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March 13, 2009

Margaret White, Town Planner
Town of Winchester

Town Hall

71 Mount Vernon Street
Winchester, MA 01890

Re: Flood Improvement Analysis

Manchester Field and Cutting Street
Dear Ms. White,
AECOM is happy to present this report to The Town of Winchester in response to their request.
AECOM has analyzed the existing stormwater conditions at Manchester Field and the Cutting Street
area and conceptually designed improvements to alleviate flooding. The Town has reported that
currently there are several areas that flood during storm events including Cutting Street, Manchester

Road, and the area between the school and soccer fields. This report describes AECOM'’s analysis,
results and recommendations.

Sincerely,

o
S g ot

Theresa McGovern , PE Michael J Toohill

Water Resources Engineer Program Manager
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Introduction

The Town of Winchester has requested that AECOM analyze the existing stormwater conditions at
Manchester Field and the Cutting Street area and conceptually design improvements to alleviate
flooding. The Town has reported that currently there are several areas that flood during storm events
including Cutting Street, Manchester Road, and the area between the school and soccer fields.

AECOM analyzed the existing stormwater conditions in these areas and then modeled conceptual
improvements to develop recommendations. AECOM analyzed the 2, 25 and 100-year storm events
with both normal tailwater and flood elevation tailwater conditions. AECOM included in the analysis the
proposed stormwater improvements that are part of Phase | and Il of the Manchester Field upgrades.
This report describes AECOM's analysis, results and recommendations.

Stormwater Analysis — Existing Conditions

AECOM analyzed the existing performance of the stormwater system to identify problem areas and
establish baseline results for comparison. AECOM reviewed survey of the existing system and
discussed with the Town their knowledge and accounts of the system.

Existing Stormwater System

AECOM received From the Town of Winchester survey of the existing stormwater system that outfalls to
the Aberjona River, shown in Figure 1. Based on the survey, this outfall collects runoff from several
stormwater systems which have been pieced together. The system can be divided into four parts: 1)
Mystic Avenue, Cutting Street and Manchester Road area, 2) parking and skate park area to the north,
3) the football fields, football field and school area, 4) area upstream of the school east of Main Street.
The school and athletic fields’ drainage system tie in with the Main Street system at a manhole on the
north east corner of the football field. The combined system continues flowing west through a siphon
that crosses the Massachusetts Water Resources Authority (MWRA) sewer main. Here, the parking
and skate park area tie in and the system continues south east parallel to Manchester Road towards the
Aberjona River. At the basketball courts, the system collecting runoff from Mystic Avenue, Cutting
Street and Manchester Road ties in. After crossing the Mystic Valley Parkway, one 24-inch outfall
discharges these systems to the Aberjona River.

Based on the survey and discussion with Town personnel, AECOM concluded the following
characteristics of the stormwater system:

e These systems contain at least two loops as shown by the survey: One is located off Manchester
Road with this system connected to the main trunk line both at the east end of Manchester Road
and again at the basketball courts. Another looped system also appears to exist under the
football field.

e Several of the catch basin located in the fields have been buried (shown in grey in Figure 1)

e An 18-inch pipe was discovered tying into the manhole on Cutting Street and it most likely drains a
low spot between the residences on Lloyd Street and Maxwell Road

e The 10-inch sewer on Manchester Road crosses through the drain manhole at the intersection of
Manchester Road and Cutting Street.

e Several school roof drains tie into the stormwater system.
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Existing Conditions — Hydrologic and Hydraulic Modeling

AECOM analyzed the existing stormwater system for several hydrologic conditions. AECOM created a
hydraulic grade line model of the system using the program Hydraflow Storm Sewers Version 11.0.0.1
by Intelisolve. AECOM used the model to calculate hydraulic grade lines through the system based on
a set tail water condition at the outfall and runoff predicted for a given storm event using the rational
method. The model does not simulate the timing of hydrology and therefore the results do not take into
account the timing differences of a peak runoff discharge form the area compared to the peak flood
elevations of the Aberjona River.

The inputs to the model include:

e Intensity, duration, frequency relationships

e Pipe information: pipe sizes, pipe lengths manning'’s roughness, and upstream/downstream invert
elevations

e  Structure (catch basin and manhole) information
e Watershed area contributing to inlet structures (catch basins)

e Average rational method runoff coefficient C and time of concentration for each watershed

AECOM used intensity, duration, frequency (IDF) curves developed for Boston for the rainfall input to the
model. The curves include the 2-year, 10-year, 25-year, and 100-year storm events.

