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Final Design Hydrology and Hydraulics Report 

1.0 Introduction 

 

The Weymouth Bridge in Madrid carries Route 4 over the Sandy River about 0.5 mile southeast 
of the Madrid Town Line.  Figure 1 shows the site location.   
 

 

Figure 1.  Project Location, Weymouth Bridge No. 2934 in Madrid over Sandy River. 

The 45’ single span bridge crosses a segment of river with rapid flows and steep gradient.  The 
bridge crosses the river at approximately a 30-35 degree angle and Hurricane Irene in 2011 
carved a scour hole downstream of the bridge.  Figure 2 is an air photo that shows the bridge site.  
 
This final design report details hydrologic, hydraulic, and scour analyses for existing conditions 
and for the final design bridge which includes a clear span of 104’ and spans the Bank Full 
Width condition for facilitation of fish passage.  
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Stantec furnished plans dated February of 2017, and for the 90% submittal planned for May 14, 
2018 showing the planned bridge profile and plan (Sheets 4 and 5).    
 
Figure 2 shows the bridge on an aerial photo.   

   

Figure 2.  Air photo of bridge crossing showing scour hole downstream.  Note skew of bridge structure to direction of flow. 

The river segment contains a sharp bend and rapids upstream and a scour hole downstream.  The 
left or westerly abutment projects into the river flow. Figure 3 is taken from the easterly 
upstream bank looking at the upstream western abutment face.    
 

 

Figure 3.  Looking upstream.  Note steep gradient and bend upstream. 

Flow  
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Figure 4 below is taken from Stantec’s proposed plans of February, 2018 showing restored 
channel, bridge spanning natural channel, and preliminary design flood elevations.  This same 
section is shown in the 90% submittal plans.   

 

Figure 4.  Proposed replacement bridge. 

2.0 Existing Data Review 

Existing data related to this bridge was reviewed, including but not limited to 

 MDOT file information including  
o In 2010, a Bridge Scour Assesment Summary Report was issued by Maine DOT.  

The report is included in the appendix. The report notes concerns with ongoing 
scour on the left (westerly) abutment as well as a scour hole downstream.  The 
bridge is rated “3” scour critical and scour protection is recommended for the left 
abutment.  Note that this report was done prior to Hurricane Irene.  

o Structure Inventory and Appraisal Sheets from 2014 note scour as “4” stable but 
needs action.    

 Historical Flood Information – No site specific flood information was found for this 
location.  However, the 1987 flood in this area is estimated to be approximately a 150-year 
event.  The 1936 hurricane is the next largest flood on the Sandy River.  Information on 
Hurricane Irene in 2011 was recorded at Madrid (see below), and is likely the flood of 
record at this site.  

 Surveyed channel cross sections and additional project survey were utilized for hydraulic 
modeling.  
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 Soil borings – material, depth, size and distribution of bottom materials.   
 USGS gaging station records- the nearest long term USGS Gage on the Sandy River is 

near Mercer, Maine, about 40 miles downstream with a drainage area of 516 square miles.  
This gage record runs from 1928 to present (2017).    
http://waterdata.usgs.gov/nwis/inventory/?site_no=01048000&agency_cd=USGS 
A short term gage is located on the bridge, drains 25.3 square miles and has records from 
2008 to present.  Flood of record at this gage was 5200 cfs during Hurricane Irene on 
August 28, 2011. Other annual peaks have ranged from 1500 to 2800 cfs.   
http://waterdata.usgs.gov/nwis/inventory/?site_no=01047200&agency_cd=USGS 
 

 
Figure 5.  Left or westerly abutment with stream gage installation on downstream wing. 

 FEMA Flood Maps and FIS report  
o FEMA has not studied this area in detail.  The Flood Insurance Rate Map is of the 

“approximate study” type, published in 1985.  Flood zone is listed as “A” with no 
flood elevations shown.   

 Air photos 
 Topographic Maps 

 
3.0  Hydrologic Analysis  

Maine DOT furnished peak discharges for floods of selected design intervals, including the 1.1-
year, 10-, 25-, 50-, 100-, and 500-year flood based on the USGS Regression Equations.  At the 
Weymouth Bridge, drainage area is 25.3 square miles and percent wetlands is 2.6.  Table 1 
below summarizes peak flood flows as computed by Maine DOT and as used for this bridge 
analysis.  In addition to flow data calculated by Maine DOT, the record for the USGS gage at the 
bridge was used to identify a range of typical annual peak flows and the flow for Hurricane 
Irene.  The flow data for specific frequencies were calculated by the Regression formula.  Irene 
and peak flows are as recorded by the gage.   
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No specific historic data was found for the 1987 for 1936 floods.  However, recent Hurricane 
Irene (August 28, 2011) dropped 8.5 in. of rain on the Carrabassett Valley area, washing out two 
bridges on Route 27 near the Sugarloaf Access Road.  This storm was recorded by the gage on 
the Sandy River at Madrid.  For the 25 sq mi. mile drainage basin, the 5,200 cfs recorded flow is 
about a 500-year event.  

Summary of Available Hydrologic Data, Weymouth Bridge 2934, Madrid, Maine 

Recurrence Interval Maine DOT calculations at gage 
Calculation Method 25.3 sq mi, 2.6 % wetlands 

1.1 535 
2 1,127 
5 1,796 

10 2,304 
25 2,992 
50 3,540 

100 4,124 
500 5,604 

Hurricane Irene (~500 yr) 5,200 
Gage Annual Peak Low 1,500 
Gage Annual Peak High 2,800 

September Mean Low 5.8 
October Mean Low 9.9 

Table 1.  Flow frequency data for recurrence intervals, calculated by Maine DOT.  Hurricane 
Irene, annual flows and mean flows recorded by the USGS gage.    
 
Drainage Area  25 sq mi.  

Q25 2,992 cfs 
Design Discharge (Q50) 3,540 cfs 
Check Discharge (Q100) 4,124 cfs 
Scour Check Discharge (Q500) 5,604 cfs 
Ordinary High Water (Q1.1) 535 cfs 
Flood of Record (Hurricane Irene) 5,200 cfs 

Table 2.  Summary of Hydrologic Data for Bridge Analysis 

Site Photographs:  Figures 6-14 are photographs relative to site hydraulics.   
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Figure 6.  Looking upstream from bridge. Note bend in river just upstream of bridge. 

