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TO:  Chittenden County Metropolitan Planning Organization  
 
FROM: Charles J. Kissel, Senior Hydraulic Engineer 
 
DATE:  October 30, 2006 
 
SUBJECT: Hydrologic & Hydraulic Analysis of East Thompsons Point Road Culvert 

Crossing on Thorp Brook in Charlotte, Vermont  (Bridge 26 on Town 
Highway 46) 

 
We have completed our preliminary hydraulic study for the above referenced site, and offer the 
following information for your use: 
 
Existing Conditions 
 
Bridge 26 on Town Highway 46 (East Thompsons Point Road) in Charlotte, Vermont is located 
on Thorp Brook.  A site visit was conducted on October 13, 2006 to collect site information.  
The existing structure consists of a primary culvert at the channel invert and two secondary or 
overflow culverts located above and to the right (looking downstream) of the primary one.  Each 
is approximately 60 feet long. Photographs and sketches are attached.   
 
The primary culvert is a 36-inch corrugated metal pipe (CMP).  It is installed at the channel 
invert and conveys low flows in the brook. The available headwater for this culvert is 
approximately 12.5 feet. There is scour of less than a foot but extending for a length of 
approximately 24 feet at the outlet of the culvert.  
 
The first of the two overflow culverts is a 60-inch CMP located approximately 14.5 feet to the 
right of the primary culvert.  Its invert is approximately 3 feet above the existing Thorp Brook 
channel bottom. The available headwater for this culvert is approximately 9.5 feet.  There is a 
relatively large scour hole approximately 4.5 feet deep and 14 feet long at the outlet.  
 
The second of the two overflow culverts is a 36-inch HDPE pipe located approximately 32.5 feet 
to the right of the primary culvert.  Its invert is approximately 6.5 feet above the Thorp Brook 
channel bottom. The available headwater for this culvert is approximately 6.0 feet. There is a 
scour hole approximately 4 feet deep and 14 feet long at the outlet.   
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The total flow area through the road embankment provided by the three culverts is 33.7 square 
feet. This includes 14.1 square feet for the two 36-inch culverts and 19.6 square feet for the one 
60-inch culvert.  
 
At the inlet there is a vertical headwall partially constructed of concrete and masonry stone that 
provides protection for the primary 36-inch CMP and the 60-inch overflow CMP culverts.  There 
is no headwall at the 36-inch HDPE overflow culvert.  The headwall is old but appears to be in 
satisfactory condition.  The floodplain immediately upstream of the headwall is heavily 
vegetated.  Flow can none-the-less access all three culverts.  There is one small three-inch 
diameter tree growing near the inlet of the primary culvert that may obstruct flows.  
 
Hydrology 
 
The Thorp Brook watershed at TH 46 is a mostly an agricultural basin with open fields and a few 
areas of forested steeply sloped mountainous terrain with a mixture of some residential 
development.  The total contributing drainage area is about 1,754 acres (2.7 square miles) based 
on the delineation and measurement of the basin on a 1:24,000-scale USGS topographic map 
(see attached).  There is an overall length of 14,000 feet from the divide to the site (along the 
channel), with a 545-foot drop in elevation, giving an average slope of 4%.   
 
The NRCS Hydrologic Soil Classifications show that the entire watershed is comprised of the 
hydrologic soils groups C and D, with a large area of D-type soils. Both C and D-type soils have 
low infiltration rates and high runoff potential.  
 
There is an existing Flood Insurance Study (FIS) for Town of Charlotte dated March 1980, but it 
does not include Thorp Brook.  Therefore, there are no peak flow estimates developed for the 
brook as part of the FIS.    
 
DuBois & King estimated streamflows using several published regression equations, and also 
compared them with estimates that the Vermont Agency of Transportation developed separately.  
The recommended design flow rates are as follows:  
 
 Recurrence Interval in Years  Flow Rate in Cubic Feet per Second (CFS) 
  Q2.33      90 
  Q10      250 
  Q25      330 – Town Highway Design Flow 
  Q50      400 
  Q100      475 – Check flow 
 
These recommended flow rates match VAOT’s estimates.  DuBois & King’s analysis produced 
marginally lower rates.  For example, D&K’s estimate of the 100-yr flood flow was 455 cfs 
compared to VAOT’s estimate of 475 cfs.  Since these minor differences have no significant 
bearing on the required structure size, D&K opted to use the VAOT values for the sake of 
consistency.   
 