AECOM obtained the pipe and structure information from the survey provided by the Town.

AECOM delineated watersheds contributing to these systems based on the conclusions presented in the
previous section, topography and the location of catch basins or other inlets. Figure 2 shows the existing
stormwater system and their watersheds. In addition to the one-foot topography of the athletic fields,
AECOM had two-foot topography data and planametrics for the entire town that was previously provided
by the Winchester Engineering Department in ACAD format. The stormwater system configuration outside
of the survey area that we used to delineate the watershed upstream of Main Street was based on the
Town’s GIS drainage layer and assumed correct.

AECOM developed a custom land cover dataset based on planametric data provided by the Town and
assigned rational runoff coefficients to each cover type.. AECOM defined land area as one of the three
land types as shown in Table 1 and calculated an area weighted runoff coefficient for each watershed.

Table 1 Rational Runoff Coefficient Values

Land Cover Type  Runoff Coefficient

C
Impervious 0.9
Grass 0.3
Woods 0.2

AECOM calculated time of concentrations based on the NRCS method(formerly the SCS method), as
described in Technical Release No. 55 (Urban Hydrology for Small Watersheds, U.S.Soil Conservation
Service, revised 2003). Table 2 shows the watershed properties under existing conditions. Appendix A
includes the model input file associated with the existing conditions analysis.
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Table 2 Watershed Properties

Time of
Area Weighted Concentration
Watershed Name (ac) Rational C (min)
la 0.8 0.6 10
1b 0.6 0.5 10
1c 1.7 0.6 10
1d 0.1 0.8 10
le 0.2 0.6 10
1f 0.1 0.8 10
19 0.9 0.6 10
1h 0.4 0.7 10
1i 2.6 0.5 10
2a 0.3 0.5 10
2b 0.3 0.6 10
2c 0.7 0.6 10
2d 0.3 0.7 10
2e 0.3 0.7 10
2f 0.1 0.4 10
29 14 0.6 10
2h 0.4 0.7 10
3a 5.6 0.4 12
3b 0.1 0.6 10
3c 0.4 0.5 10
3d 0.3 0.5 10
Building North 0.7 0.9 10
Building South 0.7 0.8 10
Maxwell Depression 2.2 0.5 10
Mystic Depression 2.1 0.4 10
Field 3.7 0.4 10
Upstream 40.4 0.5 12

Grand Total 67.3 0.5
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AECOM include the following model assumptions in the existing condition analysis:

e The 18-inch pipe connected to the manhole on Cutting Street drains the low point between Lloyde
and Maxwell Streets

e The buried catch basins do not collect water

e Primary flow from the Manchester looped system flows west
e Primary flow from the field looped system flows north

e School roof drains are connected to the stormwater system

e Only 23 cubic feet per second of stormwater from the upstream watershed can reach the manhole
east of the school due to pipe capacity limitations (calculation shown in Appendix A)

e The sewer running through the pipe on Manchester Road does not affect flow

AECOM ran the model for varying storm events and downstream tailwater conditions. The model
predicts hydraulic grade lines in each pipe and structure and average flows and velocities in each pipe.
The hydraulic grade line (HGL) represents the amount of pressure, as depth of water, required to push
the given amount of flow through the pipes. HGL elevations above ground level indicate that the
stormwater system would surcharge the drainage system and cause surface flooding. HGL elevations
that are over a few inches above ground level indicate significant surface flooding and the actual value
becomes irrelevant. In reality, surface water would find alternative surface paths to low points or the
river in the event of significant flooding, which is not simulated in the model. The next section presents
the results of the existing conditions analysis.

Existing Conditions — Results

AECOM began by analyzing the existing system for a 2-year storm event with normal pipe depth at the
outfall. This scenario represents a more common rainstorm with no influences of flooding in the
Aberjona River. AECOM chose specific locations in the system, shown in Figure 3, to assess flooding
throughout the analysis area and eventually compare to proposed improvements. The model-predicted
HGL elevations were compared to the ground elevation at these locations to indicate whether flooding
was predicted or not.

