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COST ENGINEERING

1.0 COST NARRATIVE

Corps of Engineers cost estimates for planning purposes are prepared in accordance with the
following guidance:

e Engineer Technical Letter (ETL) 1110-2-573, Construction Cost Estimating Guide for Civil Works,
30 September 2008

e Engineer Regulation (ER) 1110-1-1300, Cost Engineering Policy and General Requirements, 26

March 1993

ER 1110-2-1302, Civil Works Cost Engineering, 15 September 2008

ER 1110-2-1150, Engineering and Design For Civil Works Projects, 31 August 1999

ER 1105-2-100, Planning Guidance Notebook, 22 April 2000, as amended

Engineer Manual (EM) 1110-2-1304 (Tables revised 30 March 2007), Civil Works Construction Cost

Index System, 31 March 2013

e CECW-CP Memorandum For Distribution, Subject: Initiatives To Improve The Accuracy Of Total
Project Costs In Civil Works Feasibility Studies Requiring Congressional Authorization, 19 Sep 2007

e CECW-CE Memorandum For Distribution, Subject: Application of Cost Risk Analysis Methods To
Develop Contingencies For Civil Works Total Project Costs, 3 Jul 2007

e Cost and Schedule Risk Analysis Guidance, 17 May 2009

The goals of the Cost Engineering Section for the Major Rehabilitation Evaluation Report are to
present a Total Project Cost (construction and non-construction costs) for the Bridge
Rehabilitation Alternative and Bridge Replacement Alternative at the current price level to be
used in determining the economically efficient rehabilitation strategy. In addition, the costing
efforts are intended to produce a final product, or cost estimate, that is reliable and accurate and
that supports the definition of the Government’s obligations. The cost estimates are screening
level detail for the purposes of the decision to either rehabilitate or replace the bridges and are
not intended, nor adequate, to be used for project budgeting.

2.0 PROJECT DESCRIPTION

The Major Rehabilitation Evaluation Study (MRES) will develop and prepare a Major
Rehabilitation Evaluation Report (MRER) to develop the engineering requirements, costs, and
associated consequences for rehabilitation of the Bourne and Sagamore bridges to determine the
economically efficient rehabilitation strategy. The MRES will evaluate the existing condition and
reliability of both the Bourne and Sagamore highway bridges of the Cape Cod Canal, MA
Federal Navigation Project (FNP). The study will identify the timeline and budget requirements
necessary to maintain satisfactory performance of the two bridges, and determine if restoration of
the bridges can significantly improve their reliability and extend their physical life. Should the
results of the evaluation demonstrate that rehabilitation was not a likely practicable long-term
solution, then bridge replacement would need to be considered and alternative replacement plans
developed. The MRES would thus include detailed analysis and evaluation of the alternatives for
both rehabilitation and replacement, and a direction forward. The analysis will follow the
guidance outlined in ER/EP 1130-2-500 and will result in a Major Rehabilitation Evaluation
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Report (MRER). The MRER will look at all alternatives over a 50-year study period as
determined by the ER/EP.

The major rehabilitation report compares the base condition against various maintenance
scenarios. The base condition assumes that the existing O&M practices continue with emergency
repairs of failed components as they occur, or “Fix-as-Fails” baseline. The rehabilitation
alternative includes scheduled replacement of major bridge components to avoid emergency
repair. The MRER will also include bridge replacement as an alternative for comparison.

3.0 ALTERNATIVES

A number of alternatives were initially considered during the early stages of the major
rehabilitaton evaluation. These alternatives included: a program of repair and major
rehabilitation for both bridges, replacement of one or both bridges with four lanes each,
replacement of one or both bridges with four through-traffic lanes and two
acceleration/deceleration lanes each, replacement of both bridges with a single bridge,
construction of a new third highway bridge by others, replacement of one or both bridges with a
tunnel(s), replacement of one or both bridges with low level draw spans or causeways, and
finally deauthorization and closure of the canal. These initial alternatives were evaluated and
screened to reduce the list to only those plans which in terms of likely cost, impacts on the
marine and land transportation systems, traffic and environmental impacts, and overall
practicability would be implementable.

3.1 ALTERNATIVES ELIMINATED FROM FURTHER CONSIDERATION

Several of the initial alternatives were eliminated from further consideration prior to requiring
cost estimate development. The replacement of one or both bridges with a single bridge was
screened out due to the need for extensive redesign of the local surface roads and regional
highway connections on both the Cape and mainland sides of the Canal. This would require
significant real estate takings includes lands from the Massachusetts Military Reservation as well
as wetlands alternations and rerouting of utility corridors. The construction of a new third
highway bridge by others was screened out due to the fact that USACE has no authority to
construct a third highway bridge over the Canal and this alternative would not address the need
to continue with repairs and ultimately rehabilitation or replacement of the existing bridge
structures as they continue to age. The replacement of one or both bridges with low level draw
spans was screened out as they would eliminate the Canal as a navigable channel for deep draft
commercial vessels. This would also require construction and expansion of moorings and
anchorage areas so the smaller vessels could queue for bridge openings which would also impact
vehicular traffic. Similarly, the replacement of one or both bridges with low level causeways was
screened out as it would eliminate the Canal as a navigable waterway for all but the smallest
recreational craft. Both the low level draw spans and causeways would require most if not all
cargo and military vessels and all commercial and military vessels, respectively, to return to the
ocean route around the Cape, Islands, and shoals and banks when transitioning between northern
New England and ports to the west and south. The alternative to deauthorize and close the canal
was screened out as it would eliminate the Canal as a navigable waterway entirely and all
navigation between northern New England and ports to the west and south would be required to
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return to the ocean route around the Cape, Islands, and shoals and banks to the east of Nantucket.
While this route is more hazardous for all vessels, it is particularly dangerous for small craft
which would pose significant life and safety issues.

A parametric cost was generated for the replacement of one or both bridges with a tunnel(s)
alternative. Two recent tunnel projects were researched; the MLK Extension Midtown Tunnel
project in Virginia is an immersed tube tunnel and the Parallel Thimble Shoal Tunnel project
also in Virginia is a bored tunnel. The contract award cost was used to generate a unit price per
linear foot which was escalated to then-current dollars using the most current CWCCIS rates at
that time. It should be noted that the contract award cost for the MLK Extension project included
other features of work in addition to the tunnel. A percentage of this total project cost was
assumed to be related specifically to the tunnel. The unit price, regardless of tunnel construction
type, was approximately $206,000/1f of two-lane tunnel. Assuming the length of tunnel
necessary is similar to the current bridge lengths, and Canal tunnels would likely be four lane
tunnels, a unit price of $412,000/1f was multiplied by 2,400 If for the Sagamore tunnel and 4,050
If for the Bourne tunnel resulting in costs of approximately $989M and $1,669M, respectively.
This cost of the tunnels alone, along with the required road network reconfigurations and real
estate concerns, proved to be cost prohibitive and the alternative was eliminated from further
consideration.

A Level 5 screening /pre-budget estimate was generated for the replacement of one or both
bridges with new bridges limited to four lanes each. This alternative was eliminated from further
consideration, however, based on comments received during review of the draft report. While
such a design is within the Corps existing authority to provide vehicular crossings over the Cape
Cod Canal, a design that eliminates auxiliary lanes in this situation would not be consist with
modern highway design under the FHWA design standards and MA DOT guidelines. Carrying
this alternative forward for detailed consideration would therefore be contrary to best
engineering practices and was not carried forward for detailed study in the final report.

3.2 ALTERNATIVES CONSIDERED FOR FURTHER EVALUATION

Two alternatives were carried forward for development and detailed evaluation. These include
the major rehabilitation of both existing bridges followed by regular maintenance, repair and
eventually another rehabilitation action within the 50-year period of analysis (herein referred to
as the bridge rehabilitation alternative) and the bridge replacement for both bridges with 6
vehicle lanes (herein referred to as the bridge replacement alternative).

3.3 BRIDGE REHABILITATION ALTERNATIVE

This alternative consists of one major rehabilitation to each bridge; this rehab consists of truss
span deck replacement, suspender cable replacement, abutment span replacement, bearing
replacement, joint replacement, minor and major steel truss repairs, paving, and complete
painting of structural steel members. Throughout the 50-year project life of the MRER,
additional repairs to each bridge are expected to be necessary. This timeline of repairs is
summarized in Table C1 below:



Table C1: Rehabilitation Timeline

Sagamore Bridge Rehabilitation Timeline
Year Repair
2025-2027 | Major Rehabilitation

2032 Maintenance Painting

2033 Joint Replacement

2039 Maintenance Painting

2040 Paving and Joint Replacement
2045 Complete Painting

2047 Joint Replacement

2052 Maintenance Painting

2055 Paving and Joint Replacement
2059 Maintenance Painting

2065 Truss Deck Replacement, Floorbeam Repairs, Major
Steel Repairs, Complete Painting, and Joint Replacement

Bourne Bridge Rehabilitation Timeline
Year Repair
2029-2031 | Major Rehabilitation

2036 Maintenance Painting

2037 Joint Replacement

2043 Maintenance Painting

2044 Paving and Joint Replacement
2049 Complete Painting

2051 Joint Replacement

2056 Maintenance Painting

2059 Paving and Joint Replacement
2063 Maintenance Painting

2069 Truss Deck Replacement, Floorbeam Repairs, Major
Steel Repairs, Complete Painting, Joint Replacement

Because of the existing and anticipated future conditions of the bridges, approximately 40 years
after the initial major rehab of each bridge, another significant repair is expected. This repair
consists of truss span deck replacement, floorbeam repairs, major steel repairs, joint replacement,
and complete painting of structural steel of each bridge.

3.4 BRIDGE REPLACEMENT ALTERNATIVE

This alternative consists of the replacement of each bridge with a new cable-stayed -lane bridge
with two on/off auxiliary lanes to assist motorists with acceleration and deceleration on and off
the bridges to connect with local roads. Presently the right-hand travel lane in each direction
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doubles as the acceleration/deceleration lane which limits unrestricted through traffic flow to one
lane in each direction. Adding dedicated acceleration/deceleration lanes to the bridge decks
should further ease both through and entering/existing traffic. The replacement bridges would be
constructed using the latest safety guidelines from MUTCD and FHWA as far as lane widths,
shoulders, sidewalks, etc. For the purposes of this study, it is assumed that the new bridges
would be located adjacent to and inshore of the existing bridges, as shown in Figure C1.

Existing Bridee Location
New Bridge Location _—

\ A AR Mt

Figure C1: Bridge Replacement Locations

These new alignments of the bridges will necessitate significant alterations to the approaches and
departures to and from each bridge. The replacement alternatives include demolition of the
existing bridges upon completion of the replacements as well as major repair costs every 20
years over the 50-year study period. The major repair costs were assumed necessary and
obtained from Philadelphia District and are based off the SR-1 Bridge which is also a cable-
stayed bridge of similar length and lane configuration to those proposed in this project.
Philadelphia District issued a contract for major repairs approximately 20 years after completion
of their bridge. These repairs included cleaning the concrete surface, box girder repairs, drainage
repairs, etc. It should be noted these major repair costs will vary in frequency and cost depending
on the type of replacement bridge.

For the purposes of this study, a cable-stayed bridge was investigated. However, any bridge
replacement would require further investigation to ascertain the most economical and favorable
bridge type. These conceptual cable-stayed bridges are based on the SR-1 bridge over the
Chesapeake and Delaware Canal in Delaware. This bridge type was chose for this study, in part,
because it is a USACE-owned bridge over a marine navigation canal (the Chesapeake and
Delaware Canal) of similar proportions to the Cape Cod Canal. It provides an alternative similar
to what would be required for a new bridge to cross our Canal. A replacement bridge type and
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design have not been accomplished for this study. The bridge replacements described in the
Structural Appendix are only representative of what could be used as a replacement structure.

4.0 ALTERNATIVES ROM CONSTRUCTION COST ESTIMATES

Rough Order of Magnitude (ROM) construction cost estimates for the two alternatives were
developed using quantities provided by the Project Delivery Team (PDT), specifically the Corps
of Engineers New England District (CENAE) Structural Engineering Design Section. These
quantities were then applied to parametric unit costs that were based upon historical data such as
bid abstracts for previously solicitated projects and previously developed construction cost
estimates for similar repair work on the Sagamore and/or Bourne Bridges or used along with
RSMeans, MII Cost Libraries, and vendor quotations to create new parametric construction cost
estimates. The MCACES MII cost estimates are provided as Attachment 1 to this Cost
Engineering Appendix. A Cost and Schedule Risk Analysis (CSRA) was performed for each
alternative to identify and assess potential risks associated with this project. Table C2
summarizes these ROM costs, presented as the Project First Costs, along with the contingency
for each alternative and each bridge developed in the CSRA.

Table C2: Alternative ROM Cost Estimate Summary

Project First Costs (FY20) — Sagamore Bridge
Construction $ Contingency | Contingency $ Total
%
Rehabilitation 257,997,000 43% 110,939,000 368,936,000
Alternative
Replacement Alternative 350,174,000 44% 151,722,000 501,895,000
Project First Costs (FY20) — Bourne Bridge
Construction $ Contingency | Contingency $ Total
%
RehabilitationAlternative 284,778,000 43% 122,455,000 407,233,000
Replacement Alternative 508,360,000 44% 221,315,000 729,675,000

6.0 BASIS OF ESTIMATE
6.1 ASSUMED CONSTRUCTION METHODOLOGY

The assumed construction methodology for both the rehabilitation and replacement alternatives
is largely via land-based plant(s). It is assumed there is significant marine traffic in the Canal that
would prohibit a majority of the work be done via marine-based plant(s); however, a marine-
based plant was included as support equipment for a one-year duration during both the
rehabilitation and replacement construction at each bridge location. For the rehabilitation
alternatives, there are partial and limited full lane closures on the bridges expected in each spring
and fall construction season over the anticipated 3.25-year construction duration per bridge
which will result in significant travel delays. There are no delays expected with the construction
of the replacement bridges as the existing bridges will be in full operation over the 5-year
construction duration per bridge. The bridge rehabilitations are expected to rely on truck-
mounted cranes and scissor lifts for above-deck activities and snooper trucks and cable-
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suspended scaffolding for below-deck activities. The bridge replacements, if cable-stayed
bridges are ultimately selected, are expected to be constructed using the span-by-span method
with an over-head gantry. The superstructure is expected to be erected in one direction cantilever
using large ~250 ton cranes.