 
Figure 7.  Looking at west upstream abutment.  Note that abutment encroaches into main channel. 
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Figure 8.  Looking downstream from bridge at scour hole. 

 

Figure 9.  Right or eastern abutment set on rock. 
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Figure 10.  West abutment. Note cracking. Maine DOT inspection photos note cracking and rotation of abutment. 

 

Figure 11.  Looking downstream through bridge.  Easterly or right abutment.  Note scour hole downstream.  Abutment founded 
on rock. 
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Figure 12.  Right/East abutment looking upstream.  Note abutment founded on rock. 

 

Figure 13.  Downstream left/westerly abutment.  Note abutment projects into flow. 
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Figure 14.  Upstream end of left/westerly abutment.  Note projection into stream. 

4.0  Hydraulic Analysis  

The goal of the hydraulic analysis was to provide information on flood elevations and flow 
velocities under existing and proposed conditions.  Model data was used by the design team to 
establish design parameters for a replacement bridge including: required alternative road profiles, 
structure depths, and substructure layout.  The hydraulic model was also used to assess channel 
conditions related to fish passage.   

Figure 15 shows project survey and layout of model cross sections used for the hydraulic 
analysis.  These sections and modified sections were used to simulate channel conditions as the 
bridge exists now and under expected conditions for a replacement bridge.  

Note that for the final design model, sections at each face of the proposed bridge were added to 
the model skewed 35 degrees to simulate the area perpendicular to stream flow.  This section 
layout was somewhat different than the preliminary design hydraulic model due to final design 

Page10 
Final Design H-H Scour Report Madrid 

NHI WIN 22615.00 



geometry.  The modeled bridge reach has conditions of rapidly varying flow and the bridge is not 
perpendicular to flow. This layout results in challenges for 1-dimensional flow model simulation 
to perfectly capture bridge hydraulics.  HECRAS calculates both water surface elevation and 
energy grade line, providing additional information to designers on expected water levels under 
flood conditions.  

 

Figure 15.  Channel cross sections. 

The existing bridge crosses the river at approximately a 35 degree angle.  While the existing 
bridge span is 48 ft, the channel width from abutment to abutment perpendicular to flow is 
approximately 40 ft.  A large scour hole was created downstream of the bridge by flows 
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generated by Hurricane Irene.  The existing abutments project somewhat into the natural 
channel.  The channel has rapidly varying flow conditions, with a drop into the scour pool. 

The hydraulic analysis calculates flood levels such that the bridge may be designed for passage 
of peak flood flows with sufficient clearance for selected flood events (typically 2 ft at Q50 for 
minor structures such as this bridge, 4 ft for major bridges).  The analysis also provided variables 
used for projecting scour depths.  In addition, pre- and post- condition flood elevations were 
determined and compared to assure that flood levels will not be raised by the new bridge.  The 
hydraulic analysis also assisted with determining average Bank Full Width channel section for 
design related to fish passage.  

Hydraulic analysis was performed in accordance with the procedures outlined in the Maine DOT 
Bridge Design Guide. Hydraulic analysis was be prepared using HECRAS, version 5.03 River 
Analysis System by the U.S. Army Corps of Engineers.  

Modeled cross sections are shown in Figure 15 above.  In addition to sections shown on this 
plan, two new sections at the bridge faces for each design option were included in the final 
model, and skewed 35 degrees to plot perpendicular to flow.   

The proposed bridge layout is shown in Figure 16.  The width of the proposed bridge 
perpendicular to flow increases from approximately 40 ft to 85 ft.   

 

Figure 16.  Final design bridge layout 

The expanded width of the proposed bridge allows for improved flood passage.  Figure 17 shows 
a comparison of the flood elevations under the existing condition (blue) and the proposed bridge 
(red).  The narrower opening of the existing bridge caused backwater upstream of the bridge and 
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high velocities through the bridge.  The wider proposed opening allows flows to pass without 
significant upstream impact and will mitigate scour by lowering discharge velocities.   

 

Figure 17.  Channel bottom and existing and proposed flood profiles.  September low flow, 1.1-year flow, 50- and 100-year 
flows. 
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Table 3 below summarizes hydraulic data for existing and proposed conditions.  

Summary of Hydraulic Data  Existing Bridge  Proposed Bridge  
Low Chord 928.6 930.1 (L) -931.2 (R) 
Width at Q100 (perpendicular to flow) 39.7 85.3 
Width at Banks (perpendicular to flow) 39.5 84.7 
Headwater at Q25, ft, (at bridge face)  927.3 927.2 
Energy Grade Line for Q25 at US face.   928.4 927.7 
Headwater at Q50, ft, (at bridge face) 928.6 927.7 
Energy Grade Line for Q50 at US face 930.9 928.3 
Headwater at Q100, ft, (at bridge face) 928.6 928.2 
Energy Grade Line for Q100 at US face 931.8 928.9 
Discharge Velocity at Q25, fps 8.9 6.2 
Discharge Velocity at Q50, fps 10.1 6.7 
Discharge Velocity at Q100, fps 11.3 7.2 
Ordinary High Water Elevation (Q1.1) (US face), ft 923.9 923.9 
Discharge Velocity at Q1.1, fps 2.5 2.2 
Clearance @ Q25, ft  0.2 2.9-4.0 
Clearance @ Q50, ft  EGL 2.3 above low 

cord, pressure flow 
2.4-3.5 

Clearance @ Q100, ft  EGL 3.2 above low 
chord, pressure flow 

1.9-3.0 

Bridge Opening Area, ft2 400.5 864.7 
Flow Area at Q100, ft2 (US Face) 400.5 629.1 

Table 3.  Summary of Hydraulic Data.  

5.0  Scour Computations 

The existing bridge shows evidence of scour by contraction (scour hole) and at the west 
abutment.  The right or easterly abutment will be founded on rock.  The west or left abutment 
will require scour protection.  Contraction scour potential decreases significantly due to the 
proposed bridge section being wider than bank full width.  Because abutments will not be subject 
to scour due to presence of rock or scour protection, only contraction scour was computed.  

