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Executive Summary 
The large tunnel under Route 384 on the Hop River Trail in Bolton is very much in need 

of daytime lighting; its dark interior is considerably unsafe and ominous to trail users. By 

speaking to many local experts, we have concluded that lighting this tunnel is possible, and may 

cost around $24,000-$29,450 plus recurring electrical costs of around $200-$250 per month. The 

most feasible lighting option is ceiling-mounted fixtures, powered by a new connection to nearby 

utility resources. Diverse possibilities of grants and funding are available to support this project.  

 

 

 

Introduction 

UConn Service Learning 

This project was conducted by UConn students as a service learning initiative, supervised 

by Julia Yakovich, director of service learning at UConn. UConn Service Learning works to pair 

student skills with community needs, and can take many forms. It has been a highly effective 

method of implementing classroom and theoretical learning with hands-on activities and 

deliverables. 

 

Objective 

The goal of this study is to examine the feasibility of adding daytime lighting to the Hop 

River Trail Tunnel due to safety concerns and the request of trail users. The necessity of lighting 

and various methods to add lights are considered. Moreover, our recommendations take many 

factors into account, especially cost (fixed and recurring) and complexity to build and maintain. 
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About the Hop River Trail Tunnel and the Need for Lighting 

The tunnel is highlighted in yellow. Existing electrical apparatus are circled in red.  

The Hop River Trail makes up a small segment of the East Coast Greenway, a bike and 

pedestrian path running through 15 states and spanning 3,000 miles from Florida to Maine. This 

path inspires sustainable living, exercise, and community both locally and throughout the East 

Coast. The Hop River Trail and its tunnel are used by a diverse group of individuals who may 

pass through it regularly or only once. The trail is used extensively by the local community, 

including recreational users, commuters, and runners and cyclists looking to avoid busy 

roadways. Over 84,000 passes were recorded by the trail counter next to the tunnel in 2019.  

The structure of the tunnel is owned by the Connecticut Department of Transportation 

(DOT), who also governs the roadway above, but the trail is owned and maintained by the 

Connecticut Department of Energy and Environmental Protection (DEEP). It can be found near 

Bolton Notch State Park, looming over those who turn right onto the path from the parking lot. 

With tracks laid and rocks blasted out in the mid-1800s for a rail line, the 30-foot tall, 

800-foot-long tunnel was built later due to the above construction of a complicated interchange 

as I-384 transitions to Route 6 and Route 44. The sounds of vehicles passing above, ominous 

https://drive.google.com/drive/folders/11aXyxGCZoyiLNhz02CVis6Kkn81w8Vma?usp=sharing
https://www.greenway.org/
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graffiti on the walls, and the sheer darkness of the tunnel make the path intimidating for cyclists, 

walkers, runners, and families alike. Alongside the path are trenches through which water flows 

with jagged vertical rock surfaces on the walls, providing “no room for error if a trail user veers 

off the trail” (in the words of Bike Walk Bolton). The tunnel is curved, so the other side 

sometimes cannot be seen clearly by those entering.  

Bike Walk Bolton, a local cycling and pedestrian advocacy group, has been a major 

proponent for adding lighting to this tunnel and was quite helpful on this feasibility study. Many 

members have described the issues they experience regularly with the dark tunnel. Cyclists 

entering such an environment at high speed often cannot see other individuals or the path inside 

the tunnel due to the light difference. The pictures below show how easily people inside the 

tunnel can disappear to outside viewers. 
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One in six respondents to the path’s 2019 trail survey specifically requested lights in the tunnel 

for potential “trail improvement.” 

The current situation is not ADA compliant and does not follow the 9.3 footcandle 

recommendation for walkway/bikeway underpasses by the Illuminating Engineering Society of 

North America (IESNA). Many trail users also have visual or physical disabilities which may put 

them at an even greater risk of injury. The documented age range of highest use on the trail is 

55-64, when eye adaptation from light to dark takes more time. Additionally, the aging 

population is often affected by diseases like macular degeneration, cataracts, diabetic eye 

disease, and glaucoma, which can similarly make light adjustments difficult. Lighting the tunnel 

https://drive.google.com/file/d/1hpqAUC36GTD49x3WgxRR8iAGEjxp98SX/view?usp=sharing
https://drive.google.com/open?id=168SWBinAcR6q_bMMn9FQ5dkfiF7xKBbR
https://drive.google.com/open?id=168SWBinAcR6q_bMMn9FQ5dkfiF7xKBbR


9 

will cost money, but an injury lawsuit will also be quite expensive in the event that it occurs. 

According to anecdotal evidence, many injuries have already resulted from the tunnel’s low light 

and hazardous conditions. It may be only a matter of time before a future injured user decides to 

press charges. All trail users are at risk due to the lack of lighting in this tunnel, and so we have 

been commissioned to analyze the feasibility of adding some sort of daytime lighting.  

 

General Tunnel Lighting 

According to Rails-to-Trails Conservancy, a nonprofit dedicated to creating a nationwide 

network of trails from former rail lines and connecting corridors, “trail lighting that is well 

placed, properly installed and frequently maintained can improve visibility, increase overall trail 

access and convenience and give trail users a sense of security.” More specifically, with lighting, 

deformities and unevenness in the path become visible, potential security threats become visible, 

criminal activity is deterred, and most importantly, there is a significant reduction in the 

possibility of user collision with an object or each other. This is a significant concern in the Hop 

River Trail where the path is quite narrow and—as the pictures above demonstrate—it is quite 

challenging to visualize those in the tunnel from the outside. More importantly, according to the 

American Association of State Highway and Transportation Officials (AASHTO) Guide for the 

Development of Bicycle Facilities, lights on a trail should be provided in tunnels and 

underpasses. 

There are many factors to consider when lighting tunnels, including soil content, 

overhead clearance, trail location, trail features, and types of trail users—bikers, walkers and 

runners, in our case. Specific to the feasibility study, factors such as cost, complexity to build 

and maintain, reliability, and sources of electricity were considered and discussed with 

stakeholders as well. 