6.2 COST DATA SOURCES

The construction cost estimates were developed using Micro-Computer Aided Cost Estimating
System (MCACES), Second Generation (MII) using the appropriate Work Breakdown Structure
(WBS). The rehabilitation construction cost is based on cost estimates for each of the individual
ten repairs that make up the rehab. These cost estimates were developed utilizing cost resources
such as RSMeans, MII Cost Libraries, and historical project costs and are supported by the
preferred labor, equipment, materials, and crew/production breakdown. The replacement
construction cost is based on bridge construction estimates for smaller projects scaled up to
match the scope of this project. Specific features of work relative to the example cable-stayed
bridge type were then added to the estimate. The unit cost for demolition of the existing bridges
is based on a document from Florida Department of Transportation (FDOT) with bridge
demolition costs from 2014. The document provides a range of demo costs, which were
averaged, and an area cost factor applied from the latest PAX newsletter to bring the demo cost
to current dollars more representive of the study area. The costs associated with the approaches
to the new bridges are based on unit cost information provided by Massachusetts Department of
Transportation (MASSDOT). The unit costs provided account for new roadway construction,
embankment and drainage requirements, retaining walls, and any necessary fly-overs or bridges
that might be necessary given the proposed approach layout and the existing roadway network.
An additional cost was included in the approaches to account for site restoration, lighting, and
beautification of the new roadways. The MASSDOT pricing appeared to be priced at FY'17 price
levels so these unit costs were also escalated to today’s dollars. The MII cost estimates are based
on the 2016 Cost Book, 2016 Region 1 Equipment Book, and the latest prevailing wage
information for Suffolk County available at the time the estimates were prepared; General
Decision Number: MA20190008 05/17/2019 (for the rehabilitation alternative) and
MA20200008 02/21/2020 (for the replacement alternative), Construction Type: Heavy (Heavy
and Marine). A significant portion of the tasks associated with the rehabilitation estimates were
derived from previous contract actions and bid abstracts, a record of historical repair costs
maintained by NAE Structural Engineering Design Section, and previously completed cost
estimates for repairs at the Sagamore and/or Bourne Bridges. All costs obtained from sources
before FY19 were escalated to today’s dollars using EM 1110-2-1304, CIVIL WORKS
CONSTRUCTION COST INDEX SYSTEMS (CWCCIS), dated 30 September 2020. Feature
Code 08 (Roads, Railroads & Bridges) was used exclusively to determine those escalation
factors. Quantities related to the individual cost estimates for each of the ten bridge repair tasks
that comprise the bridge rehabilitation as well as the bridge replacement cost estimate were
developed with minimal input from the PDT, except from the Structural Engineering Design
Section, as no design work, even conceptual, has been completed for any of the alternatives.
Both alternatives considered utility relocations for the existing utilities that run adjacent to the
bridge abutments as well as along both the Sagamore and Bourne Bridges across and above the
Canal. As part of either alternative, including rehabilitation, the gas lines would be removed
from the bridges and new gas lines be constructed under the canal via directional drilling. There
is assumed to be 1 line on each bridge that would require relocation. After speaking with several
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representatives from the directional drilling industry who have worked in the greater Boston area
as well as the Cape, a lump sum price was assumed for each gas line to be drilled under the
Canel It was assumed all other utilities on the bridges would be temporarily relocated to the
bridge exteriors to accommodate construction. Under the replacement alternative, there are
additional utilities that would require relocation; these costs were generated by assuming a total
linear foot of pipe to be demo’ed and installed along with a and unit cost for each. There is also a
gas metering station adjacent to the Bourne Bridge and a recitifier and anode bed adjacent to the
Sagamore Bridge that would need to be demo’ed and constructed adjacent to the new abutments.
The Real Estate Division has provided real estate cost estimates for the anticipated real estate
actions in the bridge replacement alternative; these costs include both real estate damages and
non-compenable damages. Lastly, the bridge replacement alternative includes an accounting of
the potential environmental and cultural restoration and/or mitigation that will likely be required
once the NEPA requirements are satisfied in the next phase of design. This cultural resource
preservation cost has been estimated as 5% of the bridge replacement cost.

6.2 MAJOR ASSUMPTIONS

It was assumed the existing bridges would not be salvaged during construction. They are likely
considered historical structures and will likely will be demo’ed and dismantled instead of
demo’ed and salvaged.

It was also assumed the linear footage of new approach roads considered by MASSDOT in their
conceptual cost estimate is appropriate given the proposed locations of the replacement bridges.

It was assumed the gas line relocation would run the same route on the mainland and Cape sides
to the same point along the Canal where the line would be run under the canal regardless of the
alternative selected. It was assumed each gas line would have it’s own line directly drilled under
the canal.

6.3 MAJOR RISKS

All risks associated with the project have been captured and quantified in the Cost and Schedule
Risk Analysis to develop the risk-based contingency for each alternative. Overarching risks to
the project as a whole, regardless of which alternative is selected, is certainly project funding
related. The current project schedule has funding approval occurring in FY20; given the project
first costs of either alterntive, this funding timeline seems unlikely at best.

More specific to the estimates themselves, the major risk of the rehabilitation estimate is that the
scope of historical projects, and the cost associated with them, matches up with the assumed
scope of the rehabilitation tasks. For those rehabilitation tasks we developed new cost estimates
for, the risk is that we captured enough of the scope and quantity to develop a defensible
estimate. The major risk of the replacement estimate is that our previous bridge estimates for
much smaller bridges are scalable in any way to capture the anticipated cost of new cable-stayed
bridges and the additional features of work that were added are adequate, in quantity and unit
price, to fully capture the anticipated cost of those features.



7.0 SCHEDULE

The construction schedule for both the rehabilitation and replacement alternatives were prepared
using Microsoft Excel and are based on years of anticipated work. There are too few details on
any individual repair, the major rehab, or the replacement to drill too far into features of work
and sub features to be able to generate a more comprehensive schedule. It should be noted that
the real estate activities for the replacement are not accounted for in the construction schedule
but are expected to take considerable time to complete. The project start for both rehabilitation
and replacement are based on input from CENAE Structural Engineering Design Section and
their assessment of the current condition of the bridges. The repair or replacement must
commence by 2025 in order to avoid having to contract all or part of the initial major
rehabilitation to avoid posting load limits on one or both of the bridges. The project schedule is
provided as Attachment 2 to this Cost Engineering Appendix.

8.0 CONTINGENCY

The goal in contingency development is to identify the uncertainties associated with an item of
work or task, forecast the cost/risk relationship, and assign a value to this task that would limit
the cost risk to an acceptable degree of confidence. Consideration must be given to the details
available at each stage of planning, design, or construction for which a cost estimate is being
prepared.

A Cost and Schedule Risk Analysis (CSRA) was conducted according to the procedures outlined
in the manual entitled “Cost and Schedule Risk Analysis Guidance”, dated 17 May 2009.
Members of the New England District Project Delivery Team (PDT) participated in a cost risk
analysis brainstorming session to identify risks associated with the project. The Risk Analysis
utilized the “HIGH RISK” category as both alternatives represent complex projects involving
construction with life safety issues. Assumptions were made to the likelihood and impact of
each risk item, as well as the probability of occurrence and magnitude of the impact if it were to
occur. Adjustments were made to the analysis upon review by the PDT and the final
contingencies were established. The CSRA Report is provided as Attachment 3 to this Cost
Engineering Appendix.

It should be noted that the subject matter experts applied uncertainty bounds to the deterministic
cost estimate in order to characterize overall project uncertainty. There was no uncertainty
evaluation at the detailed cost estimate level.

9.0 PLANNING, ENGINEERING, AND DESIGN (PED)

The costs were estimated for all activities associated with the planning, engineering and design
effort. The planning, engineering and design of the rehabilitation and subsequent repairs is
expected to occur in-house while the replacement is expected to be contracted to an
architect/engineer firm. The PED costs for all portions of the rehabilitation and replacement
alternatives were estimated using a percentage of the construction cost which varies based on the
value of the construction. For the rehabilitation alternative, if the construction cost is less than
$1M, PED is calculated as 20% of the construction cost, if the construction cost is greater than
$1M but less than $2M, PED is calculated as 15% of the construction cost, if the construction
cost, if the construction cost is greater than $2M but less than $5M, PED is calculated as 10% of
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the construction cost, and if the contruction cost is greater than $5M, PED is calculated as 5% of
the construction cost. For the replacement alternative, the PED for the bridge replacement was
calculated as 8% of the bridge replacement cost and PED for the approach roadway construction
was calculated as 10% of the approach roadway construction cost. It is expected the PED values
generated include the preparation of Design Documentation Reports and plans and specifications
for each construction contract and engineering support during construction through project
completion. It includes all the in-house labor based upon work-hour requirements, material and
facility costs, travel and overhead.

10.0 CONSTRUCTION MANAGEMENT (S&A)

The costs were developed for all construction management activities from pre-award
requirements through final contract closeout. These costs include the in-house labor based upon
work-hour requirements, materials, facility costs, support contracts, travel and overhead. Costs
were developed based on the input from the Construction Division in accordance with the CWBS
and include but are not limited to anticipated items such as the salaries of the resident engineer
and staff, survey men, inspectors, draftsmen, clerical, and custodial personnel; operation,
maintenance and fixed charges for transportation and for other field equipment; field supplies;
construction management, general construction supervision; project office administration,
distributive cost of area office and general overhead charged to the project. The work items and
activities would include, but not be limited to: the salaries of all supervisory, engineering
(including resident geologist and geological staff), office and safety field personnel; all on site
expenses.

11.0 CONDITIONAL COST CERTIFICATION AND TOTAL PROJECT
COST SUMMARIES

Conditional Cost Certification was obtained from the Walla Walla District Cost Engineering
Mandatory Center of Expertise on 02 March 2020. The areas of concerns resulting in a
conditional certification are as follows:

e Costs have been developed to a Class 5 screening/pre-budget development level
sufficient for MRER evaluation of rehabilitation versus replacement but not to the Class
3 level required for Feasibility Phase Certification/budget authorization.

e Additional design refinement and NEPA documentation will be required prior to
establishment of budget/funding.

e MRER has not been developed to a Feasibility Level Scope and should not be used for
budgetary/funding purposes.

The Total Project Cost Summary (TPCS) addresses the inflation through project completion;
accomplished by escalation to the mid-point of construction. The TPCS includes costs for all
construction features of the project, PED and S&A, along with the appropriate contingencies and
escalation associated with each of these activities. The TPCS is formatted according to the
CWWBS. The TPCS was prepared using the MCACES/MII cost estimate, contingencies
developed through the CSRA, the construction schedule, and estimates of PED and S&A based
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on percentages of the construction cost and input from the Construction Division, respectively.
The TPCS for both the bridge rehabilitation and bridge replacement alternatives for the Bourne
and Sagamore Bridges are provided as Attachment 4 to this Cost Engineering Appendix.



Attachment 1

MCACES MII Cost Estimates



Print Date Thu 5 March 2020
Eff. Date 9/11/2019

Description

U.S. Army Corps of Engineers Time 11:02:00
Project Estimate: CCC Sagamore Bridge Major Rehab
COE Standard Report Selections Project Cost Summary Report Page 1

DirectLabor DirectEQ DirectMatl DirectSubBid DirectCost ContractCost ProjectCost

Project Cost Summary Report

Sagamore Bridge Major Rehab
0001 Truss Span Deck Replacement
0002 Suspender Cable Replacement
0003 Replace Abutment Spans
0004 Bearing Replacement
0005 Joint Replacement
0006 Minor Steel Truss Repairs
0007 Major Steel Truss Repairs
0008 Paving
0009 Maintenance Painting of Structural Steel
0010 Complete Painting of Structural Steel
02 Relocations (Utilities)

Labor ID: NLS2016 EQ ID: EP16RO1

8,876,316 2,045,776 3,459,188 55,246,992 69,628,272 107,392,905 107,392,905
8,876,316 2,045,776 3,459,188 55,246,992 69,628,272 107,392,905 107,392,905

0 0 0 12,962,692 12,962,692 19,514,751 19,514,751
0 0 0 7,102,467 7,102,467 10,692,445 10,692,445
1,156,076 61,048 2,359,542 947,672 4,524,339 8,192,055 8,192,055
489,900 90,041 47,473 0 627,414 1,167,418 1,167,418
0 0 0 1,064,050 1,064,050 1,979,859 1,979,859
1,403,784 428,190 233,251 1,263,858 3,329,082 6,194,363 6,194,363
5,826,556 1,466,497 818,923 2,667,326 10,779,301 20,056,854 20,056,854
0 0 0 1,555,184 1,555,184 2,341,260 2,341,260

0 0 0 4,697,846 4,697,846 7,072,396 7,072,396

0 0 0 14235897 14235897 21,431,504 21,431,504

0 0 0 8,750,000 8,750,000 8,750,000 8,750,000

Currency in US dollars TRACES MII Version 4.4
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Print Date Thu 5 March 2020 U.S. Army Corps of Engineers Time 11:00:52

Eff. Date 9/11/2019 Project Estimate: CCC Bridge Bourne Major Rehab
COE Standard Report Selections Project Cost Summary Report Page 1
Description DirectLabor DirectEQ DirectMatl DirectSubBid DirectCost ContractCost ProjectCost
Project Cost Summary Report 14,573,133 3,334,088 4,533,515 60,767,376 83,208,112 125,474,766 125,474,766
Bourne Bridge Major Rehab 14,573,133 3,334,088 4,533,515 60,767,376 83,208,112 125,474,766 125,474,766
0001 Truss Span Deck Replacement 0 0 0 20,932,830 20,932,830 30,163,295 30,163,295
0002 Suspender Cable Replacement 0 0 0 7,102,467 7,102,467 10,234,345 10,234,345
0003 Replace Abutment Spans 1,156,076 61,048 2,359,542 947,672 4,524,339 7,841,080 7,841,080
0004 Bearing Replacement 1,530,180 270,124 142,418 0 1,942,722 3,459,918 3,459,918
0005 Joint Replacement 0 0 0 1,087,900 1,087,900 1,937,511 1,937,511
0006 Minor Steel Truss Repairs 2,609,909 604,965 689,625 1,255,726 5,160,225 9,190,177 9,190,177
0007 Major Steel Truss Repairs 9,276,968 2,397,951 1,341,930 2,651,062 15,667,910 27,903,991 27,903,991
0008 Paving 0 0 0 2,237,912 2,237,912 3,224,734 3,224,734
0009 Maintenance Painting of Structural Steel 0 0 0 3,920,749 3,920,749 5,649,628 5,649,628
0010 Complete Painting of Structural Steel 0 0 0 11,881,058 11,881,058 17,120,086 17,120,086
02 Relocations (Utilities) 0 0 0 8,750,000 8,750,000 8,750,000 8,750,000

Labor ID: NLS2016 EQ ID: EP16RO1 Currency in US dollars TRACES MII Version 4.4
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Print Date Thu 5 March 2020
Eff. Date 10/1/2019

U.S. Army Corps of Engineers
Project CCC_New_ 6: CCC Bridge Replacements 4-Lane Bridges with Auxiliary On/Off Lanes

COE Standard Report Selections

Time 10:59:28

Project Cost Summary Report Page 1

Description DirectLabor DirectEQ DirectMatl DirectSubBid DirectCost ContractCost ProjectCost
Project Cost Summary Report 220,578,467 50,312,618 91,232,524 237,287,701 599,411,310 775,621,341 775,621,341
CCC Sagamore Bridge Replacement (4 Lanes with Auxiliary 84,003,935 22,488,935 33,512,051 107,709,979 247,714,899 316,468,901 316,468,901
On/Off Lanes)
01 Lands and Damages (Real Estate) 0 0 0 6,925,000 6,925,000 6,925,000 6,925,000
02 Relocations (Utilities) 0 0 0 20,500,000 20,500,000 20,500,000 20,500,000
08 Replace Sagamore Bridge 84,003,935 22,488,935 33,512,051 23,871,520 163,876,440 232,630,442 232,630,442
08 Bridge Approaches (MASSDOT) 0 0 0 34,603,464 34,603,464 34,603,464 34,603,464
18 Cultural Resource Preservation 0 0 0 13,361,695 13,361,695 13,361,695 13,361,695
08 Major Bridge Repairs (20 years out) 0 0 0 4,224,150 4,224,150 4,224,150 4,224,150
08 Major Bridge Repairs (40 years out) 0 0 0 4,224,150 4,224,150 4,224,150 4,224,150
CCC Bourne Bridge Replacement (4 Lanes with Auxiliary 136,574,533 27,823,684 57,720,472 129,577,723 351,696,411 459,152,440 459,152,440
On/Off Lanes)
01 Lands and Damages (Real Estate) 0 0 0 6,950,000 6,950,000 6,950,000 6,950,000
02 Relocations (Utilities) 0 0 0 18,500,000 18,500,000 18,500,000 18,500,000
08 Replace Bourne Bridge 136,574,533 27,823,684 57,720,472 25,902,976 248,021,664 355,477,693 355,477,693
08 Bridge Approaches (MASSDOT) 0 0 0 53,549,250 53,549,250 53,549,250 53,549,250
18 Cultural Resource Preservation 0 0 0 20,451,347 20,451,347 20,451,347 20,451,347
08 Major Bridge Repairs (20 years out) 0 0 0 4,224,150 4,224,150 4,224,150 4,224,150

Labor ID: NLS2016 EQ ID: EP16RO1

Currency in US dollars

TRACES MII Version 4.4
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EXISTING SAGAMORE BRIDGE

EXISTING BOURNE BRIDGE

SAGAMORE REPLACEMENT

BOURNE REPLACEMENT

Fiscal Fiscal
Year | No. Work Item No. Work Item Work Item Work Item Year
2023 2023
2024 2024
2025 2025
2026 01 SAGAMORE MAJOR REHAB SAGAMORE REPLACEMENT 2026
2027 2027
2028 2028
2029 BRIDGE APPROACHES 2029
2030 01 BOURNE MAJOR REHAB 2030
2031 BOURNE REPLACEMENT 2031
2032 02 |Maintenance Painting 2032
2033 03 [Joint Replacement 2033
2034 BRIDGE APPROACHES 2034
2035 2035
2036 02 |Maintenance Painting 2036
2037 03 |[Joint Replacement 2037
2038 2038
2039 04 |Maintenance Painting 2039
2040 | o5 |P2vine 2040
Joint Replacement
2041 2041
2042 2042
2043 04 |Maintenance Painting 2043
2044 o5 |P3ving 2044
Joint Replacement
2045 06 |Complete Painting 2045
2046 2046
2047 07 |Joint Replacement 2047
2048 2048
2049 06 |Complete Painting Major Repairs 2049
2050 2050
2051 07 |Joint Replacement 2051
2052 08 |Maintenance Painting 2052
2053 2053
2054 Major Repairs 2054
2055 | 0o |P3ViN8 2055
Joint Replacement
2056 08 |Maintenance Painting 2056
2057 2057
2058 2058
2059 | 10 |Maintenance Painting R 2059
Joint Replacement
2060 2060
2061 2061
2062 2062
2063 10 [Maintenance Painting 2063
2064 2064
Truss Deck Replacement
Floorbeam Repair
2065 11 |Major Steel Repairs 2065
Complete Painting
Joint Replacement
2066 2066
2067 2067
2068 2068
Truss Deck Replacement
Floorbeam Repair
2069 11 [Major Steel Repairs Major Repairs 2069

Complete Painting
Joint Replacement
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Cape Cod Canal Highway Bridges Major Rehabilitation Report Risk Analysis

EXECUTIVE SUMMARY

Project Purpose

The purpose of the Major Rehabilitation Evaluation Study is to evaluate the existing conditions and
reliability of both the Bourne and Sagamore highway bridges of the Cape Cod Canal, MA Federal
Navigation Project (FNP). The study has identified the timeline and budget requirements necessary to
maintain satisfactory performance of the two bridges. The Study has included a detailed analysis and
evaluation of the alternatives for both rehabilitation and replacement as well as a direction forward. This
Study has resulted in a Major Rehabilitation Evaluation Report. The rehabilitation alternative includes
scheduled replacement of major bridge components to avoid emergency repair. The Report also includes
bridge replacement as an alternative for comparison.

