AECOM
250 Apollo Drive
Chelmsford, MA 01824
aecom.com

May 7, 2020

Reading Conservation Commission
c/o Mr. Charles Tirone, Conservation Administrator
16 Lowell Street
Reading, MA 01867
RE: Reponse to Public Hearing Review Comments
DEP File Number 270-0729
Walkers Brook Bridge Replacement Project, Track Road (near 74 Track Road)
Dear Members of the Commission,
AECOM has prepared this letter on behalf of the Town of Reading Engineering Department in response to
additional information requested by the Reading Conservation Commission at the April 8, 2020 public
hearing. This letter also contains responses that correspond to a Massachusetts Department of
Environmental Protection (MassDEP) comment letter dated May 6, 2020.
Reading Conservation Commission
The information discussed and requested by the Reading Conservation Commission at the Reading
Conservation Commission public hearing on April 8, 2020 is provided in italics, while the responses from
AECOM / Town of Reading Engineering Department follow.
1. The Reading Conservation Commission requested that the applicant reduce or eliminate the amount of rock fill/riprap proposed on the slopes on the northeastern and northwestern corners of the bridge. The Commission requested
that the proposed rip-rap be placed lower along the slope so it would be closer to the river’s edge and does not
extend up the slope to the extent shown on the plans. The Commission also requested the applicant provide a detail
of the area where the stone rip-rap is proposed.
AECOM evaluated if the rock fill/stone rip-rap that was originally proposed can be reduced or eliminated. There are
slope structure, stability, safety and reliability issues with completely eliminating the rock fill/rip-rap, as the proposed
steepness of the slope and wing walls for the bridge need sub-structural support that a bio-engineered coir fabric
slope will not provide. The amount of rip-rap has been reduced on the mid and upper portions of the slopes (to
elevation 80 North American Vertical Datum 1988 – NAVD 88) such that rip-rap is only located within the mid-to-lower
portions of the slopes closer to the river. Please note rip-rap is still proposed within the river and also along the toe of
slope for stability and erosion concerns and it should also be noted that a slight re-configuration of the slope is
proposed to square it off and tie it into the surrounding topographic contours (see Sheet 2 and also see Table 1 below
for revised impact numbers, including within the Land Under Waterways - LUW).
To reduce the amount of rip-rap proposed along the slopes, a series of two coir fiber logs/bio blocks (coconut fiber
material identified as Rolanka BioD-Block 16-400 or equivalent) will be installed on the mid-to-upper portions of the
slope on the northeastern corner of the bridge and three coir fiber logs/bio blocks will be installed on the mid-to-upper
portions of the slope on the northwestern corner of bridge. In addition, erosion control blankets (Rolanka BioD-Mat 70
or equivalent) also comprised of coir material that are attached to the coir bio-blocks will extend up the remaining top
portions of the slopes to reduce the potential for erosion and sedimentation on the slopes.
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The potions of the mid and upper slopes, including the level areas in-between each bio-block shelf will be loamed and
seeded using a combination of the New England Conservation/Wildlife Seed Mix (restoration seed mix) and an annual
rye grass (annual rye grass to provide temporary vegetative stabilization while the conservation seed mix germinates
and grows). The mid-to-upper portions of the slopes (on both sides of the river) will be planted with bebb willow (Salix
bebbiana) tubelings (or live stakes) in the pre-fabricated slots/openings in the bio block coir logs and/or planted just
above the bio block coir logs on each side of the river, resulting in 9 bebb willow tubelings planted on the northeastern
corner of bridge and 15 bebb willow tubelings planted on the northwestern corner of bridge (see Detail on sheet 5). It
is anticipated that restoration will occur during the growing season such that tubelings are proposed since they will be
commercially available and the live stakes are proposed as a “back up scenario” if tubelings are not commercially
available at the time of construction or if construction occurs during the dormant season (live stakes are generally only
available during the dormant season from mid-November to mid-March).
The top portion of the slopes on the northeastern and northwestern corners of the bridge will also have a mix of 3
shrubs of high-bush blueberry (Vaccinium corymbosum) and 3 shrubs of arrowwood (Virburnum dentatum) planted
such that each corner of the bridge (northeastern and northwestern corners) will have 3 shrubs planted in total. One
red maple (Acer rubrum) tree will also be planted on each side of the river to replace the two red maple trees that will
be removed for construction of the slope.
A cross-sectional detail of the proposed slopes showing the extent of where the coir bio blocks and erosion control
blankets (BioD-Mat) are proposed has been provided on the Environmental and Planting Details sheet (see Sheet 5).
The recommended changes have been incorporated into the Plan drawings (see attached Plans).
The Table below summarizes the changes to wetland resource area impacts.
Table 1 Wetland Resource Area Impacts and Restoration / Compensation Area
Previous Impact Area
Proposed Impact Area
Resource Area
(from original NOI filing)
(as of 5-7-20)
Bank
86 LF
86 LF
(Temporary)
Bank
14 LF
15 LF
(Permanent)
Land Under Water
383 SF
460 SF
(Temporary)
Land Under Water
26 SF
30 SF
(Permanent)
BLSF
462 SF
462 SF
(Permanent)
320 CF 2
320 CF 2
Riverfront Area
290 SF
306 SF
(Temporary)
Riverfront Area
452 SF
808 SF
(Permanent)

Restoration /
Compensation Area
86 LF
15 LF 1
460 SF
0
436 SF
394 CF
306 SF
0

LF = Linear Feet, SF = Square Feet, CF = Cubic Feet
1: stone rip-rap Bank restoration
2: includes floodplain compensation credit provided from the 175 CF from the concrete wing walls removal below elevation 84 feet and new culvert inside wall widening of three
inches

2. The Reading Conservation Commission requested the applicant provide a Detail for planting trees and shrubs on a
slope.
AECOM has prepared Planting Details for the tree and shrubs to be planted on slopes which shows how the trees and
shrubs located on slopes will be planted. The Details have been provided on the Environmental and Planting Details
sheet (see Sheet 4).
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MassDEP Letter Dated May 6, 2020
The following italic text is from the MassDEP letter dated May 6, 2020 (see attached), while the responses from
AECOM / Town of Reading Engineering Department follow.
·

It is not clear why the project is being filed as 310 CMR 10.53(3)(f). The stream crossing replacement should be
filed as a limited project and the criteria in 310 CMR 10.53(8) should be met. In addition, the proponent should
demonstrate how the project has been designed to avoid and minimize wetland impacts, what mitigation
measures have been provided, and how the MA Stream Crossing Standards are met to the maximum extent
practicable, including considering a span in lieu of a 4-sided box culvert. If a span can’t be installed, the
proponent should evaluate an open bottom box culvert or arch.

The project was filed under 310 CMR 10.53(3)(f) since the project is an improvement of an existing public roadway. It
can also be considered a limited project under 310 10.53(8) which relates to the replacement of an existing stream
crossing. The Notice of Intent (NOI) demonstrates that the culvert (bridge) replacement crossing complies with the
Massachusetts Stream Crossing Standards to the maximum extent practicable. As previously provided in Section
4.2.1 of the NOI, the replacement bridge culvert will meet the stream crossing standards for embedment, openness
ratio and substrate as the culvert will be embedded two feet, the proposed openness ratio is 2.42 feet (general
standard is 0.82 feet and optimum standard is 1.64 feet) and a natural bottom substrate consisting of two feet of
aggregate material consisting of sand, silt, gravel and cobbles will be provided along the bed of the box culvert.
Mitigation measures including minimization and avoidance of wetland resource area impacts have been provided
including a turbidity curtain, erosion and sedimentation control, seeding and planting. Due to the location of the
existing bridge and resource areas, the alignment of the river, and the need for sub-structural support of the wingwalls, avoidance and minimization is proposed to the maximum extent practicable.
A span or use of a three-sided open bottom box culvert (including an arch) cannot be constructed due to depth of
superstructure, impacts to ROW because of restricted site, higher costs exceeding Town grant from MassDOT, and
other engineering considerations including constructability in presence of overhead utility lines. An embedded foursided box culvert, clam shell type, with two feet of natural streambed material placed on the bed on the culvert offers
lighter weight and shallower height elements to be erected and shallower depth foundations and least cost and is
proposed to function similar to a span or three-sided box culvert.
·

It is not clear what the existing and proposed culverts dimensions are.

The existing culvert dimensions are shown on the existing Bridge Plan which is included in the Hydraulics Report (see
attached) and are approximately 10 feet in width, 14 feet in length and 8.77 feet +- in height with a 1.5 feet allowance
for channel fill thus providing a 7.27+- feet clear vertical height opening.
The proposed culvert dimensions are shown on the Bridge Plans and are 10.5 feet in width, 25.25 feet in length and
10.25 feet in height with a 2 feet allowance for channel fill thus providing an 8.25 feet clear vertical height opening.
·

The proponent has not demonstrated how the openness ratio is being met to the maximum extent.

As previously provided in Section 4.2.1 of the NOI, the proposed openness ratio is 2.42 feet (general standard is 0.82
feet and optimum standard is 1.64 feet).
The following equation provides the openness ratio parameters that were used for the project.
Openness ratio = 61.34 square feet (open area of culvert) / 25.25 feet (culvert length) = 2.42 feet
·

A longitudinal profile along the thalweg of the stream both up and down stream of the crossings has not been
provided to demonstrate that the replacement culvert will not destabilize the stream and/or its Banks. A
hydraulic and hydrologic analysis of Walkers Brook, using a watershed-based approach, should be prepared to
demonstrate there will not be any adverse impacts, such as destabilizing the stream, causing upstream erosion
and head cutting, downstream flooding, and increased sedimentation.
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A Hydraulics Report prepared for the project is attached (see attached Hydraulics Report). A longitudinal profile along
the thalweg has been prepared in the development of the hydraulic studies (H&H Report dated February 2020, see
Attachment) which includes hydraulic simulation of the Walkers Brook from about 250 feet upstream of the culvert to
approximately 1,100 feet downstream of the culvert. The replacement culvert is located at the exact same location
and elevation as the existing culvert. The replacement culvert has the same approximate hydraulic width and depth
as the existing culvert and no other changes are proposed along the stream. Velocities along the stream are generally
in the order of 1 to 1.5 feet per second with a few locations where they reach about 3 feet per second during extreme
flood events (100-year or 500-year flood). Therefore, the replacement culvert will have no impact on the hydraulic
behavior of the stream and will not affect the stability of the riverbed or its bank.
A watershed based hydrologic analysis was performed in the development of the H&H studies (H&H Report dated
February 2020). The analysis compared the flood flow data used for the FEMA FIS, the USGS regional regression
equations and the watershed-based analysis developed in the Aberjona and Saugus river Study (2013) for the Town
of Reading. The three sets of flood flows are comparable and the more conservative (larger) flows were used for the
hydraulic analysis. The replacement culvert hydraulic dimensions remain the same as the existing culvert: the
replacement will not de-stabilized the stream bed or the bank, or create increased sedimentation.
·

Further explanation how the stream will be bypassed and work area dewatered should be provided and shown
on the plans. The size of the temporary pipe diversion should be provided on the plans, hydraulic calculations
should be provided to show this pipe is sized to handle the stream flow and a detail should be added to the plan.