Battery-operated lights would be the cheapest to install and repair but difficult to 

maintain because the batteries would need frequent replacement, and given the high lumen 

output of each light and the chance of dead batteries going unnoticed for extended periods of 

time—during which trail users would have to encounter dark sections of the tunnel—this option 

was eliminated rather quickly. Wired lighting—although more expensive to install and difficult 

https://njdotlocalaidrc.com/perch/resources/aashto-gbf-4-2012-bicycle.pdf
https://njdotlocalaidrc.com/perch/resources/aashto-gbf-4-2012-bicycle.pdf
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to repair—can be the easiest to operate and maintain if installed correctly and with quality 

components. The wires may be strung overhead or underground, and since overhead lighting is 

the best option, the former will be the case. It is worth mentioning that buried lines may cost 

more upfront but need replacing less often. While overhead lighting is cheaper, the wires are 

more vulnerable. 

Various methods to power the lights are also important to consider when lighting tunnels. 

For example, while solar is the most environmentally-conscious, it is costly upfront, and without 

an expensive (upfront and maintenance costs) battery pack, limited natural lighting can result in 

a dark tunnel. LEDs are the standard now, and everyone recommends using LED fixtures for 

their increased light output and low power consumption. While they may have greater initial 

costs than standard bulbs, they require less maintenance thanks to their efficiency and durability. 

Compact Fluorescent Lights (CFLs)  were immediately discounted because while they are 

similarly effective and cost relatively the same, they contain mercury, a toxic chemical that 

complicates the disposal process and can contribute to pollution if improperly discarded. Despite 

all their benefits, it should be noted that LEDs can sometimes have uneven or unnatural light, 

flickering, and change in color over time. Other unique lighting methods include reflective 

striping that can increase the amount of light cast onto the trail, but this method requires a source 

of light in the first place. Moreover, reflective stripes can divide trail traffic or help mark where a 

path ends. 

The placement and design of lights is also important. Although the hanging of lights is 

more of a mechanical concern than electrical, lights hung too low can create a feeling that the 

space above is closing in on you and result in unwanted dark spots. Moreover, flat lenses only 

shine light on the path below, whereas round lenses shine light in all directions. It is also 

important to consider maintenance when installing tunnel lighting, including cleaning fixtures to 

maintain luminescence, and in some cases, breakages or theft can be prevented by installing 

lights in wire cages. Lastly, Rails-to-Trails recommends posting signage on fixtures and 

trailheads requesting that trail users report any outages along the trail. 

As with any project, one should be prepared to address resistance from community 

members. Solutions should take into account neighbors to the trail, dark-sky initiatives, local 
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ecology, and of course, the trail users. Given the location of this tunnel, concerns regarding 

extraneous light should not be a concern. 

 

Key Definitions 

For any lighting project, photometric calculations must be conducted. These calculations 

help determine the specific types of lights needed to achieve the IESNA’s recommended 9.3 

footcandle and 3:1 uniformity ratio (average/minimum illuminance) recommendation. 

Illuminance refers to the amount of light striking a surface, whereas luminance is a measure of 

reflected light off of a surface (i.e. the human perception of brightness). Photometric calculations 

help us obtain luminance values, or accurate representations of how light in a tunnel would 

appear. It is important to factor in lack of uniformity from rocks in the Hop River Trail Tunnel 

into the photometric calculations to know the effect they will have in reducing light compared to 

smooth surfaces. Footcandles are a non-SI unit of light intensity, where 1 footcandle equals 1 

lumen (a measure of the amount of visible light from a light source) per square foot. It should be 

noted that the 9.3 footcandles value is recommended daytime illuminance, but it can be reduced 

if the tunnel is in a wooded area with shaded entrance portals. However, since the Hop River 

Trail Tunnel’s entrances are large openings not confined or hung over with vegetation and the 

goal is daytime lighting (i.e. entering a dark environment from a well-lit environment), values as 

close to 9.3 footcandles are recommended. In the entrance/exit of tunnels, brighter lights should 

be placed to help with the transition from daylight, but towards the center of the tunnel, less 

powerful lights can be used. Two other important factors to consider for lighting are color and 

color rendition index. Color temperature is a way to describe the light appearance provided by a 

light bulb and is measured in degrees of Kelvin on a scale of 1,000 to 10,000. For tunnel lighting, 

daylight (4600k-6400k) is recommended to mimic the sunlight outside the tunnel. Lastly, the 

color rendering index is a measurement of light in relation to how it affects the appearance of 

color. To produce accurate color rendering of surrounding objects and have lights that match a 

naturally referenced light source like the sun, it is best to choose lights with a color rendition 

index as close to 100 as possible. Most LEDs produce a score of between 80 to 90. 

 

https://drive.google.com/open?id=168SWBinAcR6q_bMMn9FQ5dkfiF7xKBbR
https://drive.google.com/open?id=168SWBinAcR6q_bMMn9FQ5dkfiF7xKBbR
https://toplightco.com/blog/whats-the-difference-between-luminance-and-illuminance/
https://toplightco.com/blog/whats-the-difference-between-luminance-and-illuminance/
https://www.accessfixtures.com/buying-led-what-are-footcandles/
https://integral-led.com/education/what-are-lumens
http://www.westinghouselighting.com/color-temperature.aspx
https://www.lumens.com/light-bulb-facts/color-rendering-index.html
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Andover Tunnel 

An example of a successfully lit tunnel exists nearby in Andover. It lies further down the 

Hop River Trail and runs under Route 6. It has been successfully lit for trail users since the 

1990s. The Andover tunnel has smaller openings than the Bolton tunnel, is slightly shorter, and 

does not curve. The lighting consists of eight luminaires, spaced 25 feet apart, and attached 

directly to the 14-foot-high ceiling. 

Conduit runs between the lights and connects at one end to a meter wired to a nearby utility pole. 

Power for these lights is paid for by the DOT. Although there is graffiti on the walls, vandalism 

of light fixtures has not been an issue in the Andover tunnel.  