Scour analysis for the proposed 104 ft span at a thirty five degree angle to flow yielded the 
following results:  

Proposed Bridge   100-year   500-year   
Left  center  left  center   

D50 (assumed)   1mm    1 mm 
Contraction Scour   0.0’  0.80  0.0’ 1.4’ 
Abutment Scour Depth  N/A scour protection  NA scour protection    
Total Scour    0.0  0.8’  0.0’  1.4’  
Channel Elev. Before scour  921.9  916.0  921.9  916.0  
Est. Channel Elevation after scour 921.9  915.2  921.9  914.6 
Table 4.  Scour Calculations  
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The project site was checked for susceptibility to rock scour, but rock scour is generally thought 
to apply only to scour at piers.  Critical stream power was computed based on logged rock 
qualities, but calculation of actual stream power can only be done at piers.  

Fish Passage:  

The Sandy River flows into the Kennebec River and is thus part of the Atlantic Salmon 
Restoration Initiative. Improved fish passage allowance is required for the new bridge. The 
existing bridge constricts the natural channel as do the old abutments downstream.  Bank full 
width was estimated to be 73 ft perpendicular to the channel based on several estimation 
methods, including examination of surveyed sections, calculations with HECRAS, sketches of 
main channel banks and field examination.  Detail is included in the appendix. For the proposed 
bridge design including proposed channel reconstruction, channel width at the 1.1-yr event will 
be 69 ft perpendicular to the channel.   Note that this design has a total bridge span of 104 ft 
which translates to an approximately 85 foot span abutment to abutment in the direction 
perpendicular to flow.  Sloped embankments, bedrock and scour protection make the channel 
narrower at the 1.1-year flood level.   

 

Figure 18.  Bridge cross section, HECRAS model. – US section.  

6.0  Summary of Findings  

 The bridge crosses the channel at an approximately 35 degree angle. 
 The existing bridge constricts the channel to narrower than natural bank full width.  
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 The Flood Insurance Study does not provide a 100-year elevation at this location.   
 Model results indicate that in a 50-year flood event, the existing bridge is likely to have 

flood water above the low chord.   
 The drainage area is 25.3 square miles and a short term recording gage installed and 

maintained by USGS is located on the downstream side of the bridge.   
 The hydraulic characteristics of the bridge site indicate rapid flow upstream of and 

through the bridge.  The stream flows into a scour pool below the bridge.  
 Starting water levels for the hydraulic model were based on calculated stream gradient 

and normal depth.  
 For the proposed bridge, 50-year clearance is 2.4-3.5 ft, and 100-year clearance is 

predicted to be 1.9-3.0 ft according to the hydraulic model.   
 The East abutment is to be founded on rock, and the west abutment is subject to scour 

unless protected with scour protection.  The west abutment will be protected with scour 
protection.   

 Predicted contraction scour is limited to less than 1.1’ for the new bridge due to the wider 
span. Rock scour is limited to piers, so is not a factor at this site.  

 Improvements in fish passage will be provided by widening the bridge opening to slightly 
narrower than bank full width, or 69 ft perpendicular to flow direction.  

 The wider bridge will result in less likelihood of backwater during flood events.  
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HEC-RAS  Plan: PIC   River: Sandy   Reach: Madrid
Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  
Madrid 10362   1.1 year 535.00 920.80 924.00 922.48 924.13 0.002141 2.95 201.49 97.61 0.32
Madrid 10362   2 year 1127.00 920.80 925.25 923.32 925.49 0.002435 4.05 326.55 104.02 0.36
Madrid 10362   10 year 2304.00 920.80 926.80 924.67 927.25 0.003105 5.69 504.03 124.18 0.43
Madrid 10362   25 year 2992.00 920.80 927.53 925.21 928.09 0.003330 6.41 597.66 134.05 0.45
Madrid 10362   50 year 3540.00 920.80 928.09 925.66 928.73 0.003403 6.86 676.51 146.15 0.46
Madrid 10362   100 year 4124.00 920.80 928.65 926.08 929.35 0.003432 7.26 760.08 152.38 0.47
Madrid 10362   500 year 5604.00 920.80 929.93 927.08 930.78 0.003461 8.11 963.62 166.58 0.49
Madrid 10362   sept low 5.80 920.80 921.10 921.10 921.14 0.066456 1.56 3.71 47.19 0.98
Madrid 10362   oct low 9.90 920.80 921.24 921.13 921.25 0.006894 0.96 10.35 50.17 0.37

Madrid 10299   1.1 year 535.00 919.80 923.96 924.03 0.000914 2.09 259.26 89.65 0.21
Madrid 10299   2 year 1127.00 919.80 925.21 925.35 0.001283 3.11 375.44 96.68 0.26
Madrid 10299   10 year 2304.00 919.80 926.75 927.06 0.001866 4.60 564.25 145.42 0.33
Madrid 10299   25 year 2992.00 919.80 927.48 927.88 0.002041 5.20 675.71 157.49 0.36
Madrid 10299   50 year 3540.00 919.80 928.05 928.51 0.002098 5.57 768.30 166.31 0.37
Madrid 10299   100 year 4124.00 919.80 928.62 929.12 0.002127 5.91 864.24 169.74 0.37
Madrid 10299   500 year 5604.00 919.80 929.93 930.53 0.002168 6.62 1090.51 177.56 0.39
Madrid 10299   sept low 5.80 919.80 921.12 920.10 921.12 0.000011 0.11 52.90 53.91 0.02
Madrid 10299   oct low 9.90 919.80 921.24 921.24 0.000023 0.17 59.70 54.76 0.03

Madrid 10257   1.1 year 535.00 918.10 923.94 923.99 0.000473 1.81 297.94 76.91 0.16
Madrid 10257   2 year 1127.00 918.10 925.18 925.30 0.000857 2.90 404.43 92.92 0.22
Madrid 10257   10 year 2304.00 918.10 926.68 926.99 0.001501 4.53 552.70 102.68 0.31
Madrid 10257   25 year 2992.00 918.10 927.38 927.80 0.001793 5.29 625.18 104.63 0.34
Madrid 10257   50 year 3540.00 918.10 927.91 928.42 0.001970 5.80 681.33 106.12 0.36
Madrid 10257   100 year 4124.00 918.10 928.43 929.03 0.002141 6.31 737.08 107.57 0.38
Madrid 10257   500 year 5604.00 918.10 929.60 930.42 0.002518 7.45 864.34 110.78 0.42
Madrid 10257   sept low 5.80 918.10 921.12 921.12 0.000001 0.05 110.69 55.16 0.01
Madrid 10257   oct low 9.90 918.10 921.24 921.24 0.000002 0.08 117.66 56.25 0.01