Prior to construction and once a contractor is selected and determined the specific means and methods for the
bypass will be provided in a stream bypass and water control plan that will be prepared and submitted to the
Commission for review and approval. Water remaining in between the two cofferdams from the dewatering process
while installing the cofferdams will be temporarily pumped and discharged to an appropriate treatment or containment
device (i.e. haybale corral/ sediment filter bag) in accordance with applicable regulations; however specific means and
methods of dewatering to remove remaining surface water in between the two cofferdams shall be at the discretion of
the selected contractor. At no point in the dewatering process shall direct discharge be allowed into Walkers Brook.
A suggested bypass is shown on the plans. This is a contractor’s means and methods but the suggested bypass
would allow for the removal of channel bed material and demolition/removal of lower section of existing structure in
the dry. Proposed stone sub-base and precast u-shaped bottom culvert sections would be placed and two feet of
bedding material (natural streambed material) placed prior to installation of top culvert sections. Once the bottom
sections and proposed channel bed material is in place, the contractor would have the option to relocate bypass
piping in center of culvert or use culvert itself to now control flow while completing the wingwall installation work. The
Specification Section 991.1 Control of Water provides approximate data of 5, 10, 15, 20, 24 and 35 cfs flows,
associated elevations, and expected percentage of exceedance during the construction period between June and
September. The Contractor shall verify and design the bypass piping based on their anticipated staging and water
control for the site. The contractor shall also provide a 5 to 10 day look ahead for weather and expected flood
conditions, if any.
The stream will be bypassed using a temporary culvert pipe consisting of 36-inch diameter high-density polyethylene
(HDPE). The median flow (exceeded 50% of time is 3 cfs and the average flow is 5 cfs. The suggested 36 -inch
diameter pipe corresponds to a 24cfs flow. The contractor is required to design a system based on their assessment
of work stages and anticipated flows and describe how site will be protected otherwise from disturbance and to
maintain safety.
A suggested conceptual diversion has been provided on the plans (see Sheet 1) and guidance provided in the
specification (Specification Section 991.1 Control of Water – see attached). Final water control is required to be
calculated by the Contractor as part of their water control plan.
·

Revised plans should show exactly where all proposed wetland impacts (temporary and permanently) are
located, and how restoration and replication activities will be achieved. There appears to be permanent LUW
impacts that have not been quantified.
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The revised plans (see attached Plans) depict the areas of temporary and permanent impact to wetland resource
areas (see Sheet 1) and also show the proposed restoration (see Sheet 2). The table above summarizes the impacts
to wetland resource areas, including Land Under Waterway (LUW) impacts.
·

Rock fill should be eliminated from the plans to reduce Bank and LUW impacts. MassDEP recommends using a
combination of soft solutions and geotextiles products to permanently stabilize side slopes.

The rationale for the rock fill/rip-rap has been previously presented in response number 1 above in the Conservation
Commission section of this letter.
·

Proponent should consult with the ACOE to see if a 404 General Permit is required.

A Self-Verification Notification Form (SVNF) under General Permit (GP) GP 10 (Linear Transportation Projects and
Stream Crossings) will be submitted to the US Army Corps of Engineers (USACE) since the cumulative temporary and
permanent impacts to LUW (non-tidal water) will be less than 5,000 SF (see Table 1 above for impacts to LUW).
Yours sincerely,

Matthew Devlin
Senior Wetland Scientist
AECOM
250 Apollo Drive
Chelmsford, MA 01824
978.905.2355
CC: Pamela Merrill, MassDEP
Attachments:
MassDEP Comment Letter dated May 6, 2020
Revised Drawings (5 Sheets)
Detail – Tree planting on slope and Shrub planting on slope (Sheet 4)
Detail – Slope Cross Section Detail (Sheet 5)
Rolanka BioD-Block 16-400 Product Specification Sheets
Rolanka BioD-Mat 70 Product Specification Sheets
Hydraulics Report
Specification Section 991.1- Control of Water
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COMMONWEALTH OF MASSACHUSETTS
EXECUTIVE OFFICE OF ENERGY & ENVIRONMENTAL AFFAIRS
DEPARTMENT OF ENVIRONMENTAL PROTECTION
NORTHEAST REGIONAL OFFICE
205B LOWELL STREET, WILMINGTON, MA 01887 978-694-3200
KATHLEEN A. THEOHARIDES

CHARLES D. BAKER

Secretary

Governor

MARTIN SUUBERG

KARYN E. POLITO
Lieutenant Governor

Commissioner

Municipality READING
(city/town)

DATE: May 6, 2020

RE: NOTIFICATION OF WETLANDS PROTECTION ACT FILE NUMBER
The Department of Environmental Protection has received a Notice of Intent filed in accordance with the
Wetlands Protection Act (M.G.L. c. 131, §40):
Applicant:

TOWN OF READING

Owner:

Address:

16 LOWELL STREET
READING, MA 01867

Address:

LOCUS:

0 TRACK ROAD (NEAR 74 TRACK ROAD)

This project has been assigned the following file # : NE

270-0730

A FILE NUMBER ONLY INDICATES THAT THE APPLICATION CONTAINS THE MINIMAL
SUBMITTAL REQUIREMENTS AND IS ADMINISTRATIVELY COMPLETE - NOT THAT THE
INFORMATION IN THE APPLICATION IS ADEQUATE FOR ISSUANCE OF AN ORDER OF
CONDITIONS.
Although a file # is being issued, please note the following:
It is not clear why the project is being filed as 310 CMR 10.53(3)(f). The stream crossing replacement should filed
as a limited project and the criteria in 310 CMR 10.53(8) should be met. In addition, the proponent should
demonstrate how the project has been designed to avoid and minimize wetland impacts, what mitigation measures
have been provided, and how the MA Stream Crossing Standards are met to the maximum extent practicable,
including considering a span in lieu of a 4-sided box culvert. If a span can’t be installed, the proponent should
evaluate an open bottom box culvert or arch. It is not clear what the existing and proposed culverts dimensions
are. The proponent has not demonstrated how the openness ratio is being met to the maximum extent. A
longitudinal profile along the thalweg of the stream both up and down stream of the crossings has not been
provided to demonstrate that the replacement culvert will not destabilize the stream and/or its Banks. A hydraulic
and hydrologic analysis of Walkers Brook, using a watershed-based approach, should be prepared to demonstrate
there will not be any adverse impacts, such as destabilizing the stream, causing upstream erosion and head
cutting, downstream flooding, and increased sedimentation. Further explanation how the stream will be bypassed
and work area dewatered should be provided and shown on the plans. The size of the temporary pipe diversion
should be provided on the plans, hydraulic calculations should be provided to show this pipe is sized to handle the
stream flow and a detail should be added to the plan. Revised plans should show exactly where all proposed
wetland impacts (temporary and permanently) are located, and how restoration and replication activities will be
This information is available in alternate format. Call Donald M. Gomes, ADA Coordinator at 617-556-1057. TDD# 1-866-539-7622 or 1-617-574-6868.
http://www.mass.gov/dep
Printed on Recycled Paper

TOWN OF READING
16 LOWELL STREET
READING, MA 01867

achieved. There appears to be permanent LUW impacts that have not been quantified. Rock fill should be
eliminated from the plans to reduce Bank and LUW impacts. MassDEP recommends using a combination of soft
solutions and geotextiles products to permanently stabilize side slopes. Proponent should consult with the ACOE
to see if a 404 General Permit is required.
If you have any questions regarding this letter, please contact: PAMELA MERRILL @ (978)-694-3249
Cc: Reading Conservation Commission, Town Hall 16 Lowell Street, Reading, MA, 01867

This information is available in alternate format. Call Donald M. Gomes, ADA Coordinator at 617-556-1057. TDD# 1-866-539-7622 or 1-617-574-6868.
http://www.mass.gov/dep
Printed on Recycled Paper
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Completely Wildlife Safe!
Description
This is to certify that the BioD-BlockTM 16-400 consists of a 10-ft long, 16-in tall and
9-thick densely packed mattress coir block with BioD-Mat 70 woven coir fabric
attached. Three sides of the coir fiber block is wrapped with woven coir fabric and
free ends of woven coir fabric is extended from top and bottom of the coir fiber
block. Each block has a male and a female end for secure connection. The
BioD-Block™ system has been further improved with invisible holes in the middle of
the coir block. The BioD-BlockTM 16-400 coir block system is manufactured to
conform to the following properties and features.

Property

BioD-BlockTM 16-400

Unit weight

4.8 lbs./ft.
(7.3 kg/m)

Block size
Height
Thickness
Length
Fabric length
Top
Bottom
Tensile strength of fabric
MD
CD
Fabric length at female end

16 in (40 cm)
9 in (23 cm)
10 ft (305 cm)
48 in (122 cm)
75 in (190 cm)
1740 lbs./ft.
(25.4 kN/m)
1176 lbs./ft.
(17.2 kN/m)
6 in (15 cm)

We recommend using BioD-Block™ system for soil lift construction. Construction
of vegetated soil lifts with coir block system is much easier and more efficient than
making soil lifts with fabrics.
1 800 760 3215
Tel: 770 506 8211
Fax: 770 506 0391
E-mail: rolanka@rolanka.com
Web: www.rolanka.com

ITEM 991.1

CONTROL OF WATER-BRIDGE NO. R-03-005 (BW6)

LUMP SUM

The work under this Item shall conform to the relevant provisions of Section 140, “Excavation for
Structures,” of the Standard Specifications for Highways and Bridges; The requirements of the
Prevention of Water Pollution and Erosion; the requirements imposed by Regulatory Permits and
the following:
The work to be done under this Item shall include the furnishing, installation, operation
and removal of the water control system required for the construction of the proposed
Precast Bridge Culvert structure and wingwalls and associated appurtences. All final excavation,
foundation construction and backfilling shall be performed in the dry. The different measures
taken to maintain the flow of the stream throughout various construction stages are included under
this Item. This Item does not include excavation.
This work shall also include the following:
·

Engineering and calculations for estimation of required flows

·

Engineering and calculations for preparation of the contractor’s de-watering plan

·

Gravity diversion piping

·

Pumping pipes for conducting pumped water out of and past the project work area.
Pumping is not allowed that would result in noise disturbance to the adjacent residents.

·

Sedimentation basins, turbidity curtains, and all approved sediment removal devices.

·

Miscellaneous equipment and materials related to de-watering the work areas.

·

Maintenance or relocation of cofferdams and other temporary facilities and equipment
related to de-watering as required for construction operations or staging.

The Contractor is advised that the Control of Water shown on contract plans at C u l v e r t
B r i d g e N O . R - 0 3 - 0 0 5 ( B W 6 ) is a suggested method of Water Control only. The
Contractor shall submit his or her own Control of Water Plans and documentation as specified in
these provisions. The Contractor shall make his own evaluation of existing conditions and
facilities, and of the effects of his proposed temporary works and construction methods,
and shall provide for all loads and construction conditions necessary to permit construction
of the specified structure while maintaining public safety and protecting complete work and
all third party property from damage resulting from his operation. The Contractor shall submit a
water control plan to the Engineer for approval.. The water control plan shall describe the measures
taken to accomodate flows and/or anticipated flood event through the site.
The suggested water control by-pass piping method with a 36” diameter pipe would correspond to
a flow rate of approximately 24 cfs. It is anticipated that the bridge construction will be conducted
between June and September. Based on daily records for gaging stations with similar drainage
area size the following are estimated flow statistics for Walker Brook at the subject bridge site
between June and September:

·
·
·
·
·
·

a flow of 5 cfs would be exceeded 20% of the time
a flow of 10 cfs would be exceeded 7.3% of the time
a flow of 15 cfs would be exceeded 4.1% of the time
a flow of 20 cfs would be exceeded 2.7% of the time
a flow of 24 cfs would be exceeded 2.1% of the time
a flow of 35 cfs would be exceeded 0.8% of the time

Additionally, with a 36 inch pipe (smooth, HDPE, concrete, etc.) to bypass construction the water
surface upstream of the pipe will be approximately as follows:
· 5 cfs: Elev. 77.5
· 10 cfs: Elev. 78.0
· 15 cfs: Elev. 78.3
· 20 cfs: Elev. 78.7
· 24 cfs: Elev. 79.0
· 35 cfs: Elev. 79.8
The Contractor shall verify flows, pipe requirements, cofferdam elevations etc as deemed
necessary for the various stages of his construction.