CCMPO   East Thompsons Point Road (TH46) over Thorpe Brook 
 3 10/30/06 

Geomorphic Assessment 
 
DuBois and King conducted a screening-level geomorphic assessment of Thorpe Brook at the 
project site.  We completed ANR’s bridge and culvert assessment form (attached) and took note 
of channel characteristics that impact culvert design and performance.  We also consulted with 
the ANR River Management Program regarding current design guidance.   
 
The Thorpe Brook channel would be classified as a Rosgen Type E channel in the reach above 
and below the crossing.  Type E channels are marked by relatively low width depth ratio and 
high sinuosity (i.e., they meander considerably across a floodplain).  Bankfull elevation is 
relatively easy to identify on Type E channels as it generally corresponds to the top of the stream 
banks at the point of incipient flooding.   
 
Thorpe Brook above and below the crossing meanders across a 150± foot floodplain that sits at 
an elevation below the surrounding landscape.  The channel appears to be impacted by the 
crossing upstream and down for 200 – 400 feet.  In the vicinity of the crossing, the channel top 
width is only 4 – 6 feet, which is considerably smaller than would be expected at this site given 
the drainage area.  Further removed from the culvert, where the impact of flow through multiple 
culverts at the crossing is less, the channel width increases to 8 – 10 feet, which is closer to what 
would be expected for this type of stream in this setting.  ANR’s hydraulic geometry curves 
(2006) predict a bankfull width of 20 feet for a stream with this drainage area.  However, these 
curves were developed using data primarily from Rosgen Type C streams, and they consistently 
overestimate the width of Type E channels (such as Thorpe Brook) and are thus not reliable for 
this channel.   
 
There was no evidence of vertical channel instability in the reach immediately surrounding the 
crossing.  While there were scour holes below the two overflow culverts, they can be attributed 
to the fact that these culverts are installed above the floodplain elevation on both inlet and outlet 
sides, and thus the exiting water will plunge down to grade at the outlet.  The minor scour at the 
outlet of the primary culvert (less than one foot deep extending about 24 feet) appears to be a 
function of high exit velocities through the undersized pipe rather than an indication of vertical 
channel instability.  
 
Hydraulics 
 
The hydraulic analysis of the existing structure and several alternatives was conducted using the 
HEC-RAS (Hydraulic Engineering Center River Analysis System) computer model.  The 
preliminary geometric and site data obtained during the site visit and additional information 
obtained from the available mapping were used to develop a hydraulic model.  
 
The hydraulic analysis was performed using the VAOT guidelines for structure sizing.  The 
guidelines are summarized below:  
 

• For culverts greater than 900 mm (3-feet) in rise, the allowable headwater should 
be no greater than 1.2 times the diameter at the Town Highway Design Flow 
(Q25). 
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• For culverts with a 1,500 mm (5-feet) rise, the allowable headwater should not 

exceed 1.5 times the diameter for the 100-year storm event regardless of the 
performance at other frequencies 

 
• At any culvert site, the headwater developed by the design flood should not 

adversely affect property not now flooded to a degree where damage occurs.  In 
general, damage occurs when floodwaters enters the interior of buildings or other 
structures.  This criteria supersedes all other criteria. 

 
• Bridges shall be designed to pass the 25-year storm event with a minimum 

clearance of 1 foot between the water surface elevation and the low chord of the 
bridge.  In addition, overtopping of the road should not be permitted during the 
25-year flood. Consideration shall be given to the potential effects of the 100-year 
flood on upstream property, the environment, hazards to human life and 
floodplain management criteria. 

 
The existing crossing and three alternative structures were evaluated against the VAOT 
guidelines.  The three alternatives are listed below, and the results are summarized in the table 
that follows.  
 
