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1. INTRODUCTION 
 

This bridge alternatives report was prepared for the Department of Natural Resources and Environmental 

Control (DNREC) to evaluate preliminary options for the repair, rehabilitation and replacement of the 

Alapocas Park Pedestrian Bridge (Bancroft Bridge) over Brandywine Creek located in Wilmington, 

Delaware. This report is based on the flood damage report developed by Century Engineering, damage 

inspection report by DNREC, existing site conditions, site visits by GPI on October 20th, 2021 and 

December 7th, 2021, review of available inspection reports and as-builts. 

 

The primary goals of the Bancroft bridge project are to eliminate deficiencies, improve safety and bring 

the structure back to service and current standards, addressing the following key issues: 

 

• Fast-track opening of the bridge to pedestrians 

• Improve bridge resiliency and durability 

• Minimize design and construction cost 

• Work within the constraints of access and constructability 

• Improve bridge aesthetics 

• Improve bridge functionality 

 

The following options were evaluated to address the above key issues. Further details for each option are 

provided within this report: 

 

• Option 1 – Bridge repairs and rehabilitation: This option explores the feasibility of repairs and 

rehabilitation of the existing bridge 

• Option 2 – Bridge replacement with a 300ft. historic bridge in DNREC’s possession: This option 

explores the feasibility of replacement of the existing bridge with a 300ft. historic bridge that 

DNREC has in its storage. 

• Option 3 – Bridge replacement with a new prefabricated pedestrian bridge: This option explores 

the feasibility of replacement of the existing bridge with a new prefabricated pedestrian bridge. 

 

All options were studied to understand the issues related to fast-track opening of the bridge to pedestrians, 

bridge resiliency and durability, design and construction cost, working within the constraints of access 

and constructability, bridge aesthetics and bridge functionality as detailed in Section 4 of this report. Based 

on studying these issues, recommendations are made in Section 5 of this report. 
 

2. BACKGROUND 
 
After heavy rains from the remnants of Hurricane Ida (August 26th, 2021 through September 4th, 2021) 
moved through Wilmington, DE, officials reported historic flooding across the city. The Wilmington Fire 
Department and other agencies performed more than 200 water rescues and many streets and bridges were 
affected. Much of the flooding was along the Brandywine Creek, and one of the bridges affected by the 
flooding and accumulation of debris was the Alapocas Park Pedestrian Bridge also known as Bancroft 
Bridge. 
 
The Department of Natural Resources and Environmental Control (DNREC) conducted a preliminary 
damage inspection of the Bancroft bridge on September 7th, 2021 and developed a document highlighting 
the site visit observations (see Appendix A). They noted that the bridge appeared to have deformed with 
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the center of the span pushed downstream. They also noted new cracking at the concrete piers, broken tie 
rods in the deck truss, and timber debris caught at the bottom chord of the truss. 
 
Subsequently, DNREC asked the engineering firm, Century Engineering Inc. (Century), to conduct a site 
visit to examine the damage to the bridge and provide recommendations for further action. Century 
conducted the site visit on September 13th, 2021 and developed a damage assessment report (see Appendix 
B). Century noted extensive damage to the pedestrian bridge due to the flooding and recommended that 
the bridge remain closed to the public and that an in-depth inspection of the bridge be performed to identify 
other suspected deficiencies and possible failures. 
 
Following the recommendations of the damage assessment report, Greenman Pedersen Inc. (GPI) was 
contacted by DNREC to conduct a cost and feasibility study to rehabilitate or replace the pedestrian bridge. 
GPI conducted a site visit on October 20th, 2021 to confirm the findings of the damage (see Appendix C), 
and to understand DNREC’s priorities for the study. 
 
This report details the evaluation of the following three options: 
 Option 1: Bridge repair and rehabilitation; 
 Option 2: Bridge replacement with a 300ft. historic bridge in DNREC’s possession; 
 Option 3: Bridge replacement with a new prefabricated pedestrian bridge. 
 

3. EXISTING CONDITIONS OVERVIEW 
 
3.1 Bridge Existing Conditions 
 
The existing bridge consists of three sections as shown in the photos: 
 
• Photos 1 and 2 – A short approach span on south side of the Brandywine Creek with a span of 

approximately 45ft. supported on a series of reinforced concrete vertical columns/drilled shafts. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Photos 1 and 2: Approach spans on South side of the bridge 
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• Photos 3 and 4 – A main deck truss bridge spanning over the Brandywine Creek with a span of 
approximately 145ft. 

 

 
Photos 3 and 4: Main deck truss bridge 

 
• Photo 5 – A series of short spans on the north side of the deck truss consisting of steel beams and 

timber decking and totaling approximately 75ft. The series of short spans are part of the flooring of 
the covered pavilion and are supported on concrete piers independent of the bridge piers. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

Photos 5: Series of short spans on North side of the bridge 

 
Prior to the 2021 flood event, the bridge was last inspected in 2001 by Orndorf & Associates Inc. (see 
Appendix D) and a report was developed. This report details the conditions and provides very limited as-
built drawings. No other as-builts were available during the development of this report.  
 