Before commencing construction, the Contractor shall furnish the Engineer with a separate
detailed cofferdam and de-watering plan, including working drawings, computations and details
of the plan and methods he proposes to use for excavation and handling water, as well as
methods and stages for accomplishing the work. All plans and computations shall be stamped by
an engineer licensed in the state of Massachusetts. Included in the plan shall be a minimum 5-10
day look ahead during construction to assess weather conditions that may come up during
construction and appropriate measures taken by the contractor to protect the site and work from
potential flooding.
The Contractor shall use such equipment and perform his operations in such a manner
that boiling or other disturbances of the soil, in the foundation area, will be prevented. He shall
keep the area being excavated dry by such means that will prevent water entering from
the adjacent soil, which may affect the stability of the foundation material or of the soil.
Unless otherwise provided, or directed, all such temporary de-watering facilities, equipment
or materials shall be removed and disposed of in an approved manner when no longer required.
The suggested water control is anticipated to be gravity bypass piping for diversion of water from
the interior of any excavation enclosure and shall be done in such
a manner as to prevent the disturbance of the bearing soils. Pumping is not allowed that
would result in noise disturbance to the adjacent residents.

Measurement and Payment
Payment for Item 991.1 shall be paid for at the Contract unit bid price per Lump Sum, complete
and accepted, which price shall include the design, tools, material, equipment, labor, planning,
calculations, engineering, drawings, meetings, dewatering facilities or operations,
transportation, and incidentals to perform the work as described above and as required by
the Engineer.
Payment for Item 991.1shall also include installing gravity bypass piping, cofferdams or
other such temporary structures as necessary to perform and protect all excavation, create a safe
and adequately dry environment to construct the proposed work, as well as properly conveying
and releasing work area discharge outside of the work area.
This shall include construction, reconstruction, relocation, repair (if required) and removal of all
temporary cofferdams, structures, barriers, turbidity curtains, sheeting or other such structures as
necessary for performing excavation, protection of the work area from stream flow, or diversion
of stream flows around the work areas. Also included in these items shall be the installation,
removal and/or abandonment of all required bypass piping, which cost shall be considered
incidental to Items 991.1.
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EXECUTIVE SUMMARY
The Town of Reading has requested AECOM to design and prepare construction documents and permit
applications to replace the two Bridges R-03-005-BW6 and R-03-006-BW7 over Walkers Brook, identified
as Track Road Bridge 1 (West) and Track Road Bridge 2 (East) respectively. The replacement bridges will
be widened to provide a maximum 22-ft 0-in roadway section and a maximum 24-ft 8-in out-to-out bridge
safety barriers. The bridge spans over the Walkers Brook will be maintained at 10-ft 4-in. The replacement
bridges will consist of three-sided precast units (bottomless culverts) with precast footings to satisfy the
MASS DOT stream crossing standards.
This report summarizes the results of the hydrologic and hydraulic studies, and the scour evaluation of both
bridges along with the proposed scour remedial measures.
At the location of the bridges, Walkers Brook has floodway delineations regulated by the National Flood
Insurance Program (NFIP). A “No-Rise” Floodway Encroachment Review was performed by developing
an alternate hydraulic model, using recently surveyed cross sections in the immediate vicinity of the bridges.
The HEC-RAS model was calibrated to match the existing flood profile presented in the current Flood
Insurance Study (FIS), dated July 6, 2016 for Middlesex County, Massachusetts. A Proposed Conditions
Model was then developed by modifying the Existing Conditions Model to reflect the replacement bridges
wider roadway section and identical span. The comparison of the two models shows that the Proposed
Conditions BFE has a “no-rise” impact on the Existing Conditions profile.
For the purpose of the bridge scour evaluation, AECOM reviewed the hydrology of the watershed drained
by the Walkers Brook. The watershed drainage area is 2.6 square miles in mainly suburban area in
Reading, MA. Previous studies performed for FEMA (1978) and AECOM for the Town of Reading (2013)
were reviewed and compared to the results of the Regional Regression Equations developed by the USGS
(2016). The larger flows resulting from the Regional Regression Equations were selected to provide a
slightly more conservative design.
The hydraulic parameters under design flow conditions were extracted from the Proposed Conditions HECRAS Model. Scour depths were evaluated in accordance with FHWA HEC-18 Evaluation Scour at Bridges,
Fifth Edition (2012), except for the local abutment scour for which MassDOT recommends the use of a
modified Froehlich Equation has indicated in MassDOT LRFD Bridge Manual (2013 Edition).
In conformance with MassDOT Municipal Bridge Projects Chapter 85 requirements for Urban Local Road,
the scour depths have been calculated for the Hydraulic Design Flood Frequency (10-Year), the Scour
Design Flood Frequency (25-Year) and the Check Scour Flood Frequency (50-Year). The HEC-RAS
simulation indicates that under the Hydraulic Design Flood (10-year) conditions the freeboard heights under
Bridges 1 and 2 are 2.6 feet and 3.7 feet, respectively. The results of the scour calculations are summarized
in Tables 1 and 2.
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Table 1 - Summary of Scour Depths at Bridge R-03-005-BW6 (West)
Flood
Event

Discharge
(cfs)

10-Year
Hydraulic

Local
Scour
(ft.)

Total
Scour
(ft.)

Scour Bottom
Elev.
(ft.-NAVD88)1

Embedment
Depth (ft.)2

L. Abutment

0.05

0.40

0.45

74.59

3.04

Elements

Centerline

0.05

-

0.05

74.99

-

Design

R. Abutment

0.05

0.45

0.50

74.54

2.99

25-Year

L. Abutment

0.48

0.82

1.30

73.74

2.19

Centerline

0.48

-

0.48

74.56

-

Design

R. Abutment

0.48

0.91

1.39

73.65

2.10

50-Year

L. Abutment

1.25

1.30

2.55

72.49

0.94

Centerline

1.25

-

1.25

73.79

-

R. Abutment

1.25

1.43

2.68

72.36

0.81

Scour

166

Contraction
Scour (ft.)

222

Scour

269

Check

Table 2 - Summary of Scour Depths at Bridge R-03-006-BW7 (East)
Contraction
Scour (ft.)

Local
Scour
(ft.)

Total
Scour
(ft.)

Scour Bottom
Elev.
(ft.-NAVD88)3

Embedment
Depth (ft.)4

L. Abutment

2.16

0.63

2.79

72.67

1.02

Centerline

2.16

-

2.16

73.30

-

Design

R. Abutment

2.16

0.69

2.85

72.61

0.96

25-Year

L. Abutment

2.96

0.79

3.75

71.71

0.06

Centerline

2.96

-

2.96

72.50

-

Design

R. Abutment

2.96

0.97

3.93

71.53

-0.12

50-Year

L. Abutment

3.93

0.95

4.88

70.58

-1.07

Centerline

3.93

-

3.93

71.53

-

R. Abutment

3.93

1.22

5.15

70.31

-1.34

Flood
Event

Discharge
(cfs)

10-Year
Hydraulic

Scour

Scour
Check

166

222

269

Elements

Total scour depths for Track Road Bridges 1 and 2 under the Scour Design Flood have been estimated to
be 1.4 feet and 3.9 feet, respectively. The bridge stability will also be checked under the Scour Check
Flood when the total scour depths for Bridges 1 and 2 are 2.7 feet and 5.1 feet, respectively.

1

Based on existing streambed at Elev. 75.04 (Topographic Survey dated November 2019)
Based on bottom of footing at Elev. 71.55
3
Based on existing streambed at Elev. 75.46 (Topographic Survey dated November 2019)
4
Based on bottom of footing at Elev. 71.65
2

February, 2020
Page | 2

Proposed Bridges
Track Road 1 (West) and Track Road 2 (East)
Over Walkers Brook
Hydraulic Report

1.0

PROJECT DESCRIPTION

1.1

Existing Bridges

The bridges are of nearly identical structural design. Each bridge is a single span, consisting of 9-in thick
reinforced concrete slab with a 2-in thick wearing surface, approximately 14-ft in total width with 12-in high
reinforced concrete curbs and wooden guardrails. Each bridge has a clear span of approximately 10-ft 4in. Both abutments consist of 10-in thick reinforced concrete walls that support the bridge superstructure
and function as a retaining wall and channel lining for the flowing water. According to the proposed design
drawing dated 1943, the wall footings and concrete lining are buried 1.5 feet below the bottom of the
channel. The estimated age of the structures is about 75 years. The typical bridge design drawing, dated
April 1943, is included in Appendix A; the construction date is unknown. The estimated age of the structures
is about 75 years.

1.2

Crossed Waterway

The bridges are located on Track Road 1 and Track Road 2 in the Town of Reading, Middlesex County and
cross over Walkers Brook. Track Road Bridge 1 is located approximately 520 feet upstream of Track Road
Bridge 2, with a third bridge, Harvest Road Bridge, also crossing Walkers Brook located between Bridges
1 and 2.

Figure 1 - Bridges 1 and 2 - Aerial View, 2019 Google Maps
At the bridge location, the drainage area of the watershed is estimated to be 2.6 square miles. The
watershed generally consists of suburban neighborhoods with single family houses on small to medium
size lots. Previous studies have determined the watershed included approximately 34% of impervious area.
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Upstream of Bridge 1, Walkers Brook consists of a series of straight reaches with slow moving water:
approximate measurements during a recent site visit show a velocity of 0.7 feet per second for an estimated
discharge of 10 cubic feet per second or twice the long-term average discharge in the stream. The hydraulic
profile of Walkers Brook shown in the FIS indicates a longitudinal slope of the approach channel of
approximately 0.17 feet per mile. The bed material consists of very fine material with D50 smaller than 0.2
millimeters. There are signs of bank erosion upstream and adjacent to the bridge wingwalls.

1.3

Highway Conveyed

Both bridges carry legs of Track Road, a local street with a Functional Class of Urban Local Road. Track
Road Bridge 1 (R-03-005-BW6) is currently open to vehicular traffic, while Track Road Bridge 2 (R-03-006BW7) is closed to vehicular traffic by the installation of concrete barrier.

1.4

Land Use in the Vicinity of the Bridge

Near the bridges, the land use is essentially residential, with small patches of wooded area located
immediately west of the most upstream bridge. The neighborhood is located approximately 600 feet north
of Interstate I-95.