 Alternative 1: 12’W x 7’H Concrete Box Culvert 
 Alternative 2: 12.25’W x 7.75’H Corrugated Metal Pipe Arch 
 Alternative 3: 12’ x 6’ Precast Concrete Arch Bridge 
 
The existing crossing with the three culverts does not meet the VAOT guidelines.  The 
headwater over culvert diameter (HW/D) ratio exceeds the guidelines for both the 25-year and 
100-year design flows.  The 100-year flow overtops the roadway.  All three of the alternatives 
evaluated meet the VAOT guidelines for HW/D and overtopping.     
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Table 1. Summary of Hydraulic Analysis Results 

Alternative Structures Design Standards 
Estimated Available 

HW =12.4’ 

Comments 

Standards: Q25 

HW/D<1.2 
Q100 

HW/D<1.5 
 

Existing Conditions 
36”CMP, 60” CMP, 36” HDPE 
Total Waterway Area = 33.7 ft2 

HW/D=3.4 
HW=10.2’ 

HW/D=4.2 
HW=12.6’ 

Does not meet HW/D Stds.   
Q25 does not overtop roadway. 
Q100 overtops roadway. 

Alt 1: Box Culvert 
*Box Area 12’ x 7’ (84 ft2) 

Waterway Area =72 ft2 

HW/D=0.8 
HW=5.0’ 

HW/D=1.1 
HW=6.5’ 

Hydraulically Appropriate.  Meets HW/D Stds. 
Assumes 1 foot of streambed material in culvert 
bottom. 

Alt 2: CMP Pipe Arch 
12.25’ x 7.75’” (74 ft2) 
Waterway Area =62 ft2 

HW/D=0.8 
HW=5.1’ 

HW/D=1.0 
HW=6.9 

Hydraulically Appropriate.  Meets HW/D Stds.  
Assumes 1 foot of streambed material in culvert 
bottom. 

Alt 3: Conspan Arch Bridge 
Conspan Area 65.9 ft2 

HW/D=0.8 
HW=5.0’ 

HW/D=1.1 
HW=6.5’ 

Hydraulically Appropriate.  Meets HW/D Stds.   
Conspan Arch is considered a bridge.  Meets VTRANS 
guidelines for bridges. 

*Note: Alternatives 1 and 2 will require a 1-ft high bed retention sill (baffles) in the culvert bottom.  The sizes 
identified above account for this (e.g., a 7’H culvert would be installed 1-ft below grade leaving 6’H open).  

 
Construction Cost Estimate 
 
DuBois & King prepared a preliminary construction cost estimate for Alternative 2, the 
corrugated metal pipe arch.  This alternative would cost approximately $169,000. Alternative 1 
would likely have a similar construction cost.  Alternative 3, the pre-cast concrete arch bridge 
would be more expensive due primarily to the cost of installing buried spread footers to support 
the structure.   
 
Specific Recommendations 
 
Based on the hydrologic, hydraulic, and geomorphic assessment documented above, we offer the 
following specific recommendations.  Please keep in mind that these recommendations were 
based on limited information gathered during a site visit.  Final decisions regarding the 
replacement of the existing structure should consider additional site requirements identified 
through additional data collection, field survey and site assessment.   
 

1. A new structure with a minimum width of 12’ and a minimum clear waterway 
opening of 62 square feet should be installed.  The 12’ width is appropriate 
hydraulically and accommodates the observed bankfull channel width (8 – 10 
feet) with a suitable buffer. Alternatives 1, 2, and 3 each meet these requirements.  

 
2. The structure should have a closed bottom (Alternatives 1 and 2) to allow the 

structure to function as a grade control in the same manner as the existing 
structure. An open bottom structure (Alternative 3) may also be suitable, but a 
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more comprehensive geomorphic assessment should be conducted first to rule out 
vertical channel instability that could migrate upstream and impact the structure.   

 
3. Any closed-bottom structure should be installed one foot below the existing 

stream bottom, and natural channel material should be placed inside to bring the 
invert elevation back up to existing.   

