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EXECUTUVE SUMMARY 
 
Bridge Inspection 
 
Bridge No. 140-001 is a combination of two structures; a 14’ wide by 9’ long simply supported 
steel beam stringer structure with a concrete deck, abutting a 70” x 47” multi-plate steel pipe 
arch culvert.  Its total length is approximately 55’ between headwalls.  The bridge inspection 
revealed considerable deficiencies with the bridge structure and multi-plate steel pipe arch. The 
structure should be replaced as soon as practicable.  As a precautionary measure in the interim, 
the east side of the roadway should be barricaded to prevent vehicles from driving over the 
upstream end of the bridge section.  Two way travel should be maintained if the remaining 
roadway width permits. It is recommended that immediate planning and budgeting for the design 
and construction of this culvert be considered.   
  
Proposed Replacement Alternatives 
 
As a result of the considerable deterioration of the existing bridge and culvert, several 
alternatives were evaluated for the purposes of determining an appropriate replacement in terms 
of cost and environmental considerations.  The alternatives include a single precast concrete box 
culvert, single reinforced concrete pipe, twin reinforced concrete pipes and a bottomless arch.  In 
all cases, concrete headwalls and flared wingwalls would be utilized at the upstream and 
downstream ends.  The proposed replacement culvert would be extended and lowered slightly to 
increase safety along the roadway and improve environmental conditions respectively. Channel 
reconstruction would be required as a result of realigning and lowering the culvert, as well as 
installation of the structure footings.    
     
Preliminary Hydrologic and Hydraulic Analysis 
 
A hydrologic analysis was performed for the culvert watershed to determine several peak 
discharge flows for use in the culvert hydraulic analysis.  A hydraulic analysis was performed for 
the existing culvert to determine its hydraulic adequacy and the extent of potential flooding to 
the roadway and surrounding property. The hydraulic analysis results indicate that the Altair 
Avenue roadway would be overtopped during a storm event less than the 20 year storm. A 
hydraulic analysis was performed for each proposed alternative replacement culvert, to 
determine their hydraulic adequacy and the extent of potential flooding to the roadway and 
surrounding property.  One foot (1’) of freeboard was used as the target maximum water surface 
elevation below the roadway during the 50 year storm event.   
 
Recommended Replacement Alternative 
 
The recommended replacement includes removing the existing structures and replacing them 
with a twin 48” reinforced concrete pipe culvert (Alternative C).  This alternative would provide 
a cost effective stable structure with a long life expectancy, and would result in an improvement 
to the hydraulic, environmental and aesthetic conditions at the site.  Additionally, roadway and 
stormsewer improvements are recommended to be undertaken along with the culvert 
replacement, to address existing safety and erosion problems in the immediate vicinity of the 
culvert.  If permitting requires the elimination of the perched outlet in order that the upstream 
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and downstream inverts match the existing streambed elevations, as well as the incorporation of 
a natural steambed invert, the preferred alternative would be a corrugated aluminum arch 
(Alternative D).  The anticipated size of the arch would be approximately 12’ wide by 4’ high.  
Additional inlet and outlet channel reconstruction would also be required to eliminate the 
perched condition.  
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INTRODUCTION 
 
Maguire Group Inc. was requested by the Town of Thomaston to perform a field investigation 
and an inspection for Bridge No. 140-001, Altair Avenue over an unnamed watercourse.  This 
report describes the findings of the field inspection, provides several alternatives for replacement 
including estimated construction costs for each alternative, and provides a recommendation for 
replacement.  A preliminary hydrologic and hydraulic analysis was also performed for the 
existing crossing and each of the proposed alternative replacements, to determine their hydraulic 
capacity and extent of potential flooding to the roadway and surrounding property.  A summary 
of the results from the preliminary hydrologic and hydraulic analysis are provided in the report.  
 
