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Final Design, Hydrologic and Hydraulic Report on  
Little Madawaska River/Madawaska Bridge # 5160 

 
This report details hydrologic, hydraulic and scour analyses completed for final design of Bridge 
#5160, Madawaska Bridge that carries Main Street over the Little Madawaska River. 

 
1.0 Introduction 
The Madawaska Bridge crosses the Little Madawaska River approximately 1.6 miles east on 
Lake Street from Route 161 in the town of Stockholm as shown in Figure 1. 
 

 

Figure 1 Madawaska Bridge 5160 on Main Street 
 
The bridge is downstream of Little Madawaska Lake.  Figure 2 shows the bridge from an aerial 
view point. 
  

MADAWASKA BRIDGE 5160 
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Figure 2 Madawaska Bridge, Main Street over Little Madawaska River 
 
2.0 Existing Data Review 

 FEMA Flood Insurance Rate Map. Town of Stockholm, ME. January 10, 1975. This 
map shows this area as an approximately mapped A Zone. No flood elevations were 
computed.  Figure 3 is a copy of the Flood Insurance Rate Map for the site. 
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Figure 3 Flood Insurance Rate Map, Little Madawaska River at Main Street 

 Historic Flood Data: Per the MaineDOT Preliminary Design Report. MaineDOT 
maintenance records did not have records of measured flood stages or flows.  
Additionally, flood information was not available from state and local planning 
agencies. As such the MaineDOT conducted a phone interview with a local resident 
and former municipal officer to determine Q2 and Q50 stage elevations relative to the 
existing bridge.  This information was carried through final design.  The phone 
interview record is provided in the appendix.  

 Existing and proposed final project plans, site survey and site photos, including data 
from MaineDOT Bridge files.  The existing bridge is a two-span concrete t-beam 
bridge.  The existing abutments are cantilever vertical wall abutments and the pier is 
mass concrete aligned with the flow.  The proposed bridge is a single span welded steel 
plate girder with integral abutments.  The abutments meet a plain riprap slope into the 
river at 1.75:1.  The lowest girder of the proposed and existing structures are within 
approximately one inch of each other. There is an existing railroad structure 
downstream of the bridge location, however the railroad structure has no effect on the 
hydraulics of Madawaska River Bridge. 

 U.S. Army Corps of Engineers Ice Jam database. 
https://rsgisias.crrel.usace.army.mil/icejam 

 Potential ice jam impacts were researched for the site. The CRREL database had a 
record of ice break up for Little Madawaska River in Caribou, however this was at the 
confluence of the Aroostook River and was located approximately 20 miles 
downstream. Therefore, hydraulic analyses did not assume ice jams at this location. 

 Gage information was not available for this bridge location.  
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3.0 Hydrology: 

MaineDOT provided a measured drainage area at the project site is 115.78 square miles. The 
basin contains 12.07 square miles or 10.4% of wetlands and/or lakes. MaineDOT provided the 
following flows for this location, based on the USGS Regression Formula. 

Table 1 Flow frequency data for Little Madawaska River Bridge, calculated by MaineDOT 
Recurrence Interval Flow, Cfs 
1.1 1363.8 
2 2525.5 
5 3707.8 
10 4556.3 
25 5851.6 
50 6492.8 
100 7380.3 
500 9530.7 

The MaineDOT flows will be used for design purposes since gage information for the area is not 
available. 

 

4.0  Hydraulic Analysis: 

Flood elevations and flow velocities were analyzed at the bridge using U.S. Army Corps of 
Engineers model HECRAS. Project survey was used to plot stream cross sections. Overbank 
elevations were also taken from the U.S.G.S. topographic map of the project site. Figure 4 shows 
model cross sections. Where no project survey was available, model data is based on best 
judgment. 
 

