
Northstar Hydro, Inc.

Memorandum

To:  Kris Constanzer, Mathew Steele, P.E., SEA/Kleinfelder Assoc

From:  Ellen O’Brien, P.E., Northstar Hydro, Inc.

Date:  April 27, 2011

Re:  Little Bridge, Westbrook, ME.  Supplemental Hydraulic Analysis, 26’ X 12’
Box Culvert

Preliminary design for Little Bridge on Mill Brook in Westbrook, ME was prepared to
replace the twin CMP culverts with a single arch.  The PDR H/H report was submitted in
September of 2010.  Since that time, MDOT and the SEA/Kleinfelder reassessed the site
relative to temporary detour, traffic constraints, and budget and elected to evaluate single
box culvert alternatives.  A memo in January summarized the results of the hydraulic
analysis for two sizes of box culvert, 20’ X 12’ and 24’ X 9’.  This memo addresses a 26’
X 12’ box.

Using model HECRAS, the 26’ X 12’ box was analyzed and compared to existing
conditions.  As with other options, this alternative was modeled “with” and “without”
backwater from the Presumpscot River.

Final modeled configuration of the box culvert is 26’ X 12’, with 2’ of embedment.
Length is 86’ and skew is 15o.  Entrance and exit of the culvert have angled wing walls.

The following table summarizes existing and proposed conditions for this box culvert.
Attached to this memorandum is a table summarizing HECRAS results.



Existing Culverts
Without Backwater from Presumpscot River

Frequency
Elevation
Upstream downstream

Velocity,
upstream Downstream

1.1 yr 17.2 15.9 3.7 4
10 yr 20 17.5 6.5 7
25 yr 20.9 17.7 7.6 8.3
50 yr 21.5 17.8 8.6 9.3
100 yr 22.1 17.8 9.9 10.7
500 yr 23.6 18.4 10.9 11.8

With
Backwater Frequency

Elevation
Upstream downstream

Velocity,
upstream Downstream

1.1 yr 17.8 17.5 2.1 2.4
10 yr 22.8 22.5 2.2 2.6
25 yr 28.9 28.3 1.2 1.4
50 yr 34.3 33.7 0.9 1
100 yr 36.2 36.1 0.9 1
500 yr 42.1 42.1 0.8 0.9

26' X 12' box, length = 86', skew = 15 degrees

No Backwater

Frequency Elev, US Elev DS
Max Culvert
Velocity, fps

1.1 yr 16.1 15.9 3.0
10 yr 17.9 17.5 6.2
25 yr 18.3 17.7 7.3

50 yr 18.5 17.8 8.3
100 yr 18.9 17.9 9.5
500 yr 19.8 18.3 11.2

With Backwater
1.1 yr 17.5 17.5 1.8
10 yr 22.6 22.5 2.6
25 yr 28.5 28.3 2.7

50 yr 33.9 33.7 3.2
100 yr 36.2 36.1 1.9
500 yr 42.1 42.1 0.8



The HECRAS analysis shows that the proposed 26’ X 12’ box culvert is not expected to
cause a rise in water surface elevations above existing conditions under either backwater
or no-backwater conditions.

Scour was not recalculated for this design as the box will have an integral base embedded
2’ in the stream bed.
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Little Bridge # 3987 over Mill Brook, Westbrook, ME
Preliminary Design Report, Hydraulic and Scour Analysis

Introduction:

It is proposed to replace the existing Little Bridge over Mill Brook in Westbrook.  The
existing bridge is composed of two twin 11’ culverts just upstream from the Presumpscot
River. The replacement bridge is a “bridge in a backpack” arch, with a 30’11” span at the
base and an 8’6” rise.  The bridge is impacted by backwater from the Presumpscot River.
The site location is shown in figure 1.  Mill Brook enters from the center left, flows under
Austin St. towards the Presumpscot River near Route 302, at Bridge Street.



Review of Existing Data:

Existing data related to this bridge was reviewed, including but not limited to
MDOT file information including inspection reports related to scour
FEMA Flood Maps and FIS report (see Appendix)
Air photos
Topographic Maps
Historical Flood Information
Study information from work for HNTB on the Turnpike Bridges over the
Presumpscot River in Falmouth.

Presumpscot River, Backwater: Backwater from the Presumpscot River affects Mill
Brook at Little Bridge, and is therefore a critical design component.  The confluence of
Mill Brook and the Presumpscot River is just upstream of the Route 302 Bridge.
According to the USGS’s report on the flood that occurred in October of 1996, the
following flood elevations were recorded “Upstream of the Route 302 Bridge,
Westbrook”.  The 1996 flood is recorded as a 250-year event by the USGS.  The other
historic events are in the range of a 25-year event.