 
EXISTING STRUCTURE INFORMATION 
 
General 
 
Bridge No. 140-001 is a combination of two structures; a 14’ wide by 9’ long simply supported 
steel beam stringer structure with a concrete deck, abutting a 70” x 47” multi-plate steel pipe 
arch culvert.  The bridge’s original construction is estimated to have been around 1950.  It was 
modified around 1970 to include the multi-plate steel pipe arch in conjunction with a roadway 
widening project.  The structure carries a low volume of traffic in a north-south direction along 
Altair Avenue and crosses over the unnamed watercourse just before the intersection with 
Railroad Street, in the Town of Thomaston.  It is situated on Altair Avenue approximately 50’ 
southeast of the intersection with Railroad Street.  Its total length and maximum deck width are 
8.25’ and 55’, respectively (Figure 2). 
 
Geometry and Design 
  
Bridge No. 140-001 carries one lane of traffic in each direction along Altair Avenue.  It is 
constructed on a tangent section of roadway near the intersection with Railroad Street.  The 
structure is essentially perpendicular to the centerline of Altair Avenue, with a slight degree of 
skew.  The profile of the Altair Avenue roadway has a steady, moderate downward vertical grade 
as it intersects with Railroad Street.  The roadway width is generally 20’, but becomes wider at 
the intersection and structure (Figure 2). 
 
The existing superstructure is comprised of five 10” deep W-shape steel stringers and a 10” 
reinforced concrete deck.  This composite superstructure rests on cast-in-place concrete 
abutments and adjoining flared wingwalls.  The northeastern wingwall consists of a 4’ long and 
8.5’ high section with an approximate flare angle 90 degrees to the adjacent abutment.  The 
southeastern wingwall is 16’ long and consists of two 8’ long by 8.5’ high wall sections.  The 
upstream wingwalls support the roadway due to their close proximity.  The multi-plate pipe arch 
culvert section was added after the existing bridge was built, and is supported by concrete 
masonry block headwalls at both ends.  The upstream headwall was retrofitted around the steel 
corrugated pipe arch and affixed to both bridge abutments as well as the underneath side of the 
concrete deck.  There is a cast-in-place concrete slab along the floor of the streambed between 
the abutments.  The slab begins at the inlet of the bridge and extends downstream to the inlet of 
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the pipe arch.  At the outlet end of the pipe there exists another concrete masonry headwall 
which retains the earth around the structure and supports the roadway embankment.  
 
Traffic 
 
The estimated 1991 Average Daily Traffic (ADT) on the bridge is 100 vehicles per day, and is 
likely to be more under present conditions.  Approximately 10% of those vehicles are school 
buses and/ or large commercial trucks.  The ADT information was extracted from the 1991 
Inspection and Appraisal Report, Altair Avenue Over Brook (Bridge No.140-001). 
 
 
BRIDGE INSPECTION 
 
Structure 
  
A visual bridge inspection was conducted on November 08, 2005 by Maguire Group Inc.  Many 
significant deficiencies were observed.  Starting on the upstream side, there are cracks in the 
bituminous concrete overlay along the gutter line of the roadway.  There is a significant crack 
where the bridge structure ends and the buried culvert begins in the middle of the road. The 
concrete deck exhibits spalled concrete with exposed corroded rebar. The highest deterioration is 
located near the exterior stringers and lessens moving west towards the interior stringers.  The 
rest of the underside of the deck shows signs of moderate deterioration with minimal amounts of 
spalling concrete.  Generally, the stringers have a significant loss of section (est. about 20%) due 
to corrosion.  The corrosion exists over the entire fascia stringer.  The concrete surrounding the 
stringers has spalled due to the corrosion and resulting expansion.  All stringers show slight to 
moderate laminar rust deterioration with the fascia beams showing the most.   
 
The southeastern wingwall has some localized undermining and scour, especially around the 
corner near the junction with the abutment.  Furthermore, at the inlet of the multi-plate there is 
approximately 4” of scour underneath the pipe.  As a result, water is allowed to travel under the 
arch structure creating the potential for continuous undermining.  There are signs of minor 
buckling and structural failure along the crown, about halfway through the corrugated steel pipe 
arch.  This is presumably caused by differential settlement between the two different foundation 
types.  The concrete masonry block headwall at the outlet has significant structural deficiencies.  
Its condition shows signs of minimal structural integrity.  Most of the mortar joints have broken 
apart, blocks have fallen from the wall into the brook and the headwall as a whole is leaning 
toward the downstream watercourse.  Without any earth anchoring devices, it will eventually fall 
into the downstream watercourse.   
 
