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Project Location

The Tanyard Brook runs from the State Street Reservoir, centrally located within the Town of Bristol,

southwesterly to the outfall in Bristol Harbor, a distance of 4,670 feet.  The brook receives stormwater

runoff from a 500-acre watershed, as shown in Figure 2.  The northern area of the watershed collects

runoff within the roadways via catch basins and conveys it to the State Street Reservoir. The State

Street Reservoir is a man-made waterbody originally constructed for the retention of stormwater.  The

outlet structure consists of a 2-foot wide sluice gate and a 4’ wide overflow weir, which discharge

directly to the uppermost reach of the Tanyard Brook.  Improvements to the State Street Reservoir are

not included in the current scope of work.

The northern reach of the Tanyard Brook is

predominantly a stone-lined channel with an earthen

bottom.  Concrete planks were installed across the top

of the channel, reportedly for safety purposes, many

years ago.  The most deteriorated section, the portion

south of Garfield Avenue, was replaced during Phase

1. The remaining portion of the work, north of Garfield

Avenue, is considered Phase 2 and includes a total of

approximately 3,130 feet.

Site History

As noted previously, the existing channel consists of an

earthen bottom and dry-laid stone walls, covered by

concrete planks.  The channel varies in size throughout

its length, but is generally 3’ high and 7’ wide.  In many

instances, the top of the channel is higher than the

adjacent properties, creating additional problems during

moderate rainfalls with stormwater ponding or flooding

properties since the water cannot get into the channel

(see photo).  The channel is located in close proximity

to numerous houses and free-standing garages.  In at least one instance, a garage has been built on

top of the brook, with an access manhole located in the garage floor.  The area experiences chronic

flooding during high intensity rain events.  Neighbors all along the brook experience loss of property

and flooding, and many have provided photos illustrating local problems.  In September 2001, the town

of Bristol enlisted the services of New England Pipe Cleaning, a video inspection service, to examine
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and document the conditions of the culvert and pipes.  The video inspection revealed sections where

the stone walls were collapsing, creating a damming of the stormwater flow.  It also revealed that utility

pipes (water) were constructed across the brook itself, as opposed to being routed under it where

conflicts arose.  The size of the channel’s cross section changes frequently, suddenly becoming tall

and narrow, or wide at other locations, with several sharp bends.

A. Project Phases

The Tanyard Brook Culvert Replacement Project was divided into two Phases and includes the

replacement of the entire existing piped and stone-lined channel with a new concrete box culvert from

the State Street Reservoir to the outfall at Walker’s Cove in the southern end of Bristol Harbor. Phase 1

work spanned from Garfield Avenue to the outfall in Bristol Harbor and was completed in 2014. Phase

2 work will span from the State Street Reservoir and culminate where Phase 1 work left off at Garfield

Avenue. Phase 2 is the current project which requires Rhode Island Department of Environmental

Management (RIDEM) approval.  Please refer to Figure 1.  The Brook as it exists today begins at the

State Street Reservoir and flows southerly through private property, crossing numerous residential

streets.  The total length of the Tanyard Brook is approximately 4,670 feet, of which approximately

3,130 feet constitute the length of the Phase 2 Project.

Phase 1 consisted of replacing the existing brook with the following:

· 410 feet of culvert with a 4 ft x 9 ft box

culvert from Garfield Avenue to south of

Woodlawn Avenue.

· 710 feet of culvert with a 3 ft x 12 ft box

culvert from south of Woodlawn Avenue to

south of Wood Street.

· 220 feet of culvert with a 4 ft x 9 ft open

channel from south of Wood Street to north

of Hope Street (See picture to the right).

· 200 feet of culvert with a 4 ft x 9 ft box

culvert from north of Wood Street to the

outfall at Walker Cove.

The new culvert was installed along the same general alignment as the existing brook except the open

channel between Wood Street and Hope Street.  Relocating the brook from its existing alignment

between these streets allowed for the construction of a new 30” sanitary sewer pipe from Hope Street
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directly to the plant.  There were three (3) separate sanitary pipes that crossed under the Tanyard

Brook at Wood Street.  Realigning the open

channel section allowed for the elimination of two

of the older pipes, consolidating flows from the

north to an existing single 27-inch pipe.

As part of Phase I, a new tide gate was installed

at the outfall, which allows for release of the

stormwater runoff during periods of high tide and

restricts the flow of salt water upstream into the

culvert.

Existing Conditions

The existing conditions of Tanyard Brook include the original channel from State Street Reservoir to

Garfield Avenue where the newly constructed culvert continues to convey flow to the outfall in Walker’s

Cove.  The catch basins located along the local streets are old and inefficient in collecting the volume of

water directed to them, resulting in frequent localized street flooding at numerous locations within the

watershed.  In addition, many of the pipes connect near the bottom of the brook and are unable to

discharge into the brook during storm events due to the limited capacity available in the channel.