Date Elev. - ft. NGVD ft. NAVD
1996 43.8’ 43.2’
1954 36.5’ 35.9’
1916 34.1’ 33.5’
1896 36.6’ 36.0’

Flow frequency data for the Presumpscot River was developed by the USGS at the
Westbrook Dam, based on recorded flow data.  FEMA also published flow-frequency
data in the Flood Insurance Study of Westbrook. The following table summarizes flows
on the Presumpscot River as calculated by USGS and as published by FEMA.

USGS
gage at
Westbrook

Data from
FEMA FIS at
Westbrook

Calculated Flows at Turnpike
Bridge according to USGS
1999 report methodology –
Sec. 4, in cfs

Drainage Area, sq.
mi. 577 600

Frequency –1.1-yr  2500
2-yr 5295 5400

10-yr 9890 8500 10160
1954 12,400
1916 12,400
1896 13,800
50-yr 15700 11800 16024

100-yr 18900 13300 19270
1996 23300 27400

500-yr 28000 17000 28340



The flow data developed by FEMA neither agrees with the USGS frequency curve at the
gage, nor with the experience of the flood that occurred in 1996.  Historic floods also
suggest that the FEMA flows are lower than occur on the Presumpscot River.

For the study of the turnpike bridges, the following flood elevation-frequency data was
developed at the Falmouth/Westbrook town line.   FEMA FIS elevations are listed for
comparison.

Frequency Turnpike Bridge FEMA Elevation
Study Elevation (NAVD) (NGVD/NAVD)

1.1-year 16.2
2-year 21.2
10-year 27.0 28.8 28.2
50-year 32.4 31.5 30.9
100-year 34.8 32.5 31.9
500-year 40.8 35.0 34.6

Mill Brook: FEMA published the following flows for Mill Brook, listing a drainage area
of 4.5 square miles.

10-year 480
50-year 630
100-year 700
500-year 860

Hydrologic Analysis:

MDOT provided hydrologic calculations, prepared in accordance with the USGS 1999
report for estimation of peak discharges. The following table summarizes hydrologic
calculations for the Little Bridge, with a drainage area of 13.7 square miles.

1.1 year 153 cfs
10-year 564 cfs
25-year 713 cfs
50-year 829 cfs
100-year 954 cfs
500-year 1255 cfs

Hydraulic Analysis:

The goal of the hydraulic analysis is to provide information on water levels, and flow
velocities at Little Bridge.  The hydraulic information will assist in design of bridge
elevations and foundation components.



The Little Bridge is affected by backwater from the Presumpscot River.  As discussed
under existing data review, the data developed by FEMA in 1981 does not agree well
with data developed by USGS and recorded for historical floods.  Therefore, for the
Presumpscot River, data from the study of the turnpike bridges was used for water
surface elevations on the Presumpscot River.  Elevations were adjusted from the town-
line to Mill Brook, by approximately 1.3’ based on FEMA profile estimates of stream
gradient.

The following backwater elevations apply to the Presumpscot River at its confluence with
Mill Brook. (NAVD).

Town Line At Mill Brook FEMA at Mill Brook
1.1-year 16.2 17.5
2-year 21.2 22.5
10-year 27.0 28.3 29.4
50-year 32.4 33.7 32.4
100-year 34.8 36.1 33.3
500-year 40.8 42.1 35.7

A hydraulic model of the Little River Bridge was developed to simulate existing and
proposed conditions at the bridge.  Model HECRAS was used to model flow conditions
though the bridge.  Model cross sections were compiled using data from field survey,
project plans and USGS topographic maps.  Cross section locations are shown below.



Existing topography is shown below.  In this plot, the stream flows from top of picture to
bottom.

The existing condition model consisted of twin cmp culverts 11’ in diameter.  Sections at
the bridge were modified to simulate the proposed condition of a 30’11” base arch with
8.5’ rise.



Models were run with and without backwater from the Presumpscot River.  The
following table summarizes model results.

Elevation Velocity
Upstream Downstream Ave.  Max.

Without Backwater from Presumpscot River
Existing

1.1 yr 17.2 15.9 3.7 4.0
10 yr 20.0 17.5 6.5 7.0
25 yr 20.9 17.7 7.6 8.3
50 yr 21.5 17.8 8.6 9.3
100 yr 22.1 17.8 9.9 10.7
500 yr 23.6 18.4 10.9 11.8

Proposed
1.1 yr 16.3 15.9 3.0 3.4
10 yr 18.2 17.5 5.9 6.2
25 yr 18.6 17.8 6.8 7.6
50 yr 18.9 17.9 7.4 8.4
100 yr 19.2 17.9 8.0 8.5
500 yr 19.9 18.5 9.1 9.7