 

Our Feasibility Study Process 

We were first introduced to interest in a feasibility study for adding daytime lighting to 

the Hop River Trail Tunnel in a UConn anthropology course. After attending a stakeholder 

meeting on February 28th hosted by Bike Walk Bolton and walking through the tunnel, we had 
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the necessary introductory information to begin making contacts. Susan Smith, Bike Walk 

Connecticut’s executive director, gave us a list of important aspects to consider when 

constructing the study, including design options, long-term maintenance needs, and location of 

lighting in the tunnel. We were first in contact with the DOT, who provided us with an 

inspection report, recommendations of fixtures that have worked in the past, rough cost 

estimates, light maintenance information, descriptions of equipment in the area, and 

recommendations for connecting the lights to power. Additionally, Marissa Pfaffinger of the 

Highway Management Unit at the DOT provided information about ongoing highway 

construction scoping efforts in the area. 

With his experience arranging electrical service throughout the state for various DOT 

projects, Mark Bear introduced us to IESNA recommended practices and connected us with 

Michael Miceli of Acuity Lighting, who performed photometric calculations using the inspection 

report and data collected from a site walk conducted by us on March 28th. 

Members of Bike Walk Bolton provided invaluable knowledge about the tunnel and 

referred us to many resources and individuals, including employees at Eversource, private 

electricians, Eric Anderson (Town Manager of Andover), and Thomas Galeota (local engineer 

familiar with rail trail design). We had bi-weekly meetings with Bike Walk Bolton about our 

progress, which mainly consisted of information updates via email. 

Eric Anderson shared his knowledge of the Andover Tunnel with us and also said it 

would not be practical or cost-effective to use solar panels to power the lights. 

Thomas Galeota, who is currently vice president of operational effectiveness at the 

Corporation for Independent Living (CIL) in Hartford, highlighted the importance of consulting 

a licensed engineer, powering lights from the existing grid, considering long-term maintenance 

needs, using high-quality components familiar to the long-term maintainer for ease of repair, and 

using LED lights. He also recommended we check and see whether the Town of Bolton has a 

trail maintenance agreement with the State for the Hop River Trail, and after checking with 

Joshua Kelly, the Bolton Town Manager, it appears it does not. 

David Dobratz is the Energy Efficiency supervisor at Eversource, and he taught us about 

how Eversource incentivizes energy efficient projects. He also indicated important aspects to 
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lighting and the feasibility study, and he provided resources to gather more data. Additionally, he 

taught us how billing with Eversource works and that for the most part, Eversource only supplies 

electricity; they rely on contractors to propose and implement projects unless they are 

high-voltage. Lastly, Dobratz informed us of the process to request new service from Eversource 

and the function of a request for proposal (RFP). 

Laura Brown at the Department of Extension at UConn provided us with intercept survey 

data from 2017-2019, which show a need for lighting as one of the top concerns cited by trail 

users. 

Matt Anderson, vice president of operations for the Hartford Marathon Foundation, 

provided background information on lighting tunnels from Rails-to-Trails Conservancy, and that 

source also allowed us to also look into potential sources of funding. Anderson initially worked 

with UConn senior electrical engineering majors for a senior design project to create a mobile 

solar panel unit for marathons. He then reached out to UConn again for help in constructing a 

feasibility study to light the Hop River Trail Tunnel. 

Joe Piela used his knowledge as an electrician to teach us possible ways the lights can be 

powered and potential existing equipment we can use, including existing conduit and electric 

boxes/meters. 

Bill O’Neill of the East Coast Greenway Alliance Advisory Committee suggested 

meeting with David Dobratz of Eversource to prepare an RFP stating performance criteria 

needed to light the tunnel and discuss funding sources. O’Neill is one of the original partners of 

Fuss & O’Neill, a top civil, transportation, and environmental engineering firm in the region. 

Lastly, Julia Yakovich, director of service-learning in UConn’s Center for Excellence in 

Teaching and Learning (CETL) helped guide us throughout the development of the feasibility 

study. 

The majority of our communications were over email and bi-weekly meetings with Bike 

Walk Bolton members were conducted once in-person and then over WebEx. Phone 

conversations were occasionally held with community members. All communications were 

compiled in a Google document that allowed anyone with the link to add questions, suggestions, 

or comments. 

https://drive.google.com/file/d/1hpqAUC36GTD49x3WgxRR8iAGEjxp98SX/view?usp=sharing
https://drive.google.com/file/d/1hpqAUC36GTD49x3WgxRR8iAGEjxp98SX/view?usp=sharing
https://docs.google.com/document/d/1ZwaomTfVErtW2ATQwGhGOkzheNGUs_jAmezPtN3Sjlo/edit?usp=sharing
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Operational Feasibility 

Options 

Multiple lighting solutions have been considered for this tunnel, including solar tubes, 

solar panel-powered lights, direct grid-powered lights, and “dismount and walk” signage (with 

no lighting). Our study has determined that the safest, most feasible option by far is a direct 

grid-wired lighting system, but we will provide an overview of each option and its associated 

benefits and drawbacks in the form of cost, installation, complexity, maintenance, reliability, and 

sustainability. All the options—except signage with no lighting—are compatible with an on/off 

timer which would be necessary to keep the lights on only during daytime. 

Option Relative 
Initial Cost 

Relative 
Recurring
Costs  

Relative 
Maintenance 
Costs 

Comments/ 
Additional 
Important Factors 

Result 

Solar tubes High Very Low Very Low Tunnel is not built 
to have holes 
drilled in the arch; 
roadway runs 
above 

Less feasible 

Solar 
(on-grid) 

- - - Power draw is too 
small 

Not feasible 

Solar 
(off-grid) 

Very High Very Low High Too complex Less feasible 

Wired 
(on-grid) 

Medium Medium Low  Feasible 

Signage 
(no lights) 

Low Very Low Low Does not address 
all of the issues and 
inconveniences 
trail users 

Feasible but 
NOT 
recommended 

 

Solar Panels/Tubes 

The immediate thought regarding this project was to implement some sort of solar power, 

in line with modern sustainability and the East Coast Greenway’s values. Additionally, the 

tunnel’s strictly daytime lighting needs would seem to make solar power ideal. There were three 
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basic options for solar lighting: on-grid solar powered lights, off-grid solar powered lights, or 

solar tubes. 

