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PURPOSE 
 
The purpose of this engineering study is to explore and analyze options for the replacement of the 
culverts that carry Linden and Court Street over the Little River, bridges 087/062 and 095/063, 
respectively, in the Town of Exeter, New Hampshire.   This work is necessary to address 
deteriorating conditions of the existing steel pipe arches and hydraulic openings which are inadequate 
to pass current design flows.  Court Street is part of New Hampshire Route 108 running north-south 
out of Exeter. Linden Street runs parallel to Court Street serving residential traffic from the side 
streets located along it.  
 
This engineering study examines the following items specific to the new bridges:  hydrologic data 
and hydraulic opening, substructure types and layout, superstructure types, subsurface investigations, 
permitting and environmental compliance documentation, roadway alignment and width, right-of-
way impacts, utility coordination and relocation, and construction materials.  Recommendations of 
this engineering study are provided based on feasibility of construction, cost efficiency, and over-the-
shoulder reviews by the Town of Exeter Engineering and Public Works Departments throughout the 
development of the study.        
 
EXISTING CONDITIONS 
 
The Linden Street crossing over the Little River is a causeway like structure built in 1967 with a total 
length of 50 feet measured along the road. The river meanders upstream of the crossing and turns 
right as it flows through two Corrugated Metal Pipe (CMP) arch culverts, each with a 12.8-foot span 
and 8.3-foot rise. The CMP culverts are separated by 3.5 feet of fill with stone and cast-in-place 
concrete infill headwalls between the arches. W-beam guardrail with driven steel posts is located 
along both sides of the roadway providing a curb-to-curb width of approximately 24.6 feet. The 
structure carries 11.8-foot lanes, a 1-foot shoulder on the west side of the roadway, and a 7-foot 
sidewalk on the downstream (east) side for an overall width of 31.6 feet.  The structure is listed in 
poor condition and is currently on the Municipal Red List after receiving a 4, on a scale of 0 to 9, on 
the most recent Department Bridge Inspection Report. Heavy rusting over time has resulted in section 
loss of the structural metal pipe arches to the extent that holes and severe pitting can be observed in 
the lower section of the side walls along the water line. 
 
The Court Street Culvert crosses the Little River approximately a half mile downstream of the Linden 
Street Culvert. The structure was built in 1965 and is of similar construction to the Linden Street 
crossing with one 14.1 by 8.75-foot and two 12.8 by 8.3-foot CMP culverts and a total length of 85 
feet measured along the road. The curb-to-curb width is approximately 34 feet. The structure carries a 
12-foot lane with 2-foot shoulder in the north bound direction and a 13-foot lane with a 7-foot 
shoulder in the south bound direction. The sidewalk at the Court Street Culvert runs along the 
downstream (east) side of the roadway and is approximately 5 feet wide with granite curbing. 
Including the sidewalk, the roadway has an overall width of 39 feet. The Court Street Culvert is not 
presently on the Municipal Red List, with a rating of 5, however its condition is borderline and near 
Red List status. Despite the higher condition rating, the Court Street Culvert was observed by CMA 
Engineers to be in similar condition to the Red List Linden Street culvert. The Court Street Culvert is 
also currently classified as hydraulically deficient. 
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DESIGN CRITERIA 
 
General: Plans, reports, and design standards use English units in accordance with current NHDOT 
practice.  The NHDOT Bridge Design Manual, 2000, as amended and the NHDOT Highway Design 
Manual, 1999, as amended establish the design criteria for bridge and roadway design elements 
respectively.  In addition to these manuals, the following references are used to develop the bridge 
and roadway design: 
 
 NHDOT Standard Specifications for Road and Bridge Construction, 2010, as amended 
 NHDOT Standard Plans for Road and Bridge Construction, 2010, with supplements 
 AASHTO A Policy on Geometric Design of Highways and Streets, 2011 (Green Book) 
 AASHTO LRFD Bridge Design Specifications, 7th edition, 2014 
 AASHTO Standard Specifications for Highway Bridges, 17th edition, 2002 with interims 
 AASHTO Manual for Bridge Evaluation, 2nd Edition, with 2011 with 2013 interim revisions 
 AASHTO Manual for Condition Evaluation of Bridges, 2nd edition, 2000 with interims 
 Federal Emergency Management Agency, DHS, 44 CFR 
 NHDES Standards for design for Sewer and Wastewater Treatment 
 

Hydraulic Criteria: Linden and Court Street are considered to be secondary or off-system highways.  
Highways and bridge structures with this designation are typically designed to have a low chord 
elevation of the 50-year design flood elevation plus 1-foot of freeboard and have a hydraulic opening 
capable of passing the 100-year flood event, as prescribed by the NHDOT Bridge Design Manual.  It 
was determined that meeting this condition at the Court Street Bridge was not practical or feasible 
given the existing built environment surrounding the site and the general topography of the project 
area. A full discussion on the design of the vertical alignment is provided below in the Vertical 
Alignment section.  Additional discussion and justification of the design approach is provided in the 
Hydrologic and Hydraulic Studies section below and the Hydrologic and Hydraulic Report (H&H) 
included in Appendix D.      
 
Vehicular and Pedestrian Loading: The design approach for the proposed structures will be 
consistent with current NHDOT practice for HL-93 live loading in accordance with the AASHTO 
LRFD Bridge Design Specifications. The structures will possess sufficient capacity pursuant to RSA 
234.4.  Pedestrian loading of 75 lbs/ft2 will be applied to the structures as applicable.  Bridge railing 
selection will meet or exceed Test Level 3 (TL-3), the minimum required test level required by 
FHWA.    
 
Roadway Design: Chapter 5 of AASHTO Green Book was utilized in developing the alignment and 
profile geometrics.  The “Local Rural Roads” section outlines the importance of matching into 
existing conditions.  This section allows for flexibility in design criteria such as lane width, design 
speed, vertical curve length, and superelevation.  An important design consideration for both sites 
includes minimizing impacts to the adjacent properties and environmental resources.  Preliminary 
engineering to date has determined that the proposed roadway design for each site is acceptable for 
the existing design speed of 30 MPH.  
 
Utilities Design:  Several utilities, public and privately operated, will be affected by construction of 
the replacement structures.  Town standards for water and sewer installation, along with applicable 
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state and federal design guidelines will be used in utility design.  There are multiple utilities running 
within the limits of proposed work at both sites which will require temporary or permanent relocation 
before work on the culvert can commence.  
 
HYDROLOGIC AND HYDRAULIC STUDIES 
 
The hydrologic and hydraulic report located in Appendix D presents the methodology for the 
development of the hydrology and hydraulic model, and the results for existing and proposed 
hydraulic analyses for the Court Street and Linden Street bridge replacements (Little River Study).  
 
The Court Street and Linden Street bridges are similarly affected by the backwater from the Great 
Dam located downstream on the Exeter River.  The hydraulic analysis for the proposed bridges 
assumes the partial removal of the Great Dam as studied in 2013 and voted upon affirmatively by the 
Town for removal in 2014. 
 
The hydrology used for hydraulic analysis of the replacement bridges at Court Street and Linden 
Street was developed as part of the Great Dam Study and confirmed to be suitable for the current 
projects.  A “rainfall-runoff” model was developed using the TR-20 methodology within the US Army 
Corps of Engineers Hydrologic Engineering Center’s (USACE HEC) software HEC-HMS for the 50-
year flow.  The TR-20 50-year flow was used in the Great Dam Study and in the Little River Study.  
A “statistical” approach using the Bulletin 17B methodology (17B) which applies the Log Pearson 
Type III distribution was used in the Great Dam Study for the 2, 10, 50 (for comparison purposes 
only) and 100-year flows.  The 17B 2, 10 and 100-year flows were used in the hydraulic analysis for 
the replacement bridges.   
 
The Great Dam Study also developed a backwater model using the USACE HEC’s software HEC-
RAS for the Exeter River and Little River. The Little River reach within the model contains both the 
Court Street and Linden Street bridges.  This section of the Great Dam HEC-RAS model was utilized 
for the hydraulic analysis of the two proposed bridges. 
 
Several hydraulic analyses of existing configurations and proposed alternatives were made using the 
HEC-RAS model. The first analysis determined whether the peak flow at the Great Dam or the peak 
flow at the mouth of the Little River controlled the hydraulics at Court Street and Linden Street 
bridges. The hydraulic model was run for both the “Great Dam in Place” and the “Great Dam 
Removed” conditions.  It was determined that the peak flow at the Great Dam controlled the 
hydraulics in the Little River for both the dam-in and dam-out conditions. 
 
The second analysis compared the Great Dam hydraulic model results to the Little River Study results 
for existing conditions.  The comparison showed the water surface elevations (WSE) were the same 
downstream of Court Street which means the two models matched at that point.  Upstream of Court 
Street and Linden Street, the Little River Study WSEs are lower because the existing culverts were 
enlarged based on new survey that found that the culverts under both roads were larger than those 
modeled in the Great Dam Study. 
 
The third analysis compared the existing Little River hydraulic results for the “Great Dam in Place” 
and the “Great Dam Removed” conditions.  The comparison showed that with the dam removed, the 
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WSEs dropped 1.7 feet downstream of Court Street and 1.2 feet upstream of Linden Street. 

The final analysis modeled the proposed bridges at Court Street and Linden Street.  At Court Street, a 
single span bridge with a 55-foot wide opening (397 SF) was modeled, and at Linden Street, a single 
span bridge with a 45-foot wide opening (338 SF) was modeled.  With the two proposed bridges, the 
WSE dropped 3 inches upstream of Court Street and just over 1-foot upstream of Linden Street.  
For the 50-year design flow, the WSE is about 5 inches below the low chord at the Court Street 
Bridge and is 1.5 feet below the low chord at the Linden Street Bridge.   

ENVIRONMENTAL CONSIDERATIONS AND PERMITTING 

General:  The following is a synopsis of historical and environmental permitting needed to meet 
federal, state and local regulations for the proposed project. 

Protection of Historic Resources:  A Request for Project Review was submitted to the New 
Hampshire Department of Historical Resource (NHDHR) to determine the potential for the proposed 
project to affect historical resources.   NHDHR responded that they do not expect historical resources 
to be affected by the project.   NHDHR did recommend consulting with abutting property owners 
regarding construction or other impacts to their properties, some of which may be historic.  

Required Permits:  The following is a synopsis of state and local regulators who have been contacted 
in reference to the projects and status of the appropriate permits:   

 NHDES Wetlands Bureau Dredge and Fill:  The removal of the existing plate arch culverts and
construction of the proposed abutment footings and stone fill installation will require excavation
along the bank and within the Little River.  Approval by NHDES as a “major impact” Dredge and
Fill Permit will be required based on the proximity of both structures to Town designated prime
wetlands and the size of the Little River watershed.  A public hearing for the project facilitated by
NHDES may be required to meet state regulations prior to issuing the permit.

 Conditional Use Permit:  Conditional Use Permits from the Town of Exeter Planning Board are
required for impacts within the Exeter Wetlands Conservation District as well as impacts within
the Exeter Shoreland Protection District.

Conditionally Required Permits:  Section 403 of the Clean Water Act stipulates that the project must 
be constructed in accordance with Title 1342 – the National Pollution Discharge Elimination System 
(NPDES).  

Construction dewatering (associated with bridge abutment and wing wall construction) requires 
coverage under the Dewatering General Permit.  Assuming no subsurface contaminated materials are 
encountered and given that receiving waters are not designated as NH Class A waters, Wild and 
Scenic, Outstanding Resource Waters, or Essential Fish Habitat (EFH), a Construction Dewatering 
Permit (NHG070000) applies in accordance with 40 CFR Section 122.  The current Dewatering 
General Permit expired September 30, 2013.  A draft permit has been issued for public comment.  It 
is expected that the new permit will be finalized by the end of the year.  The Town of Exeter and the 
Contractor will be required to submit a U.S. Environmental Protection Agency (EPA) Notice of 
Intent (NOI), in accordance with the new permit.  The draft general permit requires, under Part 2, that 
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best management practices be implemented to ensure discharge from dewatering activities into 
surface water meet numeric and non-numeric effluent limits. 
   
PROPOSED ROADWAY 
 
General:  The Linden Street corridor is primarily north-south. The existing Linden Street Bridge is 
located on a right hand curve (approaching from the south) with an approximate radius of 2300 feet.  
The roadway climbs gradually at an approximate grade of 1.65% (approaching from the south) to a 
high point centered over the proposed structure.  From this point, the roadway falls at an approximate 
grade of 1.70% to the project limits.   
 
The Court Street corridor runs parallel the Linden Street. The existing Court Street Bridge is partially 
located on a left hand curve (approaching from the south) with an approximate radius of 600 feet. The 
roadway climbs gradually (approaching from the south), ranging from 1.0% approximately 125 feet 
from the bridge to 2.4 percent just before the approach slab. The high point is approximately centered 
over the proposed structure. From this point, the roadway falls at 1.68% before reaching a low point 
approximately 125 feet away. From the low point, the roadway climbs at 0.5% for approximately 185 
feet before meeting in with the existing roadway at 1.67% after another 100 feet.  
 