During the preliminary design phase, BETA located and inspected all catch basins and manholes within

the watershed to identify the existing drainage patterns and to analyze the flows in the pipes which

connect into the brook.

The State Street Reservoir outlet control structure was reconstructed in the 1980’s and was designed

with a sluice gate, to control the release of water within the reservoir either before or during rain events

in an effort to reduce the flooding downstream.

As previously indicated, Tanyard Brook varies greatly throughout its length both in width and height.

General dimensions were identified during the video inspection and field measurements were taken

where the brook was accessible.  Approximate dimensions are as follows:

· 3 ft x 7 ft stone-lined channel from State Street Reservoir to Mount Hope Avenue

· 60-inch corrugated metal pipe from Mount Hope Avenue for approximately 100’

· 3 ft x 7 ft from approximately 100-feet south of Mount Hope Avenue for approximately

285-feet
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· 3.5 ft x 7 ft from approximately 285-feet south of Mount Hope Avenue to Richmond

Street

· 4 ft x 6 ft from Richmond Street to Cole Street

· 4.5 ft x 7 ft from Cole Street to north of Garfield Avenue

The video inspection revealed several areas where the existing walls have partially collapsed, or have

been supported by steel bars.  There are three areas along the brook where partial collapses have

been identified from the video inspection.  These locations are as follows:

· Approximately 200 feet south of the Reservoir outlet

· Approximately 150 feet south of Charles Street

· Approximately 260 feet south of Charles Street

Existing Utilities

Throughout the project, the brook crosses over or has exposed pipes running through the section.

Underground utilities in the area include water (Bristol County Water Supply), gas (National Grid)

telephone (Verizon), and sewer.

The project will include relocation of the sanitary sewers, as well as several minor relocations of the

water and gas mains.

Overhead utilities include electric, telephone and CATV.  Consideration to overhead wires and poles

has been given in both locating the proposed improvements, as well as construction requirements.

Natural Resources

The State Street Reservoir is a man-made waterbody originally constructed for the retention of

stormwater.  The reservoir has taken on wetland characteristics.  No work is proposed at the State

Street Reservoir.

Watersheds

As noted previously, the Tanyard Brook begins at the State Street Reservoir outfall and flows through a

densely populated residential neighborhood for a distance of approximately 4,670 feet to Walker’s

Cove.  Accordingly, the contributing watersheds have been separated into two distinct areas, including

the “Northern Watershed” which flows to the State Street Reservoir, and the “Southern Watershed”,

including the areas that flow directly to the brook via catch basins within the roadways, and abutting

properties.  Figure 2 shows the contributing watershed for the entire brook.  While no work is proposed
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within the northern watershed, release of the water from the reservoir contributes to the existing flows

within the downstream sections of the brook to be replaced under the Project. This watershed was

therefore analyzed to obtain flows and to consider alternatives to the Project as proposed.

B. Model Selection

A hydraulic study (2007) was conducted prior to the permitting and construction of Phase 1 of the

Tanyard Brook Culvert Replacement Project.  The following section describes the different methods

and models that were chosen to accurately depict the hydraulic characteristics and inadequacies of the

existing Brook as well as the proposed alternative to correct these deficiencies.  The same programs

(although newer versions) have been used to conduct the hydraulic analysis necessary to design

Phase 2 of the Tanyard Brook Culvert Replacement Project.

The northern subwatershed was analyzed using the Soil Conservation Service (SCS) TR-55 Method,

which is a widely recognized methodology for analyzing small watersheds.

BETA used HydroCad Version 9, which utilizes the SCS method, to model the northern watershed and

State Street Reservoir.  A discharge hydrograph was created to represent the flow from the Reservoir

to Tanyard Brook.

BETA utilized the Stormwater Management Model (SWMM) Version 5 to evaluate the conditions of the

southern watershed.  The program is accepted by many federal and state agencies. SWMM was

developed by the University of Florida in cooperation with the United States Environmental Protection

Agency.  For this project, a variation of the SWMM program known as PCSWMM was used.

PCSWMM was developed by Computational Hydraulics International (CHI) and includes a Windows®

and Geographic Information System (GIS) interface which was used for the modeling.  The program

This map shows the limits of the

northern watershed, which

collects runoff within the

roadways and includes several

outlets into the State Street

Reservoir.  As shown in the

photo, the drainage from the

RIDOT system in Metacom

Avenue (Route 136) contributes

to the flows at the State Street

Reservoir.  This drainage

system collects stormwater

runoff from approximately 41
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utilizes the EPA SWMM program as the computational engine; however, it simplifies data input and

provides enhanced data output that works with the Town’s GIS data elements.  PCSWMM was used to

determine peak flow rates, estimate the capacity of Tanyard Brook and to identify capacity deficiencies

within the system.

