data Activity Near the Corridor Q Roadway
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Density of Elk Path Tracing Intersecting With Corridor
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A breakdown of the estimated cost of system components, and a cost per unit length based on the length of roadway each system cosieg the information provided

APPENDD X

Vendor Responses an@€ost Estimates

in the vendor responses (belowpAlso provides other cost considerations that are not included in the cost per unit length calculation.

Vendor ADS Type | Method Distance Cost per Other System Cost& Addol Single Cost per unit
Covered/ Single System length
Monitored System Total Cost
ProWild/ Area Cover| Thermal, | 1,470m(4,823ft) $60,000 | Controller Cabinet: $32,50, $12,750 $137,250 $93.37/m
Animex long Signage: $2,500 x 8 Engineering ($28.46/1t)
range | 2 Cameras/35m | 2 Cameras,| Solar Units: $1,500 x 8 | & Software
(2,411ft) per | $30,000 per
camera camera
Prowild/ AreaCover | Thermal, | 368m (1,207ft) $15,000 | Controller Cabinet: $32,50f $12,750 $68,250 $185.46/m
Animex short 2 Cameras, 184n 2 Cameras, Signagg: $2,500 x 2 Engineering ($56.54/ft)
range (604ft) per $7,500 per Solar Units: $1,500 x 2 | & Software
camera camera
Prowild/ Area Cover| Thermal, | 736m (2,415ft) $30,000 | Controller Cabinet: $32,50f $12,750 $91,250 $123.98/m
Animex short 4 Cameras, 184n 4 Cameras, Signage: $2,500 x 4 Engineering ($37.78Ift)
range (604ft) per $7,500 per Solar Units: $1,500 x 4 | & Software
camera camera
Senstar Under Buried 800m (2,625ft) $56,180 Signage: $2,500 x 4 $10,000 $82,18% $102.73/m
ground Cable | covering one side $36.830 for Solar Units: $1,500 x 4 estimated ($31.31/ft)
of roadway cabling, assessment
$19,350 for
components
Senstar Under Buried | 800m (2,625ft) x| $112,360 Signage: $2,500 x 4 $10,000 | $138,36% $172.95/m
ground Cable 2, covering both total Solar Units: $1,500 x 4 estimated ($52.71/ft)
sides of roadway| $73,660 for assessment
cabling,
$38,700 for
components
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Vendor ADS Type | Method Distance Cost per Other System Cost& Addaol Single Cost per unit
Covered/ Single System length
Monitored System Total Cost
CrossTekCo| Area Cover| Radar | 2,575m (8,448ft)| $75,000 | Controller Cabinet: $65,00{ $15,000 site| $218,000 $84.66/m
Signage: $6,500 x 12 assessment ($25.80/ft)

1Signage strategy based BmoWild/Animex guidance of ~2 signs per 48Q1,312ft, ¥2mi), one oriented in either direction. Solar units to power individual signs.

2Assuming 800n buried cable system is installed on one side of roadway.

3Assuming 800n buried cable system is installed on both sides of roadway.

4CrossTekCo Provided their own signage option. Solar power and remote connectivity included.

A breakdown of other cost considerations, provided by CrossTekCo in their responge price estimates(seeiv. CrossTekCaq below).

Other Cost Considerations

Solar Power (per controller box)

$6,500i 9,500

Software

$1,200i 18,000, depending on complexity of the system

Design Package

$35,000i $120,000, depending on VDOT requirements

Vendor Support

$25,000

Training/ Handoff

$9,000

Maintenance Contract

$14,500 per year (labor only, does not include parts)

Extended Warranties

Approximately 7% of original equipment cost

Shipping, taxes, permits, bonding

Not included

Construction/ Infrastructure

Not included (e.g., trenches, concrete, conduit, etc.)
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Senstar
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