Project Scope

The study area consists of the Bourne and Sagamore highway bridges as well as the bridge approaches.
These bridges are the primary access points to Cape Cod and the Islands from mainland Massachusetts.

Risk Analysis Results

A Cost and Schedule Risk Analysis (CSRA) was performed in April 2017 on this project to identify the 90%
confidence level contingencies for the anticipated construction activities. The contingencies considered
both cost and schedule risk. The risk analysis analyzed the construction costs only; the subsequent
contingency will be applied to the Planning, Engineering & Design (PED) and Supervision & Administration
(S&A). Because the Risk Events are nearly identical for either rehabilitation or replacement of the Bourne
and Sagamore Bridges, for the purposes of the risk analyses the bridges were combined in each of the
analysis spreadsheets. The following results were observed:

Table 1 - Risk Analysis Results

Contingency Amount Contingency %
BRIDGE REHABILITATIONY
Project Construction $204,261,948 43%
Project Schedule 68 Months 94%
BRIDGE REPLACEMENTY
Project Construction $329,592,512 44%
Project Schedule 71 Months 59%

1) The CSRA for each alternative includes both the Bourne Bridge and the Sagamore Bridge.

It should be noted that typically the 80% confidence level contingency is reported. This is the confidence
level required by ER 1110-2-1302 (CIVIL WORKS COST ENGINEERING). Because of the lack of design in both
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Cape Cod Canal Highway Bridges Major Rehabilitation Report Risk Analysis

the rehab and replacement alternatives as well as the regional impact of the project, NAE Cost Engineering
Section feels the 90% confidence level contingency is more appropriate at this time.
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Cape Cod Canal Highway Bridges Major Rehabilitation Report Risk Analysis

BRIDGE REHABILITATION

Key Risk Items, Cost

The following were high risk items affecting cost for the bridge rehabilitation alternative (the complete risk
register can be viewed in Appendix A):

ES12 — Cost Estimate

Discussion: The level of design is pre-conceptual at this point. Items included in the major rehab
have been generated by the Structural Engineering Design Section based on their Structural
Reliability Analysis. The cost estimate has been put together in Ml using unit prices from Mass
DOT as well as other smaller bridge projects from NAE. Several items are estimated using
parametric cost data from historical projects. It is very likely the current cost estimate has omitted
items, underestimated the quantity, or underestimated the cost. The impacts have the potential
to be significant.

Risk Reduction Measures: Build and refine cost estimate as soon as details are flushed out
regarding the design. Contacting other USACE districts and possibly the MCX to check on recent
estimates built for this type of bridge construction. Reaching out to industry to discuss all facets of
the project, in a generic manner of course, could also shed some light on the cost estimate and
how it has been prepared to allow for revisions that could reduce the risk.

TD18 — Current Design Status

Discussion: Current cost is based on unit price data and programmatic costs from other projects;
this data may not be scalable to a project this size.

Risk Reduction Measures: Additional review of those historical costs will be beneficial to flush out
and refine the cost estimate for this rehab alternative. As each piece of the rehab is actually
designed the estimate can be refined.

Key Risk Items, Schedule

The following items were high risk items affecting the project schedule for the bridge rehabilitation
alternative.

ES13 — Schedule

Discussion: The current schedule developed for the project includes only an estimate total
duration. It is very likely once a more detailed schedule is developed for the project that there will
be significant impacts once all major items have been accounted for.

Risk Reduction Measures: Build and refine the schedule as soon as details are flushed out
regarding the design. Contacting other USACE districts and possibly the MCX to check on recent
schedules built for this type of bridge construction. Reaching out to industry to discuss all facets of
the project, in a generic manner of course, could also shed some light on the schedule and how it
has been prepared to allow for revisions that could reduce the risk.

EX22 — Adequacy of Project Funds
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Cape Cod Canal Highway Bridges Major Rehabilitation Report Risk Analysis

Discussion: A delay in receiving projects funds would result in schedule delays. This risk is similar
to Risk 16 regarding availability of State funding. This likelihood is possible, as this project may not
be a national priority which may result in a delay due to funding.

Risk Reduction Measures: Communication with the vertical team will help to finalize a plan going
forward on how this project might be funded. A realistic plan and timeline should be established
prior to any funding request to ensure the proper escalation is applied.

BRIDGE REPLACEMENT

Key Risk Items, Cost

The following were high risk items affecting cost for the bridge replacement alternative.

TD24 — Bridge Design/Type

Discussion: The Major Rehabilitation Evaluation Report (MRER) is currently considering a cable-
stayed bridge as an alternative to rehabilitation. The cable-stayed bridge is one of the higher-cost
bridge replacement alternatives. The design will be limited by some construction budget at the
time of design. It is possible something other than cable-stayed will be design/constructed,
however the cost impact will be marginal based on the allowable budget.

Risk Reduction Measures: Coordination with the A/E in regards to bridge type and what will be
designed and ultimately constructed will be helpful in mitigating this risk. A planning document
will need to be completed for the replacement project and a budget established in that document
which will help to tie the hands of the A/E to design within a certain budget.

EX32 - Bidding climate

Discussion: The size and potential value of this project will likely draw any and all qualified
contractors to the table. It is unlikely this would be an issue but could have moderate impact on
project cost if the competition is not there during the selection process.

Risk Reduction Measures: Market research will help to mitigate this risk to see how much
competition there might be around the time of solicitation.

CA3 — Contract Modifications

Discussion: Due to the project size and complexity, the PDT is certain there will be contract mods
during construction; such as differing site conditions for foundation issues or utility issues.
Depending on what the modification is for, the impact to cost and schedule could be significant.

Risk Reduction Measures: The easier way to reduce contract modifications is to make the design
documents as clear and understandable as possible. This will help reduce contractor questions
during solicitation and adjustments during construction. Some issues are unavoidable, but having
clear and concise documents will help reduce the risk of mods.

Key Risk Items, Schedule
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The following items were high risk items affecting the project schedule for the bridge replacement
alternative. The complete risk register can be viewed in Appendix A.

EX31 — Adequacy of Project Funds

Discussion: A delay in receiving projects funds would result in schedule delays. This risk is similar
to Risk 16 regarding availability of State funding. This likelihood is possible, as this project may not
be a national priority which may result in a delay due to funding.

Risk Reduction Measures: Communication with the vertical team will help to finalize a plan going
forward on how this project might be funded. A realistic plan and timeline should be established
prior to any funding request to ensure the proper escalation is applied.

ES15 — Schedule

Discussion: The current schedule developed for the project includes only an estimated total
duration. It is very likely once a more detailed schedule is developed for the project that there will
be significant impacts once all major items have been accounted for.

Risk Reduction Measures: Build and refine the schedule as soon as details are flushed out
regarding the design. Contacting other USACE districts and possibly the MCX to check on recent
schedules built for a similar type of bridge construction. Reaching out to industry to discuss all
facets of the project, in a generic manner of course, could also shed some light on the schedule
and how it has been prepared to allow for revisions that could reduce the risk.

PM16 — Coordinate with State

Discussion: There would be a schedule risk associated with any delays caused by lack of state
funding. Being a high priority State project, it is unlikely this will be the case here, but if it were to
happen, it would have significant impact to the project schedule.

Risk Reduction Measures: Close contact with the State and open communication can help reduce
risk regarding project funding and when we might receive it.

Total Project Cost Summary

The following table portrays the full costs of the project features based on the anticipated contracts for
the Program Year (FY20). The costs are intended to address the congressional requests of estimates to
complete the project. Costs are in thousands of dollars.

The 43% and 40% contingency for both the Bridge Rehabilitation and Bridge Replacement plans,
respectively, is based on the 90% confidence level as stated earlier. A separate Total Project Cost Summary
was prepared for the Bourne and Sagamore Bridges for each the rehabilitation and replacement
alternatives.
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Table 2 - Cost Summary

BRIDGE REHABILITATION — BOURNE BRIDGE

ACCT DESCRIPTION | cosT ($K) TOTALS($K
01 Lands & Damages 0%
08 Roads, Railroads & Bridges 43% 263,601 113,348 376,949

Non-construction Costs

30 Planning, Engineering & Design** 43% 14,259 6,131 20,390
31  Supervision & Administration** 43% 6,919 2,975 9,894
Summary 30 & 31 Account 21,178 9,106 30,284

Estimated Project First Cost (FY20) 284,778 122,455 407,233

BRIDGE REHABILITATION — SAGAMORE BRIDGE

ACCT DESCRIPTION | cosT ($K) TOTALS($K
01 Lands & Damages 0%
08 Roads, Railroads & Bridges 43% 238,239 102,443 340,682

Non-construction Costs

30 Planning, Engineering & Design** 43% 12,903 5,548 18,451
31  Supervision & Administration** 43% 6,855 2,948 9,803
Summary 30 & 31 Account 19,758 8,496 28,254

Estimated Project First Cost (FY20) 257,997 110,939 368,936

BRIDGE REPLACEMENT — BOURNE BRIDGE

ACCT DESCRIPTION | COST($K) TOTALS($K)
01 Lands & Damages 10% 6,950 695 7,645
08 ' Roads, Railroads & Bridges 44% 452,202 198,969 651,172

Non-construction Costs

30 Planning, Engineering & Design** 44% 34,216 15,055 49,270
31  Supervision & Administration** 44% 14,992 6,596 21,588
Summary 30 & 31 Account 49,208 21,651 70,858
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Estimated Project First Cost (FY20) 508,360 221,315 729,675

BRIDGE REPLACEMENT — SAGAMORE BRIDGE

ACCT DESCRIPTION | COST ($K) TOTALS($K)
01  Lands & Damages 10% 6,925 693 7,618
08 Roads, Railroads & Bridges 44% 309,544 136,199 445,743

Non-construction Costs

30 | Planning, Engineering & Design™* 44% 22,586 9,938 32,524
31  Supervision & Administration** 44% 11,119 4,892 16,011
Summary 30 & 31 Account 33,705 14,830 48,535

Estimated Project First Cost (FY20) 350,174 151,722 501,895
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PURPOSE/BACKGROUND

The purpose of the Major Rehabilitation Evaluation Study is to evaluate the existing conditions and reliability of both the
Bourne and Sagamore highway bridges of the Cape Cod Canal, MA Federal Navigation Project (FNP). The study has identified
the timeline and budget requirements necessary to maintain satisfactory performance of the two bridges. The Study has
included a detailed analysis and evaluation of the alternatives for both rehabilitation and replacement as well as a direction
forward. This Study has resulted in a Major Rehabilitation Evaluation Report. The rehabilitation alternative includes
scheduled replacement of major bridge components to avoid emergency repair. The Report also includes bridge replacement
as an alternative for comparison.

REPORT SCOPE

The scope of the risk analysis report is to calculate and present the cost and schedule contingencies at various confidence
levels using the risk analysis processes as mandated by U.S. Army Corps of Engineers (USACE) Engineer Regulation (ER) 1110-
2-1150, Engineering and Design for Civil Works, ER 1110-2-1302, Civil Works Cost Engineering, and Engineer Technical Letter
1110-2-573, Construction Cost Estimating Guide for Civil Works. The report presents the contingency results for both cost and
schedule risks for all project features. The study and presentation can include or exclude consideration for operation and
maintenance or life cycle costs, depending upon the program or decision document intended for funding.

Project Scope

Major Project Features for these projects include:
Bridge Rehabilitation:

08 — Roads, Railroads, and Bridges (Truss Span Deck Replacement)

08 — Roads, Railroads, and Bridges (Suspender Cable Replacement)

08 — Roads, Railroads, and Bridges (Replace Abutment Spans)

08 — Roads, Railroads, and Bridges (Bearing Replacement)

08 — Roads, Railroads, and Bridges (Joint Replacement)

08 — Roads, Railroads, and Bridges (Minor Steel Truss Repairs)

08 — Roads, Railroads, and Bridges (Major Steel Truss Repairs)

08 — Roads, Railroads, and Bridges (Paving)

08 — Roads, Railroads, and Bridges (Maintenance Painting of Structural Steel)
08 — Roads, Railroads, and Bridges (Complete Painting of Structural Steel)
02 — Relocations (Utilities)

Bridge Replacement:

08 — Roads, Railroads, and Bridges (General Conditions)

08 — Roads, Railroads, and Bridges (Abutments/Piers)

08 — Roads, Railroads, and Bridges (Structural)

08 — Roads, Railroads, and Bridges (Superstructure)

08 — Roads, Railroads, and Bridges (Demo Existing Bridge)

08 — Roads, Railroads, and Bridges (Approaches [MASSDOT])

02 — Relocations (Utilities)

22 — Cultural Resource Preservation (Environmental and Cultural Restoration and/or Mitigation)
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It should be noted that there are real estate costs and associated contingencies for the bridge replacement alternative both
of which were developed by NAE Real Estate Division. The construction contingency developed through the CSRA process will
be applied to the Planning, Engineering & Design estimates as well as the Supervision & Administration.

USACE Risk Analysis Process

The risk analysis process follows the USACE Headquarters requirements as well as the guidance provided by the Cost
Engineering Directory of Expertise for Civil Works (Cost Engineering MCX). The risk analysis process reflected within the risk
analysis report uses probabilistic cost and schedule risk analysis methods within the framework of the Crystal Ball software.
The risk analysis results are intended to serve several functions, one being the establishment of reasonable contingencies
reflective of an appropriate percent confidence level to successfully accomplish the project work within that established
contingency amount. Furthermore, the scope of the report includes the identification and communication of important steps,
logic, key assumptions, limitations, and decisions to help ensure that risk analysis results can be appropriately interpreted.

Risk analysis results are also intended to provide project leadership with contingency information for scheduling, budgeting,
and project control purposes, as well as provide tools to support decision making and risk management as the project
progresses through planning and implementation. To fully recognize its benefits, cost and schedule risk analyses should be
considered as an ongoing process conducted concurrent to, and iteratively with, other important project processes such as
scope and execution plan development, resource planning, procurement planning, cost estimating, budgeting, and
scheduling.

