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1 EXECUTIVE SUMMARY

The City of Medford Department of Public Works and Engineering Department identified five
locations (Figure 1) where localized flooding was observed during large storms on June 2",
August 19", and September 15t of 2021. This report describes K| e i n f lydralle modeling
analysis and evaluation of design alternatives to mitigate flooding at four of the five locations. At
one of the five locations (Newbern Avenue), the City implemented a solution to mitigate the

observed flooding and will continue to monitor the location.

Kleinfelder updated the C i t exiéting hydraulic model with improved catchment delineations and
updated input parameters using the latest information from GIS data, record drawings, and field
investigations. Kleinfelder used the updated model to identify hydraulic issues in the existing

drainage system and validate observed flooding.

Kleinfelder developed design alternatives to mitigate flooding for the 10-year, 24-hour design
storm. Kleinfelder evaluated the design alternatives based on the following criteria: effectiveness
at mitigating flooding, cost, constructability, and ability to incorporate green infrastructure.
Kl einfelderos anal ysi s and s éoc eachmuoadd lecdtiondaees i g n a

summarized in this executive summary.

Flood comparison figures are provided to show the modeled flood mitigation benefits. Flood
comparison figures show the modeled extent and depth of flooding under existing infrastructure
conditions (red) and after implementation of the recommended alternative (blue). All flood
comparison figures presented in this report show the maximum modeled flood depths for a
particular storm and infrastructure scenario. The maximum modeled flood depths represent a
shapshot in time of the worst flooding conditions. Depending on the specific location and
distribution of rainfall in a storm, the maximum modeled flood depths may only occur for a short
duration of time shortly after the peak rainfall intensity of the storm. Kleinfelder recommends that
the City consider evaluating the flood mitigation effectiveness of recommended alternatives for
different storm frequencies, durations and/or distributions (for example, a 10-year, 2-hour storm)
in a future design phase, as these considerations may impact effectiveness of recommended

alternatives.
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Figure 1: Localized flood locations overview map
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Fern Road: The City confirmed r es iowwdowtasadshalioe gleptht s

manhole (MH-655) in the vicinity of 146 Fern Road on the Cranberry Brook culvert pipe. The pipe
conveys stormwater from a moderately sized catchment upstream of the observed flood location
including flow from the undeveloped, open channel, portion of the Cranberry Brook. Field
investigations identified a reduction in the culvert pipe diameter from 30-inch to 24-inch at the
shallow depth manhole and another reduction from 30-inch to 18-inch at a manhole just upstream
of the flood location in the vicinity of 3 Hickory Avenue. Modeling analysis indicates that the size
and slope of the upstream catchment area, the reductions in the culvert pipe diameter and a
change in pipe slope (from steep to shallow) at the shallow depth manhole, result in elevated
hydraulic grades and stormwater overflows at the manholes upstream of the reductions in the
culvert pipe diameter. Increasing the pipe diameters at the existing reductions mitigates simulated
stormwater overflow at the manhole just upstream of the flood location in the vicinity of 3 Hickory
Avenue but only partially mitigates the stormwater overflow at the observed flood location.
Kleinfelder recommends modifying the existing Cranberry Brook headwall structure upstream of
the flood location with a weir and orifices to utilize the natural storage within the undeveloped,
open channel portion of Cranberry Brook and reduce the peak flow in the downstream culvert
pipe portion. This alternative mostly eliminates flooding at the observed location during the 10-
year, 24-hour, present day design storm, at a substantially lower cost compared to increasing the
pipe diameters at the existing reductions (Figure 2). This alternative provides a green
infrastructure benefit by increasing the volume of stormwater that is stored in the undeveloped

area upstream of the headwall and infiltrated to groundwater as opposed to being conveyed

through the drainage system. K| ei nf el der 6s preliminary opinion

is $196,900 for construction costs and $197,000 for engineering design, engineering services
during construction and construction contingency for a total project cost of $393,900. This
alternative requires environmental permitting. This alternative could be supplemented with
additional improvements in the future including the creation of constructed wetland storage

