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Traffic Calming Curbs ‐ A responsive, efficient, modular approach to making Canadian roads safer

Abstract
Traffic Calming Curbs (TC Curbs) are a made‐in‐Calgary solution to quickly implement traffic
calming at a low cost. Conventional approaches to traffic calming by changes to physical
features of the roadway can be costly and construction often takes weeks or months. The
modular, pre‐cast concrete, TC Curbs can be deployed to physically alter a space in a matter of
hours without impacting utilities or drainage, all at approximately a tenth of the cost of
conventional methods.
Traffic calming by placing precast concrete had been a practice in Calgary, primarily using low‐
profile concrete barriers. However, safety reviews found several injury collisions resulting from
collisions with these barriers, some rollovers. TC Curb height of 150 mm is not a roadside
hazard, has geometry consistent with typical applications, can be pinned to pavement, is
reinforced to be driven over and uses pigmented and sulphate resistant cement for durability.
The modular design can be easily adjusted and has been demonstrated as a useful tool to
change the road environment to encourage safer road use.
Realized or Anticipated Benefits
The realized benefits of initial pilot implementations of TC Curbs were presented at the 2017
TAC Annual Conference; the conference paper and presentation are included as Attachment 1.
Initial evaluations demonstrated the ability of TC Curbs to be deployed to alter the physical
environment of the roadway and improve speed compliance, compliance of yielding to
pedestrians and improved stopping behaviour.
One of the primary benefits of the ease of installation and flexibility of TC Curbs is that they can
be used to quickly demonstrate design concepts and experience a change without the
permanency of conventional construction. The first use of TC Curbs in Calgary, at the
intersection of Child Av and Colgrove Av, went on to be constructed with conventional
materials after the concept was experienced by users and administrators and considered a
success. Summary data of relative costs and time to install are provided in Figure 1.
Since the initial pilot of TC Curbs, a total of 730 TC Curbs have now been deployed at 90
locations across the city, in a variety of configurations, and we have continued evaluations of
their effectiveness using traditional speed studies and observational methods. As the use of TC
Curbs expanded and larger quantities were requested from suppliers the costs of individual
curbs have declined and the cost per unit has decreased from approximately $750 to $450
(~$850 down to ~$550 installed with traffic control on average). This decrease in cost has come
about mostly from production efficiencies with steel forms at the precast plant. The lower costs
of the TC Curbs following the initial pilot has further strengthened the case for their use.
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Figure 1: Calgary’s first deployment of TC Curbs
Maintenance issues were a major concern and initially a strong argument against the use of TC
Curbs. The design of the TC Curbs to be reinforced, pigmented and sulfate resistant were well
worth the investment as we have several examples that have been driven over but not broken,
chipped but still visibly yellow, and no signs of material degradation. Hand clearing of snow
behind the TC Curbs within crosswalks has been required, as well as hand sweeping for spring
clean‐up but this has been built into existing processes. Movement of TC Curbs has occurred at
several locations, in all cases thus far being pushed further from the general traffic lane, but the
City has started proactively pinning select TC Curbs to the pavement to prevent movement; this
is particularly important as we are increasing our use of the TC Curbs for median treatments or
where any movement of the curb would intrude into a space for other users. Despite the fact
that we have had to relocate several curbs, police reported collisions have not appeared
indicating the forgiving nature of the TC Curbs (traversable roadside feature) and that although
a vehicle struck the curb it did not receive significant damage or result in a rollover collision as
was evident for other precast units previously used, described in Appendix 1. The evaluation of
the ongoing operations continues, and we have been addressing issues as they arise.
The City of Calgary has recently expanded our use of video‐based conflict analysis to quantify
near misses and collect movement and speed data. This tool allows us to observe the change in
conflicts, which have been shown to be highly correlated to collisions, as a proactive predictor
of safety performance. An example of the results from conflict analysis are shown in Figure 2.
The City has scheduled TC Curb installations for before‐and‐after study this year; results from
these studies will be available to share in our presentation as a finalist at the fall conference.
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Figure 2: Data from Video Based Conflict Analysis of 1 Av/9 St painted curb extension pilot
https://www.cbc.ca/news/canada/calgary/bridgeland‐traffic‐polka‐dots‐1.4791218

Several installations of TC Curbs have been in place for a year or two and we are getting close
to being able to consider quantifying changes in observed collisions; however, many sites
where TC Curbs are placed have relatively few collisions and sample sizes to demonstrate
statistical significance can be an issue. Pairing changes in conflicts from the video‐based
conflict analysis with conventional collision analysis may assist in this regard.
Edenwold Case Study

TC Curb implementations have continued at an accelerated pace since information was shared
at the 2017 TAC Conference. Of the 90 treatments we have implemented, the installation at
Edenwold Drive and Edforth Way in NW Calgary is a good example of the flexibility of the tool
and the results they deliver, in terms of both user behaviours and public perceptions/support.
The subject intersection was wide beyond its need and this was resulting in a variety of risky
behaviours including speeding, and not stopping for pedestrians or traffic control. The required
geometry was determined using turning templates for the appropriate design vehicles and the
plan shown in Figure 3 was developed to provide appropriate curb extensions.
The results of the data collected before and after implementation of the TC Curb treatment on
Edenwold DR and Edforth Way NW were found to be positive with a reduction in speed,
increased compliance and improved driver behaviour, details are provided in Table 1.
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Figure 3: Data from Video Based Conflict Analysis of 1 Av/9 St painted curb extension pilot
We also heard that driver behaviour at a school downstream of the treatment improved,
indicating that the treatment is having a gateway effect coming in to the community.
Before

After

Change

Average Speed (km/h)

44

38

‐7

85‐Percentile Speed (km/h)

49

45

‐4

Speed Compliance

94.7%

100%

5.3%

Yielding Compliance

87.5%

96.0%

8.5%

Hard Braking (incidents)

3

1

‐2

Aggressive Behaviour (incidents)

1

0

‐1

Table 1: Before‐After Observations and Changes in Behaviour after TC Curbs
These types of results are regularly shared with City Councillor offices and Community
Associations, but another interesting indication of the benefit of TC Curb installations is the
unsolicited feedback from citizens to the Councillors or directly to City Administration through
our 311 service line. One of the examples received is included below, unabridged, without
names.
Dear Mr. Councillor,
I am writing to give some positive feedback on traffic calming measures near our home. We live on Edforth
Way, just behind the Friends strip mall in Edgemont. We returned from our vacation in August to find some
odd‐looking cement pieces and orange pylons on Edenwold Dr and wondered about them. They certainly
weren't attractive and we weren't sure what they were for. After calling 311, a very lovely and helpful
woman from the City phoned me back and helpfully let me know why they were there and that they were
for a pilot project. She said they were put up to assist pedestrians, clarify lanes, increase compliance to
traffic rules in that area, etc. I agreed with every problem she described ‐ all those behaviours are common
for that intersection and we see them constantly. I was also happy to hear that the structures weren't
permanent, and that only after the pilot they would be turned into something more permanent and
attractive ‐ if the pilot went well. I was still uncertain about them, but it's now been a few weeks, and our
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family wholeheartedly supports them. We have two small children and no sidewalk on our side of the road.
We've lived in this house almost 10 years and people are constantly whipping around the corner, turning
right from Edenwold Dr, and speeding down our street. We are hyper‐vigilant with our kids and have still
had too many close calls, especially when we cross that street at that corner. I've seen other kids almost hit
more times than I can count. Now people are forced to slow down at that corner and it has made a huge
difference. I'm sure there have been lots of complaints, but the reality is that people have been driving that
road unsafely for years and years ‐ I grew up on Edenwold Cres, across from the retirement home, and it
was an issue even then. I know that people who support these measures will likely have their voices
drowned out by those who are inconvenienced by them, but I'd like to say that as a parent of young kids,
we would really love to see them made into something more permanent. Our next door neighbours also
have several young kids and we would love to have them play out in the front yards together. This fall has
been the first time I've felt better about that. We'd like to live in a neighbourhood that's friendly to young
families and encourages people to be outside and go for walks ‐ these calming measures help support that.
Thanks for your time.
Sincerely, Citizen

Overall, positive feedback of this nature has been more
frequent than we generally receive for other projects
and it is heartening to know that citizens are seeing
improvements in their communities as a benefit beyond
what we traditionally capture in qualitative data.
Sharing the evaluations with communities is important
to demonstrate the value in these traffic calming
implementations and to advocate for infrastructure
funding to make the TC Curb installations permanent,
or to expand the use of TC Curbs in other areas where
the need exists. We have been doing this with easy to
digest infographics that can be shared with the general
public, such as the one to the right.
The City of Calgary is committed to continued use of TC Curbs through our regular traffic safety
program.
Work is underway, following Calgary Council direction, to investigate a reduced unposted speed
limit (30 km/h or 40km/h) within the city through the establishment of a bylaw as enabled by
recent “City Charter” legislation from the provincial. Our Council has also recognized the
success of the TC Curbs and has directed us “to enhance the new limit through short‐term quick
build traffic calming measures at high priority locations” which are primarily along collector
roads in communities. City Administration has been directed to return to Council no later than
Q4 with a recommendation and implementation plan which is sure to include a significant
investment in TC Curbs to assist in making the lower speeds credible and create some time to
implement permanent infrastructure changes which may take years.
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Degree of Innovation
Calgary had used other precast concrete shapes for median islands and some curb extension
type treatments, but they did result in several injury collisions resulting from impacts, some
leading to rollovers (see Appendix 1). We were unable to find precast shapes that would be
compatible with typical traffic calming geometries in our search of literature or practice in other
jurisdictions. The development of TC Curbs themselves are considered a Calgary innovation but
maybe even a greater impact has been the innovative processes and applications made
possible using the TC Curbs. Innovations beyond the development of the TC Curb itself include:
-

-

-

-

Use of TC Curbs to expediate broader engagement with an entire community and
implement a pilot on a short time period, with flexibility to remove or adjust as needed.
This approach was piloted with success in Erin Woods, see previous infographic.
Development of LEGO scale TC Curbs to provide an entertaining and easy way to
demonstrate how the modular approach provides flexibility. (The LEGO had a
secondary benefit of keeping kids busy at our traffic safety open houses!) This allows
interactive demonstration of how a space can be modified and support safer traffic
interactions. Examples configurations are illustrated in Appendix 1.
Installation of TC Curbs on a short term, fixed period, specifically to support engagement
about potential changes for an intersection. A good example of this innovation was
completed at 8 St/Royal Av SW project sheet included in Appendix 1.
Piloting Adaptive sidewalks, reclaiming some pavement width from general traffic space
to create a space for active transportation, with physical separation and treatments at
intersections to improve visibility for all users. Example project was completed along
several blocks of 4 St SW, illustrated in figure 4.

Figure 4: Adaptive sidewalk along 4 St SW using TC Curbs
-

Creation of curb extensions to support long term detours and creation of a one‐way
couplet through a community adjacent to 17 Av SW, a major east‐west arterial road. The
community was very apprehensive about detour traffic speeds and volumes, but the use
of TC Curbs has been so well received that the community has now asked for the one‐
way couplet with appropriate curb extensions to be made permanent.
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Transferability to Other Canadian Communities and Organizations
The concept of TC Curbs is very transferable and has already been shared at the TAC
Conference and many other venues. In practice, TC Curbs have been deployed extensively in
Calgary and we are aware of pilot projects or installations and further plans in Canmore AB, St.
Albert AB, and St. Johns, NL. Inquiries have been received from many other jurisdictions across
Canada including Lethbridge AB, Medicine Hat AB, Red Deer AB, Winnipeg MB, and Victoria BC,
but the authors are unaware of any other implementations so far. More information about
media coverage and known applications in other jurisdictions is included in Attachment 2.
The concept and initial successes have been shared at national and international conferences
and continued contact and interest has been noted. A list of conferences, webinars and other
sessions provided is included in Attachment 2. The authors would like to extend thanks to Tyler
Golly P.Eng. (Toole Design Group) and Ryan Martinson, P.Eng. (Stantec) for sharing the list of
presentations they have made which included the TC Curb concept. Word of mouth is
becoming apparent as we are now hearing from municipalities who have heard about the tool
from other jurisdictions or through media on the subject; we feel this strong interest is a clear
indication of the universal transferability and flexibility of the TC Curbs.
Ryan Martinson offered to share his endorsement for TC Curbs which have been a useful tool in
his work as a consultant and sharing transportation concepts with other organizations:
"The TC Curbs are such a great tool to use in the retrofit of old street designs. The ability of
being nimble with their design and deployment provides exceptional opportunities for
municipalities and practitioners to test and learn from design interventions with very little
capital expense. This quick deployment option is particularly useful in complex environments
where modelling of behaviour is not feasible or likely to overstate impacts to travel movement. I
hope you get the recognition that this important innovation deserves!"