In addition to broadly defined risk analysis standards and recommended practices, the risk analysis is performed to meet the
requirements and recommendations of the following documents and sources:

e ER1110-2-1150, Engineering and Design for Civil Works Projects.

e ER1110-2-1302, Civil Works Cost Engineering.

e ETL1110-2-573, Construction Cost Estimating Guide for Civil Works.

e Cost and Schedule Risk Analysis Process guidance prepared by the USACE Cost Engineering MCX.

e Memorandum from Major General Don T. Riley (U.S. Army Director of Civil Works), dated July 3, 2007.

e Engineering and Construction Bulletin issued by James C. Dalton, P.E. (Chief, Engineering and Construction,
Directorate of Civil Works), dated September 10, 2007.
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METHODOLOGY/PROCESS

A CSRA meeting was held in the CENAE office on 20 April 2017. Participants include the following members:

Table 3 - PDT Risk Identification Team

| Name | Office | Representing

Martin, Craig CENAE-PPC PPMD/Project Manager
Habel, Mark CENAE-PDP Planning

Oleary, Edward CENAE-REA Real Estate
Kammerer-Cody, Denise NAE CENAE-PDE Economics
Umbrell, Stephen CENAE-EDD Design/Tech Lead
Cullen, Megan CENAE-EDD Civil

Kedzierski, John CENAE-EDD Structural
Nguyen, Thuyen CENAE-EDD Structural

Gaeta, Jeffrey NAE CENAE-EDD Cost Engineering
Coleman, Kevin CENAE-CDS Construction
Johnson, Judy NAE CENAE-PDE Environmental
McDonald, Sean CENAE-ODC Cape Cod Canal

The risk analysis process for this study is intended to determine the probability of various cost outcomes and quantify the
required contingency needed in the cost estimate to achieve any desired level of cost confidence. A parallel process is also
used to determine the probability of various project schedule duration outcomes and quantify the required schedule
contingency (float) needed in the schedule to achieve any desired level of schedule confidence.

In simple terms, contingency is an amount added to an estimate (cost and/or schedule) to allow for items, conditions, or
events for which the occurrence or impact is uncertain and that experience suggests will likely result in additional costs being
incurred or additional time being required. The amount of contingency included in project control plans depends, at least in
part, on the project leadership’s willingness to accept risk of project overruns. The less risk that project leadership is willing to
accept the more contingency should be applied in the project control plans. The risk of overrun is expressed, in a probabilistic
context, using confidence levels.

The Cost Engineering MCX guidance for cost and schedule risk analysis generally focuses on the 80-percent level of
confidence (P80) for cost contingency calculation. It should be noted that use of P80 as a decision criteria is a risk adverse
approach (whereas the use of P50 would be a risk neutral approach, and use of levels less than 50 percent would be risk
seeking). Thus, a P80 confidence level results in greater contingency as compared to a P50 confidence level. In this particular
case, the P90 confidence level will be utilized.

The risk analysis process uses Monte Carlo techniques to determine probabilities and contingency. The Monte Carlo
techniques are facilitated computationally by a commercially available risk analysis software package (Crystal Ball) that is an
add-in to Microsoft Excel. Cost estimates are packaged into an Excel format and used directly for cost risk analysis purposes.
Because Crystal Ball is an Excel add-in, the schedules for each option are recreated in an Excel format from their native
format. The level of detail recreated in the Excel-format schedule is sufficient for risk analysis purposes that reflect the
established risk register, but generally less than that of the native format.
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The primary steps, in functional terms, of the risk analysis process are described in the following subsections. Risk analysis
results would be provided in Section 6. It should be stated that the subject matter experts that comprise the PDT applied
uncertainty bounds to the deterministic cost estimate in order to characterize over project uncertainty. There was no
uncertainty evaluation at the detailed cost estimate level.

Identify and Assess Risk Factors

Identifying the risk factors via the PDT are considered a qualitative process that results in establishing a risk register that
serves as the document for the further study using the Crystal Ball risk software. Risk factors are events and conditions that
may influence or drive uncertainty in project performance. They may be inherent characteristics or conditions of the project
or external influences, events, or conditions such as weather or economic conditions. Risk factors may have either favorable
or unfavorable impacts on project cost and schedule.

Checklists or historical databases of common risk factors are sometimes used to facilitate risk factor identification. However,
key risk factors are often unique to a project and not readily derivable from historical information. Therefore, input from the
entire PDT is obtained using creative processes such as brainstorming or other facilitated risk assessment meetings. In
practice, a combination of professional judgment from the PDT and empirical data from similar projects is desirable and is
considered.

A formal PDT meeting was held in CENAE on 20 April 2017 for the purposes of identifying and assessing risk factors. The initial
formal meeting focused primarily on risk factor identification using brainstorming techniques, but also included some
facilitated discussions based on risk factors common to projects of similar scope and geographic location. Discussions focused
primarily on risk factor assessment and quantification.

Quantify Risk Factor Impacts

The quantitative impacts of risk factors on project plans are analyzed using a combination of professional judgment, empirical
data, and analytical techniques. Risk factor impacts are quantified using probability distributions (density functions), because
risk factors are entered into the Crystal Ball software in the form of probability density functions.

Similar to the identification and assessment process, risk factor quantification involves multiple project team disciplines and
functions. However, the quantification process relies more extensively on collaboration between cost engineering, designers,
and risk analysis team members with lesser inputs from other functions and disciplines.

The following is an example of the PDT quantifying risk factor impacts by using an iterative, consensus-building approach to
estimate the elements of each risk factor:

e Maximum possible value for the risk factor.

e Minimum possible value for the risk factor.

e Most likely value (the statistical mode), if applicable.

e Nature of the probability density function used to approximate risk factor uncertainty.
e Mathematical correlations between risk factors.

o Affected cost estimate and schedule elements.

Risk discussions focused on the various project features as presented within the USACE Civil Works Work Breakdown
Structure for cost accounting purposes. It was recognized that the various features carry differing degrees of risk as related to
cost, schedule, design complexity, and design progress. The example features under study are presented in Table 4:

Table 4 - Work Breakdown Structure by Feature
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Bridge Rehabilitation

08 | Roads, Railroads, and Bridges (Truss Span Deck Replacement)

08 | Roads, Railroads, and Bridges (Suspender Cable Replacement)

08 | Roads, Railroads, and Bridges (Replace Abutment Spans)

08 | Roads, Railroads, and Bridges (Bearing Replacement)

08 | Roads, Railroads, and Bridges (Joint Replacement)

08 | Roads, Railroads, and Bridges (Minor Steel Truss Repairs)

08 | Roads, Railroads, and Bridges (Major Steel Truss Repairs)

08 | Roads, Railroads, and Bridges (Paving)

08 | Roads, Railroads, and Bridges (Maintenance Painting of Structural Steel)

08 | Roads, Railroads, and Bridges (Complete Painting of Structural Steel)

02 | Relocations (Utilities)

Bridge Replacement

08 | Roads, Railroads, and Bridges (General Conditions)

08 | Roads, Railroads, and Bridges (Abutments/Piers)

08 | Roads, Railroads, and Bridges (Structural)

08 | Roads, Railroads, and Bridges (Superstructure)

08 | Roads, Railroads, and Bridges (Demo Existing Bridge)
08 | Roads, Railroads, and Bridges (Approaches [MASSDOT])

02 | Relocations (Utilities)
Cultural Resource Preservation (Environmental and Cultural Restoration
22 | and/or Mitigation)

The resulting product from the PDT discussions is captured within a risk register as presented in section 6 for both cost and
schedule risk concerns. Note that the risk register records the PDT’s risk concerns, discussions related to those concerns, and
potential impacts to the current cost and schedule estimates. The concerns and discussions are meant to support the team'’s
decisions related to event likelihood, impact, and the resulting risk levels for each risk event.

Analyze Cost Estimate and Schedule Contingency

Contingency is analyzed using the Crystal Ball software, an add-in to the Microsoft Excel format of the cost estimate and
schedule. Monte Carlo simulations are performed by applying the risk factors (quantified as probability density functions) to
the appropriate estimated cost and schedule elements identified by the PDT. Contingencies are calculated by applying only
the moderate and high level risks identified for each option (i.e., low-level risks are typically not considered, but remain
within the risk register to serve historical purposes as well as support follow-on risk studies as the project and risks evolve).

For the cost estimate, the contingency is calculated as the difference between the P90 cost forecast and the base cost

estimate. Each option-specific contingency is then allocated on a civil works feature level based on the dollar-weighted

relative risk of each feature as quantified by Monte Carlo simulation. Standard deviation is used as the feature-specific
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measure of risk for contingency allocation purposes. This approach results in a relatively larger portion of all the project
feature cost contingency being allocated to features with relatively higher estimated cost uncertainty.

For schedule contingency analysis, the option schedule contingency is calculated as the difference between the P90 option
duration forecast and the base schedule duration.

KEY CONSIDERATIONS AND ASSUMPTIONS

Key assumptions include the following:

e |tis assumed future rehabilitation scope and costs will mimic past projects.

e The project schedule for both rehabilitation and replacement are pre-conceptual at this stage of the project. It is
assumed the total duration is accurate.

e The design for both alternatives is in the pre-conceptual stage; the cost engineer estimated quantities based on
discussions with Structural Design Section and professional judgment.

e There are no applicable Life Cycle costs for this project.
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RISK ANALYSIS RESULTS

Risk Register

Risk is unforeseen or unknown factors that can affect a project’s cost or schedule. Time and money have a direct relationship
due to the time value of money. A risk register is a tool commonly used in project planning and risk analysis and serves as the
basis for the risk studies and Crystal Ball risk models. The risk register describes risks in terms of cost and schedule. A
summary risk register that includes typical risk events studied (high and moderate levels) is presented in this section. The risk
register reflects the results of risk factor identification and assessment, risk factor quantification, and contingency analysis. A
more detailed risk register is provided in Appendix A. The detailed risk registers of Appendix A include low level and unrated
risks, as well as additional information regarding the specific nature and impacts of each risk.

It is important to note that a risk register can be an effective tool for managing and communicating identified risks
throughout the project life cycle. As such, it is generally recommended that risk registers be updated as the designs, cost
estimates, and schedule are further refined, especially on large projects with extended schedules. Recommended uses of the
risk register going forward include:

e Documenting risk mitigation strategies being pursued in response to the identified risks and their assessment in
terms of probability and impact.

e Providing project sponsors, stakeholders, and leadership/management with a documented framework from which
risk status can be reported in the context of project controls.

e Communicating risk management issues.

e Providing a mechanism for eliciting risk analysis feedback and project control input.

e Identifying risk transfer, elimination, or mitigation actions required for implementation of risk management plans.

A correlation is a dependency that exists between two risks and may be direct or indirect. An indirect correlation is one in
which large values of one risk are associated with small values of the other. Indirect correlations have correlation coefficients
between 0 and -1. A direct correlation is one in which large values of one risk are associated with large values of the other.
Direct correlations have correlation coefficients between 0 and 1. Correlations were not identified in this analysis.

The risk register identifies thirty one different risks that are either moderate or high risks. An abridged version of the risk
register is presented below.
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Table 5 - Risk Register (High Risk Level)

BRIDGE REHABILITATION ALTERNATIVE

BRIDGE REPLACEMENT ALTERNATIVE
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Cost Risk Analysis - Cost Contingency Results

The project Cost Contingency at the 90% confidence level is 43% and 44% for the Bridge Rehabilitation and Bridge
Replacement alternatives, respectively, which translates to $204,261,948 and $329,592,5120f the estimated construction
cost for the Bridge Rehabilitation and Bridge Replacement alternatives, respectively. It should be noted that these
contingencies are for both the Bourne Bridge and Sagamore Bridge. These levels were established by analyzing the different
cost risk factors that affect both projects. Cost risks that were specific to individual project features were discussed in detail.
For example, risk CA1, “Consolidation” references risks associated with the design/build contract costs only; which represent
approximately 10% of the total construction cost. Most of the risks apply to the entire project such as CA3, “Contract
Modifications” and EX23, “Bidding Climate” which would affect all features of work. Cost contingencies can be either positive
or negative. The cost sensitivity chart shows relative cost contingency of individual risks. See the cost sensitivity chart below.

BRIDGE REHABILITATION ALTERNATIVE

Rank Comelation View
Sensitivity - Cost Risk

0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.580 0.90
| J | J J | J | | |

Current Design Status Cost 021 |

Contract Modifications Cost
Adequacy of project funds Cost 011
Environmental Restriclions Cost ﬁ
Consolidation Cost 0.10
Political/lLacal Opposifion Cost :l
Coordinate with State Cast 0.08
0.8 |

Restricted Wark Windows Cost

Material availability and delivery
Cost

Figure 1 - Cost Risk Sensitivity Analysis
From this figure, we can see that in the Bridge Rehabilitation Alternative the top two risks that affect cost are:
e ES12 — Cost Estimate and

e TD18 — Current Design Status.
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BRIDGE REPLACEMENT ALTERNATIVE

Rank Comelation View

Sensitivity: Cost Forecast

0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.50
| ] | ] | ] ] | |

Cost Estimate Cost

Innovative Design Cost 0.30 |

Bridge Design/Type Cost |

Bidding Climate Cost 022
Contract Modifications Cost

Political/Local Opposiion Cost 0.12

Material availability and delivery |
Cost

Real Estate Cost 0.11

Adequacy of project funds Cost 0.10

Restricted Wark Windows Cost 0.07

Figure 3 - Cost Risk Sensitivity Analysis

For the Bridge Replacement Alternative, the top four risks that affect costs are:
e [ES14 — Cost Estimate,
e TD27 —Innovative Design,
e TD24 - Bridge Design/Type,

e EX32 - Bidding Climate.

Key Risk Items, Cost

The following were high risk items affecting the cost of the Bridge Rehabilitation alternative:
e ES12 - Cost Estimate

Discussion: The level of design is pre-conceptual at this point. Items included in the major rehab have been
generated by the Structural Section based on their Structural Reliability Analysis. The cost estimate has been put
together in Ml using unit prices from Mass DOT as well as other smaller bridge projects from NAE. Several items are
estimated using parametric cost data from historical projects. It is very likely the current cost estimate has omitted
items, underestimated the quantity, or underestimated the cost. The impacts have the potential to be significant.
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Risk Reduction Measures: Build and refine cost estimate as soon as details are flushed out regarding the design.
Contacting other USACE districts and possibly the MCX to check on recent estimates built for this type of bridge
construction. Reaching out to industry to discuss all facets of the project, in a generic manner of course, could also
shed some light on the cost estimate and how it has been prepared to allow for revisions that could reduce the risk.

TD18 — Current Design Status

Discussion: Current cost is based on unit price data and programmatic costs from other projects; this data may not
be scalable to a project this size.

Risk Reduction Measures: Additional review of those historical costs will be beneficial to flush out and refine the
cost estimate for this rehab alternative. As each piece of the rehab is actually designed the estimate can be refined.

The following were high risk items affecting the cost of the Bridge Replacement alternative:

ES14 — Cost Estimate

Discussion: The level of design is conceptual at this point. Design documents include an elevation view and a cross
section. The cost estimate has been put together in MIl using unit prices from Mass DOT as well as other smaller
bridge projects from NAE. Several items are estimated using parametric cost data from historical projects. It is very
likely the current cost estimate has omitted items, underestimated the quantity, or underestimated the cost. The
impacts have the potential to be significant.

Risk Reduction Measures: Build and refine cost estimate as soon as details are flushed out regarding the design.
Contacting other USACE districts and possibly the MCX to check on recent estimates built for this type of bridge
construction. Reaching out to industry to discuss all facets of the project, in a generic manner of course, could also
shed some light on the cost estimate and how it has been prepared to allow for revisions that could reduce the risk.

TD27 — Innovative Design

Discussion: There is a risk involved with designing the bridges, even if a qualified A/E is completing the design. It is
likely this risk will translate to significant impacts to cost and schedule.

Risk Reduction Measures: Coordination with the A/E in regards to bridge type and what will be designed and
ultimately constructed will be helpful in mitigating this risk. A planning document will need to be completed for the
replacement project and a budget established in that document which will seemlingly tie the hands of the A/E to
design within a certain budget.

TD24 — Bridge Design/Type

Discussion: Cable-stayed bridge is one of the higher-cost alternatives. The design will be limited by some
construction budget at the time of design. It is possible something other than cable stayed will be
design/constructed, however the cost impact will be marginal based on the allowable budget.