upstream of the headwall structure and increasing the pipe diameters at the existing reductions.
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Figure 2: Fern Road flood mitigation for recommended alternative
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Cedar Road North: The City has received reports of flooding at a local low point in elevation near
81 and 83 Cedar Road North. The four catch basins in this vicinity are hydraulically linked to a
wetland detention area north of Grover Road which contains an inlet to the Grover Road
Easement drainage system consisting of a 24-inch pipe that travels behind 97-107 Grover Road
in a cross-country easement. During large storm events, water levels in the wetland detention
area exceed the rim elevations of the catch basins near 81 and 83 Cedar Road North resulting
stormwater backing up through the catch basins and causing flooding in this area. Kleinfelder
recommends rerouting flow from the four catch basins on Cedar Road North, through the existing
sewer easement, to the existing drainage system on Frye Road and Grover Road. This alternative
involves installation of pipe at a reasonable depth (approximately 10 feet) and replacement of a
portion of the existing drainage on Frye Road and Grover Road to maintain minimum slopes and
to connect to the existing drainage system downstream. This alternative eliminates flooding during

the 10-year, 24-hour, 2070 design storm using 15-inch and 18-inch pipe to reroute flow from the

~

catch basins (Figure 3). K| ei nf el der ds preliminary opinion

$608,900 for construction costs and $334,900 for engineering design, engineering services during
construction and construction contingency for a total project cost of $943,800. Kleinfelder
recommends the City evaluates the cost benefit under future design phases for the replacement
of the existing catch basins along the recommended reroute alignment with leaching catch basins

to increase infiltration in this area with favorable soils.
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Figure 3: Cedar Road North flood mitigation for recommended alternative
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Bowen and Golden Avenues: The location at Bowen and Golden Avenues between Mystic
Avenue and Willis Avenue is a low point in elevation with a history of flooding during large storm
events. Drainage along both Avenues connects to a 15-inch pipe in Willis Avenue, which connects
to the 72-inch Two Penny Brook culvert pipe. Modeling analysis indicates that the relative size
and slope of the Willis Avenue catchment, the shallow slopes of the Bowen and Golden Avenue
drainage pipes, and the limited conveyance capacity of the 15-inch pipe in Willis Avenue result in
elevated hydraulic grades causing flooding at this location. Modeling analysis shows that even
significantly increasing the diameter of the Willis Avenue drain to 30-inch only partially mitigates
flooding during the 10-year, 24-hour, present day design storm. Kleinfelder recommends installing
18-inch connections between the existing drains on Bowen and Golden Avenues and the existing
drain on Mystic Avenue. The Mystic Avenue drain catchment is a similar area but flatter
topography than the Willis Avenue catchment and the Mystic Avenue drain pipe is 36-inch at its
downstream connection to the Two Penny Brook culvert pipe as opposed to the 15-inch pipe in
Willis Avenue. These existing conditions result in a shorter time of concentration and smaller
hydraulic capacity for the Mystic Avenue catchment compared to the Willis Avenue catchment.
The recommended 18-inch connections allow the existing drains on Bowen and Golden Avenue
to remain in place and create a hydraulic link between the Willis Avenue and Mystic Avenue
drains. The connections act as overflow outlets, allowing stormwater to be conveyed to both the
Mystic Avenue and Willis Avenue drains when the hydraulic grade in the area is elevated. This
alternative provides moderate flood mitigation during the 10-year, 24-hour, present day design
storm (Figure 4), at a significantly lower cost compared to increasing the pipe diameter of the
Willis Avenue drain. K| ei nf el der 6s preliminary opinion
$508,500 for construction costs and $279,700 for engineering design, engineering services during
construction and construction contingency for a total project cost of $788,200. This recommended
alternative could be supplemented with additional improvements in the future including increasing
the pipe diameters of the Willis Avenue and Mystic Avenue drains downstream of the observed