Madrid 10233   1.1 year 535.00 917.50 923.94 923.98 0.000391 1.68 339.66 101.30 0.14
Madrid 10233   2 year 1127.00 917.50 925.17 925.28 0.000704 2.67 475.24 116.94 0.20
Madrid 10233   10 year 2304.00 917.50 926.69 926.94 0.001209 4.13 658.20 122.43 0.28
Madrid 10233   25 year 2992.00 917.50 927.41 927.73 0.001433 4.79 745.43 122.62 0.30
Madrid 10233   50 year 3540.00 917.50 927.95 928.34 0.001567 5.24 812.15 122.77 0.32
Madrid 10233   100 year 4124.00 917.50 928.48 928.94 0.001696 5.69 877.72 122.91 0.34
Madrid 10233   500 year 5604.00 917.50 929.68 930.30 0.001984 6.70 1024.98 123.22 0.37
Madrid 10233   sept low 5.80 917.50 921.12 921.12 0.000002 0.05 107.21 67.82 0.01
Madrid 10233   oct low 9.90 917.50 921.24 921.24 0.000003 0.09 115.75 68.70 0.01

Madrid 10221   1.1 year 535.00 916.50 923.92 919.81 923.97 0.000519 1.89 283.68 69.07 0.16
Madrid 10221   2 year 1127.00 916.50 925.12 921.33 925.26 0.001118 3.03 371.54 78.73 0.25
Madrid 10221   10 year 2304.00 916.50 926.55 922.90 926.89 0.002056 4.70 490.21 85.21 0.35
Madrid 10221   25 year 2992.00 916.50 927.21 923.62 927.67 0.002421 5.48 546.03 85.23 0.38
Madrid 10221   50 year 3540.00 916.50 927.70 924.15 928.27 0.002641 6.02 588.47 85.24 0.40
Madrid 10221   100 year 4124.00 916.50 928.19 924.67 928.85 0.002862 6.55 629.57 85.25 0.42
Madrid 10221   500 year 5604.00 916.50 929.24 925.86 930.18 0.003391 7.79 719.31 85.27 0.47
Madrid 10221   sept low 5.80 916.50 921.12 916.89 921.12 0.000001 0.05 114.97 47.80 0.01
Madrid 10221   oct low 9.90 916.50 921.24 917.00 921.24 0.000002 0.08 121.05 49.41 0.01

Madrid 10200   Bridge

Madrid 10197   1.1 year 535.00 914.50 922.22 922.29 0.000688 2.15 249.02 59.10 0.18
Madrid 10197   2 year 1127.00 914.50 923.52 923.70 0.001381 3.43 328.20 64.66 0.27
Madrid 10197   10 year 2304.00 914.50 925.00 925.44 0.002909 5.33 432.29 77.42 0.40
Madrid 10197   25 year 2992.00 914.50 925.68 926.27 0.003541 6.15 486.16 81.59 0.44
Madrid 10197   50 year 3540.00 914.50 926.20 926.89 0.003942 6.69 529.29 85.21 0.47
Madrid 10197   100 year 4124.00 914.50 926.69 927.50 0.004140 7.21 571.62 85.22 0.49
Madrid 10197   500 year 5604.00 914.50 927.75 928.87 0.004688 8.47 661.97 85.24 0.54
Madrid 10197   sept low 5.80 914.50 919.09 919.09 0.000001 0.05 108.27 34.41 0.01
Madrid 10197   oct low 9.90 914.50 919.22 919.22 0.000002 0.09 112.89 34.73 0.01

Madrid 10166   1.1 year 535.00 909.90 922.26 922.27 0.000085 1.03 523.82 82.96 0.07
Madrid 10166   2 year 1127.00 909.90 923.60 923.65 0.000207 1.79 637.60 85.98 0.11
Madrid 10166   10 year 2304.00 909.90 925.19 925.33 0.000488 3.03 777.24 91.28 0.18
Madrid 10166   25 year 2992.00 909.90 925.92 926.13 0.000631 3.63 844.28 91.95 0.21
Madrid 10166   50 year 3540.00 909.90 926.48 926.73 0.000733 4.06 895.11 92.46 0.22
Madrid 10166   100 year 4124.00 909.90 927.01 927.32 0.000838 4.49 944.56 92.95 0.24
Madrid 10166   500 year 5604.00 909.90 928.17 928.63 0.001095 5.49 1053.43 102.62 0.28
Madrid 10166   sept low 5.80 909.90 919.09 919.09 0.000000 0.02 298.55 59.93 0.00
Madrid 10166   oct low 9.90 909.90 919.22 919.22 0.000000 0.03 306.62 60.82 0.00

Madrid 10136   1.1 year 535.00 906.20 922.26 922.27 0.000017 0.64 857.05 89.11 0.03
Madrid 10136   2 year 1127.00 906.20 923.62 923.64 0.000050 1.20 981.88 94.79 0.06
Madrid 10136   10 year 2304.00 906.20 925.23 925.31 0.000136 2.15 1140.23 101.78 0.10
Madrid 10136   25 year 2992.00 906.20 925.98 926.09 0.000192 2.64 1217.77 105.66 0.12
Madrid 10136   50 year 3540.00 906.20 926.55 926.68 0.000236 3.00 1278.11 108.58 0.14
Madrid 10136   100 year 4124.00 906.20 927.09 927.26 0.000284 3.37 1340.19 119.84 0.15
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HEC-RAS  Plan: PIC   River: Sandy   Reach: Madrid (Continued)
Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  
Madrid 10136   500 year 5604.00 906.20 928.28 928.55 0.000408 4.25 1500.43 170.91 0.18
Madrid 10136   sept low 5.80 906.20 919.09 919.09 0.000000 0.01 589.07 79.98 0.00
Madrid 10136   oct low 9.90 906.20 919.22 919.22 0.000000 0.02 599.78 80.35 0.00