Changing the built environment has been demonstrated to be a very effective, if not the most
effective, way to sustainably encourage safer behaviours; while enforcement is only present a
small percentage of the time and affects a small percentage of users, well designed
infrastructure is present 100% of the time and influences the behaviour of 100% of users.
Although changes to infrastructure are typically high cost and time‐consuming endeavors, use
of TC Curbs can accelerate that change efficiently, be used as a tool to engage with
communities, allow for flexible piloting/testing and evaluation of concepts prior to conventional
construction, and to use those evaluation results to advocate for increased investment in safer
infrastructure. TC Curbs are being used in Calgary to support Canada’s Road Safety Strategy
2025 through provision of Safer Road Infrastructure which is self‐explaining and thereby
supporting Safer Road Users by making safer behaviours more credible.
The authors would like to thank the reviewers for selecting this road safety innovation as a
finalist and allowing us the opportunity to share information about TC Curbs with our peers
across Canada. We hope that TC Curbs and resulting safety benefits we have seen in Calgary,
can assist transportation professionals and jurisdictions across Canada and beyond.
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ĂƵƚŽͲĐĞŶƚƌŝĐĐŽŵŵƵŶŝƚǇƚŚĂƚĨĞĞůƐĚĂŶŐĞƌŽƵƐĨŽƌƌĞƐŝĚĞŶƚƐ;ďǇǀĂƌŝŽƵƐŵŽĚĞƐŽĨƚƌĂŶƐƉŽƌƚĂƚŝŽŶͿĂŶĚ
ĚĞƚƌĂĐƚƐĨƌŽŵĐŽŵŵƵŶŝƚǇǁĞůůďĞŝŶŐĂŶĚƐĞŶƐĞŽĨƉůĂĐĞ͘dƌĂĚŝƚŝŽŶĂůƚƌĂĨĨŝĐĐĂůŵŝŶŐŽĨĨĞƌƐǀĂƌŝŽƵƐƚŽŽůƐƚŽ
ĂůůĞǀŝĂƚĞƚŚĞƐĞŝƐƐƵĞƐ͕ƐƵĐŚĂƐƚŚŽƐĞŝĚĞŶƚŝĨŝĞĚŝŶƚŚĞĂůŐĂƌǇdƌĂĨĨŝĐĂůŵŝŶŐWŽůŝĐǇ;ϮͿ͘,ŽǁĞǀĞƌ͕ƚŚĞ
ŝŵƉůĞŵĞŶƚĂƚŝŽŶŽĨƚƌĂĨĨŝĐĐĂůŵŝŶŐŵĞĂƐƵƌĞƐŝƐŽĨƚĞŶůŝŵŝƚĞĚďǇƐƵďƐƚĂŶƚŝĂůĐŽŶƐƚƌƵĐƚŝŽŶĐŽƐƚ͖ŝƐƐƵĞƐǁŝƚŚ
ĐŽŶƐƚƌƵĐƚĂďŝůŝƚǇŽĨƌĞƚƌŽĨŝƚƐ;ŝ͘Ğ͘ƵƚŝůŝƚŝĞƐ͕ĚƌĂŝŶĂŐĞ͕ĞƚĐ͘Ϳ͖ĂŶĚĐŽŵŵƵŶŝƚǇĐŽŶƐĞŶƐƵƐʹĂůůŽĨƚŚĞƐĞ
ĐŽŶƐŝĚĞƌĂƚŝŽŶƐŝŶĐƌĞĂƐĞƚŚĞĚƵƌĂƚŝŽŶŽĨƚŚĞƐĞƉƌŽũĞĐƚƐĂŶĚĨƌƵƐƚƌĂƚŝŽŶƐƚŽĐŽŵŵƵŶŝƚŝĞƐ͘
/ŶƚŚĞƉĂƐƚ͕ƚĞŵƉŽƌĂƌǇĐŽŶĐƌĞƚĞďĂƌƌŝĞƌƐĞĐƚŝŽŶƐĂŶĚůŽǁƉƌŽĨŝůĞďĂƌƌŝĞƌƐĞĐƚŝŽŶƐŚĂǀĞďĞĞŶƵƐĞĚƚŽ
ŶĂƌƌŽǁĚŽǁŶƌŽĂĚǁĂǇƐĂŶĚĐĂůŵƚƌĂĨĨŝĐ͖ŚŽǁĞǀĞƌ͕ƚŚĞƐĞůĂƌŐĞŽďũĞĐƚƐƉŽƐĞĂŚĂǌĂƌĚƚŽĞƌƌĂŶƚǀĞŚŝĐůĞƐ͕
ŝŶĐƌĞĂƐŝŶŐƐƚƌƵĐŬŽďũĞĐƚĐŽůůŝƐŝŽŶĨƌĞƋƵĞŶĐǇĂŶĚĐŽůůŝƐŝŽŶƐĞǀĞƌŝƚǇ͘dŚĞĨƵůůƐŝǌĞĐŽŶĐƌĞƚĞďĂƌƌŝĞƌƐĐĂŶďĞ
ĞǆƉĞŶƐŝǀĞĂŶĚĂĞƐƚŚĞƚŝĐĂůůǇƵŶƉůĞĂƐŝŶŐ

dŽƉƌŽǀŝĚĞĂďĞƚƚĞƌĂůƚĞƌŶĂƚŝǀĞƚŚĂŶƚŚĞĐƵƌƌĞŶƚƐƚĂŶĚĂƌĚŽĨĐŽŶĐƌĞƚĞďĂƌƌŝĞƌƐ͕ĂƐŵĂůůƚĞĂŵŽĨŝƚǇ
ĞŵƉůŽǇĞĞƐĚĞƐŝŐŶĞĚ͕ĐŽŶƐƚƌƵĐƚĞĚĂŶĚŝŵƉůĞŵĞŶƚĞĚĂŶĞǁƚƌĂĨĨŝĐĐĂůŵŝŶŐƉƌŽĚƵĐƚĐĂůůĞĚ͚dƌĂĨĨŝĐĂůŵŝŶŐ
ƵƌďƐ͛;dƵƌďƐͿ͘dƵƌďƐĂƌĞϭϱϬŵŵŚŝŐŚƉƌĞͲĐĂƐƚĐŽŶĐƌĞƚĞďůŽĐŬƐ͕ϭŵďǇϮ͘ϳϱŵŝŶƐŝǌĞ͕ǁŚŝĐŚĐĂŶ



ϭ

ďĞĂƌƌĂŶŐĞĚƚŽƐŝŵƵůĂƚĞǀĂƌŝŽƵƐƚƌĂĨĨŝĐĐĂůŵŝŶŐŵĞĂƐƵƌĞƐƐƵĐŚĂƐĐƵƌďĂŶĚŵĞĚŝĂŶĞǆƚĞŶƐŝŽŶƐ͕ŵŝŶŝ
ƌŽƵŶĚĂďŽƵƚƐ͕ŽƌĐŚŝĐĂŶĞƐ͘WƌĞůŝŵŝŶĂƌǇƌĞƐƵůƚƐŚĂǀĞƐŚŽǁŶƚŚĂƚdƵƌďƐĐĂŶƌĞĚƵĐĞĐƌŽƐƐŝŶŐĚŝƐƚĂŶĐĞ
ĂŶĚƐƉĞĞĚƐĂŶĚŝŵƉƌŽǀĞǇŝĞůĚŝŶŐƚŽƉĞĚĞƐƚƌŝĂŶƐĂŶĚƐƚŽƉĐŽŵƉůŝĂŶĐĞ͘dŚĞĐŽƐƚƚŽƉƌŽĚƵĐĞĂdƵƌďŝƐ
ĂƉƉƌŽǆŝŵĂƚĞůǇΨϳϱϬƉĞƌƵŶŝƚ͕ǁŝƚŚƚŚĞƚŽƚĂůĐŽƐƚŽĨŝŵƉůĞŵĞŶƚĂƚŝŽŶďĞŝŶŐĂƉƉƌŽǆŝŵĂƚĞůǇŽŶĞƚĞŶƚŚƚŽ
ŽŶĞĨŝĨƚŚŽĨƚƌĂĚŝƚŝŽŶĂůƉĞƌŵĂŶĞŶƚĐŽŶƐƚƌƵĐƚŝŽŶ͘
KƚŚĞƌďĞŶĞĨŝƚƐŽĨdƵƌďƐŝŶĐůƵĚĞ͗
x ůůŽǁŝŶŐĨŽƌƋƵŝĐŬŝŵƉůĞŵĞŶƚĂƚŝŽŶĂŶĚŝŵƉƌŽǀĞĚƌĞƐƉŽŶƐĞƚŽƉƵďůŝĐĐŽŶĐĞƌŶƐ
x >ŽǁĞƌĐŽƐƚĂŶĚĐĂŶďĞŵŽǀĞĚƚŽŽƚŚĞƌƐŝƚĞƐ
x ďŝůŝƚǇƚŽŵĂŝŶƚĂŝŶĞǆŝƐƚŝŶŐĚƌĂŝŶĂŐĞƉĂƚƚĞƌŶƐʹƌĞůŽĐĂƚŝŽŶŽĨĐĂƚĐŚďĂƐŝŶƐŶŽƚƌĞƋƵŝƌĞĚǁŚŝĐŚĐĂŶ
ďĞΨϭϬͲϭϱ<ĞĂĐŚ
x WŽƚĞŶƚŝĂůƚŽďĞƉĞƌŵĂŶĞŶƚŽƌƚĞŵƉŽƌĂƌǇ
x DĂǇďĞƵƐĞĚĂƐƉƌŽŽĨŽĨĐŽŶĐĞƉƚŽƌƚŽŐĂŝŶĐŽŵŵƵŶŝƚǇďƵǇͲŝŶďĞĨŽƌĞĂƉĞƌŵĂŶĞŶƚƐŽůƵƚŝŽŶŝƐ
ŝŵƉůĞŵĞŶƚĞĚ
x ŶĂďůĞƐƉůĂŶŶĞƌƐĂŶĚĞŶŐŝŶĞĞƌƐƚŽĂĚũƵƐƚƚŚĞĚĞƐŝŐŶĂŶĚƚŽǁŽƌŬŽƵƚĂŶǇƉŽƚĞŶƚŝĂůŝƐƐƵĞƐďĞĨŽƌĞ
ƚŚĞƉĞƌŵĂŶĞŶƚƐŽůƵƚŝŽŶŝƐŝŵƉůĞŵĞŶƚĞĚ

dŚĞƐŝƚĞƐĞůĞĐƚŝŽŶƉƌŽĐĞƐƐŝŶǀŽůǀĞĚĐŽŶƐƵůƚĂƚŝŽŶƐǁŝƚŚƚŚĞĐŽŵŵƵŶŝƚǇĂŶĚĐŽŵŵƵŶŝƚǇĂƐƐŽĐŝĂƚŝŽŶƐ
ǁŚĞƌĞƋƵĂůŝƚĂƚŝǀĞĚĂƚĂǁĂƐŐĂƚŚĞƌĞĚŽŶĐŽŵŵƵŶŝƚǇƉĞƌĐĞƉƚŝŽŶƐŽĨƐĂĨĞƚǇĂŶĚƚŚĞĞǆƉĞƌŝĞŶĐĞŽĨƚŚĞ
ďƵŝůƚĞŶǀŝƌŽŶŵĞŶƚ͕ĂůŽŶŐǁŝƚŚƋƵĂŶƚŝƚĂƚŝǀĞŵĞƚƌŝĐƐŽŶĐŽůůŝƐŝŽŶĚĂƚĂĂŶĚƚƌĂĨĨŝĐǀŽůƵŵĞ͘
dŚĞdƵƌďƐĂůƐŽƐĞƌǀĞĂĐĂƚĂůǇƐƚƚŽŵĂŬĞĐŽŵŵƵŶŝƚŝĞƐŵŽƌĞƉĞĚĞƐƚƌŝĂŶĨŽĐƵƐĞĚďǇ͗ŝŵƉƌŽǀŝŶŐƚŚĞ
ƐĐĂůĞŽĨŝŶƚĞƌƐĞĐƚŝŽŶƐĂŶĚƐƉĂĐĞƐƵƐĞĚďǇƉĞŽƉůĞǁĂůŬŝŶŐ͖ŝŵƉƌŽǀŝŶŐƐĂĨĞƚǇĨŽƌǀƵůŶĞƌĂďůĞƌŽĂĚƵƐĞƌƐ͖
ƐĞƌǀĞĂƐƉƌŽŽĨŽĨĐŽŶĐĞƉƚƚŽŽůƚŽŐĂŝŶĐŽŵŵƵŶŝƚǇƐƵƉƉŽƌƚĨŽƌƐŵĂůůĞƌŝŶƚĞƌƐĞĐƚŝŽŶƐŵĂŬŝŶŐŝƚƉŽƐƐŝďůĞƚŽ
ŝŵƉůĞŵĞŶƚƉĞƌŵĂŶĞŶƚƚƌĂĨĨŝĐĐĂůŵŝŶŐƉƌŽũĞĐƚƐĂŶĚƚŽŝŶĨůƵĞŶĐĞƚŚĞĚĞƐŝŐŶŽĨŶĞǁŝŶƚĞƌƐĞĐƚŝŽŶƐ͘

dŚŝƐƉĂƉĞƌĚŝƐĐƵƐƐĞƐƚŚĞĚĞǀĞůŽƉŵĞŶƚŽĨƚŚĞdƵƌďƐ͕ƚŚĞŝƌĐŽŶƐƚƌƵĐƚŝŽŶĂŶĚƉůĂĐĞŵĞŶƚ͕ŽďƐĞƌǀĂƚŝŽŶƐ
ŽĨŽƉĞƌĂƚŝŽŶƐĂŶĚŵŽƚŽƌŝƐƚďĞŚĂǀŝŽƵƌƐ͕ĂŶĚĚŝƐĐƵƐƐĞƐŚŽǁdŚĞŝƚǇƉůĂŶƐƚŽƵƐĞdƵƌďƐŝŶƚŚĞĨƵƚƵƌĞ͘


s>KWDEd

dŚĞĐŽŶĐĞƉƚŽĨŵŽĚƵůĂƌƚƌĂĨĨŝĐĐĂůŵŝŶŐŝƐŶŽƚĂŶĞǁŽŶĞ͘dŚĞƌĞĂƌĞĞǆĂŵƉůĞƐŝŶĂůŐĂƌǇŽĨƌŽĂĚ
ŶĂƌƌŽǁŝŶŐƵƐŝŶŐůŽǁƉƌŽĨŝůĞďĂƌƌŝĞƌƐ͕ƚƌŝĂŶŐƵůĂƌŝŶƐĞĐƚŝŽŶǁŝƚŚĂŚĞŝŐŚƚŽĨϰϱϬŵŵ͕ďƵƚŵĂŶǇŽĨƚŚĞƐĞ
ŝŶƐƚĂůůĂƚŝŽŶƐŚĂǀĞƌĞƐƵůƚĞĚŝŶŽŶŐŽŝŶŐŶĞŐĂƚŝǀĞĨĞĞĚďĂĐŬĨƌŽŵƚŚĞƉƵďůŝĐĂŶĚŝŶũƵƌǇĐŽůůŝƐŝŽŶƐŝŶƐŽŵĞ
ĐĂƐĞƐ;ƐĞĞ&ŝŐƵƌĞϭͿ͘dŚĞƐĞďĂƌƌŝĞƌƐĐĂŶŝŶĚĞĞĚďĞĐŽŶƐŝĚĞƌĞĚĂƌŽĂĚƐŝĚĞŚĂǌĂƌĚƚŚĞŵƐĞůǀĞƐ͘