The results of this analysis are shown in Table 3. The results show HGLs well above ground elevations,
predicting surcharges in excess of 100 feet in some locations. As mentioned previous, surcharges
predicted by the model greater than a few inches do not indicate actual flooding elevations but instead
show that a large amount of pressure that would be required to push the generated runoff through the
system. The results for this scenario suggest significant surface flooding with runoff collecting in low
points and making its way to the Aberjona River overland. Therefore, we conclude that the system is
greatly under-sized and not adequate to collect and discharge smaller storm events, even when there is
no resistance downstream from Aberjona River flooding.

Because the model predicts significant flooding for a smaller storm with no tailwater constraints, larger

storms and/or tailwater constraints also indicate significant flooding. Therefore these results are not
presented here.
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Table 3 Existing Conditions 2-year Storm Event Normal Pipe Depth

Hyrdaulic

Existing Grade Surcharge

Ground Line Depth
Location Elevation (ft) (ft)
Mystic Avenue 25.5 122 97
Cutting Street 145 117 103
Manchester Road 13.2 120 106
Manchester Field - middle 15.7 57 42
Manchester Field - upper 18.1 67 49
Manchester Field - north 14.9 78 63
Parking Area 16.9 91 74
Skate Park 15.7 79 64

Stormwater Analysis — Proposed Conditions

AECOM analyzed potential improvements to the existing stormwater system to alleviate flooding both
on the school property and in the Cutting Street / Manchester Road area. AECOM obtained information
about the proposed upgrades to Manchester Field planned by the Town and included the proposed
stormwater modifications based on the design, Manchester Field Synthetic Tuft Athletic Field and Site
Imprivements Project prepared by Gale Associates, as of the Notice of Intent submission in February,
2009. The upgrades include the addition of stormwater connections from the new fields and the
realignment of the main stormwater line that drains the Main Street upstream area.

AECOM analyzed stormwater upgrades chosen to alleviate flooding. In this conceptual design phase,
several details were not analyzed include potential conflicts with other utilities in the area, and the
possible increase of peak rates of runoff due to larger pipe sizes. Based on the survey, AECOM feels
that utility conflict could be an issue but not necessarily prevent the construction of improvements.
AECOM believes that the difference in peak rates to the river under a proposed upgrade scenario would
not be an issue because currently any runoff that creates surface flooding in the area still utimatley
reaches the Aberjona River due to overland flow. Therefore peak rates to the river, whether by overland
flow or piped discharge, would be similar. AECOM suggests that the Town further explore these issues
during the preliminary design phase.

AECOM'’s conceptual design includes maintaining the existing stormwater system alignment, but
increasing pipe sizes which reduces HGLs throughout the system. In general when designing
improvements, we ensured at least one to 1.5 feet of cover over the pipes and lowered pipes when
necessary and possible to achieve cover. AECOM took a phased approach to this analysis and
developed two conceptual designs: one that targets alleviating flooding for the 2-year storm event
which requires less and smaller pipe upgrades, and one that targets the 25-year storm event which
requires more and larger pipe upgrades. We analyzed these designs for normal pipe depth and flood
event tailwater conditions. In all proposed scenarios, we assumed a longer time of concentration (30
minutes) for the Maxwell Depression watershed to simulate potential modifications to that area. The
following sections describe these results.

AECOM Environment AECOM
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Conceptual Design for the 2-Year Storm Event

AECOM developed conceptual design improvements targeted at alleviating flooding for the 2-year storm
event. We analyzed this design for the 2 and 25-year storm events with normal pipe depth and with the
2-year flood event elevations for downstream tailwater. The conceptual design includes large upgrades
to the main drain line connecting the upstream watershed and the outfall, in addition to upgrades to the
drains connecting the Cutting Street area and the school parking area. Figure 4 shows the conceptual
design layout with labeled pipe sizes and Table 5 summarizes the new pipe required for this design.
This conceptual design shows that approximately 30% of the pipe in the system (by length) needs to be
upgraded to reduce surface flooding.

Table 4 Conceptual Design Summary for the 2-Year Storm Event

Pipe Size* Pipe Length

(inches) (ft)
54 234
48 531
36 0
30 144
24 307
15 91
12 113
Total 1,420

* Pipe size or equivalent

Table 5 shows the model results for the 2-year storm event. This design brings HGL elevations below
the ground elevations in every area except the Manchester Road area. To reduce flooding in this area,
all pipes downstream would need to be lowered in elevation, which was analyzed for the 25-year
conceptual design. This design produces similar results for both normal downstream tailwater and the
2-year Aberjona River flood elevation.