Pipe geometry and material, watershed size, soil types and land use were obtained from record

drawings, topographic mapping, field investigations, and from the United States Department of

Agriculture Soil Conservation Service Soil Survey of Rhode Island.  When the input data describing the

existing system was entered into SWMM, the program was able to rapidly calculate the hydraulic

characteristics at the indicated time steps.  When necessary input data was not available, values were

estimated or assumed based on available record drawing information.  There is a direct correlation

between the accuracy of the model and the accuracy of the input data (typical of computer models).

The output, which includes the magnitude of pipe surcharging or flooding and the period of time that

surcharging or flooding occur, was evaluated to determine locations within the system that lack

sufficient pipe capacity.

SWMM Modules

PCSWMM consists of six modules: Rain, Temperature, Runoff, Transport, Extran and Storage

Treatment.  Each module has a specific purpose as described below.

· Rain – Generates a precipitation interface file that may be input into Runoff by reading a series
of precipitation records and performing a storm event analysis.

· Temperature – Generates an interface file for Runoff including temperature, evaporation and
wind speed data.

· Runoff – Generates surface and subsurface runoff based on arbitrary rainfall and/or snowmelt
hyetographs, antecedent conditions, land use, and topography.  Also routes flows and
pollutants through the drainage system.

· Transport – Simulates routing of flows and pollutants through the drainage system, estimates
dry weather flow and infiltration, and allows for internal storage of flows.

· Extran – Simulates routing of flows (not pollutants) through the drainage system.  Extran is
more sophisticated than the Transport module because it accounts for conditions such as
backwater, looped connections, surcharging, and pressure flow.

· Storage Treatment - Simulates routing of flows and pollutants through a dry-weather or wet-
weather storage/treatment plant.

Each drainage system that was modeled has specific characteristics and requirements.  Therefore, a

certain combination of modules must be used to meet the specific needs of each system.  The different

modules interact with each other seamlessly within the program.  After careful review and based on

previous experiences, it was determined that the Runoff and Extran modules would provide the

required data and most reliable results.  A brief description of these modules is given below.
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Runoff

Runoff utilizes precipitation data to simulate the surface flow from a rain event through the inlets (catch

basins) and conduits (pipes).  Quality and quantity flow routing can be simulated in this module. In this

block of SWMM, a user-defined hyetograph can be input to represent the precipitation.  For this project,

a ten year, twenty-four hour design storm for the Providence area was used to generate a composite

hyetograph designated as number one.  This hyetograph was input into the model.

There are many different variables that are manipulated in Runoff, depending on the study area and

the system characteristics.  Some of the values of these variables can be determined at the onset and

held constant throughout the modeling.  Table 1 shows these variables and their values.

Channel/pipe characteristics are also entered into PCSWMM.  This data was unique to each system

that was modeled.  The input data depicts the pipe configuration and characteristics of the pipes

including inverts, length, material, and the presence of weirs.  The necessity of some of the information

is dependent on the type of channel or pipe.  This input data can be viewed as part of the output of the

model.

Table 1
Runoff Variables – Constant Throughout Simulation

Variable Value

Simulation Time Period
 Starting 0 hrs 0 mins
 Starting date of Storm MM/DD/YYYY
 Wet time step (sec) – Precipitation occurring
 on any subcatchment 60
 Transition time step (sec) – no precipitation,
 but water remaining in surface storage 300
 Dry time step (sec) – no precipitation,
 or surface storage 900
Snowmelt Simulation Not Simulated
Evaporation Default Evaporation Rate
Unit U.S. Units
Infiltration equation for all subcatchments Green-Ampt

Any watershed (subcatchment) that contributes overland flow to an inlet must be represented in Runoff,

which is the only module that allows subcatchment characteristics to be input.  Some of the variables

describe the subcatchment and are unique to each system while some are constant throughout the

simulation.  There are also several variables that depend on soil classification, which were derived from

the Soil Conservation Service.  Variables that are constant throughout the simulation and soil

dependent variables are depicted in Table 2.



BETA Project 4551 8
Tanyard Brook Culvert Replacement Project (Phase 2)

When Runoff is executed, hydrographs for each inlet and summary tables for the subcatchments and

channel/pipes are produced.  The subcatchment summary table includes a small portion of the input

characteristics and the runoff depth and peak flow rate.  Flow and velocity results are given in the

channel/pipe table.