Risk Reduction Measures: Coordination with the A/E in regards to bridge type and what will be designed and
ultimately constructed will be helpful in mitigating this risk. A planning document will need to be completed for the
replacement project and a budget established in that document which will help to tie the hands of the A/E to design
within a certain budget.

EX32 — Bidding Climate
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Discussion: The size and potential value of this project will likely draw any and all qualified contractors to the table. It
is unlikely this would be an issue but could have moderate impact on project cost if the competition is not there
during the selection process.

Risk Reduction Measures: Market research will help to mitigate this risk to see how much competition there might
be around the time of solicitation.

The confidence table and curve showing the 90% confidence levels are below. Note that these results reflect only those

contingencies established from the cost risk analysis.

Table 6 - Cost Contingency Analysis at Various Confidence Levels

BRIDGE REHABILITATION ALTERNATIVE

Most Likely Cost Estimate $475,027,786
Confidence Level Contingency Contingency

0% $527,280,842 $52,253,056 1%

10% $574,783,621 $99,755,835 21%

20% $589,034,455 $114,006,669 24%

30% $598,535,010 $123,507,224 26%

40% $608,035,566 $133,007,780 28%

50% $617,536,122 $142,508,336 30%

60% $631,786,955 $156,759,169 33%

70% $641,287,511 $166,259,725 35%

80% $660,288,623 $185,260,837 39%

90% $679,289,734 $204,261,948 43%

100% $769,545,013 $294,517,227 62%

BRIDGE REPLACEMENT ALTERNATIVE

Most Likely Cost Estimate $749,073,892
Confidence Level Value Contingency Contingency

0% $779,036,848 $29,962,956 4%

10% $898,888,670 $149,814,778 20%

20% $921,360,887 $172,286,995 23%

30% $943,833,104 $194,759,212 26%

40% $958,814,582 $209,740,690 28%

50% $973,796,060 $224,722,168 30%

60% $996,268,276 $247,194,384 33%

70% $1,018,740,493 $269,666,601 36%
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80% $1,041,212,710 $292,138,818 39%
90% $1,078,666,404 $329,595,512 44%
100% $1,250,953,400 $501,879,508 67%
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Table 7 - Total Project Cost Risk Analysis

Estimated Total Project Cost (Sk)

Thousands

Total Project Cost Risk Analysis - BRIDGE REHABILITATION ALT

900,000
850,000
800,000
750,000
700,000

650,000

600,000

550,000 /

500,000

450,000

400,000 Confidence Level
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Total Project Cost Risk Analysis - BRIDGE REPLACEMENT ALT
1,400,000
1,300,000
1,200,000
1,100,000
1,000,000
900,000

800,000

700,000 Confidence Level
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
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Schedule Risk Analysis - Schedule Contingency Results

The project Schedule Contingency at the 90% confidence level is 94% and 59% which translates to 68 months and 71 months
of additional project duration for the Bridge Rehabilitation and Bridge Replacement alternatives, respectively. This level was
established by analyzing the different schedule risk factors that affect the project. The schedule sensitivity chart shows
relative schedule contingency of individual risks. See the schedule sensitivity chart below.

BRIDGE REHABILITATION ALTERNATIVE

Rank Comelation View
Sensitivity: Schedule Risk

0.00 0.10 0.20 0.30 0.40 0.50
| |

Adequacy of project funds Schedule 0.51
-/ ! | |

Schedule Schedule
Coordinate with State Schedule

Political/Local Oppaosition Schedule

MEP&Documentation vs Design
Schedule

o B

Environmental Restrictions Schedule 0.20

‘Weather Impacts Schedule ] |

Material availability and delivery

Schedule 0.17 |
Restricted Work Windows Schedule 0.16 |
Contract Modifications Schedule 0.14

Figure 3 - Schedule Risk Sensitivity Analysis

From this figure, we can see that in the Bridge Rehabilitation Alternative the top two risks that affect schedule are:
e EX22 - Adequacy of Projects Funds and

e [ES13 —Schedule.
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BRIDGE REPLACEMENT ALTERNATIVE

Rank Comelation View
Sensitivity: Schedule Forecast

0.00 0.10 0.20 0.30 0.40 0.50 0.60
] | ]

Real Estate Schedule
Restricted Wark Windows Schedule

Adequacy of project funds Schedule

Schedule Schedule 0.31
Coordinate with State Schedule 021 |
In'Water Work Schedule |
Unplanned work that mustbe 014 |
accommodated Schedule :
Consolidation Schedule 0.14 |
Historical Preservation Schedule 014

Figure 3 - Schedule Risk Sensitivity Analysis
For the Bridge Replacement Alternative, the top three risks that affect costs are:
e D4 — Real Estate Schedule,
e (CO8 — Restricted Work Windows,
e EX31 - Adequacy of Project Funds,
e [ES15-Schedule,
e EX30 - Political/Local Opposition, and

e PM16 — Coordinate with State.

Key Risk Items, Schedule
The following were high risk items affecting the project schedule of the Bridge Rehabilitation alternative:

e EX22 - Adequacy of Project Funds

Discussion: A delay in receiving projects funds would result in schedule delays. This risk is similar to Risk 16 regarding
availability of State funding. This likelihood is possible, as this project may not be a national priority which may result
in a delay due to funding.
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Risk Reduction Measures: Communication with the vertical team will help to finalize a plan going forward on how
this project might be funded. A realistic plan and timeline should be established prior to any funding request to
ensure the proper escalation is applied.

e [ES13-—Schedule

Discussion: The current schedule developed for the project includes only an estimate total duration. It is very likely
once a more detailed schedule is developed for the project that there will be significant impacts once all major items
have been accounted for.

Risk Reduction Measures: Build and refine the schedule as soon as details are flushed out regarding the design.
Contacting other USACE districts and possibly the MCX to check on recent schedules built for this type of bridge
construction. Reaching out to industry to discuss all facets of the project, in a generic manner of course, could also
shed some light on the schedule and how it has been prepared to allow for revisions that could reduce the risk.

The following were high risk items affecting the schedule of the Bridge Replacement alternative:

e D4 — Real Estate Schedule

Discussion: Cost and time to acquire lands, whether by USACE or State, will impact total project cost and schedule.
Some duration for these acquisitions will be introduced to the project schedule in the formulation of the TPCS,
however it is possible that delays will occur.

Risk Reduction Measures: Risk can be mitigated by beginning acquisition as soon as possible after the PPA is
completed. Coordination can be started during the planning stages during public notices and meetings.

e (CO8 - Restricted Work Windows

Discussion: Construction schedule accounts for delays for holidays and winter weather. Other restrictions on work
windows should be known prior to start of construction. Current cost and schedule assumes work 8hrs/day M-F. Itis
possible additional project cost and schedule impacts will occur with numerous work window restrictions. It is also
possible these impacts could be mitigated by allowing the contractor to work weekends and longer days.

Risk Reduction Measures: During PED, any additional work windows will be flushed out and should/will be
incorporated in the design documents and can be reflected in the anticipated construction schedule.

e EX31 - Adequacy of Project Funds

Discussion: A delay in receiving projects funds would result in schedule delays. This risk is similar to Risk 16 regarding
availability of State funding. This likelihood is possible, as this project may not be a national priority which may result
in a delay due to funding.

Risk Reduction Measures: Communication with the vertical team will help to finalize a plan going forward on how
this project might be funded. A realistic plan and timeline should be established prior to any funding request to
ensure the proper escalation is applied.

e ES15-Schedule

Discussion: The current schedule developed for the project includes only an estimated total duration. It is very likely
once a more detailed schedule is developed for the project that there will be significant impacts once all major items
have been accounted for.
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Risk Reduction Measures: Build and refine the schedule as soon as details are flushed out regarding the design.
Contacting other USACE districts and possibly the MCX to check on recent schedules built for a similar type of bridge
construction. Reaching out to industry to discuss all facets of the project, in a generic manner of course, could also
shed some light on the schedule and how it has been prepared to allow for revisions that could reduce the risk.

e EX30 - Political/Local Opposition

Discussion: It is very likely there will be opposition to the project, especially from Cape residents, which could result
in schedule delays. These impacts could be moderate if the pressure is continuous.

Risk Reduction Measures: Public involvement will be of the utmost importance going forward to get the public
involved in the project and ensure they are on the same page as the Corps and the State and help alleviate as many
concerns as possible.

e PM16 — Coordinate with State

Discussion: There would be a schedule risk associated with any delays caused by lack of state funding. Being a high
priority State project, it is unlikely this will be the case here, but if it were to happen, it would have significant impact
to the project schedule.

Risk Reduction Measures: Close contact with the State and open communication can help reduce risk regarding
project funding and when we might receive it.

The confidence table showing the 90% confidence level is below. Note that these results reflect only those contingencies
established from the schedule risk analysis.

Table 7 - Cost Contingency Analysis at Various Confidence Levels

BRIDGE REHABILITATION ALTERNATIVE

Most Likely Schedule Duration 72 months
Confidence Level Value Contingency Contingency

0% 96 months 24 months 33%
10% 114 months 42 months 58%
20% 118 months 46 months 64%
30% 121 months 49 months 68%
40% 124 months 52 months 72%
50% 127 months 55 months 76%
60% 129 months 57 months 79%
70% 132 months 60 months 83%
80% 135 months 63 months 87%
90% 140 months 68 months 94%
100% 163 months 91 months 127%

BRIDGE REPLACEMENT ALTERNATIVE
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Most Likely Schedule Duration

120 months

Confidence Level Value Contingency Contingency
0% 134 months 14 months 12%
10% 160 months 40 months 33%
20% 164 months 44 months 37%
30% 169 months 49 months 41%
40% 172 months 52 months 43%
50% 175 months 55 months 46%
60% 179 months 59 months 49%
70% 181 months 61 months 51%
80% 186 months 66 months 55%
90% 191 months 71 months 59%

100% 221 months 101 months 84%
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ATTACHMENT 1

DETAILED RISK REGISTERS
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Real EstatelLand The Bridge Rehab alternative wil takel I . o
Rl L U P place between the bridge abutments | No risk associated with this item [a (LTS el vt e e
only. Noreal estate is required.
- ot A ot
- A A oseied oseied
Construction (CO)
[The work that comprises the major rehab has been
co | |5 |Contractor Staging/storage Wil the contractor require staging |completed on both bridges in the past. Staging loun IR VS e - ot A ot
Areas Jarea(s) outside the bridge abutments? [areas/storage areas existfor this type of rehab work on odeies odeies odeies odeies
Corps-owned property. Risk not modeled
USACE would require navigation lanes
o | |o |constuction in the Cape Cod Canal remain open. _|This is something that would be accounted for by the loun IR S - ot A ot
Means/Methods Means & methods of construction  |contractor. Risk not modeled: odeies odeies odeies odeied
would be lef to the contractor.
[The construction schedule currently assumes limited work during the
e wil be restrictions on work Construction schedule accounts for delays for holidays and lsummer months (no lane closures will be permitted during those:
winter weather. Other restrictions on work windows should months). Any additional unknown restrictions on work windows have the [ .
periods throughout the construction . . prior o start of construction. Curtent cost and abilty to put the consirucion to the right. The low variance and likely |9 PED: &ny addional work windows wil be flushed out and
co |77 |r |Restricted Work Windows |i.e. lane closures are not allowed P - varginal  [certoin  [Basis of lunorm 50 59,500,556 o Monihs 6 Monihs yto p 'ght. W |shouldiwill be incorporated in the design documents and can be reflected
schedule assumes work 8hrs/day M-F. Having to work value are assumed to be zero if no additional work windows are imposed
between Memorial Day and Columbus > ! . in the anticapted construction schedule.
Do) round windows willcertainly impact cost and mostly lon the project. It is assumed additional work restrictions could add 12
schedule. Imonths to the construction schedule, resulting in an additonal 2% to the
construction cost (assumed escalation rate),
A certain number of weather delays wil be allowed per the contract,
however extreme adverse weather is possible as the construction
[While the likelinood of weather impacts are certain, they [duration il stretch over many years vith many opportunities for severe
Ensure the contractor has a plan in place for emergencies such as
\Work n this area wil experionce lcan be mitigated in the construction schedule by allowing Jookat storms. The low variance and likely value are zero assuming e e e e e s
co |1 o [Weather Impacts for weather delays in those times of year when they are  [sgnol  [conan [Basinof [vargnal |cenan (% o fs0 750270 o s swons [contractor is able to successfully work around any weather events. The b
\weather impacts. = 3 lemergencies. Othervise, there isn't much that can be mitigated as far as|
lexpected. Large weather events would continue to impact sk associated with modifications captures a maiorty ofthisrisk, however [*7</9°"/%%- Otmery
lcost and schedule. weather impacts have the abilty affect cost and schedule. The high
variance is assumed to be 1% of the construction cost and 6 months of
[schedule delay.
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There are only so many options to | The work that comprises the major rehab has been I e e
co [ss [0 [Site Access/Haul Routes [access the site for workers and |completed on both bridges in the past with no issues A (LTS el ot e e
materials. regarding site access or haul routes. Risk not modeled.
Lead paint does stil exist on the bridges and will have to
handled accordingly. This can be mitigated to the extent [There is no accounting for lead paint abatement in the cost estimate.
possible during design of the rehab. The current cost ; o batement ) » .
ot paint will e an ssue during any |ostrmate does not sdequnton sesount fo omdpaint |Assuming half of the rehabiltation projects willinvolve lead paint [This risk can be mitigated by reviewing actual contract awards for work on
co |9 |10 [Envronmental Restritions ! acoount for i oderste [canan — vanguar  (Tranguar 84750275 szarsiom [owons 2tonrs [abatement of some sort, low variance is assumed to repressent 2% of  [the bridges to review the impact of lead abatement and incorporate that
steel repairs and painting. Jabatement as the scope of the repairs is stil very much °
oo, Tho ot axpctod o b6 modermte pamot al haif the rehab cost while the high variance represents 10% of those  [into the cost estimate and schedule,
et b1 the e ot oot vt foatores o1 lcosts. The likely value is assumed to be 5% of the rehab costs.
the bridge.
[The low variance and the likely value are zero, assuming there are no
Viatoral availabiy and _|€2C time and availabity couid be an |No steel shortage is expected i the next several years ssues vith materia availabilty as there should be suffcientfead e in oo oo nce and ordering any long-lead
co [10s |11 |Me Y issue with steel necessary for bridge | however f the material were to become scarce, this could  [Moderste  [uniikey Lo [Moderate [unikey  Low  futorm [untorm  fs0 s10610.2 o wortns 6 vonins  forder to order and deliver any and all materials. In the case there are "d lty in ad 9 any long
delivery e " toms wellin advance of their installation date.
repairs. have moderate impact to both the cost and schedule. ssues with any materials, the high variance is assumed o be 10% of the
[assumed material cost and a 6 month schedule delay.

IThe level of design is pre-conceptual at this point. ltems
included in the major rehab have been generated by the
Structural Section based on their Structural Reliability

|Analysis. The cost estimate has been put together in Mil

it is possible the cost estimate is quantities and unit

Build and refine cost estimate as soon as details are flushed out
the design. Contacting other USACE districts and possibly the

however the cost estimate is based on extremely limited design and

[MCX to check on recent estimates built for this type of bridge.

includes only total duration estimation.

be significant impacts once all major items have been
|accounted for.

much less time, assume 6 months less time, but could take more,
[assume 60 months more time over the 50 year design life for both
bridges.

es | |12 |costEstimate svtalsmiontiadeidhall il el sl badivdienlll RN n fronguar  [NANL Lz 751380 sizsonzzs  [NAN ANt fcontains a majorty of it prices and parameric cost data. Assume low  [construction. Reaching out to industry to discuss all facets of the project,
- e ras s o etensl ot 10 variance for cost estimae represents -5% of the consiructon cost and thelin a generic manner of course, could also shed some light on the cost
Ivery likely the current cost estimate has omitted items, high variance for cost estimate is 30% of the construction cost. lestimate ant_l how it has been prepared to allow for revisions that could
underestimated the quantity, or underestimated the cost, reduce the risk.
[The impacts have the potential to be significant.
[Similar to the cost estimate risk discussion, the schedule s based on (21114 and refine the schedule as soon as detals are flushed out
I The current schedule developed for the project includes , the sc dor regarding the design. Contacting other USACE districts and possibly the
- " professional judgement of the PDT and construction duration of similar "
Sehedule s vry b and curenty |2 2N estmate tolal curation. s ver likely once a more o et e pase it e o STer - [MCX o check on recent schedules buitfor tis type o bridge
es |- |1 [schedue etailed schedule is developed for the project that there will fn g Lo vores 1o wons : [construction. Reaching out to industry to discuss al facets of the project,

in a generic manner of course, could also shed some light on the
|schedule and how it has been prepared to allow for revisions that could
reduce the risk.