flooding.
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Figure 4: Bowen and Golden Avenue flood mitigation for recommended alternative
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Lincoln Street: Residents have reported flooding near 35/37 Lincoln Street during large storm
events. The driveway of the 35/37 and 55 Lincoln Street properties slopes down from the roadway
elevation to basement garages which have private infiltration drainage systems in front of the
garages. These properties are impacted by stormwater overflows fromt he Ci t y écatchdr ai nag
basins in the roadway directly in front of the properties. Drainage along Lincoln Street consists of
12-inch pipes with shallow slopes that connect to a 15-inch drain in Fairfield Street which
increases downstream to 18-inch at Arlington Street and then 24-inch in the vicinity of Mystic
River Road before discharging to the Mystic River at an outfall. The Fairfield Street drain conveys
stormwater flows for a relatively small upstream catchment area. Modeling analysis indicates that
the shallow slopes of the 12-inch drain in Lincoln Street, the shallow slopes of the Fairfield Street
drains, and a tailwater condition at the Mystic River outfall during larger storm events result in
flooding at this location. Kleinfelder recommends increasing the pipe diameters of the Lincoln
Street and Fairfield Street drains to Mystic River Road and replacing catch basins along Lincoln
Street with leaching catch basins. This alternative does not require increasing the size of the
outfall and provides some green infrastructure benefit by increasing infiltration. This alternative
eliminates flooding in the vicinity of 35/37 Lincoln Street for the 10-year, 24-hour, present day
design storm (Figure 5). The remaining modeled flooding on Lincoln Street is primarily the result
of stormwater overflows at the Harvard Avenue and Lincoln Street intersection. Modeling analysis
indicates that overflows from the Harvard Avenue drain could be contributing additional
stormwater flow to the Lincoln Street drain and worsening flooding impacts on Lincoln Street.
Kleinfelder recommends the City investigate this further to confirm if the modeled conditions
match observed conditions during large storm events. If this is the case, the City could consider
additional measures to mitigate flooding on Lincoln Street and Harvard Avenue such as increasing
the pipe diameter of Harvard Avenue drain or replacing catch basins connected to the Harvard
Avenue drain with leaching catch basins. K1 ei nf el der 6s preliminary opini
alternative is $851,800 for construction costs and $468,500 for engineering design, engineering
services during construction and construction contingency for a total project cost of $1,320,300.
This recommended alternative requires DCR permitting for work within Mystic River Road.
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Figure 5: Lincoln Street flood mitigation for recommended alternative
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Newbern Avenue: The City observed water backing up into the basements of 19/21, 10/12 and
9/11 Newbern Avenue during a storm event in July 2021 that may have impacted as many as 10
buildings. Water was observed entering basements from sanitary sewer connections with the
characteristics of the water indicating that stormwater and/or groundwater was contributing to the
flow. The underdrain system for the sanitary sewer in this area has a significant tributary area that
collects at the underdrain overflow manhole just upstream of where the sewer service backups
were observed. A 12-inch overflow pipe conveys underdrain flow from the overflow manhole,
between 19/21 and 23 Newbern Avenue, across Morton Avenue, and discharges to the Winter
Brook Culvert in Tufts Park. The City removed debris from the overflow manhole and jetted the
12-inch pipe. The sanitary sewer overflows (SSOs) observed appear to have resulted from
blockage of the underdrain overflow pipe and underdrain flow entering the sanitary sewer. To
rectify the problem, the City connected the underdrain pipe to the existing drain on Morton Avenue
by excavating down to the underdrain pipe and installing a new manhole along the existing drain
alignment (Figure 6). The portion of underdrain pipe in Tufts Park was abandoned. The City will
monitor the Newbern Avenue area and perform additional investigative activities if SSOs continue
in this area.
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2 INTRODUCTION

2.1 BACKGROUND

In 2018, the City engaged Kleinfelder to develop a city-wide stormwater model and conduct model

simulations with current and future predicted design storms. The purpose of the study was to help

the City gain a better understanding of which areas are more prone to future flood risks from

storms that are likely to be more frequent and intense because of climate change. The Ci tyods
model was developed in PCSWMM, a software developed by Computational Hydraulics

International (CHI, Inc.) that is based on the same computation engine as the EPA Stormwater

Management Model (EPA SWMM), with an improved user interface. The model is an integrated

1D-2D model with Cityo6s drainage network model ed as
surface to model flooding over the ground surface topography. The 2018 model represented the

Cityd6s piped drainage infrastructure through <care
catchments, which balanced the need for realistic flood simulation with computational efficiency.

After the initial study, the City received two 2018 Municipal Vulnerability Preparedness Action

Grants from the State to continue its climate change preparedness and resiliency efforts. One of

those grants was used to fund an additional study completed by Kleinfelder in 2019. This 2019

study involved further refinement of the stormwater model in South Medford and evaluation of

flood reduction strategies to mitigate future flooding impacts.