Table 2
Subcatchment Characteristics

Variable Description Value

Hyeto# Number of hyetograph representing precipitation 1

Imp’n’ Impervious area Manning’s roughness coefficient 0.014
Per’n’ Pervious area Manning’s roughness coefficient 0.27
Istore Impervious area depression storage 0.05
Pstore Pervious area depression storage 0.2 to 0.7
Coeffl Average capillary suction

Soil type A 8
Soil type B 10
Soil type C 10
Soil type D 7

Coeff2 – Saturated hydraulic conductivity of soil
Soil type A 6
Soil type B 4
Soil type C 1
Soil type D 0.6

Coeff3 -  Initial moisture deficit for soil
Soil type A 0.23
Soil type B 0.21
Soil type C 0.15
Soil type D 0.11

For this particular project, Runoff was utilized to simulate overland flow from the subcatchments.

Runoff creates a hydrograph to represent the flow generated from the subcatchment.

Extran

Extran simulates flow routing through a network.  Extran can simulate looped networks, represent the

effects of backwater and surcharging, depict alternative hydraulic elements (orifices, pumps, or weirs),

determine dry weather flow and infiltration, and incorporate storage routing.  As in Runoff, there are

variables in Extran where values can be chosen to remain constant throughout the simulation.  These

values are shown in Table 3.
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Table 3
Extran Variables – Constant Throughout Simulation

Variable Value
Computational Control

Starting Time of Simulation (hr) 0

Time Step (sec) 1

Number of Time Steps Varies

Number of Iterations 30

Allowable Error for Convergence 0.05

Simulation and Print Control

First Time Step to Begin Print Cycle 1

Print Interval During Simulation 360

Print Interval at End of Simulation 360

Modify Short Pipe Lengths No

The input data for channels or conduits depicts pipe configuration and describes the pipe type, slope,

inverts and length.  The junction data includes structure inverts and rims as well as outfall

characteristics.  A constant flow or hydrograph can also be input as part of the junction data. For this

project, the discharge hydrograph for the State Street Reservoir for existing and proposed conditions

was input into the model to analyze the effects of the reservoir on Tanyard Brook.

When executed, Extran produces plots denoting the head in the junctions and the flow in the conduits

along with summary tables for each of the structures.  The junction summary table includes stormwater

flow elevation and surcharging and flooding duration.  The conduit summary table includes stormwater

flow and velocity results.

Since Extran accounts for backwater and surcharging, it more accurately represents conditions

occurring in the system, although it should be noted that this is still only a model of the actual system

and a number of assumptions had to be made to execute SWMM.



BETA Project 4551 10
Tanyard Brook Culvert Replacement Project (Phase 2)

C. Existing Hydraulic Analysis

Prior to Phase 1 of the Tanyard Brook Culvert Replacement Project, an existing conditions model was

constructed to represent the Brook from the State Street Reservoir to the Walker’s Cove outfall.  The

limits of Phase 1 extended from the outfall to the southern side of Garfield Ave.  The project included

replacing the Brook with a closed channel consisting of a 4 ft x 9 ft box culvert, a 3 ft x 12 ft box culvert,

as well as a 4 ft x 9 ft open channel between Wood Street and Hope Street.

The existing condition analysis for Phase 2 includes the original Brook from the State Street Reservoir

to Garfield Avenue in conjunction with the new culvert from Garfield Avenue to the outfall at Walker’s

Cove.  The existing condition for the northern watershed has been reevaluated and the input from the

Phase 1 analysis is still valid and can be utilized for the current model.  The same is true for the portion

of the southern watershed from the reservoir to Garfield Avenue. It should be noted that the 24-hour

Type III Rainfall amounts have been updated to coincide with the 2015 Rhode Island Stormwater

Design and Installation Standards Manual.

As with the Phase 1 analysis, Phase 2 included an overall SCS approach for the northern watershed

and a more detailed SWMM analysis of the southern watershed.

Northern Watershed

The northern watershed has been divided into 6 subareas based on the system of storm drains that

outfalls at the reservoir (See Figure 3).  The Metacom subarea contains 41.71 acres of

commercial/industrial land use, and high-density residential for those areas along State Street.  The

closed drainage system consists of concrete pipes varying in size from 12-inch on Metacom Avenue, to

24-inch on State Street.  The system discharges into the reservoir via 2-24-inch pipes and an 18-inch

pipe.

The Buttonwoods subarea consists of 24.11 acres of land comprised primarily of industrial buildings

and impervious parking areas, with lesser areas of high-density residential and open space.  The

existing drainage system in Buttonwoods Avenue consists of 18-inch pipes and flows to the reservoir

via the 2-24-inch pipes combining the flows from the Metacom subarea with that generated along

Buttonwoods Street.  The Magnolia subarea includes 4.20 acres of residential land flowing toward the

reservoir.  The Franklin subarea contains 28.44 acres of industrial, residential, and open space.  The

runoff from this area flows overland via a channel into a headwall at the top of Francis Street, and then

into a closed drainage system on Wall Street that dumps into the Buttonwoods system.
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The Belcourt subarea is approximately 29.02 acres in size and is located west of Metacom Avenue and

north of State Street.  This area discharges flow to a small closed drainage system and flows to the

reservoir via the 2-24-inch pipes and the 18-inch pipe along with the flow from the Metacom and

Buttonwoods watersheds.