Madrid 10103   1.1 year 535.00 911.00 922.26 922.27 0.000035 0.76 729.10 109.45 0.05
Madrid 10103   2 year 1127.00 911.00 923.61 923.64 0.000093 1.36 878.54 111.56 0.08
Madrid 10103   10 year 2304.00 911.00 925.22 925.30 0.000232 2.34 1059.30 114.08 0.12
Madrid 10103   25 year 2992.00 911.00 925.96 926.08 0.000316 2.83 1145.00 116.69 0.15
Madrid 10103   50 year 3540.00 911.00 926.52 926.67 0.000386 3.19 1211.48 125.16 0.16
Madrid 10103   100 year 4124.00 911.00 927.06 927.25 0.000455 3.53 1286.57 145.93 0.18
Madrid 10103   500 year 5604.00 911.00 928.26 928.54 0.000605 4.34 1482.56 199.45 0.21
Madrid 10103   sept low 5.80 911.00 919.09 919.09 0.000000 0.01 442.19 78.59 0.00
Madrid 10103   oct low 9.90 911.00 919.22 919.22 0.000000 0.02 452.72 79.05 0.00

Madrid 10064   1.1 year 535.00 915.70 922.21 922.26 0.000374 1.78 320.35 84.58 0.14
Madrid 10064   2 year 1127.00 915.70 923.50 923.62 0.000722 2.88 456.04 116.70 0.20
Madrid 10064   10 year 2304.00 915.70 924.97 925.26 0.001341 4.52 631.56 122.55 0.29
Madrid 10064   25 year 2992.00 915.70 925.63 926.03 0.001642 5.29 714.19 125.05 0.32
Madrid 10064   50 year 3540.00 915.70 926.14 926.61 0.001834 5.82 778.00 127.08 0.35
Madrid 10064   100 year 4124.00 915.70 926.63 927.18 0.002029 6.34 841.90 150.37 0.37
Madrid 10064   500 year 5604.00 915.70 927.70 928.45 0.002447 7.49 1035.76 190.44 0.41
Madrid 10064   sept low 5.80 915.70 919.09 919.09 0.000001 0.05 120.33 51.25 0.01
Madrid 10064   oct low 9.90 915.70 919.22 919.22 0.000002 0.08 127.20 51.73 0.01

Madrid 10041   1.1 year 535.00 917.50 922.12 922.24 0.001280 2.87 211.23 90.26 0.26
Madrid 10041   2 year 1127.00 917.50 923.31 923.58 0.002070 4.37 339.94 134.03 0.34
Madrid 10041   10 year 2304.00 917.50 924.66 925.19 0.003170 6.35 524.51 138.54 0.44
Madrid 10041   25 year 2992.00 917.50 925.27 925.94 0.003686 7.27 610.05 144.46 0.49
Madrid 10041   50 year 3540.00 917.50 925.73 926.52 0.004004 7.91 679.07 154.09 0.51
Madrid 10041   100 year 4124.00 917.50 926.19 927.08 0.004297 8.52 751.06 164.86 0.54
Madrid 10041   500 year 5604.00 917.50 927.22 928.33 0.004758 9.74 958.48 239.01 0.57
Madrid 10041   sept low 5.80 917.50 919.09 919.09 0.000014 0.14 42.28 35.51 0.02
Madrid 10041   oct low 9.90 917.50 919.22 919.22 0.000030 0.21 47.10 36.91 0.03

Madrid 10020   1.1 year 535.00 918.10 922.07 922.21 0.001982 3.08 202.80 89.06 0.31
Madrid 10020   2 year 1127.00 918.10 923.23 923.53 0.002875 4.59 319.55 132.33 0.39
Madrid 10020   10 year 2304.00 918.10 924.57 925.11 0.003956 6.45 499.85 137.00 0.48
Madrid 10020   25 year 2992.00 918.10 925.19 925.86 0.004381 7.28 585.13 139.30 0.51
Madrid 10020   50 year 3540.00 918.10 925.66 926.42 0.004585 7.82 651.99 144.27 0.53
Madrid 10020   100 year 4124.00 918.10 926.11 926.98 0.004808 8.37 719.38 152.27 0.55
Madrid 10020   500 year 5604.00 918.10 927.11 928.22 0.005352 9.63 900.47 213.90 0.59
Madrid 10020   sept low 5.80 918.10 919.09 919.09 0.000135 0.29 19.95 30.09 0.06
Madrid 10020   oct low 9.90 918.10 919.22 919.22 0.000235 0.41 24.03 32.63 0.08

Madrid 9987    1.1 year 535.00 918.50 921.79 920.98 922.08 0.006009 4.42 130.00 70.83 0.51
Madrid 9987    2 year 1127.00 918.50 922.91 921.95 923.38 0.006001 5.76 264.62 148.74 0.55
Madrid 9987    10 year 2304.00 918.50 924.30 923.44 924.94 0.006007 7.22 475.16 155.59 0.58
Madrid 9987    25 year 2992.00 918.50 924.95 923.94 925.68 0.005999 7.86 577.82 160.13 0.59
Madrid 9987    50 year 3540.00 918.50 925.44 924.30 926.25 0.006003 8.32 658.34 169.64 0.60
Madrid 9987    100 year 4124.00 918.50 925.92 924.63 926.80 0.006002 8.76 742.43 179.55 0.61
Madrid 9987    500 year 5604.00 918.50 926.98 925.37 928.01 0.006003 9.70 961.18 232.11 0.62
Madrid 9987    sept low 5.80 918.50 919.05 918.82 919.07 0.006002 1.08 5.35 19.30 0.36
Madrid 9987    oct low 9.90 918.50 919.17 918.92 919.20 0.005999 1.28 7.75 21.78 0.38

Final Design H-H and Scour 
NHI WIN 22165.00 

Appendix 10



  

HEC-RAS  Plan: PIC   River: Sandy   Reach: Madrid
Reach River Sta Profile E.G. Elev W.S. Elev Crit W.S. Frctn Loss C & E Loss Top Width Q Left Q Channel Q Right Vel Chnl