[There i significant coordination that will be necessary throughout the ffe
of the project. The State will have constant input to USACE on
and any induced by construction. The State ) )
Coordination wih the State wil be | S1ate has the ablty 0 stop work n the case of extreme lcould put pressure on USACE to halt construction during high-traffic ﬁs‘i”:“:‘;ﬁ‘“ r::; 3;?:;::: open i“:“:;"':a“m can &:‘fﬂ’;‘x’:e
pm |- |14 |Coordinate with State traffic delays, however this is unlikely but could have a fea Medium [unform  [unform [so 59,500,556 o vonths 12months |events. Low variance and likely values are zero assuming any projects garding P forewar A
required for lane closures, etc. s ; ‘ [anticipate any aditional delays or unexpected lane closures during those|
significant impact to the schedule. requirng lane closures will not be allowed during summer months; Crticiate any adone
however the high variance is assumed to be 2% of the construction cost, P
which represents aditional escalation costs assumed at 2% per year on
laverage, and 12 month schedule increase.
Recent planning projects have included extensive PED and S8A values have been vetted through the Engineering and
coordination with the PM, cost engineer, and resource: [Construction divisions however it is dificult to accurately guage the
40 and O costswil vary providers to fumish estimates for PED and S&A. With a [design costs with a project of this size. The PED value is based on a
; project o this size, all the project requirements may notbe |, [, S VS - Aot [percentage of the consiruction costs and the S&A costs were developed
PM (1819 |15 |PED and S&A Funding i‘g;‘g"a"“y from the costs assumed in |, 1 ot that time. This could result in additional project  ["*™ [ |k% PR TSR ogeieq Modelec [Modelec by Construction division but are based on a very rough
- costs for PED and S&A. Based on the size of the individual |schedule/duration. The low variance assumes X% decrease in PED and
project compared to the overall project cost, these impacts [S&A costs while the high variance assumes a Y% increase in those
il likely be marginal. [costs. The likely value is zero, assuming the current values are suffient.
'Schedule impact possible. 1 is possible a imitation may be
e long eared batws founc near the [P hat no work il prmited during the nightime
aodsheibinptipmivoriy hours in the summer months. This would only impact the e oo -
Re |- |16 species o e i arca|CEnactoronly i they were tying to work 247. The o fuoerte ooy [uow VAN e ua. e o
o oo e o lieihood is unlikely as the conlractor wil probably not be
allowed to work 24/7. I they were, this would have a
moderate impact to the schedule.
O Timing issues possible to comply with |These issues wil likely be addressed with EPA during loon R VSR - -
air qualty ssues. NEPA process. odeia  {voseies odeec odeec
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[The unit pricing and historical pricing information utiized in the cost
];:: o ’f"‘.;\zj‘f";': :f"‘ﬁf:“;‘oi Current cost is based on unit price data and programmatic e e e 5::2:;: ;:fzu’;zr:e d:‘a‘f‘h;zzfi's 52'3/’27‘::‘:':::‘55‘5;:'0’:5;“5’:‘?’::1 |Additional review of those historical costs will be beneficial to flush out
o |- |18 |Current Design Status [4 9 lcosts from other projects; this data may not be scalable to alseniicant | i rriangutr ol g0 500556 547,502,779 - Not - ot ‘g b - J land refine the cost estiamte for this rehab alternative. As each piece of
that that as the design s lushed out, |20%> T O ke odeies odeies Moseed minimal because there might be some "savings" realzed by combining  [or =171° 1 %05 6SartLe or S renan aemaive, A
the cost of the project will be impacted. [** g Iseveral projects into one contract. Assume high variance is 15% of 'y desig!
[construction cost. The likely value is 5% of the construction cost.
s NEPA documentation part of the
;ﬁwmg‘;;:‘agzﬁgaﬁfmw [The low variance is assumed to be 0.5% of the construction cost, while
o | e [NEPA Documentation s e e mpacte. | Efher opton has the possiilly of cost and schedule st pose [tow  uarora powse Jtow [rorguer[romnuar 275130 50500550 —_— 2 wonne|1n€ high variance is assumed to be 2% of the construction cost. The
Design impacts. likely value is assumed to be low value as there is some cost impact
Ifnot, then any redesign (not wha was lexpected to deal with the NEPA documentation.
included in NEPA documentation) will s -
also have cost and schedule impacts.
External
Coordination with the state and local
ites is required for traffc o [ - ot A ot
ex | [oo [Stekeholder e o bruge |Coerdination only. No antipated schedule o costimpact i o [uAol Ao et A et
closures.
[While it is known the State is very much in favor of this project, it is
possible the locals, especially those on the Cape, will be opposed to the
T:‘;: e hﬁ:‘“n‘;"bzagf‘;:‘:‘:;"“ It is very likely there will be opposition to the project which project. These local residents have the abiliy to cause problems through ::“‘:"z:l‘lzﬁ:fc"l‘;’: i:"""h": ﬁ'o‘:: “a""‘;f:"s:‘sl’:“’"c:rgf:r"‘gm':’:::e‘”f"'e‘
Ex [205 |21 |PoliticallLocal Opposition |” prok - |could result in schedule delays. These impacts could be  [vegigie | [Low. [Moderate. |very Ukely unorm — [untorm [s0 59,500,556 o Morths 12 Mmonths  [their opposition which could result in delays to the project. The low P prok ey pag:
This has the abilty to create schedule ! ! ke ! t " s the Corps and the State and help allieviate as many concerns as
e s moderate if the pressure is continuous. variance and likely value are zero assuming there are no issues with ity
P: lopposition while the high variance is assumed to be 2% of the. > g
[construction cost, which represents a 1 year delay to the project.
[While there is concern about the State providing funding in a timely
manner, there is also concer about the Federal porton of funding being
[available. This project represents a vast portion of the available annual
[ There is a possibilty of not receiving |/~ 0€1@Y in recelving projects funds would result in schedule lfunding for all USACE projects. Itis likely that if replacement is the [Communication with the vertical team will help to finalize a plan going
funds in a timely manner resulting in | 06/2YS: ThiS risk is similar to Risk 16 regarding availabilty loption pushed forward that it will take a year or more to orchastrate some- [forward on how this project might be funded. A realistic plan and timeline|
ex |- |22 |Adequacy of project funds of State funding. This likelinood s possible, as this project [ [pasiic [Low edm [urtor (o fs0 stazs0sas [owonns 1o s
delays to the design andior the kelihood | ; funding vehicle. Since it is not clear if this option will be pushed forward, [should be established prir to any funding request to ensure the proper
may not be a national priority which may result in a delay ¢ fon wil b . h
lconstruction. o the low variance and likely values are zero, while the high variance is  [escalation is applied.
9 [assumed to be 3% of the construction cost (based on 2% escalation)
[assuming it ill take 18 months or so to figure out federal funding for the
project
Thsizs and potentis value of his poject wl el raw [Assume cost impact of bidding climate is 5% of construction cost.
’ kely dr [Assume best value procurement method has the abilty to lower costs
What contraclors are avaiable and | any and all qualifid conlraclors to the table. tis unlikely A s - Aot [based on an extremely compelitive offeror n a best value coniract vehicle [Market research will help to mitigate this isk to see how much
Ex (203 |23 | Bidding Climate will be available when the projectis | this would be an issue but could have moderate impact ~ [warginal  [uniikely ~ [Low. |nA Trianguiar et [is2a7s1.380 523,751,389 - Not - Not ly comp Ip igs
’ odeies odeies odeies  [where price is an important factor but  lack of compefition can also drive [competition there might be for contract award,
solicited on project cost if the compeition is not there during the °  factor 3
up prices. Assume low variance is a 5% reduction in construction cost
selection process
[and assume high variance is a 5% increase in construction cost.
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[weather impacts.

lexpected. Large weather events would continue to impact
|cost and schedule.

risk associated with modifications captures a majority of this risk, however |
[weather impacts have the abilty affect cost and schedule. The high
[variance is assumed to be 1% of the construction cost and 6 months of
|schedule delay.

Bridge Replacement Alternative, NAE (New England District)  Cost and Schedule Risk Register Cost Model Schedule Model
o Cost Schedule Duration
e = @ @ 8c 3
° @ =1 & g §
s | g 82 ] § o ar Low High
HER] Event Risk PDT Discussions on Impact and Likelihood H § 3 g g §3 2 L°"’(;‘I:|')‘"°' Likely (C) “'“:‘3;’_1';";‘“ Likely (S) |Vari Risk Quantification Discussions Risk Mitigation Measures
3 g 3 = 3 3 %5 H (Min) (B0%H)
& = = [ 88 o
Contract Acquisition (CA)
With the size and complexity of the projects, it i likely the
PDT and PM will be able to overcome this concern. tis [Assume design is 7.5% of construction cost. Assume high variance
Contracting Division at NAE has extremely uniikely we would be forced to utiize two ropresants an acitional 0% of he Gesgnbulla coniract costs and &
expressed concern over projects and | contracts. If we were forced o itis likely we would o
the idea of consolidation. Itis experience an increase in project cost as this would months to cover additional management of 2nd contract and loss of | oy 21 e mitigated by completing the acquisition plan as soon as
ca |- |1 | consoligation - oseste  [unihety [Low  [Moderste [vnkey fLow [Tranguar [Tianguer  [s5.618.054 s1a0ss135 |2 nonns 6 Months in represents -10%
possible we would be required to require two design/build contractors and twice the effort to " possible.
rovide separate contracts for the two| oversee the design and construction processes. tis jand -2 months n the event the assumed design costs are too high.
I Likely value is $0 and 0 months as we have assumed one contract action
different bridges. possible there would be a schedule impact during the .
e wil be sufficient for both bridge replacements.
solcitation process as NAE may not have the expertise for
two simultaneous solicitations.
There are significant trade-offs between doing the design
in-house and contracting with an A/E firm. Regardless of
The current assumption is a
designibuild contract with a large AJE | 46519n- the acauisition stategyIs expected o be best NaNor (Aot
ca [s8 |2 | Acquisition Strategy value. Any ofher acquisition sirategy vehicle would be ja ja
i experienced in complex bridge " poseled  Modeled
Gilivng cheaper and take less time. The anticipated PED costs
projects. will reflect the effort necessary for this best value.
procurement.
Due to the project size and complexity, the PDT s certain |A contract of this size and complexity is all but certain to have [The easier way to reduce contract modifications is to make the design
With a project of this size, contracy | ere will be contract mods during construction; such as modifications associated with it. The low variance is assumed to be 3% |documents as clear and understandable as possible. This will help
cA |44 |3 | Contract Modifications mods a‘:e i ot differing site conditions for foundation issues or utility  [senificant  |certsn  [Basis of [ ITrianguiar  [s14,981.478 574,007,389 2 Monihs o Monihs lof the construction cost and the high variance is assumed to be 10% of ~ [reduce contractor questions during solicitation and adjustments during
issues. Depending on what the mod is for, the impact to (Entimate hedule lthe construction cost. ~Schedule impacts are assumed to be 2 months |construction. Some issues are unavoidable, but having clear an
cost and schedule could be significant for the low variance and 9 months for the high variance. [concise documents wil help reduce the risk of mods.
Lands and Damages (LD)
Acquiing the land necessary for [There is significant real estate that needs to be acquired prior to
\equiring i Cost and time to acquire lands, whether by USACE or lconstruction of the new bridges. This is due to the approaches to both
alignment of the approaches will au >
ety Impact the roalasta coets e, wil impact total project cost and schedule. Some bridges on the mainland and Cape sides. Low variance and likely values |Risk can be mitigated by beginning acquisition as soon as possible after
o 183 |s |Real Estate g | duration for these acquisitions will be introduced tothe  |vederate  [posstie  [Medium  [ioderate [possbie  [Medium [untorm  [unform 50 2005295 [omonis 4 ontrs  fare zero as there is sufficient time to allow for acquisition of these: \e PPA is completed. Coordination can be started during the planning
State may be responsible for o 3
e e s whioh coulg | Project schedule in the formulation of the TPCS, however properties; however the high variance is assumed to be 2% of the stages during public notices and meetings.
cquiring itis possible that delays will occur. |construction cost, which represents additional escalation costs assumed
introduce cost and delays. >
|at 2% per year on average, and 6 month schedule increase.
The takings are relatively quick and would not greatly
‘Acquiring the land necessary for affect the assumed construction schedule (L. start date).
alignment of the approaches could | Itis possible there could be delays to the schedule, but NaNot (Aot
. [oa [oa
-0 5 |-end Acquisition resultin delays with opposition they wil marginal. Of course any delay to the schedule odeies odeies
(eminent domain process). will push out the midpoint of construction which will affect
the escalation of the project cost.
Construction (CO)
Outside of tourist season you could shut down recreational
Corms oans only between abutments. |PENS/areas for contractors use. During those busy times in order to secure additional staging area(s), it is expected the contractor
cont Ird of year, additional protection would be required for . will need to expend some additonal funds ot currently accounted forin [ oL el secure
co |13 |6 ntractor pedestrians and alternate areas would be required for negigbie "7 |Low linia rionguiar ot 5100000 5200000 lthe cost estimate. The low variance is assumed to be $100K, the high P P
Areas. staging/storage area(s) going to be? o ety odeled > cost @ ladditional laydown areas for the contractor to use.
Do thoy requs federa land? lcontractor. Needing to find these altemate locations for the variance is assumed to be $200k, and the ikely value is anticipated to be
! lcontractor is very ikely but wouid have a negligible cost 5150k,
impact relative o the size of the project
USACE would require navigation lanes
o | |, [|construction in the Cape Cod Canal remain open. [ This is something that would be accounted for by the I IR S
Means/Methods Means & methods of construction  |contractor. Risk not modeled. oseled  odeled
would be left o the contractor.
Construction schedule accounts for delays for holidays and |Any additional unknown restrictions on work windows have the abilty to
winter weather. Other restrictions on work windows should ut the construcion to the right. If additional work hours are allowed the
be known prior to start of construction. Current cost and schedule and cost of the project may be reduced by up to 12 months and ) .
p o . uring PED, any additional work windows will be flushed out and
co |77 o [Restricted Work Windows |Tere il be restrictions on work jschedule assumes work 8hrs/day MF. Itis possible oceste  [possbie |Medium  [Moderste [postic  [Wedum [Trianguar [Tiangur  [57.490.739 sagerae  |12onns 12monns 1% ofthe construction cost. The likely values are assumed to be 210 f |yl be incorporated in the design documents and can be reflected
periods throughout the construction.  [additional project cost and schedule impacts will occur with Ino additional work windows are imposed on the project. It is assumed
‘ i ™ in the anticipated construction schedule.
merous work window restrictions. It s also possible [additional work restrictions could add 12 months to the construction
these impacts could be mitigated by allowing the contractor Ischedule, resulting in an additonal 2% to the construction cost (assumed
to work weekends and longer days. lescalation rate).
A certain number of weather delays will be allowed per the contract,
however extreme adverse weather is possible as the construction
[While the likelihood of weather impacts are certain, they lduration willstretch over many years with many opportunities for severe
[Ensure the contractor has a plan in place for emergencies such as
\Work in this area will experience lcan be mitigated in the construction schedule by allowing storms. The low variance and likely value are zero assuming overe wother svents. Thi shou! el recuce l-safotyrletod
co [s1 [o  |Weather Impacts for weather delays in those fimes of year when they are  [vargnal  [ceran  [Basisof- [varginal [coron [ oo fso sacerae  fomonrs ewonins  [contractor is able to successfully work around any weather events. The o
= lemergencies. Otherwise, there isn't much that can be mitigated as far as