The bridge is currently closed to the public due to extensive damage caused by floods from Hurricane Ida. 
The damages are primarily on the deck truss portion of the bridge, since this is the section crossing the 
Brandywine Creek. 
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Hurricane Ida flood impacts: Appendix A, B and C provide photos and details regarding the damage to 

the bridge due to the floods. Some of the critical findings found during the damage inspection were –  

• Photo 6 – Pier 1 East post has sheared off at the anchor bolts and has moved by 4.5 inches 

• Photo 7 – Pier 1 bottom horizontal is separated from the west post 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Photo 6: Pier 1 East post sheared of at the anchor bolts and has moved 4.5 inches 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Photo 7: Pier 1 Bottom horizontal separated from west post 

 

• Photo 8 – Bowing of the upstream and downstream trusses 

• Photo 9 – Large tree limbs and debris stuck at bottom chord of the trusses with broken tie-rods 

• Photo 10 – Pier 1 West post has shifted towards East 
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Photo 8: Bowing of the upstream and downstream trusses due to debris damage 

 
 
 
 
 
 
 
 

 

 

 

 

 
Photo 9: Large tree limbs and debris stuck at bottom chord of the deck trusses with broken tie-rods 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

Photo 10: Pier 1 West post shifted towards East 
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3.2 Hydrology and Hydraulics 
 

The Bancroft bridge carries the pedestrian crossing over Brandywine Creek. Due to the buildup of debris 

from storm flow during Hurricane Ida and associated damage to the bridge, DNREC’s preference is to 

raise the bottom chord of the bridge above the 100-yr storm event with as much additional freeboard as 

can be easily achieved. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Photo 11: FEMA flood map for Brandywine Creek near the pedestrian bridge 

 

A preliminary search on FEMA’s website shows that the base flood elevation is approximately EL.66.0 

with a 1% annual chance (100-yr storm) of exceedance (see Photo 11 above and Appendix E). Ideally, 

any rehabilitation or replacement of the existing bridge should bring the bottom of the bridge above this 

elevation. This strategy will ensure that future floods in the region will not impact the bridge. The increase 

in freeboard will prevent debris buildup, and the bridge will be serviceable immediately after the storm. 

GPI conducted a LiDAR survey and Hydro survey of the existing pedestrian bridge (see Appendix F) on 

December 9th, 2021 and found that the bottom chord of the existing bridge is at EL.62.54 (NAVD) which 

is below the 100-yr storm elevation of EL 66.0 (NAVD). The deck of the existing bridge is at EL.82.71 

(NAVD) which is above the 100-yr storm elevation. If the bridge is being repaired and rehabilitated (as 

detailed in Section 4.2 of this report) it would be beneficial to raise the bridge by a minimum of 4.5ft. to 

provide a freeboard of 1ft. above the 100-yr storm elevation. However, connecting the raised existing 

bridge to the tie-in spans on south end and north end would be problematic and add substantial cost to the 

project. If the bridge is replaced with a new span (as detailed in Sections 4.3 and 4.4 of this report), the 

deck can be maintained at the existing elevation, and the bridge superstructure depth can be reduced 

significantly, thus providing adequate free board above the 100-yr storm elevation. This will also eliminate 

any need for modifications to the tie-in spans on south end and north end. 

 
3.3 Geotechnical Existing Conditions 
 
A geotechnical exploration program has not been conducted in the vicinity of the bridge. Historic 

BRIDGE SITE 
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information regarding the soils at the bridge site was not available at the time of development of this 
report. Hence geotechnical existing conditions were not established for this report. The preliminary 
rehabilitation or replacement options detailed in this report were developed based on substructure and 
foundation layouts that are typical to a pedestrian bridge of current size. The permitting process for a 
geotechnical exploration program must be completed and performance of the test borings will follow the 
permit approvals. Deep foundations such as drilled shafts are assumed for developing preliminary cost 
estimates for Options 2 and 3. 
 
3.4 Environmental Existing Conditions 
 
No historic information regarding the potential environmental impacts at the bridge site exists at the time 
of development of this report. An environmental impact study area large enough to accommodate all 
Options under consideration has not been developed. The following resources need to be identified within 
the study area and impacts for each Option need to be evaluated. 
 

• Wetlands and Waters of the US 
• Floodplains 
• Rare, threatened and endangered species 
• Cultural and Historic resources 
• Park and recreational resources 
• Section 4(f) and 6(f) resources, and  
• Potential hazardous materials concerns 

 
3.5 Utilities 
 
Based on discussions with DNREC, it is our understanding that an abandoned pipe runs along the South 
edge of the creek (see Photos 12 and 13) and is behind the bridge pier at the deck truss bridge location. 
Further investigation will need to be done in coordination with Utility companies and the pipe will need 
to be removed after proper approvals.  

 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 
Photos 12 and 13: Water main along the South edge of the creek 

 
3.6 Access and Constructability 
 
Due to the location of the bridge site and limited access to the site through city streets, paved trails and no 
navigable waterways, we anticipate issues related to mobilizing large construction equipment such as – 
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pile driving equipment, erection cranes; issues related to shipping, hauling and erection of large bridge 
structure elements; issues related to non-availability of large construction layout area etc. Any practical 
solution related to repairs, rehabilitation and/or replacement of the existing pedestrian bridge has to take 
into account these issues related to access and constructability. Following are some of the details 
pertaining to access to the site and site constraints. 
 
The existing bridge site is located near the heart of Wilmington, DE close to the Alapocas Run State Park 
as shown in Photos 14 and 15. The project location is accessible by roadway through Interstate I-95 east 
via the State Route SR-52 at Exit 7. It is also accessible by roadway through State Route SR-141 on the 
west side via the SR-52 Kennett Pike exit. After these exits, the bridge site is accessible through city 
streets 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Photo 14: Project Location     Photo 15: Bridge Site 

 
and accessing the Bancroft Mills Road as seen in Photo 16. The Bancroft Mills road is a paved single lane 
road located close to the condominiums on the south end of the pedestrian bridge, and is fenced off from 
the condominiums. It is also barricaded adjacent to the bridge for on-going construction work on the east 
side of the bridge. The on-going construction work involves construction of gabion retaining walls along 
the Brandywine creek and land development on east side of the bridge. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Photo 16: Bancroft Mills Rd. at South end of the pedestrian bridge 

PROJECT LOCATION BRIDGE SITE 

BANCROFT MILLS RD. 