On-grid solar power allows for the system to take additional power from the grid when 

necessary and to “turn back the clock” on the electric meter by generating back power that is 

consumed. However, discussions with various stakeholders revealed that this option was not 

possible because it required a greater power draw; our lighting would only be about 10-15 amps. 

An off-grid solar panel and battery system would be possible, but it raises expenses considerably 

in terms of both initial material costs and maintenance. Eric Anderson, the Andover Town 

Manager and a former solar panel installer, did not believe it would be practical or cost effective 

to power these lights by installing solar panels. 

Passive solar tubes were another suggested option. The solar tubes would effectively 

operate as skylights in the top of the tunnel, bringing ambient light in from above. However, 

these tubes might compromise the structural integrity of the top of the tunnel, be difficult to 

install due to the overlying roadway, or conflict with potential changes to the above roadway in 

the future (see DOT Scoping Efforts, below).  

 

Grid-wired Lights 

Wired lights were noted as a potential option due to the many surrounding electrical 

wires and utility poles near the tunnel. Due to recommendations from many of our contacts, this 

is the option we have chosen to put the most research into. Wired lighting would not be 

expensive due to our relatively low power consumption needs (see bar graph, under “Economic 

Feasibility”). While there would not be access to conduit owned by the DOT housing wires that 

power flashers 530’ from the intersection of Notch Road and Routes 6/44 or nearby utilities 

owned by private companies, there is potential access to utility poles. Additionally, regular 

electrical systems would not be particularly complex and can be made reliable and efficient due 

to their common use. 

 

 

 

https://drive.google.com/drive/folders/11aXyxGCZoyiLNhz02CVis6Kkn81w8Vma?usp=sharing
https://drive.google.com/drive/folders/11aXyxGCZoyiLNhz02CVis6Kkn81w8Vma?usp=sharing
https://drive.google.com/file/d/1xYyUnup9HlDYnCYc0HeR7IigSgUAPBIS/view?usp=sharing
https://drive.google.com/file/d/1RHjcNsiUdBNwwrhS_K5OlzzDKmuYk_8s/view?usp=sharing
https://drive.google.com/file/d/1lTIVKlZOYQWAbc4fq6EEiCWq6a70L71u/view?usp=sharing
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Signage 

A temporary fix suggested to address tunnel safety was the implementation of “dismount 

and walk” signs for bikers at each entrance to the tunnel. These would instruct bikers to 

dismount and walk their bikes through the tunnel, allowing more time for users’ eyes to adjust 

and preventing collisions. However, there is no way to enforce such a policy, and due to the 

significant length of the tunnel, it is likely that many individuals would choose not to follow 

these instructions. Additionally, without actual lighting, the tunnel remains just as ominous and 

dangerous to trail users and families. Thus “dismount and walk” signage could potentially 

increase safety, but inevitably inconveniences trail users and does not address some of the main 

concerns of having a darkened tunnel. We do not recommend this option unless it is temporary, 

perhaps as a brief measure to partially address safety while actual tunnel lighting is in its design 

and planning stage. 

 

Lights 

This tunnel’s potential lighting is significantly affected by the large, uneven rock 

outcroppings on each side of the structure. Because of these, lights cannot be mounted on the 

sides of the tunnel (light would not disperse down to the path very well), and should be mounted 

along the center of the arch ceiling. Mark Bear of the DOT, a street lighting expert, mentioned 

this in his first email to us, where he broke down the costs associated with lighting the tunnel. By 

his estimates, light fixtures would cost approximately $2,500 each, and he predicted eight of 

them, spaced fifty feet apart, would be sufficient to light the tunnel. This was only the initial 

recommendation, and it was later revised by Michael Miceli. 

For lights, Mark Bear suggested Holophane fixtures due to their high quality and familiar 

maintenance practices for Connecticut infrastructure. Additionally, some fixtures have an 

onboard field adjustable output (AO) module that can adjust the light output and input wattage to 

meet site-specific requirements. This would be quite helpful in the highly variable lighting 

environment of the tunnel’s jagged walls. Holophane fixtures seemed ideal to base our price and 

power estimates off of for this study. Michael Miceli of the Holophane sales channel supplied a 

https://drive.google.com/file/d/1yR-Llc0DzFRy6uPs9NXPrYck0jCFPDrN/view?usp=sharing
https://drive.google.com/file/d/1T_bEa-r380ynBnekECnF-PZ1QSc7f2hu/view
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quote based on the shape of the tunnel and our lighting needs. He recommended ten specific 

fixtures, which are $1,400 each, considerably less than the $2,500 projection. 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://drive.google.com/file/d/1T_bEa-r380ynBnekECnF-PZ1QSc7f2hu/view?usp=sharing
https://drive.google.com/file/d/1InCgmTPhfYuzlhYybzbcLuw3MKd7ADSr/view?usp=sharing
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Above are the photometric calculations we received. Michael Miceli mentioned an 

interesting fact: if the tunnel had smooth walls rather than jagged rock edges, the ground light 

levels would be 60% higher. 

The specific lights recommended were eight TNLEDMED PK8 Type A (ceiling mount 

long and narrow-CLN) fixtures and two TNLEDMED PK8 Type B (ceiling mount 

counterbeam-CCB) fixtures. The Type B fixtures would be towards the entrance and exit to the 

tunnel, and they spread light asymmetrically so that only the interior of the tunnel is lit. The 

Type A fixtures would be spaced in between. The specification sheet for these fixtures can be 

found here. We used these fixtures’ prices and wattage when estimating installation and 

electrical costs. These fixtures use 246 watts of power each, so the system would require an 

approximate 2,460 watts in electricity, or 2.46 kW. If left on for 14 hours per day, this translates 

to 34.44 kWh per day, or 1,033.2 kWh per month. 

