This report on stormwater management in the City of Ellsworth
was prepared by the College of the Atlantic 2014 Land-Use
Planning Class. There are a few people we would like to
acknowledge for making this project possible. They include City
Planner Michele Gagnon, for allowing the class to study
Ellsworth’s storm water management as their class project;
Assistant City Planner Elena Piekut, for working with the group in
and out of class and providing invaluable information, contacts,
and assistance; and Civil Engineer Eero Hedefine, for sharing his
extensive knowledge and experience of civil engineering in
Ellsworth and surrounding areas.
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The class would like to further acknowledge the Team from the
University of Maine working with the Sustainability Solutions
Initiative (SSI): Esperanza Stancioff, Alex Gray, Shaleen Jain, and
Nirajan Dhakal. This class’s work builds upon their two year
stormwater project and would not have been possible without
them.
Why we chose to undertake this project:
The SSI team pointed out that the region has been experiencing
more frequent and more intense storm patterns, which they
demonstrated in a public presentation to the City of Ellsworth in
April and in their MPBN film, “Culvert Operations.” From them, we
learned that stormwater infrastructure in various parts of Maine is
facing increasingly heavy strain and increasingly frequent failure
from stormwater. The picture above is of Route 179 in Ellsworth in
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2009. Hearing about the SSI team’s project, we saw an
opportunity to help. By contributing to SSI’s project, we as
students had the opportunity to work on an actual problem
and do applied work rather than a theoretical study, and the
city of Ellsworth was provided with valuable information.
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Before one can understand our work, we need to explain the
focus area.
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Different parts of our work covered different scales. Some of the
work applied to the entire city, but most was focused on the urban
core, which is outlined in red on this map. More specifically, we
focused on the region of the urban core that drains into Card
Brook, which is highlighted here with yellow crosshatch.
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Within these areas, we have done the following:
o Combined numerous public data sources in order to
create a comprehensive inventory of Ellsworth’s
stormwater infrastructure
o Included culverts on public roads for the entire city and
catch-basins and storm drains within the urban core
o Created new and more accurate data regarding
impervious surfaces within the urban core.
o Used the LiDAR data purchased by the City to create a
hydraulic model of stormwater flow within the urban
core.
o Identified, located, and verified the existence of “pinch
points” within our focus area.
o Prioritized important culverts to aid storm and
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emergency preparedness.
o Surveyed selected stream crossings and natural
resources.
o Created a “Constraints Map,” identifying potential
areas where new development might occur, and
o Investigated options for future stormwater
management strategies.
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One of the most important tools we had to work with was the
ArcGIS mapping software. Our findings have been compiled into a
working GIS database which has been delivered to the city. The
city will now be able to take full advantage of this resource for
future decision making.
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Much of our work used maps and aerial photographs. All maps in
this report are oriented with North as up. A few features that will
be fairly consistent throughout the maps include High Street,
Route 1 (branching off of High Street), and Card Brook (where it
flows under High Street). Hannaford and Walmart are also
visible, as is the red roof of Pizza Hut at the conjunction of Card
Brook and High Street.
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At smaller scales such as this, one will also be able to make out
the Union River.
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Impervious surfaces are areas of solid material which water
cannot pass through such as your typical rooftops, roads, and
parking lots. Since the water cannot infiltrate into the ground in
these areas it runs across the surface when it rains or the snow
melts. As these surfaces become larger and steeper the speed,
temperature, and quantity of runoff increases. In order to better
understand Ellsworth’s stormwater runoff an impervious layer was
developed using in the mapping program ArcGIS to include in our
hydraulic model that will be discussed shortly.
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Maine GIS developed such a layer, but there were significant
gaps in their information. The interactive supervised classification
tool in ArcGIS was used to accurately identify more of the
impervious surfaces within the Card Brook Watershed. The final
map is shown here with the red areas indicating all of the
impervious surfaces including the roads, sidewalks, rooftops, and
parking lots. 11.5% of the Card Brook’s Land Area is composed
of impervious surface.
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This map shows all of the impervious surfaces in the previously
identified focus area. This is the area where the majority of the
hydraulic modeling was performed.