The direct overland subarea is the 1.31 acres of area surrounding and including the reservoir.  The

runoff generated from this area enters the reservoir directly.

The existing flows generated from each of the subareas for the storm events have been summarized in

the following table:

TABLE 4
WATERSHED YIELD

NORTHERN SUBWATERSHED

SUBAREA
Name

DRAINAGE
AREA (acres)

2-YEAR
(CFS)

10-YEAR
(CFS)

25-YEAR
(CFS)

100-YEAR
(CFS)

Metacom 41.71 39.52 72.03 97.15 149.82
Franklin 28.44 35.45 66.90 91.43 143.30
Belcourt 29.02 12.79 27.89 40.32 67.51

Buttonwoods 24.11 29.12 55.97 77.03 121.61
Magnolia 4.20 6.63 12.09 16.28 25.06

Direct Overland 1.31 4.35 6.50 8.10 11.45
TOTALS 128.79 127.86 241.38 330.31 518.75

As noted previously, stormwater is directed to State Street via the storm drain system and by gutter

flow down numerous local streets.  The capacity of the pipes within State Street and the other roadway

drainage systems limits the rate at which stormwater can enter the reservoir.  When that capacity is

exceeded, the local roadways flood, and runoff flows down Reservoir Road to the east of the reservoir

and down Third School Street to the west of the reservoir.  The stormwater which flows down Reservoir

Road causes flooding at a low spot where Border Street intersects Reservoir Road and Orchard Street,

and along several of the properties in this vicinity.

For the purposes of this study, the model will use the maximum capacity of the existing storm drain

system flowing full under a head condition as the peak flow to the reservoir for routing purposes.  Our

model reflects this condition, with an exaggerated weir to mimic the street flooding in the area of the

reservoir.  The overflow weir in the model is used to limit headwater depths to approximately 6-inches.

Headwater depths greater than 6-inches would result in overtopping conditions along sidewalks in front

of the Reservoir.  The topography in this area limits the depth of the flow (headwater) to 6-inches.  The

resulting peak flows and discharges are summarized in Table 5.  Discharge hydrographs representing

the flow from the State Street Reservoir outlet to Tanyard Brook were generated for the 2-year, 10-
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year, 25-year and 100-year storm events to be input into SWMM.  Complete calculations are included

in Appendix C.

TABLE 5
FLOW CONDITIONS RELATIVE TO THE STATE STREET RESERVOIR

(CUBIC FEET PER SECOND)

2-Year 10-Year 25-Year 100-Year

Total Runoff From Watershed (Watershed
Yield) 128 242 331 519

Maximum Calculated Flow into Reservoir
69 85 89 95

Existing Flow out of Reservoir to Tanyard
Brook 38 57 67 108

*Maximum discharge capacity of existing drainage system.

Southern Watershed

As with the northern watershed, the Phase 1 analysis for the southern watershed from State Street

reservoir to Garfield Avenue is still valid and can be utilized for the current model.  The overall

watershed boundary and the subwatershed boundaries have not changed as a result of the replaced

culvert from Garfield Avenue to the outfall, only the alignment and the geometry of the channel have

been changed.

The southern watershed containing Tanyard Brook was modeled using the Runoff and Extran modules

of SWMM.  Runoff was utilized to calculate the watershed runoff that contributes directly to the system

and to branches of the system, which feed into the main line.  Tanyard Brook and the adjacent side

street systems were modeled in Extran, so the dynamics of the system including surcharging and

flooding could be fully analyzed.  The existing condition model was run for the 2-year, 10-year, 25-year

and 100-year storm events.  The discharge hydrographs for the State Street Reservoir generated

within HydroCad were input into SWMM to represent the flow from the northern watersheds.

Additionally, the existing conditions and design alternatives were modeled for a worst case scenario

where the peak discharge of the storm coincides with a peak of the high tide.

As shown in Figures 4 and 5, the southern watershed was divided into subwatersheds that generate

runoff which flow to Tanyard Brook or the drainage systems which discharge to the brook.  As with the

northern watershed analysis, the hydraulic capacity of Tanyard Brook and the closed drainage systems

discharging to the brook is the limiting factor when calculating the peak flow.  If the peak runoff rate

(watershed yield) generated by the subwatershed exceeds the hydraulic capacity of the drainage

system that it enters, then SWMM will show flooding at the upstream node.  Peak runoff rates were



4

Existing Southern
Watershed Plan 1

UNLESS OTHERWISE NOTED OR CHANGED BY REPRODUCTION

Sheet No.:

Scale

2016

Date

4551

North Arrow

Job No: Issue Date:

File:

Description

Revisions
No.