(ft) (ft) (ft) (ft) (ft) (ft) (cfs) (cfs) (cfs) (ft/s)
Madrid 10233   1.1 year 923.98 923.94 0.00 0.00 101.30 2.33 526.12 6.55 1.68
Madrid 10233   2 year 925.28 925.17 0.01 0.01 116.94 11.64 1081.71 33.65 2.67
Madrid 10233   10 year 926.94 926.69 0.02 0.03 122.43 44.18 2133.65 126.18 4.13
Madrid 10233   25 year 927.73 927.41 0.02 0.04 122.62 71.65 2730.32 190.03 4.79
Madrid 10233   50 year 928.34 927.95 0.02 0.05 122.77 95.75 3199.22 245.03 5.24
Madrid 10233   100 year 928.94 928.48 0.02 0.06 122.91 122.44 3695.89 305.67 5.69
Madrid 10233   500 year 930.30 929.68 0.03 0.10 123.22 192.78 4945.50 465.72 6.70
Madrid 10233   sept low 921.12 921.12 0.00 0.00 67.82 5.80 0.05
Madrid 10233   oct low 921.24 921.24 0.00 0.00 68.70 9.90 0.09

Madrid 10221   1.1 year 923.97 923.92 919.81 69.07 535.00 1.89
Madrid 10221   2 year 925.26 925.12 921.33 78.73 1127.00 3.03
Madrid 10221   10 year 926.89 926.55 922.90 85.21 0.00 2304.00 0.00 4.70
Madrid 10221   25 year 927.67 927.21 923.62 85.23 0.00 2992.00 0.00 5.48
Madrid 10221   50 year 928.27 927.70 924.15 85.24 0.00 3540.00 0.00 6.02
Madrid 10221   100 year 928.85 928.19 924.67 85.25 0.00 4124.00 0.00 6.55
Madrid 10221   500 year 930.18 929.24 925.86 85.27 0.00 5603.99 0.01 7.79
Madrid 10221   sept low 921.12 921.12 916.89 47.80 5.80 0.05
Madrid 10221   oct low 921.24 921.24 917.00 49.41 9.90 0.08

Madrid 10200   BR U 1.1 year 923.97 923.92 919.83 69.06 535.00 1.89
Madrid 10200   BR U 2 year 925.26 925.12 921.34 78.73 1127.00 3.03
Madrid 10200   BR U 10 year 926.89 926.54 922.92 85.21 0.00 2304.00 0.00 4.71
Madrid 10200   BR U 25 year 927.67 927.20 923.65 85.23 0.00 2992.00 0.00 5.48
Madrid 10200   BR U 50 year 928.26 927.70 924.19 85.24 0.00 3540.00 0.00 6.02
Madrid 10200   BR U 100 year 928.85 928.18 924.71 85.25 0.00 4123.99 0.01 6.56
Madrid 10200   BR U 500 year 930.17 929.23 925.87 85.27 0.01 5603.98 0.01 7.80
Madrid 10200   BR U sept low 921.12 921.12 916.90 47.80 5.80 0.05
Madrid 10200   BR U oct low 921.24 921.24 917.00 49.41 9.90 0.08

Madrid 10200   BR D 1.1 year 922.30 922.22 917.73 59.10 535.00 2.15
Madrid 10200   BR D 2 year 923.70 923.52 919.16 64.67 1127.00 3.43
Madrid 10200   BR D 10 year 925.45 925.01 921.46 77.44 2304.00 5.33
Madrid 10200   BR D 25 year 926.27 925.68 922.31 81.62 2992.00 0.00 6.15
Madrid 10200   BR D 50 year 926.89 926.20 922.86 85.21 3540.00 0.00 6.68
Madrid 10200   BR D 100 year 927.51 926.70 923.44 85.22 0.00 4124.00 0.00 7.21
Madrid 10200   BR D 500 year 928.87 927.76 924.81 85.24 0.00 5603.99 0.01 8.46
Madrid 10200   BR D sept low 919.09 919.09 914.91 34.41 5.80 0.05
Madrid 10200   BR D oct low 919.22 919.22 915.01 34.73 9.90 0.09

Madrid 10197   1.1 year 922.29 922.22 0.00 0.02 59.10 535.00 2.15
Madrid 10197   2 year 923.70 923.52 0.01 0.04 64.66 1127.00 3.43
Madrid 10197   10 year 925.44 925.00 0.02 0.09 77.42 2304.00 5.33
Madrid 10197   25 year 926.27 925.68 0.03 0.12 81.59 2992.00 0.00 6.15
Madrid 10197   50 year 926.89 926.20 0.03 0.13 85.21 3540.00 0.00 6.69
Madrid 10197   100 year 927.50 926.69 0.03 0.15 85.22 0.00 4124.00 0.00 7.21
Madrid 10197   500 year 928.87 927.75 0.04 0.19 85.24 0.00 5604.00 0.00 8.47
Madrid 10197   sept low 919.09 919.09 0.00 0.00 34.41 5.80 0.05
Madrid 10197   oct low 919.22 919.22 0.00 0.00 34.73 9.90 0.09

Madrid 10166   1.1 year 922.27 922.26 0.00 0.00 82.96 1.21 533.79 1.03
Madrid 10166   2 year 923.65 923.60 0.00 0.01 85.98 4.27 1122.73 1.79
Madrid 10166   10 year 925.33 925.19 0.01 0.02 91.28 13.49 2290.51 3.03
Madrid 10166   25 year 926.13 925.92 0.01 0.03 91.95 20.23 2971.77 0.00 3.63
Madrid 10166   50 year 926.73 926.48 0.01 0.04 92.46 26.38 3513.62 0.00 4.06
Madrid 10166   100 year 927.32 927.01 0.01 0.04 92.95 33.52 4090.48 0.00 4.49
Madrid 10166   500 year 928.63 928.17 0.02 0.06 102.62 53.92 5550.08 0.00 5.49
Madrid 10166   sept low 919.09 919.09 0.00 0.00 59.93 0.00 5.80 0.02
Madrid 10166   oct low 919.22 919.22 0.00 0.00 60.82 0.00 9.90 0.03
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Plan: PIC    Sandy    Madrid  RS: 10200       Profile: 100 year
 E.G. US. (ft) 928.85  Element Inside BR US Inside BR DS
 W.S. US. (ft) 928.19  E.G. Elev (ft) 928.85 927.51 
 Q Total (cfs) 4124.00  W.S. Elev (ft) 928.18 926.70 
 Q Bridge (cfs) 4124.00  Crit W.S. (ft) 924.71 923.44 
 Q Weir (cfs)   Max Chl Dpth (ft) 11.68 12.20 
 Weir Sta Lft (ft)   Vel Total (ft/s) 6.56 7.21 
 Weir Sta Rgt (ft)   Flow Area (sq ft) 629.09 572.01 
 Weir Submerg    Froude # Chl  0.43 0.49 
 Weir Max Depth (ft)   Specif Force (cu ft) 3505.00 3443.20 
 Min El Weir Flow (ft) 934.51  Hydr Depth (ft) 7.38 6.71 
 Min El Prs (ft) 931.20  W.P. Total (ft) 93.50 93.74 
 Delta EG (ft) 1.35  Conv. Total (cfs) 76989.2 64166.9 
 Delta WS (ft) 1.49  Top Width (ft) 85.25 85.22 
 BR Open Area (sq ft) 839.13  Frctn Loss (ft)   
 BR Open Vel (ft/s) 7.21  C & E Loss (ft)   
 BR Sluice Coef    Shear Total (lb/sq ft) 1.21 1.57 
 BR Sel Method  Momentum  Power Total (lb/ft s) 7.90 11.35 