1.5

Special Considerations

At the location of the bridges, Walkers Brook has floodway delineations regulated by the National Flood
Insurance Program (NFIP): the bridges shall be designed to convey the waterway’s base (100-year) flood
discharge without causing any increase in the waterway’s base flood elevation (BFE) profile. Walkers Brook
flood profiles are presented in the current Countywide Flood Insurance Study (FIS), dated July 6, 2016 for
Middlesex County, Massachusetts.
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2.0

DATA COLLECTION

2.1

Data Sources

Primary references and data sources are listed in Table 3.

Table 3 - Hydraulic Study Data Sources
Data Category

Considerations

Data Sources

Watershed

Drainage area, Mean
Basin Elevation, etc.
Land use
Hydrology

Approach
Waterways

Channel bank
sinuosity, Channel bed
slope
River Bed Material

USGS:
http://water.usgs.gov/osw/streamstats.html
http://www.mass.gov/mgis/lus.htm
Aberjona and Saugus River Drainage Study
(October 2013) for the Town of Reading, MA,
by AECOM
USGS StreamStats:
http://water.usgs.gov/osw/streamstats.html

Existing Structure

Regulatory Issues

Geotechnical Investigation (October 2019);
Particle size analysis
Superstructure
MassDOT, Structures Inspection Field Report;
Geometry and
R03005-BW6 Routine Inspection dated Feb.
Condition
5, 2019
R03006-BW7 Closed / Rehabilitation
Inspection dated Mar 29, 2018
Proposed Drainage System for Lake
Quannapowitt; Design Plan (April 1943)
Substructure Geometry Geotechnical Investigation (October 2019):
and Condition
Boring Logs
Proposed Drainage System for Lake
Quannapowitt; Design Plan (April 1943)
Structure geometry
Topographic Survey, November 2019
and Water Passage
National Flood
Flood Insurance Study, Middlesex County, MA
Insurance Program;
Volume 1 of 8, Revised July 6, 2016
Zone and Regulatory
Volume 8 of 8, Revised July 6, 2016 Flood
Floodway Delineation
Profiles
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3.0

ENGINEERING METHODS

3.1

Hydrologic Analysis

At the bridge location, the drainage area of the watershed is estimated to be 2.6 square miles. There is no
USGS gaging station on the Walkers Brook. The flood flows for several return periods have been estimated
using several methodologies in previous hydrologic studies: the approaches are briefly described below
and summarized in Table 4.
Based on the FIS, the discharges for the Walkers Brook were determined using the Wandle Method
developed by the USGS specifically for Massachusetts: USGS Water Supply Paper 2214 (1983). The
calculated regional equation flows were adjusted for impervious surface area resulting from urbanization.
The resulting flood event discharges are shown in Table 4.
A more recent hydrology study entitled ‘Aberjona and Saugus River Drainage Study’ completed in October
2013 for the Town of Reading, MA, by AECOM, takes a different approach to estimate the flood flows at
the bridge location. For the area of interest, AECOM developed a rainfall-runoff model using the USEPA
SWMMS program. The model includes 34 sub-areas covering the Walkers Brook watershed; the extent of
the model is shown on Figure 2.

Figure 2 - Areal Extent of the SWMMS model
The model was configured to simulate a 62-year rainfall period (1949 to 2010) using hourly precipitation
data from Logan Airport. The 62-year simulation period resulted in a series of annual peak discharges
which were statistically analyzed using the USGS Bulletin 17B methodology. The resulting flows for various
return periods are shown in Table 4.
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A third approach to estimate the flood flows at the Track Road Bridges was used to check the previous
study. The Scientific Investigations Report 2016-5156 – Magnitude of Flood Flows at Selected Annual
Exceedance Probabilities for Stream in Massachusetts, prepared by the USGS in cooperation with
MassDOT developed a series of regional regression equations based on peak flow records at 220 stream
gages in Massachusetts and adjacent States. Regression parameters obtained for the UGSG website
‘StreamStats’ are:
·
·
·

Drainage Area:
Average elevation:
Total storage:

2.6 square miles
113 feet
8.65%

The resulting flood flows are also shown in Table 4.

Table 4 - Track Road Bridges - Flood Flow Selection
Flood Flow (cfs)

Approach
Flood Insurance Study (FIS)
Aberjona and Saugus River
Drainage Study
USGS Regional Regression
Equations

10-yr
140

25-yr
-

50-yr
230

100-yr
280

500-yr
420

190

226

254

283

356

166

222

269

319

447

The three approaches provide similar results. For the purpose of the ‘No-Rise’ Floodway Review the flows
listed in the FIS will be used for consistency. The flows calculated using the USGS Regional Regression
Equations will be used for the Scour Analysis. The calculated flows are slightly larger than those used in
the FIS and therefore more conservative, and they correspond to a regression analysis completed with an
additional 35 years of flow records.

3.2

Hydraulic Analysis

For the purpose of performing the hydraulic analysis of Walkers Brook reach in the vicinity of the Track
Road Bridges a HEC-RAS model was developed. The model extends 1,200 feet from approximately 200
feet upstream of Track Road Bridge 1 (R-03-005-BW6) to approximately 50 feet downstream of the culvert
under Line Road. The reach is essentially straight with slow moving water under normal flow condition.
The bed material consists of very fine material with organic deposits and small vegetative debris. The
banks are steeper than 1.5H on 1.0V, with large trees and brush rooted at about 3 feet above the toe of the
bank. At normal flow the stream is one to two feet deep and 12 to 18 feet wide. The model includes four
crossing structures (from upstream to downstream): Track Road Bridge 1 (R-03-005-BW6), Harvest Road
Bridge, Track Road Bridge 2 (R-03-006-BW7) and Line Road Culvert. All four structures are 10 feet 4
inches wide with different hydraulic clearances as shown in Table 5.

Table 5 - River Crossing Hydraulic Opening
Crossing

Width
(ft.)

Existing Low
Chord Elev.
(ft.-NAVD88)

Upstream
Invert Elev.
(ft.-NAVD88)

Hydraulic
Clearance
(ft.)

Track Road Bridge 1 (West)
Harvest Road Bridge
Track Road Bridge 2 (East)
Line Road Culvert

10.33
10.33
10.33
10.33

83.76
84.06
84.23
80.14

75.05
76.65
75.47
75.99

8.71
7.41
8.76
4.14
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Figure 3 – Walkers Brook Flood Profile (2016 FIS)
The original hydraulic model was developed using the HEC-2 computer program; the HEC-RAS model
developed for the purpose of this study was adjusted to match the water surface elevation shown in the
2016 FIS for the 100-year flood event. No HEC-RAS simulation of the existing condition could explain the
surface water elevation drop between River Station 1330 and River Station 1130, calculated with the HEC2 model, as shown in Figure 3. This discrepancy had been previously mentioned (2013 Drainage Study),
but not resolved. For the purpose of this study, the HEC-RAS model was used to compare the existing
condition, called Duplicate Effective Model, to the proposed condition, called Proposed Condition Model in
Table 6.

Table 6 - Walkers Brook Base Flood Elevation (BFE)

River Station
2130
1930
Track Road Bridge 1 (West)
1730
Harvest Road Bridge
1530
Track Road Bridge 2 (East)
1330
1130
930
Line Road Culvert
780

WS Elev.
FIS Profile
(ft.-NAVD88)
83.8
83.7
83.5
83.4
83.0
81.9
81.5
80.7

WS Elev.
Duplicate Effective
HEC-RAS Model
(ft.-NAVD88)
83.5
83.2
83.1
82.6
82.1
81.9
81.6
80.7

WS Elev.
Proposed Condition
HEC-RAS Model
(ft.-NAVD88)
83.5
83.2
83.1
82.6
82.1
81.9
81.6
80.7
February, 2020
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From Table 6, the HEC-RAS model (Duplicate Effective) could not exactly reproduce the results of the FIS
simulation. The proposed condition model was developed to reflect the widening of the roadway over both
Track Road Bridges 1 and 2: the simulation shows that the roadway change does not have an impact on
the Base flood Elevation (BFE).

3.3

Scour Analysis

Based on the latest FHWA HEC-18 and the MassDOT Design for Full Municipal Bridge Replacement
Projects requirements relating hydraulic design floods to scour design and design check, and bridge
functional classification, the hydraulic modeling was performed for the following Flood events:

Table 7 - Track Road Bridges 1 and 2 - Flood Flows
Flood Event
10-year - Hydraulic Design Flood
25-year - Scour Design Flood
50-year – Scour Check Flood

Flood
Flows
(cfs)
166
222
269

The river bed material is estimated to be similar to the soil sample collected at the two borings performed
in October 2019. Four samples were collected and tested for particle size: the results are shown in Table 8.

Table 8 - Walkers Brooks Soil Sample Particle Size
Sample
Boring B-1, depth 10-12 ft.
Boring B-1, depth 25-27 ft.
Boring B-2, depth 6-8 ft.
Boring B-2, depth 15-17 ft.

D85
(mm)
0.128
0.087
0.296
0.200

D50
(mm)
0.072
0.046
0.173
0.070

Total scour depth is calculated as the sum of the long-term aggradation/degradation of the stream (if any),
the contraction scour and the local abutment scour.
Regarding aggradation/degradation, the river bed level surveyed for the purpose of this study was
compared to the level shown on the design drawings (1943): the current hydraulic clearance (at the time of
the survey) appears to be slightly greater than on the design drawings. The river bed material is very fine,
and significantly affected by the river flow. At the time of the survey, the discharge was noted to be greater
than average. It is therefore concluded that there is no indication that any aggradation / degradation has
occurred along the brook in the vicinity of the bridge.
Based on the river bed material size estimated for this study, and the hydraulic simulation of the evaluated
flood events, it was determined that live-bed conditions occur during all floods. Contraction scour depths
were calculated accordingly. Contraction is horizontal for all flood events.
The abutment scour was calculated using the MassDOT Modified Froehlich Local Abutment Scour Equation
as specified in MassDOT LRFD Bridge Manual, Part 1, Chapter 1, Sub-section 1.3.6. Detailed calculations
are presented in Appendix B and are summarized in Tables 9 to 12.
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Table 9 – Hydraulic Data for Scour Analysis – Bridge 1 (R-03-005-BW6)

Drainage Area = 2.6 sq. mi.
Recurrence Interval (years)
Peak discharge (cfs)
Water Surface Elevation (ft.-NAVD88)
At the upstream face of the bridge
Avg. Velocity Thru Structure (fps)
Scour Analysis: Yes

Hydraulic
Design
Flood
10
166

Scour
Design
Flood
25
222

Scour
Check
Flood
50
269

81.1

81.9

82.8

2.7
3.2
3.4
Channel Elev. 75.04 ft.-NAVD88

Table 10 - Total Scour Depths and Scour Elevations –Bridge 1 (R-03-005-BW6)

Left Abutment
Centerline
Right Abutment

Q10
Scour
Depth
(ft.)
0.45
0.05
0.50

Q10
Scour
Elev.
(ft.)
74.59
74.99
74.54

Q25
Scour
Depth
(ft.)
1.30
0.48
1.39

Q25
Scour
Elev.
(ft.)
73.74
74.56
73.65

Q50
Scour
Depth
(ft.)
2.55
1.30
2.68

Q50
Scour
Elev.
(ft.)
72.49
73.79
72.36

Table 11 – Hydraulic Data for Scour Analysis – Bridge 2 (R-03-006-BW7)
Drainage Area = 2.6 sq. mi.
Recurrence Interval (years)
Peak discharge (ft3/s)
Water Surface Elevation (ft.-NAVD88)
At the upstream face of the bridge
Avg. Velocity Thru Structure (ft./s)
Scour Analysis: Yes