Table 2 Hydrologic Data Summary, Madawaska Bridge Number 5160 
Drainage Area, Sq. mi. 116 square miles 

Q25 5850 cfs 
Design Discharge (Q50) 6490cfs 
Check Discharge (Q100) 7380 cfs 
Scour Check Discharge (Q500) 9530 cfs 
Ordinary High Water (Q1.1) 1365 cfs 
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Figure 4 River cross section locations using project survey 
 
The river bottom drops through the downstream of the bridge. Figure 5 is a plot of minimum 
channel elevation along the river profile showing the drop. 
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Figure 5 Stream bottom profile through Madawaska Bridge 

 
Boundary Condition for Model: Project survey was limited to the bridge and immediate 
surrounding channel, as such, assumptions and trial model runs were made to assess impacts of 
possible water depths and channel slopes at the downstream hydraulic control section. 

Hydraulic models of rivers require input of a boundary condition, in this case an assumed 
downstream is the boundary condition based on resident input. LIDAR data is not available for 
this reach of river. USGS topo maps provide the best available data with 10’ contours.  The only 
available information at the bridge is anecdotal reports from a local resident of typical high water 
being 7-8’ below the superstructure of the bridge, a 2 year event, and approximately 3’ below the 
superstructure for a 50 year event. Larger rocks indicate rapid flow through the bridge rather than 
backwater. 

For the 50-year flood, the low chord elevation is 551.00’ with a water elevation 2.73’ below low 
chord. Flow is rapid and apparently passes through critical depth just below the bridge causing a 
possible hydraulic jump as it enters the slightly deeper area downstream. 

For a proposed bridge with a low chord of 550.88’, the same downstream assumptions yield 
slightly higher flow velocity through the bridge due to a wider section/bridge opening, but 
upstream elevations are essentially identical. 

Clearance is reduced due to the wider bridge deck section and lower bottom girder elevation of 
the bridge. 

Hydraulic Model: The HECRAS model was run in “mixed flow” mode, allowing calculation of 
water surface elevations for both sub-critical and super-critical flow. 
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Calculated water surface profiles (see appendix) show that flow likely enters a super-critical flow 
segment below or near the bridge, and passes through a hydraulic jump back to sub-critical as it 
passes through the bridge. The bridge section is shallow compared with much of the river 
channel and the bottom profile is steep through and below the bridge resulting in the flow 
transition. A great deal of energy is released at the site of a hydraulic jump and ongoing channel 
erosion can be expected where it occurs. The lower stream bed elevation at the base is typical at 
such a flow transition. Note that this transition is not necessarily caused by the bridge 
contraction, but rather by the steep natural channel at and below the bridge. 

Site photos verify rapid flow during flow conditions as shown in the following photos. 
 

 
Figure 6 Looking at downstream fascia 
   

In general, the proposed condition has a lower controlling headwater elevation for each of the 
flow events compared to the existing condition at the first common cross section (section 159.6). 
This results in an increased clearance at the bridge location for the proposed condition as the 
lower girder elevations are similar in the existing and proposed condition.  The proposed 
condition also has slightly higher discharge velocities compared to the existing condition, these 
discharge velocities were taken at the first section beyond the bridge section.  These results are 
further summarized in Table 3 below. 
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Figure 7 Looking at upstream fascia 
 
Table 3 Summary of Hydraulic Data, Final Design 
Madawaska Bridge 5160: Summary of Hydraulic Data Existing Bridge Low 

chord 551.00’ 
Proposed Bridge Low 

chord 550.88’ 
Headwater at Q25, ft, (section 159.6) 547.84 547.71 
Headwater at Upstream face, Q25, ft 547.20 547.43 
Headwater at Q50, ft, (section 159.6) 548.27 548.09 
Headwater at Upstream face Q50, ft 547.41 547.71 
Headwater at Q100, ft, (section 159.6) 548.83 548.58 
Headwater at Upstream face, ft (Q100), ft 547.71 548.09 
Discharge Velocity at Q25, fps 7.43 7.93 
Discharge Velocity at Q50, fps 8.37 8.90 
Discharge Velocity at Q100, fps 9.25 9.78 
Ordinary High Water Elevation (Q1.1), ft 542.03 542.03 
Discharge Velocity at Q1.1, fps 3.62 4.30 
Clearance @ Q25, ft 3.16 3.17 
Clearance @ Q50, ft 2.73 2.79 
Clearance @ Q100, ft 2.17 2.30 
Bridge Opening Area, ft2

 968 1097 
Flow Area at Q50, ft2

 728.9 758.4 
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5.0  Scour Analysis 
The Madawaska Bridge was evaluated for potential scour.  No detailed scour reports were found 
in Maine DOT Bridge files. The only reference to scour that was found was the bridge rating for 
item 113 of 8, “stable above footing”. Site conditions indicate the following relative to scour: 

 The bridge is located in a slightly narrow segment of the river and causes a slight contraction 
in the channel. 