Table 5 Results: Conceptual Design for 2-Year Event

Design Conditions Proposed Upgrades For | Proposed Upgrades For
2-yr Storm Event 2-yr Storm Event
Storm Event 2-yr 2-yr
Tailwater Condition Normal Depth 2-yr Flood Event
Elevation 12.8
Existing Hyrdaulic ~ Surcharge | Hyrdaulic  Surcharge
Ground Grade Line Depth Grade Line Depth
Location Elevation (ft) (ft) (ft) (ft)
Mystic Avenue 25.5 22.6 - 22.6 -
Cutting Street 145 135 - 13.5 -
Manchester Road 13.2 14.2 1.0 14.2 1.0
Manchester Field - Middle 15.7 13.3 - 13.3 -
Manchester Field - East 18.1 13.9 - 13.9 -
Manchester Field - North 14.9 13.9 - 13.9 -
Parking Area 16.9 15.3 - 15.3 -
Skate Park 15.7 14.6 - 14.6 -
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Under larger storms and/or higher tailwater conditions, this system begins to fail causing surcharging
throughout the study area. Table 6 shows the model results for the 25 and 100-year storm events with
normal tailwater conditions and also the 25-year storm event with the 25-year flood elevation. For these
scenarios, surcharging is predicted throughout the system. Even the center part of Manchester Field,
which is not predicted to surcharge, would be inundated by surface water from the other surcharging
locations nearby. It should be noted that the 25-year flood elevation of 15.3 feet is close or higher than
the ground in locations throughout the study area particularly Manchester Road, Cutting Street, and the
northern part of the fields.

Table 6 Results: Conceptual Design for 2-Year Event — Larger Storms

Design Conditions Proposed Upgrades For | Proposed Upgrades For Proposed All Upgrades
2-yr Storm Event 2-yr Storm Event design for 2-yr
Storm Event 25-yr 100-yr 25-yr
Tailwater Condition Normal Depth Normal Depth 25-yr-15.3
Existing Hyrdaulic Surcharge Hyrdaulic Surcharge Hyrdaulic Surcharge
Ground Grade Line Depth Grade Line Depth Grade Line Depth
Location Elevation (ft) (ft) (ft) (ft) (ft) (ft)
Mystic Avenue 255 24 317 6.2 26.8 13
Cutting Street 14.5 16 1.4 18.5 4.0 18.7 4.2
Manchester Road 13.2 17 4.1 20.4 7.2 20.1 6.9
Manchester Field - Middle 15.7 14 15.6 17.3 1.6
Manchester Field - East 18.1 15 16.7 18.1 0.0
Manchester Field - North 14.9 16 0.9 17.9 3.0 18.7 3.8
Parking Area 16.9 20 3.3 25.8 8.9 23.1 6.2
Skate Park 15.7 18 1.9 20.7 5.0 20.4 4.7

Conceptual Design for the 25-Year Storm Event

AECOM expanded the 2-year conceptual design and developed conceptual design improvements
targeted at alleviating flooding for the 25-year storm event. We analyzed this design for the 25 and 100-
year storm events with normal pipe depth and with the 25 and 100-year flood event elevations for
downstream tailwater. The conceptual design includes larger upgrades to the existing system with more
pipe requiring replacement. Figure 5 shows the conceptual design layout with labeled pipe sizes and
Table 7 summarizes the new pipe required for this design. This design requires upgrades for
approximately 40% of the pipe in the system (by length) and requires more length of larger pipe sizes
than the 2-year design.

Table 7 Conceptual Design Summary for the 25-Year Storm Event

Pipe Size* Pipe Length
(inches) (ft)
54 234
48 531
36 451
30 272
24 116
15 113
12 0
Total 1,717

* Pipe size or equivalent
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Table 8 shows the model results for the 25 and 100-year storm event under normal and flood tailwater
conditions. This design brings HGL elevations below the ground elevations in every area except the
Manchester Road area for the 25-year event with normal downstream conditions. This area is a natural
low spot, lower than even the 2-year flood elevation, which limits design options. Although this design
alleviates most flooding for the 25-year storm under normal conditions, the 25-year flood tailwater
creates several areas of flooding. Again, some of these areas flood simply because the ground is lower

than the flood elevation.