Roadway and Drainage 
 
There are several aspects of the existing roadway layout which pose safety hazards for both 
vehicles and pedestrians.   Sight distances around both corners at the intersection are 
substandard.  The wood post cable guide railing system on both sides of the road near the 
structure are missing the cables, are significantly deteriorated, and are substandard.   At the north 
edge of the road, a substandard pedestrian rail consisting of a steel post is rusted and leans away 
from the road.  This rail is also a safety hazard as it is an unprotected fixed object immediately 
adjacent to the road.   
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Stormwater runoff from the Altair Avenue roadway currently flows northwest along the edges of 
the road, and discharges down the roadway embankment near the upstream and downstream 
headwalls.  As a result, soil erosion is moderate along the edges of the road as well as around the 
upstream wingwalls and downstream headwall.          
 
Waterway 
  
The unnamed tributary is a meandering watercourse which obtains most of its flow from the 
nearby Plymouth Reservoir watershed.  The watercourse generally flows east to west, and 
discharges into the Naugatuck River approximately 2000’ west of Altair Avenue.  The channel 
bed material is composed mostly of sand/ gravel with numerous small stones and scattered 
medium sized cobbles and boulders. There is little trace of vegetation within the stream channel 
and moderate vegetation along the overbank.  The watercourse flows under Bridge No. 140-001 
from east to west.  The channel profile upstream of the bridge has a slope of approximately 5%-
10%.  The flows enter the bridge section from the east and are conveyed across a concrete invert 
to the upstream headwall of the pipe arch.  Flows are conveyed through the arch at a slope of 
5.4%.  At the downstream headwall, flows leave the arch and drop approximately 5’ to the 
streambed.  The downstream watercourse contains larger sized cobbles and boulders, and has a 
slope of approximately 15%.      
 
Inspection Summary 
 
The bridge inspection revealed several deficiencies with the bridge structure, including 
deteriorated steel bridge stringers, spalling concrete, exposed and corroded deck rebar, minor 
settlement of the roadway and localized undermining and scour underneath portions of the 
upstream wingwalls.  The steel multi-plate arch also showed signs substandard structural 
integrity including undermining of the upstream invert, slight signs of buckling and moderate to 
heavy deterioration of the downstream headwall.  For these reasons, the structure should be 
replaced as soon as practicable.  As a precautionary measure in the interim, the east side of the 
roadway should be barricaded to prevent vehicles from driving over the upstream end of the 
bridge section.  Two way travel should be maintained if the remaining roadway width permits.     
 
 
PROPOSED REPLACEMENT ALTERNATIVES 
 
There are several aspects of the proposed replacement structure layout and design that would be 
the same for all of the alternatives.  The structure end treatments would consist of concrete 
headwalls and flared wingwalls at both the inlet and outlet.  The structure would be extended 
upstream approximately 5’-10’ to provide a safer roadway shelf area and gentler grading of the 
roadway embankment.  The upstream end would be shifted slightly south to improve its 
alignment with the watercourse, to better channelize flow, reduce erosion potential and minimize 
undermining of the inlet structure.  Minor channel reconstruction would be required as a result of 
realigning and lowering the culvert, and installation of the structure footings.  Channel material 
excavated during the installation of the proposed structure would be stockpiled and reused for 
the minor channel reconstruction at the inlet and outlet.   
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A wide variety of replacement structures were considered for the purposes of providing a 
comprehensive comparison of costs and environmental benefits.  The following replacement 
alternatives were considered: 
 
Alternative A: This alternative would include the removal of the existing bridge, culvert and 

related appurtenances, and the installation of a new 6’ wide by 4’ high precast 
concrete box culvert.  The proposed box culvert inverts would be lowered 
approximately 2’ below the existing culvert inverts, to improve the existing 
perched condition at the outlet.   