Hydraulic
Design
Flood
10
166

Scour
Design
Flood
25
222

Scour
Check
Flood
50
269

80.5

81.2

82.2

3.3
3.8
3.9
Channel Elev. 75.46 ft.-NAVD88

Table 12 - Total Scour Depths and Scour Elevations – Bridge 2 (R-03-006-BW7)

Left Abutment
Centerline
Right Abutment

Q10
Scour
Depth
(ft.)
2.79
2.16
2.85

Q10
Scour
Elev.
(ft.)
72.67
73.30
72.61

Q25
Scour
Depth
(ft.)
3.75
2.96
3.93

Q25
Scour
Elev.
(ft.)
71.71
72.50
71.53

Q50
Scour
Depth
(ft.)
4.88
3.93
5.15

Q50
Scour
Elev.
(ft.)
70.58
71.53
70.31
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Proposed Bridges
Track Road 1 (West) and Track Road 2 (East)
Over Walkers Brook
Hydraulic Report

4.0

RECOMMENDATIONS

4.1

Stream Crossing Standards

In accordance with the Massachusetts Stream Crossings Handbook, all new and, where feasible,
replacement crossings shall adhere to stream crossing guideline presented in the Handbook. The crossings
shall provide for fish passage, stream continuity and some wildlife passage. The standards are based on
the six variables listed below. In the case of the replacement of Track Road Bridges 1 (West) and 2 (East)
most of the standards are being met as explained below.
·
·
·
·
·
·

4.2

Type of Crossing – three sided culverts are being used: standard met;
Embedment – top of footing is planned to be 4.0 feet below the stream bed for the purpose of
scour countermeasure: in excess of the minimum of 2 feet requirement;
Crossing Span – the bridge span will be replaced in kind to meet the existing channel structure
and to match existing conditions, approximately equal to the bankfull width, with headroom to
provide dry passage for wildlife: met to practical extent possible for given site conditions;
Openness – the openness ratio (cross-sectional area / crossing length) for both bridges is
approximately 3.8 feet, well in excess of the recommended standard;
Substrate – the natural material is planned to be used for the crossing bottom; a coarser gravel
base material may be substituted to resist displacements during flood events;
Water depth and velocity – both parameters remain comparable to those found in the natural
channel upstream and downstream of the bridges.

Hydraulic Data Tables
DRAINAGE AREA
DESIGN FLOOD DISCHARGE
DESIGN FLOOD FREQUENCY
DESIGN FLOOD VELOCITY
DESIGN FLOOD ELEVATION
BASE FLOOD DISCHARGE
BASE FLOOD ELEVATION

BRIDGE R-03-005-BW6
HYDRAULIC DESIGN DATA
2.6 SQUARE MILES
166 CUBIC FEET PER SECOND
10 YEARS
2.7 FEET PER SECOND
81.1 FEET, NAVD
BASE (100-YEAR) FLOOD DATA
280 CUBIC FEET PER SECOND
83.7 FEET, NAVD

DESIGN AND CHECK SCOUR DATA
DESIGN SCOUR FLOOD EVENT RETURN FREQUENCY
25 YEARS
CHECK SCOUR FLOOD EVENT RETURN FREQUENCY
50 YEARS
FLOOD OF RECORD
UNKNOWN

February, 2020
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Proposed Bridges
Track Road 1 (West) and Track Road 2 (East)
Over Walkers Brook
Hydraulic Report

DRAINAGE AREA
DESIGN FLOOD DISCHARGE
DESIGN FLOOD FREQUENCY
DESIGN FLOOD VELOCITY
DESIGN FLOOD ELEVATION

BASE FLOOD DISCHARGE
BASE FLOOD ELEVATION

BRIDGE R-03-006-BW7
HYDRAULIC DESIGN DATA
2.6 SQUARE MILES
166 CUBIC FEET PER SECOND
10 YEARS
3.3 FEET PER SECOND
80.5 FEET, NAVD
BASE (100-YEAR) FLOOD DATA
280 CUBIC FEET PER SECOND
83.4 FEET, NAVD

DESIGN AND CHECK SCOUR DATA
DESIGN SCOUR FLOOD EVENT RETURN FREQUENCY
25 YEARS
CHECK SCOUR FLOOD EVENT RETURN FREQUENCY
50 YEARS
FLOOD OF RECORD
UNKNOWN

February, 2020
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Proposed Bridges
Track Road 1 (West) and Track Road 2 (East)
Over Walkers Brook
Hydraulic Report

Appendix A
Original Design Drawing (1943) and
Proposed Design Drawings (2020)

Proposed Bridges
Track Road 1 (West) and Track Road 2 (East)
Over Walkers Brook
Hydraulic Report

Appendix B
Scour Calculations

Reading Track Road Bridges
Scour Calculations

SCOUR CALCULATIONS
TRACK ROAD BRIDGE 1 (R-03-005-BW6)
AND
TRACK ROAD BRIDGE 2 (R-03-006-BW7)
TOWN OF READING, MA
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TRACK ROAD BRIDGE 1 R-03-005-BW6 (WEST)
SCOUR ANALYSIS RESULTS
SUMMARY

Table 1 – Hydraulic Data for Scour Analysis – Bridge 1 (West)
HYDRAULIC DATA
Drainage Area = 2.6 sq. mi.

Hydraulic Design
Flood

Scour Design
Flood

Scour Check
Flood

Recurrence Interval (years)

10

25

50

Peak discharge (cfs)

166

222

269

Water Surface Elevation (ft.-NAVD88)

81.1

81.9

82.8

2.7

3.2

3.4

Avg. Velocity Thru Structure (fps)
Scour Analysis: Yes

Channel Elev. 75.04 ft.-NAVD88

Table 2 - Total Scour Depths and Scour Elevations –Bridge 1 (West)
Q10 Scour
Depth (ft.)

Q10 Scour
Elev. (ft.)

Q25 Scour
Depth (ft.)

Q25 Scour
Elev. (ft.)

Q50 Scour
Depth (ft.)

Q50 Scour
Elev. (ft.)

Left Abutment

0.45

74.59

1.30

73.74

2.55

72.49

Centerline

0.05

74.99

0.48

74.56

1.25

73.79

Right Abutment

0.50

74.54

1.39

73.65

2.68

72.36
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10-Year Flood Event (Hydraulic Design) – Bridge 1 (West)
HEC-RAS Simulation Results
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Contraction Scour: Determining Clear-water or Live-bed Conditions
Vc :
Critical velocity above which bed material of size D will be transported
/

/

=

(HEC-18 Equation 6.1)

Y:
Average depth of flow upstream of the bridge
Based on the HEC-RAS output table, the channel average depth at Sta. 1930 is:
= 5.72
D50: Particle size in a mixture of which 50 percent are smaller
Based on the subsurface investigation, the material in the vicinity of the bridge has a
median grain size, D50 value of 0.2 mm or 0,00066 ft.
= 0.00066
Ku:
11.17 English units (From HEC-18)
/

/

=
= (11.17)(5.72

)

/

(0.00066

)

/

= 1.30
If the critical velocity is smaller than the mean velocity (Vc<V), live-bed contraction scour
will exist
VAvg: Average velocity upstream of the bridge, ft/s
Based the HEC-RAS output table, the channel average velocity at Sta. 1930 is:
= 2.75
>
Because the average velocity is larger than the critical velocity live-bed contraction
scour exists.
Live-Bed Contraction Scour
y2/ y1 = (Q2/Q1)6/7 * (W1/W2)K

(HEC-18 Equation 6.2)

y1:
Average depth in the upstream main channel
y2:
Average equilibrium depth in the contracted section after contraction scour
W 1: Channel width at the upstream main channel
W 2: Channel width in the contracted section
Q1:
Flow in the upstream channel transporting sediment
Q2:
Flow in the contracted section
K:
Exponent based on mode of bed material transport, including shear
velocity and fall velocity of bed material (HEC-18 Figure 6.8).
The flow is confined to the main channel (no overbank flow), the normal river channel
width becomes narrower due the bridge: HEC-18 Case 2. The flow Q1 is equal to Q2.
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The hydraulic width of the upstream channel calculated as the total flow area divided by
hydraulic depth (width transporting bed material) is 11.04 ft., and the contracted width of
the bridge is 10.31 ft. (HEC-RAS table above).
Based on the shear stress provided in the HEC-RAS output table (0.27 lb./sq. ft.), the
shear velocity in the upstream section is equal to 0.373 fps. Based on the bed material
D50, the fall velocity of the bed material is estimated to be 0.082 fps indicating that the
bed material discharge is mostly suspended. The exponent K to be used in HEC-18
equation 6.2 is 0.69.
The average depth at the contracted section is:
y2 = y1 * (Q2/Q1)6/7 * (W1/W2)K
y2 = 5.72 * (11.04/10.31)0.69
y2 = 6.00 ft.
ys:
Average contraction scour depth:
ys = y2 – y0
(HEC-18 Equation 6.3)
y0:
Average existing depth in the contracted section (HEC-RAS table above):
y0 = 5.95 ft.
yS = 6.00 – 5.95
ys = 0.05 ft. for live-bed contraction scour
Scour depths with live-bed contraction may be limited by coarser sediments in the bed
material armoring the bed. In the case of Walkers Brook, given the small size of the
sediment, it is expected that some armoring with take place. In this situation HEC-18
recommends that scour depth be calculated using the clear-water equation in addition
to the live-bed equation, and that the smaller calculated scour depth be used.
Clear-water contraction scour
y2=Average equilibrium depth in the contracted section after contraction scour, ft.
=

/

∗
/

∗

(HEC-18 Equation 6.4)

Ku=0.0077 English Units (From HEC-18)
Q:
Discharge through the bridge associated with the width W, cfs
= 166
Dm: Diameter of the smallest non-transportable particle in the bed material
(1.25*D50) in the contracted section, ft.

W:

=
∗ 1.25
= 0.00066 ∗ 1.25
= 0.00083
Bottom width of the contracted section, ft.
= 10.31
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(0.0077) ∗ (166
)
=
(0.00083 ) / ∗ ( 10.31

/

)

= 10.21
ys:

average contraction scour depth:
=

y0:

−

(HEC-18 Equation 6.5)

Average existing depth in the contracted section
= 6.09
= 10.21 − 6.09
= 4.12 for clear water contraction scour

The smaller calculated scour depth was given by the live-bed equation, and should be
used for the purpose of this design:
Contraction Scour:
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Local Scour: Abutment
Mass DOT Modified Froehlich Equation
Mass DOT recommends use of a modified version of HEC-18 Equation 8.1 to generate
estimates of local abutment scour depths. The modified equation is:
ys/ya = 2.27 K1 K2 (L’/y a)0.43 Fr0.61
K1:
K2:
L’:
ya:
Fr:
ys:

Coefficient for abutment shape: K1 = 1.0
Coefficient angle of embankment: K2 = 1.0
Length of active flow obstructed by embankment
average depth of flow on flood plain
Froude number of approach flow of the abutment
Scour depth

Left Abutment:

L’ = 2.09 ft.; ya = 0.67 ft.; AL = 1.39 sq. ft.; QL = 0.32 cfs

Fr = (0.32/1.39) / (32.17 * 0.67)1/2 = 0.050
ys/ya = 2.27 * (2.09 / 0.67)0.43 * 0.0500.61 = 0.592
Left Abutment Scour
Right Abutment:

ys = 0.40 ft.