Above: Holophane TNLEDMED 

 

 

 

 

 

https://drive.google.com/file/d/11lzHIIJKMmS2NnVXu3ZTHXuiK809Jo0p/view?usp=sharing
https://drive.google.com/open?id=1T_bEa-r380ynBnekECnF-PZ1QSc7f2hu
https://drive.google.com/file/d/1T_bEa-r380ynBnekECnF-PZ1QSc7f2hu/view
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Technical Feasibility 

DOT Scoping Efforts 

It is important to consider how ongoing/future projects will impact tunnel lighting or 

surrounding areas. As of this publication, the DOT has no upcoming construction projects for the 

area, but there are a number of ongoing scoping efforts, or concept developments with no design 

or construction commitment. The Highway Management Unit is leading efforts and investigating 

the Bolton Notch area in the Town of Bolton to address existing safety concerns and provide 

vehicular and pedestrian/bicycle connections. Specifically, three components are being 

evaluated: 

1. Providing a bicycle/pedestrian connection from Route 44 east of the Bolton Notch to the 

Hop River Trail 

a. Various alternatives are being evaluated to see how best a shared-use path could 

be constructed to extend bicycle/pedestrian access through Bolton Notch and 

make the connection to the Hop River Trail. The most feasible would be building 

a shared-use path adjacent to the roadway by widening the existing grass median. 

2. Addressing safety concerns at the intersection of Routes 6/44 and Notch Road 

a. Currently, there is limited sight 

distance due to an existing rock 

ledge and substandard 

compound curve. The 

developed conceptual plan 

involves providing adequate 

sight distance from Notch 

Road and realigning the roadway to meet current highway design standards. 

3. Providing missing vehicular connection from Route 6 westbound to Route 44 eastbound 

and from Route 44 westbound to Route 6 eastbound 

a. This is the most significant of all scoping efforts as it requires major interchange 

reconfiguration/modification. Several alternatives for at-grade and 

grade-separated interchanges have been evaluated, including reevaluation of a 
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concept developed as part of the Route 6 Hop River Corridor Transportation 

Study. 

The incorporation of the first and second components are being considered in all 

interchange modification alternatives. Additionally, components 1 and 2 are being evaluated as 

one proposed project to add value to each component and potentially reduce mobilization and 

traffic control costs during construction since improvements are in the same vicinity and would 

likely have overlapping construction areas. 

Currently, none of these improvements are projected to impact the tunnel itself, and it is 

unlikely that any grassy area to the north of Routes 6/44 will be impacted, but it should be noted 

that there are both overhead and underground utilities running through the area. 

 

Universal Maintenance (LEDs and fixtures) 

LED fixtures are essentially maintenance free, but it may be necessary to clean any bird 

nests/debris deposited on housings. The majority of problems are installation-related and 

fortunately can be addressed by the contractor carrying out the installation. Such problems 

include loose electrical connections, faulty electronic drivers, or loose PIN-type internal wiring 

connectors. Also, most fixtures come with an internal surge protector to protect against line 

surges and lightning strikes, and these may need replacing after a certain number of surges. It 

should be noted, however, that out of the 5,000 LED fixtures installed over the past few years, 

the DOT has experienced very little failure with surge protectors. 

Light reduction is a natural feature of any fixture, but LED reduction of light output is 

substantially less than equivalent high-intensity discharge lamps. For a Holophane TNLEDMED, 

after 50,000 hours of operation—which equates to about 12 years of lighting at 11 

hours/day—light depreciation (LLD) ranges from .881 to .919, or 8-12%. Manufacturers include 

LLD tables on their luminaire specification sheets. When carrying out calculations, the designer 

should include the luminaire-specific LLD in calculations to ensure that IESNA recommended 

average illuminance (9.3 footcandles) and lighting uniformity are still achieved at some selected 

point in the future. 

 

https://crcog.org/wp-content/uploads/2016/07/ReportFull.pdf
https://crcog.org/wp-content/uploads/2016/07/ReportFull.pdf
https://drive.google.com/file/d/1T_bEa-r380ynBnekECnF-PZ1QSc7f2hu/view?usp=sharing
https://drive.google.com/file/d/1T_bEa-r380ynBnekECnF-PZ1QSc7f2hu/view?usp=sharing
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Approximate associated maintenance costs are: 

● Replacement electronic driver: $50 

● Replacement surge protector: $30 

● Complete luminaire: $1,400 

● Bucket truck with operator: $300/hour 

● Electrician: $50-100/hour 

The Town of Bolton does not believe they have a trail maintenance agreement or 

memorandum of understanding (MOU) with the State of Connecticut for the Hop River Trail, 

and if this is the case, they will not inherit maintenance of the lighting system. 

 

Other Considerations 

While an exhaustive environmental impact assessment of the lights in the tunnel seems 

outside the scope of the feasibility study, it should be noted that according to a Natural Diversity 

Data Base (NDDB) Map, Bolton Notch is listed as an area that contains endangered, threatened, 

or species of special concern. Before installing the lights, the Department of Energy and 

Environmental Protection (DEEP) should be consulted on whether a review of the potential 

impacts of this project on natural resources is warranted or required. Further instructions on 

conducting an environmental impact assessment can be found on the map and here.

Although there is graffiti on the walls of the tunnel, it should be noted that the likelihood for 

vandalism on the fixtures is minimal. Firstly, as mentioned previously, vandalism of light 

fixtures—which have been in place since the 1990s—has not been an issue in the Andover 

tunnel. Secondly, installing the lights as proposed—along the centerline of the arch—will make 

it very difficult for individuals to access them even if they climb on the rocks located towards the 

sides of the tunnel because the structure is around 30 feet tall. If vandalism still remains a 

concern, there are ways to protect the fixtures from damage, but it should be noted that 

photometric calculations were conducted with the intent of no protection. 