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This is a soil drainage map for part of the urban core. Green on
this map shows areas of excessively draining soils and ranges to
poorly and very poorly draining soils in red and dark red.
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Here poorly and very poorly draining soils have been extracted
the to help locate areas of high water runoff. What this means is
that these areas are more likely to have rain water flow over the
surface and not be absorbed into the soils and vegetation.
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This map shows the impervious layer combined with the poorly
and very poorly draining soils to represent areas in which we
expect high water runoff for rain events.
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We were able to collect data for the drainage system from the
Department of Transportation for this area in the urban core.
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The blue dots represent the catch basins that were installed in
1975 during the DOT’s storm water project. This map shows the
direction of stormwater flow towards Card Brook using the storm
water pipes shown in red.
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The yellow dots indicate where originally a combined sewer and
stormwater drainage that was installed in 1965 was located but it
was converted to strictly stormwater drainage when the DOT
installed the new system in 1975. The picture of the 4 ½ ft
reinforced concrete pipe on the lower left is where the southern
part of the system drains into Card Brook. The picture of the 4 ½ ft
reinforced concrete pipe on the upper right is where the northern
part of the system drains into Card Brook. The pipe is nearly half
way full of sediment that could cause failure and flooding
amounting to a large financial burden on the city of Ellsworth.
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The purple dots are the City’s catch basins that could possibly
connected to the 1975 DOT drainage system.
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This shows the pipes, slope, and possible linkages between the
City’s catch basins
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The green lines represent the possible connections but they have
not been field verified.
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LiDAR data was used for surface and hydraulic modeling. LiDAR
is a remote sensing technology that measures distance by
illuminating a target with a laser and analyzing the reflected light
to determine the shape of the surface topography.
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Aerial view of part of the urban core.
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50% transparent aerial view with a LiDAR hillshade map
underneath.
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Aerial map removed to show the detail that can be achieved using
lidar as a topographic map.
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Hannaford parking lot detail - to help show the results of the Flow
Accumulation tool in ArcGIS.
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Flow Accumulation overlaid on the lidar map. Flow directionality
becomes apparent.
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After close examination of the flow accumulation we determined
the direction of flow.
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We applied flow accumulation data and identified the drainage
area for each culvert.
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This map shows the outer boundary of all drainage areas that
eventually flow into Card Brook.
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This map shows the outer boundary of the drainage area on top of
the impervious surfaces layer.
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The outer boundary has been reduced to exclude areas where
soils allow infiltration and thus do not contribute significantly to
run-off.
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Developing a Model for Identifying “Pinch Point” Culverts
A pinch point is defined as any culvert that has a narrower
opening than the culvert directly upstream, causing the volume of
water to be “pinched” through a smaller area as it flows
downstream. This causes problems because it increases the
water pressure of the brook, leading to issues with sedimentation
and erosion. These conditions also have a negative impact on the
fish and other wildlife that live in the brook. During heavy rain falls
and storms, pinch points represent the most vulnerable culverts
for damage and uprooting.
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Collecting and combining State and City culvert data required
eliminating duplication.
In order to improve the validity of our results, we needed to make
sure that we were working with the most complete records of
culverts available, which meant combining data from multiple
sources. We combined the city’s existing data (updated in 2010),
which had 285 culverts, with newer data from the Maine DOT
(updated in 2014), which had 323 culverts in total, including those
within one mile of the city boundary. Next, we manually deleted all
of the duplicates from the state data set, since the city’s was more
accurate. For a more complete list of steps about how to perform
this task, please see Appendix X. In the end, we identified 41 new
culverts from the state data that the city did not have in its records
before and an additional 81 culverts along the one mile boundary