 The bridge appears to be located on a high point in the bottom profile causing higher 
velocities. 

 The bridge may have a “scour hole” downstream, but this appears to be a result of the natural 
stream profile rather than the bridge. 

 The channel appears to have quite a bit of natural armoring with large rocks and boulders 
covering much of the stream bottom through the bridge. 

 The slightly steeper slope below the bridge indicates the potential for a hydraulic jump and 
associated energy losses below the bridge. 

 No field data was collected relative to scour holes, footing elevations relative to bottom 
elevations or other field data that may indicate local scour. 

 The original bridge plans do not show bed elevations at the bridge. No data was located to 
evaluate long term potential for aggradation/degradation. 

 The bridge segment of channel appears to be well-incised and stable with vegetated banks 
and no recent bank scarring observed.  

No data was found relative to long term aggradation/degradation of the river bed. The bed at the 
bridge is higher than either-up or down-stream bed elevations, indicating an armored or bedrock 
base at the bridge. According to original bridge plans and surveyed bed elevations, abutment 
footings are still covered. For these reasons, no long term bed degradation was considered for 
this site.  

Potential scour was computed for the new bridge. D50 and D95 were gathered from the 
geotechnical report for the project with the following data taken from sieve analysis of the lower 
portion of borings 101 and 102. Bed armoring by boulders was not considered in the scour 
analysis, also leading to conservative results. 
 

Table 4 Average Soil Grain Size 
 Ave. Grain Size 
D50 1.55mm 

D95 35mm 

Abutment and contraction scour were computed. Note abutment scour calculation are 
conservative as they do not take scour protection into account, so. Abutments are assumed to be 
vertical and aligned with flow for purposes of scour computations. “Left” refers to the left side of 
the channel facing downstream. 
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Table 5 Scour Summary 

Scour Calculations 
Computed scour depth, ft Approx. Scour Elevation, ft 
100-year 500-year 100-year 500-year 

Contraction Scour 4.3 4.8   

Local Scour at Left Abutment1
 0.0 1.4   

Local Scour at Right Abutment1
 0.0 0.8   

Bed Elevation   544.7 542.8 

Top of Footing   545.5 545.5 

Rock Elevation   486.9 486.9 

1. Note that abutment scour is conservative, and does not account for scour protection such as 
riprap or natural armoring. 

Borings indicate that bedrock is present at 486.9’ on abutment 1 (south) side of the bridge and 
elevation 489.2’ on abutment 2 (north) side of the bridge. Scour computations indicate that scour 
is will not reach bedrock surface at the abutments. Therefore rock scour was not considered. 

6.0 Summary of Findings 
 No flood insurance study elevations are available at this location. 

 Research indicates no history of ice jams at this location. 

 Historic data shows little to no chance of overtopping, and adequate clearance at low chord 
for existing bridge. 

 The drainage area is 115 square miles, without a stream gage. 

 The hydraulic characteristics of the bridge site indicate rapid flow through and downstream 
of the bridge. This slightly steeper section may cause a hydraulic jump near or slightly 
downstream of the bridge, resulting in rapid energy loss at that section.  

 Assumed downstream existing water surface levels from local resident observations were 
used for final design boundary conditions to estimate water levels at the bridge. 

 The existing bridge clearance above the 50-year storm is 2.73', and above the 100-year storm 
is 2.17'. 

 For the proposed bridge, 50-year clearance is 2.79, and 100-year clearance is 2.30’ according 
to the hydraulic model. 