ON-GOING CONSTRUCTION 
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The bridge site is also accessible from the north through the Alapocas Run State Park as shown in Photo 
17. The state park is accessible by roadway through State Route SR-141 via the Alapocas Drive exit. 
Alapocas Drive is a paved two-lane road with several single lane paved trails leading up to north end of 
the bridge site. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Photo 17: Alapocas Run State Park at North end of the pedestrian bridge 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Photo 18: Weirs in Brandywine Creek 

 
Furthermore, Brandywine creek is not a navigable waterway due to presence of weirs upstream and 
downstream of the bridge site as shown in Photo 18. Therefore construction equipment cannot be barged 
in through the creek. 
 
 
  

BRIDGE SITE 

UPSTREAM WEIR 

DOWNSTREAM WEIR 

ALAPOCAS 

DRIVE 

PAVED TRAILS 
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4. BRIDGE ALTERNATIVES ANALYSIS 
 

To determine the appropriate solution to address all key issues associated with the current Bancroft bridge, 

GPI developed three (3) options for evaluation.  

 

• Option 1 – Bridge repairs and rehabilitation 

• Option 2 – Bridge replacement with a 300’-0” historic bridge in DNREC’s possession 

• Option 3 – Bridge replacement with a new prefabricated pedestrian bridge 

 

Each option provides its own unique benefits, opportunities, and challenges. The studied options will be 

evaluated based on the parameters in the decision matrix. These parameters were selected based on our 

discussion with DNREC and understanding of their priorities to address the key issues. 

 

4.1 Decision Matrix 

 

Each key issue was assigned a percentage weight based on the relevance to the overall project. For each 

key issue, a rating from (0) to (3) was assigned. A rating of (0) denotes that the Option does not address 

the issue, rating (1) is not favorable, rating (2) is favorable and a rating of (3) is the most favorable. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
NOT ADDRESSED NOT FAVORABLE FAVORABLE MOST FAVORABLE 

 

These ratings are then weighted to produce an overall score for each option. See Page 25 for a 

comprehensive decision matrix. 

Fast-track opening of the 

bridge to pedestrians 
 

• Minimize design schedule 

• Minimize construction 

schedule 

 

 

 

 

WEIGHT = 25% 
 

Improve Bridge Resiliency 

and Durability 
 

• Raise bridge profile above the  

100-yr flood level 

• Maximize service life 

• Minimize future maintenance costs 

• Eliminate or minimize bridge 

painting costs 
 

WEIGHT = 25% 
 

Minimize design and 

construction cost 
 

• Minimize repairs and 

rehabilitation work 

• Minimize modifications to 

pavilion and trails on north end, 

and Right-of-way acquisition on 

south end 

• Use of one span versus multiple 

spans for replacement 

 

WEIGHT = 15% 
 

Work within the constraints 

of access and constructability 
 

• Work within limited right-of-way 

• Work with limited access to the 

site 

• Constructability issues 

 

WEIGHT = 15% 
 

Bridge aesthetics 
 

• Context sensitive aesthetics in 

harmony with the trails, 

pavilion, and condominiums 

• Preservation of Historic 

viewshed 

 

WEIGHT = 10% 

Improve Bridge 

Functionality 
 

• Upgrade to current AASHTO 

standards 

• ADA compliance 

• Pedestrian fence 

 

WEIGHT = 10% 
 

0 1 2 3 
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4.2 Option 1: Bridge repairs and rehabilitation 

 

This option was investigated to understand the feasibility of repairing all deficiencies in the existing bridge 

identified during the post-flood inspection. The repairs will be followed by rehabilitation to extend the 

service life of the bridge by 20 years. 

 

Design scope of work: Due to lack of any information (such as as-builts, plans, detailed inspection reports) 

available about the existing structure, significant effort will be needed to perform a preliminary analysis 

of the bridge. The following design scope is anticipated for repair and rehabilitation efforts to bring the 

bridge back to serviceability: 

 

• Conduct in-depth inspection of the existing bridge to gather as-built information. This will involve 

measurement of each member of the deck truss span to understand the member sizes and section 

loss due to corrosion. Collect material coupons to determine strength properties and conduct 

testing on coupons 

• Calculate the section properties based on in-depth inspection data and develop an analysis model 

of the deck truss using structural software. 

• Analyze the model for current AASHTO pedestrian design code stipulated loadings 

• If load carrying capacity is not obtained after repairs and rehabilitation, then develop retrofit 

options to various members to upgrade the deck truss span load capacity to meet the current 

AASHTO standards. 

• Development of drawings, specifications, and cost estimates for repair and rehabilitation with 

deliverables at 30%, 60%, 90% and PS&E design stages. 

• Bid phase support, construction phase support in the form of shop drawing reviews and answers 

to RFI’s, and construction inspection. 

 

Design cost: Based on the above design scope of work, we anticipate that the engineering cost for this 

option will range anywhere between $0.6 million to $0.7 million.  

 

Construction scope of work: The following construction scope is anticipated for repair and rehabilitation 

efforts to bring the bridge back to serviceability: 

 

• Mobilization and remove all debris near the bottom chord 

• Horizontally jack the entire deck truss bridge back to its original position and remove the kink in 

alignment. Erection of temporary reaction towers in the creek may be needed for jacking 

operations. 

• Replace any damaged truss members during horizontal jacking 

• Repair the piers supporting the end posts of the deck truss bridge 

• Replace all four end posts of the deck truss span and associated anchor bolts 

• Replace all bottom horizontal lateral bracings and connections 

• Replace all vertical lateral bracings and connections 

• Retrofit all members of the deck truss span as needed to upgrade the load capacity to meet current 

AASHTO standards 

• Install containment system and blast clean entire bridge superstructure 

• Install 3-coat paint system on entire bridge superstructure 

• Install pedestrian safety fence to improve safety 

• Utility relocation 
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Construction cost: Based on the above construction scope of work, we anticipate that the construction 

cost for this option will range anywhere between $2.2 million to $2.6 million. An approximate breakdown 

of the costs for each scope item is provided below. The total construction cost includes a contingency of 

20%, a construction inspection cost of 10% and is adjusted for inflation assuming procurement in one 

year. 