Ϯ


&ŝŐƵƌĞϭ͗>ŽǁWƌŽĨŝůĞŽŶĐƌĞƚĞďĂƌƌŝĞƌƐƵƐĞĚĨŽƌƚƌĂĨĨŝĐĐĂůŵŝŶŐ

dŚĞŝƚǇ͛ƐZŽĂĚƐĚĞƉĂƌƚŵĞŶƚŝŶŝƚŝĂƚĞĚƚŚĞ͚ZŽĂĚƐ/ŶŶŽǀĂƚŝŽŶ͕^ĞƌǀŝĐĞ͕ΘĨĨŝĐŝĞŶĐǇ;Z/^Ϳ͛WƌŽŐƌĂŵŝŶƚŚĞ
ƐƉƌŝŶŐŽĨϮϬϭϱǁŝƚŚƚŚĞŐŽĂůŽĨĨŽƐƚĞƌŝŶŐĐŽŶƚŝŶƵŽƵƐŝŵƉƌŽǀĞŵĞŶƚ͘dŚĞĐŽŶĐĞƉƚƚŽŚĂǀĞĂŶŝŵƉƌŽǀĞĚ
ŵŽĚƵůĂƌƉƌĞͲĐĂƐƚĐŽŶĐƌĞƚĞƐĞĐƚŝŽŶƚŽĂĚĚƌĞƐƐƐŽŵĞŽĨƚŚĞƐŚŽƌƚĐŽŵŝŶŐƐŽĨƚŚĞůŽǁƉƌŽĨŝůĞďĂƌƌŝĞƌƐǁĂƐ
ŝŶŝƚŝĂƚĞĚĂŶĚĚŝƐĐƵƐƐĞĚĞǆƚĞŶƐŝǀĞůǇǁŝƚŚŝƚǇƐƚĂĨĨ͘ĞŶĞĨŝƚƐĂŶĚĚƌĂǁďĂĐŬƐŽĨdƵƌďƐǁĞƌĞĚŝƐĐƵƐƐĞĚ
ǁŝƚŚĂůĂƌŐĞǀĂƌŝĞƚǇŽĨƐƚĂĨĨĐŽŶƐŝĚĞƌŝŶŐŝƐƐƵĞƐƐƵĐŚĂƐƚƌĂĨĨŝĐĞŶŐŝŶĞĞƌŝŶŐ͕ŐĞŽŵĞƚƌŝĐĚĞƐŝŐŶ͕ŽƉĞƌĂƚŝŽŶƐ͕
ĂŶĚĐƵƌƌĞŶƚƉƌĂĐƚŝĐĞŝŶƚƌĂĨĨŝĐĐĂůŵŝŶŐ͘dŚĞƐĞĐŽŶǀĞƌƐĂƚŝŽŶƐƌĞƐƵůƚĞĚŝŶĂĐŽŶƚŝŶƵŽƵƐĞǀŽůƵƚŝŽŶŽĨƚŚĞ
ƐŚĂƉĞĂŶĚŵĂƚĞƌŝĂůƐ;ŶŽƚĞĚŝŶďƌĂĐŬĞƚƐďĞůŽǁͿƚŽĂĚĚƌĞƐƐƚŚĞĐŽŶĐĞƌŶƐĂŶĚĐĂƉŝƚĂůŝǌĞŽŶŽƉƉŽƌƚƵŶŝƚŝĞƐ
ĂŶĚŝŶĨůƵĞŶĐĞĚƚŚĞƉƌŽĚƵĐƚƐƉĞĐŝĨŝĐĂƚŝŽŶƐƚŚĂƚǁĞƌĞƵůƚŝŵĂƚĞůǇďƌŽƵŐŚƚĨŽƌǁĂƌĚƚŽƚŚĞZ/^ĞǀĂůƵĂƚŝŽŶ
ĐŽŵŵŝƚƚĞĞ͕ĂƐƐŚŽǁŶŝŶ&ŝŐƵƌĞϮ͘^ŽŵĞŽĨƚŚĞŝƐƐƵĞĚŝĚĞŶƚŝĨŝĞĚǁĞƌĞƚŚĂƚƚŚĞdƵƌďƐǁŽƵůĚďĞĚƌŝǀĞŶ
ŽǀĞƌ;ƐƚƌƵĐƚƵƌĂůůǇĚĞƐŝŐŶĞĚƌĞŝŶĨŽƌĐŝŶŐĂŶĚĚŽǁĞůŚŽůĞƐĨŽƌƉŝŶŶŝŶŐŝĨŶĞĞĚĞĚͿ͕ĞǆƉŽƐĞĚƚŽĐŚůŽƌŝĚĞƐ
;ƐƵůƉŚĂƚĞƌĞƐŝƐƚĂŶƚƚǇƉĞϱϬĐĞŵĞŶƚͿ͕ƌĞƋƵŝƌĞĐƵƌǀĂƚƵƌĞĐŽŵƉĂƚŝďůĞǁŝƚŚĐŽŶǀĞŶƚŝŽŶĂůŐĞŽŵĞƚƌǇ;ϱŵ
ƌĂĚŝŝĨŽƵŶĚƚŽďĞŵŽƐƚǀĞƌƐĂƚŝůĞͿ͕ĂĞƐƚŚĞƚŝĐĂƉƉĞĂůĂŶĚŝƐƐƵĞƐǁŝƚŚƉĂŝŶƚŝŶŐ;ǇĞůůŽǁƉŝŐŵĞŶƚĞĚĐĞŵĞŶƚͿ͘
dŚĞƉƌŽƉŽƐĂůƚŽŝŶŝƚŝĂƚĞĂƉŝůŽƚŽĨdƵƌďƐǁĂƐĂƉƉƌŽǀĞĚďǇƚŚĞƌŝƐĞĐŽŵŵŝƚƚĞĞĂŶĚƚŚĞƉƌĞƉĂƌĂƚŝŽŶ
ǁŽƌŬĂůůŽǁĞĚĨŽƌƚŚĞdƵƌďƐƚŽďĞƚŚĞĨŝƌƐƚŝŵƉůĞŵĞŶƚĞĚŵĞĂƐƵƌĞŽƵƚŽĨƚŚĞZ/^ƉƌŽŐƌĂŵ͘




ϯ


&ŝŐƵƌĞϮ͗/ŶŝƚŝĂůĐŽŶĐĞƉƚĨŽƌdƵƌďƐƉƌĞƐĞŶƚĞĚƚŽƚŚĞZ/^ĞǀĂůƵĂƚŝŽŶŽŵŵŝƚƚĞĞ


KE^dZhd/KE

dŚĞƐƉĞĐŝĨŝĐĂƚŝŽŶƐ͕ŚĂǀŝŶŐďĞĞŶĞƐƚĂďůŝƐŚĞĚƚŚƌŽƵŐŚƚŚĞĚĞǀĞůŽƉŵĞŶƚƉƌŽĐĞƐƐ͕ǁĞƌĞƐĞŶƚƚŽůŽĐĂůƉƌĞͲ
ĐĂƐƚƉƌŽĚƵĐĞƌƐĨŽƌďŝĚƐĂŶĚ<ĞǇŽŶĐƌĞƚĞWƌŽĚƵĐƚƐ>ƚĚ͘;<ĞǇͿŝŶĂůŐĂƌǇǁĂƐƐĞůĞĐƚĞĚĂƐƚŚĞƐƵĐĐĞƐƐĨƵů
ƉƌŽĚƵĐĞƌŽĨdƵƌďƐĨŽƌƚŚĞƉŝůŽƚƉƌŽŐƌĂŵ͘dŚĞŝƚǇǁŽƌŬĞĚĐŽůůĂďŽƌĂƚŝǀĞůǇǁŝƚŚ<ĞǇƚŽĨŝŶĞƚƵŶĞƚŚĞ
ĚĞƐŝŐŶƚŽŝŵƉƌŽǀĞƉƌŽĚƵĐƚŝŽŶĂŶĚŚĂŶĚůŝŶŐĐŚĂƌĂĐƚĞƌŝƐƚŝĐƐŽĨƚŚĞĨŝŶŝƐŚĞĚƉƌŽĚƵĐƚ͘dŚĞƐŚŽƉĚƌĂǁŝŶŐƐ
ĨŽƌƚŚĞĚĞƐŝŐŶŽĨƚŚĞdƵƌďƐŝƐƐŚŽǁŶŝŶ&ŝŐƵƌĞϯ͘

/ŶƚŽƚĂů͕<ĞǇƉƌŽĚƵĐĞĚϮϵϲdƵƌďƐĨŽƌƚŚĞƉŝůŽƚƉƌŽŐƌĂŵǁŝƚŚƚŚĞĨŝƌƐƚϳϱďĞŝŶŐƉƌŽĚƵĐĞĚŝŶǁŽŽĚĞŶ
ĨŽƌŵƐĂŶĚƚŚĞƌĞŵĂŝŶĚĞƌŝŶƐƚĞĞůĨŽƌŵƐǁŚŝĐŚ<ĞǇĐŽŵŵŝƐƐŝŽŶĞĚĨƌŽŵĂůŽĐĂůĐŽŶĐƌĞƚĞĨŽƌŵƐƵƉƉůŝĞƌ͘
WŚŽƚŽƐŽĨƚŚĞǁŽŽĚĞŶĨŽƌŵǁŽƌŬĂŶĚƚŚĞƌĞŝŶĨŽƌĐŝŶŐƐƚĞĞůĐŽŶĨŝŐƵƌĂƚŝŽŶĂƌĞƐŚŽǁŶŝŶ&ŝŐƵƌĞϰ͘




ϰ


&ŝŐƵƌĞϯ͗^ŚŽƉĚƌĂǁŝŶŐƐĨŽƌdƵƌďƉƌŽĚƵĐƚŝŽŶ͕ƉƌŽĚƵĐĞĚďǇ<ĞǇŽŶĐƌĞƚĞWƌŽĚƵĐƚƐ>ƚĚ͘



&ŝŐƵƌĞϰ͗tŽŽĚĞŶĨŽƌŵǁŽƌŬǁŝƚŚƌĞŝŶĨŽƌĐŝŶŐ͕ĂŶĚĐĂƐƚƵŶŝƚƐǁŝƚŚǇĞůůŽǁƉŝŐŵĞŶƚĞĚƚǇƉĞϱϬĐĞŵĞŶƚ

dŚĞŝƚǇĐŽŵƉůĞƚĞĚǀĂƌŝŽƵƐƉƌŽũĞĐƚƐŝŶϮϬϭϲƵƐŝŶŐdƵƌďƐĨŽƌĂǀĂƌŝĞƚǇŽĨƚƌĂĨĨŝĐĐĂůŵŝŶŐƉƌŽũĞĐƚƐ
ƚŚƌŽƵŐŚŽƵƚƚŚĞĐŝƚǇƐƵĐŚĂƐĐƵƌďĞǆƚĞŶƐŝŽŶƐ͕ŵĞĚŝĂŶƌĞĨƵŐĞŝƐůĂŶĚƐ͕ƌŝŐŚƚƚƵƌŶĐŚĂŶŶĞůŝǌĂƚŝŽŶ͕ůĂŶĞ
ŶĂƌƌŽǁŝŶŐĂƚŵŝĚͲďůŽĐŬĐƌŽƐƐǁĂůŬƐ͕ĞƚĐ͘dŚĞdƵƌďƐǁĞƌĞƉůĂĐĞĚƵƐŝŶŐ͚ƉŝĐŬĞƌƚƌƵĐŬƐ͛ĂƐƐŚŽǁŶŝŶ
&ŝŐƵƌĞϱ͘