Title

Project

Client:

email: BETA@BETA-inc.com
Engineered by:

P.E. Stamp:

Bristol, Rhode Island

FIGURES 3-5 EX WATERSHED MAPS.DWG

Plot Date: 1/3/2017 10:50 AM

N
:\4

50
0S

\4
55

1 
TA

N
Y

A
R

D
 B

R
O

O
K

 P
H

A
SE

 2
\E

N
G

IN
EE

R
IN

G
\P

ER
M

IT
TI

N
G

\4
01

 W
A

TE
R

 Q
U

A
LI

TY
 C

ER
TI

FI
C

A
TI

O
N

\F
IG

U
R

ES
\A

U
TO

C
A

D
\F

IG
U

R
ES

 3
-5

 E
X

 W
A

TE
R

SH
ED

 M
A

PS
.D

W
G

Project Ckd. By: NBI

Dept. Ckd. By: KMA

Drawn By: MJZ

Permit Plans



5

Existing Southern
Watershed Plan 2

UNLESS OTHERWISE NOTED OR CHANGED BY REPRODUCTION

Sheet No.:

Scale

2016

Date

4551

North Arrow

Job No: Issue Date:

File:

Description

Revisions
No.

Title

Project

Client:

email: BETA@BETA-inc.com
Engineered by:

P.E. Stamp:

Bristol, Rhode Island

4551 EX WATERSHED MAPS.DWG

Plot Date: 12/29/2016 10:13 AM

N
:\4

50
0S

\4
55

1 
TA

N
Y

A
R

D
 B

R
O

O
K

 P
H

A
SE

 2
\E

N
G

IN
EE

R
IN

G
\P

ER
M

IT
TI

N
G

\4
01

 W
A

TE
R 

Q
U

A
LI

TY
 C

ER
TI

FI
C

A
TI

O
N

\F
IG

U
RE

S\
A

U
TO

C
A

D
\4

55
1 

EX
 W

A
TE

RS
H

ED
 M

A
PS

.D
W

G

Project Ckd. By: NBI

Dept. Ckd. By: KMA

Drawn By: MJZ

Permit Plans



BETA Project 4551 13
Tanyard Brook Culvert Replacement Project (Phase 2)

calculated for the 2-year, 10-year, 25-year and 100-year storm events.  A summary of the runoff

generated (watershed yield) from the southern watersheds along with the peak discharge rate of the

State Street Reservoir (representing the northern watersheds) and the corresponding system discharge

is shown in Table 6.

TABLE 6
WATERSHED YIELD VS. EXISTING SYSTEM DISCHARGE

(CUBIC FEET PER SECOND)

Storm Event Peak Runoff/Watershed
Yield

Peak Reservoir
Flow

Peak Discharge from system at
Walker’s Cove

2-Year 128 38 164

10-Year 242 57 202

25-Year 331 67 236

100-Year 519 108 275

The results of the hydraulic model for the 2-year storm event show that structures represented by

junction numbers 307, 503, 507, 508, 218, 246, 69, 74, 247, 219, 81, 811 and 7 experience flooding.

The computed flooding time varies from 0.01 hours to a maximum of 1.57 hours.  The maximum flow

discharged at the outfall at Walker Cove was calculated to be 163.47 cfs.

The results of the hydraulic model for the 10-year storm event show that structures represented by

junction numbers 178, 307, 503, 507, 207, 218, 220, 230, 246, 69, 74, 247, 222, 219, 217, 210, 81,

811, 96, 91 and 7 experience flooding.  The computed flooding time varies from 0.01 hours to a

maximum of 2.97 hours.  The maximum flow discharged at the outfall at Walker Cove was calculated to

be 201.28 cfs.

The nodes that experience flooding within the existing system during the 2-year and the 10-year storm

events can be seen in Figures 6-9.  The flooding at the majority of the junctions corresponds to

complaints from the public and conditions observed from field inspections.  The varying size, slope, and

condition of the brook have an impact on the hydraulic capacity of the brook.  The video inspection

indicated that the majority of the pipes that tie into the brook have inverts located at the bottom of the

brook. These low inverts reduce the capacity of the connecting systems when the brook is flowing full.

Additionally, sediment buildup along the bottom of the culvert can reduce the capacity of the connection

points.  The following is a summary of the flooding conditions represented in the model.