 
 

Design and Construction schedule: Based on the design and construction scope of work, we anticipate 

this option to take approximately 2.5 to 3.0 years for completion from start of design to end of 

construction. 

 

Access and constructability: This option is favorable from the perspective of access and constructability. 

The construction scope of work will involve removal of debris, horizontal jacking of the bridge to its 

original position, repair work on piers, replacement of some structural elements of the bridge, blast 

cleaning and painting of the bridge etc. All work can be accomplished without the need for large 

construction equipment and material pieces. 

 

Weighted score: 1.25 / 3.00 

 

Recommended Alternative ?     

 

Ratings and Discussion: 

 

Fast-track opening of the bridge to pedestrians – This option will is not favorable due to long 

design and construction schedule involving repairs and rehabilitation. 
1 
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Improve bridge resiliency and durability – This option does not raise the profile of the bridge 

above flood levels, hence leaving the bridge susceptible to future floods and associated damage. 

Future painting may be needed as part of the maintenance and may impact the creek. Modifications 

to the existing timber deck are not proposed and may need replacement in the future. 

 

Minimize design and construction cost – This option has the second highest design and 

construction cost of all options. 

 

Work within the constraints of access and constructability – This option is favorable to 

working within the constraints since most of the repairs and rehabilitation work will not involve 

large construction equipment and material pieces. 

 

Improve bridge aesthetics – This option involves cleaning and painting of the existing bridge 

and improves the aesthetics. 

 

Improve bridge functionality – This option will upgrade the existing bridge’s functionality by 

meeting current AASHTO standards after retrofits and installation of pedestrian fence. 

 

  

0 

2 

2 

2 

2 
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4.3 Option 2: Bridge replacement with a 300’-0” historic bridge in DNREC’s possession 

 

Based on discussions with DNREC, it is our understanding that they would consider repurposing the 300ft. 

historic bridge, currently in storage, as a pedestrian bridge for the replacement of the existing bridge. This 

option was investigated to evaluate the feasibility of reusing this historic bridge for a service life of 20 

years. 

 

As-builts: The plans for the historic bridge (see Appendix G) indicate that it is approximately 300ft. 

through truss span, and 15ft.+ wide between the upstream and downstream trusses. The overall height of 

the truss at the highest point is approximately 40ft. The historic bridge consists of a two-stringer, 

floorbeam floor system with stringer bracings and bottom lateral bracings. The trusses are in the Pratt truss 

configuration with built-up top chord in compression, fracture critical tension eye bars as bottom chord, 

built-up vertical members, fracture critical tension tie bars as diagonals and pin connected at panel points. 

The upstream truss and downstream truss are connected through portal frames that have struts and 

diagonals. The member sizes of the trusses and floor system are not provided in the plans for this historic 

bridge. Hence a preliminary analysis of the historic bridge for code specified pedestrian loadings could 

not be made at the time of development of this report.  

 

As-stored condition evaluation: The historic bridge is located in Fort Dupont State Park in Delaware City. 

On December 7th, 2021, GPI conducted a site visit to assess the condition and evaluate feasibility of using 

it for replacement. The bridge has been dismantled from its original truss configuration (see Appendix H 

for photos) and the pieces are stacked on the ground. DNREC indicated that the bridge has been stored at 

this location for the last 3 years. 

 

The historic bridge members are overall in FAIR CONDITION (NBI rating of 5) since all structural 

elements are sound but have minor corrosion and pack rust. Most of the structural elements exhibit some 

level of paint failure along the length of the members with complete paint failure at connections. All pins 

at all connection points, and all surfaces interfacing with the pins are in advanced stage of corrosion and 

section loss. Since connections are the critical points in a truss, it is recommended that these pins are not 

to be reused. Further, cleaning and painting of the historic bridge is recommended to provide a service life 

of 20 years. 

 

New decking system: The plans of the historic bridge show that the bridge originally carried utility pipes 

supported on brackets installed on floorbeams. These brackets and utility pipes have since been removed 

prior to storage at the Fort Dupont site. If this historic bridge is eventually used for replacement, a new 

decking system will need to be installed. The decking system could potentially be composite boards or a 

concrete deck supported on the existing stringer-floorbeam floor system. Further analysis of the historic 

bridge is needed to understand if the truss and floor system have adequate capacity to carry these additional 

dead loads. 

 

Feasibility of fit within the alignment and modifications needed: To understand the feasibility of fitting 

this historic bridge span along the alignment of the existing bridge, a distance of 300ft. (equal to the span 

of historic bridge) was measured using google maps along the alignment as shown in Photo 18 as a red 

line. On the south end, it is seen that the end of the span will encroach onto the right of way of the 

condominiums. On the north end, the span will go past the pavilion by approximately 50ft. If the south 

end of the historic bridge is moved north to eliminate right of way impacts, the north end of the bridge 

will go well beyond the pavilion. 
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If the historic bridge is used as a replacement, acquisition of right of way may be necessary at the south 

end. In addition, the new abutment at the north end of the bridge will necessitate modifications to the 

pavilion and tie-in to the bridge end, for better connection to the park trails and pavilion users.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Photo 18: Water main along the South edge of the creek 

 

Design scope of work: The following design scope is anticipated for replacing the existing bridge with 

the 300ft. historic bridge: 

 

• Conduct in-depth inspection of the historic bridge to gather as-built information. This will involve 

measurement of each member of the span to understand section loss due to corrosion. 

• Calculate the section properties based on in-depth inspection data and develop an analysis model 

of the historic bridge using structural software. 

• Analyze the model for current AASHTO pedestrian design code stipulated loadings and explore 

the feasibility of replacement. 

• If load carrying capacity is not obtained for the historic bridge, then develop various retrofit options 

to various members, to upgrade the historic bridge capacity to meet the current AASHTO 

standards. 

• Geotechnical borings and engineering to determine new foundation options for replacement bridge 

• Development of drawings, specifications, and cost estimates for replacement, with deliverables at 

30%, 60%, 90% and PS&E design stages. 