ϱ


&ŝŐƵƌĞϱ͗WůĂĐŝŶŐdƵƌďƐǁŝƚŚƉŝĐŬĞƌƚƌƵĐŬ͕ϮϮĐƵƌďƐƉůĂĐĞĚŝŶϲŚŽƵƌƐŝŶĐůƵĚŝŶŐϰƚƌŝƉƐƚŽƐƚŽƌĂŐĞǇĂƌĚ
dƵƌďƐŚĂǀĞďĞĞŶƵƐĞĚĂƐĂƚĞŵƉŽƌĂƌǇŵĞĂƐƵƌĞĨŽƌƉĞƌŝŽĚƐŽĨŵŽŶƚŚƐďƵƚĂůƐŽĞŶǀŝƐŝŽŶĞĚĨŽƌ
ĂƉƉůŝĐĂƚŝŽŶƐŽĨƚǁŽǇĞĂƌƐŽƌŵŽƌĞƉĞŶĚŝŶŐĨŝŶĚŝŶŐƐŽĨƉŝůŽƚƉƌŽũĞĐƚĞǀĂůƵĂƚŝŽŶ͘dǁĞŶƚǇdǁŽdƵƌďƐ
ǁĞƌĞƉůĂĐĞĚĂƚƚŚĞŝŶƚĞƌƐĞĐƚŝŽŶŽĨZĞŐĂůƌĞƐĐĞŶƚŝŶϲŚŽƵƌƐďǇƚǁŽƐƚĂĨĨĂŶĚǁĞƌĞŝŶƉůĂĐĞĨƌŽŵƉƌŝůϭϮ͕
ϮϬϭϲƵŶƚŝůĐŽŶƐƚƌƵĐƚŝŽŶŽĨƉĞƌŵĂŶĞŶƚƐŝĚĞǁĂůŬǁŽƌŬĐŽŵŵĞŶĐĞĚŽŶDĂǇϮϲ͕ϮϬϭϲǁŚĞŶƚŚĞǇǁĞƌĞ
ƌĂƉŝĚůǇƌĞůŽĐĂƚĞĚƚŽŽƚŚĞƌůŽĐĂƚŝŽŶƐ͘dŚĞŝŶƐƚĂůůĂƚŝŽŶĚĞƉŝĐƚĞĚŝŶ&ŝŐƵƌĞϱĂŶĚĚĞƐĐƌŝďĞĚĂďŽǀĞǁĂƐƚŚĞ
ĨŝƌƐƚŝŵƉůĞŵĞŶƚĂƚŝŽŶŽĨdƵƌďƐĂŶĚƌĞĐĞŝǀĞĚĂŐƌĞĂƚĚĞĂůŽĨŵĞĚŝĂŽŶƚŚĞǁĞď͕ƌĂĚŝŽ͕ĂŶĚŝŶƉƌŝŶƚ;ϯͲϱͿ͘
dŚĞŝŶƐƚĂůůĂƚŝŽŶŽĨdƵƌďƐĂƐĂƚĞŵƉŽƌĂƌǇŵĞĂƐƵƌĞĂůůŽǁĞĚĨŽƌĂŐŽŽĚĐŽŵƉĂƌŝƐŽŶŽĨƐƉĞĞĚŽĨ
ŝŵƉůĞŵĞŶƚĂƚŝŽŶĂŶĚŽǀĞƌĂůůĐŽƐƚƐ͖ŝŵĂŐĞƐŽĨĂƉƉůŝĐĂƚŝŽŶƐĂŶĚƐƵŵŵĂƌǇŵĞĂƐƵƌĞƐĂƌĞƐŚŽǁŶŝŶ&ŝŐƵƌĞϲ͘
KWZd/KE^

/ŶĂůŐĂƌǇ͕ƚŚĞƐĞĚĞǀŝĐĞƐŚĂǀĞĂůůŽǁĞĚdŚĞŝƚǇĂŶĚŵƵŶŝĐŝƉĂůƉŽůŝƚŝĐŝĂŶƐƚŽƌĞƐƉŽŶĚƌĂƉŝĚůǇĂŶĚ
ŵĞĂŶŝŶŐĨƵůůǇƚŽƚŚĞĐŽŶĐĞƌŶƐƌĞŐĂƌĚŝŶŐƚƌĂĨĨŝĐĐĂůŵŝŶŐŽƌƚƌĂĨĨŝĐĐŽůůŝƐŝŽŶƐ͘KŶĞŽĨƚŚĞĞĂƌůǇĞǆĂŵƉůĞƐŽĨ
ƚŚŝƐǁĂƐĂƚDĐ<ĞŶǌŝĞdŽǁŶĞ>ŝŶŬĂŶĚDĐ<ĞŶǌŝĞdŽǁŶĞ'ĂƚĞǁŚĞƌĞƚŚĞƌĞǁĂƐĂŚŝŐŚƉƌŽĨŝůĞĐŽůůŝƐŝŽŶ
ŝŶǀŽůǀŝŶŐĂƉŝĐŬƵƉƚƌƵĐŬƚŚĂƚĨĂŝůĞĚƚŽƐƚŽƉĂƚĂ^dKW^ŝŐŶĂŶĚĐŽůůŝĚĞĚǁŝƚŚĂƚƌĂŶƐŝƚďƵƐ͖ƚŚĞďƵƐƚŚĞŶ
ǁĞŶƚŽĨĨƚŚĞƌŽĂĚĂŶĚƐƚƌƵĐŬĂŶĂƉĂƌƚŵĞŶƚĐŽŵƉůĞǆ;ϲͿ͘hƉŽŶƌĞǀŝĞǁŝƚǁĂƐĨŽƵŶĚƚŚĂƚƚŚŝƐĐŽůůŝƐŝŽŶǁĂƐ
ŶŽƚƵŶŝƋƵĞĨŽƌƚŚŝƐůŽĐĂƚŝŽŶĂŶĚƚŚĂƚƐƚŽƉĐŽŶƚƌŽůĞŶŚĂŶĐĞŵĞŶƚƐǁĞƌĞǁĂƌƌĂŶƚĞĚ͘ƵƌďǆƚĞŶƐŝŽŶƐĂŶĚ
DĞĚŝĂŶ/ƐůĂŶĚƐǁŝƚŚƐƵƉƉůĞŵĞŶƚĂƌǇ^dKW^ŝŐŶƐǁĞƌĞĂĚĚĞĚĂƐƐŚŽǁŶŝŶ&ŝŐƵƌĞϳ͘^ƚŽƉĐŽŵƉůŝĂŶĐĞǁĂƐ
ŵĞĂƐƵƌĞĚďĞĨŽƌĞĂŶĚĂĨƚĞƌĞŶŚĂŶĐĞŵĞŶƚǁŝƚŚdƵƌďƐĂŶĚƚŚĞƌĞƐƵůƚƐĂƌĞƉƌĞƐĞŶƚĞĚŝŶ&ŝŐƵƌĞϴ͘





ϲ



^ƚĂŐĞϭʹdƵƌďƐ



^ƚĂŐĞϮʹŽŶǀĞŶƚŝŽŶĂů
ŽŶƐƚƌƵĐƚŝŽŶ







dƌĂĨĨŝĐĂůŵŝŶŐƵƌďƐ
dƌĂĚŝƚŝŽŶĂůĐƵďΘŐƵƚƚĞƌĚĞƐŝŐŶ
ĞƉůŽǇĞĚŝŶƐŝǆŚŽƵƌƐďǇƚǁŽƐƚĂĨĨ
ŽŶƐƚƌƵĐƚŝŽŶƉĞƌŝŽĚŽĨϲǁĞĞŬƐ
ŽƐƚĂƐƉůĂĐĞĚ͗Ψϭϴ͕ϬϬϬ
ŽƐƚ͗Ψϭϭϱ͕ϬϬϬ

&ŝŐƵƌĞϲ͗ŽŵƉĂƌŝƐŽŶŽĨdƵƌďƵƐĞĂŶĚĐŽŶǀĞŶƚŝŽŶĂůŽŶƐƚƌƵĐƚŝŽŶ



&ŝŐƵƌĞϳ͗ĞĨŽƌĞĂŶĚĂĨƚĞƌƉŚŽƚŽƐŽĨƐƚŽƉĐŽŶƚƌŽůĞŶŚĂŶĐĞĚǁŝƚŚdƵƌďƐ




ϳ





DĐ<ĞŶǌŝĞdŽǁŶĞ>ŝŶŬΘDĐ<ĞŶǌŝĞdŽǁŶĞ'ĂƚĞ^͘͘
^dKWŽŵƉůŝĂŶĐĞ
ϲϮй
ϰϴй

ϴй

ϯϳй

ϰϰй

ϭй

EŽ^ƚŽƉ

ZŽůůŝŶŐ^ƚŽƉ
ĞĨŽƌĞ
ĨƚĞƌ

&Ƶůů^ƚŽƉ

&ŝŐƵƌĞϴ͗ĞĨŽƌĞĂŶĚĂĨƚĞƌĐŽŵƉůŝĂŶĐĞǁŝƚŚ^dKWĐŽŶƚƌŽůĞŶŚĂŶĐĞĚǁŝƚŚdƵƌďƐ




KŶĐĞƚŚĞĞǀĂůƵĂƚŝŽŶĂŶĚŐĞŽŵĞƚƌŝĐĐŚĞĐŬƐǁĞƌĞĐŽŵƉůĞƚĞĚŝƚǁĂƐĂŵĂƚƚĞƌŽĨĚĂǇƐĨŽƌƚŚĞdƵƌďƐƚŽ
ďĞƉůĂĐĞĚĂŶĚƚŚĞŝŵƉƌŽǀĞŵĞŶƚƐŝŶƐƚŽƉĐŽŵƉůŝĂŶĐĞƌĞĂůŝǌĞĚ͘ŽŶƐƚƌƵĐƚŝŽŶƵƐŝŶŐĐŽŶǀĞŶƚŝŽŶĂů
ƉƌŽĐĞƐƐĞƐǁŽƵůĚŚĂǀĞƚĂŬĞŶǁĞĞŬƐŽƌƉŽƐƐŝďůǇŶŽƚŚĂǀĞďĞĞŶŝŶŝƚŝĂƚĞĚƵŶƚŝůƚŚĞĨŽůůŽǁŝŶŐĐŽŶƐƚƌƵĐƚŝŽŶ
ƐĞĂƐŽŶďĂƐĞĚŽŶƵƚŝůŝƚǇĂŶĚĚƌĂŝŶĂŐĞŝŵƉĂĐƚƐ͘

DĂŝŶƚĞŶĂŶĐĞĂŶĚƐŶŽǁĐůĞĂƌŝŶŐĂĐƚŝǀŝƚŝĞƐǁĞƌĞĚŝƐĐƵƐƐĞĚǁŝƚŚĐƌĞǁƐƉƌŝŽƌƚŽƉůĂĐĞŵĞŶƚŽĨƚŚĞdƵƌďƐ
ĂŶĚĂůƐŽƌĞǀŝĞǁĞĚƉƌŝŽƌƚŽǁŝŶƚĞƌŽƉĞƌĂƚŝŽŶƐ͘^ŚŽƌƚůǇĂĨƚĞƌƉůĂĐĞŵĞŶƚŽĨdƵƌďƐŝŶƚŚĞĐŽŵŵƵŶŝƚǇŽĨ
ƌŝŶtŽŽĚƐ͕ǁŚĞƌĞŶĞŝŐŚďŽƵƌŚŽŽĚƚƌĂĨĨŝĐĐĂůŵŝŶŐǁĂƐĐŽŵƉůĞƚĞĚĂƚϭϯŝŶƚĞƌƐĞĐƚŝŽŶƐ͕ƚǁŽdƵƌďƐŝŶ
ĚŝĨĨĞƌĞŶƚůŽĐĂƚŝŽŶƐǁĞƌĞƌƵŶŽǀĞƌĂŶĚŵŽǀĞĚ;ƐĞĞ&ŝŐƵƌĞϵͿďǇůĂƌŐĞƌǀĞŚŝĐůĞƐ͕ůŝŬĞůǇƐĐŚŽŽůďƵƐƐĞƐ͘dŚĞƐĞ
ĐƵƌďƐǁĞƌĞƉŝŶŶĞĚƚŽƚŚĞĂƐƉŚĂůƚƵƐŝŶŐƚŚĞƉƌĞͲĐĂƐƚĚŽǁĞůŚŽůĞƐĂŶĚŚĂǀĞŶŽƚŵŽǀĞĚƐŝŶĐĞ͘



&ŝŐƵƌĞϵ͗dƵƌďŵŽǀĞĚĂŶĚĞǀŝĚĞŶĐĞĐƵƌďƐǁĞƌĞĚƌŝǀĞŶŽǀĞƌ͕ŶŽƚĞǁŚŝƚĞƉůĂĐĞŵĞŶƚŵĂƌŬŝŶŐ
dŚĞƉƵƌƉŽƐĞŽĨdƵƌďĚĞƉůŽǇŵĞŶƚŝŶƌŝŶtŽŽĚƐǁĂƐƉƌŝŵĂƌŝůǇĨŽƌƚƌĂĨĨŝĐĐĂůŵŝŶŐ͕ĂŶĚƐƉĞĐŝĨŝĐĂůůǇƚŽ
ƌĞĚƵĐĞƐƉĞĞĚĂŶĚŝŶĐƌĞĂƐĞǇŝĞůĚŝŶŐĐŽŵƉůŝĂŶĐĞƚŽƉĞĚĞƐƚƌŝĂŶƐĂƚĐƌŽƐƐǁĂůŬƐ;ϳͿ͘dŚĞĞŶƚŝƌĞ
ŶĞŝŐŚďŽƵƌŚŽŽĚǁĂƐĞǀĂůƵĂƚĞĚƐŝŶĐĞdƵƌďƐǁĞƌĞĂƉŽƚĞŶƚŝĂůǁĂǇƚŽƌĞĚƵĐĞƚŚĞĐŽƐƚĨƌŽŵΨϭ͘ϱDƚŽ
ΨϭϮϬ<͘KŶĞŵĂŝŶŝŶƚĞƌƐĞĐƚŝŽŶŽĨĐŽŶĐĞƌŶǁĂƐĂƚƚŚĞũƵŶĐƚŝŽŶŽĨƌŝŶtŽŽĚƐŽƵůĞǀĂƌĚĂŶĚƌŝŶĂůĞ
ƌĞƐĐĞŶƚ͕ƉŚŽƚŽƐƐŚŽǁŶŝŶ&ŝŐƵƌĞϭϬĂŶĚƉůĂŶĚƌĂǁŝŶŐŝŶ&ŝŐƵƌĞϭϭ͘