Horizontal Alignment:  The proposed horizontal alignments for both sites were developed in close 
coordination with the design of the proposed bridge structures.  The primary design constraint for the 
Linden Street site is matching the overall width of the roadway section including the sidewalk. The 
alignment was developed to match the existing centerline and overall width along the entire length of 
the project. The width of the sidewalk over the bridge is proposed to be reduced from 7 feet to 5.5 
feet to allow the curb-to-curb width of the roadway to be increased to 26 feet. This increase will allow 
for standard 11-foot design lanes with 2-foot shoulders along the length of the bridge. The sidewalk 
and lanes are tapered over the length of both approaches to match back into the existing approach 
roadway within the project limits.  
 
The existing alignment for Court Street is sufficient such that the lanes, shoulders, and sidewalk do 
not require alterations. The existing alignment was checked to ensure that the proposed wingwalls 
will not interfere with the drainage outlet near the northeast corner of the bridge and will be tied into 
an extension of the existing stone masonry retaining wall at the northwest corner of the bridge.  
 
Bell Avenue connects to Court Street just to the south of the existing culvert. Changes to the 
centerline or overall width of the alignment were avoided to minimize potential impacts to the 
intersection of Court Street and Bell Avenue.  
 
Vertical Alignment:  The profiles for the replacement bridges were developed utilizing the hydraulic 
analysis and preliminary structural sizing.  The low chord elevation of each bridge was set from the 
hydraulic analysis.  The preliminary sizing to pass the required hydraulic area resulted in a span with 
structure depth of approximately 2 feet, which was used to set minimum elevations of the bridge 
bearing seats at the abutments.  The resultant proposed vertical alignment at Linden Street is 
composed of a single vertical curve approximately centered over the replacement bridge and two 
tangents connecting the profile back into the existing roadway. Based on the required low chord 
elevation and the required depth of the structure, it was determined that nearly matching the existing 
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profile grade at Linden Street provides sufficient vertical clearance for the proposed structure to pass 
either the 50-year flow with 1-foot of freeboard or the 100-year flow.  
 
The vertical alignment for Court Street has several constraints based on existing conditions within 
and beyond the limits of the site. Similar to Linden Street, the low chord elevation was initially set 
using the 50-year flood elevation plus 1-foot of freeboard. Based on that low chord elevation, the 
proposed increase in the roadway elevation would have been approximately 2.25 feet. It was 
determined that this increase in roadway elevation would cause significant impacts to the nearby 
intersection of Bell Avenue, to properties along Court Street, and that extensive road work would be 
required to properly tie into the southerly roadway approach to the structure. Further, it was 
determined that due to tail water effects that even with 1-foot of freeboard at the bridge, the roadway 
would still be overtopped during the 50-year flow due to an existing low point approximately 1000 
feet south of the Court Street culvert.   
 
To limit the impacts to the intersection with Bell Avenue, the proposed low chord elevation was 
decreased by approximately 9 inches. The reduction in low chord elevation and corresponding 
freeboard was selected as it balances maintaining a shoulder elevation 1-foot above the WSE of the 
50-year flow along the bridge and approach while minimizing project limits.  
 
Typical Section:  The approach roadway section for Linden Street was developed to transition 
between the existing roadway and the proposed roadway over the bridge. The proposed roadway 
transitions from the existing 32.7-foot rail-to-rail width to the proposed rail-to-rail width of 32 feet 
across the bridge.  The proposed transition narrows the sidewalk down to a uniform 5.5-foot width to 
allow for standard 11-foot lanes with 2-foot shoulders running across the structure. The taper rate will 
be 50:1 in these areas. 
   
The site at Court Street does not require any reconfiguration of the lanes, shoulders, or sidewalks. The 
approach roadway section for this site will match the existing conditions at both the northerly and 
southerly approaches. 
 
The roadway cross section approaching the bridge will be normally crowned with a 2% cross slope in 
each direction.  The proposed bridge structure type requires the placement of a structural concrete 
overlay. The overlay will serve to carry the crown across the bridge while also providing a finished 
surface to which the uniform layer of bituminous bridge asphalt can be applied.  
 
RELATED ISSUES, STUDIES AND RECOMMENDATIONS 
 
Utilities:  Based upon the utility investigations completed to date, the proposed bridge replacement 
projects will require the relocation/replacement of several utilities within the limits of each project 
site. To notify and obtain additional information from the affected utilities, an on site meeting will be 
conducted in October 2014.  This will allow for a review of the project design, outlining the utility 
impacts, and highlighting the project schedule.  
 
Installation of the proposed pre-cast concrete box beams will likely require the temporary relocation 
of overhead electric wires at both sites. Installation of wing walls at the Court Street site may also 
require the relocation of utility pole #45 at the southeast corner of the proposed structure. Other 
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utilities including water, gas, and underground telephone will also require temporary or permanent 
relocations before the existing culverts can be removed. The site meeting will serve as an opportunity 
for utility owners to voice whether permanent relocation is feasible or if they wish to run their 
utilities along the structure once construction is completed.  
 
Right of Way:  The research conducted to date has resulted in a determination of right-of-way width 
of approximately 60 feet through the project limits at both sites.  The existing structures at both sites 
have overall widths of approximately 75 feet. Temporary construction easements will be needed at all 
quadrants of the bridges to allow for installation of erosion control measures, removal of the existing 
structures, excavation for proposed structures, and construction dewatering. The objective of the 
temporary easements is to provide an adequate area allowing flexibility for the Contractor’s means 
and methods of construction. An additional easement will also be required in the northwest quadrant 
of the Court Street site where an addition to the existing masonry retaining wall is proposed.   
 
Maintenance of Traffic:  Linden Street carried 4200 vehicles per day in 2006 and serves as a 
residential connector running parallel to Court Street. Court Street carried 6000 vehicles per day in 
2008 and is part of NH Route 108 running north-south through the town of Exeter. Two options 
evaluated for providing access during construction included a closure with detour or phased 
construction of each proposed bridge.  
 
Phased construction was initially considered as an option to avoid full closure of the bridges. The 
option for phased construction would involve the installation of sheet piling, shoring the metal plate 
arch structures, installing a temporary headwall along the centerline of the roadway to facilitate the 
closure and demolition of one lane of the bridge while allowing alternating traffic to continue to use a 
lane over the existing structure. This option would also require the installation of a temporary signal 
at both ends of the bridge to regulate traffic across the single open lane.  
 
Full closure of each bridge would result in a detour along surrounding streets for the duration of each 
project. Depending on the current condition and original design volumes of the surrounding roads 
(i.e. Gary Lane), the additional traffic volume from a detour could cause accelerated deterioration to 
those roads. The additional cost of possible repairs is likely to be less expensive than the cost of 
implementing phased construction for the proposed bridges. The close proximity of the bridges 
creates a convenient detour option for both sites resulting in minimal impacts to travel time around 
the project sites. Since both projects will not be active at the same time, traffic can be detoured 
through the other site while each proposed bridge is being constructed. The approximate detour 
length for both sites is 1.8 miles.  
 
Discussion about the preference of closure and detour for the duration of construction activities at 
both sites was held amongst CMA Engineers, Town officials and emergency response departments in 
October 2014.  Updates will be throughout the final design process to ensure appropriate information 
is shared amongst the design team and service providers and concerns are addressed timely and 
efficiently prior to construction.  While the closure would result in minor inconveniences to the 
traveling public, those costs are offset by the increased project duration and costs of phased 
construction. 
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BORING LAYOUT AND LOGS 
 
CMA Engineers, Inc. engaged Great Works Test Boring to conduct a two day boring program for the 
project on July 7 and 8, 2014. Two boring locations were sampled at each Court and Linden Street. 
The locations of the four borings are detailed in the attached geotechnical report prepared by CMA 
Engineers, Inc. Refer to Appendix E. 
 
Linden Street: Borings B-1 and B-2 were drilled near the north and south limits of the culvert to 
obtain subsurface information for foundation design. These borings were advanced to refusal then 
advanced an additional 1.7 feet using a roller drill bit. These borings were advanced using solid stem 
augers. Split spoon sampling with Standard Penetration Tests (SPT) were conducted at depth 
intervals of approximately 5 feet. B-1 and B-2 were drilled to a total depth of 30.1 and 31.8 feet 
below the ground surface, respectively. 
 
Upper layer soil types observed at the site included asphalt pavement, embankment fill consisting of 
sand and gravel or silty clay, mixed with organics, wood and brick and finally a layer of soft silty 
clay. The embankment fill was generally of medium dense consistency based on SPT N-values 
ranging from 2 to 10 blows per foot. The silty clay deposits were 9 and 12 feet thick at borings B-1 
and B-2, respectively, with vane shear tests indicating a shear strength of 530 to 730 pounds per 
square foot (psf).  
 
Court Street: The same procedure was implemented for the borings done at Court Street. Borings B-1 
and B-2 were advanced to refusal then advanced an additional 2.5 feet using a roller drill bit. B-1 and 
B-2 were drilled to a total depth of 45.0 and 41.5 feet below the ground surface, respectively.  
 
Upper layer soil types observed at the site included asphalt pavement, embankment fill consisting of 
sand and gravel or silty clay, mixed with organics, wood and brick and finally layers of soft silty clay 
and glacial till. The embankment fill was generally of medium dense consistency based on SPT N-
values ranging from 1 to 9 blows per foot. The silty clay deposits were 11 and 7.5 feet thick at 
borings B-1 and B-2, respectively, with vane shear tests indicating a shear strength of 440 to 450 
pounds per square foot (psf). The glacial till was encountered at thicknesses of 19 and 21 feet at 
borings B-1 and B-2, respectively. SPT N-values for this layer ranged from 3 to 18 blows per foot. 
For additional descriptions of each layer, boring logs, and foundation recommendations, see the 
geotechnical report located in Appendix E.  
 
STRUCTURE OPTIONS 
 
General:  As described in the NHDOT Bridge Inspection Report conducted in January 2012 at 
Linden Street, heavy rusting, moderate section loss, and undermining at the inlet and outlet were 
noted, threatening overall stability of the structure.  While rehabilitation of the existing structure is 
feasible, it would require either full slip-lining or partial invert lining to achieve or maintain a 
capacity of 15 tons as required to qualify for state bridge-aid funding.   While the rehabilitation is 
feasible, it should be considered an interim repair and the structure should be closely monitored until 
a proper replacement is undertaken.  Based on the advanced deterioration, complete replacement of 
the culvert is recommended. 
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As described in the NHDOT Bridge Inspection Report conducted in January 2012 at Court Street, 
moderate rusting, sagging along the roof, and scour at the inlet and outlet were noted, highlighting the 
need for rehabilitation or replacement. With similar conditions to Linden Street observed at this 
culvert, a similar rehabilitation of the existing structure is feasible. However, the culvert at Court 
Street is also hydraulically deficient and would require expansion to achieve the required hydraulic 
opening needed to pass current design flows. Based on the borderline Red List status and the need to 
expand the hydraulic opening, complete replacement of the culvert is recommended.   
 
As such, bridge superstructure options considered in detail by this study are precast prestressed box 
beams with a cast-in-place composite concrete overlay and a precast concrete ‘buried’ arch systems 
supporting a full depth roadway gravel and pavement section.  
 
Two other options were initially considered, but eliminated based on key design requirements for 
these projects: Multi-span precast frame options were eliminated due to the potential for debris 
buildup which can result in clogging during both normal conditions and storm events. Steel girders 
were also eliminated due to costs and potential minimized life cycle due to rapid corrosion with 
minimum vertical clearances between the bottom chord and the normal water elevation. While 
Timber Glue-Lam and New England Bulb Tee girders are feasible, they were eliminated from 
consideration due to the need to minimize structure depth associated with vertical profile adjustment 
through the project site. Cast-in-place concrete rigid frame and precast concrete voided slabs were not 
considered due to the required length of the span being greater than the practical limits for these 
superstructure types.  Twin leaf precast concrete arches were not considered due to hydraulic and 
profile restrictions of the crossing. 
 
Bridge Span and Location:  Consideration was given to the alignment of the Little River, right-of-
way, and utilities within each of the project sites when determining the bridge span and location.  
Bridge span was determined through an iterative evaluation of hydraulic, environmental and 
constructability requirements ultimately resulting in proposed span lengths of 45’-0” and 55’-0” for 
Linden and Court Street, respectively. The proposed typical channel section to convey the Little 
River under each bridge was the primary influence on span at each site.  The proposed channel is 
similar at both sites and consists of a trapezoidal shape with a flat channel bottom and 1.5H to 1V 
side slopes up to the abutments with a 3-foot wide bench at the top of bank to facilitate future bridge 
inspections and riparian animal passage.  Locations of abutment bearing lines were established by 
centering the proposed span on the historic channel and top of bank locations, resulting in abutments 
approximately 8.5 and 4 feet beyond the existing culvert limits at Linden and Court Street, 
respectively.  For additional discussion on substructure type considerations see Substructure Layout 
and Options, below.     
 
Typical Section: Similar to the existing culvert at Linden Street, the replacement structure will have a 
width between the guardrails of 32 feet, representing two 11-foot lanes, a 2-foot north bound 
shoulder, a 2.5-foot south bound shoulder, and a 5.5-foot sidewalk.  This differs slightly from the 
existing roadway section of 31.6 feet at the north and south bridge approaches, but is recommended 
to standardize the lane and shoulder widths without significantly expanding the rail-to-rail width of 
the roadway.   
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In this case, where it is preferential for the bridge superstructure to be constructed on a chord, the 
curved alignment will be accommodated with striping and slightly varying the shoulder widths over 
the deck length. The large curve radius and short span length of the proposed bridge limit the 
narrowing of the shoulders to a maximum of 1.5 inches at the middle of the Linden Street bridge.   
 