Final Design H-H and Scour 
NHI WIN 22165.00 

Appendix 12

northstar1
Text Box
Proposed 



  

Plan: PIC    Sandy    Madrid  RS: 10200   BR U       Profile: 100 year
Pos Left Sta Right Sta Flow Area W.P. Percent Hydr Velocity Shear Power

  (ft) (ft) (cfs) (sq ft) (ft) Conv Depth(ft) (ft/s) (lb/sq ft) (lb/ft s)
1 LOB -122.87 -42.60 0.00 0.03 2.18 0.00 1.09 0.07 0.00 0.00
2 Chan -42.60 -34.08 71.77 22.91 8.63 1.74 2.69 3.13 0.48 1.49
3 Chan -34.08 -25.56 151.78 35.96 8.66 3.68 4.22 4.22 0.74 3.14
4 Chan -25.56 -17.04 310.02 56.65 9.24 7.52 6.65 5.47 1.10 6.01
5 Chan -17.04 -8.52 625.88 85.28 8.96 15.18 10.01 7.34 1.71 12.51
6 Chan -8.52 0.00 815.76 98.10 8.55 19.78 11.52 8.32 2.06 17.10
7 Chan 0.00 8.52 717.73 91.67 8.74 17.40 10.76 7.83 1.88 14.71
8 Chan 8.52 17.04 498.00 73.62 8.74 12.08 8.64 6.76 1.51 10.21
9 Chan 17.04 25.56 406.36 64.58 8.55 9.85 7.58 6.29 1.35 8.52
10 Chan 25.56 34.08 342.29 58.29 8.56 8.30 6.84 5.87 1.22 7.17
11 Chan 34.08 42.60 184.41 41.96 9.51 4.47 4.93 4.40 0.79 3.47
12 ROB 42.60 122.87 0.01 0.05 3.18 0.00 1.59 0.11 0.00 0.00

  
Plan: PIC    Sandy    Madrid  RS: 10200   BR U       Profile: 500 year

Pos Left Sta Right Sta Flow Area W.P. Percent Hydr Velocity Shear Power
  (ft) (ft) (cfs) (sq ft) (ft) Conv Depth(ft) (ft/s) (lb/sq ft) (lb/ft s)

1 LOB -122.87 -42.60 0.01 0.06 3.23 0.00 1.61 0.10 0.00 0.00
2 Chan -42.60 -34.08 137.68 31.84 8.63 2.46 3.74 4.32 0.78 3.39
3 Chan -34.08 -25.56 243.51 44.88 8.66 4.35 5.27 5.43 1.10 5.98
4 Chan -25.56 -17.04 438.63 65.58 9.24 7.83 7.70 6.69 1.51 10.08
5 Chan -17.04 -8.52 819.14 94.20 8.96 14.62 11.06 8.70 2.23 19.43
6 Chan -8.52 0.00 1045.69 107.03 8.55 18.66 12.56 9.77 2.66 26.00
7 Chan 0.00 8.52 929.02 100.59 8.74 16.58 11.81 9.24 2.45 22.59
8 Chan 8.52 17.04 668.14 82.55 8.74 11.92 9.69 8.09 2.01 16.25
9 Chan 17.04 25.56 559.01 73.51 8.55 9.98 8.63 7.60 1.83 13.90
10 Chan 25.56 34.08 481.21 67.21 8.56 8.59 7.89 7.16 1.67 11.95
11 Chan 34.08 42.60 281.97 50.88 9.51 5.03 5.97 5.54 1.14 6.30
12 ROB 42.60 122.87 0.01 0.09 4.23 0.00 2.11 0.15 0.00 0.00

  
Plan: PIC    Sandy    Madrid  RS: 10200   BR D       Profile: 100 year

Pos Left Sta Right Sta Flow Area W.P. Percent Hydr Velocity Shear Power
  (ft) (ft) (cfs) (sq ft) (ft) Conv Depth(ft) (ft/s) (lb/sq ft) (lb/ft s)

1 LOB -122.87 -42.60 0.00 0.00 0.70 0.00 0.35 0.04 0.00 0.00
2 Chan -42.60 -34.08 19.21 9.79 8.61 0.47 1.15 1.96 0.29 0.58
3 Chan -34.08 -25.56 70.52 21.39 8.63 1.71 2.51 3.30 0.64 2.11
4 Chan -25.56 -17.04 234.89 50.37 12.08 5.70 5.91 4.66 1.07 5.01
5 Chan -17.04 -8.52 918.58 101.26 8.95 22.27 11.89 9.07 2.92 26.46
6 Chan -8.52 0.00 917.03 99.73 8.64 22.24 11.71 9.20 2.98 27.37
7 Chan 0.00 8.52 774.09 90.04 8.63 18.77 10.57 8.60 2.69 23.13
8 Chan 8.52 17.04 503.35 71.23 9.16 12.21 8.36 7.07 2.00 14.17
9 Chan 17.04 25.56 321.44 52.97 8.56 7.79 6.22 6.07 1.60 9.68
10 Chan 25.56 34.08 252.99 45.88 8.56 6.13 5.39 5.51 1.38 7.62
11 Chan 34.08 42.60 111.90 29.34 9.51 2.71 3.44 3.81 0.80 3.03
12 ROB 42.60 122.87 0.00 0.01 1.70 0.00 0.85 0.09 0.00 0.00