ϴ


&ŝŐƵƌĞϭϬ͗>ŽŽŬŝŶŐĂƚƌŝŶtŽŽĚƐŽƵůĞǀĂƌĚďĞĨŽƌĞĂŶĚĂĨƚĞƌŝŶƐƚĂůůĂƚŝŽŶŽĨdƵƌďƐ



&ŝŐƵƌĞϭϭ͗WůĂŶsŝĞǁŽĨdƵƌďŝŶƐƚĂůůĂƚŝŽŶĂƚƌŝŶtŽŽĚƐŽƵůĞǀĂƌĚĂŶĚƌŝŶĂůĞƌĞƐĐĞŶƚ

<ĞǇŵĞĂƐƵƌĞŵĞŶƚŵĞƚƌŝĐƐĨŽƌƚŚĞĞǀĂůƵĂƚŝŽŶŽĨƚŚŝƐƚƌĞĂƚŵĞŶƚĨŽƌƐƉĞĞĚĂŶĚǇŝĞůĚŝŶŐĐŽŵƉůŝĂŶĐĞǁĞƌĞ
ŵĞĂƐƵƌĞĚϭǁĞĞŬďĞĨŽƌĞŝŶƐƚĂůůĂƚŝŽŶŽĨdƵƌďƐĂŶĚϮǁĞĞŬƐĂĨƚĞƌƚŚĞŝŶƐƚĂůůĂƚŝŽŶ͘zĞŝůĚŝŶŐĐŽŵƉůŝĂŶĐĞ
ǁĂƐŵĞĂƐƵƌĞĚƵƐŝŶŐĂƐƚĂŶĚĂƌĚƉƌŽĐĞĚƵƌĞƚŚĂƚdŚĞŝƚǇĂĚĂƉƚĞĚĨƌŽŵĂ&,tƉƌŽĐĞĚƵƌĞ;ϴͿĨŽƌƚŚĞ
ĞǀĂůƵĂƚŝŽŶŽĨZĞĐƚĂŶŐƵůĂƌZĂƉŝĚĨůĂƐŚŝŶŐĞĂĐŽŶƐ͘

ĂƚĂǁĞƌĞĐŽůůĞĐƚĞĚĨŽƌĞĂĐŚĞǆƉĞƌŝŵĞŶƚĂůĐƌŽƐƐŝŶŐǁŚĞŶǀĞŚŝĐůĞƐǁĞƌĞĂƉƉƌŽĂĐŚŝŶŐĂůŽŶŐƚŚĞĨƌĞĞĨůŽǁ
ĂƉƉƌŽĂĐŚ ĚƵƌŝŶŐ ŐŽŽĚ ƐƵƌĨĂĐĞ ĐŽŶĚŝƚŝŽŶƐ͘  dǁŽ ƉĞŽƉůĞ ǁĞƌĞ ŝŶǀŽůǀĞĚ͕ ŽŶĞ ƚŽ ĐĂƌƌǇ ŽƵƚ ĞǆƉĞƌŝŵĞŶƚĂů
ĐƌŽƐƐŝŶŐƐƐĂĨĞůǇ͕ĂŶĚŽŶĞƚŽŽďƐĞƌǀĞĂŶĚƌĞĐŽƌĚŵŽƚŽƌŝƐƚďĞŚĂǀŝŽƵƌ͘&ŽƌĞĂĐŚĞǆƉĞƌŝŵĞŶƚĂůĐƌŽƐƐŝŶŐƚŚĞ
ŽďƐĞƌǀĞƌŶŽƚĞĚƚŚĞĨŽůůŽǁŝŶŐ͗



ϵ


Ă͘

zŝĞůĚŝŶŐĐŽŵƉůŝĂŶĐĞ͗
x EŽƚĞĚĂƐǇŝĞůĚŝŶŐŝĨǀĞŚŝĐůĞƐƚŽƉƉĞĚŽƌƐůŽǁĞĚƚŽĂůůŽǁƉĞĚĞƐƚƌŝĂŶƚŽĐƌŽƐƐ͘
x EŽƚĞĚĂƐŶŽƚǇŝĞůĚŝŶŐŝĨǀĞŚŝĐůĞĚŝĚŶŽƚƐƚŽƉ͕ďƵƚǁŽƵůĚŚĂǀĞďĞĞŶĂďůĞƚŽĚŽƐŽƐĂĨĞůǇ͘dŚĞĂďŝůŝƚǇ
ƚŽƐƚŽƉƐĂĨĞůǇǁĂƐĚĞƚĞƌŵŝŶĞĚďĂƐĞĚŽŶƚŚĞƚŚƌĞƐŚŽůĚĚŝƐƚĂŶĐĞĐĂůĐƵůĂƚĞĚƵƐŝŶŐƚŚĞ/ŶƐƚŝƚƵƚĞŽĨ
dƌĂŶƐƉŽƌƚĂƚŝŽŶŶŐŝŶĞĞƌƐ;/dͿƐŝŐŶĂůĨŽƌŵƵůĂĂŶĚƚŚĞƉŽƐƚĞĚƐƉĞĞĚŽŶƚŚĞĂƉƉƌŽĂĐŚ;ϲϬŵĨŽƌϲϬ
ŬŵͬŚ͕ϰϱŵĨŽƌϱϬŬŵͬŚͿ͘
x &ŽƌĞĂĐŚĐƌŽƐƐŝŶŐ͕ĂůůŝŶĐŽŵƉůŝĂŶƚǀĞŚŝĐůĞƐǁĞƌĞŶŽƚĞĚĂƐŶŽƚǇŝĞůĚŝŶŐĂŶĚƚŚĞĨŝƌƐƚǇŝĞůĚŝŶŐǀĞŚŝĐůĞ
ƉĞƌůĂŶĞǁĂƐŶŽƚĞĚĂƐǇŝĞůĚŝŶŐ͘
ď͘ hŶƐĂĨĞďĞŚĂǀŝŽƵƌƐ͗
x ƚƚĞŵƉƚƐƚŽƉĂƐƐĂƐƚŽƉƉĞĚͬǇŝĞůĚŝŶŐǀĞŚŝĐůĞ
x ,ĂƌĚďƌĂŬŝŶŐďĞŚŝŶĚĂƐƚŽƉƉĞĚͬǇŝĞůĚŝŶŐǀĞŚŝĐůĞ
x sĞŚŝĐůĞͬƉĞĚĞƐƚƌŝĂŶĐŽŶĨůŝĐƚƐŝŶǀŽůǀŝŶŐĞǀĂƐŝǀĞĂĐƚŝŽŶƚĂŬĞŶďǇĂĚƌŝǀĞƌŽƌƉĞĚĞƐƚƌŝĂŶ
x WĞĚĞƐƚƌŝĂŶƚƌĂƉƉĞĚĂƚĐĞŶƚĞƌůŝŶĞͬŵĞĚŝĂŶ

ƚ ůĞĂƐƚ ϱϬ ĐŽŵƉůŝĂŶĐĞ ƐĂŵƉůĞƐ ǁĞƌĞ ĐŽůůĞĐƚĞĚ ĚƵƌŝŶŐ ƚŚĞ ďĞĨŽƌĞ ƉĞƌŝŽĚ ĂŶĚ ϱϬ Žƌ ŵŽƌĞ ĐŽŵƉůŝĂŶĐĞ
ƐĂŵƉůĞƐǁĞƌĞĐŽůůĞĐƚĞĚĚƵƌŝŶŐƚŚĞĂĨƚĞƌƉĞƌŝŽĚ͘dŚĞƐĂŵƉůĞƐǁĞƌĞĐŽůůĞĐƚĞĚĚƵƌŝŶŐĂƉĞĂŬƉĞƌŝŽĚĂƐƚŚĞ
ŵŽƚŽƌŝƐƚďĞŚĂǀŝŽƵƌƚĞŶĚƐƚŽďĞŵŽƐƚĂŐŐƌĞƐƐŝǀĞĚƵƌŝŶŐƚŚŝƐƚŝŵĞ͘

dŚĞĞǆƉĞƌŝŵĞŶƚĂůĐƌŽƐƐŝŶŐƐǁĞƌĞĐŽŶĚƵĐƚĞĚŝŶĂĐŽŶƐŝƐƚĞŶƚŵĂŶŶĞƌ͕ŵŝŵŝĐŬŝŶŐƚŚĞŶĂƚƵƌĂůďĞŚĂǀŝŽƵƌƐ
ĂŶĚ ĂƉƉĞĂƌĂŶĐĞ ŽĨ Ă ƚǇƉŝĐĂů ƉĞĚĞƐƚƌŝĂŶ͘  ƌŽƐƐŝŶŐƐ ǁĞƌĞ ĐŽŶĚƵĐƚĞĚ ŝŶ ďŽƚŚ ĚŝƌĞĐƚŝŽŶƐ͘  dŚĞ ͚ĐƌŽƐƐĞƌ͛
ĂƉƉƌŽĂĐŚĞĚ ƚŚĞ ĐƌŽƐƐǁĂůŬ ĂŶĚ ƉůĂĐĞĚ ŽŶĞ ĨŽŽƚ ŝŶ ƚŚĞ ĐƌŽƐƐǁĂůŬ ǁŚĞŶ ƚŚĞ ǀĞŚŝĐůĞ ǁĂƐ ďĞǇŽŶĚ ƚŚĞ
ƚŚƌĞƐŚŽůĚĚŝƐƚĂŶĐĞ͘/ĨƚŚĞĚƌŝǀĞƌ;ƐͿŵĂĚĞŶŽĂƚƚĞŵƉƚƚŽƐƚŽƉ͕ƚŚĞƉĞĚĞƐƚƌŝĂŶĚŝĚŶŽƚƉƌŽĐĞĞĚƚŽĐƌŽƐƐ͘/Ĩ
ƚŚĞĚƌŝǀĞƌ;ƐͿƐƚŽƉƉĞĚ͕ƉĞĚĞƐƚƌŝĂŶďĞŐĂŶĐƌŽƐƐŝŶŐ͕ďƵƚŵĂĚĞƐƵƌĞǀĞŚŝĐůĞƐŝŶƚŚĞŽƉƉŽƐŝŶŐĚŝƌĞĐƚŝŽŶǁĞƌĞ
ƐƚŽƉƉĞĚďĞĨŽƌĞƉƌŽĐĞĞĚŝŶŐ͘KƚŚĞƌĐŽŶǀĞŶƚŝŽŶƐǁĞƌĞĂĚŽƉƚĞĚĂƐĨŽůůŽǁƐ͗
x /ĨĂƉĞĚĞƐƚƌŝĂŶƵƐĞĚƚŚĞĐƌŽƐƐŝŶŐ͕ƚŚĞĚĂƚĂĂƐƐŽĐŝĂƚĞĚǁŝƚŚƚŚĞĐƌŽƐƐŝŶŐǁĂƐŝŶĐůƵĚĞĚŝŶƚŚĞƐƚƵĚǇ
x /ĨĂǀĞŚŝĐůĞĚŝĚŶŽƚĐŽŵĞƚŽĂĐŽŵƉůĞƚĞƐƚŽƉ͕ƚŚĞůŽĐĂƚŝŽŶŽĨƚŚĞůŽǁĞƐƚǀĞůŽĐŝƚǇǁĂƐƵƐĞĚ
x WĞĚĞƐƚƌŝĂŶǁŽƵůĚǁĞĂƌƐŝŵŝůĂƌĐůŽƚŚŝŶŐĚƵƌŝŶŐƚŚĞďĞĨŽƌĞĂŶĚĂĨƚĞƌƐƚƵĚǇǁŝƚŚŽƵƚďƌŝŐŚƚĐŽůŽƵƌƐ
ŽƌƐĂĨĞƚǇĞƋƵŝƉŵĞŶƚ͘

^ƉĞĞĚĚĂƚĂǁĂƐĐŽůůĞĐƚĞĚƵƐŝŶŐĐŽŶǀĞŶƚŝŽŶĂůƉŶĞƵŵĂƚŝĐƚƵďĞƐǇƐƚĞŵƐďǇŝƚǇdƌĂŶƐƉŽƌĂƚŝŽŶĂƚĂ^ƚĂĨĨ͘

dŚĞƌĞƐƵůƚƐŽĨƚŚĞďĞĨŽƌĞĂŶĚĂĨƚĞƌŵĞƚƌŝĐƐĂƌĞƉƌĞƐĞŶƚĞĚŝŶdĂďůĞϭ͘ĨŽůůŽǁƵƉǇŝĞůĚŝŶŐƐƚƵĚǇǁĂƐ
ĐŽŵƉůĞƚĞĚϲŵŽŶƚŚƐĂĨƚĞƌŝŶƐƚĂůůĂƚŝŽŶĂŶĚĐŽŵƉůŝĂŶĐĞǁĂƐĨŽƵŶĚƚŽďĞϴϯй͘dŚŝƐŝŶĚŝĐĂƚĞƐƚŚĂƚƚŚĞƌĞ
ǁĂƐƐŽŵĞŶŽǀĞůƚǇĞĨĨĞĐƚďƵƚƐƚŝůůĂĐŽŶƐŝĚĞƌĂďůĞŝŵƉƌŽǀĞŵĞŶƚŽǀĞƌƚŚĞǇŝĞůĚŝŶŐďĞŚĂǀŝŽƵƌďĞĨŽƌĞƚŚĞd
ƵƌďƐǁĞƌĞƉůĂĐĞĚ͘