 Scour calculations indicate the potential for scour is 4.3 feet at both abutment locations. 
Calculations do not account for natural armoring or the existing abutments providing 
protection. The downstream possible scour hole and potential hydraulic jump indicate 
potential for upstream migration of the scour hole. Scour calculations do not specifically 
address that issue. 

 Scour protection includes leaving the base of the existing abutments in place and natural 
channel armoring with boulders. Plain riprap is recommended for any additional protection as 
channel velocities are not overly high. 
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 SCOUR EVALUATION

Purpose:

Calculation of abutment scour depths at integral abutment locations.

References:

AASHTO LRFD Bridge Design Specifications, 7th edition, 2014
HEC-18 Evaluation Scour at Bridges, Fifth Edition

Notes & Assumptions:

Calculation for scour for Design Scour Q100 and check scour Q500 event.

 Q100 DESIGN SCOUR EVENT:

 CONTRACTION SCOUR

Determine Type of Scour:

Average Depth of Flow Upstream: y 8.3ft From x-section 159.6

Particle Size for Vc: D50 1.55mm From geotechnical report

Unit Factor: Ku 11.17 For English units

Vc Ku
y

ft






1

6


D50

ft









1

3


ft

sec
 2.73

ft

sec
Critical Velocity:

Design Flow Velocity: V 6.73
ft

sec


Scour Evaluation Type: Scourtype "Clear-water" Vc Vif

"Live-bed" V Vcif

"Live-bed"
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Live-Bed Contraction Scour:

Flow in Channel Upstream: Q1 7380
ft

3

sec


Flow in Contracted Channel: Q2 7380
ft

3

sec


Bottom Width of Channel Upstream: W1 327.0ft 236.30ft 90.7 ft

Bottom Width of Channel Upstream: W2 313.75ft 266.65ft 47.1 ft

Slope of the Energy Grade Line: S1 0.000813

Shear Velocity: Vs
g

ft

sec
2

y

ft
 S1










0.5
ft

sec
 Vs 0.47

ft

sec


Fall Velocity:
T 0.15

m

sec
0.49

ft

sec
 From Figure 6.8

Exponent k1: k1 0.59
Vs

T
0.50if

0.69
Vs

T
2.0if

0.64 otherwise

0.64

y2

Q2

Q1









6

7
W1

W2









k1

 y 12.62 ftAverage Depth in Contracted Section:

Contraction Scour Depth: ysc100 y2 y 4.32 ft Conservatively take upstream depth

 LOCAL SCOUR AT ABUTMENT 1 AND 2

Local scour is not present for Q100 at abutment 1 and 2 due to no flow in the overbanks.

 TOTAL SCOUR AT ABUTMENT 1 AND 2

Since local scour is not present at Q100, total scour is the contraction scour.
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 Q500 SCOUR EVENT:

 CONTRACTION SCOUR

Determine Type of Scour:

Average Depth of Flow Upstream: y 9.17ft From x-section 159.6

Particle Size for Vc: D50 1.55mm From geotechnical report

Unit Factor: Ku 11.17 For English units

Vc Ku
y

ft






1

6


D50

ft









1

3


ft

sec
 2.78

ft

sec
Critical Velocity:

Design Flow Velocity: V 7.58
ft

sec


Scour Evaluation Type: Scourtype "Clear-water" Vc Vif

"Live-bed" V Vcif

"Live-bed"

Live-Bed Contraction Scour:

Flow in Channel Upstream: Q1 9478.65
ft

3

sec


Flow in Contracted Channel: Q2 9530
ft

3

sec


Bottom Width of Channel Upstream: W1 327.0ft 236.30ft 90.7 ft

Bottom Width of Channel Upstream: W2 313.75ft 266.65ft 47.1 ft

Slope of the Energy Grade Line: S1 0.000902

Shear Velocity: Vs
g

ft

sec
2

y

ft
 S1










0.5
ft

sec
 Vs 0.52

ft

sec


Fall Velocity:
T 0.15

m

sec
0.49

ft

sec
 From Figure 6.8
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Exponent k1: k1 0.59
Vs