NHDOT standard T101 Bridge and Approach Rail is shown mounted to the brush curbs. There will 
be a snow screen mounted to the outside face of the bridge rail on the east side of the bridge. The 
purpose of the snow screen is twofold in that it will help prevent salt laden snow from being pushed 
into the river at the bridge site and it will meet the 42-inch minimum rail height for sidewalks 
required by ADA Standards for Accessible Design. 
 
The replacement structure for Court Street will have a width between the guardrails of 39.5 feet, 
representing a south bound lane with a 7.0-foot shoulder and 13-foot lane, a north bound lane with a 
2-foot shoulder and 12-foot lane, and a 5.5-foot sidewalk. Matching into the existing horizontal 
alignment of Court Street requires a curve over approximately half of the proposed structure. The 
existing culvert configuration and minimal curvature allow the proposed bridge superstructure to be 
positioned such that the shoulders retain their minimum width over the entire length of the structure. 
A similar guardrail configuration; T101 Bridge Rail with Snow Screen , as proposed for Linden 
Street will be used at Court Street.  
 
Superstructure Options:  As mentioned above, the two primary superstructure types most efficient in 
carrying vehicular loads for the proposed spans are precast prestressed box beams and precast 
concrete arches. There are a variety of shapes and sizes available to choose from when specifying a 
precast concrete arch. These superstructure types were initially considered using 54 and 45-foot clear-
span arches for Court and Linden Street, respectively.  
 
As the span of a precast arch increases, the required leg height also increases since the section 
geometry is standardized by the bridge manufacturer to balance the loads in the rigid frame design. 
Based on the spans required for these sites, the corresponding arch heights would be 13.9 feet and 
11.5 feet for Court and Linden Street, respectively. These heights do not include the additional 2.5-
foot pile caps which would be required below the arch to transfer the loads from the arches to the pile 
foundation. The height of the arch and footing combined would result in significantly deeper 
excavations than what would be required for the precast prestressed box beams supported by stub 
abutments. The depth of excavation was a major deciding factor in structure type selection due to the 
close proximity to the river and the resultant amount of cofferdams that would be required to safely 
excavate below stream elevations to install foundations.   
 
Steel girders were initially considered as an alternative to the precast prestressed box beams due to 
their similar span capabilities and abutment configuration. The primary issue with steel girders is that 
they would either need to be painted or fabricated from weathering steel with a sacrificial thickness to 
account for advanced deterioration. The option of painted girders was eliminated based on the 
increase in lifecycle cost from periodic maintenance to the paint. Weathering steel was also 
eliminated due to the minimal vertical clearance between the water and the low chord elevation of the 
girders. As a rule of thumb, weathering steel requires a minimum of approximately 8-10 feet over the 
water to maintain enough air flow to prevent rapid deterioration in a constantly wet environment.  



 
Replacement of Bridge No. 087/062 and 095/063 Town of Exeter, New Hampshire 
CMA Engineers Project 923 Court and Linden Street over Little River 
Engineering Study  October 2014 
     

  
CMA Engineers, Inc. 

Page 11 of 15 

 

While cast-in-place concrete and timber structures are feasible, they were not considered at this 
location due to the initial cost, lifecycle cost and longer construction durations.  
 
Concrete superstructure elements are preferable to steel in this application as they do not require 
initial or maintenance paint, reducing initial and lifecycle costs of the structure when compared to a 
similar steel bridge.  Precast prestressed concrete box beams are a common superstructure type for 
bridges in this span range and can be constructed in spread configuration with a cast-in-place 
concrete deck or butted together, transversely post-tensioned, and grouted to create a continuous deck 
surface on which a topping slab and asphalt can be placed.  Preliminary sizing of the structural 
members to date has determined that a 24-inch depth butted box beam with concrete compressive 
strength of 6,000 psi and a 3.5 inch minimum concrete overlay with 2.5 inch asphalt wearing surface 
will be sufficient to carry design loads.  
 
Substructure Layout and Foundations:  Substructure type was an important consideration in the 
development of the proposed channel section.  Shallow spread footings were initially considered to 
either directly support the precast concrete arch or to support a full height cast-in-place concrete 
abutment for the box beams.  
 
The borings at both sites revealed soft clay with unacceptable allowable bearing capacity of less than 
1,000 psf within the bearing stratum. Additionally, the long-term settlement due to the consolidation 
of the clay would lead to unacceptable levels of settlement after construction. Excavating the clay and 
replacing it with a suitable engineered fill would require over excavation below river elevation and 
the need for substantial cofferdams and specialized dewatering at both abutments to maintain a dry 
excavation.   For these reasons, full-height abutments are not recommended at either site.  
 
The proposed trapezoidal channel shape for each site described above lends itself well to a stub 
abutment configuration located at top of bank.  To avoid geotechnical concerns related to bearing 
capacity of embankment fill, unsuitable soils, and liquefaction potential of underlying loose sand 
layers, stub abutments are proposed to be supported on steel end bearing H-piles.  
 
The wingwall orientation will be U-back for Linden Street and flared for Court Street. The flared 
style was chosen for the Court Street Bridge due to a number of constraints at the site on the north 
and south ends of the bridge. The intersection of Court Street and Bell Avenue is located within 35 
feet of the proposed south abutment of the Court Street Bridge. A U-back wing wall here would be in 
conflict with the sidewalk as it turns left (going south) off the bridge and onto Bell Avenue. A U-back 
wing wall would also not be suitable for the north-west corner of the bridge due to the additional 
amount of retaining wall which would be required to connect the existing retaining wall to the 
proposed wing wall. Due to these constraints, all four quadrants of the Court Street Bridge will have 
flared wing walls.  
 
Retaining Wall Requirements:  There is an existing rubble masonry wall located along the northwest 
bank of the Little River at the Court Street site. The existing wall is approximately 20 feet from the 
end of the proposed wing wall and ranges from 3 to 4 feet tall in exposed height. The slope along the 
bank between the roadway and existing retaining wall is currently stabilized with dry-laid cut granite 
blocks forming a banking sloped at approximately 1.3H to 1V.  
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Cost, aesthetics, and utilities in the vicinity of the wall were the primary factors used to evaluate the 
different retaining wall options. The three options evaluated were a cast-in-place concrete wall 
(gravity or cantilever), a pre-cast mechanically stabilized earth (MSE) wall, and a mortar rubble 
masonry wall. There is an 8” clay sewer pipe which runs under the area where the new retaining wall 
is being proposed. While it would not cause a conflict with the sewer pipe, the MSE wall requires the 
deepest excavation and is also the most expensive due to the price of the pre-cast panels. The cast-in-
place concrete and mortar rubble masonry walls both had similar costs and excavation requirements. 
The recommendation to use mortar rubble masonry is based on its least-cost, least physical impacts, 
and high aesthetic value given the surrounding existing wall type.  
 
OPINION OF COST 
 
Cost Considerations:  Opinions of project construction cost have been developed for two bridge 
structure options at both Court and Linden Street. Roadway and utility costs have been developed for 
the proposed profile line and grade discussed above and presented on the accompanying plans and 
combined with bridge structure items to develop a total cost for each structure option at both sites.  
 
Item unit prices are based on average weighted unit prices published and updated quarterly by 
NHDOT.  When specific items do not appear on that list engineering judgment and experience in 
conjunction with discussions between CMA Engineers, Inc. and local material suppliers, fabricators, 
and contractors are used to develop unit pricing for a specific item.  Through these methods, the 
opinion of cost for a precast, prestressed concrete butted box superstructure is $711,000 and $870,000 
for a precast concrete arch superstructure at the Linden Street site; a difference of approximately 
$159,000.  The opinion of cost for the Court Street site is $1.101 million for the precast, prestressed 
concrete butted box superstructure and $1.162 million for the precast concrete arch superstructure; a 
difference of $61,000.  
 
As previously discussed, the two options for traffic control which were evaluated are either a full 
bridge closure with a detour, or phased construction which would allow one lane of traffic to remain 
open across the bridge during construction. The opinion of cost for phased construction includes the 
materials and installation of the roadway division/support structure and installation of signals at either 
end of the project to regulate alternating traffic flow across the structure. The cost for phased 
construction would be $55,000 for temporary shoring and $15,000 for the installation of traffic 
control devices, for a total of $70,000. The opinion of cost for the second option, complete closure of 
the bridge with detour, is $10,000 for Linden Street and $6,000 for Court Street. The cost for the 
detour is based on the required area of signage that is required to clearly alert commuters of the 
closure and direct them along the alternative route. The cost of the detour signs was only included in 
the Linden Street estimate in anticipation that the signs will become the property of the Town upon 
completion of the first project. The same set of signs can then be used for the detour at Court Street 
which will take place the following year. Based on the costs associated with phased construction and 
the limited detour length required for both sites, we are recommending closure and detour at both 
sites during construction.  
 
Proposed retaining wall costs have been developed separately for the three options evaluated in the 
previous section. The opinion of cost for the MSE wall option is $16,000, the most expensive option 
of the three. The majority of this cost being the precast concrete wall panels. This option also required 
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the greatest amount of excavation and fill which is necessary for the installation of the tensile 
reinforcement into the slope behind the wall for stabilization. The other 2 options, cast-in-place 
concrete (gravity of cantilever) and mortar rubble masonry, have costs of $9,000. The difference in 
cost is attributed to the lower cost of structural components and reduced excavation and fill limits 
compared to those required for the MSE wall.  
 
At the request of the Town, two options for the relocation of the 10-inch diameter water main at each 
site were evaluated. The two options are to either use directional boring to run the water mains under 
the river or run the water main along the underside of the bridge within a utility bay under the 
sidewalk. Both options would likely require a temporary bypass to provide uninterrupted service 
throughout the duration of the projects. The opinion of probable cost for mounting the water main to 
the bridge is $45,000 for each site. This cost includes all required new piping, connection hardware, 
and outer jacket with insulation.  The opinion of probable cost for the directional boring option is 
$65,000 which includes the mobilization, boring, and installation of new piping. 
 
The total project opinion of cost is determined by adding the costs together for the preferred bridge 
type, water main system, retaining wall, and closure option.  In doing so, the resulting total project 
construction opinion of cost is $756,000 and $1.155 million for Linden and Court Street, respectively. 
These opinions of costs include all associated bridge and items, mobilization, roadway reconstruction, 
water, drainage, and sewer underground utility systems extending to the proposed limits of work, and 
construction inspection and administration.  These costs do not include private utility relocation or 
any possible right-of-way negotiation and acquisition. 
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RECOMMENDATIONS 
 
Replacement of the existing bridges with single span structures over the river is recommended to 
eliminate a current Municipal Red List designated structure and hydraulic constriction of the Little 
River.  Full structure replacements are recommended over rehabilitation to minimize future flooding 
and road closure. New structures are anticipated to have lesser maintenance and life cycle costs than 
rehabilitated structures.  A butted concrete box beam superstructure on pile supported stub abutments 
is recommended for the required spans at both sites for cost-effective and rapid construction.  The 
roadway profile grade is recommended to be raised through the Court Street project site to allow for 
adequate freeboard to the roadway surface during flood events.  Stone fill and other natural materials 
are recommended to be placed in the reconstructed channel at both sites for scour protection and to 
simulate a natural bottom as an improvement over existing conditions.   
 
Summary of Recommendations:  
 
Linden Street 

 The extent and type of deterioration of the existing structure are beyond cost-effective 
rehabilitation.  Full replacement is recommended. 

 A 45-foot clear span, trapezoidal hydraulic opening (338 square feet) is recommended to 
pass design flows and mitigate hydraulic constriction concerns by providing hydraulic 
performance greater than that of the existing structure. 

 A 45-foot span, butted concrete box beam superstructure on pile-supported concrete stub 
abutments is recommended to provide the best blend of structural, hydraulic and cost 
efficiency while providing a high level of structural and hydraulic stability at peak flow 
conditions. 

 Installation of a clear span structure and adjustment of its invert to improve alignment and 
profile of Little River through the structure are recommended to match the historic river 
channel through the project site.   

 U-back wing walls provide hydraulic efficiency while minimizing impacts to utilities, 
wetlands, and abutters.  

 NHDOT Standard T2 bridge rail, transitional approach rails and energy absorbing guardrail 
terminals are recommended to provide an adequate level of safety for motorists. A snow 
screen mounted to the railing on the east side of the bridge is recommended to meet the 42-
inch minimum rail height required.  

 A roadway section consisting of 11-foot lanes, 2-foot and 2.5-foot north and south bound 
shoulders, respectively, and a 5.5-foot sidewalk at the bridge crossing is recommended to 
provide a travel way appropriate for the approaching roadways. 

 The existing profile grade provides adequate freeboard at the low chord of the proposed 
structure during flood events.  No change in elevation of the profile grade is required between 
existing and proposed structures.  

 A full road closure for the duration of bridge construction is recommended, which would 
provide the shortest construction time and cost savings. 

 Use of stone fill on embankments is recommended to provide a more natural channel, 
stabilize slopes and reduce susceptibility to scour at the wing walls and structure footings. 
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Court Street 

 The extent and type of deterioration of the existing structure are beyond cost-effective 
rehabilitation.  Full replacement is recommended. 