ϭϬ


dĂďůĞϭ͗ĞĨŽƌĞĂŶĚĂĨƚĞƌdƵƌďƉůĂĐĞŵĞŶƚͲƐƉĞĞĚĂŶĚǇŝĞůĚŝŶŐŵĞƚƌŝĐƐ

^ŶŽǁĐůĞĂƌŝŶŐĂĐƚŝǀŝƚŝĞƐǁĞŶƚǁĞůůďƵƚŽŶĞĂƌĞĂĨŽƌŝŵƉƌŽǀĞŵĞŶƚǁĂƐŚĂŶĚĐůĞĂƌŝŶŐďĞŚŝŶĚƚŚĞ
ĐƵƌďƐ͘^ŶŽǁǁĂƐƐƚƌĂƚĞŐŝĐĂůůǇĐĂƌƌŝĞĚĂƌŽƵŶĚƚŚĞĐŽƌŶĞƌƐƚŽĂǀŽŝĚĚĞƉŽƐŝƚŝŶŐǁŝŶĚƌŽǁƐŽŶƚŚĞ
ƌŽĂĚƐƵƌĨĂĐĞŝŶĨƌŽŶƚŽĨŽƉĞŶŝŶŐƐŝŶƚŚĞdƵƌďƐ͘ƉŚŽƚŽŽĨƚǇƉŝĐĂůǁŝŶƚĞƌĐŽŶĚŝƚŝŽŶƐǁŝƚŚd
ƵƌďƐŝŶƉůĂĐĞŝƐƐŚŽǁŶŝŶ&ŝŐƵƌĞϭϮ͘



&ŝŐƵƌĞϭϮ͗tŝŶƚĞƌĐŽŶĚŝƚŝŽŶƐĂƚKůĚĂŶĨĨŽĂĐŚZŽĂĚĂŶĚϴϵ^ƚƌĞĞƚE͘t͘ͲEĂƌƌŽǁŝŶŐŽĨKůĚ
ĂŶĨĨŽĂĐŚZŽĂĚďǇŽŶĞůĂŶĞƚŽĂĚĚƌĞƐƐƐƉĞĞĚŝŶŐĂŶĚƉĞĚĞƐƚƌŝĂŶĐƌŽƐƐŝŶŐĐŽŶĐĞƌŶƐ͘

KǀĞƌĂůů͕ĐŝƚŝǌĞŶĨĞĞĚďĂĐŬŚĂƐŵŽƐƚůǇďĞĞŶĨŽĐƵƐĞĚŽŶƌĞĚƵĐĞĚ;ŝůůĞŐĂůͿƉĂƌŬŝŶŐŶĞĂƌĐƌŽƐƐǁĂůŬƐ͕
ůĂŶĞƐĨĞĞůŝŶŐƚŽŽŶĂƌƌŽǁ͕ĂŶĚĐŽŶĐĞƌŶĂďŽƵƚŚŝƚƚŝŶŐƚŚĞdƵƌďƐ͘dŽďĂůĂŶĐĞƚŚĞƐĞĐŽŶĐĞƌŶƐ͕
ǁĞŚĂǀĞƌĞĐĞŝǀĞĚƚŚĂŶŬƐĨƌŽŵĐŽŵŵƵŶŝƚŝĞƐƚŚĂƚǁĞǁĞƌĞĂďůĞƚŽƌĞƐƉŽŶĚƋƵŝĐŬůǇ͕ƚŚĂƚƚŚĞǇĨĞĞů
ƐĂĨĞƌĂŶĚŚĂǀĞŶŽƚŝĐĞĚĐŚĂŶŐĞƐŝŶŵŽƚŽƌŝƐƚďĞŚĂǀŝŽƌƐ͘DŽƐƚŝŵƉŽƌƚĂŶƚůǇ͕ƚŚĞĐŚĂŶŐĞƐŝŶ
ƐƉĞĞĚŝŶŐďĞŚĂǀŝŽƌĂŶĚǇŝĞůĚŝŶŐƚŽƉĞĚĞƐƚƌŝĂŶƐŚĂǀĞďĞĞŶŵĞĂƐƵƌĞĚĂŶĚŚĂǀĞŝŵƉƌŽǀĞĚŶŽƚĂďůǇ



ϭϭ

ƐŝŶĐĞŝŶƐƚĂůůĂƚŝŽŶʹƚŚĞƐĞĨŝŶĚŝŶŐƐĂƌĞǀĞƌǇƵƐĞĨƵůǁŚĞŶƐƉĞĂŬŝŶŐƚŽĐŝƚŝǌĞŶƐǁŚŽĂƌĞŶŽƚŝŶĨĂǀŽƌ
ŽĨƚŚĞŝƌƵƐĞ͘


Eyd^dW^

dŚĞŝƚǇŝƐŝŶƚŚĞĚĞƐŝŐŶƉƌŽĐĞƐƐƚŽĐŽŶƚŝŶƵĞƉůĂĐŝŶŐĂŶĚĞǀĂůƵĂƚŝŶŐdƵƌďƐŝŶĂǀĂƌŝĞƚǇŽĨ
ĐŽŶĨŝŐƵƌĂƚŝŽŶƐƚŽĂĚĚƌĞƐƐĚŝǀĞƌƐĞĐŽŶĐĞƌŶƐ͘ǀĂůƵĂƚŝŽŶŽĨƚŚĞĞĨĨŝĐĂĐǇŽĨƚŚĞƐĞƚƌĞĂƚŵĞŶƚƐǁŝůůĐŽŶƚŝŶƵĞ
ĂŶĚǁŝůůůŝŬĞůǇŝŶĐůƵĚĞƵƐĞŽĨǀŝĚĞŽďĂƐĞĚĐŽŶĨůŝĐƚĂŶĂůǇƐŝƐ;ĐŽŵƉƵƚĞƌŝǌĞĚŶĞĂƌŵŝƐƐĂŶĂůǇƐŝƐͿĂƐĂďĞƚƚĞƌ
ƉƌŽǆǇĨŽƌƌŝƐŬͬĐŽůůŝƐŝŽŶƌĞĚƵĐƚŝŽŶĂƐĂŵŽƌĞƉƌŽĂĐƚŝǀĞĂƉƉƌŽĂĐŚƚŚĂŶǁĂŝƚŝŶŐĨŽƌĐŽůůŝƐŝŽŶƐƚŽŽĐĐƵƌ͘
WƵƌĐŚĂƐĞŽĨĂĚĚŝƚŝŽŶĂůĐƵƌďƐŚĂƐďĞĞŶŝŶŝƚŝĂƚĞĚĂŶĚƉůĂĐĞŵĞŶƚŽĨϯϬϬͲϰϬϬĂĚĚŝƚŝŽŶĂůdƵƌďƐƚŚŝƐǇĞĂƌ
ŝƐƉůĂŶŶĞĚƚŽĂĚĚƌĞƐƐƚƌĂĨĨŝĐĐĂůŵŝŶŐĂŶĚŽƉĞƌĂƚŝŽŶĂůƐĂĨĞƚǇŝƐƐƵĞƐĂĐƌŽƐƐĂůŐĂƌǇ͘ǇǁŽƌŬŝŶŐǁŝƚŚŬĞǇ
ƐƚĂŬĞŚŽůĚĞƌƐ͕ƚŚĞŝĚĞŶƚŝĨŝĞĚŝƐƐƵĞƐǁĞƌĞĂĚĚƌĞƐƐĞĚƚŚƌŽƵŐŚƉƌŽĐĞƐƐŽƌĚĞƐŝŐŶ͕ďƵƚƚŚĞƌĞĂƌĞƐƚŝůůƐŽŵĞ
ĂƌĞĂƐĨŽƌŝŵƉƌŽǀĞŵĞŶƚƌĞŐĂƌĚŝŶŐƐŶŽǁĐůĞĂƌŝŶŐĂŶĚƐƉƌŝŶŐĐůĞĂŶƵƉ͘ĂƐĞĚŽŶŝŶŝƚŝĂůĞǀĂůƵĂƚŝŽŶƐ
ƉƌĞƐĞŶƚĞĚĂďŽǀĞƚŚĞdƵƌďƐĂƉƉĞĂƌƚŽďĞƉĞƌĨŽƌŵŝŶŐĂƐŝŶƚĞŶĚĞĚĂŶĚƚŚĞŝƚǇǁŝůůĐŽŶƚŝŶƵĞƚŽ
ŵŽŶŝƚŽƌƚŚĞdƵƌďƐŝŶƐƚĂůůĞĚŝŶϮϬϭϳĂŶĚƌĞͲĂƐƐĞƐƐŚŽǁǁĞǁŝůůƵƐĞdƵƌďƐŝŶƚŚĞĨƵƚƵƌĞ͘
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'HYHORSPHQW&RQVWUXFWLRQ
DQG2SHUDWLRQVRIDQHZ
7UDIILF&DOPLQJ7RRO
$( 7RQ\ &KXUFKLOO06F3(QJ
-RDQQD'RPDUDG3(QJ
6XUHQGUD0LVKUD06F3(QJ

7$&&RQIHUHQFH
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6W-RKQ¶V1/
6HVVLRQ,PSURYLQJ5RDG6DIHW\
LQ8UEDQ$UHDV

9

7UDIILF6DIHW\,VVXH

0DQ\URDGZD\VKDYH
o +LJKVSHHGV
o /RQJFURVVLQJGLVWDQFHV
o &RPSOH[LQWHUVHFWLRQV
o &ROOLVLRQV
o )UXVWUDWLRQDQGWKHQHHG
IRUWUDIILFFDOPLQJ



&DOJDU\7UDIILF&DOPLQJ&XUEV± 7$&
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&RQYHQWLRQDO7UDIILF&DOPLQJ

0DQ\FRQVWUDLQWVOLPLWWKHXVHRIFRQYHQWLRQDO
WUDIILFFDOPLQJWRROVLQFOXGLQJ
o &RPPXQLW\FRQVHQVXV
o &RQVWUXFWDELOLW\
o

XWLOLWLHVGUDLQDJHZHDWKHU

o &RVW



&DOJDU\7UDIILF&DOPLQJ&XUEV± 7$&
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7UDIILF&DOPLQJ&XUE

&KDOOHQJHV
o 'HVLJQ
o ,QVWDOODWLRQ
o 0DLQWHQDQFH
o $FFHVVLELOLW\
o $HVWKHWLFV


&DOJDU\7UDIILF&DOPLQJ&XUEV± 7$&
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7UDIILF&DOPLQJ&XUE

%HQHILWV
o $ELOLW\WREHPRUHUHVSRQVLYHWR
SXEOLFFRQFHUQV± EHWWHUFXVWRPHU
VHUYLFH
o /RZHUFRVW
o 0DLQWDLQH[LVWLQJGUDLQDJH
SDWWHUQV± UHORFDWLRQRIFDWFKEDVLQVQRW
UHTXLUHG NHDFK
o 3RWHQWLDOWREHSHUPDQHQWRUWHPSRUDU\XQWLO
PDGHSHUPDQHQWWKURXJKRWKHUSURJUDPV
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$SSOLFDWLRQ%ULGJHODQG

%HQHILWVRIVWDJHGLPSOHPHQWDWLRQ
o &RPPXQLW\EX\LQ WU\EHIRUH\RXEX\ SULRU
WRFRQVWUXFWLRQRISHUPDQHQWRSWLRQ
o 3URRIRIFRQFHSWDQGSRWHQWLDOWRDGMXVWDQG
LPSURYHFRPSRQHQWVRIGHVLJQ
o 7UDIILF&DOPLQJFXUEVDUHUHXVDEOHDQGFDQ
EHSLFNHGXSDQGSODFHGDWDQRWKHUORFDWLRQ
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o :LGHURDGVDQGLQWHUVHFWLRQV
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:LGHXQGHILQHGDSSURDFK
/DUJHSDYHPHQWDUHDSURPRWLQJKLJKVSHHGV
/DUJHFURVVLQJGLVWDQFHV
5LJKWDQJOHFROOLVLRQV
&DOJDU\7UDIILF&DOPLQJ&XUEV± 7$&
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&RPSOHWLRQRI3LORW
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&RPSOHWHUHPDLQLQJZRUN
UHPDLQLQJLQVWDOODWLRQVGDWD
FROOHFWLRQVXUYH\VDVVHVVZLQWHU
SHUIRUPDQFH

o

3UHOLPLQDU\UHVXOWVSRVLWLYHLPSDFW
RQ\LHOGLQJFRPSOLDQFHYHKLFOH
VSHHGVLPSURYHGEHKDYLRXUV

o

,QLWLDOOHVVRQVOHDUQHG
o

1HHGWRSLQWRDVSKDOWLQKLJK
WUDIILFDUHDV

o

$JJUHVVLYHQDUURZLQJPDNHV
VLJQVYXOQHUDEOHWRKLWV
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3RWHQWLDO)XWXUH$SSOLFDWLRQV
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3RWHQWLDO)XWXUH$SSOLFDWLRQV
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Mount Royal–
Royal AV SW @ 8 ST SW
PROJECT SHEET
Date: July/2017

Liveable Streets Division, Transportation Planning
Project status: Initiated

Project Manager:
Stephen Oliver

Location:

Colborne Cr SW (14 ST SW to 10 ST SW)

Estimated Cost:

$ 30,000 (For temporary design)

Objective:

Correct intersection geometry for crossing
and vehicle behaviour.

Supports:

Action Plan Strategies:
M4: Invest in active transportation
infrastructure, including cycling and
pedestrian networks as funding becomes
available

Solution currently being piloted:

Policies:
CTP Goal #2: Promote safety for all
transportation system users
Contact:

Stephen Oliver
Stephen.Oliver@Calgary.ca

Background:
The intersection of Royal AV SW and 8 ST SW has been an
ongoing community and administration concern for a long time.
The specific concerns are:
Intersection design for pedestrians crossing
Intersection design challenging for drivers due to
unclear delineation of lanes
Intersection design to reduce speeds
Pedestrian connections around the intersection,
especially in the areas of accessibility
Opportunity to improve public space
Pilot treatments include:
Intersections:
Use of temporary curb design in order to
implement quickly and pilot new treatment
Final design to be constructed based on
community engagement
Tactical Urbanism:
Coordinate with the community to activate the
space
o Achieved through work with Western
Canada High School to paint the space
and introduce art at low cost
Use available open space to conduct open house
and communications

Engagement key messages:
Key Message
#1
Key Message
#2

The intersection at Royal Avenue and
8 Street S.W. will be reconfigured to
make it safer for pedestrians.
The reconfiguration of the intersection
is a short-term pilot.