• Bid phase support, construction phase support in the form of shop drawing reviews and answers 

to RFI’s, and construction inspection. 

 

Design cost: Based on the above design scope of work, we anticipate that the engineering cost for this 

option will range between $0.6 million to $0.7 million. 
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Construction scope of work: The following construction scope is anticipated for replacing the existing 

bridge with the 300ft. historic bridge: 

 

• Mobilization and remove all debris near the bottom chord of the existing bridge 

• Demolition of existing deck truss span, short tie-in spans at north and south ends of the alignment 

• Demolition of piers supporting the existing deck truss span and tie-in spans 

• Fabricate new connection pins and any other structural member retrofits as needed per design 

• Blast clean the 300ft. historic bridge and new fabrication elements at the fabrication facility 

• Install 3-coat paint system on the entire superstructure of the 300ft. historic bridge at the fabrication 

facility 

• Install new foundations for the historic bridge as per design 

• Install new abutments for the historic bridge as per design 

• Erect temporary shoring towers in the creek to erect the historic bridge 

• Erect the historic bridge 

• Install new decking system on the historic bridge 

• Install pedestrian safety fence to improve safety 

• Modify the pavilion on the north end for better tie-in to the historic bridge 

• Utility relocation 

 

Construction cost: Based on the above construction scope of work, we anticipate that the construction 

cost for this option will range between $3.4 million to $4.1 million. An approximate breakdown of the 

costs for each scope item is provided below. The total construction cost includes a contingency of 20%, a 

construction inspection cost of 10% and is adjusted for inflation assuming procurement in one year. 

 

 
Design and Construction schedule: Based on the design and construction scope of work, we anticipate 
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this option to take anywhere between 2.5 to 3.0 years for completion from start of design to end of 

construction. 

 

Access and constructability: This option is not favorable from the perspective of access and 

constructability. Due to the size of the historic bridge and the 300ft. span, the construction scope of work 

will involve installation of new drilled shaft foundations, installation of new abutments for the bridge, 

erection of temporary shoring towers in the creek and assembling the through truss one piece at a time. 

This will require mobilization of heavy construction cranes on either side of the creek for bridge erection 

and for installation of large drilled shafts. 

 

Weighted score: 1.35 / 3.0 

 

Recommended Alternative ?     

 

Ratings and Discussion: 

 

Fast-track opening of the bridge to pedestrians – This option involves demolition of existing 

bridge, installation of new foundation and abutments, rehabilitation of historic bridge components, 

erection of bridge, and modifications to pavilion which results in a less favorable design and 

construction schedule. 

 

Improve bridge resiliency and durability – Since the historic bridge is a through truss, this 

option will raise the profile of the bridge above flood levels, thus eliminating the susceptibility to 

future floods and associate damage. New decking system is proposed in this option, which will 

reduce the maintenance cost.  

 

Minimize design and construction cost – This option has the highest total cost of all options.  

 

Work within the constraints of access and constructability – This option is not favorable to 

working within the constraints since temporary showing towers will be needed to erect the bridge. 

Further, larger foundations needed for the single span may necessitate larger construction 

equipment. 

 

Improve bridge aesthetics – This option involves cleaning and painting of the historic bridge 

which improves the aesthetics. However, the bridge is 40ft. high and will be taller than adjacent 

condominiums which is not favorable. Additionally, this bridge is too long for the site 

 

Improve bridge functionality – This option will meet the current AASHTO standards after 

retrofits and installation of pedestrian fence.  

1 

2 

1 

1 

1 

2 
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4.4 Option 3: Replace the existing bridge with a new prefabricated pedestrian bridge 

 

This option explores the replacement of the existing bridge with a prefabricated pedestrian bridge. Based 

on discussions with DNREC, the following priority items were used for development of preliminary cost 

and schedule. 

 

Preliminary Design Parameters: 

• Span arrangement – To understand the feasibility of fitting a new prefabricated pedestrian bridge 

span along the alignment of the existing bridge, a span arrangement of 50ft.-140ft.-50ft. was 

measured using google maps along the alignment as shown in Photo 19 as a blue-red-blue line. 

This distance was also confirmed through the data from the LiDAR survey. The three new simple 

spans will be supported on abutments and piers. Minor modifications to the pavilion floor system 

along the alignment, are necessary to isolate it from the new bridge. The seat elevations for the 

new spans can be adjusted to maintain the current deck elevation, and the new spans will be 

through Pratt trusses. This will raise the bottom of the new bridge above future flood elevation and 

will eliminate the susceptibility to debris related damage (see Photos 20 and 21 for comparison). 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Photo 19: Simple span arrangement of 50ft.-140ft.-50ft. at the bridge site 

 

• Structural materials – Steel for superstructure, Concrete for substructure, Steel or Concrete for 

foundations 

• Structural system – Truss type (Pratt Truss) is the most efficient configuration for simple spans. 

• Bridge cross section – 12ft. width is preferred by DNREC with pedestrian railing, fencing and 

climb guards to improve pedestrian safety and deter park users from jumping off the bridge.  

• Bridge design criteria – The bridge will be designed for pedestrian loads. In addition, DNREC 

would like the new bridge to be designed for a Ford F250 park maintenance vehicle. 
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Photo 20: Existing bridge cross section 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Photo 21: Proposed bridge cross section 

 

• Design codes – Based on DNREC’s design criteria, it is recommended that the new bridge be 

designed as per the requirements of AASHTO LRFD Guide Specifications for the Design of 

DECK ELEVATION 

EL.82.71 

1% FLOOD ELEVATION 

EL.66.00 

BOTTOM OF BRIDGE 

EL.62.54 

DECK ELEVATION 

EL.82.71 

1% FLOOD ELEVATION 

EL.66.00 

BOTTOM OF BRIDGE 

EL.81.25+ 
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Pedestrian Bridges with 2015 interims. In addition to the pedestrian loads, the above code also 

specifies a H10 truck loading for design of new bridges. The H10 truck is very similar to the Ford 

F250 park maintenance vehicle loads in terms of axle spacings and axle loads, with a total load 

more than that of a loaded Ford F250 vehicle. Hence the new bridge design will satisfy all DNREC 

design criteria if designed to the AASHTO code. 