 
 If permitting required the elimination of the perched outlet and the 

incorporation of a natural streambed invert, the box culvert inverts may be 
lowered to match the existing channel elevations.  With this configuration, 
approximately 2’-3’ of natural streambed material would be installed in the 
bottom of the culvert to improve habitat environment.  Concrete sills would be 
installed along the culvert invert to stabilize the natural streambed lining, since 
the culvert slope would be greater than 10%.  The culvert height would be 
increased to accommodate the natural streambed lining.  Additional inlet and 
outlet channel reconstruction would be required to eliminate the perched 
condition.  

            
Alternative B: This alternative would include the removal of the existing bridge, culvert and 

related appurtenances, and the installation of a new single 72” reinforced 
concrete pipe culvert.  The proposed culvert inverts would be lowered 
approximately 2’ below the existing culvert inverts, to improve the existing 
perched condition at the outlet.   

 
Alternative C: This alternative would include the removal of the existing bridge, culvert and 

related appurtenances, and the installation of a twin 48” reinforced concrete 
pipe culvert.  The proposed culvert inverts would be lowered approximately 2’ 
below the existing culvert inverts, to improve the existing perched condition at 
the outlet.   

 
Alternative D: This alternative would include the removal of the existing bridge, culvert and 

related appurtenances, and the installation of a bottomless precast concrete or 
corrugated aluminum arch.  Footings would be installed along each side of the 
arch for the entire length, to support the structure.  The proposed stream inverts 
at the upstream and downstream end of the arch would match the existing 
stream inverts, to completely eliminate the existing perched condition at the 
outlet.  Rock weirs would be installed along the reach within the arch, to step 
down the stream bed and reduce the steep slope, thereby minimizing the 
potential for scour.  The minimum size available for this type arch is 
approximately 12’ wide by 4’ high.  This size structure exceeds the required 
hydraulic opening needed to convey the  50 year storm, but it is recommended 
that a minimum 4’ high opening be maintained for environmental purposes. 
Additional, inlet and outlet channel reconstruction would be required to 
eliminate the perched condition.  
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REPLACEMENT ALTERNATIVES ESTIMATED CONSTRUCTION COSTS  
 
Conceptual design level construction cost estimates are provided below for each replacement 
alternative.  The estimates includes construction items associated with the removal of the 
existing structure, installation of the proposed structure, channel reconstruction, roadway 
reconstruction, and additional drainage and safety improvements as described in the 
“Recommended Replacement Alternative” section of this report.  Back-up computations for the 
costs are included in the appendix of this report.    
 
Alternative A: 6’ x 4’ Precast Concrete Box Culvert…………….................$400,000.00  
   (does not include natural streambed lining senario) 
 
Alternative B: Single 72” Reinforced Pipe Culvert.…………………......….$350,000.00 
 
Alternative C: Twin 48” Reinforced Concrete Pipe Culvert..……….……...$370,000.00 
 
Alternative D: 12’x 4’ Corrugated Aluminum Arch.…………......…....…....$380,000.00 
  
 
PRELIMINARY HYDROLOGIC AND HYDRAULIC ANALYSIS 
 
Watershed Description 
 
The watershed draining to the project culvert is located in the Towns of Thomaston and 
Plymouth, and is approximately 532 acres in size.  The majority of the watershed (518 acres) is 
located in the north western portion of the Town of Plymouth.  Approximately 48% of this 
portion of the watershed is zoned for residential development, 36% for open space, 4% for 
industrial \ commercial development, 2% for institutional development and the remaining 10% 
consists of water\reservoir.  The portion of the watershed within the Town of Thomaston (14 
acres), is zoned for residential development.  The overall watershed is generally partitioned into 
two sub-watersheds.  The eastern sub-watershed drains to the Plymouth Reservoir, and is 
approximately 381 acres in size.  The western sub-watershed consists primarily of the area west 
of North Road, and is approximately 151 acres in size.  The watershed geometry is a moderately 
rolling landscape of glacial till consisting primarily of stony, fine sandy loams, with the 
hydrologic soil group being predominantly C with pockets of B.  Soil types are mainly Charlton 
(CaB, CaC, ChC, CrC and CrD), Hollis (HrC, HrE, HxC and HxE) and Paxton (PbB, PbC, PdB, 
PdC, PdD and PeC), with pockets of Woodbridge (WxB), Shapeligh (SkC) and Leicester (LG).    
        