L’ = 2.80 ft.; ya = 0.60 ft.; AR = 1.68 sq. ft.; QR = 0.40 cfs

Fr = (0.40/1.68) / (32.17 * 0.60)1/2 = 0.054
ys/ya = 2.27 * (2.80 / 0.60)0.43 * 0.0540.61 = 0.744
Right Abutment Scour

ys = 0.45 ft.

Table 3 – 10-Year Flood – Bridge 1 (West)
Scour Calculation Summary
Left
Abutment

Center
of
Channel

Right
Abutment

W.S. Elev.

81.13

81.13

81.13

Depth (ft.)

6.09

6.09

6.09

Riverbed Elev.

75.04

75.04

75.04

Contraction Scour (ft.)

0.05

0.05

0.05

Local Scour (ft.)

0.40

-

0.45

Total Scour (ft.)

0.45

0.05

0.50

Scour Elev.

74.59

74.99

74.54
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Bridge Scour Analysis Hydraulic Toolbox 4.4 Screenshots:
Contraction Scour: 10-Year Flood, Bridge 1 (West)

Page 8 of 39

Reading Track Road Bridges
Scour Calculations

25-Year Flood Event (Design Scour) – Bridge 1 (West)
HEC-RAS Simulation Results
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Contraction Scour: Determining Clear-water or Live-bed Conditions
Vc :
Critical velocity above which bed material of size D will be transported
/

/

=

(HEC-18 Equation 6.1)

Y:
Average depth of flow upstream of the bridge
Based on the HEC-RAS output table, the channel average depth at Sta. 1930 is:
= 6.53
D50: Particle size in a mixture of which 50 percent are smaller
Based on the subsurface investigation, the material in the vicinity of the bridge has a
median grain size, D50 value of 0.2 mm or 0,00066 ft.
= 0.00066
Ku:
11.17 English units (From HEC-18)
/

/

=
= (11.17)(6.53

)

/

(0.00066

)

/

= 1.33
If the critical velocity is smaller than the mean velocity (Vc<V), live-bed contraction scour
will exist
VAvg: Average velocity upstream of the bridge, ft/s
Based the HEC-RAS output table, the channel average velocity at Sta. 1930 is:
= 3.18
>
Because the average velocity is larger than the critical velocity live-bed contraction
scour exists.
Live-Bed contraction scour
y2/ y1 = (Q2/Q1)6/7 * (W1/W2)K

(HEC-18 Equation 6.2)

y1:
Average depth in the upstream main channel
y2:
Average equilibrium depth in the contracted section after contraction scour
W 1: Channel width at the upstream main channel
W 2: Channel width in the contracted section
Q1:
Flow in the upstream channel transporting sediment
Q2:
Flow in the contracted section
K:
Exponent based on mode of bed material transport, including shear
velocity and fall velocity of bed material (HEC-18 Figure 6.8).
The flow is confined to the main channel (no overbank flow), the normal river channel
width becomes narrower due the bridge: HEC-18 Case 2. The flow Q1 is equal to Q2.
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The hydraulic width of the upstream channel calculated as the total flow area divided by
hydraulic depth (width transporting bed material) is 11.98 ft., and the contracted width of
the bridge is 10.31 ft. (HEC-RAS table above).
Based on the shear stress provided in the HEC-RAS output table (0.35 lb./sq. ft.), the
shear velocity in the upstream section is equal to 0.425 fps. Based on the bed material
D50, the fall velocity of the bed material is estimated to be 0.082 fps indicating that the
bed material discharge is mostly suspended. The exponent K to be used in HEC-18
equation 6.2 is 0.69.
The average depth at the contracted section is:
y2 = y1 * (Q2/Q1)6/7 * (W1/W2)K
y2 = 6.53 * (11.98/10.31)0.69
y2 = 7.24 ft.
ys:
Average contraction scour depth:
ys = y2 – y0
(HEC-18 Equation 6.3)
y0:
Average existing depth in the contracted section (HEC-RAS table above):
y0 = 6.76 ft.
yS = 7.24 – 6.76
ys = 0.48 ft.
Scour depths with live-bed contraction may be limited by coarser sediments in the bed
material armoring the bed. In the case of Walkers Brook, given the small size of the
sediment, it is expected that some armoring with take place. In this situation HEC-18
recommends that scour depth be calculated using the clear-water equation in addition
to the live-bed equation, and that the smaller calculated scour depth be used.
Clear-water contraction scour
y2=Average equilibrium depth in the contracted section after contraction scour, ft.
=

/

∗
/

∗

(HEC-18 Equation 6.4)

Ku=0.0077 English Units (From HEC-18)
Q:
Discharge through the bridge associated with the width W, cfs
= 222
Dm: Diameter of the smallest non-transportable particle in the bed material
(1.25*D50) in the contracted section, ft.

W:

=
∗ 1.25
= 0.00066 ∗ 1.25
= 0.00083
Bottom width of the contracted section, ft.
= 10.31
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(0.0077) ∗ (222
)
=
(0.00083 ) / ∗ ( 10.31

/

)

= 13.10
ys=average contraction scour depth:
=
y0:

−

(HEC-18 Equation 6.5)

Average existing depth in the contracted section
= 6.90
= 13.10 − 6.90
= 6.20 for clear water contraction scour

The smaller calculated scour depth was given by the live-bed equation, and should be
used for the purpose of this design:
Contraction Scour:
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Local Scour: Abutment
Mass DOT Modified Froehlich Equation
Mass DOT recommends use of a modified version of HEC-18 Equation 8.1 to generate
estimates of local abutment scour depths. The modified equation is:
ys/ya = 2.27 K1 K2 (L’/y a)0.43 Fr0.61
K1:
K2:
L’:
ya:
Fr:
ys:

Coefficient for abutment shape: K1 = 1.0
Coefficient angle of embankment: K2 = 1.0
Length of active flow obstructed by embankment
average depth of flow on flood plain
Froude number of approach flow of the abutment
Scour depth

Left Abutment:

L’ = 4.92 ft.; ya = 0.89 ft.; AL = 4.39 sq. ft.; QL = 1.62 cfs

Fr = (1.62/4.39) / (32.17 * 0.89)1/2 = 0.069
ys/ya = 2.27 * (4.92 / 0.89)0.43 * 0.0690.61 = 0.927
Left Abutment Scour
Right Abutment:

ys = 0.82 ft.

L’ = 5.76 ft.; ya = 0.90 ft.; AR = 5.17 sq. ft.; QR = 2.00 cfs

Fr = (2.00/5.17) / (32.17 * 0.90)1/2 = 0.072
ys/ya = 2.27 * (5.76 / 0.90)0.43 * 0.0720.61 = 1.012
Right Abutment Scour

ys = 0.91 ft.

Table 4 – 25-Year Flood – Bridge 1 (West)
Scour Calculation Summary
Left
Abutment

Center
of
Channel

Right
Abutment

W.S. Elev.

81.94

81.94

81.94

Depth (ft.)

6.90

6.90

6.90

Riverbed Elev.

75.04

75.04

75.04

Contraction Scour (ft.)

0.48

0.48

0.48

Local Scour (ft.)

0.82

-

0.91

Total Scour (ft.)

1.30

0.48

1.39

Scour Elev.

73.74

74.56

73.65
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Bridge Scour Analysis Hydraulic Toolbox 4.4 Screenshots:
Contraction Scour: 25-Year Flood, Bridge 1 (West)
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50-Year Flood Event (Check Scour) – Bridge 1 (West)
HEC-RAS Simulation Results
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Contraction Scour: Determining Clear-water or Live-bed Conditions
Vc :
Critical velocity above which bed material of size D will be transported
/

/

=

(HEC-18 Equation 6.1)

Y:
Average depth of flow upstream of the bridge
Based on the HEC-RAS output table, the channel average depth at Sta. 1930 is:
= 7.42
D50: Particle size in a mixture of which 50 percent are smaller
Based on the subsurface investigation, the material in the vicinity of the bridge has a
median grain size, D50 value of 0.2 mm or 0,00066 ft.
= 0.00066
Ku:
11.17 English units (From HEC-18)
/

/

=
= (11.17)(7.42

)

/

(0.00066

)

/

= 1.36
If the critical velocity is smaller than the mean velocity (Vc<V), live-bed contraction scour
will exist
VAvg: Average velocity upstream of the bridge, ft/s
Based the HEC-RAS output table, the channel average velocity at Sta. 1930 is:
= 3.31
>
Because the average velocity is larger than the critical velocity live-bed contraction
scour exists.
Live-Bed contraction scour
y2/ y1 = (Q2/Q1)6/7 * (W1/W2)K

(HEC-18 Equation 6.2)

y1:
Average depth in the upstream main channel
y2:
Average equilibrium depth in the contracted section after contraction scour
W 1: Channel width at the upstream main channel
W 2: Channel width in the contracted section
Q1:
Flow in the upstream channel transporting sediment
Q2:
Flow in the contracted section
K:
Exponent based on mode of bed material transport, including shear
velocity and fall velocity of bed material (HEC-18 Figure 6.8).
The flow is confined to the main channel (no overbank flow), the normal river channel
width becomes narrower due the bridge: HEC-18 Case 2. The flow Q1 is equal to Q2.
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The hydraulic width of the upstream channel calculated as the total flow area divided by
hydraulic depth (width transporting bed material) is 13.37 ft., and the contracted width of
the bridge is 10.31 ft. (HEC-RAS table above).
Based on the shear stress provided in the HEC-RAS output table (0.36 lb./sq. ft.), the
shear velocity in the upstream section is equal to 0.430 fps. Based on the bed material
D50, the fall velocity of the bed material is estimated to be 0.082 fps indicating that the
bed material discharge is mostly suspended. The exponent K to be used in HEC-18
equation 6.2 is 0.69.
The average depth at the contracted section is:
y2 = y1 * (Q2/Q1)6/7 * (W1/W2)K
y2 = 7.42 * (13.37/10.31)0.69
y2 = 8.88 ft.
ys:
Average contraction scour depth:
ys = y2 – y0
(HEC-18 Equation 6.3)
y0:
Average existing depth in the contracted section (HEC-RAS table above):
y0 = 7.63 ft.
yS = 8.88 – 7.63
ys = 1.25 ft. for live-bed contraction scour

Scour depths with live-bed contraction may be limited by coarser sediments in the bed
material armoring the bed. In the case of Walkers Brook, given the small size of the
sediment, it is expected that some armoring with take place. In this situation HEC-18
recommends that scour depth be calculated using the clear-water equation in addition
to the live-bed equation, and that the smaller calculated scour depth be used.
Clear-water contraction scour
y2=Average equilibrium depth in the contracted section after contraction scour, ft.
=

/

∗
/

∗

(HEC-18 Equation 6.4)

Ku=0.0077 English Units (From HEC-18)
Q:
Discharge through the bridge associated with the width W, cfs
= 269
Dm: Diameter of the smallest non-transportable particle in the bed material
(1.25*D50) in the contracted section, ft.