 A 55-foot clear span, trapezoidal hydraulic opening (397 square feet) is recommended to 
pass design flows and mitigate hydraulic constriction concerns by providing hydraulic 
performance greater than that of the existing structure.  

 A 55-foot span, butted concrete box beam superstructure on pile-supported concrete stub 
abutments is recommended to provide the best blend of structural, hydraulic and cost 
efficiency while providing a high level of structural and hydraulic stability at peak flow 
conditions. 

 Installation of a clear span structure and adjustment of its invert to improve alignment and 
profile of Little River through the structure are recommended to match the historic river 
channel through the project site.   

 Flared wing walls provide hydraulic efficiency where required while minimizing impacts to 
utilities, wetlands, and abutters.  

 NHDOT Standard T2 bridge rail, transitional approach rails and energy absorbing guardrail 
terminals are recommended to provide an adequate level of safety for motorists. A snow 
screen mounted to the railing on the east side of the bridge is recommended to meet the 42 
inch minimum rail height required.  

 A roadway section consisting of a 13-foot lane with a 7.5-foot shoulder and a 12-foot lane 
with a 2-foot shoulder in the south and north bound directions, respectively, at the bridge 
crossing is recommended to provide a travel way appropriate for the approaching roadways. 

 Raising the profile grade is recommended to allow for adequate freeboard to the roadway 
during flood events.   

 A retaining wall between the proposed wing wall and an existing retaining wall is planned in 
the northwest quadrant to minimize steep grades and drainage issues.  

 A full road closure for the duration of bridge construction is recommended, which would 
provide the shortest construction time and cost savings. 

 Use of stone fill on embankments is recommended to provide a more natural channel, 
stabilize slopes and reduce susceptibility to scour at the wing walls and structure footings. 

 



 

 

 

 

 

 

 

 

 

 

 

 

Section 2 

TS & L Plans 

 

 

 

 

 

 

 

 

 

 

 

 























 

 

 

 

 

 

 

 

 

 

 

 

Appendix A 

Existing Conditions Photographs & Inspection Reports 

 

 

 

 

 

 

 

 

 

 

 

 



Town of Exeter – Court Street over Little River 
October 2014 
Site Evaluation Photos 

Court Street looking north with Bell Ave. entering from the right 

Court Street looking south (upstream is to the right) 



Town of Exeter – Court Street over Little River 
October 2014 
Site Evaluation Photos 

 

 
 

Typical culvert wall rusting at the water line 
 
 

 
 

Typical dry-laid granite block headwalls 



Town of Exeter – Court Street over Little River 
October 2014 
Site Evaluation Photos 

 

 
 

Concrete outlet structure near the north-east corner of the crossing 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Town of Exeter – Linden Street over Little River 
October 2014 
Site Evaluation Photos 

 

 
 

Linden Street looking north  
 
 

 
 

Linden Street looking south (upstream is to the right) 
 



Town of Exeter – Linden Street over Little River 
October 2014 
Site Evaluation Photos 

Typical culvert wall rusting at the water line 

Typical stone and cast-in-place concrete infill headwalls between arches 



Town of Exeter – Linden Street over Little River 
October 2014 
Site Evaluation Photos 

Cracking in roadway and sidewalk pavement parallel to culverts 

































Appendix B 

Preliminary Environmental Compliance Documentation 































































Appendix C 

Quantity and Cost Summary Sheets 



Item Item Quantity Unit Unit Price Cost

Earthwork

201.1 CLEARING AND GRUBBING (F) 0.25 AC 10,000.00$            2,500.00$              

504.1 COMMON BRIDGE EXCAVATION (F) 600 CY 19.00$  11,400.00$            

504.2 ROCK EXCAVATION 30 CY 31.00$  930.00$  

646.51 TURF ESTABLISHMENT WITH MULCH, TACKIFERS AND LOAM 450 SY 3.00$  1,400.00$              

16,230.00$            

Structure

209.201 GRANULAR BACKFILL (BRIDGE)(F) 60 CY 35.00$  2,100.00$              

304.2 GRAVEL 210 CY 25.00$  5,250.00$              

304.3 CRUSHED GRAVEL 160 CY 22.00$  3,500.00$              

502 REMOVAL OF EXISTING BRIDGE STRUCTURE 1 U 5,000.00$              5,000.00$              

503 DEWATERING / WATER DIVERSION 1 U 15,000.00$            15,000.00$            

508 STRUCTURAL FILL 20 CY 41.00$  800.00$  

520.1 CLASS AA CONCRETE 100 CY 650.00$  65,000.00$            

528.323 PRESTRESSED CONCRETE BRIDGE DECK, BOX BEAMS 1600 SF 90.00$  144,000.00$          

534.3 WATER REPELLENT (SILANE-SILOXANE) 10 GAL 65.00$  650.00$  

538.6 BARRIER MEMBRANE, HEAT WELDED BY TORCH 170 SY 25.00$  4,300.00$              

544.2 REINFORCING STEEL, EPOXY COATED 15000 LB 1.20$  18,000.00$            

548.11 ELASTOMERIC BEARING PADS (F) 40 EA 170.00$  6,800.00$              

559.4 ELASTOMERIC PLUG TYPE EXPANSION JOINT (F) 35 LF 150.00$  5,250.00$              

559.41 MODIFIED ELASTOMERIC PLUG TYPE FLEXIBLE JOINT, 6" WIDE (F) 35 LF 120.00$  4,200.00$              

585.21 STONE FILL, CLASS B (BRIDGE) 220 CY 45.00$  9,900.00$              

593.421 GEOTEXTILE, PERMANENT EROSION CONTROL, CLASS 2, NON-WOVEN 400 SY 3.00$  1,200.00$              

290,950.00$          

Foundation

510.1 PILE DRIVING EQUIPMENT 1 U 70,000.00$            70,000.00$            

510.2 PILE LOADING TESTS 2 E 5,000.00$              10,000.00$            

510.61 FURNISHING AND DRIVING STEEL BEARING PILES 37500 LB 0.50$  18,800.00$            

510.65 DRIVING POINTS FOR STEEL PILES 20 EA 500.00$  10,000.00$            

520.2 CLASS B CONCRETE 60 CY 350.00$  21,000.00$            

544 REINFORCING STEEL (F) 8200 LB 1.15$  9,430.00$              

139,230.00$          

Roadway

202.7 REMOVAL OF GUARDRAIL (F) 375 LF 1.10$  412.50$  

403.11 HOT BITUMINOUS PAVEMENT, MACHINE METHOD 240 TON 75.00$  18,000.00$            

403.911 HOT BITUMINOUS BRIDGE PAVEMENT, 1" BASE COURSE (F) 20 TON 175.00$  3,500.00$              

563.3 BRIDGE RAIL T101 100 LF 150.00$  15,000.00$            

606.1455 BEAM GUARDRAIL (TERM. UNIT EAGRT 25 FT.) 3 U 2,000.00$              6,000.00$              

606.12 BEAM GUARDRAIL (STD. SECTION - STEEL POST) 110 LF 20.00$  2,200.00$              

606.1285 BEAM GUARDRAIL (APPROACH SECTION T101) 4 U 3,000.00$              12,000.00$            

632.0104 RETROFLECTIVE PAINT PAVE. MARKING, 4" LINE (DYL) 250 LF 0.50$  125.00$  

57,237.50$            

Incidentals

619.1 MAINTENANCE OF TRAFFIC 1 LS 10,000.00$            10,000.00$            

645.7 STORMWATER PREVENTION PLAN 1 U 3,000.00$              3,000.00$              

645.71 MONITORING SWPPP AND EROSIOIN AND SEDIMENT CONTROLS 1 U 3,000.00$              3,000.00$              

692 MOBILIZATION 1 U 36,380.00$            36,380.00$            

1008.9 ALTERATIONS AND ADDITIONS AS NEEDED - TESTING OF MATERIAL $ 1 6,000.00$              6,000.00$              

58,380.00$            

562,030.00$          

56,200.00$            

16,860.00$            

76,210.00$            

711,000.00$          

Town of Exeter, NH

Linden Street Culvert, NHDOT Br. No. 087/062

CMA Engineers, Inc. Project # 923
October 2014

Opinion of Probable Project Cost, Option B: 53' Span Prestressed Box Beams on Piles

Project Subtotal (2014)

Contingency (10%)

2015 Construction Escalator (3%)

Estimated Construction Engineering Fee

Project Total

Incidentals Subtotal

Earthwork Subtotal

 Structure Subtotal

 Foundation Subtotal

Roadway Subtotal



Item No. Item Quantity Unit Unit Price Cost

Earthwork

201.1 CLEARING AND GRUBBING 0.25 AC 10,000.00$           2,500.00$               

504.1 COMMON BRIDGE EXCAVATION (F) 1000 CY 19.00$  19,000.00$             

504.2 ROCK EXCAVATION 50 CY 31.00$  1,550.00$               

646.51 TURF ESTABLISHMENT WITH MULCH, TACKIFERS, AND LOAM 450 SY 3.00$  1,350.00$               

24,400.00$             

Structure

209.1 GRANULAR BACKFILL 300 CY 45.00$  13,500.00$             

209.201 GRANULAR BACKFILL (BRIDGE)(F) 100 CY 35.00$  3,500.00$               

304.2 GRAVEL (F) 200 CY 25.00$  5,000.00$               

304.3 CRUSHED GRAVEL (F) 150 CY 22.00$  3,300.00$               

502 REMOVAL OF EXISTING BRIDGE STRUCTURE 1 U 5,000.00$             5,000.00$               

503.201 COFFERDAMS / DEWATERING 2800 SF 40.00$  112,000.00$           

508 STRUCTURAL FILL 30 CY 41.00$  1,230.00$               

520.0031 PRECAST CONCRETE ARCHED FRAME 1 U 180,000.00$         180,000.00$           

520.1 CLASS AA CONCRETE 15 CY 650.00$  9,750.00$               

544.2 REINFORCING STEEL, EPOXY COATED 2000 LB 12.00$  24,000.00$             

585.21 STONE FILL, CLASS B 75 CY 45.00$  3,375.00$               

593.421 GEOTEXTILE, PERMANENT EROSION CONTROL, CLASS 2, NON-WOVEN 225 SY 5.00$  1,125.00$               

361,780.00$           

Foundation

510.1 PILE DRIVING EQUIPMENT 1 U 100,000.00$         100,000.00$           

510.2 PILE LOADING TESTS 4 U 5,000.00$             20,000.00$             

510.61 FURNISHING AND DRIVING STEEL BEARING PILES 42600 LB 0.50$  21,300.00$             

510.65 DRIVING POINTS FOR STEEL PILES 32 EA 500.00$  16,000.00$             

520.2 CLASS B CONCRETE 35 CY 350.00$  12,250.00$             

544 REINFORCING STEEL (F) 5000 LB 1.15$  5,750.00$               

175,300.00$           

Roadway

202.7 REMOVAL OF GUARDRAIL (F) 375 LF 5.00$  1,880.00$               

403.11 HOT BITUMINOUS PAVEMENT, MACHINE METHOD 300 TON 75.00$  22,500.00$             

563.3 BRIDGERAIL T101 100 LF 150.00$  15,000.00$             

606.1455 BEAM GUARDRAIL (TERM UNIT EAGRT. 25 FT.) 3 U 2,000.00$             6,000.00$               

606.12 BEAM GUARDRAIL (STD. SECTION - STEEL POST) 140 LF 20.00$  2,800.00$               

606.1285 BRIDGE APPROACH RAIL T101 4 U 3,000.00$             12,000.00$             

632.0104 REFLECTIVE PAINT PAVE. MARKING, 4" LINE 250 LF 0.50$  130.00$  

60,310.00$             

Incidentals

619.1 MAINTENANCE OF TRAFFIC 1 LS 10,000.00$           10,000.00$             

645.7 STORMWATER PREVENTION PLAN 1 U 3,000.00$             3,000.00$               

645.71 MONITORING SWPPP AND EROSIOIN AND SEDIMENT CONTROLS 1 U 3,000.00$             3,000.00$               

692 MOBILIZATION 1 U 44,650.00$           44,650.00$             

1008.9 ALTERATIONS AND ADDITIONS AS NEEDED - TESTING OF MATERIAL $ 1 5,000.00$             5,000.00$               

65,650.00$             

687,440.00$           

68,740.00$             

20,620.00$             

93,220.00$             

870,000.00$           

Town of Exeter, NH

Linden Street Culvert, NHDOT Br. No. 087/062

CMA Engineers, Inc. Project # 923

October 2014

Opinion of Probable Project Cost, Option A: 45' Span CONSPAN "O-Series" on Piles

Project Subtotal (2014)

Contingency (10%)