Challenge/Opportunities:
8
8
8
8
9
9
9

Ongoing projects in community, both city and
community oriented
Does not directly address vehicle volumes
Parking impacts
Cost of permanent treatment will be high
Before / During data is being collected for vehicle
speeds, volumes and crosswalk yielding rates
Support from community is generally high.
Treatment for crossings will be highly effective

Project Timeline (2017)
Project selected Develop design
alternatives
Engagement period
Jan

Feb

Mar

Apr

May

Jun

Pilot installed

Jul

Aug

Sep

Oct

Pilot removed

Nov

Dec

TAC Road Safety Engineering Award
Traffic Calming Curbs ‐ A responsive, efficient, modular
approach to making Canadian roads safer

Appendix 2 – Media coverage, presentations provided,
and application in other Canadian jurisdictions

Media coverage and web content in Calgary
https://calgaryherald.com/news/local‐news/calgary‐traffic‐safety‐meetings‐spur‐street‐fixes‐
including‐more‐yellow‐curbs
http://www.calgary.ca/Transportation/Roads/Pages/Traffic/Traffic‐safety‐
programs/Temporary‐Traffic‐Calming‐Curbs.aspx
https://www.cbc.ca/news/canada/calgary/yellow‐traffic‐calming‐curbs‐1.4416505
https://www.cbc.ca/news/canada/calgary/traffic‐calming‐curbs‐calgary‐pilot‐1.3565312
http://www.tac‐atc.ca/sites/default/files/conf_papers/churchilla_‐
_development_construction_and_operations_of_a_new_traffic_calming_tool_c_curbs.pdf
https://engage.calgary.ca/erinwoodscalming See ‘Before and After’ tab
Presentations discussing Traffic Calming Curbs
“Improving Safety for Active modes of Travel in Calgary” CHIR CHASE Grant Team Webinar
2017.
“Traffic Calming Curbs” Calgary‐Edmonton Conference, 2017
“Safer Mobility Plan and the Road Ahead” Vision Zero Advocate Conference Edmonton, 2017.
“Changing the System, A Canadian Perspective’ Vision Zero Advocate Conference Toronto 2018.
“Development, Construction and Operations of a new Traffic Calming Tool, TAC Conference
St.John’s NL, 2017
“La Vision Zéro à Calgary” Forum Vision Zero, Quebec, Montreal QC, 2017.
"Connect, Comfortable, & Now: Rapid Implementation of Downtown Protected Bike Networks."
Walk Bike Places, New Orleans, 2018.
"Rapid Implementation of All Ages and Abilities Bicycle Networks." Ontario Bike Summit,
Toronto, 2018.
"Rapid Implementation of All Ages and Abilities Bicycle Networks." Presentations to Cities of
Winnipeg (MB), Saskatoon (SK), Regina (SK), Bellevue (WA), Whitehorse (YT), Christchurch (NZ),
Tuaraunga (NZ), Hamilton (NZ), Queenstown (NZ), Wanaka (NZ), Dunedin (NZ), Wellington (NZ),
Auckland (NZ), 2016‐2018.
“Design User – Walking and Cycling Facilities.” New Zealand Transport Agency, Auckland, 2017.
“How to Achieve Rapid Change for Cycling Outcomes.” Asia Pacific Cycle Congress,
Christchurch, 2017.
“Communities Designing Communities.” 2WALKandCYCLE Conference, Auckland, 2016.

Media, Photos and Correspondence St. Johns, NL
Media Coverage
http://www.stjohns.ca/living‐st‐johns/streets‐traffic‐and‐parking/traffic‐calming/2018‐traffic‐
calming‐pilot‐projects
Project Photos

Churchill, Tony
From:
Sent:
To:
Subject:
Attachments:

Anna Bauditz <abauditz@stjohns.ca>
Wednesday, November 28, 2018 6:30 AM
Churchill, Tony
RE: [EXT] Traffic Calming Islands
TC-Curb.jpg; file.jpeg; pic.jpg

Hi Tony,
The City of St. John's now has over 30 TC Curbs in the field and we are actively planning pilot projects that will now be
possible with your fantastic tool! Let me know if you need anything else from us to support your application.
‐Anna
Anna Bauditz P.Eng.
Transportation System Engineer
City of St. John's
709.576.6182 | abauditz@stjohns.ca
‐‐‐‐‐Original Message‐‐‐‐‐
From: Churchill, Tony <Tony.Churchill@calgary.ca>
Sent: Wednesday, October 11, 2017 3:30 PM
To: Anna Bauditz <abauditz@stjohns.ca>
Subject: RE: [EXT] Traffic Calming Islands
Hi Anna,
I'm so sorry for the delay in getting back to you on this!
Here is some information about our Traffic Calming Curbs (TC Curbs) and how we have been using them. We have two
precast concrete companies in Calgary who have made steel forms for casting these, but the first few were done in
wooden forms.
In general, our design process has been to design the treatments as thought we were using conventional construction
and then placing the TC Curbs along the design curb lines that will accommodate the design vehicles.
Coordinating with maintenance staff so they know they are there and possibly pinning leading curbs has also been
important ‐ it may require some hand clearing of snow if crosswalks go between the TC Curbs.
I hope your project at the bottom of Signal Hill goes well.
Please send questions if you have them.
Regards,
Tony
A.E. (Tony) Churchill, M.Sc., P.Eng.
Sr. Traffic Engineer, Leader of Traffic Safety Roads ‐ Traffic Engineering T 403.268.5814 | C 403.369.1438 | F
403.268.8728 | Tony.Churchill@calgary.ca | www.calgary.ca/trafficsafety
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Follow us on Twitter: @yyctransport
‐‐‐‐‐Original Message‐‐‐‐‐
From: Anna Bauditz [mailto:abauditz@stjohns.ca]
Sent: Wednesday, September 27, 2017 11:49 AM
To: Churchill, Tony <Tony.Churchill@calgary.ca>
Subject: [EXT] Traffic Calming Islands

Hi Tony,
Good to meet you this afternoon! You've developed a fantastic design for your traffic calming islands and we'd be
thrilled if you could share information on their specs and installation. They would make a great addition to our traffic
calming toolbox!
Thanks,
‐Anna
Anna Bauditz P.Eng.
Transportation System Engineer
City of St. John's
(709) 631‐0890
abauditz@stjohns.ca

________________________________
NOTICE ‐
This communication is intended ONLY for the use of the person or entity named above and may contain information
that is confidential or legally privileged. If you are not the intended recipient named above or a person responsible for
delivering messages or communications to the intended recipient, YOU ARE HEREBY NOTIFIED that any use, distribution,
or copying of this communication or any of the information contained in it is strictly prohibited. If you have received this
communication in error, please notify us immediately by telephone and then destroy or delete this communication, or
return it to us by mail if requested by us. The City of Calgary thanks you for your attention and co‐operation.
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Media Coverage and correspondence St. Albert, AB
https://stalbert.ca/global/images/maps/PE‐GrandinTrafficCalming_boardsweb.pdf
https://www.stalbertgazette.com/article/mixed‐reactions‐traffic‐calming‐grandin‐20171104
Correspondence on next page

Churchill, Tony
From:
Sent:
To:
Cc:
Subject:

Dean Schick <DSchick@stalbert.ca>
Friday, February 8, 2019 5:57 AM
Churchill, Tony
Sudip Barua
[EXT] RE: Curb Extension Evaluation

Good morning Tony,
I am very sorry for delay in response on this – I’ve run into a few issues over the past week. But thank
you for touching base on this and I truly hope our information can help because I have to say I love
your product and design.
At this point St Albert has:
- Utilized the temporary curb extensions in 3 communities (Erin Ridge / Erin Ridge North /
Grandin)
o We had an additional road segment / community we were going to install them in 2018
but the season changed early on us and I did not want to place them immediately
before or after the snow fall
- Our typical placement has been for pedestrian crossings; mimicking a curb extension intended
to allow the pedestrian to be further out and visible to drivers.
- There is one site that targeted an intersection redesign to influence driver speed and provide
better indication on “right of way” for drivers, while also assisting with pedestrian visibility. It is
a skewed 3 legged intersection (Grosvenor Boulevard at Grenfell Avenue if you have a chance
or reference Google maps)
- We have supplemented the temporary curb extensions with RRFB pedestrian crossings; when
applicable
- There are approximately 9 specific crossing sites
o Approximately 100 units of the extensions
- We have aligned the use of the curbs with our Neighbourhood Traffic Calming Program; to
which we intend to place temporary improvements for 1 year; evaluate both traffic operational
data (speed, volume) and public / resident opinion
- There has been some local context media focused around the overall Neighbourhood Traffic
Calming; however, nothing specific on the temporary units
- Overall there is of course a “mixed response”, but this is more so relevant to “Traffic Calming”
in general. Typically the temporary curbs have been well received from a stakeholders
perspective:
o They have been efficient for placement - for setups we have had our own PW crew
install as well as a contracted service
o We have not had issue during winter conditions with curbs hit and being moved or
realigning
o The use of the curbs have allowed for field changes in design of the intersections or
curb extensions; allowing for quick response to operational concerns or issues with
aggressiveness or lack of aggressiveness in the roadway reduction.
o They have been cost effective and have allowed for a more immediate action in the field
to address resident safety concerns – which is very much appreciated by road users
and residents that identify with the traffic issues.
o We started placing them in 2017 and have not had issue to date
1

-

Our intent is to utilize the temporary curbs and pending evaluation of impacts and design,
adjust sites to a permanent construction. This is enabling field improvements, while allowing
network improvement planning for resource and funding management
Unfortunately I don’t have the operational evaluation of comparisons for the sites – we will be
collecting updated data in 2019

I hope this helps, sorry again about the time to get back to you. If you have any other questions or
need anything at all, please let me know.
Take care and good luck on the submission – it’s a great product and idea and well deserving of
attention.
Dean Schick C.E.T
Manager of Transportation | Engineering Services
P: 780-459-1649 | F: 780-458-1974
City of St. Albert | 5 St. Anne Street | St. Albert, AB
dschick@stalbert.ca | www.stalbert.ca
www.facebook.com/cityofstalbert

|

|

T8N 3Z9

www.twitter.com/cityofstalbert

From: Sudip Barua
Sent: Sunday, February 03, 2019 8:10 AM
To: Dean Schick <DSchick@stalbert.ca>
Cc: Tony.Churchill@calgary.ca
Subject: Fwd: Curb Extension Evaluation
Hi Dean,
Can you please provide some information about our curb extensions? Please refer to the following email.
Thanks inadvance.
Sincerely,
Sudip
Get Outlook for iOS

From: Churchill, Tony <tony.churchill@calgary.ca>
Sent: Friday, February 1, 2019 4:44 AM
To: Sudip Barua
Subject: RE: Curb Extension Evaluation
Hi Sudip,
I hope that the start of 2019 is going well for you.
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I’m putting together an application for an award for the Traffic Calming Curbs and hoping you could provide some
information about if/how you have used them in St Albert.
How many locations have you used the TC Curbs and how many total have you placed.
How have they been performing? Any feedback or evaluations?
Any media attention?
Thanks in advance for any assistance you can provide. It would be great if you can get this back to me ASAP as the
application is due one week from tomorrow.
Regards,
Tony
A.E. (Tony) Churchill, M.Sc., P.Eng.
Sr. Traffic Engineer, Leader of Traffic Safety
Roads - Traffic Engineering
T 403.268.5814 | C 403.369.1438 | F 403.268.8728 | Tony.Churchill@calgary.ca | www.calgary.ca/trafficsafety

Follow us on Twitter: @yyctransport

From: Sudip Barua <sbarua@stalbert.ca>
Sent: Thursday, June 14, 2018 9:26 AM
To: Churchill, Tony <Tony.Churchill@calgary.ca>
Subject: [EXT] RE: Curb Extension Evaluation
Thanks Tony for helping us on this. We will be doing before after evaluation for the pedestrian curb extensions. But its
hard to evaluate as most of them are in school/ playground zone where speed is already 30km/h. Also there are
different safety countermeasures installed (i.e., RRFB, DFB and point, pause and proceed sign, fluorescent crosswalk and
sign). The effect will be a combined effects of all these countermeasures. So its hard to tell the true effect of the Curb
extension alone. However, we will try to do a cross sectional analysis as well (if possible). Lets see how it goes. I will be
happy to share with you about our findings.
Take care.
Regards,
Sudip
From: Churchill, Tony <Tony.Churchill@calgary.ca>
Sent: June‐08‐18 7:02 AM
To: Sudip Barua <sbarua@stalbert.ca>
Subject: RE: Curb Extension Evaluation
Hi Sudip,
Sorry that it took me so long to forward this to Surendra. I hope that things are going well there. We’re in a really busy
time when we have our regular work, planning for our next four year budget and updating our traffic safety plan. Thanks
for reaching out to us and please don’t hesitate to ask about anything else. If you have ongoing research that you thin
would be of value to us please feel free to share.
Regards,
Tony
A.E. (Tony) Churchill, M.Sc., P.Eng.
Sr. Traffic Engineer, Leader of Traffic Safety
3

Roads - Traffic Engineering
T 403.268.5814 | C 403.369.1438 | F 403.268.8728 | Tony.Churchill@calgary.ca | www.calgary.ca/trafficsafety

Follow us on Twitter: @yyctransport

From: Sudip Barua [mailto:sbarua@stalbert.ca]
Sent: Thursday, June 7, 2018 4:43 PM
To: Mishra, Surendra <Surendra.Mishra@calgary.ca>
Cc: Churchill, Tony <Tony.Churchill@calgary.ca>; Domarad, Joanna <Joanna.Domarad@calgary.ca>
Subject: [EXT] RE: Curb Extension Evaluation
Thanks Surendra.
Yes I am interested to see the results for Winter condition. If possible please send me the report.
Thanks in advance.
Regards,
Sudip

________________________________________
Sudip Barua, MSc., EIT
Transportation Infrastructure and Safety Engineer
Transportation Branch | Engineering Services
City of St. Albert | 5 St. Anne Street | St. Albert, AB | T8N 3Z9
P: 780-418-6638 | F: 780-458-1974
sbarua@stalbert.ca | https://sites.google.com/ualberta.ca/sudipbarua | www.stalbert.ca

 Please consider the environment before printing this email.