[weather is concemed.
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IThe only area(s) of concen for historical preservation lie in the abutment
|There is a risk of uncovering historical, F'“"'“‘g ‘I“T:‘ "e'r'“:d‘s‘“"“ke'y but w‘;“"‘“ "a‘”e s"g"'““:‘ land pier areas. Atifacts would be found during excavaction o¢ these  |Again, during PED the area can be scanned for historical artifacts. If
o |- o |Hstorca cneologicaland cuturaly igifant.|mpacs 1o i schedul asyou Woud Ve 0 SIP WOTK |, o I S P ) ooz fowons oo [ares. Theow  lkey vaue are i uncovered, ey can b Incorporeted o the esign
" 9 c v ply " appl Isignificant items are found. The high variance is assumed w be 25% of |documents and planned for accordingly.
bridge abutments. regulations. e o oo
[The replacement bridges wil require access to the proposed abutments
[This is a seasonally dependent and time of day risk. These lthat don't currently exist. If the new approach roadways are not
There are only so many options to |risks can be mitigated in the estimate and schedule. There e [constructed, the contractor may have to construct temporary acce: [The local roadway improvements wil be paid for by the State. Hopefully
co [s8 |11 |Site Access/Haul Routes |access the site for workers and is also concem over needing to utilize local road and vorginal [ukey  [Meduim linia rianguar ~ [NANL L s4407.635 58.615.271 roads not necessarily in the same location as the permenant reads The they can be planned for and land acquired before the startof bridge
materials. highways which may not be adequate for arge construction low variance is assumed to be -5% if a majority of the temporary and o allow for nstruction
lvehicles/overuse. [permenant roadways are laid out in the same place. The high variance is
[assumed to be 10% of the construction of the new approach roads.
lco [ss |12 |Environmental Restrictions |~€2¢ Paint will be an issue during IThis is being accounted for in demolition cost. i i [VA-Not - |NA Mot
|demolition. [Modeled [Modeled
Fabrication and delivery of cable stay bridge components,
nd steel components in genral, could be an issue. This [The low variance and the liely value are zero, assuming there are no
Viotorial availabiyand |62 me and availabity could bo an | el b THGEEd hiovgh con e ssues vith materia availabilty as there should be suffcient fead timein [oo 0o\ 0L 4 ord ong-lead
lco [t0s |1g |Material avallabiity an: issue with cable stay bridge jordering long lead items in a timely manner; but this is Ivoderate  [possibe [Medium  Moderate [rossible  |Medium [Trianguiar  [Trianguiar  |:$5.000,000 525,000,000 2 Montns 6 Monihs lorder to order and deliver any and all materials. In the case there are esearching material availabilty in advance and ordering any long-ea
delivery |dependent on having an efficient contractor. It is possible " " ° items well in advance of their installation date.
lcomponents and steel in general. ssues with any materials, the high variance is assumed o be 10% of the
there could be moderate impacts to cost and schedule if e e e
Isteel s not readily available and/or fabldelivery of key Y.
lcomponents s delayed.
Cost and Schedule (ES)
[The level of design is conceptual at this point. Design
ldocuments include an elevation view and a cross section. Build and refine cost estimate as soon as details are flushed out
I The cost estimate has been put together in MIl using unit it is possible the cost estimate is quantities and unit the design. Contacting other USACE districts and possibly the
asis of Cost Estimate is unit prices _|P116%5 o Mass DOT as well s other smaler bridge e however the cost estimate is based on extremely limited designand [ MCX to check on recent estimates built for this type of bridge
Es |- 14 |Cost Estimate land arametric dato. P projects from NAE. Several items are estimated using [sisnificant f;:v |ea rranguar VAL [sa7.453.695 5224.722.168 |contains a majority of unit prices and parametric cost data. Assume low |construction. Reaching out to industry to discuss all facets of the project,
P parametric cost data from historical projects. It is very likely [variance for cost estimate represents -5% of the construction cost and thefin a generic manner of course, could also shed some light on the cost
Ithe current cost estimate has omitted items, high variance for cost estimate is 50% of the construction cost. |estimate and how it has been prepared to allow for revisions that could
underestimated the quantiy, or underestimated the cost. reduce the risk.
I The impacts have the potential to be significant.
Build and refine the schedule as soon as detals are flushed out
IThe current schedule developed for the project includes Similar to the cost estimate risk discussion, the schedule is based on |regarding the design. Contacting other USACE districts and pass.hly the|
S chedule i very basic and currenty _|°7Y 20 estimated totalduration. It s very liely once a e professional judgement of the PDT and construction duration of similar ~[MCX to check on recent schedules built for a similar type of
Es |- |15 |Schedule cludes o ‘C’"Val raton eshma“‘én Imore detailed schedule is developed for the project that i [ua ot (rranguiar L6 Montns izwmonths  [bridges constructed by others. At 5 years per bridge, it is not likely to  |construction. Reaching out to industry to discuss all facets. ev the project,
v there will be significant impacts once all major items have take much less time, assume 6 months less time, but could take more,  [in a generic manner of course, could also shed some light on the
been accounted for. lassume 12 months more time. |schedule and how it has been prepared to allow for revisions that could
reduce the risk.
Project & Program Management (PM)
| There is significant coordination that needs to be done in regards to
project funding and receiving the State portion. This is due to the
I There is a risk associated with the zf;‘;wg"'l";:; z:;z“m“:’ d'i‘:K a;s:i':a':f“w:h ::z.des‘ff‘e lapproaches to both bridges on the mainland and Cape sides. Low
ow | s |coordinate with State State having funds available in timely 2220 ¥ A0k 8 B8 e T, e & wore I I PV R svas0ra70 — ©ovons|Variance and likely values are zero as there is suffcient time to allow for  |Close contact with the State and open communication can help reduce
fashion to coordinate with our :’0 r‘\a en woul dyhave e anihcant mmact o the project oo lacquisition of these properties; however the high variance is assumed to |risk regarding project funding and when we might receive it
lconstruction schedule. oo 9 P prol be 2% of the construction cost, which represents additional escalation
[costs assumed at 2% per year on average, and 12 month schedule
increase.
N . . ) PED and S&A values have been vetted through the Engineering and
:::;’I‘r‘\ :1‘\::“;‘1 projecs ::.: ;’;"fnd: e e (Construction divisions however it s difficult to accurately guage the
E&D and CM costs will vary providers to fumish estimates for BED and S8A Witha [design costs with a project of this size. The PED value s based on a
w110 |17 |PED anc S8 Funding  |sgifcanty rom the coss assumed n project ofthi ize all (n projoct requirements may ot bo. [sns s Low T A st [prcemage o e consiruton st and he S84 st weredevcloped
e e 1e5ulin addiiona) project |schedule/duration. The low variance assumes X% decrease in PED and
s roacts il ke be marginl project, S&A costs while the high variance assumes a Y% increase in those
P v rginal. lcosts. The likely value is zero, assuming the current values are sufficient.
[The design of this project will be a district priorty. There is a chance b oo . ]
there will other district priorities that may share time in the spotlight. [Keeping this project fresh in the minds of upper management wil help
[ There are always competing priorities. The likelihood is " " 5 Imaintain it as district priority. The public involvement will also go a long
e . N h ! ; e - [There is a chance this project could be delayed in the design stages by ! e " °
ow |30 |1a |Unplanned vork that must | There s a isk of competing priories |'very likely” however the impacts vill be negligible as tisis . . ey |io v hiyuney fiow  fuom oo o 7400730 — siire |competing otk - ASeume iow varance s sor, il volue o s way in maintaining that status. To keep the project from faling behind at
be accommodated lfor PDT members. la high priority project for the District. Other projects will be kely (mosurming no deiaye cus to unplanned wor). and assume anplanned |17 ¥orking evel, the frst evel supervisors will noed to be made aware of
pushed off in order to have PDT available when necessary. e pucon his dnsign & montie 1 ne v, whicn wanelaten o 196 of |2 reminded o, the high priory of tis project o keep those PDT
! . " [members ununcumbered with other high priority projects.
the construction cost based on a 2% annual escalation impact.

COST AND SCHEDULE RISK ANALYSIS - ATTACHMENT 1
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Bridge Replacement Alternative, NAE (New England District)  Cost and Schedule Risk Register Cost Model Schedule Model
o Cost Schedule Duration
° 3 — @ @ 8 €
2 £5 |eg8
* H 3 H = 3 3 £2 | 285 | Lowvariance High Variance [, LO% High
E|% | Event Risk PDT Discussions on Impact and Likelihood E £ 3 H 2 3 SE |22 (Min) Likely (C) (80%H) i Likely (S) |Vari Risk Quantification Discussions
© E 2| & E| ¢ A 5% 353 (i) (BI%H)
R S 2 ga a
s likely that, based on the project duration. the Districtwill [Based on the attition rate and the time it takes to hire someone and get |This risk can be mitigated to the extent possible by keeping those
ased on the duration of the proect, _|lose keyypem‘mne‘ ot p'gl ot to ratroment or ofhor them onboard, assume low variance of 1 month to ramp up an existing ~ [existing PDT members engaged and on the project throughout its lfe
PM |35 |19 |Losing Key Personnel [there is a high likelihood of PDT lopportunities. This wil resut n a loss of institutional lona [voderate [very iy ANt tar [ vors owonns  [emPlovee to the project and assume high variance of 6 monthsifan |span. If a PDT member is leaving the project, for whatever reason, there
omover D oteciao ahich wil touuire mow FOT members o U odeled loutside person needs to be brought in and then ramped up on the Ishould be some summarization of their work completed to date, such as.
o e oot et all o rarmants P up broject. Likely value is 1 month as we expect some transfer of knowledge |a design analysis, to inform those taking over of what, exactly, has been
proj req! required through the life of the project. ldone to date and why.
Regulatory & Environmental (RE)
Itis possible a limitation may be imposed that no work will
permitted during the nighttime hours in the summer
months. This would only impact the contractor only if they
:::r’;::“:’“:r’:fr:;’ﬁ: ":;:;f"'::‘": \were trying to work 24/7. The likelihood is unlikely as the oo
RE |- |20 |Endangered species ag ‘9 |contractor will probably not be allowed to work 24/7. If they lowa  |voderate [uniely  [Low ol oo
Possibilly of having to avoid this area odeled
aing corin tmes of deyyear, were, this would have a moderate impact to the schedule.
It was determined in subsugent reviews of the risk register
that this risk is extremely unlikely and was removed from
the analysis.
I Timing issues possible to comply with | These issues will likely be addressed with EPA during NaNor (Aot
RE 21 |Airquality lair quality issues. INEPA process. This risk was not modeled. [ [MA - [Modeles  [modelea
If hazardous waste is found it will be removed prior o the start o
azardous waste :gﬂf::ﬁ::‘;?g:::ﬁ;""me |t uniielythere wil b any haz matertal found but o, [continuation of construction for the replacement bridges. It is expected  [Soil sampling should be done as soon as is practical to ensure no
Re |- |22 |preliminary site property owner would be responsible  |could result in moderate impacts to the cost and schedule [vodeste  [unikely [Low  [uoderate [unikey  [Low  fvesto  [vesto  [s0 szzar2217 that this would push the construction to the right upwards of 18 months. |hazardous waste is present on site. Ifitis found, a quick reaction by the
ot e otrcion. TS, loinle the sloant & complmee [This translates to a high variance of 3% of the construction cost (based [PM can help mitigate any delays that might arise while the site is
9 o o e i et P plete. lon 2% escalation). The low variance is zero and the likely value is zero  [mitigated before construction.
P: las no hazardous waste is expected to be found.
. If there is any in-water work, it is certain that fisheries would it s unciear how cooperative the fisheries resources will be during [Early coordination with the fisheries folks can bring to light what, exactly,
There s a possibilly of having have input on work windows and restrictions. These appiication or any in-water work permits. Any delays due to the lack of ~[oACE 18 required to do as far as permilting or work restritions. This
RE |- |23 |InWater work ladditional restrictions on water work P A |moderste [certain lunorm ~ Jso 57.400.730 o Monihs 6 Monihs PPl Y P - Any delays requirments can either be handled prior to contract award or rolled into
tlons impacts may be moderate f the Fisheries Resources are [cooperation from other agencies could push the start of construction to
based on the Fisheries Resources. | P> oY e i I oo o 36 & monthe. the design documents to provide more informaiton for the contractor for
P - 'ght, 9 s up Isuccessful project completion.
Technical Design (TD) / Project Scope Growth
Limit of design will be budget, based on approved planning document
Cable stay bridge is one of the lower-cost alternatives. The providing funding for the project. During PED, it wil be difficult to design |Coordination with the A/E in regards to bridge type and what will be
Current cost is based on cable stay  |design WILL be limited by some construction budget. It is . . - vastly different structures nless the designers can stay within the ldesigned and ultimately constructed will be helpful in mitigating this risk.
TD |46 |24 |Bridge Design/Type bridge. What is built could be possible something other than cable stay will be fsignificant  [ukely lenia Tianguar WAL Ls1a 081478 574,907,389 e o lallowable budget. Assume low variance for bridge designitype is 5% of ~ [A planning document will need to be completed for the replacement
significantly different. ldesign/constructed, however the cost impact will be the construction cost. Assume high variance for bridge design/type s [project and a budget established in that document which will help to tie
marginal based on the allowable budget [25% of construction cost. The likely value is 10% of the construction  [the hands of the AVE to design within a certain budget.
cost.
The current design is conceptual at  |Current cost s based on unit price data and programmatic
this point. There is a high likelihood  |costs from other projects; this data may not be scalable to a| NaNor (Aot
s |Current Design Status | o< the design is flushed out, the |project this size. This risk is modeled already in the "ES14 Modeled  |1odeled
lcost of the project will be impacted. |Cost Estimate" risk.
INEPA document has a conceptual
design. Actual design during .
. (Gesign/build progees may be difierent |'LS kel the designer will coordinate wit locals on minor NaNot (Aot
laspects of the project to provide local "flavor” and input. oled  odeled
than conceptual and require additional
lcoordinationireview/approval,
Coordination with the A/E in regards to bridge type and what will be
[ There is a risk involved with designing the bridges, even if a 2‘;";‘@: z ‘::;’;‘;‘:"“e:“:::‘:";;z::f 5":1;":\?;‘,:: Z‘"i’s‘?ﬁ‘;:'f/gs' |designed and ultimately constructed will be helpful in mitigating this risk
7 Cable stay bridge is a complex project. |qualified A/E is completing the design. It is likely this risk Trionguiar  [Trianguar ~ [-537,453.695 574,907,389 o Monihs 3 Monihs P P 1t prok a *|A planning document will need to be completed for the replacement
o [The high variance is assumed to be 10% of the construction cost to
Wil transate to significant impacts to cost and schedule. o o o ek mecoatod it s careoon moroat project and a budget established in that document which will seemlingly
P! iplex project. tie the hands of the A/E to design within a certain budget.
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Cost Schedule Duration
° 3 — @ @ 8 €
@ 2 3 §2 (282 Low Hi
= |w o 52 |38 igh
b ve scussions on Impact an :| 3 208 |32 282 ay (@) [Hishver ay ok Quanifcation Discussions sk Mitgation Measures
i Event Risk PDT Discussi Impact and Likellhood N H H 5 B 53 |Lowvariancs |y () | High Variance Likely (8 Risk Quantification Discussi Risk Mitigation M
8 g 5 = 55 |58 (Min) (80%H)
£ ] E| 2 3 % (352
= = S °
Lse:E:’: xm“m:::f“;;’ésg'l‘: Either option has the possibility of cost and schedule
ot desion documentation troro | MPaCIS. These impacis wil mainy afec cost and [The low variance is assumed to be 0.5% of the construction cost, while
o | e [NEPADocumentationvs et e e schedule o the design. It s possible there would becost ||, R . ovone | high variance is assumed to be 2% of the construction cost. The
Design k. (e s racoson (ot what s |21 schecule impzcs but these mpacts would be marginal likely value is assumed to be low value as there is some cost impact
Inudea n NP docsmentaion) wi.[¥0h campsred 1o he veral costsnd scheduleofthe lexpected to deal with the NEPA documentation.
lalso have cost and schedule impacts. |
External
The State has some input to the
A Stakeholder The bridge design and approach design would have be o [
X 12 |input/Coordination |design, especially at the approaches | yo o imultaneously. No risk associated with this item. [ [MVA [Modeled  [modelea
ldue to real estate issues.
[While it is known the State is very much in favor of this project, it is
[ There are folks on the Cape that would |It is very likely there will be opposition to the project, z::'cb"e %ﬁfxﬂi@?:ﬁz':ﬁ ;lz‘;lff'?c:ﬂ;:i;‘;::;?(ﬂz;h [Public involvement will be of the utmost importance going forward to get
ex |05 |30 |PolicallLocal Opposiion ~[Preer the project not be constructed. - |especially from Cape residents, which could resultin gt [ edium  [voceratfvry ke o [untom—s0 scosezos  [owonne 12mone [iheir opposition which could resultin delays to the project. Thelow | ne PUblic involved in the project and ensure they are on the same page
This has the abilty to create schedule |schedule delays. These impacts could be moderate if the ety aremen oo kel valve 16 sere socuming tnats e s ssuoa it |25 tne Corps and the State and hep aleviate 2s many concerns as
mpacts. pressure is continuous. lopposition while the high variance is assumed to be 2% of the possible.
[construction cost, which represents a 1 year delay to the project.
[While there is concern about the State providing funding in a timely
manner, there is also concer about the Federal porton of funding being
[available. This project represents a vast portion o the available annual
[There s a possibility of not receiving :e'l‘:‘ay %E?;ms:ﬂﬁf‘zw:s&ﬁ“;;:" ‘g;ﬁ:zi‘:i""e Ifunding for all USACE projects. Itis likely that if replacement is the [Communication with the vertical team will help to finalize a plan going
ex | lot |adequacy of project fungs |1undS in @ timely manner resuling in ~(SEEYS: TS oK Ao R T e e et g s |tow I PV R 200625 - ovonrs|0PtON pUShed forward that it will take a year or more to orchastrate some [forward on how this project might be funded. A realstic plan and timeline|
lequacy of proj |delays to the design andor the ot o ngamna‘ ot wch”ma it :el a 902 Ifunding vehicle. Since it is not clear if this option will be pushed forward, [should be established prior to any funding request to ensure the proper
lconstruction. i priority Y Y the low variance and likely values are zero, while the high variance i [escalation is applied.
9 [assumed to be 3% of the construction cost (based on 2% escalation)
[assuming it ill take 18 months or so to figure out federal funding for the
project
e size and potential value of this project wil kely draw [Assume cost impact of bidding climate is 5% of construction cost.
What contractors are available and | any and all qupahﬁed conractors to he ke, tls uynlike\y [Assume best value procurement method has the abilty to lower costs
ex |203 |32 | Bidding Climate will be available when the project is | this would be an issue but could have moderate impact  [sinficont |posstie[Medium va frrenguar VANl Lo 5505 s37.453505 pased on an extremely competitive offeror in @ best value contract vehicle [Market research wil help to mitigate this risk to see how much
’ odeies [where price is an important factor but a lack of competiion can aiso drive [competiion there might be around the time of solictation.
solicited on project cost if the compeition is not there during the e Ao o vt s o e Comataion cont
selection process. land assume high variance is a 5% increase in construction cost.
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WALLA WALLA COST ENGINEERING
MANDATORY CENTER OF EXPERTISE