2015 Construction Escalator (3%)

Estimated Construction Engineering Fee

Project Total

 Structure Subtotal

 Foundation Subtotal

Roadway Subtotal

Incidentals Subtotal

Earthwork Subtotal



Item Item Quantity Unit Unit Price Cost

Earthwork

201.1 CLEARING AND GRUBBING (F) 0.25 AC 10,000.00$        2,500.00$                

504.1 COMMON BRIDGE EXCAVATION (F) 1050 CY 19.00$               20,000.00$              

504.2 ROCK EXCAVATION 50 CY 31.00$               1,550.00$                

646.51 TURF ESTABLISHMENT WITH MULCH, TACKIFERS AND LOAM 1400 SY 3.00$                 4,200.00$                

28,250.00$              

Structure

209.201 GRANULAR BACKFILL (BRIDGE)(F) 75 CY 35.00$               2,600.00$                

304.2 GRAVEL 550 CY 25.00$               13,750.00$              

304.3 CRUSHED GRAVEL 400 CY 22.00$               8,800.00$                

502 REMOVAL OF EXISTING BRIDGE STRUCTURE 1 U 7,500.00$          7,500.00$                

503.21 DEWATERING 1 U 15,000.00$        15,000.00$              

508 STRUCTURAL FILL 30 CY 41.00$               1,230.00$                

520.1 CLASS AA CONCRETE 210 CY 650.00$             136,500.00$            

528.323 PRESTRESSED CONCRETE BRIDGE DECK, BOX BEAMS 2350 SF 90.00$               211,500.00$            

534.3 WATER REPELLENT (SILANE-SILOXANE) 10 GAL 65.00$               650.00$                   

538.6 BARRIER MEMBRANE, HEAT WELDED BY TORCH 370 SY 25.00$               9,300.00$                

544.2 REINFORCING STEEL, EPOXY COATED 31000 LB 1.20$                 37,200.00$              

548.11 ELASTOMERIC BEARING PADS (F) 44 EA 170.00$             7,480.00$                

559.4 ELASTOMERIC PLUG TYPE EXPANSION JOINT (F) 40 LF 150.00$             6,000.00$                

559.41 MODIFIED ELASTOMERIC PLUG TYPE FLEXIBLE JOINT, 6" WIDE (F) 40 LF 100.00$             4,000.00$                

585.21 STONE FILL, CLASS B (BRIDGE) 270 CY 45.00$               12,150.00$              

593.421 GEOTEXTILE, PERMANENT EROSION CONTROL, CLASS 2, NON-WOVEN 400 SY 5.00$                 2,000.00$                

475,660.00$            

Foundation

510.1 PILE DRIVING EQUIPMENT 1 U 70,000.00$        70,000.00$              

510.2 PILE LOADING TESTS 2 E 5,000.00$          10,000.00$              

510.61 FURNISHING AND DRIING STEEL BEARING PILES 46600 LB 0.50$                 23,300.00$              

510.65 DRIVING POINTS FOR STEEL PILES 20 EA 500.00$             10,000.00$              

520.2 CLASS B CONCRETE 70 CY 350.00$             24,500.00$              

544 REINFORCING STEEL (F) 9300 LB 1.15$                 10,695.00$              

148,495.00$            

Roadway

202.7 REMOVAL OF GUARDRAIL (F) 350 LF 5.00$                 1,750.00$                

403.11 HOT BITUMINOUS PAVEMENT, MACHINE METHOD 650 TON 75.00$               48,800.00$              

403.911 HOT BITUMINOUS BRIDGE PAVEMENT, 1" BASE COURSE (F) 20 TON 175.00$             3,500.00$                

563.3 BRIDGE RAIL T101 160 LF 150.00$             24,000.00$              

606.1455 BEAM GUARDRAIL (TERM. UNIT EAGRT 25 FT.) 4 U 2,000.00$          8,000.00$                

606.12 BEAM GUARDRAIL (STD. SECTION - STEEL POST) 60 LF 20.00$               1,200.00$                

606.1285 BEAM GUARDRAIL (APPROACH SECTION T101) 4 U 3,000.00$          12,000.00$              

632.0104 RETROFLECTIVE PAINT PAVE. MARKING, 4" LINE (DYL) 680 LF 0.50$                 340.00$                   

99,590.00$              

Water Main

611.0521 10" CEMENT LINED DUCTILE IRON WATER PIPE, CL 52 150 LF 150.00$             22,500.00$              

611.7101 10" GATE VALVE 2 EA 2,000.00$          4,000.00$                

611.951 WATER MAIN INSULATION 1 LS 2,750.00$          2,750.00$                

1008.4 ALTERATIONS AND ADDITIONS AS NEEDED - ULTILITY ADJUSTMENT** 1 LS 14,500.00$        14,500.00$              

43,750.00$              

Incidentals

619.1 MAINTENANCE OF TRAFFIC 1 LS 6,000.00$          6,000.00$                

645.7 STORMWATER PREVENTION PLAN 1 U 3,000.00$          3,000.00$                

645.71 MONITORING SWPPP AND EROSIOIN AND SEDIMENT CONTROLS 1 U 3,000.00$          3,000.00$                

692 MOBILIZATION 1 U 56,540.00$        56,540.00$              

1008.9 ALTERATIONS AND ADDITIONS AS NEEDED - TESTING OF MATERIAL $ 1 6,000.00$          6,000.00$                

74,540.00$              

870,290.00$            

87,030.00$              

26,110.00$              

118,010.00$            

1,101,000.00$         

Town of Exeter, NH

Court Street Culvert, NHDOT Br. No. 095/063

CMA Engineers, Inc. Project # 923
October 2014

Opinion of Probable Project Cost, Option B: 55' Span Prestressed Box Beams on Piles

Project Subtotal (2014)

Contingency (10%)

2015 Construction Escalator (3%)

Estimated Construction Engineering Fee

Project Total

Earthwork Subtotal

 Structure Subtotal

 Foundation Subtotal

Roadway Subtotal

Incidentals Subtotal

Water Main Subtotal



Item No. Item Quantity Unit Unit Price Cost

Earthwork

201.1 CLEARING AND GRUBBING 0.25 AC 10,000.00$  2,500.00$  

504.1 COMMON BRIDGE EXCAVATION (F) 1750 CY 19.00$  33,250.00$              

504.2 ROCK EXCAVATION 90 CY 31.00$  2,790.00$  

646.51 TURF ESTABLISHMENT WITH MULCH, TACKIFERS, AND LOAM 1600 SY 3.00$  4,800.00$  

43,340.00$              

Structure

290.1 GRANULAR BACKFILL 450 CY 45.00$  20,300.00$              

209.201 GRANULAR BACKFILL (BRIDGE)(F) 100 CY 35.00$  3,500.00$  

304.2 GRAVEL (F) 600 CY 25.00$  15,000.00$              

304.3 CRUSHED GRAVEL (F) 450 CY 22.00$  9,900.00$  

502 REMOVAL OF EXISTING BRIDGE STRUCTURE 1 U 7,500.00$  7,500.00$  

503.201 COFFERDAMS / DEWATERING 5000 SF 40.00$  200,000.00$            

508 STRUCTURAL FILL 30 CY 41.00$  1,230.00$  

520.0031 PRECAST CONCRETE ARCHED FRAME 1 U 200,000.00$              200,000.00$            

520.1 CLASS AA CONCRETE 10 CY 650.00$  6,500.00$  

544.2 REINFORCING STEEL, EPOXY COATED 1600 LB 1.20$  1,900.00$  

585.21 STONE FILL, CLASS B 190 CY 45.00$  8,550.00$  

593.421 GEOTEXTILE, PERMANENT EROSION CONTROL, CLASS 2, NON-WOVEN 230 SY 5.00$  1,150.00$  

475,530.00$            

Foundation

510.1 PILE DRIVING EQUIPMENT 1 U 100,000.00$              100,000.00$            

510.2 PILE LOADING TESTS 4 U 5,000.00$  20,000.00$              

510.61 FURNISHING AND DRIVING STEEL BEARING PILES 59200 LB 0.50$  29,600.00$              

510.65 DRIVING POINTS FOR STEEL PILES 32 EA 500.00$  16,000.00$              

520.2 CLASS B CONCRETE 40 CY 350.00$  14,000.00$              

544 REINFORCING STEEL (F) 5900 LB 1.15$  6,785.00$  

186,385.00$            

Roadway

202.7 REMOVAL OF GUARDRAIL (F) 350 LF 5.00$  1,750.00$  

403.11 HOT BITUMINOUS PAVEMENT, MACHINE METHOD 600 TON 75.00$  45,000.00$              

563.3 BRIDGERAIL T101 160 LF 150.00$  24,000.00$              

606.1455 BEAM GUARDRAIL (TERM UNIT EAGRT. 25 FT.) 4 U 2,000.00$  8,000.00$  

606.12 BEAM GUARDRAIL (STD. SECTION - STEEL POST) 50 LF 20.00$  1,000.00$  

606.1285 BRIDGE APPROACH RAIL T101 4 U 3,000.00$  12,000.00$              

632.0104 REFLECTIVE PAINT PAVE. MARKING, 4" LINE 680 LF 0.50$  340.00$  

92,090.00$              

Water Main

611.0521 10" CEMENT LINED DUCTILE IRON WATER PIPE, CL 52 150 LF 150.00$  22,500.00$              

611.7101 10" GATE VALVE 2 EA 2,000.00$  4,000.00$  

611.951 WATER MAIN INSULATION 1 LS 2,750.00$  2,750.00$  

1008.4 ALTERATIONS AND ADDITIONS AS NEEDED - ULTILITY ADJUSTMENT** 1 LS 14,500.00$  14,500.00$              

43,750.00$              

Incidentals

619.1 MAINTENANCE OF TRAFFIC 1 LS 6,000.00$  6,000.00$  

645.7 STORMWATER PREVENTION PLAN 1 U 3,000.00$  3,000.00$  

645.71 MONITORING SWPPP AND EROSIOIN AND SEDIMENT CONTROLS 1 U 3,000.00$  3,000.00$  

692 MOBILIZATION 1 U 60,000.00$  60,000.00$              

1008.9 ALTERATIONS AND ADDITIONS AS NEEDED - TESTING OF MATERIAL $ 1 5,000.00$  5,000.00$  

77,000.00$              

918,100.00$            

91,810.00$              

27,540.00$              

124,490.00$            

1,162,000.00$         

** Note: Price includes, but not limited to, additional connections, hangers, seals, and cleaning/testing of installed water main.

Opinion of Probable Project Cost, Option A: 54' Span CONSPAN "O-Series" on Piles

Earthwork Subtotal

 Structure Subtotal

Project Subtotal (2014)

Contingency (10%)

2015 Construction Escalator (3%)

Estimated Construction Engineering Fee

Project Total

 Foundation Subtotal

Roadway Subtotal

Incidentals Subtotal

Town of Exeter, NH

Court Street Culvert, NHDOT Br. No. 095/063

CMA Engineers, Inc. Project # 923
October 2014

Water Main Subtotal



Item No. Item Quantity Unit Unit Price Cost

201.1 CLEARING AND GRUBBING 0.05 AC 10,000.00$    500.00$  

203.1 COMMON EXCAVATION 20 CY 7.00$             100.00$  

290.1 GRANULAR BACKFILL 12 CY 45.00$           500.00$  

504.2 ROCK EXCAVATION 1 CY 31.00$           30.00$  

508 STRUCTURAL FILL 3 CY 41.00$           120.00$  

509.3 OBSTRUCTION REMOVAL 1 U 1,500.00$      1,500.00$               

520.1 CLASS A CONCRETE 5 CY 550.00$         2,900.00$               

544 REINFORCING STEEL 533 LB 1.15$             600.00$  

593.421 GEOTEXTILE, PERMANENT EROSION CONTROL, CLASS 2, NON-WOVEN 40 SY 5.00$             200.00$

Incidentals

692 MOBILIZATION 1 U 520.00$         520.00$  

1008.9 ALTERATIONS AND ADDITIONS AS NEEDED - TESTING OF MATERIAL $ 1 1,000.00$      1,000.00$               

7,970.00$               

800.00$  

240.00$  

9,000.00$               

Item No. Item Quantity Unit Unit Price Cost

201.1 CLEARING AND GRUBBING 0.05 AC 10,000.00$    500.00$  

203.1 COMMON EXCAVATION 71 CY 7.00$             500.00$  

290.1 GRANULAR BACKFILL 59 CY 45.00$           2,600.00$               

504.2 ROCK EXCAVATION 4 CY 31.00$           110.00$  

508 STRUCTURAL FILL 8 CY 41.00$           330.00$  

509.3 OBSTRUCTION REMOVAL 1 U 1,500.00$      1,500.00$               

592.1 MECHANICALLY STABILIZED EARTH RETAINING WALL 167 SF 39.00$           6,500.00$               

593.421 GEOTEXTILE, PERMANENT EROSION CONTROL, CLASS 2, NON-WOVEN 40 SY 5.00$             200.00$

Incidentals

692 MOBILIZATION 1 U 930.00$         930.00$  

1008.9 ALTERATIONS AND ADDITIONS AS NEEDED - TESTING OF MATERIAL $ 1 1,000.00$      1,000.00$               

14,170.00$             

1,420.00$               

430.00$  

16,000.00$             

Town of Exeter, NH

Court Street Culvert, NHDOT Br. No. 095/063

CMA Engineers, Inc. Project # 923

October 2014

Opinion of Probable Project Cost, Option A: Cast-In-Place Concrete (Gravity or Cantiliever)

Project Total

Structure Subtotal (2014)

Contingency (10%)

2015 Construction Escalator (3%)

Town of Exeter, NH

Court Street Culvert, NHDOT Br. No. 095/063

CMA Engineers, Inc. Project # 923

October 2014

Opinion of Probable Project Cost, Option B: Mechanically Stabilized Earth (MSE) Wall

Structure Subtotal (2014)

Contingency (10%)