The City has received reports of localized flooding at five locations throughout the City during
large storm events. Specifically, the City received and confirmed reports of flooding on August
19, 2021 and when the remnants of Hurricane Ida crossed the region on September 17 2, 2021.
In 2022, the City engaged Kleinfelder to update the previously prepared city-wide drainage model
and use the updated model to identify hydraulic issues in the existing drainage system, validate
observed flooding, and develop design alternatives to mitigate localized flooding at the five
identified locations. The analysis described in this report builds on the previous analyses and

continues the Cityds efforts of climate change pr
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2.2 LOCALIZED FLOOD LOCATIONS

The five localized flooding locations identified by the City are described below. Reports of

observed flooding are described in further detail in memoranda prepared by the City (Appendix

A). Refer to Figures 7-11 for detailed overview maps of each flood location area including

approximate catchment boundaries, existing stormwater and sewer infrastructure, and ground

surface elevation contours (vertical datum NAVDS88 in feet). Note that the existing stormwater and

sewer infrastructure shown on the maps representsthel at est i nf ormation from t
field investigations performed as part of this project. The existing stormwater and sewer
infrastructure shown on the maps may be missing information or contain inaccuracies.

221 Fern Road

The Ci ty oring Divisigni docamneented a manhole (MH-655) overflowing near 146 Fern
Road after intense rainfall on August 19, 2021. The manhole is located on the Cranberry Brook
culvert pipe. This portion of the Cranberry Brook was converted to a culvert pipe during the
urbanization of the area with a headwall structure in the vicinity of 124 Cedar Road North. The
pipe conveys stormwater from a moderately sized catchment upstream of the observed flood
location including inlets on McCormack Avenue, Cedar Road North, Watervale Road and Hickory
Avenue and flow from the undeveloped, open channel, portion of Cranberry Brook (Figure 7). The
manhole is located on a shallow sloped section of the Cranberry Brook culvert pipe immediately
downstream of a steep section and immediately upstream of a reduction in the culvert pipe
diameter from 30-inch to 24-inch. Upstream of the flood location is another reduction in the culvert
pipe diameter from 30-inch to 18-inch at a manhole in the vicinity of 3 Hickory Avenue. The City
has noted that shallow subsurface ledge (bedrock) may be present in this area. The soils in this
area are classified as hydrologic soil group A and have high infiltration rates based on NRCS sail
data.

2.2.2 Cedar Road North

The City has received reports of flooding at a local low point in elevation near 81 and 83 Cedar
Road North. The four catch basins in this vicinity are hydraulically linked to a wetland detention
area north of Grover Road which contains an inlet to the Grover Road easement drainage system
consisting of a 24-inch pipe that travels behind 97-107 Grover Road in a cross country easement
(Figure 8). The City has noted that shallow subsurface ledge (bedrock) may be present in this
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area. The soils in this area are classified as hydrologic soil group A and have high infiltration rates
based on NRCS soil data.

2.2.3 Lincoln Street

Lincoln Street residents reported stormwater accumulating at a low point in the road near 35/37

Lincoln Street during the intense rainfalon August 19, 2021. Residentso
surcharged catch basins at this location. The Lincoln Street drainage connects to a mainline drain

on Fairfield Street that conveys stormwater from a small urban catchment area to an outfall on

the Mystic River (Figure 9). The soils in this area are classified as hydrologic soil group A and

have high infiltration rates based on NRCS soil data. This flood location is within an Environmental

Justice block group with a minority population.

2.2.4 Bowen and Golden Avenues

The Citydés Engineering Division received reports t
between Mystic Avenue and Willis Avenue on August 19, 2021. Bowen and Golden Avenues

between Mystic Avenue and Willis Avenue is a local low point in elevation with a history of flooding

during large storm events. Drainage pipes on both Avenues connect to a trunk line on Willis

Avenue which conveys stormwater for a small urban catchment area (Figure 10). The trunk line

on Willis Avenue connects to the Two Penny Brook culvert which discharges to the Mystic River.

This flood location is within an Environmental Justice block group with a minority population.