 
4. If a new box culvert or pipe arch is installed (Alternatives 1 and 2), we 

recommend it have full headwalls at the inlet and outlet.  The headwalls should 
extend at least four feet below the channel bottom, or to ledge, to act as cutoff 
walls and prevent undermining. The headwalls may be either half height or full 
height.   

 
5. If a new bridge is installed, the bottom of abutment footings should be at least six 

feet below the channel bottom, or to ledge, to reduce the potential for scour 
failure.  

 
6. A minimum cover of 3’ should be maintained over all structures, which would be 

readily achieved with any of the alternative structures evaluated. 
 
7. Any new structure should be properly aligned with the channel, and constructed 

on a grade that matches the channel. 
 
8. Stone Fill, Type II should be used to protect any disturbed channel banks or 

roadway slopes at the structure’s inlet, up to a height of at least one-foot above the 
top of the opening.  The stone fill should not constrict the channel or structure 
opening. 

 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

SITE INFORMATION 























 
Thorp Brook – 36-inch CMP Culvert at the inlet.  The invert of this culvert is approximately 12.5 
feet below TH 46 road surface.  The staff gage in the photograph is sitting on the top of the 
culvert.   There is a concrete headwall at this culvert.  Photograph looking south. 10/13/06.   

 

 
Thorp Brook – 60-inch CMP Culvert at the inlet. The invert of this culvert is approximately 9.5 
feet below TH 46 road surface.     Photograph looking south. 10/13/06.    
 



 
Thorp Brook – Another view of the 60-inch CMP Culvert at its inlet.  Note the end of the old 
stonewall, right side of photograph.  .     Photograph looking south. 10/13/06.    
 
 

 
Thorp Brook – 36-inch HDPE Culvert at the inlet. The invert of this culvert is approximately 6.0  
feet below TH 46 road surface.     Photograph looking south. 10/13/06.    



 
Thorp Brook – 36-inch CMP Culvert at the outlet.  The invert of this culvert is approximately 
13.2 feet below TH 46 road surface.  Photograph looking north. 10/13/06.   
 
 

 
Thorp Brook – 60-inch CMP Culvert at the outlet. The invert of this culvert is approximately 10 
feet below TH 46 road surface.     Photograph looking north. 10/13/06.    



 
Thorp Brook – 36-inch HDPE Culvert at the outlet. The invert of this culvert is approximately 
6.0  feet below TH 46 road surface.     Photograph looking north. 10/13/06.    
 
 

 
Thorp Brook – Photograph looking north at Thorp Brook floodplain.  Photograph taken from 
East Thompsons Point Road standing at the centerline of the 36-inch CMP culvert.  10/13/06 



 
Thorp Brook – Photograph looking south at Thorp Brook floodplain.  Photograph taken from 
East Thompsons Point Road standing at the centerline of the 36-inch CMP culvert.  10/13/06 
 

 
Thorp Brook – Outlet of 36-inch CMP culvert.   10/13/06 
 



 
Thorp Brook – Outlet of the 60-inch CMP culvert. This culvert’s invert is approximately 3 feet 
above the invert of the channel of Thorp Brook.  10/13/06. 
 

 
Thorp Brook – Outlet of the 36-inch HDPE culvert. This culvert’s invert is approximately 6.5 
feet above the invert of the channel of Thorp Brook.  10/13/06. 



 
Thorp Brook – Inlets to the 36-inch CMP and the 60-inch CMP culverts.  The flow of the brook 
is conveyed by the 36-inch CMP culvert until the brook depth reaches 3 feet, then flow will 
begin to access the 60-inch CMP.   10/13/06 
 
 

 
Thorp Brook – Inlets to the 60-inch CMP and the 36-inch HDPE culverts.  At the time of this site 
visit no flow was conveyed by these two culverts.   10/13/06 



 
Thorp Brook – Photograph looking east on East Thompsons Point Road.  Thorp Brook cross 
under the road at the low point in the road.  10/13/06. 
 

 
Thorp Brook – Photograph looking at Thorp Brook on 10/13/06, the width the the brook is 
approximately 3 feet and 0.5 to 1.0 feet deep.   Floodplain is heavily vegetated. 
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CONSTRUCTION COST ESTIMATE 
 