2015 Construction Escalator (3%)

Project Total



Item No. Item Quantity Unit Unit Price Cost

201.1 CLEARING AND GRUBBING 0.05 AC 10,000.00$    500.00$  

203.1 COMMON EXCAVATION 17 CY 7.00$             100.00$  

290.1 GRANULAR BACKFILL 6 CY 45.00$           300.00$  

504.2 ROCK EXCAVATION 1 CY 31.00$           30.00$  

508 STRUCTURAL FILL 3 CY 41.00$           140.00$  

509.3 OBSTRUCTION REMOVAL 1 U 1,500.00$      1,500.00$               

570.4 MORTAR RUBBLE MASONRY (F) 7.04 CY 550.00$         3,900.00$               

593.421 GEOTEXTILE, PERMANENT EROSION CONTROL, CLASS 2, NON-WOVEN 40 SY 5.00$             200.00$

Incidentals

692 MOBILIZATION 1 U 540.00$         540.00$  

1008.9 ALTERATIONS AND ADDITIONS AS NEEDED - TESTING OF MATERIAL $ 1 1,000.00$      1,000.00$               

8,210.00$               

820.00$  

250.00$  

9,000.00$               

Town of Exeter, NH

Contingency (10%)

2015 Construction Escalator (3%)

Project Total

Court Street Culvert, NHDOT Br. No. 095/063

CMA Engineers, Inc. Project # 923

October 2014

Opinion of Probable Project Cost, Option C: Mortar Rubble Masonry

Structure Subtotal (2014)
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MEMO 

TO:  Jason Gallant, CMA Engineers 

FROM:  Kevin Cassidy and Rick Stewart, Gomez and Sullivan Engineers 

DATE:  September 19, 2014 

RE:   Final Hydrologic & Hydraulic Report for Court Street and Linden Street Bridge Replacements over 
the Little River (Little River Study) 

EXECUTIVE SUMMARY 

This hydrologic and hydraulic report presents the methodology for the development of the hydrology and 
hydraulic model, and the results for existing and proposed hydraulic analyses for the Court Street and 
Linden Street Bridge replacements (Little River Study) in Exeter, NH.  The Little River Bridges are affected 
by the backwater from the Great Dam located downstream in the Exeter River.  In 2013, the Town studied 
the removal of the Great Dam (Exeter River Great Dam Removal Feasibility and Impact Study (Great Dam 
Study)).  A decision by the Town was made to remove the dam.  The proposed Court Street and Linden 
Street Bridges hydraulic analysis is based on the dam being removed.       

The hydrology at the Court Street and Linden Street Bridges was developed as part of the Great Dam 
Study.  A “rainfall‐runoff” model was developed using the TR‐20 methodology within the US Army Corps 
of Engineers Hydrologic Engineering Center’s (USACE HEC) software HEC‐HMS for the 50‐year flow.  The 
TR‐20 50‐year flow was used in the Great Study and in the Little River Study.  A “statistical” approach using 
the Bulletin 17B methodology (17B) which applies the Log Pearson Type III distribution was used in the 
Great Dam Study for the 2, 10, 50 (for comparison purposes only) and 100‐year flows.  The 17B 2, 10 and 
100‐year flows were used in the hydraulic analysis.   

The Great Dam Study also developed a backwater model using the USACE HEC’s software HEC‐RAS for the 
Exeter River and Little River. The Little River reach within the model contains both the Court Street and 
Linden Street Bridges.  This section was utilized for the hydraulic analysis of the two proposed bridges. 

Several hydraulic analyses were made using the hydraulic model.  The first analysis determined whether 
the peak flow at the Great Dam or the peak flow at the mouth of the Little River controlled the hydraulics 
at Court Street and Linden Street Bridges. The hydraulic model was run for both the “Great Dam in Place” 
and  the  “Great Dam Removed”  conditions.    It was determined  that  the peak  flow at  the Great Dam 
controlled the hydraulics in the Little River for both the dam‐in and dam‐out conditions. 

The second analysis compared the Great Dam hydraulic model results to the Little River Study results for 
existing  conditions.    The  comparison  showed  the  water  surface  elevations  (WSE)  were  the  same 
downstream of Court Street which means the two models matched at that point.   Upstream of Court 
Street and Linden Street, the Little River Study WSEs are lower because the existing culverts were enlarged 
based on new survey that found that the culverts under both roads were larger than those modeled in 
the Great Dam Study. 
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The third analysis compared the existing Little River hydraulic results for the “Great Dam in Place” and the 
“Great Dam  Removed”  conditions.    The  comparison  showed  that with  the  dam  removed,  the WSEs 
dropped 1.7 feet downstream of Court Street and 1.2 feet upstream of Linden Street. 

The final analysis modeled the proposed bridges at Court Street and Linden Street.   At Court Street, a 
single span bridge with a 55‐foot wide opening was modeled, and at Linden Street, a single span bridge 
with a 45‐foot wide opening was modeled.  With the two proposed bridges, the WSE dropped 3 inches 
upstream of Court Street and  just over 1‐foot upstream of Linden Street.  For the 50‐year design flow, 
the WSE is about 5 inches below the low chord at the Court Street Bridge and is 1.5 feet below the low 
chord at the Linden Street Bridge.   



3 

1 METHODOLOGY 

1.1 Hydrology 

Hydrology  for  the  Court  Street  and  Linden  Street  Bridges was  developed  for  the  Federal  Emergency 
Management Agency’s (FEMA) Flood Insurance Study (FIS) for the Town of Exeter, and for the 2013 Exeter 
River Great Dam Removal Feasibility and Impact Study (Great Dam Study). The FIS Exeter River and Little 
River  flows  were  determined  using  the  1978  USGS  Regional  Peak  Discharge  Equations  which  were 
developed from gauged watersheds in NH.  For the Great Dam Study, two methods were used to develop 
flows,  a  “statistical”  method  and  a  “rainfall‐runoff”  model.    Figure  1.1‐1  presents  the  Little  River 
Watershed Map.  

The “statistical” approach used the Bulletin 17B methodology (17B) which applied the Log Pearson Type 
III distribution to recorded flows from the USGS gauge at Haigh Road on the Exeter River and the nearby 
Parker River, and adjusted those flows for climate change.  The 17B flood frequency analysis determined 
flows for the 2, 10, 50 and 100‐year events. The flows are presented in Tables 1.1‐1 and 1.1‐2 for the Little 
River and at the Great Dam, respectively.  

The  “rainfall‐runoff”  model  was  developed  using  the  TR‐20  methodology,  developed  by  the  Soil 
Conservation Service, within  the US Army Corps of Engineers Hydrologic Engineering Center’s  (USACE 
HEC) software HEC‐HMS v.3.4. The most recent rainfall data from the Northeast Regional Climate Center 
was used in the Great Dam Study, which considers the increase in rainfall in recent years.  The HEC‐HMS 
model was calibrated for the TR‐20 50‐year flow.  The TR‐20 50‐year flow of 5,858 cfs at the time of the 
peak flow at the Great Dam compares well with the 17B 50‐year flow of 5,718 cfs, as shown in Table 1.1‐
2. The rainfall‐runoff model is required by the NH Department of Environmental Services (NHDES) Dam
Safety Rules when determining flows for dam safety analysis.  The Great Dam Study used the TR‐20 50‐
year flow in its hydraulic analysis.  

To be consistent with the Great Dam Study, the TR‐20 50‐year flow was used in the Little River Study as 
well.  Because the “rainfall‐runoff” model was calibrated for only the 50‐year flow, as noted above, the 
17B flows for the 2, 10 and 100‐year flows are considered more accurate and are used in the hydraulic 
model for the proposed bridge replacements over the Little River.  

The input parameters to the HEC‐HMS model developed for the Great Dam Study were spot checked for 
reasonableness.  Twenty percent of the Little River and Exeter River 53 subareas data was checked.  The 
data  included the curve numbers, stream slope, drainage area, time of concentration and stream flow 
path length.  All data checked was acceptable.  The HEC‐HMS model was then used to determine the HEC‐
HMS flows in Table 1.1‐1 and the HEC‐HMS flow in Table 1.1‐2 at the Great Dam at the time of the Little 
River peak flow.       

To determine the flows that resulted in the highest water surface elevations (WSE) in the Little River, two 
flow scenarios were run in the Little River hydraulic model for both the “Great Dam in Place” and Great 
Dam Removed” conditions.  The flows used in these two scenarios are presented in Tables 1,1‐1 and 1.1‐
2. The first scenario used the TR‐20 50‐year peak flow of 5,858 cfs at the Great Dam with the flow of 957
cfs in Little River 5.5 hours after the Little River peak flow.  The second scenario used the TR‐20 50‐year 
peak flow of 1,112 cfs in the Little River with the flow of 5,309 cfs at the Great Dam 5.5 hours prior to the 
Great Dam peak flow.  As discussed further in Section 2.1, the first scenario with the Great Dam peak flow 
of 5,858 cfs resulted in the higher WSEs due to higher backwater in Little River from the Great Dam.  This 
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was true for both the “Great Dam in Place” and the “Great Dam Removed” conditions.   The Great Dam 
peak flow of 5,858 cfs and the Little River flow of 957 cfs were used  in the proposed bridges hydraulic 
model.     

Table 1.1‐1: Flood Flows at the Mouth of the Little River 

Flows (cfs) 

Recurrence 
Interval (yrs) 

FEMA FIS 
(1981) 

Peak Flow 
in Little 
River 

Bulletin 17B1 

At the Time 
of the Peak 
Flow at Great 

Dam 

HEC‐HMS2, 3

(TR‐20 Method) 

At the Time of the 
Peak Flow at Great 

Dam 

HEC‐HMS2, 3

(TR‐20 Method) 

Peak Flow in Little River 

2  ‐  224  ‐  ‐ 

10  345  490  ‐  ‐ 

50  528  863  957  1112 

100  624  1073  ‐  ‐ 

1   From the Great Dam Study HEC‐RAS model.  The Great Dam Study used the ratio of the Little River and Exeter 
River drainage areas (15.1%) times the 17B peak flows at the Great Dam to determine the Little River flows.  
2  From the HEC‐HMS model. 
3 The HEC‐HMS model was calibrated for the 50‐year flood event only.  

Table 1.1‐2: Flood Flows at the Great Dam 

Flows (cfs) 

Recurrence 
Interval (yrs) 

FEMA FIS 
(1981) 

Peak Flow 
at Great 
Dam 

Bulletin 17B1

Peak Flow at 
Great Dam 

HEC‐HMS2, 3

(TR‐20 Method) 

Peak Flow at Great 
Dam 

HEC‐HMS2, 3

(TR‐20 Method) 

At the Time of the Peak 
Flow in Little River 

2  ‐  1481  ‐  ‐ 

10  2811  3245  ‐  ‐ 

50  4107  5718  5858  5309 

100  4827  7109  ‐  ‐ 

1  Bulletin 17B statistical analysis included in Great Dam Study. 
2  From the HEC‐HMS model. 
3 The HEC‐HMS model was calibrated for the 50‐year flood event only. 
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Figure 1.1‐1:  Little River Watershed Map 
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1.2 Hydraulics 

The Great Dam Study also developed a backwater model using the USACE HEC’s software HEC‐RAS for the 
Exeter River and Little River. The Little River reach within the model contains both the Court Street and 
Linden Street Bridges.  This section was utilized for the hydraulic analysis of the two bridges. The HEC‐RAS 
cross‐sections in the model for the Little River extend approximately 2.4 miles upstream to Colcord Pond 
Dam  from  its  confluence with  the Exeter River.   The extent of  the Exeter River  in  the model  is  from 
downstream of the String Bridge, located just below the Great Dam, upstream to the Pickpocket Dam in 
Exeter, NH. 

Additional  surveyed  cross‐sections were  inserted upstream  and downstream of  the Court  Street  and 
Linden Street Bridges between FEMA cross‐sections ‘G’ through ‘F’ and sections ‘E’ through ‘C’ (See Figure 
1.2‐1). The Court Street and Linden Street culvert sizes and the toe‐of‐slope channel data at both locations 
were replaced with updated survey data within the channel banks.  

Manning’s roughness coefficients or “n values” were used in the model. The channel “n” value used was 
0.04 while the overbanks values were both 0.07.  For the sections with the stone fill within the proposed 
Court Street and Linden Street Bridges, 0.042 was used.  

As flows approach or exit bridge openings or culverts the zones of active flow (where water  is moving 
downstream)  contracts  or  expands.  Existing  cross‐sections  within  these  zones  of  contraction  and 
expansion used coefficients of 0.3 and 0.5 in the model. At cross‐sections outside of these zones where 
the width of active flow is restored to the normal stream width, the coefficients used were 0.1 and 0.3. 