With Backwater from Presumpscot River
Existing

1.1 yr 17.8 17.5 2.1 2.4
10 yr 22.8 22.5 2.2 2.6
25 yr 28.9 28.3 1.2 1.4
50 yr 34.3 33.7 0.9 1.0
100 yr 36.2 36.1 0.9 1.0
500 yr 42.1 42.1 0.8 0.9

Proposed
1.1 yr 17.6 17.5 1.8 1.9
10 yr 22.5 22.5 2.4 2.7
25 yr 28.3 28.3 1.9 2.7
50 yr 33.7 33.7 2.1 2.6
100 yr 36.2 36.1 2.2 2.6
500 yr 42.1 42.1 1.0 1.1

Scour:

The existing bridge is subject to contraction scour, which can cause scour holes to
develop at the entrance and exit from the culverts.  Because the culverts have a bottom,
abutment scour is not an issue, but contraction scour is causing a scour hole to develop at
the downstream end of the twin culverts.  This type of scour can undermine the base of
the culvert if not addressed with scour protection measures.



The proposed bridge is subject to scour conditions when the bridge experiences
backwater flow from the Presumpscot River.  With only runoff from the Mill Brook
watershed, flood elevations are not expected to be above the top of abutment footings,
with the new bridge, and therefore only minor scour due to contraction is expected to
occur.  However, with backwater from the Presumpscot River, the bridge would be
subject to flow in both directions during high water, first as the river backs up through the
bridge, and second, as the high water again drains downstream.

Scour computations were done using model HECRAS.  The default model variables were
checked for reasonableness compared to plotted cross sections and were found to
adequately represent potential scour conditions.  The bridge experiences a significant
contraction in both directions, even with the newer structure.  Abutments encroach on the
normal flood plain, so abutment scour potential remains.  The new bridge causes a small
contraction than the existing culverts and therefore will experience lower flow velocities.
Scour was computed with the Froehlich equation which is known for overly conservative
results.  Scour protection for the abutments is recommended.  Base of abutments or piles
should be placed such that the foundation component is stable under fully scoured
conditions.  The following table summarizes potential scour at the new bridge, at the
Left, Center and Right stream channel locations, measured when facing downstream.

Flood Event Abutment/Contraction Scour Total Scour Scour Elevation

Existing Base of Stream
Left Abutment 15.0
Center 15.0
Right Abutment 15.0

10-year
Left Abutment 6.0 6.4 8.6
Center 0.3 0.3 14.7
Right Abutment 4.1 4.4 10.6

100-year
Left Abutment 16.1 19.6 -4.6
Center 3.6 3.6 11.4
Right Abutment 17.5 21.1 -6.1

500-year
Left Abutment 22.4 22.4 -7.4
Center 0.0 0.0 15.0
Right Abutment 23.8 23.8 -8.8

These computations assume a bed material D50 of 0.2mm.  Larger material would
provide some protection.  Scour protection measures such as riprap, or cable mats at
abutments would provide protection against abutment scour.



Summary and Conclusions:

Little Bridge on Mill Brook is subject to flooding from upstream flows and from
backwater from the Presumpscot River.  While the culverts do allow flood waters from
upstream to pass without overtopping, high velocities and scour due to contraction are
expected to occur during any type of flooding.  The proposed bridge provides a wider and
higher opening that would assist in drainage of upstream floodwaters and in improved
conveyance of backwater which results from flooding on the Presumpscot River.

Flood elevations are expected to remain at or below current predicted levels with the new
bridge in place.  Velocities are expected to decrease with the new bridge. Scour
protection is recommended for the abutments.
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HYDROLOGY, HYDRAULICS, AND SCOUR REPORT

General Information

Mill Brook Bridge carries Route 302 over Mill Brook in Westbrook, Maine.  The existing buried
structure consists of twin concrete box culverts with concrete wingwalls at each end skewed at
approximately 45 degrees.  The culverts kink near the center with a maximum skew of
approximately 20 degrees.  The stream flow is controlled by a dam at the south end of Highland
Lake located approximately 0.25 miles upstream of the bridge.  Mill Brook flows approximately
5 miles from the dam to the Presumpscot River.

Backwater from the Presumpscot River is improbable due to an approximate 150 foot drop in
streambed elevation between Mill Brook Bridge and the Presumpscot River.  There is
approximately 20 feet of fill above the existing box culvert openings so overtopping the roadway
is unlikely.

The streambed at the bridge location has a gravely bottom.  Recent borings indicate that
approximately 25 feet of sand and clay is deposited between the streambed and bedrock beneath.
A small sandbag fish weir has been constructed at the inlet of one of the culverts to direct all
flow through the other culvert during low flow periods.  The riverbanks upstream of the bridge
are heavily wooded so there is a risk of debris piling up at the inlet.  However, the risk is
somewhat limited since the dam is located only 0.25 miles upstream.