• Bridge decking – Composites or Concrete decking for improved durability and minimizing future 

maintenance costs. 

• Railing – Vertical pickets with meshing to improve pedestrian safety. 

• Finish – Weathering steel to improve durability, enhanced context sensitive aesthetics in harmony 

with the trails, pavilion and condominiums, and to minimize future painting costs. 

• Miscellaneous components – ADA grab rails, toe kick and, fencing or climb guards. 

 

Design scope of work: We anticipate the following design scope for replacing the existing bridge with a 

prefabricated pedestrian bridge: 

 

• Establish a design criterion for new bridge superstructure based on DNREC’s preference. 

• Contact prefabricators and evaluate various systems available for the new bridge. Compare costs 

of the new bridge and delivery schedule across all prefabricators. 

• Evaluate access to the site and constructability aspects of the new bridge 

• Geotechnical borings, engineering to determine new foundation options for replacement bridge 

and coordination 

• Development of drawings, specifications, and cost estimates for new bridge substructure and 

foundations with deliverables at 30%, 60%, 90% and PS&E design stages. 

• Bid phase support, construction phase support in the form of shop drawing reviews and answers 

to RFI’s, and construction inspection.  

• Superstructure design and deliverables will come from the prefabricator during the design 

development phase and the shop drawing review phase. 

 

Design cost: Based on the above design scope of work, we anticipate that the engineering cost for this 

option will range between $0.3 million to $0.4 million. 

 

Construction scope of work: We anticipate the following construction scope for replacing the existing 

bridge with a prefabricated pedestrian bridge: 

 

• Remove all debris near the bottom chord of the existing bridge 

• Demolition of existing deck truss span, north and south tie-in spans of the alignment 

• Demolition of abutments and piers supporting the existing deck truss span, north and south tie-in 

spans 

• Install new foundations for the replacement bridge piers and abutments as per design 

• Install new abutments and piers for the replacement bridge as per design 

• Erect the new bridge. Based on our conversation with prefabricated bridge manufacturers, 

temporary shoring towers may not be necessary to erect the new bridge if cranes can be placed 

either side of the creek. 

• Install new decking system and all miscellaneous items on the new bridge 

• Minor modifications to pavilion and tie-in to the bridge 

• Utility relocation 
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Construction cost: Based on the above construction scope of work, we anticipate that the construction 

cost for this option will range between $1.5 million to $1.8 million. An approximate breakdown of the 

costs for each scope item is provided below. The total construction cost includes a contingency of 20%, a 

construction inspection cost of 10% and is adjusted for inflation assuming procurement in one year. 

 

 
 

Design and Construction schedule: Based on the design and construction scope of work, we anticipate 

this option to take anywhere between 1.5 to 2.0 years for completion from start of design to end of 

construction.  

 

Access and Constructability: This option is favorable from the perspective of access and constructability. 

The construction scope of work will involve the demolition of existing span and substructure, removal of 

debris, installation of new foundation and piers, and erection of new bridge. Based on our conversation 

with prefabricated bridge manufacturers, strategies that can be used to navigate through access and 

constructability constraints are as follows: 

 

• Reduce the dead load of the bridge superstructure by using composite decking system rather than 

concrete. By not using concrete, the dead load of the bridge can be decreased significantly. This 

reduces the sizing of the bridge superstructure elements, sizing of piers and foundations, which in 

turn will require smaller construction equipment such as pile driving rigs, lifting cranes etc. Based 

on the preliminary design parameters, the manufacturers anticipate the total dead load of the 140ft. 

and 50ft. span bridge superstructure with composite decking to be between 55 to 65 Tons, and 20 

to 25 Tons respectively. 

• Transport the 140ft. span and 50ft. span bridges in multiple pieces and assemble the bridges in 

the field using truss splices. A typical splice detail utilizing simple bolted connection for the 140ft. 

Pratt truss is shown below in Photo 22. By utilizing smaller pieces, the bridge can be transported 

easily through the city streets and will require a reduced staging area. Smaller pieces may also 
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mitigate the need for oversize load special permits during transportation. 

• Erect the bare steel superstructure only using cranes to reduce the crane pick weights and thus 

reducing the crane size. After installing the steel superstructure, then install decking components 

and miscellaneous components such as railings, ADA grab rails, toe kick, fencing or climb guards. 

• Erect the bridge using two cranes placed on either side of the creek. After the demolition of the 

south tie-in span and foundation, and removal of floor system of the pavilion on north end in the 

vicinity of the new alignment, there will be sufficient space for cranes to be placed in these areas, 

for erection of the new bridge spans. A typical erection scheme with two cranes is shown below 

in Photo 23. As discussed previously, if composite decking is used for the bridge, the total dead 

load will vary between 55 to 65 Tons. With two cranes and a factor of safety of 2.0 on crane 

capacity, a 55 to 65 Ton crane on both sides of the creek will suffice. 

 

Photo 22: Splice detail for Pratt Truss bridge 

 

 

 
 

 

Photo 23: Bridge erection using two cranes on either side of the creek 

 

• Use the above cranes to install foundation and substructure elements. Due to the modest weight 

of the bridge, they can be utilized to lift and install foundation and substructure elements such as 

steel/concrete piling, pile driving equipment, concreting equipment, formworks, rebar placement 

etc. 

 

Weighted score: 2.85 / 3.0 

 

Recommended Alternative ?     
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Ratings and Discussion: 

 

Fast-track opening of the bridge to pedestrians – This option has the shortest design and 

construction schedule of all options. 