The 100-year storm event with normal tailwater conditions causes more flooding areas. The Mystic
Avenue area could be alleviated for this storm by further upgrading pipe sizes in that entire line. The
northern Manchester Field and skate park area do not have much room for improvement without
lowering the entire drain line downstream. For the 100-year storm event with 100-year flood elevation
downstream there is surface flooding in the entire study area, as expected when comparing the flood
elevation with the ground elevations in the area.

Table 8 Results: Conceptual Design for 25-Year Event

Design Conditions Proposed Upgrades For | Proposed Upgrades For | Proposed Upgrades For | Proposed Upgrades For
25-yr Storm Event 25-yr Storm Event 25-yr Storm Event 25-yr Storm Event
Storm Event 25-yr 25-yr 100-yr 100-yr
Tailwater Condition Normal Depth 25-yr Flood Event Normal Depth 100-yr Flood Event
Elevation 15.3 Elevation 17.6
Existing Hyrdaulic ~ Surcharge | Hyrdaulic ~ Surcharge Hyrdaulic Surcharge Hyrdaulic ~ Surcharge
Ground Grade Line Depth Grade Line Depth Grade Line Depth Grade Line Depth
Location Elevation (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft)
Mystic Avenue 25.5 23.3 - 24.8 - 27.4 1.9 30.6 5.1
Cutting Street 14.5 13.4 - 16.7 2.2 14.4 - 17.6 3.1
Manchester Road 13.2 13.4 0.2 16.8 3.6 14.4 1.2 17.6 4.4
Manchester Field - Middle 15.7 13.8 - 17.2 15 14.9 - 18.1 24
Manchester Field - East 18.1 14.6 - 18.0 - 15.9 - 19.2 11
Manchester Field - North 14.9 14.3 - 17.7 2.8 15.6 0.7 18.8 3.9
Parking Area 16.9 14.9 - 18.1 1.2 16.3 - 19.5 2.6
Skate Park 15.7 14.8 - 18.2 2.5 16.4 0.7 19.7 4.0

Summary and Recommendations

The existing stormwater system in the Manchester Field and Cutting Street areas is grossly undersized.
These areas frequently experience flooding, as known by first-hand accounts and now confirmed with
this analysis. Improvements to the system’s performance would require, at a minimum, significant
increases in pipe sizes in the major trunk lines of each system. These improvements can be designed
to target different storms and conditions depending on the scope and budget available. This analysis
shows that even to improve conditions for 2-year storm and flooding events, all main drain lines
(approximately 30% of the system) would need replacement. To improve conditions for the 25-year
event, more pipe would need replacement and many lines would need to be lowered to accommodate
the larger pipe sizes and provide sufficient cover, resulting in more design complications. Even with
these improvements, larger flooding events would still cause surface flooding in these areas because
these areas are lower than FEMA flood elevations.

Based on this preliminary analysis, AECOM recommends an upgrade of the system to accommodate
the 25-year storm event. This analysis shows that a good portion of the system needs upgrading to
accommodate even small storms. Therefore AECOM suggests installing the larger pipes to receive
more benefit for the cost and inconvenience of construction work, although the design of a larger
system will most likely be more complicated requiring more coordination and possible relocation of other

AECOM Environment
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utilities. In addition, the larger system would cost more because of the larger and deeper pipes and the
additional structures that would require replacement. AECOM recommends performing a full hydrologic
model to calculate the timing of peak discharges to compare with the timing of Aberjona River flood
elevations.

AECOM recommends installing a flap gate at the end of the outfall to the Aberjona River to reduce back
water into the drain system. The Mystic Valley Parkway is at approximately elevation 17 in the area
which is lower than the 100-year flood event but higher than the 25-year flood event. Therefore the
road could act as a barrier protecting the analysis area from overland flooding from the river in most
storms. If the pipes are connected to the river at lower elevations with no barrier (as they are in this
analysis) then flood waters can back up through the pipes to low points in the area. A flap gate would
only allow water out, not back into the pipes.

AECOM recommends incorporating infiltration and detention where possible in the upstream and
analysis-area watersheds. As mentioned, the detention area by Maxwell Street may be able to act more
like a detention pond and alleviate some additional flow to the Cutting Street area. Residence could
also include on-site mitigation practices such as infiltrating or storing roof runoff in rain barrels or
directing parts of their lawns and driveways to small vegetated depressions called rain gardens. Runoff
from the school parking area could also be disconnected from the piped stormwater network and
allowed to flow over a pervious surface to increase infiltration.
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