Hydrologic Analysis 
 
A hydrologic analysis was performed for the culvert watershed to determine a range of peak 
discharge flows for use in the culvert hydraulic analysis.  The hydrologic analysis was performed 
using Haestad Methods “Pond Pack (v10)” computer software, utilizing the Soil Conservation 
Service (SCS) methodology for computing flood peak rates using flood hydrographs. This 
program and methodology was selected since the watershed area was greater than 200 acres and 
since the watershed contains a sizable storage facility, the Plymouth Reservoir.  Information and 
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data regarding the reservoir inverts, elevations, spillway and overall geometrics were obtained 
from the Connecticut Water Company, and used in the routing computations.     
The watershed drainage areas were planimetered with the aid of AutoCAD (r2004) software, 
from U.S.G.S. mapping, town zoning maps and USDA soil survey maps.   
 
Runoff Times of Concentration (Tc) were calculated using the USDA Soil Conservation 
Service’s “TR-55” methodology within the Pond Pack computer program.   
 

• A maximum length of 150 feet of sheet flow was used in determining the Tc. 
• In areas that there is channel flow, a velocity of 3 ft/s was used to calculate Tc. 

 
As previously stated, the watershed consists primarily of hydrologic soil group C with some 
group B .  The following Curve Numbers (CN) and surface types were used for various 
hydrologic soils groups B and C in performing SCS Method computations: 
 
            Soils Groups                             

Surface Description          B                     C      
  

• Open Space (woods, brush & grass)   48  65 
• Residential –med. density (1 acre lots)   68  79   
• Residential –low density (2 acre lots)   63  75 
• Residential –very low density (2-4 acre lots)  ---  70   
• Industrial       88  91 
• Commercial      ---  94    
• Institutional      ---  75   
• Farmstead/Agricultural     74  82 
• Waterbody       95  95   
 
  
The following table is a summary of the calculated peak discharges for the 2 through 100 year 
storm events at the Altair Avenue culvert. 
 

Storm Event Peak Discharge (cfs) Location 2 Year 5 Year 10 Year 25 Year 50 Year 100 Year 
Altair 
Avenue 76 129 167 220 268 324 

  
 
Hydraulic Analysis – Existing Culvert 
 
A hydraulic analysis was performed for the existing culvert to determine its hydraulic adequacy 
and the extent of potential flooding to the roadway and surrounding property.  The hydraulic 
analysis was performed using Haestad Methods “Culvert Master (v3.1)” computer software, 
which utilizes the U.S. Federal Highway Administration (FHWA) Hydraulic Design of Highway 
Culverts (HDS-5) methodology for performing both inlet control and outlet control 
computations.  Geometric information including horizontal and vertical parameters were 
collected on-site for the culvert, roadway and watercourse, and used as input for the hydraulic 
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model.  The elevations presented in the analysis and report were based on the field information 
collected, and converted approximately to the U.S.G.S. mapping datum (NGVD 29).   
 
 
The following reference materials were used as guidelines for the analysis\design of the culvert: 
 

• Subdivision Regulations, Town of Thomaston (2002) 
• Connecticut Department of Transportation Drainage Manual (2000) 
• Connecticut Guidelines for Soil Erosion and Sediment Control (2002)  
• FHWA HEC-5, Hydraulic Design of Highway Culverts (1985) 

 
The 50 year storm event was used as the design storm to evaluate the hydraulic operation of the 
existing culvert.  The 100 year storm event was also analyzed to determine the extent of potential 
flooding during a larger storm event. 
 
Starting tailwater depths (normal channel flow depths) were computed using Haestad Methods 
“Flow Master, v2005” computer software, for each of the discharges used in the culvert 
computations.  These depths were inserted into the hydraulic model as the starting water surface 
elevation above the channel bottom, downstream of the culvert. 
 
The hydraulic analysis results indicate that the Altair Avenue roadway would be overtopped 
during a storm event less than the 20 year storm.  The 100 year storm event would produce a 
water surface elevation approximately 1’ above the roadway lowpoint.  
   