33

of the city. This new data set that we have compiled will give
you a much better idea about the real number of culverts
throughout Ellsworth and be able to better assess their
characteristics and conditions through the ArcGIS attribute
tables.
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This data set includes three separate shapefiles labeled
“DOT_large_culvs_nondups_5_27_14,”
“DOT_small_culvs_nondups_5_27_14,” and
“City_Ellz_culvs_nondups_5_27_14” located in
M:\MCHARG\Active_Projects\1_LUPGIS_2014\Ellsworth_Project
_Work\Nick_Urban\shapes. Please note, these three files must
always be used together in order to get a full inventory for the city.
We were unable to merge them into one data set because of the
large amount of differently-labeled columns. We would
recommend that the city pursue possibilities for merging or
combining these three complimentary files into one master set that
can be updated in the future.
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Identified “Pinch Points”
First, we overlaid the flow accumulation and direction hydraulic
model on top of the new culvert map to determine which culverts
flow into which. We then labeled them based on the width of their
opening to locate the pinch point culverts. For a more complete
list of steps about how to perform this task, please see Appendix
Y. To record them as pinch points, we added created a new
column in the data table called “PNCH_PNT” and labeled them
with a Y for yes or a N for no. We also recorded the amount of
pinching by calculating the percentage of the opening, by area,
that is squeezed from the upstream culvert through the pinch point
in a column called “PNCH_RATIO.” For example, a pinch ratio of
0.7 means that the stream is being pinched through a culvert 70%
the size of the previous one; the smaller the ratio, the larger the
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pinching.
In the end, we identified only two pinch points within the
focus area, as indicated by the orange circles on the map.
Please note, this map uses clipped data from the three
original master non-duplicate sets described previously and
any edits within this map will not affect the larger data.
Rather, this map should only be used as an example or
template of the process. Any new pinch points that are
identified within a clipped set must then be manually entered
into the larger data set later. As the city goes forward with its
own pinch point inventory, the convergence of route 184 and
route 1 would be a highly recommended place to start.
Overall, knowing the location of these culverts can help
Ellsworth get a better sense of the weak points within their
water management system and better prioritize future
maintenance.

35

Culvert data from the MEDOT 2014 updated survey and the City
of Ellsworth from 2010 were used to prioritize suggested
monitoring and replacement of culverts in order to properly
prepare for a large storm event. These maps focus on three
areas: emergency and public service, potential hurricane surge,
and tourism accommodations and evacuation routes. It is
important to know that if Ellsworth was expecting or had recently
experienced a large storm event, certain more vulnerable culverts
should be prepared or serviced first. This was determined based
on location, condition of the culvert, and the culvert’s capability of
draining water. Emergency Services were chosen because
firefighters and other first response vehicles need to be able to
reach emergencies, and a washed out culvert could severely
impede this effort. Similarly, people in hospitals and schools are
especially vulnerable and would potentially need to either be
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evacuated, sent home, or easily reached by emergency
personnel.
In terms of tourism and density in the urban core during the
summer season, potential hurricane surge and evacuation
routes are major priorities. A hurricane surge up the Union
River could bring large amounts of water into a normally
calm area not equipped for flooding. This may cause a lot
more washed out culverts and flooded areas during such an
event, so it is important to know which would be most at risk
and which to check first after a storm. Preparing an at risk
culvert before a storm could save Ellsworth a lot of money,
rather than fixing the damage after the culvert fails.
Hurricanes and other storms, however, do not just affect the
year-round residents of Ellsworth. During the summer, there
is a large influx of tourists particularly in the urban core. The
tax parcel layer provided by the City was used to determine
where tourists would most likely stay. Most of these areas
are in the center of city and on a main evacuation route, thus
simultaneously indicating where most tourists would be
travelling in the summer (and displaced in the occurrence of
a washout) and and along which routes people from Mount
Desert Island and Ellsworth would most likely be evacuating.
This map deals with concerns related to public and
emergency services. It indicates all of the emergency
services such as the Red Cross, hospitals, ambulance,
police, and fire and EMS centers. In addition, the public
services indicated are schools and nursing homes.
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This map shows the combined emergency services as well as the
public services in order to find which culverts were within half a
mile of either group, as indicated by the green dots. This distance
was chosen because the culverts are close enough to affect
transportation to and from the indicated buildings, but not so far
that culverts on alternative transportation routes were mistakenly
identified as well.
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This map shows which culverts are most likely to fail in the event
of a storm. This was determined by evaluating the culvert location
information provided by the City of Ellsworth in 2010 and a
MEDOT survey updated in 2014. There are two sections of the
extensive data that are most important: culvert condition and drain
condition, which refer to how well the culvert can handle water
travelling through it. Displayed on the map is a prioritization, from
green/good to red/bad condition. The green represents good
quality, yellow - potentially diminished quality that should be
monitored, red - poor condition, and red and orange - culverts that
are at risk of both flood and washout. These culverts should be
serviced first in the event of a storm.
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This map shows the Union River and potential hurricane surge
area as indicated by the State of Maine Office of GIS. In addition,
all tourist accommodations are also shown.
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This map indicates all of the culverts within a half mile from any
tourist accommodations. It also indicates the culverts that were at
most 250 meters from the potential hurricane surge. A much
smaller distance was chosen for the potential hurricane surge
because those culverts closer are more likely to be affected by the
surge.
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The culverts on this map are prioritized based on condition and
drainage. In the event of a storm, the culverts indicated within the
high density area near High Street and Card Brook and along
major roads should be serviced and monitored to ensure that
transportation is clear and safe. Before a hurricane, the vulnerable
culverts near the Union River potential hurricane surge should be
reinforced first to avoid more extensive hurricane damage. It is
also important to note that, while the culverts identified on these
maps do not correspond with the two pinch points identified on
previous maps due to their distance from the indicated points,
those pinch points could be coupled with these culvert maps to
establish prioritization.
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The role of the field team was to support the other aspects of the
project with photos, field verification, and data collection. As a
class we realize that our results are only as good as our data and
considering the many sources of our maps, the field team wanted
to make sure they are as accurate as possible. Being a part of the
field team means getting our hands dirty and feet wet and
becoming familiar with our environment.
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We have discussed Card Brook as a receptacle for storm waterbut we haven’t described it as a natural and recreational resource
for the city of Ellsworth. When considering planning issues, we
sometimes forget about the small ecosystems in urban areas: they
are often crowded-out and unable to provide to their fullest ability.
Over the past few weeks our class has gotten to know Card Brook
intimately. The field team found that not only does the brook
provide a vital channel for storm water runoff but also a beautiful
natural resource in the urban core.
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Card Brook has the potential to be both functional and beautiful
and is an vital asset to the Urban Core of Ellsworth.