W:

=
∗ 1.25
= 0.00066 ∗ 1.25
= 0.00083
Bottom width of the contracted section, ft.
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= 10.31
(0.0077) ∗ (269
)
=
/
(0.00083 ) ∗ ( 10.31

/

)

= 15.44
ys:

Average contraction scour depth:
=

y0:

−

(HEC-18 Equation 6.5)

Average existing depth in the contracted section:
= 7.76
= 15.44 − 7.76
= 7.68 for clear water contraction scour

The smaller calculated scour depth was given by the live-bed equation, and should be
used for the purpose of this design:
Contraction Scour:
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Local Scour: Abutment
Mass DOT Modified Froehlich Equation
Mass DOT recommends use of a modified version of HEC-18 Equation 8.1 to generate
estimates of local abutment scour depths. The modified equation is:
Ys/Ya = 2.27 K1 K2 (L’/Ya)0.43 Fr0.61
K1:
Coefficient for abutment shape: K1 = 1.0
K2:
Coefficient angle of embankment: K2 = 1.0
L’:
Length of active flow obstructed by embankment
Ya:
average depth of flow on flood plain
Fr:
Froude number of approach flow of the abutment
Ys:
Scour depth
Left Abutment:
L’ = 7.41 ft.; Ya = 1.32 ft.; AL = 9.81 sq. ft.; QL = 4.83 cfs
Fr = (4.83/9.81) / (32.17 * 1.32)1/2 = 0.076
Ys/Ya = 2.27 * (7.41 / 1.32)0.43 * 0.0760.61 = 0.986
Left Abutment Scour
ys = 1.30 ft.
Right Abutment:
L’ = 8.37 ft.; Ya = 1.37 ft.; AR = 11.49 sq. ft.; QR = 5.95 cfs
Fr = (5.95/11.49) / (32.17 * 1.37)1/2 = 0.078
Ys/Ya = 2.27 * (8.37 / 1.37)0.43 * 0.0780.61 = 1.043
Right Abutment Scour ys = 1.43 ft.

Table 5 – 50-Year Flood – Bridge 1 (West)
Scour Calculation Summary
Left
Abutment

Center
of
Channel

Right
Abutment

W.S. Elev.

82.80

82.80

82.80

Depth (ft.)

7.76

7.76

7.76

Riverbed Elev.

75.04

75.04

75.04

Contraction Scour (ft.)

1.25

1.25

1.25

Local Scour (ft.)

1.30

-

1.43

Total Scour (ft.)

2.55

1.25

2.68

Scour Elev.

72.49

73.79

72.36
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Bridge Scour Analysis Hydraulic Toolbox 4.4 Screenshots:
Contraction Scour: 50-Year Flood, Bridge 1 (West)
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TRACK ROAD BRIDGE 2 R-03-006-BW7 (EAST)
SCOUR ANALYSIS RESULTS
SUMMARY

Table 6 – Hydraulic Data for Scour Analysis – Bridge 2 (East)
HYDRAULIC DATA
Drainage Area = 2.6 sq. mi.

Hydraulic Design
Flood

Scour Design
Flood

Scour Check
Flood

Recurrence Interval (years)

10

25

50

Peak discharge (ft3/s)

166

222

269

Water Surface Elevation (ft.-NAVD88

80.5

81.2

82.2

3.3

3.8

3.9

Avg. Velocity Thru Structure (ft./s)
Scour Analysis: Yes

Channel Elev. 75.46 ft.-NAVD88

Table 7 - Total Scour Depths and Scour Elevations – Bridge 2 (East)
Q10 Scour
Depth (ft.)

Q10 Scour
Elev. (ft.)

Q25 Scour
Depth (ft.)

Q25 Scour
Elev. (ft.)

Q50 Scour
Depth (ft.)

Q50 Scour
Elev. (ft.)

Left Abutment

2.79

72.67

3.75

71.71

4.88

70.58

Centerline

2.16

73.30

2.96

72.50

3.93

71.53

Right Abutment

2.85

72.61

3.93

71.53

5.15

70.31
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10-Year Flood Event (Hydraulic Design) – Bridge 2 (East)
HEC-RAS Simulation Results
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Contraction Scour: Determining Clear-water or Live-bed Conditions
Vc :
Critical velocity above which bed material of size D will be transported
/

/

=

(HEC-18 Equation 6.1)

Y:
Average depth of flow upstream of the bridge
Based on the HEC-RAS output table, the channel average depth at Sta. 1430 is:
= 4.25
D50: Particle size in a mixture of which 50 percent are smaller
Based on the subsurface investigation, the material in the vicinity of the bridge has a
median grain size, D50 value of 0.2 mm or 0,00066 ft.
= 0.00066
Ku:
11.17 English units (From HEC-18)
/

/

=
= (11.17)(4.25

)

/

(0.00066

)

/

= 1.24
If the critical velocity is smaller than the mean velocity (Vc<V), live-bed contraction scour
will exist
VAvg: Average velocity upstream of the bridge, ft/s
Based the HEC-RAS output table, the channel average velocity at Sta. 1430 is:
= 1.93
>
Because the average velocity is larger than the critical velocity live-bed contraction
scour exists.
Live-Bed Contraction Scour
y2/ y1 = (Q2/Q1)6/7 * (W1/W2)K

(HEC-18 Equation 6.2)

y1:
Average depth in the upstream main channel
y2:
Average equilibrium depth in the contracted section after contraction scour
W 1: Channel width at the upstream main channel
W 2: Channel width in the contracted section
Q1:
Flow in the upstream channel transporting sediment
Q2:
Flow in the contracted section
K:
Exponent based on mode of bed material transport, including shear
velocity and fall velocity of bed material (HEC-18 Figure 6.8).
The flow is confined to the main channel (no overbank flow), the normal river channel
width becomes narrower due the bridge: HEC-18 Case 2. The flow Q1 is equal to Q2.
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The hydraulic width of the upstream channel calculated as the total flow area divided by
hydraulic depth (width transporting bed material) is 21.59 ft., and the contracted width of
the bridge is 10.31 ft. (HEC-RAS table above).
Based on the shear stress provided in the HEC-RAS output table (0.14 lb./sq. ft.), the
shear velocity in the upstream section is equal to 0.269 fps. Based on the bed material
D50, the fall velocity of the bed material is estimated to be 0.082 fps indicating that the
bed material discharge is mostly suspended. The exponent K to be used in HEC-18
equation 6.2 is 0.69.
The average depth at the contracted section is:
y2 = y1 * (Q2/Q1)6/7 * (W1/W2)K
y2 = 4.25 * (21.59/10.31)0.69
y2 = 7.08 ft.
ys:
Average contraction scour depth:
ys = y2 – y0
(HEC-18 Equation 6.3)
y0:
Average existing depth in the contracted section (HEC-RAS table above):
y0 = 4.92 ft.
yS = 7.08 – 4.92
ys = 2.16 ft. for live-bed contraction scour
Scour depths with live-bed contraction may be limited by coarser sediments in the bed
material armoring the bed. In the case of Walkers Brook, given the small size of the
sediment, it is expected that some armoring with take place. In this situation HEC-18
recommends that scour depth be calculated using the clear-water equation in addition
to the live-bed equation, and that the smaller calculated scour depth be used.
Clear-water contraction scour
y2=Average equilibrium depth in the contracted section after contraction scour, ft.
=

/

∗
/

∗

(HEC-18 Equation 6.4)

Ku=0.0077 English Units (From HEC-18)
Q:
Discharge through the bridge associated with the width W, cfs
= 166
Dm: Diameter of the smallest non-transportable particle in the bed material
(1.25*D50) in the contracted section, ft.

W:

=
∗ 1.25
= 0.00066 ∗ 1.25
= 0.00083
Bottom width of the contracted section, ft.
= 10.31
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(0.0077) ∗ (166
)
=
(0.00083 ) / ∗ ( 10.31

/

)

= 10.21
ys:

average contraction scour depth:
=

y0:

−

(HEC-18 Equation 6.5)

Average existing depth in the contracted section
= 5.00
= 10.21 − 5.00
= 5.21 for clear water contraction scour

The smaller calculated scour depth was given by the live-bed equation, and should be
used for the purpose of this design:
Contraction Scour:
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Local Scour: Abutment
Mass DOT Modified Froehlich Equation
Mass DOT recommends use of a modified version of HEC-18 Equation 8.1 to generate
estimates of local abutment scour depths. The modified equation is:
ys/ya = 2.27 K1 K2 (L’/y a)0.43 Fr0.61
K1:
K2:
L’:
ya:
Fr:
ys:

Coefficient for abutment shape: K1 = 1.0
Coefficient angle of embankment: K2 = 1.0
Length of active flow obstructed by embankment
average depth of flow on flood plain
Froude number of approach flow of the abutment
Scour depth

Left Abutment:

L’ = 2.22 ft.; ya = 1.30 ft.; AL = 2.88 sq. ft.; QL = 0.95 cfs

Fr = (0.95/2.88) / (32.17 * 1.30)1/2 = 0.051
ys/ya = 2.27 * (2.22 / 1.30)0.43 * 0.0510.61 = 0.483
Left Abutment Scour
Right Abutment:

ys = 0.63 ft.

L’ = 3.40 ft.; ya = 1.13 ft.; AR = 3.85 sq. ft.; QR = 1.25 cfs

Fr = (1.25/3.85) / (32.17 * 1.13)1/2 = 0.054
ys/ya = 2.27 * (3.40 / 1.13)0.43 * 0.0540.61 = 0.613
Right Abutment Scour

ys = 0.69 ft.

Table 8 – 10-Year Flood – Bridge 2 (East)
Scour Calculation Summary
Left
Abutment

Center
of
Channel

Right
Abutment

W.S. Elev.

80.46

80.46

80.46

Depth (ft.)

5.00

5.00

5.00

Riverbed Elev.

75.46

75.46

75.46

Contraction Scour (ft.)

2.16

2.16

2.16

Local Scour (ft.)

0.63

-

0.69

Total Scour (ft.)

2.79

2.16

2.85

Scour Elev.