Hydrology

The following information was obtained from MDOT hydrologists:

Drainage Area: 9.1 mi2
Wetlands Percentage: 21.7%

Peak flows were calculated by MDOT hydrologists and are listed below:

Q1.1 77.3 cfs
Q25 337 cfs
Q50 389 cfs
Q100 445 cfs
Q500 579 cfs

Hydraulics

The hydraulic openings of the existing structures were determined based on maintenance records
and survey information.  Each box culvert has a 9 foot wide by 6 foot tall hydraulic opening.
This results in an overall area of 108 SF.

The existing culverts are oriented such that Mill Brook makes a sharp bend entering the inlet and
a milder bend exiting the outlet.  There is also a kink approximately halfway through each of the
structures.  To improve hydraulics, the proposed structure will shift west and provide a straight
alignment from the inlet to the outlet.  This leads to a skew of the proposed culverts to the
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roadway of 16 degrees.  This modification provides a smoother path for the water traveling in
and out of the structure while causing relatively minor alterations to the existing streambed and
banks.  This orientation also allows the contractor to maintain flows through a combination of
the existing and proposed culverts throughout construction without needing to pump water from
one end to the other.  However, pumping water is still a viable option if the contractor chooses to
cofferdam the water on each end.  Any method will require the contractor to maintain a
reasonable amount of downstream flow to provide a suitable habitat for fish during construction.

Wingwalls
The existing culverts contain concrete wingwalls at each end.  However, the proposed culverts
will have beveled ends which eliminate the need for wingwalls.  This will reduce construction
costs and preclude future maintenance that would otherwise be required to preserve the wings.

Fish Passage and Sediment Control
Mill Brook is a significant waterway for fish because it provides connectivity between the
Presumpscot River and Highland Lake.  Most notably it provides passage for substantial alewife
runs in the spring and fall.  The proposed bridge will contain design features to help facilitate
fish passage.  Because water depths are relatively low during dry periods, the elevations of the
culverts will be offset to direct the majority or all of the flow through just one side.  This will
consequently increase the depth of water.  In addition, the lower box will contain a stony fill
material atop the bottom slab to mimic the natural stream bottom.  Sediment retention sills will
be strategically designed and spaced to contain the fill within the culvert and prevent washout.

Hydraulic Model
Because of the significant drop in streambed elevation between Mill Brook Bridge and the
Presumpscot River, backwater is not a concern.  Therefore, the hydraulic analysis only considers
a headwater condition.

HY-8 software was used to model the existing and proposed conditions.  The existing bridge was
modeled as twin rectangular box culverts set at the same elevation with inside dimensions of 9
feet wide by 6 feet tall.  The proposed bridge was modeled as 2 rectangular box culverts with a
1-foot offset in their respective elevations.  Each box culvert was modeled with a 12 foot width.
However, because of the offset, the inside vertical dimension of the lower box is 6 feet and the
upper box is 5 feet.  This results in a total hydraulic opening that is 22% greater than the existing
bridge.

The following is a summary of the headwater elevations and outlet velocities of the 2 models for
Q1.1, Q25, Q50, and Q100.  Note for reference that the streambed elevation in the models at the
inlet is approximately 165.0 feet.
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Existing Box
Culverts

Proposed Lower Box
Culvert

Proposed Upper Box
Culvert

Hydraulic Opening 108 ft2 72 ft2 60 ft2

Headwater EL. @ Q1.1 167.4 ft 166.5 ft 166.5 ft
Headwater EL. @ Q25 169.7 ft 168.3 ft 168.3 ft
Headwater EL. @ Q50 170.1 ft 168.6 ft 168.6 ft
Headwater EL. @ Q100 170.5 ft 168.9 ft 168.9 ft
Outlet Velocity @ Q1.1 8.22 ft/s 6.02 ft/s 8.09 ft/s
Outlet Velocity @ Q25 12.0 ft/s 9.07 ft/s 12.3 ft/s
Outlet Velocity @ Q50 12.4 ft/s 9.50 ft/s 12.3 ft/s
Outlet Velocity @ Q100 12.9 ft/s 9.89 ft/s 12.8 ft/s
Clearance @ Q50 1.9 ft 2.4 ft 2.4 ft

Scour
The streambed beneath the proposed structure consists primarily of dense sand.  The standard
detail for stone scour protection 610(02), will be used at the inlet and outlet to minimize the risk
of scour.  Also, all steam bank alterations will require riprap slopes.

The lower box culvert will contain 12 inches of stone fill to mimic the natural stream bottom.
Sediment retention sills will be constructed along the bottom of the box to contain the fill and
prevent washout.

Reported by Craig Weaver