 

Improve bridge resiliency and durability – This option will raise the profile of the bridge above 

flood levels, thus eliminating the susceptibility to future floods and associate debris damage. The 

new bridge has a weathering steel finish, thus not needing painting in the future over the creek. 

New decking system will be of composites or concrete, which will reduce the maintenance cost. 

 

Minimize design and construction cost – This option has the lowest design and construction cost 

of all options, and hence is most favorable to DNREC. 

 

Work within the constraints of access and constructability – This option is less favorable to 

working within the constraints. One crane on each side of the creek may be needed to erect the 

bridge. 

 

Improve bridge aesthetics – The new bridge has a weathering steel finish, thus neatly fitting to 

the aesthetics context of the site. 

 

Improve bridge functionality –The new bridge can be designed to meet all current code 

provisions and safety standards. 

 

 

  

3 

3 

3 

2 

3 

3 
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5. CONCLUSIONS AND RECOMMENDATIONS 
 

Below table shows a summary of the decision matrix for all options. After researching, developing, and 

evaluating each option, the decision matrix below was developed to compare each one based on the 

previously discussed key issues for DNREC.  

 

Key Issue Weight Option 1 Option 2 Option 3 

Fast-track opening of the bridge to pedestrians 25% Not favorable 1 Not Favorable 1 Most favorable 3 

Improve bridge resiliency and durability 25% Not addressed 0 Favorable 2 Most favorable 3 

Minimize design and construction cost 15% Favorable 2 Not favorable 1 Most favorable 3 

Work within the constraints of access and 

constructability 
15% Favorable 2 Not favorable 1 Favorable 2 

Improve bridge aesthetics 10% Favorable 2 Not favorable 1 Most favorable 3 

Improve bridge functionality 10% Favorable 2 Favorable 2 Most favorable 3 

Weighted score (out of 3.0) 100% 1.25 1.35 2.85 

 

Cost and Schedule Option 1 Option 2 Option 3 

Design Cost $0.6 to $0.7 Million $0.6 to $0.7 Million $0.3 to $0.4 Million 

Construction Cost1 $2.2 to $2.6 Million $3.4 to $4.1 Million $1.5 to $1.8 Million 

Total Cost $2.8 to $3.3 Million $4.0 to $4.8 Million $1.8 to $2.2 Million 

Time to reopen the bridge2 2.5 to 3.0 years 2.5 to 3.0 years 1.5 to 2.0 years 

1 – See Page 13, 17 and 22 of this report for breakdown of construction cost for each option 

2 – See Page 13, 17, 22 and Appendix I of this report for breakdown of construction and engineering schedule for each option 

 

Option 1 does not fast-track the opening of the bridge due to long schedule involving repairs and 

rehabilitation. In addition, it does not address issues related to bridge resiliency and durability. Option 2 

improves address and improves key issues related to bridge resiliency and durability, but has the highest 

total cost due to painting and assembly costs, modifications to the pavilion and trail, and potential right of 

way acquisition costs that may be incurred. Option 3 addresses all the key issues and is suited to work 

within the constraints of access and constructability. It is also the least total cost option and has the shortest 

schedule. After evaluating various parameters, Option 3 – Bridge replacement with a new 

prefabricated pedestrian bridge is the recommended option. 
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Brandy Creek Bridge at Bancroft Mills 

Site Visit Observations following Hurricane IDA 9/7/2021 

The bridge appears to have deformed  with the center of the span pushing down 

stream.  No measurements were taken but it appears to be displaced approximately 6 

inches. Shown by the yellow lines above (NTS).  Pictures 1,2, & 4.   

The deck appears to be slightly twisted. (picture 5).  This is difficult to see in the pic-

ture. 

There is what appears to be new cracking at the piers on the left (NE) bank. Pictures 

5,6,7, & 8 

There is a broken tie rod and woody debris in the truss structure.  Pictures 9 and 10  
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September 16, 2021 
 
 
DNREC State Parks, Office of Design and Development 
Attn.: Brooks Cahall, Capital Program Administrator 
89 Kings Highway 
Dover, DE 19901 
 
RE: Bancroft Bridge over the Brandywine River 
 Storm Damage Assessment 
 
Dear Brooks: 
 
In accordance with your request, Century Engineering conducted a site visit to the Bancroft 
Bridge over the Brandywine River on September 13, 2021.  The purpose of this visit was to 
examine the damage the structure sustained on September 1st and 2nd from flooding caused 
by Hurricane Ida.  This assessment was cursory in nature and conducted from the banks of 
the river and from the top side of the bridge deck.   
 
The Bancroft Bridge is comprised of three distinct sections consisting of: 

 The main steel box truss spanning over the river, with a span of approximately 142 
linear feet,  

 A short approach span on the south side of the river, supported on a series of 
reinforced concrete pedestals, 

 A series of spans on the north side of the river connecting with the covered steel 
pavilion.   
 

All superstructure elements are steel trusses and frames with timber stringers and timber 
decking.  Both approach spans were found in satisfactory condition with minor deficiencies 
identified.  Deficiencies for the approach spans and main span are listed below.  Spans are 
numbered from South to North and trusses are numbered from West to East. 
 
North Approach: 

1. Large 10-foot wide by 18-inch deep scour hole on the bank beneath the approach 
span.  This scour does not affect the structure and requires no action. 

2. Large open crack on the reinforced concrete pier foundation.  This crack is not new 
as is evident from the vegetation growing in it.  Sealing this crack should be performed 
to prevent water intrusion and prevent further deterioration. 

 
South Approach: 

1. No damage observed. 
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Bancroft Bridge over the Brandywine River 
Hurricane Ida Flood Damage - Condition Evaluation 
September 16, 2021 
Page 2 of 7 
 

 

Main Span: 
Deficiencies observed in the Main Span of the bridge are included on the following sheets 
with photos and descriptions to better illustrate the current condition of the bridge.  The 
damaged areas presented are representative and are not all-inclusive of the damage and 
deterioration contained on the bridge.   
 