The HEC‐RAS model was run under a mixed flow regime to more accurately evaluate the water surface 
along  a  reach  as  it  alternates  between  subcritical  and  supercritical  flow.  This  regime  requires  two 
boundary conditions, one at the upstream end of the reach and one at the downstream end of the reach.  
To calculate the water surface in subcritical flow regimes, the downstream boundary used was the high‐
tide elevation of the Squamscott River (8.9 feet) downstream of the String Bridge and the Great Dam. The 
upstream boundary conditions for the Upper Exeter River and Little River were based on rating curves. 
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Figure 2.1‐1:  Overview of Little River HEC‐RAS Model Study Area 
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2 EXISTING CONDITIONS HYDRAULICS 

2.1 Hydraulic Model Results for Controlling Hydraulics 

As discussed previously, the 50‐year flows in the fourth and fifth columns of Table 1.1‐1 and Table 1.1‐2 
were used in the hydraulic model to determine which set of flows resulted in higher WSEs at the Little 
River Bridges.  Table 2.1‐1 presents the hydraulic results with the “Great Dam in Place” for both the peak 
flow at the Great Dam run and the peak flow in the Little River run.  The highest water surface elevations 
occurred when the peak flow from the Great Dam was used in conjunction with the flow in the Little River 
at that time. The controlling flows are 957 cfs in the Little River and 5,858 cfs in the Exeter River at the 
Great Dam. The water surface is just under seven inches higher at the downstream face of Court Street 
(see FIS XS C) when the Great Dam flow is at its peak than when the Little River flow is at its peak. The 
Little River peak flow begins to control the water surface upstream of the Linden Street crossing as shown 
in Table 2.1‐1 (see FIS XS G).   
 
The above two flow scenarios were also run in the hydraulic model with the “Great Dam Removed” to see 
if the WSEs are still controlled by the peak flow at the former Great Dam location.  Table 2.1‐2 presents 
the hydraulic results with the “Great Dam Removed” for both the peak flow at the Great Dam run and the 
peak flow in the Little River run.  The highest water surface elevations occurred when the peak flow from 
the Great Dam was used in conjunction with the flow in the Little River at that time, as it was for the “Dam 
in Place” scenario. The controlling flows are 957 cfs in the Little River and 5,858 cfs in the Exeter River at 
the Great Dam. The water surface is just over seven inches higher at the downstream face of Court Street 
(see FIS XS C) when the Great Dam flow is at its peak than when the Little River flow is at its peak. The 
Little River peak flow begins to control the water surface upstream of the Linden Street crossing as shown 
in Table 2.1‐2 (see FIS XS G).   
 
For both  the existing conditions “Great Dam  in Place” and “Great Dam Removed” hydraulic  runs,  the 
controlling WSEs occur from the peak flow at the Great Dam or former Great Dam location, not from the 
peak flow in the Little River.  Going forward, the hydraulic runs will use the 957 cfs in the Little River and 
5,858 cfs in the Exeter River for the 50‐year runs.   
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Table 2.1‐1 – Existing Little River Conditions with “Great Dam in Place” 50‐yr Hydraulic Control Test 

Station 
FIS 

 XS ID 

Peak Flow 
at the 
Great 

Dam WSE 
(ft)1

Peak Flow 
in Little 

River WSE 
(ft)2

Difference 
(ft) 

Station 
FIS  
XS ID 

Peak Flow 
at the 
Great 

Dam WSE 
(ft)1

Peak Flow 
in Little 

River WSE
(ft)2

Difference 
(ft) 

5737.87  G1  32.57  32.91  0.34  3990.292  E  31.54  31.51  ‐0.03 

5328.37  32.53  32.86  0.33  2530.29  31.49  31.45  ‐0.04 

5310.4   32.51  32.83  0.32  2510.29  31.49  31.44  ‐0.05 

5298.415  G  32.51  32.83  0.32  2501.384  D  31.49  31.44  ‐0.05 

5290.43  32.49  32.81  0.32  2494.39  31.49  31.44  ‐0.05 

5287 
Linden 
Street 

2491.384 
Court 
Street 

5215.66  31.55  31.52  ‐0.03  2417.55  31.46  30.9  ‐0.56 

5203.69  31.57  31.55  ‐0.02  2398.58  31.46  30.9  ‐0.56 

5170.79  31.57  31.55  ‐0.02  2368.64  31.45  30.89  ‐0.56 

5099.012  F  31.57  31.55  ‐0.02  2349.684  C  31.45  30.89  ‐0.56 

1The flow in the Little River at the time of the peak flow at the Great Dam in the TR‐20 50‐year model was 957 cfs. 
 2The peak flow in the Little River from the TR‐20 50‐year flow was 1,112 cfs. 

Table 2.1‐2 – Existing Little River Conditions with “Great Dam Removed” 50‐yr Hydraulic Control Test 

Station 
FIS 

 XS ID 

Peak Flow 
at the 
Great 

Dam WSE 
(ft)1

Peak Flow 
in Little 

River WSE 
(ft)2

Difference 
(ft) 

Station 
FIS  
XS ID 

Peak Flow 
at the 
Great 

Dam WSE 
(ft)1

Peak Flow 
in Little 

River WSE
(ft)2

Difference 
(ft) 

5737.87  G1  31.41  31.57  0.16  3990.292  E  30.21  29.82  ‐0.39 

5328.37  31.35  31.49  0.16  2530.29  30.12  29.67  ‐0.45 

5310.4  31.32  31.45  0.13  2510.29  30.11  29.66  ‐0.45 

5298.415  G  31.32  31.45  0.13  2501.384  D  30.11  29.66  ‐0.45 

5290.43  31.29  31.41  0.12  2494.39  30.11  29.65  ‐0.46 

5287 
Linden 
Street 

2491.384 
Court 
Street 

5215.66  30.24  29.88  ‐0.36  2417.55  29.72  29.13  ‐0.59 

5203.69  30.27  29.93  ‐0.34  2398.58  29.72  29.13  ‐0.59 

5170.79  30.27  29.92  ‐0.35  2368.64  29.70  29.10  ‐0.60 

5099.012  F  30.27  29.92  ‐0.35  2349.684  C  29.71  29.11  ‐0.60 

1The flow in the Little River at the time of the peak flow at the Great Dam in the TR‐20 50‐year model was 957 cfs. 
 2The peak flow in the Little River from the TR‐20 50‐year flow was 1,112 cfs. 



10 
 

2.2 Hydraulic Model Results for Comparison of Great Dam Study to Little River Study 

Table 2.2‐1 displays the differences between the existing conditions model for the Great Dam Study and 
the Little River Study. The WSEs are the same at the most downstream section at FIS XS C which means 
the two models match at that location.  From upstream of Court Street, the Little River Study water surface 
profile is lower throughout the remainder of the reach.  The maximum difference between the existing 
conditions models was 0.57 feet at FIS XS G. This difference is because the culverts in the Great Dam Study 
model were undersized at Court Street and Linden Street.   Based on new survey, there are two 12’ 10” x 
8’ 4” existing pipe arch culverts at Linden Street, and there are two 12’ 10” x 8’ 4” pipe arches and one 14’ 
1” x 8’ 9” pipe arch in the middle at Court Street. 
 
Table 2.2‐1 – Existing Conditions 50‐yr Water Surface Elevations in the Great Dam Study  vs. Little 
River Study  

Station 
FIS 

 XS ID 

Great 
Dam 
Study 
WSE 
(ft)1 

Little 
River 
Study 
WSE 
(ft) 

Difference 
(ft) 

Station 
FIS  
XS ID 

Great 
Dam 
Study 
WSE 
(ft) 

Little 
River 
Study 
WSE 
(ft) 

Difference 
(ft) 

5737.87  G1  33.13  32.57  ‐0.56  3990.292  E  31.76  31.54  ‐0.22 

5328.37    ‐  32.53  ‐  2530.29    ‐  31.49  ‐ 

5310.4    ‐  32.51  ‐  2510.29    ‐  31.49  ‐ 

5298.415  G  33.08  32.51  ‐0.57  2501.384  D  31.72  31.49  ‐0.23 

5290.43    ‐  32.49  ‐  2494.39    ‐  31.49   

5287 
Linden 
Street    

  ‐    ‐  2491.384 
Court 
Street 

  ‐    ‐ 

5215.66    ‐  31.55  ‐  2417.55    ‐  31.46  ‐ 

5203.69    ‐  31.57  ‐  2398.58    ‐  31.46  ‐ 

5170.79    ‐  31.57  ‐  2368.64    ‐  31.45  ‐ 

5099.012  F  31.77  31.57  ‐0.2  2349.684  C  31.45  31.45  0 
 

1The Great Dam Study used an approximate TR‐20 50‐year flow equal to 885 cfs, not the TR‐20 50‐year flow of 957 
cfs from the HEC‐HMS model. 

 
2.3 Hydraulic Model Results for Comparison of Great Dam Removed Condition 

 
Table  2.3‐1  below  compares  the  effects  on  the WSEs  at  the  existing  Linden  Street  and  Court  Street 
structures when the Great Dam is removed.  The Little River hydraulic model was used with the backwater 
from the Exeter River with the Great Dam in place and with it removed.  As shown In the Table, the WSE 
drops by 1.74 feet downstream of Court Street to 1.16 feet upstream of Linden Street when the Great 
Dam is removed.  The Great Dam removed condition is the hydraulic model used for the proposed bridges 
analysis.  
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Table 2.3‐1 – “Great Dam in Place”  Vs. “Great Dam Removed” Conditions 50‐yr Water Surface 
Elevations in the Little River Study 

Station 
FIS 

 XS ID 

Dam‐in 
Little 
River 
Study 
WSE 
(ft) 

Dam‐out 
Little 
River 
Study 
WSE 
(ft) 

Difference 
(ft) 

Station 
FIS  
XS ID 

Dam‐in 
Little 
River 
Study 
WSE 
(ft) 

Dam‐out 
Little 
River 

Study WSE
(ft) 

Difference 
(ft) 

5737.87  G1  32.57  31.41  ‐1.16  3990.292  E  31.54  30.21  ‐1.33 

5328.37    32.53  31.35  ‐1.18  2530.29    31.49  30.12  ‐1.37 

5310.4    32.51  31.32  ‐1.19  2510.29    31.49  30.11  ‐1.38 

5298.415  G  32.51  31.32  ‐1.19  2501.384  D  31.49  30.11  ‐1.38 

5290.43    32.49  31.29  ‐1.20  2494.39    31.49  30.11  ‐1.38 

5287 
Linden 
Street    

        2491.384 
Court 
Street     

       

5215.66    31.55  30.24  ‐1.31  2417.55    31.46  29.72  ‐1.74 

5203.69    31.57  30.27  ‐1.30  2398.58    31.46  29.72  ‐1.74 

5170.79    31.57  30.27  ‐1.30  2368.64    31.45  29.7  ‐1.75 

5099.012  F  31.57  30.27  ‐1.30  2349.684  C  31.45  29.71  ‐1.74 
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3 PROPOSED CONDITIONS HYDRAULICS 

3.1 Hydraulic Model Results 

The  “Great Dam Removed” hydraulic model was  run  to  examine  the  effects of  the  proposed bridge 
openings on  the water  surface profile versus  the “Great Dam Removed” existing conditions hydraulic 
model.  

The proposed Linden Street single span bridge opening is 45 feet wide at the low chord (elevation 31.63 
feet) and tapers down to 16 feet wide at the channel invert (elevation 21.60 feet). The top of roadway 
was modeled as 34.98 feet. The proposed Court Street single span bridge opening is 55 feet wide at the 
low chord (elevation 29.4 feet) and tapers down to 26 feet wide at the channel invert (elevation 19.75 
feet). The top of roadway was modeled as 32.75 feet. Each bridge opening has a 3.5‐foot wide bench along 
the top of the stone protection on either side of the opening that wildlife can use to move through the 
opening. 

The WSE at the upstream toe of the proposed Linden Street Bridge is at elevation 30.12 feet, which is over 
1 foot lower than the WSE at the existing structure when the Great Dam is removed. The total opening 
for the proposed structure is 338 square feet; however, the 50‐year flow does not reach the low chord 
therefore all the area is not used. The bridge opening area is almost 100% greater than the 170 square 
feet of culvert open area available at the existing structure. The entire flow passes through the opening 
at a velocity of approximately 3.65 feet per second with a freeboard of 1.51 feet.  Figure 3.1‐1 presents a 
section through the proposed bridge showing the WSEs at different recurrence intervals.  

The WSE at  the upstream  toe of  the proposed Court Street Bridge  is at elevation 29.83  feet, which  is 
approximately 3  inches  lower than the WSE at the existing structure when the Great Dam  is removed.  
The opening for the proposed structure is 397 square feet. Unlike Linden Street, the entire bridge opening 
is full when  it passes the 50‐year flow at a velocity of 2.41 feet per second. The WSE  is about 5  inches 
above the low chord.  The proposed bridge opening area is almost 50% larger than the 265 square foot 
culvert open area available at the existing structure.  Figure 3.1‐2 presents a section through the proposed 
bridge showing the WSEs at different recurrence intervals. 
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Table 3.1‐1 – Great Dam Removed Conditions 50‐yr Water Surface Elevations in the Existing 
Conditions Little River Study Model vs. the Proposed Bridges Model  

Station 
FIS 

 XS ID 

Existing 
Culverts 

(ft) 

Proposed 
Bridges 
(ft) 

Difference 
(ft) 

Station 
FIS  
XS ID 

Existing 
Culverts 

(ft) 

Proposed 
Bridges 
(ft) 

Difference 
(ft) 

5737.87  G1  31.41  30.32  ‐1.09  3990.292  E  30.21  29.95  ‐0.26 

5328.37  31.35  30.23  ‐1.12  2530.29  30.12  29.84  ‐0.28 

5310.4  31.32  30.18  ‐1.14  2510.29  30.11  29.84  ‐0.27 

5298.415  G  31.32  30.18  ‐1.14  2501.384  D  30.11  29.84  ‐0.27 

5290.43  31.29  30.12  ‐1.17  2494.39  30.11  29.83  ‐0.28 

5287 
Linden 
Street 

2491.384 
Court 
Street 

5215.66  30.24  29.99  ‐0.25  2417.55  29.72  29.72  0 

5203.69  30.27  30.02  ‐0.25  2398.58  29.72  29.72  0 

5170.79  30.27  30.02  ‐0.25  2368.64  29.7  29.7  0 

5099.012  F  30.27  30.02  ‐0.25  2349.684  C  29.71  29.71  0 

Table 3.1‐2 below shows the water surface elevations for four flows for the proposed bridge openings at 
Court Street and Linden Street.  Note that for the 100‐year flow with the Great Dam removed, the Exeter 
River still backs up over Court Street.  At Linden Street, the 100‐year flow passes beneath the low chord 
with just over 2.5 inches of freeboard.   