T
0.50if

0.69
Vs

T
2.0if

0.64 otherwise

0.64

y2

Q2

Q1









6

7
W1

W2









k1

 y 14.01 ftAverage Depth in Contracted Section:

Contraction Scour Depth: ysc500 y2 y 4.84 ft Conservatively take upstream depth

 LOCAL SCOUR AT ABUTMENT 1

Froehlich's Live-Bed Abutment Scour HEC-18: 8.6.1

Abutment Shape Factor: K1 0.55 Spill through

Abutment Angle to Flow: θ 90

Angle of Embankment to Flow Factor: K2
θ

90






0.13

1.00

Length of Active Flow Obstruction: Li 91.60ft from x-section 159.6

Flow Area of Embankment: Ae 55.68ft
2

 from x-section 159.6

Flow Obstructed by Embankment:
Qe 46.93

ft
3

sec
 from x-section 159.6

Velocity at Obstructed Flow: Ve 0.84
ft

sec
 from x-section 159.6

Length of Embankment normal to flow: L 91.60ft

ya

Ae

L
0.61 ftAverage Flow Depth in Floodplain:

Fr
Ve

g ya 0.5
0.19Froude Number:

Gravity: g 32.2
ft

sec
2



Scour Depth: ys_FR 2.27 K1 K2
Li

ya









0.43

 Fr
0.61

 1










ya 2.99 ft
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HIRE Live-Bed Abutment Scour HEC-18: 8.6.2

Abutment Shape Factor: K1 0.55 Spill through

Angle of Embankment to Flow Factor: K2 1.00

Length of Embankment normal to flow: L 92 ft

y1 0.61ft from HEC-RAS x-section 159.6
Average Flow Depth in Floodplain:

Fr
Ve

g y1 0.5
0.19Froude Number:

Gravity: g 32.2
ft

sec
2



Scour Depth: ys_HIRE 4 Fr
0.33


K1

0.55
 K2









y1 1.41 ft

Abutment Scour

Determine Equation:

ysL5001 ys_FR
L

ya
25if

ys_HIRE otherwise

1.41 ft
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 LOCAL SCOUR AT ABUTMENT 2

Froehlich's Live-Bed Abutment Scour HEC-18: 8.6.1

Abutment Shape Factor: K1 0.55 Spill through

Abutment Angle to Flow: θ 90

Angle of Embankment to Flow Factor: K2
θ

90






0.13

1.00

Length of Active Flow Obstruction: Li 20.48ft from x-section 159.6

Flow Area of Embankment: Ae 7.41ft
2

 from x-section 159.6

Flow Obstructed by Embankment:
Qe 4.42

ft
3

sec
 from x-section 159.6

from x-section 159.6
Velocity at Obstructed Flow: Ve 0.60

ft

sec


Length of Embankment normal to flow: L 20.48ft

ya

Ae

L
0.36 ftAverage Flow Depth in Floodplain:

Fr
Ve

g ya 0.5
0.18Froude Number:

Gravity: g 32.2
ft

sec
2



Scour Depth: ys_FR 2.27 K1 K2
Li

ya









0.43

 Fr
0.61

 1










ya 1.25 ft
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HIRE Live-Bed Abutment Scour HEC-18: 8.6.2

Abutment Shape Factor: K1 0.55 Spill through

Angle of Embankment to Flow Factor: K2 1.00

Length of Embankment normal to flow: L 20.48 ft

y1 0.36ft from HEC-RAS x-section 159.6
Average Flow Depth in Floodplain:

Fr
Ve

g y1 0.5
0.18Froude Number:

Gravity: g 32.2
ft

sec
2



Scour Depth: ys_HIRE 4 Fr
0.33


K1

0.55
 K2









y1 0.81 ft

Abutment Scour

Determine Equation:

ysL5002 ys_FR
L

ya
25if

ys_HIRE otherwise

0.81 ft

 TOTAL SCOUR AT ABUTMENT 1 AND 2

Abutment 1: ys1 ysc500 ysL5001 6.25 ft

Abutment 2: ys2 ysc500 ysL5002 5.65 ft
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