· Flooding indicated by the model at Hope Street (Node 307), the open channel section between
Hope Street and Wood Street (Nodes 503, 507, 508) and Wood Street (Nodes 178) are associated
with the tidal condition at the outfall and submerged conditions where the pipes tie into the brook.
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· Flooding at the brook on Garfield Street (Nodes 207) corresponds to many of the complaints of the
residents in this area as well as from conditions witnessed during field inspections.  The top of the
culvert is approximately 18-inches above the adjacent properties.  The affected properties are low
points within the watershed, with no ability to drain the water.

· Flooding along Mount Hope Avenue (Nodes 69, 74, 96, 91, and 7) is associated with inadequate
pipe capacity of drainage system.  This system consists of a group of 18-inch pipes and basins and
a group of 12” pipes and basins which tie into a 12-inch pipe.  This decrease in pipe size is a
restriction and cannot adequately handle runoff contributing to this area.

Flooding indicated by the model at the following junctions

· Collins Street (Node 210)
· Cole Street (Node 217)
· Charles Street (Nodes 218, 219, 220, 222)
· Richmond Street (Node 230)
· Fox Hill Avenue (Nodes 81, 811)
· Catherine Street (Nodes 246, 247)

is associated with insufficient cover over the pipes at the nodes within the drainage systems

discharging to the brook (typically less than 1-foot over the top of the pipe) coupled with the fact that

these lateral systems tie into the brook at the bottom of the culvert.  The flooding at these nodes is also

associated with the watershed yield being greater than the capacity of the corresponding drainage

system.

The existing condition model was also run for the 25-year and the 100-year storm events.  The flooding

problems are obviously amplified during the larger storm events.  The profiles from the SWMM Model

representing the existing condition for all of the storm events can be seen in Figures 10-17.  The

profiles show the hydraulic grade line, flooding nodes, and peak flow through each pipe.

The results of the existing condition model for the 2-year, 10-year, 25-year and 100-year storm events

are included in the Appendix D.

D. System Deficiencies

As the results from the model indicate, flooding occurs frequently along area roadways, the brook, and

private property adjacent to the brook.  Through our field inspections, discussions with local residents,

and modeling the existing system, BETA has identified numerous deficiencies within the current

drainage system and throughout the watershed, as follows:

Tanyard Brook

The video inspection performed by New England Pipe Cleaning in September 2001 revealed that the

walls of the channel have collapsed at several locations, including, a partial collapse between Cole
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Street and Charles Street.  The channel opening is restricted at numerous locations, primarily where

the channel runs under the cross streets.  The cross section of the channel frequently changes in size,

suddenly becoming narrow and tall in places, and then returning to its “typical” size.

The modeling analysis indicates that the channel from Garfield Avenue to the State Street Reservoir is

undersized for the runoff directed to it, resulting in frequent flooding throughout its length.  The hydraulic

capacity of the channel is significantly less than the watershed yield for all analyzed storm events.

Local Street Network

The roadway grates and gutter inlets throughout the watershed are old and inefficient in removing

stormwater from the roadway surfaces, resulting in flooding at low points.  In addition, there are several

low areas in the watershed that have either no catch basins, or an inadequate number of structures to

handle the flows on the roadways.  Inspections of the basins revealed that, in several instances the

pipe sizes within the systems reduce in size causing surcharging of the system.

Many of the catch basin grates and inlets also have insufficient sump capacities to collect sediments,

resulting in blockages.  Many of the pipes tie into the bottom of the brook, and therefore are often filled

with silt, or unable to discharge into the brook during storm events due to the restricted capacity

available in the channel.

In addition to the lack of catchment on the local streets within the watershed, several areas are lower

than the top of the brook, resulting in flooding of yards and basements.  Many of the houses have sump

pumps which are tied directly into the brook, but still experience problems with flooding due to grading

of the property.

E. Proposed Improvements

Several issues were considered, during the hydraulic study, to develop remedial actions for the

Tanyard Brook and its’ components.  These included impacts to wetlands (both freshwater and

coastal), environmental permitting, construction costs, constructability issues, including impacts to local

properties, economics of each alternative, as well as the longevity of the alternatives and their

effectiveness in relieving the flooding.

The chosen alternative addressed the many issues mentioned.  Phase 1 of the Tanyard Brook Culvert

Replacement Project replaced a portion of the existing channel and pipes with a new concrete box

culvert in the lower reaches of the watershed. The existing stone-lined channel and corrugated metal
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pipes from Garfield Street to the outfall in Bristol Harbor were replaced.  The Phase 1 culvert sizes are

as follows:

· Replace 410 feet of culvert with a 4 ft x 9 ft box culvert from Garfield Avenue to south

of Woodlawn Avenue.

· Replace 710 feet of culvert with a 3 ft x 12 ft box culvert from south of Woodlawn

Avenue to south of Wood Street.