2.2.5 Newbern Avenue

The City observed water backing up into the basements of 19/21, 10/12 and 9/11 Newbern

Avenue during a heavy, intense rain event in July 2021 that may have impacted as many as 10

buildings. Water was observed entering basements from sanitary sewer connections with the
characteristics of the water indicating that stormwater and/or groundwater was contributing. There

is separate storm drainage in this area. The underdrain system for the sanitary sewer in this area

has a significant tributary areathatc ol | ect s at an just wpstreamlofomveretten hol e 0
sanitary sewer overflows were observed (Figure 11). Records indicate that a 12-inch pipe conveys

underdrain flow from the overflow manhole, between 19/21 and 23 Newbern Avenue, across

Morton Avenue, and discharges to the Winter Brook Culvert in Tufts Park.
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Kleinfelder did not perform hydraulic model updates, hydraulic evaluations or develop alternatives
for this site location since field investigations determined that the likely cause of the SSOs was a
maintenance issue with the underdrain. See section 3.3 for additional information related to this
site location. Kleinfelder recommends a comprehensive field investigation of the sewer, drain and
underdrain be undertaken if SSOs continue on Newbern Avenue. The investigations would focus
on potential interconnections between the three systems and the ground water table, in addition
to capacity issues with the underdrain.
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3 FIELD INVESTIGATIONS AND GIS UPDATES

The City provided Kleinfelder with its latest GIS data representing stormwater, sanitary sewer and
drinking water infrastructure. Additionally, the City provided Kleinfelder with available records in
the five identified flood locations. Kleinfelder used the information provided to conduct field
investigations and then update the Cityds GI S and

sections.

3.1 RECORD REVIEW

Kleinfelder reviewed records provided by the City and compared rim and invert elevations, pipe

diameters, materials, and other key information as shown in the record drawings with the
corresponding i nf or maWhere mecoid rinformditien wasi notypéosidedCor S .
conflicted with the Cityds GI'S, Kleinfelder used t
investigations to obtain updated information.

3.2 FIELD INVESTIGATIONS

Kleinfelder reviewed the records and GIS data provided by the City and identified pipe lengths
and manholes which either lacked necessary information (pipe diameter, pipe material, invert
elevations) to establishing a complete hydraulic model of the system or which appeared to be
potentially inaccurate. Kleinfelder developed a priority list of manholes and catch basins for field
inspection. Kleinfelder staff conducted surface (non-entry) manhole inspections and recorded
manhole rim and invert elevations as well as pipe invert elevations and diameters using a GPS
unit and a survey rod. Kleinfelder also recorded pipe sizes and pipe materials. Refer to Appendix
B and C for manhole inspection information and photos. Kleinfelder identified one manhole on the
Cranberry Brook culvert pipe that was not previously showni n t h eGISC This ynanbole is
located just upstream of the Fern Road flood location in the vicinity of 3 Hickory Avenue and
shows a reduction in pipe diameter from 30-inch to 18-inch (Figure 12). Kleinfelder was unable to
locate one manhole (MH-2676) that appears to be on the Cranberry Brook culvert pipe and may
be buried. Additionally, Kleinfelder was unable to inspect one manhole (MH-2677) on the

Cranberry Brook culvert pipe that is located on private property that may be buried.
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Figure 12: Photograph of
manhole in the vicinity of 3
Hickory Avenue showing a
reduction in pipe diameter from
30-inch to 18-inch

NEWBERN AVENUE FIELD INVESTIGATION

In the summer of 2022, the City removed a large volume of debris from the overflow manhole
near 23 Newbern Avenue and jetted the 12-inch outlet pipe, prior to hitting a blockage
approxi mat el y .9hebBlockhgewfihe indeedeaimpiped ownstr eam of
manhole and underdrain flow entering the sanitary sewer are suspected to be the main
contributing factors of the SSOs observed in the area. The observed sanitary sewer overflows do
not appear to have been related to the separate storm drainage network in this area.

Kleinfelder performed a field investigation in this area on September 15, 2022, with the assistance
of the City. The purpose of the investigation was to attempt to identify the downstream tie in point
of the underdrain pipe. The team first tried to locate a drain manhole shown on record plans on
Morton Ave that may have been paved over but were unsuccessful using a metal detector. The
team then opened up the nearest manhole on the Winter Brook Culvert in Tufts Park and utilized
man entry to determine if an underdrain connection was visible downstream of the manhole but

were unable to identify a connection.

To rectify the problem, the City connected the underdrain pipe to the existing drain on Morton
Avenue by excavating down to the underdrain pipe and installing a new manhole along the
existing drain alignment (Figure 6). The portion of underdrain pipe in Tufts Park was abandoned.
The exact alignment of this portion of underdrain is unknown. The City will monitor the Newbern
Avenue area and perform additional investigative activities if SSOs continue in this area.
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It should be noted that the material of the sewer on Newbern Avenue is shown on records as
unreinforced concrete which is extremely susceptible to structural deterioration from hydrogen
sulfide damage. Structural defects on the concrete sewer pipes would create a pathway for
groundwater to enter the sewer, reducing capacity and increasing the risk of SSOs. Kleinfelder
recommends the City evaluate the condition of the sewer system on Newbern Avenue to
determine the condition of the pipe.