 

 

 

https://drive.google.com/file/d/18PAeHUFAXLbSCN1jNqyPYJBkPvrCViME/view?usp=sharing
https://drive.google.com/file/d/18PAeHUFAXLbSCN1jNqyPYJBkPvrCViME/view?usp=sharing
https://drive.google.com/file/d/1PZEH8dLB7w5UNWdY4gLxzekjLvP30MFm/view?usp=sharing
https://drive.google.com/file/d/1PZEH8dLB7w5UNWdY4gLxzekjLvP30MFm/view?usp=sharing
http://www.ct.gov/deep/nddbrequest


23 

Economic Feasibility 

Costs 

There are two overall costs associated with adding daytime lighting to the Hop River 

Trail Tunnel. The first major cost is installation of the actual fixtures, and this includes the 

fixtures themselves and associated contractor costs for connecting the lights to power, such as 

installing a service cabinet and necessary conduit in the trench from the control cabinet. Looking 

at a recent project by the DOT involving LED tunnel fixtures, contractor bid prices for 

installation with a limited amount of surface conduit was between $2,300-$2,700 per fixture. 

Mark Bear from the DOT initially estimated eight ceiling-mounted Holophane LED fixtures 

spaced 50 feet apart and priced at $2,500 each. This would result in construction costing around 

$30,000-$35,000, which includes lighting installation, surface conduit between the lights, and an 

$8,000 service cabinet. It should be noted that the service cabinet price is dependent on the 

distance Eversoruce has to bring power from. After receiving photometric calculations, the 

fixtures cost a little less at approximately $1,400 each, which drops the total construction cost to 

$24,000 to $29,450. 

Breakdown: 

● 10 Holophane LED fixtures spaced 40-feet apart: $1,400/fixture x 10 fixtures (including 

conduit) = $14,000 

○ Optional cost for AO (adjustable output) module: $45/fixture x 10 fixtures = $450 

● Service cabinet ≈ $8,000 (variable) 

● Contractor and other miscellaneous costs (including on/off timer) ≈ $2,000-$7,000 

* We would like to emphasize that this is only an estimate, and such projects are known to vary 

in cost. 

The second major cost is the monthly cost associated with running the lights and any 

required maintenance. As mentioned previously, maintenance costs for LEDs are minimal and 

the only significant maintenance should be clearing debris accumulating over time on the 

fixtures. For this, one would need to obtain a bucket truck and operator, which costs around 

$300/hour. The monthly cost for the lights depends on three major factors: cost of electricity, 

wattage of the fixtures, and number of hours the lights are lit. The wattage value associated with 

https://drive.google.com/file/d/1yR-Llc0DzFRy6uPs9NXPrYck0jCFPDrN/view?usp=sharing
https://drive.google.com/file/d/11lzHIIJKMmS2NnVXu3ZTHXuiK809Jo0p/view?usp=sharing
https://drive.google.com/file/d/1InCgmTPhfYuzlhYybzbcLuw3MKd7ADSr/view?usp=sharing
https://drive.google.com/file/d/1-p_2kYPU0gNCXJUctR92xqHxzmgudIps/view?usp=sharing
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the recommended Holophane TNLEDMED fixture package, PK8, is 246 watts (0.246 kW). At 

4000k-5000k with the ceiling mount long and narrow distribution (CLN), each light outputs 

30,204 lumens, and with the ceiling mount counterbeam distribution (CCB), the light outputs 

32,268 lumens.  

The following are monthly costs for utilizing the lights for various amounts of time. 

Monthly calculations assume 30 days/month with electricity costing approximately $0.20 per 

kilowatt-hour (kWh) for both supply and delivery.  

The formula used was: Electricity cost ($.20/kWh)*(.246kW/fixture)*Hours on per 

day*30 days/month*10 fixtures 

Hours/day Monthly Cost ($) for 10 264-watt Fixtures 

12 $177.12 

14 $206.64 

16 $236.16 

24 $354.24 

 

https://drive.google.com/file/d/1T_bEa-r380ynBnekECnF-PZ1QSc7f2hu/view
https://www.electricitylocal.com/states/connecticut/
https://www.electricitylocal.com/states/connecticut/
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These values seem quite high, but it is possible that the brightness of the tunnel lighting 

could be reduced, thus using far less power. A more detailed lighting assessment and cost 

analysis should be completed as part of any future, more detailed design if this project comes to 

fruition.  

 

Funding 

Various sources of funding exist for adding daytime lighting to the tunnel. With our 

conversations with the Energy Efficiency supervisor at Eversource, David Dobratz, Eversource 

helps fund projects by incentivizing energy-efficient lighting. The department uses energy 

efficiency codes to judge efficiency and compare code-compliant projects with ones that are 

more energy efficient. Typically, 75% of the difference of material costs for lights is funded by 

Eversource since the concept is the more efficient the fixtures are, the greater the material cost 

associated with the project. 

There are numerous grants offered to projects that would be applicable to this one. For 

example, the Community Connectivity Grants Program (CCGP) “seeks to make conditions safer 

for people of all ages to walk, bike, and take transit, thereby encouraging more people to use 

these healthy and environmentally sustainable modes of travel. At the same time, these 

improvements will make Connecticut’s community centers more accessible places to live and 

work.” In the past, grants have been awarded between $75,000 and $400,000 based on 

applications submitted by municipalities to the DOT. Out of 80 applications submitted in 2017, 

40 projects were funded in the first round of grants and the remaining 40 projects also ended up 

being funded thanks to the State Bond Commission approving additional funding. One of the 

projects funded in the second round was the Andover-Andover Center Safe Transit Initiative, 

which created a trail head for the Hop River Rail Trail. 