Figures 3.1‐1 and 3.1‐2 also present the FEMA 100‐year WSEs which were determined with the Great Dam 
in place.   Even with the higher proposed flows vs. the lower FEMA flows (see Table 1.1‐1), the existing 
FEMA 100‐year WSEs at Linden Street and Court Street are higher than the proposed 100‐year WSEs by 
0.3 feet and 0.49 feet, respectively.  
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Table 3.1‐2 – Great Dam Removed Conditions Water Surface Elevations in the Little River Study Model 
with the Proposed Bridges at Linden Street and Court Street 

Station 
FIS 

 XS ID 
2‐Year 
WSE (ft) 

10‐Year 
WSE (ft) 

50‐Year 
WSE (ft) 

100‐Year 
WSE (ft) 

5737.87  G1  26.36  27.78  30.32  31.55 

5328.37    26.24  27.65  30.23  31.48 

5310.4    26.22  27.61  30.18  31.44 

5298.415  G  26.21  27.61  30.18  31.44 

5290.43    26.15  27.52  30.12  31.40 

5287 Linden Street           

5215.66    25.86  27.13  29.99  31.30 

5203.69    25.88  27.16  30.02  31.32 

5170.79    25.85  27.14  30.02  31.33 

5099.012  F  25.81  27.11  30.02  31.33 

3990.292  E  24.83  26.79  29.95  31.29 

2530.29    23.70  26.55  29.84  31.22 

2510.29    23.69  26.55  29.84  31.21 

2501.384  D  23.69  26.55  29.84  31.21 

2494.39    23.67  26.54  29.83  31.21 

2491.384 Court Street  ‐  ‐  ‐  ‐   

2417.55    23.61  26.48  29.72  31.05 

2398.58    23.58  26.48  29.72  31.05 

2368.64    23.55  26.46  29.70  31.04 

2349.684  C  23.57  26.47  29.71  31.04 

 

Appendices A, B and C include HEC‐RAS output summary tables, water surface profiles, plan views and 
cross‐sections of  the  Little River  for  “Great dam  in Place” existing  conditions,  “Great Dam Removed” 
existing conditions, and “Great Dam Removed” proposed conditions, respectively. 
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Figure 3.1‐1:  Linden Street Proposed Bridge Section 
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Figure 3.1‐2:  Court Street Proposed Bridge Section 
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Foundation Investigation and Recommendations 

 

 

 

 

 

 

 

 

 

 

 

 



MEMORANDUM
TO: Jason Gallant 

FROM: Bob Grillo 

RE: Geotechnical Evaluation 
Court and Linden Street Bridge Replacements 
Exeter, NH

CMA #923 

DATE: September 16, 2014 

This memorandum presents the results of a geotechnical evaluation for the proposed replacement 
of two bridges in Exeter, New Hampshire.  The bridges cross the Little River at Court Street 
(Route 108) and Linden Street.  Linden Street is about 1,500 feet upstream of Court Street and is 
located in a similar topographic and geologic setting. 

The project involves replacing bridges at Court and Linden Streets with new concrete bridges.  
The existing river crossings consist of steel arch culverts through an earthen embankment.  There 
are three culverts at Court Street and two at Linden Street.  The proposed bridge spans will be 
about 60 feet in length, roughly equal to the width of the river channel at the upstream and 
downstream limits of each crossing.  The level of the existing roadway is about 12 feet above the 
riverbed at both locations.  The riverbed at each bridge location will be lowered by about two 
feet.  The approach roadway will be raised by about one foot at Court Street, and remain at the 
same elevation at Linden Street.  

The culverts will be replaced with either a precast concrete rigid frame bridge or a concrete box 
beam span.   The new bridges will be supported by concrete abutments and cantilevered wing 
walls.  The abutments will be located at a depth of about 15 feet below the roadway for the rigid 
frame bridge and 8 feet below the roadway for the box beam span assuming deep foundation 
support. 

Field Explorations 

Soil borings were drilled on July 7 and 8, 2014 by Great Works Test Boring under full time 
observation of CMA Engineers, Inc.  Two soil borings, designated B-1 and B-2, were drilled at 
each bridge location on either side of the crossing as shown on Drawings 2 and 3.  The borings 
were advanced using solid stem augers to a depth of 10 to 15 feet, and cased drive and wash 
drilling techniques thereafter.  Split spoon samples were taken and the Standard Penetration Test 
(SPT) was generally conducted continuously through the foundation zone and at five-foot 
intervals otherwise.  Vane shear tests were conducted in soft cohesive deposits, and one 
undisturbed Shelby tube sample of cohesive soil was obtained at each bridge location.  The soil 



boring logs are shown on Drawings 5 through 8.  The borings were drilled to depths of 41 and 45 
feet at Court Street, and 30 and 32 feet at Linden Street. 
 
Subsurface Conditions 
 
The soil borings at both bridge locations encountered existing pavement and embankment fill 
underlain by soft silty clay deposits.  The silty clay deposits were underlain by glacial till soils 
and bedrock at Court Street, whereas the glacial till was absent at Linden Street. 
 
 Pavement – Four inches of asphalt underlain by sand and a gravel base layer was 
encountered at each boring location. 
 
 Embankment Fill – The embankment fill consisted of layers of sand and gravel or silty 
clay, mixed with organics, wood and brick at some locations.  The upper 8 feet of fill at Linden 
Street and the north side of Court Street consist of sand and gravel with a trace of silt.  This 
upper sand and gravel layer is only four feet deep on the south side of Court Street.  Underlying 
fill materials included layers of silty clay or contained organic material, wood or brick debris.  
The embankment fill was generally of medium dense consistency based on SPT N values.  The 
fill was about 12 feet thick at Court Street and 19 feet thick at Linden Street. 
 
 Silty Clay – Silty clay was encountered beneath the fill at each boring location.  At Court 
Street, this deposit was 11 and 7.5 feet thick at borings B-1 and B-2, respectively.  At Linden 
Street, this deposit was 9 and 12 feet thick at borings B-1 and B-2, respectively.  SPT N-values 
ranged from “weight of hammer” to less than 2 blows per foot.  Borehole vane shear tests 
indicated a shear strength of 440 to 450 pounds per square foot (psf) at Court Street, and 530 to 
730 psf at Linden Street. 
 
 Glacial Till – Glacial till was only encountered at Court Street, at thicknesses of 19 and 
21 feet at boring B-1 and B-2, respectively.  The till consisted of a medium dense clayey fine to 
medium sand.   
 
 Bedrock – Refusal to sampling tools thought to represent the bedrock surface was 
encountered at depths of 42.5 and 40.5 feet at Court Street borings B-1 and B-2, respectively.  At 
Linden Street, refusal was encountered at depths of 30.1 and 31.8 feet at borings B-1 and B-2, 
respectively.  After reaching refusal, the borehole was advanced an additional 2.5 feet through 
rock at Court Street boring B-1 and 1.7 feet through rock at Linden Street boring B-1 using a tri-
cone roller bit.  Rock core samples were not obtained to confirm bedrock encounter. 
 
 Groundwater – Groundwater was encountered at a depth of 8 feet at Court Street, and 14 
feet at Linden Street based on observed soil moisture conditions.  Groundwater observations 
were made during solid stem drilling and sampling operations.  Subsequent drive and wash 
drilling operations introduced water to the borehole that effectively precluded the measurement 
of longer term stabilized water levels that may be indicative of actual groundwater depths. 
 
 
 



Design and Construction Recommendations 
 
Foundation Design 
 
Subsurface conditions are not suitable for shallow or spread footing foundations at either bridge 
location.  Spread footings would need to be founded below river elevation in either soft clay at 
Court Street or embankment fill overlying soft clay at Linden Street.   
 
At Court Street, footings would be founded on soft clay with an unacceptable allowable bearing 
capacity of less than 1,000 psf.  Further, settlement due to consolidation of the clay under the 
loads imposed by the footing would be expected to exceed several inches.  The clay layer below 
footing elevations could be removed and replaced with engineered fill.  This however would 
result in a deep excavation below river elevation requiring steel sheet pile cofferdams to support 
the excavation and cut off groundwater and surface water flow.  Although technically feasible, 
this alternative would add cost and complexity compared to deep foundation alternatives.   
 
At Linden Street, the fill at bearing layer elevations contains deleterious materials such as 
organics, wood and debris, and a mixture of granular and cohesive fill materials.  Observations 
made during drilling indicate the fill was not placed in an orderly, layered and compacted fashion 
as would be required for a suitable engineered fill bearing soil.  Further, the underlying silty clay 
deposit is subject to large consolidation settlements from loads imposed by the bridge abutment. 
 
As an alternative we recommend supporting the bridge abutment loads at each crossing with end 
bearing piles. The piles would be driven to bedrock encountered at depths below existing ground 
ranging from about 40 to 43 feet at Court Street and 30 to 32 feet at Linden Street.  We 
understand the abutments would be supported on a single row of piles.  Although expected 
loading conditions are not known at this time, the span length and bridge geometry suggest 12-
inch steel H-piles spaced at 5 to 6 foot intervals could be a viable design solution. 
 
River Diversion and Dewatering 
 
Excavations for the bridge abutments of the box beam span would be located at a depth of about 
8 feet below the roadway, placing the excavation bottom in the embankment fill and above 
normal river water levels.  These excavations can be made open cut with side slopes no steeper 
than 1.5H to 1V.  Placement of the rip rap slope lining layer will entail work to be conducted in 
the dry in the river channel, thereby requiring river diversion and dewatering.  The depth of 
excavation required for the stone lining will be 2 feet based on the approximate stream velocities 
of 3.65ft/s and 2.41ft/s for Linden and Court Street, respectively, as determined by the hydraulic 
model for the proposed openings. The NHDOT Bridge Design Manual, section 520.2, specifies a 
minimum 2 feet of stone fill to provide channel protection for velocities up to 8ft/s. This could be 
accomplished with sand bag diversion walls upstream and downstream of the bridge, with a 
temporary flow through pipe.  The work area could be dewatered by pumping from sumps and 
trenches. 
 
Excavations for the bridge abutments of the concrete rigid frame bridge would be located at a 
depth of about 15 feet below the roadway, placing the excavation bottom several feet below 



normal river water levels.  Lower portions of these excavations will likely require steel sheet pile 
cofferdams for soil support and to exclude the river water and ground water from the excavation. 
Driving sheet piles along the upstream (west) side of the Court Street bridge will not be possible 
due to a conflict with the existing buried sewer main running through that area. Alternative 
methods for water diversion such as sand bags or other options that do not involve driven 
supports should be considered for this location. The clay layer present at both sites at river 
bottom elevation should limit water infiltration into the excavation, which could be handled by 
pumping from sumps and trenches.  All earth support systems and cofferdams should be 
designed by an experienced engineer registered in the State of New Hampshire.  Stamped design 
plans and calculations should be submitted to the engineer for review of completeness. 

Re-use of Excavated Materials 

A portion of the existing embankment materials excavated to construct the bridge abutments can 
be used as embankment fill for the proposed bridge approaches.  The sand and gravel fill 
encountered to a depth of 8 feet at Linden Street and the north side of the Court Street bridge, 
and to a depth of 4 feet on the south side of the Court Street bridge, likely meet NHDOT 
Specifications for Granular Fill in accordance with items 209.2.1.1 (sand) and 209.2.1.2 (gravel).  
Underlying fill materials contain a mixture of granular and cohesive soils along with deleterious 
materials, rendering this soil unsuitable for load bearing engineered fill.  Fill should be placed in 
horizontal layers not exceeding 8 inches.  Embankment fill should be compacted to at least 95 
percent of its maximum dry density. 

Earth Pressures 

For both bridge types, deflection of abutment walls is restricted by the structure.  Earth pressures 
on the walls therefore would develop under at rest, or Ko, conditions.   Earth pressures on the 
walls would equal 65 pounds per square foot, per foot of depth below the ground surface.  The 
walls should be designed with drainage media and weep holes to prevent the buildup of 
hydrostatic pressures behind the walls due to groundwater or river water level fluctuations.   

Subgrade Preparation 

The work will involve excavation into soft clay deposits to shape and lower the channel depth.  
Rip rap will be placed on the channel side slopes and keyed into the channel bottom.  The clay is 
easily disturbed, and will lose considerable strength when disturbed.  Excavation to final grades 
in clay should be made with care using a smooth edge bucket.  

__________________________ 
Robert J. Grillo, P.E. 



 

 

 

 

 

 

 

 

 

 

 

 

Appendix F 

Right of Way Impact Plans 
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