44

The field team used data provided by DOT, and the city of
Ellsworth, to find and assess storm drains and spillways. (A
spillway is a structure that slows down storm water being released
into a larger body of water). As discussed, the major issue
impacting the health of Card Brook is excessive stormwater runoff.
The field team set out to photograph the major sources of
stormwater input (ie spillway) as well as to photograph the direct
effect that stormwater has on the surrounding environment. Also,
since much of the data we were using was collected throughout
different years and from various places, it was the field team’s job
to go out and verify various aspects of the data.
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In the expeditions we discovered old, rusty, unused storm pipes
lying on the banks of Card Brook, suds in the water, methanol
tanks next to the brook, lots of litter and trash, oil slicks in parking
lots, and porta potties in a parking area from which runoff flows
directly into the brook.
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Despite the obvious issues, Card Brook provides a rich ecosystem
where frogs and beavers make their home, flowers bloom, and the
sounds from the city’s traffic disappear.
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Though there are lots of pockets of natural landscape in the city,
there are not any that could be potentially as functional, and as
beneficial to the city, as Card Brook (in terms of storm water
mitigation).
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Prior to the class, COA student Alexandria Miller had been
working with Alex Abbott at the U.S. Fish and Wildlife Service
collecting and entering data into the Maine Stream connectivity
survey for Mount Desert Island. The survey collects information
about road-stream crossings across the state to gain a
comprehensive understanding of the status of our culverts and
proper wildlife passage. Alexandria has been trained for the
survey and she knew what was needed to be collected for each
site, as well as how to collect that data. The survey has not been
done for Ellsworth yet. When the class went to survey Card Brook,
our class was able to use the Maine Road-Stream Crossing
Survey Manual and field survey form to ensure that we were
accurately recording the data and collecting all of the information
required. The field team surveyed both bridges across Card
Brook, at High street and Water Street. Alexandria has entered
that information into the database, which will be able to be
accessed by the public via their website.
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Fish passage is an important consideration when accessing
culvert condition. Culverts that are incorrectly sized, poorly placed,
or damaged can prevent fish and wildlife from accessing food,
breeding areas, and other important habitat. Undersized culverts
restrict the natural stream flow, causing scouring and erosion, a
high flow velocity, clogging and ponding. Shallow crossings have
water depths too low for many organisms to make it through them
and may not have adequate bed material. Perching erodes
streambeds and can prevent wildlife from migrating upstream.
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Most stream crossings in Ellsworth were designed and installed at
a time when the environmental impacts of such crossings were
not understood. Periodic upgrades of bridges, culverts, and road
crossings are required to keep roads safe. This is especially
important with the increased intensity of storms. As Ellsworth
decides to replace or retrofit culverts they should also take into
consideration improving fish and wildlife passage. When roadstream crossings are regularly upgraded it will reduce long-term
maintenance costs and periodic loss of use. Culverts should be
replaced if a crossing is structurally poor or degraded; undersized;
and sufficient funds are available. The road crossing should be
retrofitted if it does not need replacement. A bridge is the best
road-stream connection for successful fish passage and wildlife.
When replacing or retrofitting a culvert or bridge it is important to
pay attention to fish and wildlife-friendly passage.
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The class also looked at the current Land Use Zoning Ordinances
for the City of Ellsworth and conducted a growth analysis to
determine where future development might occur. Our predictions
were based on a series of assumptions about where building is
least constrained by physical and economic factors.
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The purpose of this analysis was to predict where there might be
an increase in impervious surfaces that may result in increased
runoff, especially during heavy storms, further stressing the
stormwater system in or adjacent to the newly developed areas.
This image shows the current zoning for the city of Ellsworth. The
17 separate zones are displayed in the legend. We began our
growth analysis by attempting to determine the zoning districts
that might generate the largest impacts from future development.
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Those zones are shown here. We chose zones that were listed as
growth areas for the city and contain higher density development.
We eliminated the areas zoned for Limited Development and
Resource Protection.
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This image depicts the selected zoning districts mentioned on the
previous slide. They represent the areas where we predict new
development is most likely to occur. Next we began eliminating
areas based on physical and economic constraints. Most of the
zones shown here are included in Ellsworth’s designated Urban
Core, as they are considered growth areas and allow more multiuse for residential, commercial, industrial and recreational
purposes.
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Parcels were excluded that had the following characteristics:
Those listed as having a building value, based on the assumption
that all parcels with development on them will have a building
value greater than zero. This helps show where undeveloped
parcels within our development area are located. However, tax
exempt buildings are also listed as having a building value of zero.
Excluding parcels that were owned by the city, by non-profit
organizations and other tax exempt ownership gave a better
sense of possible undeveloped parcels. There was incomplete
information on individual parcels, especially when it came to city
ownership. These exclusions were made strictly from the data
tables and not all of the parcels were verified. The next step was
excluding parcels that are mostly covered by wetlands, wet soils
and steep slopes over 12% because these parcels are more
costly to develop.
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After excluding all of those parcels the remainder makes up the
potential growth area for the city. The growth area includes 307
parcels and is 4.89 sq miles or 3,129 acres. We used this
information to show how expanding impervious areas may affect