Another grant is the DEEP’s CT Recreational Trails Grants Program, which provides 

funding to any private nonprofit, municipalities, state departments, and tribal governments in 

support of trail projects. The Recreational Trails Program (RTP) is a federal source of funding 

managed by trail administrators in each state and remains an important source of funding for trail 

development, providing competitive grants for the maintenance and restoration of existing trails. 

http://ctconnectivity.com/ccgp/
http://ctconnectivity.com/
http://ctconnectivity.com/
https://portal.ct.gov/DEEP/Outdoor-Recreation/Trails/CRT--Funding
https://www.railstotrails.org/build-trails/trail-building-toolbox/funding/acquisition-funding/
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The American Greenway/Kodak Grants are $500-$2,500 grants promoting 

action-oriented greenway projects, including planning, design, implementation, and educational 

projects. 

The PeopleforBikes Community Grant Program funds important and influential 

bike-related projects, and projects include bike paths, rail trails, and large-scale bicycle advocacy 

initiatives. This grant provided funding for the Hop River/Airline Extension Bike Path in 

Willimantic, CT. 

In regards to federal funding, MAP-21, the most recent federal transportation funding 

law, consolidated a number of bicycle and pedestrian transportation funding programs into a 

broader program called Transportation Alternatives under which activities including the 

“construction, planning and design of on-road and off-road trail facilities for pedestrians, 

bicyclists and other non motorized forms of transportation” remain eligible. For a complete list 

of eligible projects, one can visit the Transportation Alternatives Data Exchange. It should be 

noted that while transportation alternative projects are federally funded, funds are administered 

by each state’s DOT and project sponsors are generally responsible for 20% cost. Although 

nonprofits cannot apply as direct recipients, they can partner with state or local entities that are 

eligible if state DOT is agreeable. 

Lastly, local biking organizations and businesses may be able to provide sponsorship in 

the form of goods or services in exchange for advertising and enhancement of community image. 

 

 

 

 

 

 

 

 

 

 

https://portal.ct.gov/DEEP/Outdoor-Recreation/Greenways/Greenways-Funding
https://peopleforbikes.org/our-work/community-grants/
https://www.railstotrails.org/build-trails/trail-building-toolbox/funding/acquisition-funding/
https://trade.railstotrails.org/index
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Future Possibilities 
By addressing costs associated with adding daytime lighting to the Hop River Trail 

Tunnel, various possibilities to provide power, and long-term maintenance of each possibility, 

we conclude that the most feasible way to add lighting is by installing ten LED fixtures along the 

centerline of the arch and connecting them to the existing power grid. While such a project is 

certainly feasible, we also acknowledge that many steps must be taken before the tunnel is lit. 

For example, as Thomas Galeota mentioned, it is important to consult a licensed engineer 

specializing in lighting. Additionally, approval must be sought from the DOT before construction 

begins since the structure belongs to them and their roadway runs overhead. Lastly, if Bike Walk 

Bolton and the Town of Bolton decide to pursue lighting the tunnel, UConn Service Learning 

can reach out to a grant writing team and engineering students looking for a way to complete 

their senior design project. 

If this project moves forward, more detailed photometric calculations should be 

conducted with the intent of optimizing lighting and minimizing recurring cost. A more accurate 

assessment of the jagged tunnel edges would allow a better idea of how much light is required, 

though lights with variable output (AO modules) would still be ideal. These could be part of a 

more detailed design plan. 

We also recommend reaching out to other light vendors (Philips, Eaton, General Electric, 

etc.). With the data generated in the photometric calculations, a request for proposal (RFP) can 

be generated. This document will provide the necessary information to obtain varying ideas and 

prices from different light vendors. After going through the RFP process and soliciting proposals 

from different vendors, the “winning bid” will need to be selected before requesting service from 

Eversource. 

It is also important to connect with David Dobratz, Energy Efficiency Supervisor at 

Eversource. By comparing a contractor’s proposal to existing energy efficiency codes, 

Eversource can incentivize energy-efficient projects. In order to provide a new service, 

Eversource will need a terrain map view defining the area of service and where the new service 

is going to terminate. For this project, the three existing service points (street lamp, existing 

conduit, and electric box/meter) and the tunnel will need to be circled. Secondly, a narrative is 

https://drive.google.com/file/d/11lzHIIJKMmS2NnVXu3ZTHXuiK809Jo0p/view?usp=sharing
https://drive.google.com/file/d/1W6FgxMo0CpgO1lfiGkjGl2AkyHE1718u/view?usp=sharing
https://drive.google.com/file/d/1W6FgxMo0CpgO1lfiGkjGl2AkyHE1718u/view?usp=sharing
https://drive.google.com/file/d/11lzHIIJKMmS2NnVXu3ZTHXuiK809Jo0p/view?usp=sharing
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required, stating—in the first part—a description of each of the four service points and—in the 

second part—how much load is required in kW for the tunnel lighting (the recommended ten 

Holophane fixtures use 2.64 kW total). Overall, Eversource will need a scope of work from the 

“winning bid” proposal and new service documents consisting of the terrain map and narrative. 

As both Mark Bear and David Dobratz stated, it is imperative to figure out who is funding the 

construction, maintenance, and monthly bill for the lights since the responsible entity must 

request service from Eversource. 

 

 

 

Concluding Remarks 

When we first chose adding daytime lighting to the Hop River Trail Tunnel as our 

semester-long project, we were eager to begin work. During our first visit to the tunnel, we were 

shocked by the sheer size of the structure. After months of communicating with stakeholders and 

making new connections, we went from not knowing what a feasibility study is to constructing a 

document that will hopefully aid a design team in getting one step closer to lighting the tunnel. 