  
Plan: PIC    Sandy    Madrid  RS: 10200   BR D       Profile: 500 year

Pos Left Sta Right Sta Flow Area W.P. Percent Hydr Velocity Shear Power
  (ft) (ft) (cfs) (sq ft) (ft) Conv Depth(ft) (ft/s) (lb/sq ft) (lb/ft s)

1 LOB -122.87 -42.60 0.00 0.02 1.76 0.00 0.88 0.08 0.00 0.00
2 Chan -42.60 -34.08 63.16 18.83 8.61 1.13 2.21 3.35 0.64 2.14
3 Chan -34.08 -25.56 140.29 30.43 8.63 2.50 3.57 4.61 1.03 4.75
4 Chan -25.56 -17.04 341.91 59.40 12.08 6.10 6.97 5.76 1.44 8.26
5 Chan -17.04 -8.52 1171.11 110.30 8.95 20.90 12.95 10.62 3.60 38.19
6 Chan -8.52 0.00 1171.58 108.77 8.64 20.91 12.77 10.77 3.68 39.59
7 Chan 0.00 8.52 1003.75 99.08 8.63 17.91 11.63 10.13 3.35 33.97
8 Chan 8.52 17.04 679.09 80.27 9.16 12.12 9.42 8.46 2.56 21.64
9 Chan 17.04 25.56 462.09 62.00 8.56 8.25 7.28 7.45 2.12 15.76
10 Chan 25.56 34.08 377.45 54.92 8.56 6.74 6.45 6.87 1.87 12.88
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Plan: PIC    Sandy    Madrid  RS: 10200   BR D       Profile: 500 year (Continued)
Pos Left Sta Right Sta Flow Area W.P. Percent Hydr Velocity Shear Power

  (ft) (ft) (cfs) (sq ft) (ft) Conv Depth(ft) (ft/s) (lb/sq ft) (lb/ft s)
11 Chan 34.08 42.60 193.56 38.37 9.51 3.45 4.50 5.04 1.18 5.94
12 ROB 42.60 122.87 0.01 0.04 2.76 0.00 1.38 0.13 0.00 0.00
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Madrid:  Weymouth Bridge

Span of Curent Bridge: 45 FT

Year of Construction: 1933

Type of Bridge: Concrete T Beam

Madrid

September‐October Low Flows:  5.8 (SEPT) 9.9 (OCT)  Channel Type:

Existing Flow Depth for Low Flows:  2.2‐2.3' Incised Stream

Drop in water surface through bridge: 0.63' Rock Base

Maximum Velocity (low flow): 0.16‐0.18 fps No chance of meandering

Stream Cross Section 

Number

1. Width of 

Channel at time of 

Survey (FT)

2. Natural Channel 

Geomorphic 

Estimate (FT)

3. Cross Section 

Survey Plots (FT)

4. Hydraulic Model 

HECRAS 1.1‐year 

flow width (FT)

99+87 45 75 53 71

100+20 50 75 53 67

100+41 50 75 55 67

100+64 54 75 68 60

101+03 82 75 87 109

101+36 80 75 85 87

101+66 60 75 62 65

Average each method 60.1 75.0 66.1 75.1

72

Bridge 47/40 40

102+33 50

102+58 47 75 60 60

102+99 53 75 78 85

103+62 60 75 72 76

104+10 60 75

104+60 60 75

105+10 55 75

105+60 50 75

Average of each method 55 75 70.0 73.7

73

73.0 FT

90.0 FT

METHODS:

1. Width of Channel at Time of Survey: Data provided for rough check of channel width and is subject to water levels at the 

time the survey was taken. The data is not  used in the average calculation used to derive bank full width as it can be 

subjective. 

2. Natural Geomorphic Channel: Assessment of channel width based on important channel features such as slope, bedrock 

outcrops and the channel alignment without constrictions (bridge in this case). Data is considered in the average. 

3. Cross Section Survey Plot Data: Width of channel is estimated from channel survey information. The bank edge of the 

channel is the change in slope in the topography; no specific water level is considered. Data is considered in the average.

4. Hydraulic Model HECRAS 1.1‐year flow width: Most reliable data for bank full width assessment. Using model HECRAS 

and the 1.1‐year streamflow, channel width is calculated from the 1.1 year flow data output, intersection of water level and 

channel bank. Data is  considered in the average.

AVERAGE WIDTH (FT): Downstream River Segment (Using Methods 2, 3, 4):

AVERAGE WIDTH (FT): Upstream River Segment (Using Methods 2, 3, 4):

Recommended Bank Full Width (Perpendicular to the channel edge):

Bridge Length required for Bank Width Recommended (Skew = 35°):

Bank Full Width
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Contraction Scour filled in variables

key computed variables

Vc = Ku * y^(1/6) * D ^(1/3) Critical Velocity in fps V*/T<.5 V*/T>.5<2 V*/T>2

k1 0.59 0.64 0.69

Ku 6.19 S 0.002 V*=(gyS1)^.5 100 0.6005331

D50 mm 1 0.003 500 0.91146037

D50 M 0.001 T, fig 6.8 mps 0.12

y 5.6 ave depth in us section fps 0.0375

8.6 V*/T 100 16.0142159

500 24.3056098

y y ^.167 D D^.333 Ku VC

5.6 1.33336 0.001 0.100231 6.19 0.827252

8.6 1.43239 0.001 0.100231 6.19 0.888693

y2/y1 = (Q2/Q1)^(6/7) * (W1/W2)^k1 (Q2/Q1)^(6/7) (W1/W2)^k1

Live Bed Scour 100 500 100 500 100 500

y1 ave depth in US channel 5.6 8.6 1.075077 1.112228 1.016565 1.016565

y2 ave depth in contracted section after scour 6.1 9.7

y0 existing depth in contracted section 7.4 8.4

Q1 flow in US channel section 3790.0 4950.0

Q2 flow in contracted channel section 4124.0 5604.0

W1 bottom width of US main channel transporting bed material 85.0 85.0

W2 bottom width of main channel in contracted section 83.0 83.0

Ys scour depth 0.5 1.1
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