72.67

73.30

72.61
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Bridge Scour Analysis Hydraulic Toolbox 4.4 Screenshots:
Contraction Scour: 10-Year Flood, Bridge 2 (East)

Page 27 of 39

Reading Track Road Bridges
Scour Calculations

25-Year Flood Event (Design Scour) – Bridge 2 (East)
HEC-RAS Simulation Results

Page 28 of 39

Reading Track Road Bridges
Scour Calculations

Contraction Scour: Determining Clear-water or Live-bed Conditions
Vc :
Critical velocity above which bed material of size D will be transported
/

/

=

(HEC-18 Equation 6.1)

Y:
Average depth of flow upstream of the bridge
Based on the HEC-RAS output table, the channel average depth at Sta. 1430 is:
= 5.06
D50: Particle size in a mixture of which 50 percent are smaller
Based on the subsurface investigation, the material in the vicinity of the bridge has a
median grain size, D50 value of 0.2 mm or 0,00066 ft.
= 0.00066
Ku:
11.17 English units (From HEC-18)
/

/

=
= (11.17)(5.06

)

/

(0.00066

)

/

= 1.27
If the critical velocity is smaller than the mean velocity (Vc<V), live-bed contraction scour
will exist
VAvg: Average velocity upstream of the bridge, ft/s
Based the HEC-RAS output table, the channel average velocity at Sta. 1430 is:
= 2.14
>
Because the average velocity is larger than the critical velocity live-bed contraction
scour exists.
Live-Bed contraction scour
y2/ y1 = (Q2/Q1)6/7 * (W1/W2)K

(HEC-18 Equation 6.2)

y1:
Average depth in the upstream main channel
y2:
Average equilibrium depth in the contracted section after contraction scour
W 1: Channel width at the upstream main channel
W 2: Channel width in the contracted section
Q1:
Flow in the upstream channel transporting sediment
Q2:
Flow in the contracted section
K:
Exponent based on mode of bed material transport, including shear
velocity and fall velocity of bed material (HEC-18 Figure 6.8).
The flow is confined to the main channel (no overbank flow), the normal river channel
width becomes narrower due the bridge: HEC-18 Case 2. The flow Q1 is equal to Q2.
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The hydraulic width of the upstream channel calculated as the total flow area divided by
hydraulic depth (width transporting bed material) is 22.38 ft., and the contracted width of
the bridge is 10.31 ft. (HEC-RAS table above).
Based on the shear stress provided in the HEC-RAS output table (0.16 lb./sq. ft.), the
shear velocity in the upstream section is equal to 0.287 fps. Based on the bed material
D50, the fall velocity of the bed material is estimated to be 0.082 fps indicating that the
bed material discharge is mostly suspended. The exponent K to be used in HEC-18
equation 6.2 is 0.69.
The average depth at the contracted section is:
y2 = y1 * (Q2/Q1)6/7 * (W1/W2)K
y2 = 5.06 * (22.38/10.31)0.69
y2 = 8.64 ft.
ys:
Average contraction scour depth:
ys = y2 – y0
(HEC-18 Equation 6.3)
y0:
Average existing depth in the contracted section (HEC-RAS table above):
y0 = 5.68 ft.
yS = 8.64 – 5.68
ys = 2.96 ft.
Scour depths with live-bed contraction may be limited by coarser sediments in the bed
material armoring the bed. In the case of Walkers Brook, given the small size of the
sediment, it is expected that some armoring with take place. In this situation HEC-18
recommends that scour depth be calculated using the clear-water equation in addition
to the live-bed equation, and that the smaller calculated scour depth be used.
Clear-water contraction scour
y2=Average equilibrium depth in the contracted section after contraction scour, ft.
=

/

∗
/

∗

(HEC-18 Equation 6.4)

Ku=0.0077 English Units (From HEC-18)
Q:
Discharge through the bridge associated with the width W, cfs
= 222
Dm: Diameter of the smallest non-transportable particle in the bed material
(1.25*D50) in the contracted section, ft.

W:

=
∗ 1.25
= 0.00066 ∗ 1.25
= 0.00083
Bottom width of the contracted section, ft.
= 10.31
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(0.0077) ∗ (222
)
=
(0.00083 ) / ∗ ( 10.31

/

)

= 13.10
ys=average contraction scour depth:
=
y0:

−

(HEC-18 Equation 6.5)

Average existing depth in the contracted section
= 5.76
= 13.10 − 5.76
= 7.34 for clear water contraction scour

The smaller calculated scour depth was given by the live-bed equation, and should be
used for the purpose of this design:
Contraction Scour:
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Local Scour: Abutment
Mass DOT Modified Froehlich Equation
Mass DOT recommends use of a modified version of HEC-18 Equation 8.1 to generate
estimates of local abutment scour depths. The modified equation is:
ys/ya = 2.27 K1 K2 (L’/y a)0.43 Fr0.61
K1:
K2:
L’:
ya:
Fr:
ys:

Coefficient for abutment shape: K1 = 1.0
Coefficient angle of embankment: K2 = 1.0
Length of active flow obstructed by embankment
average depth of flow on flood plain
Froude number of approach flow of the abutment
Scour depth

Left Abutment:

L’ = 2.68 ft.; ya = 1.82 ft.; AL = 4.87 sq. ft.; QL = 1.90 cfs

Fr = (1.90/4.87) / (32.17 * 1.82)1/2 = 0.051
ys/ya = 2.27 * (2.68 / 1.82)0.43 * 0.0510.61 = 0.436
Left Abutment Scour
Right Abutment:

ys = 0.79 ft.

L’ = 4.51 ft.; ya = 1.56 ft.; AR = 7.06 sq. ft.; QR = 2.82 cfs

Fr = (2.82/7.06) / (32.17 * 1.56)1/2 = 0.056
ys/ya = 2.27 * (4.51 / 1.56)0.43 * 0.0560.61 = 0.620
Right Abutment Scour

ys = 0.97 ft.

Table 9 – 25-Year Flood – Bridge 2 (East)
Scour Calculation Summary
Left
Abutment

Center
of
Channel

Right
Abutment

W.S. Elev.

81.22

81.22

81.22

Depth (ft.)

5.76

5.76

5.76

Riverbed Elev.

75.46

75.46

75.46

Contraction Scour (ft.)

2.96

2.96

2.96

Local Scour (ft.)

0.79

-

0.97

Total Scour (ft.)

3.75

2.96

3.93

Scour Elev.

71.71

72.50

71.53
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Bridge Scour Analysis Hydraulic Toolbox 4.4 Screenshots:
Contraction Scour: 25-Year Flood, Bridge 2 (East)
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50-Year Flood Event (Check Scour) – Bridge 2 (East)
HEC-RAS Simulation Results
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Contraction Scour: Determining Clear-water or Live-bed Conditions
Vc :
Critical velocity above which bed material of size D will be transported
/

/

=

(HEC-18 Equation 6.1)

Y:
Average depth of flow upstream of the bridge
Based on the HEC-RAS output table, the channel average depth at Sta. 1430 is:
= 6.01
D50: Particle size in a mixture of which 50 percent are smaller
Based on the subsurface investigation, the material in the vicinity of the bridge has a
median grain size, D50 value of 0.2 mm or 0,00066 ft.
= 0.00066
Ku:
11.17 English units (From HEC-18)
/

/

=
= (11.17)(6.01

)

/

(0.00066

)

/

= 1.31
If the critical velocity is smaller than the mean velocity (Vc<V), live-bed contraction scour
will exist
VAvg: Average velocity upstream of the bridge, ft/s
Based the HEC-RAS output table, the channel average velocity at Sta. 1430 is:
= 2.17
>
Because the average velocity is larger than the critical velocity live-bed contraction
scour exists.
Live-Bed contraction scour
y2/ y1 = (Q2/Q1)6/7 * (W1/W2)K

(HEC-18 Equation 6.2)

y1:
Average depth in the upstream main channel
y2:
Average equilibrium depth in the contracted section after contraction scour
W 1: Channel width at the upstream main channel
W 2: Channel width in the contracted section
Q1:
Flow in the upstream channel transporting sediment
Q2:
Flow in the contracted section
K:
Exponent based on mode of bed material transport, including shear
velocity and fall velocity of bed material (HEC-18 Figure 6.8).
The flow is confined to the main channel (no overbank flow), the normal river channel
width becomes narrower due the bridge: HEC-18 Case 2. The flow Q1 is equal to Q2.
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The hydraulic width of the upstream channel calculated as the total flow area divided by
hydraulic depth (width transporting bed material) is 23.32 ft., and the contracted width of
the bridge is 10.31 ft. (HEC-RAS table above).
Based on the shear stress provided in the HEC-RAS output table (0.15 lb./sq. ft.), the
shear velocity in the upstream section is equal to 0.278 fps. Based on the bed material
D50, the fall velocity of the bed material is estimated to be 0.082 fps indicating that the
bed material discharge is mostly suspended. The exponent K to be used in HEC-18
equation 6.2 is 0.69.
The average depth at the contracted section is:
y2 = y1 * (Q2/Q1)6/7 * (W1/W2)K
y2 = 6.01 * (23.32/10.31)0.69
y2 = 10.56 ft.
ys:
Average contraction scour depth:
ys = y2 – y0
(HEC-18 Equation 6.3)
y0:
Average existing depth in the contracted section (HEC-RAS table above):
y0 = 6.63 ft.
yS = 10.56 – 6.63
ys = 3.93 ft. for live-bed contraction scour

Scour depths with live-bed contraction may be limited by coarser sediments in the bed
material armoring the bed. In the case of Walkers Brook, given the small size of the
sediment, it is expected that some armoring with take place. In this situation HEC-18
recommends that scour depth be calculated using the clear-water equation in addition
to the live-bed equation, and that the smaller calculated scour depth be used.
Clear-water contraction scour
y2=Average equilibrium depth in the contracted section after contraction scour, ft.
=

/

∗
/

∗

(HEC-18 Equation 6.4)

Ku=0.0077 English Units (From HEC-18)
Q:
Discharge through the bridge associated with the width W, cfs
= 269
Dm: Diameter of the smallest non-transportable particle in the bed material
(1.25*D50) in the contracted section, ft.

W:

=
∗ 1.25
= 0.00066 ∗ 1.25
= 0.00083
Bottom width of the contracted section, ft.
Page 36 of 39

Reading Track Road Bridges
Scour Calculations

= 10.31
(0.0077) ∗ (269
)
=
/
(0.00083 ) ∗ ( 10.31

/

)

= 15.44
ys:

Average contraction scour depth:
=

y0:

−

(HEC-18 Equation 6.5)

Average existing depth in the contracted section:
= 6.63
= 15.44 − 6.63
= 8.81 for clear water contraction scour

The smaller calculated scour depth was given by the live-bed equation, and should be
used for the purpose of this design:
Contraction Scour:
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Local Scour: Abutment
Mass DOT Modified Froehlich Equation
Mass DOT recommends use of a modified version of HEC-18 Equation 8.1 to generate
estimates of local abutment scour depths. The modified equation is:
Ys/Ya = 2.27 K1 K2 (L’/Ya)0.43 Fr0.61
K1:
Coefficient for abutment shape: K1 = 1.0
K2:
Coefficient angle of embankment: K2 = 1.0
L’:
Length of active flow obstructed by embankment
Ya:
average depth of flow on flood plain
Fr:
Froude number of approach flow of the abutment
Ys:
Scour depth
Left Abutment:
L’ = 3.65 ft.; Ya = 2.13 ft.; AL = 7.78 sq. ft.; QL = 3.07 cfs
Fr = (3.07/7.78) / (32.17 * 2.13)1/2 = 0.048
Ys/Ya = 2.27 * (3.65 / 2.13)0.43 * 0.0480.61 = 0.447
Left Abutment Scour
ys = 0.95 ft.
Right Abutment:
L’ = 5.82 ft.; Ya = 2.06 ft.; AR = 11.99 sq. ft.; QR = 5.20 cfs
Fr = (5.20/11.99) / (32.17 * 2.06)1/2 = 0.053
Ys/Ya = 2.27 * (5.82 / 2.06)0.43 * 0.0530.61 = 0.593
Right Abutment Scour ys = 1.22 ft.

Table 10 – 50-Year Flood – Bridge 2 (East)
Scour Calculation Summary
Left
Abutment

Center
of
Channel

Right
Abutment

W.S. Elev.

82.17

82.17

82.17

Depth (ft.)

6.71

6.71

6.71

Riverbed Elev.

75.46

75.46

75.46

Contraction Scour (ft.)

3.93

3.93

3.93

Local Scour (ft.)

0.95

-

1.22

Total Scour (ft.)

4.88

3.93

5.15

Scour Elev.

70.58

71.53

70.31
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Bridge Scour Analysis Hydraulic Toolbox 4.4 Screenshots:
Contraction Scour: 50-Year Flood, Bridge 2 (East)
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