Hydraulic Analysis – Proposed Replacement Culvert Alternatives 
 
A hydraulic analysis was performed for each proposed alternative replacement culvert, to 
determine their hydraulic adequacy and the extent of potential flooding to the roadway and 
surrounding property.  A description of each alternative replacement layout including size, type, 
relative elevations, length and end treatments is included in the preceding section “Proposed 
Replacement Alternatives”.  The hydraulic analysis was performed using Haestad Methods 
“Culvert Master (v3.1)” computer software.   
 
The 50 year storm event was used as the design storm to evaluate the hydraulic operation of the 
replacement culverts.  One foot (1’) of freeboard was used as the target maximum water surface 
elevation below the roadway during the 50 year storm event.  The 100 year storm event was also 
analyzed to determine the extent of potential flooding during a larger storm event.  
 
Starting tailwater depths (normal channel flow depths) were computed using Haestad Methods 
“Flow Master, v2005” computer software, for each of the discharges used in the culvert 
computations.  These depths were inserted into the hydraulic model as the starting water surface 
elevation above the channel bottom, downstream of the culvert. 
 
The following is a summary of the water surface elevations for the existing and proposed 
replacement alternative culverts. 
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Culvert Description 
Roadway 
Elevation 

 

50 Year 
Storm 
Water 

Surface 
Elevation 

Freeboard 
 

100 Year 
Storm 
Water 

Surface 
Elevation 

Freeboard 
 

 (ft) (ft) (ft) (ft) (ft) 
Existing Culvert      

70” x 47” Multiplate 
Steel Arch 491.0 91.74 -0.74 92.04 -1.04 

   (overtopped)  (overtopped) 
Proposed Alternative 
Replacement Culverts      

Alternative A 491.0 488.67 2.33 490.66 0.34 
6’ x 4’ Box Culvert      

Alternative B 491.0 488.74 2.26 490.10 0.90 
72” Concrete Pipe      
Alternative C 491.0 488.11 2.89 490.19 0.81 

Twin 48” Concrete Pipes      
Alternative D 491.0 487.82* 3.18 488.41* 2.59 

12’ x 4’ Aluminum Arch      
      

* The hydraulic computations for the arch utilize a slightly larger size hydraulic opening due to the availability of 
the section size within the modeling program. 
 
 
PERMITTING 
  
Several environmental permits will likely be required for any replacement alternative at this 
culvert location.  The permits will be required as a result of the temporary and permanent 
disturbance to wetlands and watercourses.  It is anticipated that any replacement alternative will 
result in the realignment and extension of the culvert to improve the hydraulic performance and 
provide stable slopes to minimize erosion and scouring.  Inlet and outlet channel reconstruction 
will also be required.  The extent of inlet and outlet channel reconstruction will depend on 
whether it is required to eliminate the perched condition of the outlet to provide fish / habitat 
passage through the culvert.  Coordination early on in the design process should be undertaken to 
solicit input and guidance from both the Town of Thomaston Inland Wetlands and Watercourses 
Commission and the CTDEP with regards to the perched outlet and fish / habitat passage. 
 
As a result of the watershed to this culvert being over 100 acres, it is anticipated that a Diversion 
Permit from the CTDEP will be required.  If state or federal funding is obtained for construction, 
then Floodplain Management Certification from CTDEP may be required. 
 
The following is a list of potential environmental permits that will be required.  The actual 
permits that will be required will be dependent on the impact area to the wetlands and 
watercourses. 
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• Town of Thomaston Inland Wetlands and Watercourses Permit 
• CTDEP Diversion Permit & Floodplain Management Certification 
• Army Corps of Engineers Section 404 PGP II 

 
 
RECOMMENDED REPLACEMENT ALTERNATIVE 
 
Structure 
 
The recommended replacement includes removing the existing structures and replacing them 
with twin 48” reinforced concrete pipe culverts (Alternative C).  This alternative would provide 
a cost effective stable structure with a long life expectancy, and would result in an improvement 
to the hydraulic, environmental and aesthetic conditions at the site.  The twin culvert would cost 
less than most of the other alternatives, while providing a comparable if not better hydraulic 
performance.  Since this alternative utilizes a lower height structure, it would be less obtrusive 
and blend in better with the surrounding topography.  Comparably, environmental impacts 
should be minimized since the required headwall and wingwall structures would be smaller as 
would be the limits of excavation.   
 