stormwater runoff in other watersheds too.
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The purpose of predicting the locations of the potential next phase
of new development was to determine those watersheds and
streams which in the future might face issues similar to those
currently found in Card Brook. The chief concern here is that with
an increase in high density development there will also be an
increase in impervious surfaces and therefore an increase the
quantity of stormwater runoff during wet weather events,
especially heavy rain storms. In order to identify the watersheds
most likely to experience an increase of impervious surface due to
development we overlaid a watershed dataset with the final
predicted potential future new development layer.
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The purple cross hatched areas are the watersheds that intersect
with the predicted new development area which is shown in red.
In total there are 16 watersheds that intersect with the potential
development area. By doing this we were able to identify those
watersheds that might experience the most high density
development based on our predictions. The top five were chosen
based on having a higher than 10% composition of the predicted
new development area, and they are:
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Moore Brook Watershed
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Grey’s Brook Watershed
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Union River Watershed
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Deadman Brook Watershed
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Branch Lake Stream Watershed. Again, these are the streams
that can be monitored as new development might occur in the
coming years. Next, as a way to better understand how
development might occur in the future building permits were
examined over the past four years in order to identify trends.
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This graph shows the building permits issued in the commercial
building zoning districts from 2011 up until present. The majority
of the new construction has primarily taken shape as
redevelopment in the form of alterations (seen here in orange) and
accessory structures (seen here in Purple). There have, however
been 8 new principle structures and 4 new multifamily apartment
buildings built in the commercial building zone in the past four
years. This means that new buildings have been built on
previously vacant lands. It is important to note that three of these
commercial principle structure permits have been issued this year.
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Meanwhile in the residential zones there has been 62 new single
family homes and 3 new principle structures built between 2011
and present. New accessory structures (seen here in Purple) and
additions (seen here in Blue), however, still greatly outnumber
these new sources of development.
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The Total Maximum Daily Load, or TMDL, report for Card Brook
was compiled by the Maine DEP to calculate key pollutant issues
in the brook stemming from the impervious surface stormwater
runoff. This report states that the key pollutants for Card Brook are
road salt, phosphorus, and thermal pollution. While not a pollutant
in and of itself, the speed at which the water is running off the
impervious surface and entering the Card Brook watershed is
much too fast, and is therefore listed as a concern.
These pollutants can affect the watershed in several ways. Having
a high level of dissolved oxygen in the water is essential to the
survival of aquatic life. But it is likely that the high temperature of
the runoff water in combination with the high phosphorus levels is
lowering the dissolved oxygen levels, decreasing the amount and
variety of life in the water. Road salt is also very harmful to aquatic
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life, posing a risk to species survival, growth, and
reproduction. Finally, the speed at which the runoff enters
the watershed was noted in the TMDL report because the
greater the velocity of the runoff coming into Card Brook, the
less time the water has to allow pollutants to settle out and
for the water to cool.
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Much of Ellsworth’s impervious surfaces were installed prior to
1987, when Congress updated the Clean Water Act to include
quality controls for stormwater runoff. When the Clean Water Act
was first passed in 1972, developers were not required under the
law to pretreat their stormwater runoff. However, the city has
already done some fantastic work updating and expanding their
drinking water and sewer systems in anticipation of further growth
in the urban core. The logical next step in this process is to
examine the stormwater system and how the city can control
runoff. For our focus area of Card Brook, there are several ways in
which the city can address this.
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The current proposed solution is to reduce pollutants was
recommended to the City by Jeff Dennis at the Maine DEP. This
would be to extend the drainage pipe from the Maine Coast Mall
to Foster Street, thereby directing stormwater runoff past Card
Brook. From Foster Street, the stormwater would be discharged
and could more slowly seep into the Union River. This method
would reduce stormwater volume running into Card Brook and
reduce some pollution, as this process would slow down the flow,
filtering out some of the sediment and pollutants before the water
enters the river. However, we recognized that this project would
be at a significant cost to the city, and therefore decided to
consider some alternative, low impact development treatments.
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One example of short term alternative solutions are storm drain
guard inserts, which can be put over storm drain pipes to filter
trash and sediment. They can also reduce the velocity of the water
entering the storm drain system. However, these inserts need to
be cleaned frequently and are only a temporary solution.
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There are also more long-term solutions the City can encourage in
order to improve stormwater quality. The first of these options are
vegetative underdrain filters, or VUFs, which are a section of
grassy or vegetative area within a parking lot or other impervious
surface. VUFs function by stormwater runoff draining into an
opening in the pavement lined with gravel and planted with
vegetation. Stormwater passes through a filter that collects large
particles and trash, and then to move through the vegetation and
gravel bottom of the system, which filters it further. VUFs also help
reduce the quantity of water entering the receiving watershed by
opening up a space in the pavement for some of the water to soak
into the ground.
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Locally, VUFs have been implemented at Schoodic Institute’s
parking lot and have been successful there at addressing issues
of water quantity and quality.