Century Engineering recommends the Bancroft Bridge remain closed to the public and an in-
depth inspection of the bridge be performed to identify other suspected deficiencies and 
possible failures.  Following a thorough inspection of the structure it will be possible to 
evaluate the structural integrity of the bridge and provide remediation options to provide 
continued service of the structure. 
 
Please feel free to contact me if you have any questions regarding this report or the Bancroft 
Bridge. 
 
Sincerely, 
Century Engineering, Inc. 
 
 
 
Walter J. Hoey, III, P.E. 
Sr. Engineer 
 
cc: Alex Schmidt, P.E. (Century) 

File: (G:\Projects\175013.00 (DNREC 2017 Engineering OE)\175013.77 2021 Brandywine Bridges 
Inspection\DESIGN\CommentsSubmissions\DNREC\2021-9-14BancroftBridge.docx) 
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Figure 1: 
Bottom diagonal tie-rod in fifth bay is 
broken on one end and hanging down. 

 

 

Figure 2: 
Bottom diagonal tie-rod in first bay is 
severely bent from compression caused 
by the west truss shifting to the east. 

 

Figure 3: 
Diagonal tie-rod in 4th bay connecting 
top west chord to bottom east chord is 
broken at the bottom and hanging from 
the top. 
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Figure 4: 
Pier 1, east vertical post has shifted 4.5 
inches to the east on the masonry pad.  
Anchor bolts are not visible and appear 
to be completely corroded away. 

 

 

Figure 5: 
Pier 1, bottom horizontal double 
channel is cracked and separated from 
the west post. 
 

 

Figure 6: 
Pier 1, west vertical post displays severe 
section loss and cracks in bottom of the 
easterly C-Channel. 
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Figure 7: 
Pier 1, west vertical post contains open 
crack at the top gusset plate.  Diagonal 
lattice bracing is missing rivets in 
several locations. 
 

 

Figure 8: 
Pier 1 west vertical post is leaning to the 
east. 
 

 

Figure 9: 
Pier 1 east vertical post is leaning to the 
east. 
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Figure 10: 
Large tree limbs and debris are hung-up 
in truss. 

 

Figure 11: 
The south end of Main Truss top 
horizontal member is severely rusted 
with extreme section loss.  This element 
provides no structural support. 
 

 

Figure 12: 
The East and West Trusses are bowing 
to the east.  West Truss shown, West 
Truss similar. 

36



Bancroft Bridge over the Brandywine River 
Hurricane Ida Flood Damage - Condition Evaluation 
September 16, 2021 
Page 7 of 7 
 

 

 

Figure 13: 
Pier 1, contains a large spall in concrete 
pedestal under the east masonry pad.  

 Figure 14: 
Pier 1, stone masonry is dislodged on 
the north side of pier. 
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Alapocas Park Pedestrian Bridge (Bancroft Bridge) over Brandywine Creek 

Wilmington, Delaware 

Site Visit Photos 

Greenman-Pedersen, Inc.     11000 Broken Land Parkway, Suite 500  Columbia, MD 21044 p 410-880-3055 

An Equal Opportunity Employer 
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APPENDIX E

FEMA MAPS NEAR THE BRIDGE SITE
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APPENDIX F

LiDAR and Hydro SURVEY RESULTS
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Alapocas Park Pedestrian Bridge (Bancroft Bridge) over Brandywine Creek 

Wilmington, Delaware 

300 ft. historic bridge site visit photos 

Greenman-Pedersen, Inc.     11000 Broken Land Parkway, Suite 500  Columbia, MD 21044 p 410-880-3055 

An Equal Opportunity Employer 
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Alapocas Park Pedestrian Bridge (Bancroft Bridge) over Brandywine Creek 

Wilmington, Delaware 

Schedule Details 

Greenman-Pedersen, Inc.     11000 Broken Land Parkway, Suite 500  Columbia, MD 21044 p 410-880-3055 

An Equal Opportunity Employer 

 

Approximate Design and Construction Schedule Option 1 Option 2 Option 3 

In-depth inspection of existing bridge 1.5 months 1.5 months - 

Calculate section properties and develop analysis model 1 month 1.5 months - 

Analyze the model for design loadings 1 month 1 month - 

Permit approvals for soils exploration, borings and engineering - 
Concurrent with 

above work 
1 month 

Additional survey work - 
Concurrent with 

above work 

Concurrent with 

above work 

Design work and Development of repair and rehabilitation design 

contract drawings, specifications and cost estimates 
4 months - - 

Design work and Development of historic bridge design contract 

drawings, specifications and cost estimates 
- 4 months - 

Design work and Development of new bridge design contract 

drawings, specifications and cost estimates 
- - 4 to 6 months 

Reviews and comments by DNREC on Contract drawings, 

specifications, and cost estimates at various stages of design work 
1 to 2 months 1 to 2 months 1 to 2 months 

Approvals related to Cultural resources 
Concurrent with 

above work 

Concurrent with 

above work 

Concurrent with 

above work 

Approvals related to Environmental resources - - 
Concurrent with 

above work 

Approvals from SHPO, FEMA and DNREC Facilities 

management  
- 

Concurrent with 

above work 

Concurrent with 

above work 

Permit approvals for relocation/removal of utilities in the vicinity 

of the bridge 

Concurrent with 

above work 

Concurrent with 

above work 

Concurrent with 

above work 

Right of way acquisition on South end - 
Concurrent with 

above work 
- 

Advertisement and procurement 2 to 4 months 2 to 4 months 2 to 4 months 

Construction of repairs and rehabilitation of the existing bridge 

(see Page 13 of report) 
1.8 years - - 

Construction of historic bridge (see Page 17 of report) - 1.83 years - 

Construction of new prefabricated bridge (see Page 22 of report) - - 1.17 years 

Approximate Total Time to reopen the bridge 2.5 to 3 years 2.5 to 3 years 1.5 to 2 years 
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