3.4 GIS UPDATES

Kleinfelder updated rim and invert elevations o f features in the Cityos
recorded in the field investigations differed from elevationsi n t h e Coy mmoredtisan tréeS

inches. Kleinfelder updated pipe sizes and materials and added new pipe lengths, manholes, and

catch basinst hat wer e not pr evi ou s Klginfekldr abeled each uptdated Ci t y 6
feature in the GI'S by setting ADATA_SOURCEO attrihb
Gl S database to the Cityés GI'S administrator.
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4 HYDRAULIC MODEL UPDATES

4.1

MODEL UPDATES

Kleinfelder updatedtheCi t y 6 s e x i st i-2Dgnodelinthe fipodéotatod arda i include
the following:

1

Smaller subcatchments with improved delineations, routing, and input land cover
parameters (impervious %, infiltration parameters based on soil data, etc.)

Precipitation data for validating observed flooding

Additional, finer resolution, 2D mesh representing the ground surface topography
including a 2D directional mesh to model the Cranberry Brook open channel

| mproved 1D drain pipe diameters, elevati

review and field investigations

After updating the city-wide model, Kleinfelder extracted sub-models for each of the flood location

areas to allow for model simulations of the individual areas with lower computational burden. The

boundaries of the sub-models were chosen such that all catchment area upstream of the flood

locations was represented and any downstream tailwater impacts affecting the observed flood

locations were accurately represented. The detailed sub-models allowed for more refined

characterization of flood issues in each area as well as assessment of flood mitigation

alternatives. The model updates are described in greater detail in Appendix D. Refer to Figures

13 and 14 below showing the stormwater model in the Lincoln Street area before and after model

updates were performed.
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Figure 14: Lincoln Street flood location after model updates.
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4.2 MODEL VALIDATION

Kleinfelder validated the updated model by running simulations of the existing infrastructure
conditions with input rain gauge data from periods when flooding was observed (August 19, 2021
and September 1-2, 2021). Kleinfelder obtained data from several rain gauge locations used in
the previous South Medford study and assigned rainfall for each subcatchment to the closest rain
gauge location. Kleinfelder compared the rain gauge data to NOAA Atlas 14 Partial Duration
Series (PDS)-based depth-duration-frequency (DDF) curves for the Medford area (Figure 15).
The highest intensity interval of the August 19, 2021 storm corresponds to approximately a 10-
year, 3-hour storm, while the highest intensity interval of the September 1-2, 2021 event
corresponds to approximately a 5-year, 12-hour storm. While the storm curves have some
variation throughout the different rain gauge locations, generally the curves are similar for the

same storm event.

Partial Duration Series (PDS)-based depth-duration-frequesncy (DDF) Curves
NOAA Atlas 14 Volume 10 Version 3 - Medford, MA

Rainfall Depth (in)

—e—38/19/2021
Edgeworth
—e— 8/19/2021
Medford
—e—8/19/2021
Woburn
8/19/2021
Tufts
09/01/2021
Edgeworth
09/01/2021
Medford
09/01/2021
Woburn
5-min 10min 15min 20min 60-min 2hr 2hr 6hr 12-hr 24-hr 2-day 2 day 4day T _‘?9’;? 1/2021
ufts

Duration

Figure 15: Rain gauge data compared to NOAA Atlas 14 partial duration series (PDS)-based
depth-duration-frequency (DDF) curves for the Medford, MA
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Refer to Figures 16-19 below comparing modeled flood depths to observed flooding at each
location. Modeled flooding matches the observed flooding providing a validation of the updated

model.
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Figure 16: Fern Road modeled flood depths compared to observed flood locations for August
19, 2021 storm
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Figure 17: Cedar Road North modeled flood depths compared to observed flood locations for
September 1, 2021 storm
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Figure 18: Lincoln Street modeled flood depths compared to observed flood locations for August
19, 2021 storm
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Figure 19: Bowen and Golden Avenues modeled flood depths compared to observed flood
locations for August 19, 2021 storm
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