74

We spoke with civil engineer Eero Hedefine about alternatives for
Ellsworth, and in showing him this parking lot on the south side of
the Ramada Inn, he recommended installing VUFs in the surface
to allow for better runoff control. As another way to address this
area, we would also like to suggest looking into the greenstrip just
south of the Ramada Inn as a potential location for filtering some
of the runoff as well. This idea is supported by the flow
accumulation map, which demonstrates that water running off the
pavement in the parking lot naturally flows into this area. By
installing a treatment system here, you could collect this water for
pretreatment before it enters Card Brook. However, because this
greenstrip is on a slope, there would also need to be a retaining
wall installed to keep the soil on the north side of the wall in place
and protect the treatment system.
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Currently, the greenstrip is not utlized for anything significant
except to delineate between the Ramada Inn and Hannaford
parking lots.
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If there were to be a low impact development treatment system
installed here, not only would it help to mitigate runoff issues, but
it would also enhance the aesthetics of the area, as this image
demonstrates.
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In addition to the VUFs, Mr. Hedefine also recommended that the
city encourage increasing the infiltration capabilities of the rest of
this parking lot with treebox filters.
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Essentially, treebox filters are a concrete box placed in the ground
and filled with a soil mixture, a mulch layer, and under-drain
system, which is then topped with a shrub or tree. Stormwater
runoff drains into this box and is filtered by the media and
vegetation inside. The treated water then flows out of the system
through an under drain connected to a storm drainpipe. This
system has the potential to greatly reduce pollutant loads.
StormTree treebox filters advertise a third-party report that their
tree boxes have a removal rate of phosphorus greater than 63%
and oil and grease greater than 85%. By installing trees in tree
boxes, there is also more shade across the surrounding paved
surface, mitigating thermal pollution issues for stormwater runoff.
In terms of water quantity, treeboxes can be used to control runoff
volumes by devoting more storage space beneath the filter box
with a controlled outlet.
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A well-publicized example of the success of tree box filters is in
Portsmouth, NH, where they were used to control water quality
entering their Hodgens Brook watershed, which was in a situation
very similar to Card Brook at the outset of the project.
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In addition to installing them in the parking lot south of the
Ramada Inn, Jeff Dennis at the DEP suggested a possible site for
treebox filters in Ellsworth could be along High Street. Echoing
this recommendation, the flow accumulation map shows that
water gathers at and runs down the sides of the High Street
before entering catchment basins, making it a good place to
consider treebox filter installation.
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The aesthetic quality and walkability of High Street could be much
improved by following this recommendation. The trees, while
filtering pollutants and controlling stormwater quantity and
velocity, would shade the sidewalk, thereby making walking in
downtown Ellsworth more enjoyable during the summer. Each
treebox filter can handle the runoff of about a quarter acre of
impervious surface, and based on this information we estimated
that the treeboxes would be approximately 100 feet apart, as
represented in the edited basemap. Treebox filters placed along
this area might also serve as an alternative to catchment basins
along the curb.
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A third option that the city can encourage is for private land and
business owners to implement are green roofs. These are roofs
that have been built or retrofitted to accommodate lightweight
vegetation and drainage material. In consulting with LaMarr
Clannon from the Non-point Education for Municipal Officials
(NEMO) organization, she recommended that we look into green
roofs as a way to minimize the amount of water entering the
stormwater system, as green roofs can capture as much as 60%
of the precipitation that falls on them. This means that 60% less
runoff will be coming off a building’s roof, getting polluted on the
pavement below, and ultimately entering Card Brook. Green roofs
are also intended to be very hardy to different weather extremes
and require little maintenance.
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A good local example is the green roof at the Ellsworth