· Replace 220 feet of culvert with a 4 ft x 9 ft open channel from south of Wood Street

to north of Hope Street.

· Replace 200 feet of culvert with a 4 ft x 9 ft box culvert from north of Wood Street to

the outfall at Walker Cove.

The results of the hydraulic analysis indicated the culvert sizes necessary to convey the ten year design

storm from the State Street Reservoir to the outfall at Walker Cove.  The project was then split into two

phases consisting of Phase 1 – Garfield Avenue to the outfall and Phase 2 – State Street Reservoir to

Garfield Avenue.

Phase 2 (the current proposed project) consists of replacing the existing culvert with a 3 ft x 8 ft box

culvert from State Street Reservoir to Garfield Avenue.

Presently, there are no easements for construction or maintenance of the brook, with the exception of a

short section west of Wood Street.  Therefore, replacement would require obtaining temporary

construction easements and permanent drainage easements, which would enable the Town to access

the culvert as needed for maintenance and repair.  It is very important to the success of this alternative

that the residents affected cooperate with the Town to assure that the easements could be obtained in

an efficient manner.

Replacing the current channel with a new, larger box culvert will require relocation of underground

utilities such as water, sewer and gas.

The proposed culvert has been sized to accommodate the rain from a 10-year storm.  Larger storms

may still result in flooding; however, it is expected that flooding will be significantly less than is

experienced today, and for a much shorter duration.

New catch basins with efficient grates and sumps would be installed within the roadways in close

proximity to the brook and at all low points.  These catch basins would be critical to relieving the

flooding within the roadways.
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The proposed culvert would provide long-term relief from flooding for most storms (up to and including

the 10-year event), provide structural integrity, and would require minimal maintenance by the Town.

Figure 18 graphically shows a

culvert replacing the existing

stone-lined channel.

F. Proposed Hydraulic Analysis

The proposed hydraulic analysis depicts the entire length of Tanyard Brook from the State Street

Reservoir to the outfall at Walker Cove (Phase 1 and 2 combined). As shown in Figure 19, the

proposed southern watershed was divided into subwatersheds that generate runoff which flow to

Tanyard Brook or the drainage systems which discharge to the brook.

A summary of the runoff generated (watershed yield) from the southern watersheds along with the

peak discharge rate of the State Street Reservoir (representing the northern watersheds) and the

corresponding system discharge is shown in Table 7.  The proposed culvert is designed to convey

runoff generated from the 10 year storm event.  If the peak runoff generated from the watershed

exceeds the capacity of the pipe which discharges to the culvert, then the model will indicate flooding at

the upstream node.

TABLE 7
WATERSHED YIELD VS. PROPOSED SYSTEM DISCHARGE

(CUBIC FEET PER SECOND)

Storm Event Peak

Runoff/Watershed
Yield

Peak Reservoir

Flow

Peak Discharge from

system at Walker’s
Cove

2-Year 128 38 214

10-Year 242 57 264

25-Year 331 67 295

100-Year 519 108 300
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The results from the 2 year storm event indicate flooding at nodes 307, 503, 507, 508 and 507A.  The

flooding time for each of these nodes is 0.01 hours.  The nodes close to the outfall indicate flooding

because the worst-case storm scenario is modeled.  The model assumes that the peak discharge from

the system will occur during high tide.  Therefore, the only time the nodes between Wood Street and

the outfall would flood, is if the peak of the storm does actually occur during high tide.  The maximum

flow discharged at the outfall at Walker Cove was calculated to be 213.29 cfs.

The results from the 10 year storm event indicate flooding at nodes 178, 307, 503, 507 and 507A.  The

flooding times vary from 0.01 hours to 0.53 hours with a maximum discharge at the outfall of 263.08

cfs.  These nodes flood for the same reasons as discussed for the 2 year storm.

The proposed condition model was also run for the 25-year and the 100-year storm events.  The

flooding problems are obviously amplified during the larger storm events.  The profiles from the SWMM

Model representing the proposed condition for all of the storm events can be seen in Figures 20-27.

The profiles show the hydraulic grade line, flooding nodes, and peak flow through each pipe.  The

results of the model for the culvert replacement project from the State Street Reservoir to Garfield

Street to can be seen in Appendix E.

G. Conclusion

The Tanyard Brook Culvert Replacement Project includes replacing the existing brook with a concrete

culvert from State Street Reservoir to the outfall at Walker Cove.  The project has been separated into

two Phases.  Phase 1 included replacing the culvert from Garfield Avenue to the outfall and was

constructed in 2014.  Phase 2 includes replacing the rest of the brook from Garfield Avenue to the

State Street Reservoir.  The hydraulic analyses have been updated and the results indicate that Phase

2 will mitigate flooding throughout the residential neighborhood up to and including a ten year storm

event.
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