From: Mishra, Surendra <Surendra.Mishra@calgary.ca>
Sent: June‐07‐18 4:37 PM
To: Sudip Barua <sbarua@stalbert.ca>
Cc: Churchill, Tony <Tony.Churchill@calgary.ca>; Domarad, Joanna <Joanna.Domarad@calgary.ca>
Subject: RE: Curb Extension Evaluation
Good afternoon Sudip!
We have done a few evaluations for the Traffic Calming Curbs that we have used in past couple of years. Here are a few
stats that may be useful for you.
Location 1: Erin Woods
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Correspondence Canmore, AB
See next page

Churchill, Tony
From:
Sent:
To:
Cc:
Subject:

Brian Kinzie <projectengineer@canmore.ca>
Monday, February 4, 2019 9:11 AM
Churchill, Tony
Andy Esarte; Claire Ellick
[EXT] RE: Modular Concrete - Town of Canmore

Good morning Tony,
Thanks for your interest in the use of the TC curbs here in Canmore and thanks for your help in the past.
I have posted some information regarding the Benchlands Trail Pilot Project, in which we used TC curbs to protect
pedestrian crossings and to increase side friction on an arterial roadway (50km/h posted speed, ~10000vpd). The report
should contain the information you are looking for and I have included a number of photos as well. You can access
these files on our file sharing service at the following link:
https://files.canmore.ca:8443/sharing/OE5rME00H
Due to space constraints on this project we worked with Lafarge to create TC barriers that are half the width of the
original design. There were some minor problems with cracking of the barriers during transportation and I believe that
Lafarge are reviewing the design.
I have also posted a drawing of a temporary implementation at the recently constructed Northview apartments on
Palliser Trail. Claire Ellick joined our group last spring as our Transportation Engineer and she worked on this with
WSP. We have plans for other implementations this coming summer, Claire would be able to provide more information
on those if you like.
If you have any questions please feel free to call me!
Cheers,

Brian Kinzie, P.Eng.
Project Engineer
Town of Canmore
bkinzie@canmore.ca
403.678.1582 office
403.609.8614 mobile
www.canmore.ca

From: Churchill, Tony [mailto:Tony.Churchill@calgary.ca]
Sent: Friday, February 01, 2019 8:39 AM
To: Brian Kinzie
Subject: FW: Modular Concrete - Town of Canmore
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Hi Brian,
Just a quick follow up to my call requesting any info or photos you have handy from the Traffic Calming Curb pilot last
year.
Thanks!
Tony
A.E. (Tony) Churchill, M.Sc., P.Eng.
Sr. Traffic Engineer, Leader of Traffic Safety
Roads - Traffic Engineering
T 403.268.5814 | C 403.369.1438 | F 403.268.8728 | Tony.Churchill@calgary.ca | www.calgary.ca/trafficsafety

Follow us on Twitter: @yyctransport

From: Andy Esarte <AEsarte@canmore.ca>
Sent: Thursday, December 20, 2018 1:16 PM
To: Churchill, Tony <Tony.Churchill@calgary.ca>
Cc: Brian Kinzie <projectengineer@canmore.ca>
Subject: [EXT] RE: Modular Concrete ‐ Town of Canmore
Hi Tony,
We’ve decided to prioritize other corridors and defer any major changes until the future. I’ve copied Brian, our project
manager for the pilot, and he can perhaps get in touch and provide more details.
Andy
From: Churchill, Tony <Tony.Churchill@calgary.ca>
Sent: Tuesday, December 18, 2018 3:03 PM
To: Andy Esarte <AEsarte@canmore.ca>
Subject: RE: Modular Concrete ‐ Town of Canmore
Thanks Andy,
It would be great if you could send whatever you have on the TC Curbs. I’m curious, are permanent changes are being
considered after the pilot?
Regards,
Tony
A.E. (Tony) Churchill, M.Sc., P.Eng.
Sr. Traffic Engineer, Leader of Traffic Safety
Roads - Traffic Engineering
T 403.268.5814 | C 403.369.1438 | F 403.268.8728 | Tony.Churchill@calgary.ca | www.calgary.ca/trafficsafety

Follow us on Twitter: @yyctransport
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From: Andy Esarte [mailto:AEsarte@canmore.ca]
Sent: Monday, December 17, 2018 1:38 PM
To: Churchill, Tony <Tony.Churchill@calgary.ca>
Subject: [EXT] RE: Modular Concrete ‐ Town of Canmore
Hi Tony,
We currently do not have any installed in Town. We did use them to set up a pilot on Benchlands Trail and could pass on
more info on that if you’re interested.
We have had trouble here with the aesthetics of paint, bollards and TC installations. Not sure if we have a population
with a heightened sensitivity to appearance or if that’s an issue with your projects too? We are looking at developing a
range of precast products for curbs and medians that is more traditional looking. Let me know if you have any interest
in those plans.
Good luck with the awards!
Andy

From: Churchill, Tony <Tony.Churchill@calgary.ca>
Sent: Monday, December 17, 2018 10:19 AM
To: Andy Esarte <AEsarte@canmore.ca>
Subject: RE: Modular Concrete ‐ Town of Canmore
Hi Andy,
I hope you’ve had a great year and that you get a nice holiday to recharge for a happy, healthy and safe New Year.
I submitted our Traffic Calming Curb idea to the Transportation Association of Canada to be considered for the Road
Safety Engineering Award and we were selected as a finalist. I’m putting together some more information on all the
locations where they have already been used and hoping you could share an update on where you have placed some. I
believe there are some on Benchlands Trail but it would be great to have confirmation.
I hope to come through over the holidays and take some photos.
Anything you can share about where they are and how it is going (good and the bad please) would be greatly
appreciated.
Regards,
Tony
From: Andy Esarte [mailto:AEsarte@canmore.ca]
Sent: Tuesday, January 02, 2018 2:30 PM
To: Churchill, Tony <Tony.Churchill@calgary.ca>
Subject: [EXT] RE: Modular Concrete ‐ Town of Canmore
Hi Tony, no TC installs here yet but hoping to get a number of them in next year! We did an install with bollards and
paint on 7th avenue in front of the school and daycare.
I enjoyed the recent CBC piece – good job Hope you had a great vacation and all the best in 2018! Stay in touch,
Andy
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From: Churchill, Tony [mailto:Tony.Churchill@calgary.ca]
Sent: Wednesday, December 13, 2017 9:46 AM
To: Andy Esarte
Subject: RE: Modular Concrete - Town of Canmore

Hi Andy!
I hope things are going well out in Canmore. I’m looking forward to coming out to the mountains on my vacation and
stopping in Canmore to see some of your recent activities. Could you let me know where the TC Curbs are out? I also
saw some pictures of some painted ‘curb extensions’ with delineators, near a school? I’m not sure when exactly I’ll be
out over the holidays but I’ll let you know and it would be great to get together for a coffee if you are available.
Regards,
Tony
A.E. (Tony) Churchill, M.Sc., P.Eng.
Sr. Traffic Engineer, Leader of Traffic Safety
Roads - Traffic Engineering
T 403.268.5814 | C 403.369.1438 | F 403.268.8728 | Tony.Churchill@calgary.ca | www.calgary.ca/trafficsafety

Follow us on Twitter: @yyctransport

From: Andy Esarte [mailto:AEsarte@canmore.ca]
Sent: Wednesday, August 30, 2017 10:38 AM
To: Churchill, Tony <Tony.Churchill@calgary.ca>; Danika Medinski <DMedinski@canmore.ca>; Brian Kinzie
<projectengineer@canmore.ca>
Subject: [EXT] RE: Modular Concrete ‐ Town of Canmore
Tony,
Very helpful information, thank you.
We just took delivery of the TC order this week and will be installing over the coming month. We’ll send pictures as they
roll out – unfortunately there won’t be anything to see this weekend. If you are out you could take a look at a couple of
our permanent projects – a CPR crossing on Bow Valley Trail and a new intersection at Main Street and Spring Creek
Drive:
BVT:
https://goo.gl/maps/WE8PXu7tLYv
Main Street:
https://goo.gl/maps/a4BKpwXD5SK2
Looking forward to sharing what we come up with!
Andy
From: Churchill, Tony [mailto:Tony.Churchill@calgary.ca]
Sent: Wednesday, August 30, 2017 7:47 AM
To: Andy Esarte; Danika Medinski; Brian Kinzie
Subject: RE: Modular Concrete ‐ Town of Canmore
Hi Andy et. Al.,
I’m so sorry that I dropped the ball on this one, way too much on the go for my small team here…
Here are some geometric designs for TC curbs. Our process is as simple as completing a geometric design to determine
where the face of curb would be using conventional methods, checking for design vehicle turning templates, and then
see how we can arrange the curbs to create that effect. We’ve had some challenges keeping the crosswalks clear and
doing some field fitting – an interesting issue is that the visually impaired community seem to have a variety of
4

navigation processes, some navigate by the right edge of the sidewalk while others use the left. I’m also attaching a
presentation that I will be delivering at TAC this year.
Our practice for traffic control has been to sign them as we would a conventional traffic calming feature, but we have
added flexible delineators at key points to assist our maintenance crews in avoiding them during ploughing.
Can you let me know if/where you have placed some already? I may be able to make it out this weekend for a run on the
Legacy Trail (if it isn’t too smokey),
Tony
A.E. (Tony) Churchill, M.Sc., P.Eng.
Sr. Traffic Engineer, Leader of Traffic Safety
Roads ‐ Traffic Engineering
T 403.268.5814 | C 403.369.1438 | F 403.268.8728 | Tony.Churchill@calgary.ca | www.calgary.ca/trafficsafety

Follow us on Twitter: @yyctransport

From: Andy Esarte [mailto:AEsarte@canmore.ca]
Sent: Tuesday, July 25, 2017 10:47 AM
To: Churchill, Tony <Tony.Churchill@calgary.ca>; Danika Medinski <DMedinski@canmore.ca>; Brian Kinzie
<projectengineer@canmore.ca>
Subject: [EXT] RE: Modular Concrete ‐ Town of Canmore
Hi Tony,
We have an order of 28 TC barriers on their way. We’re excited to put them into use and observe changes on our
streets!
I was hoping you could send along the examples of installations, and any technical design/specifications you may have.
We would accept all responsibility and liability for our own installations – we’re just looking for a good starting point.
I appreciate you are quite busy! If there is someone on your team that I could reach out to that could help out just let
me know.
Thank you for all your assistance,
Andy

Andy Esarte
Manager of Engineering
Town of Canmore
AEsarte@canmore.ca
403.678.1545 office
403.678.1534 fax
www.canmore.ca
From: Churchill, Tony [mailto:Tony.Churchill@calgary.ca]
Sent: Monday, June 26, 2017 11:13 AM
To: Danika Medinski
Cc: Andy Esarte
Subject: RE: Modular Concrete ‐ Town of Canmore
Hi Danika,
Thanks for your call on Friday, I left you a message this morning. I’ll be out for a bit this afternoon and all day tomorrow
but feel free to send me a note and hopefully we can connect later this week.
Regards,
Tony
A.E. (Tony) Churchill, M.Sc., P.Eng.
Sr. Traffic Engineer, Leader of Traffic Safety
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Roads ‐ Traffic Engineering
T 403.268.5814 | C 403.369.1438 | F 403.268.8728 | Tony.Churchill@calgary.ca | www.calgary.ca/trafficsafety

Follow us on Twitter: @yyctransport

From: Andy Esarte [mailto:AEsarte@canmore.ca]
Sent: Monday, June 12, 2017 9:48 AM
To: Churchill, Tony <Tony.Churchill@calgary.ca>
Cc: Danika Medinski <DMedinski@canmore.ca>
Subject: [EXTERNAL] RE: Modular Concrete ‐ Town of Canmore
Hi Tony,
I’ve copied Danika, our project coordinator for this work. She’ll be following up this week as we’re hoping to place an
order soon based on the lead times expected.
Thanks again,
Andy
From: Andy Esarte
Sent: Wednesday, June 07, 2017 12:55 PM
To: Tony Churchill (Tony.Churchill@calgary.ca)
Subject: Modular Concrete ‐ Town of Canmore
Tony,
Thank you for taking the time to speak with me earlier this week.
You mentioned you could you forward examples of the areas you’ve used your modular designs? Also, any chance you
could send your RFP / RFQ document you developed so we have the correct specifications and could piggy back on that
work? And lastly, the contacts for the suppliers who you’ve used would be wonderful.
Thanks again, look forward to catching up one of these days in Canmore or in Calgary. I owe you coffee or a lunch!
Andy

Andy Esarte
Manager of Engineering
Town of Canmore
AEsarte@canmore.ca
403.678.1545 office
403.678.1534 fax
www.canmore.ca

NOTICE ‐
This communication is intended ONLY for the use of the person or entity named above and may contain information
that is confidential or legally privileged. If you are not the intended recipient named above or a person responsible for
delivering messages or communications to the intended recipient, YOU ARE HEREBY NOTIFIED that any use, distribution,
or copying of this communication or any of the information contained in it is strictly prohibited. If you have received this
communication in error, please notify us immediately by telephone and then destroy or delete this communication, or
return it to us by mail if requested by us. The City of Calgary thanks you for your attention and co‐operation.
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