Elementary School, which was installed in 2011.
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Finally, another alternative is the installation of porous pavement,
which is an option to consider for future new road and parking lot
development. As the name indicates, water is able to infiltrate
through the pavement and into the ground, which reduces runoff
to a great extent. The University of New Hampshire low impact
development studies found it to be most effective system for
reducing runoff volumes. Porous pavement does not require
additional space and can be implemented on public roads, making
it a change that can be controlled by the municipality. This aspect
makes it a more suitable option for highly developed, urbanized
areas.
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A local example is at Maine Mall Road in Portland, which was
installed in 2009 by the Maine Department of Transportation. It is
the first application of porous asphalt on a public road in the
Northeast, and was part of a larger project to restore the Long
Creek Watershed. This information about the different methods
primarily is derived from the University of Hampshire’s Stormwater
Center; their research team has extensively tested and evaluated
all of these installations and report very promising outcomes and
future perspectives. A link to their biennial report can be found in
Appendix C.
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Each of these stormwater treatment technologies are very
effective, but they also need to be cost effective. The above table
shows the different water quality issues that each technology
addresses, along with its cost. VUFs cost around $3-$10/sq. ft.
and mitigate every pollutant issue addressed in the TMDL. The
Filterra treebox filter system, which Jeff Dennis recommended,
costs around $24,000/acre of impervious surface or ~$2/sq. foot of
impervious surface. Treebox filters do a really good job at
removing pollutants in solution, except when it comes to salt, so
they are not recommended for areas with a profound salt issue.
The cost of green roofs range from $10-$15/sq. ft. for new
construction to $15-$25/sq. ft. for a roof retrofit. Because they deal
only with water on the roofs of buildings, green roofs do not
address Ellsworth’s issues with salt or phosphorus. However,
there are more specific grant opportunities for green roofs, and
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they have about twice the lifetime as a conventional roof.
The cheapest of these technologies is porous asphalt, which
costs thirty cents per square foot. However, it only deals with
issues of quantity, velocity, and phosphorous levels.
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To help fund these different low impact options, we have compiled
a list of potential grant opportunities and other funding sources.
They include The U.S. Department of Agriculture’s Forest
Stewardship Incentive Program, which matches a private land
owner’s expenses for erosion control, water-harvesting
earthworks, and revegetation projects on land of 1,000 acres or
less. Landowners can get up to $10,000 annually through this
program. Another option is the Environmental Protection Agency
319 Grant Program. Under the Clean Water Act Section 319(h),
funds are provided to designated state agencies to implement
approved nonpoint source pollution management programs.
States submit their proposed funding plans to the EPA for
approval. For green roofs, funding exists through the Energy
Policy Act of 2005, which allows Federal tax credits of up to $1.80
per sq/ft to be applied to green building projects that meet the
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American Society of Heating, Refrigerating and AirConditioning Engineers standards. (See link in Appendix C)
Finally, Eero Hedefine recommeded that if the city chooses
to create a low impact development design plan complete
with a cost analysis, that this could be sent to the DEP,
which could potentially coordinate funding for them.
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There are many resources available on how to implement low
impact infrastructure through land use regulations and ordinances
on a municipal level. While this does not necessarily mean new
ordinances, it also concerns adapting ones that already exist.
Examples of such projects can be found at the EPA’s Water
Scorecard (See Appendix C for link), which lists topics such as
beneficial zoning ordinances, subdivision codes, street standards
and road design guidelines. The Center for Watershed Protection
(CWP) has created a stormwater program self-assessment for
municipalities, post-construction stormwater management model
ordinances, and code and ordinance review worksheets. An
additional reference would be the Department of Natural
Resource’s stormwater guide. (See Appendix C)
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1)