If permitting requires the elimination of the perched outlet in order that the upstream and 
downstream inverts match the existing streambed elevations, as well as the incorporation of a 
natural streambed invert, the preferred alternative would be a corrugated aluminum arch 
(Alternative D).  The durability and longevity of this structure is comparable to the precast 
concrete arch, but can be installed for a lower cost.  The anticipated size of the arch would be 
approximately 12’ wide by 4’ high.  It is not expected that hydraulic capacity would determine 
the size of the arch, since the minimum span (width) available for this type structure is 
approximately 12’ which is greater than the minimum hydraulic opening size required to pass the 
50 year storm.  The concrete box culvert is also an option, but may be more labor intensive with 
the installation of the streambed lining, and could ultimately cost more to install.  The required 
material stone size may be quite large in order to resist washing out given the moderately steep 
culvert slope and smooth surface of the concrete box invert.  The box depth would also have to 
increase to accommodate the lining thickness while maintaining the same hydraulic opening, 
thereby increasing the cost of material.  
  
It is recommended that immediate planning and budgeting for the design and construction of this 
culvert be considered.  As stated earlier, this structure has many deficiencies which will continue 
to worsen, resulting in safety hazards to the vehicular and pedestrian traffic along the road and 
environmental impacts to the watercourse.    
 
Water Handling 
  
It is anticipated that a bypass drainage facility will be required for the removal of the existing 
structures and installation of the proposed culvert, to maintain stream flows.  The bypass will 
consist of an upstream and downstream cofferdam placed in the watercourse, just beyond the 
limits of channel reconstruction.  The upstream cofferdam will direct stream flows to a bypass 
pipe which will convey these flows around the construction site and back to the watercourse just 
below the downstream cofferdam.  The upstream cofferdam should be elevated above the water 
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surface elevation associated with the bypass storm event, as determined by the methods in the 
ConnDOT Drainage Manual 2000.  Scour protection should be provided as necessary.  
 
Additional Roadway Improvements 
  
Additional roadway and stormsewer improvements are recommended to be undertaken along 
with the culvert replacement, to address existing safety and erosion problems in the immediate 
vicinity of the culvert. 
 
The existing stormsewer outfall pipe from Railroad Street, discharging near the upstream 
headwall, should be replaced.  Currently the outfall is located very close to the roadway and 
elevated such that stormwater flows discharge down a very steep roadway embankment.  The 
outlet pipe should be extended away from the roadway and the outlet invert lowered to reduce 
the potential for erosion of the roadway embankment.  A flared culvert end and riprap apron 
should be provided at the outlet. 
 
Two Type “C” catch basins should be installed just up gradient of the proposed culvert, along 
the left and right gutterlines of the Altair Avenue roadway.  These basins will intercept roadway 
runoff which currently discharges down the roadway embankment, thereby reducing the current 
erosion problem.  Flows from these basins should be conveyed westerly and discharge through 
or adjacent to the downstream culvert wingwall.  A flared culvert end and riprap apron should be 
provided at the outlet.  Four foot (4’) sumps and hooded outlets should be utilized at all proposed 
catch basins, to provide additional sediment capacity and some stormwater treatment.  
 
New metal beam rail (RB-350) should be installed along both corners of the intersection of 
Altair Avenue with Railroad Street.  The rail should extend along Altair Avenue and Railroad 
Street to a distance beyond the culvert structure that is safe for termination.  Type I or Type II 
end anchorages should be utilized at the terminus.  Bituminous concrete lip curb should be 
installed along the edges of the roadway within the limits of construction.  The Town’s highway 
department is currently planning roadway and drainage improvements along Altair Avenue.   All 
of the roadway and stormsewer improvements included with the culvert replacement should be 
coordinated with the town’s superintendent of highways.     
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