Constructing this feasibility study has been an informative learning experience for both of us, 

and none of it would have been possible without the generous contributions from the individuals 

listed on the following page. We look forward to the day we can ride through a lit Hop River 

Trail Tunnel. 
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Detailed Contributions and Contact Information 
● Acuity Brands Lighting 

○ Michael Miceli, Holophane Sales Channel 

■ Conducted photometric calculations and recommended Holophane light 

fixtures 

■ Michael.Miceli@AcuityBrands.com 

● Bike Walk Bolton 

○ Jim Adams 

■ jimadamsuu@gmail.com 

○ Barbara Amodio 

■ barbaraamodio@comcast.net 

○ John Hankins 

■ johnbhankins@hotmail.com 

○ Sylvia Ounpuu 

■ ounpuu.adams@comcast.net 

○ Introduction to project, biweekly communication, and critical source for all 

questions and for reaching out to various stakeholders, departments, and 

community members 

● Bike Walk Connecticut 

○ Susan Smith, Executive Director 

■ Provided important aspects to consider when constructing the study, 

including design options, long-term maintenance needs, cost, location of 

lighting in the tunnel, and existing tunnel lighting in the area 

■ susan@bikewalkct.org 

● Connecticut Department of Energy and Environmental Protection (DEEP) 

○ David Buckley 

■ Represented DEEP at the initial stakeholder meeting and provided 

information on the Department’s role 

■ David.Buckley@ct.gov 

mailto:Michael.Miceli@AcuityBrands.com
mailto:jimadamsuu@gmail.com
mailto:barbaraamodio@comcast.net
mailto:johnbhankins@hotmail.com
mailto:ounpuu.adams@comcast.net
mailto:susan@bikewalkct.org
mailto:David.Buckley@ct.gov
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● Connecticut Department of Transportation (DOT) 

○ Mark Bear, Traffic Engineering Illumination Unit 

■ Recommended fixtures that have worked in the past for DOT projects; 

supplied rough cost estimates, light maintenance information, and 

descriptions of equipment in the area; provided recommendations for 

connecting lights to power 

■ Mark.Bear@ct.gov 

○ David Hiscox, Bridge Operations (Bureau of Highway Operations) 

■ Represented DOT at the initial stakeholder meeting, provided inspection 

report, and connected us to Mark Bear 

■ David.Hiscox@ct.gov 

○ Jorge Kuljis, Traffic Electrical 

■ Provided detailed information on electrical conduit running along Route 6 

■ Jorge.Kuljis@ct.gov 

○ Marissa Pfaffinger, Highway Management Unit 

■ Provided summary of ongoing highway construction scoping efforts in the 

area surrounding the tunnel 

■ Marissa.Pfaffinger@ct.gov 

● East Coast Greenway Alliance 

○ Bill O’Neill, Advisory Committee 

■ Connecticut Greenways Council  

■ Former Fuss & O’Neill Consulting Engineers 

■ Suggested meeting with David Dobratz of Eversource to prepare an RFP 

stating performance criteria needed to light the tunnel and discuss funding 

sources 

● Eversource 

○ Jessica Cain, Vice President of Customer Operations 

■ Connected to David Dobratz 

■ jessica.b.cain@gmail.com 

mailto:Mark.Bear@ct.gov
mailto:David.Hiscox@ct.gov
mailto:Jorge.Kuljis@ct.gov
mailto:Marissa.Pfaffinger@ct.gov
mailto:jessica.b.cain@gmail.com
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○ David Dobratz, Energy Efficiency Supervisor 

■ Educated us on how Eversource incentivizes energy efficient projects and 

how billing generally works; provided general information important to 

lighting and the feasibility study; suggested resources to gather more data; 

gave instructions on how a request for proposal (RFP) and request for new 

service works 

■ david.dobratz@eversource.com 

● Hartford Marathon Foundation 

○ Matthew Anderson, Vice President of Operations 

■ Provided background information on general tunnel lighting, which 

allowed us to search for sources of funding; initially worked with UConn 

senior electrical engineering majors for a senior design project to create a 

mobile solar panel unit for marathons and then reached out to UConn 

again for help in constructing this feasibility study 

■ matt@hartfordmarathon.com 

● Piela Electric 

○ Joseph Piela, Owner 

■ Used knowledge as an electrician to inform us of possible ways to power 

the lights and utilize existing equipment—including existing conduit and 

electric boxes/meters—to reduce cost 

■ joe@pielaelectric.com 

● Town of Andover 

○ Eric Anderson, Town Manager 

■ Shared knowledge of the Andover Tunnel lighting and believed it would 

not be practical or cost-effective to use solar panels to power the Hop 

River Trail Tunnel’s lights 

● Town of Bolton 

○ Joshua Kelly, Town Manager 

mailto:david.dobratz@eversource.com
mailto:matt@hartfordmarathon.com
mailto:joe@pielaelectric.com
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■ Clarified that it does not appear the Town of Bolton has a Trail 

Maintenance Agreement/MOU 

■ jkelly@boltonct.org 

○ Sandy Pierog, First Selectwoman 

■ Represented the Town of Bolton at the initial stakeholder meeting 

■ pierog.sandra@gmail.com 

● University of Connecticut Center for Excellence in Teaching and Learning (CETL) 

○ Julia Yakovich, Director of Service Learning 

■ Presented project to our anthropology class and helped guide us 

throughout the development of the feasibility study using her knowledge 

as director of service learning 

■ julia.yakovich@uconn.edu 

● University of Connecticut Department of Anthropology 

○ Eleanor Ouimet, Assistant Professor in Residence 

■ Professor for our Anthropology 3340E class, Culture and Conservation; 

supported our efforts and introduced us to Julia Yakovich 

■ eleanor.ouimet@uconn.edu 

● University of Connecticut Department of Extension 

○ Laura Brown, Associate Extension Educator and Community and Economic 

Development Specialist 

■ Provided raw and summarized intercept survey data from 2017-2019, 

showing a need for lighting as one of the top concerns cited by trail users 

■ laura.brown@uconn.edu 

● Otherwise Affiliated 

○ Thomas Galeota, Former DOT 

■ Highlighted the importance of consulting a licensed engineer, powering 

lights from the existing grid, considering long-term maintenance needs, 

using high-quality components familiar to the long-term maintainer for 

ease of repair, and using LED lights; recommended consulting with the 

mailto:jkelly@boltonct.org
mailto:pierog.sandra@gmail.com
mailto:julia.yakovich@uconn.edu
mailto:eleanor.ouimet@uconn.edu
mailto:laura.brown@uconn.edu
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Town of Bolton for the presence of a trail maintenance agreement with the 

State 

■ tgaleota@cil.org 

mailto:tgaleota@cil.org