2)
3)
4)

5)
6)

7)
8)

Determine which data set’s attribute table is superior (greater
number of attributes, more comprehensive descriptions,
applicability to specific objective, etc…)
Open the inferior data set in ArcMap and save the layer as a
new layer file, rename accordingly
Close ArcMap and open a new map with the new layer file
Preview the attribute table of the superior data set inside of
ArcCatalog and open the attribute table of the inferior data set
layer inside of ArcMap
Reposition both windows so that both attribute tables can be
compared side by side
In both attribute tables, select the ASSET_SYS column (or
any attribute with a unique ID /signifier that distinguishes
different culverts) and sort by descending order
Inspect the list carefully for any duplicates
Compare the other attributes in the tables for all suspected
duplicates to ensure they are in fact duplicates
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9)
10)
11)
12)
13)
14)

Delete the inferior duplicates inside of ArcGIS:
Start an editing session for the appropriate data layer
Select the entire row of each duplicate data point
Press “Delete”
Save and exit the editing session
Close ArcMap, no need to save the map
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1)

2)
3)
4)

5)
6)
7)

8)

9)

Open ArcMap and import the combined culvert data and the
flow accumulation and direction hydraulic model on top of a
GPS satellite base map
Right click the culverts layer(s) and select “Properties”
In the “Label” tab, chose to label based on SPAN_WIDTH
Scroll through the map carefully, looking for any adjacent
culverts where the upstream culvert is larger than the
downstream culvert
When a pinch point is identified, select it and start an editing
session for the culvert data layer
In the PNCH_PNT column for that point, add a “Y”
Calculate the areas of the openings for both the upstream and
pinch point culverts using the SPAN_WIDTH attribute for
circular and SPAN_HEIGHT for non-circular ones.
Calculate the pinch ratio and include it in the PNCH_RATIO
column, rounded to three decimal digits
Save and exit the editing session
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A well-publicized example of tree box filters is in Portsmouth, NH,
http://spfnic.fs.fed.us/TempPDF/Redesign/NH2010GrantID204.pdf
A good local example of a green roof at the Ellsworth Elementary
School, which was installed in 2011.
http://www.apexgreenroofs.com/installations/Ellsworth/mainegreen-living-roof.html
University of Hampshire’s Stormwater Center Biennial Report.
Contains a local example of porous asphalt.
http://www.unh.edu/unhsc/sites/unh.edu.unhsc/files/docs/UNHSC.
2012Report.10.10.12.pdf
Information on Bioswales
http://www.upperdesplainesriver.org/bioswales.htm
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Clean Water Act Section 319(h), funds
http://www.harvestingrainwater.com/rainwater-harvestinginforesources/water-harvesting-taxcredits/#%3Cstrong%3E%20UNITED%20STATES:%20Nati
onal%3C/strong%3E
Department of Natural Resource’s stormwater guide
http://www.dnr.mo.gov/env/wpp/stormwater/documents/giguide/gi-chapt4.pdf
For green roofs, funding exists through the Energy Policy
Act of 2005,
http://myplantconnection.com/green-roofs-legislation.php
EPA’s Water Scorecard
http://www.epa.gov/dced/water_scorecard.htm
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