COST AGENCY TECHNICAL REVIEW
CONDITIONAL CERTIFICATION STATEMENT

PN 450095
NAE — Cape Cod Canal Highway Bridges
Major Rehabilitation Evaluation Report (MRER)

The Cape Cod Canal Highway Bridges Major Rehabilitation Evaluation Report
(MRER), as presented by the New England District, has received a Conditional
Cost Agency Technical Review Certification (Cost ATR), as defined by Engineer
Regulation 1110-2-1302.

The referenced project has undergone a Cost ATR under the supervision of the
Walla Walla District Cost Engineering Mandatory Center of Expertise (Cost
MCX) team. The Cost ATR included study of the project scope, report, cost
estimates, schedules, escalation, and risk-based contingencies.

Areas of concern resulting in a Conditional Certification:

- Costs have been developed to a Class 5 screening/pre-budget
development level sufficient for MRER evaluation of rehabilitation
versus replacement but not to the Class 3 level required for Feasibility
Phase Certification/budget authorization.

- Additional design refinement and NEPA documentation will be
required prior establishment of budget/funding.

- MRER has not been developed to a Feasibility Level Scope and should
not be used for budgetary/funding purposes.

As of March 2, 2020, the Cost MCX conditionally certifies the estimated total
project cost:

BRIDGE REHABILITATION:

FY20 Project First Cost: $ 776,169,000

Fully Funded Costs: $1,937,229,000
BRIDGE REPLACEMENT:

FY20 Project First Cost: $1,231,570,000

Fully Funded Costs: $1,713,512,000

Note: It remains the responsibility of the District to correctly reflect these cost
values within the Final Report and to implement effective project management
controls and implementation procedures including risk management through the
period of Federal participation.

Michael P. Jacobs, PE, CCE
Chief, Cost Engineering MCX

Walla Walla District




**** TOTAL PROJECT COST SUMMARY ****

Printed:3/2/2020

Filename: 0_
TPCS-BOTH

Page 1 of 25
PROJECT: Bridge Rehabilitation Alternative DISTRICT: NAE District PREPARED: 9/11/2019
PROJECT NO P2# 450095 POC: CHIEF, COST ENGINEERING, Christopher Tilley (Acting)
LOCATION:  Cape Cod Canal, Massachusetts UPDATED: 2/28/2020
This Estimate reflects the scope and schedule in report; CCC Bridges Major Rehabilitation Evaluation Report September 2018
- PROJECT FIRST COST TOTAL PROJECT COST
Civil Works Work Breakdown Structure ESTIMATED COST (Constant Dollar Basis) (FULLY FUNDED)
Program Year (Budget EC): 2020
BOURNE AND SAGAMORE BRIDGES - Effective Price Level Date: 1 OCT 19
REHABILITATION TOTAL
Spent Thru: FIRST
WBS Civil Works COST CNTG CNTG TOTAL ESC COST CNTG TOTAL 1-Oct-18 COST ||INFLATED  COST CNTG FULL
NUMBER Feature & Sub-Feature Description $K $K %) (3K) % (3K) $K ($K) $K (3K) % $K $K (3K)
A B c D E F G H 1 J K L M N o
08 ROADS, RAILROADS & BRIDGES All Contral| $475,028  $204,262 43.0% $679,290 1.9%  $484,009 $208,124  $692,133 $0| $692,133 147.3% $1,197,168 $514,782 $1,711,950
02 RELOCATIONS (Utilities) $17,500 $7,525 43.0% $25,025 1.9% $17,831 $7,667 $25,498 $0| $25,498 25.2% $22,317 $9,596 $31,913
#N/A $0 $0 - $0 - $0 $0 $0 $0 $0 - $0 $0 $0
#N/A $0 $0 - $0 - $0 $0 $0 $0 $0 - $0 $0 $0
#N/A $0 $0 - $0 - $0 $0 $0 $0 $0 - $0 $0 $0
#N/A $0 $0 - $0 - $0 $0 $0 $0 $0 - $0 $0 $0
#N/A $0 $0 - $0 - $0 $0 $0 $0 $0 - $0 $0 $0
#N/A $0 $0 - $0 - $0 $0 $0 $0 $0 - $0 $0 $0
#N/A $0 $0 - $0 - $0 $0 $0 $0 $0 - $0 $0 $0
#N/A $0 $0 - $0 - $0 $0 $0 $0 $0 - $0 $0 $0
#N/A $0 $0 - $0 - $0 $0 $0 $0 $0 - $0 $0 $0
#N/A $0 $0 - $0 - $0 $0 $0 $0 $0 - $0 $0 $0
#N/A $0 $0 - $0 - $0 $0 $0 $0 $0 - $0 $0 $0
#N/A $0 $0 - $0 - $0 $0 $0 $0 $0 - $0 $0 $0
CONSTRUCTION ESTIMATE TOTALS:|| $492,528  $211,787 $704,315 19%  $501,840 $215,791  $717,631 $0| $717,631 143.0% $1,219,484 $524,378 $1,743,862
01 LANDS AND DAMAGES $0 $0 - $0 - $0 $0 $0 $0 $0 - $0 $0 $0
30 PLANNING, ENGINEERING & DESIGN $26,267 $11,295 43.0% $37,561 3.4% $27,162  $11,679 $38,841 $0| $38,841 236.6% $91,439  $39,319 $130,758|
31 CONSTRUCTION MANAGEMENT $13,321 $5,728 43.0% $19,048 3.4% $13,774 $5,923 $19,697 $0| $19,697 217.9% $43,782  $18,826 $62,608,
PROJECT COST TOTALS:|| $532,115  $228,809 43.0% $760,924 $542,776 $233,394  $776,169 $0 $776,169 149.6% $1,354,706 $582,523 $1,937,229|
CHIEF, COST ENGINEERING, Christopher Tilley (Acting)
ESTIMATED TOTAL PROJECT COST: $1,937,229

PROJECT MANAGER, Craig Martin

CHIEF, REAL ESTATE, Gaelen Daly

CHIEF, PLANNING, John Kennelly

CHIEF, ENGINEERING, David Margolis

CHIEF, OPERATIONS, Eric Pedersen

CHIEF, CONSTRUCTION, Sean Dolan

CHIEF, CONTRACTING, Sheila Winston-Vincuilla
CHIEF, PM-PB, Janet Harrington

CHIEF, DPM, Scott Acone



PROJECT: Sagamore Bridge Rehabilitation Alternative

PROJECT NO P2 xxxxxx
LOCATION:  Cape Cod Canal, Massachusetts

This Estimate reflects the scope and schedule in report;

**** TOTAL PROJECT COST SUMMARY ****

DISTRICT: NAE District

PREPARED: 9/11/2019

POC: CHIEF, COST ENGINEERING, Christopher Tilley (Acting)

CCC Bridges Major Rehabilitation Evaluation Report September 2018

UPDATED: 2/28/2020

Printed:3/2/2020
Page 2 of 25

- PROJECT FIRST COST TOTAL PROJECT COST
Civil Works Work Breakdown Structure ESTIMATED COST (Constant Dollar Basis) (FULLY FUNDED)
Program Year (Budget EC): 2020
SAGAMORE BRIDGE - REHABILITATION Effective Price Level Date: 1 OCT 19
TOTAL
Spent Thru: FIRST
WBS Civil Works COST CNTG CNTG TOTAL ESC COST CNTG TOTAL 1-Oct-18 COST [|INFLATED COST CNTG FULL
NUMBER Feature & Sub-Feature Description $K $K % (3K) % (3K) $K ($K) $K (3K) % $K (3K) $K
A B (o] D E F G H I J K L m N (o}
08 ROADS, RAILROADS & BRIDGES Contr 01 $91,571 $39,375 43.0% $130,946 1.9% $93,302  $40,120  $133,422 $0| $133,422 21.3% $113,175  $48,665 $161,840
08 ROADS, RAILROADS & BRIDGES Contr 02 $7,072 $3,041 43.0% $10,114 1.9% $7,206 $3,099 $10,305 $0| $10,305 44.8%  $10,437 $4,488 $14,925
08 ROADS, RAILROADS & BRIDGES Contr 03 $1,980 $851 43.0% $2,831 1.9% $2,017 $867 $2,885 $0| $2,885 49.2% $3,009 $1,294 $4,304]
08 ROADS, RAILROADS & BRIDGES Contr 04 $7,072 $3,041 43.0% $10,114 1.9% $7,206 $3,099 $10,305 $0| $10,305 781%  $12,836 $5,520 $18,356
08 ROADS, RAILROADS & BRIDGES Contr 05 $4,321 $1,858 43.0% $6,179 1.9% $4,403 $1,893 $6,296 $0| $6,296 83.5% $8,078 $3,474 $11,552
08 ROADS, RAILROADS & BRIDGES Contr 06 $21,432 $9,216 43.0% $30,647 1.9% $21,837 $9,390 $31,226 $0| $31,226 112.7%  $46,447  $19,972 $66,419
08 ROADS, RAILROADS & BRIDGES Contr 07 $1,980 $851 43.0% $2,831 1.9% $2,017 $867 $2,885 $0| $2,885 125.7% $4,552 $1,957 $6,509
08 ROADS, RAILROADS & BRIDGES Contr 08 $7,072 $3,041 43.0% $10,114 1.9% $7,206 $3,099 $10,305 $0| $10,305 161.6%  $18,851 $8,106 $26,957
08 ROADS, RAILROADS & BRIDGES Contr 09 $4,321 $1,858 43.0% $6,179 1.9% $4,403 $1,893 $6,296 $0| $6,296 185.9%  $12,585 $5,412 $17,997
08 ROADS, RAILROADS & BRIDGES Contr 10 $7,072 $3,041 43.0% $10,114 1.9% $7,206 $3,099 $10,305 $0| $10,305 221.7%  $23,184 $9,969 $33,153
08 ROADS, RAILROADS & BRIDGES Contr 11 $71,175 $30,605 43.0% $101,780 1.9% $72,521  $31,184  $103,705 $0| $103,705 284.2% $278,595 $119,796 $398,391
02 RELOCATIONS (Utilities) $8,750 $3,763 43.0% $12,513 1.9% $8,915 $3,834 $12,749 $0| $12,749 17.8%  $10,499 $4,515 $15,014]
#N/A $0 $0 - $0 - $0 $0 $0 $0 $0 - $0 $0 $0
#N/A $0 $0 - $0 - $0 $0 $0 $0 $0 - $0 $0 $0
CONSTRUCTION ESTIMATE TOTALS:|| $233,819  $100,542 $334,361 1.9%  $238,239 $102,443  $340,682 $0| $340,682 127.6% $542,249 $233,167 $775,416
01 LANDS AND DAMAGES $0 $0 - $0 - $0 $0 $0 $0 $0 - $0 $0 $0
30 PLANNING, ENGINEERING & DESIGN $12,477 $5,365 43.0% $17,843 3.4% $12,903 $5,548 $18,451 $0| $18,451 211.0%  $40,133  $17,257 $57,390
31 CONSTRUCTION MANAGEMENT $6,629 $2,851 43.0% $9,480 3.4% $6,855 $2,948 $9,803 $0| $9,803 190.7%  $19,928 $8,569 $28,497
PROJECT COST TOTALS:|| $252,926 $108,758 43.0% $361,684 $257,997 $110,939  $368,936 $0 $368,936 133.5% $602,310 $258,993 $861,304
CHIEF, COST ENGINEERING, Christopher Tilley (Acting)
ESTIMATED TOTAL PROJECT COST: $861,304

Filename: 0_|
TPCS-SAGAMORE

PROJECT MANAGER, Craig Martin

CHIEF, REAL ESTATE, Gaelen Daly

CHIEF, PLANNING, John Kennelly

CHIEF, ENGINEERING, David Margolis

CHIEF, OPERATIONS, Eric Pedersen

CHIEF, CONSTRUCTION, Sean Dolan

CHIEF, CONTRACTING, Sheila Winston-Vincuilla

CHIEF, PM-PB, Janet Harrington

CHIEF, DPM, Scott Acone



PROJECT:
LOCATION: Cape Cod Canal, Massachusetts
This Estimate reflects the scope and schedule in report;

**** TOTAL PROJECT COST SUMMARY ****

Sagamore Bridge Rehabilitation Alternative

**** CONTRACT COST SUMMARY ****

CCC Bridges Major Rehabilitation Evaluation Report September 2018

DISTRICT:
POC:

NAE District

PREPARED: 9/11/2019

CHIEF, COST ENGINEERING, Christopher Tilley ( UPDATED: 2/28/2020

Printed:3/2/2020

Civil Works Work Breakdown Structure ESTIMATED COST PROJECT FIRST CO.ST TOTAL PROJECT COST (FULLY FUNDED)
(Constant Dollar Basis)
SAGAMORE BRIDGE - REHABILITATION Estimate Prepared: 11-Sep-19 Program Year (Budget EC): 2020
Effective Price Level: 1-Oct-18 Effective Price Level Date: 1 OCT 19
RISK BASED
WBS Civil Works COST CNTG CNTG TOTAL ESC COST CNTG TOTAL Mid-Point INFLATED COST CNTG FULL
NUMBER Feature & Sub-Feature Description $K $K % ($K) % ($K) $K. ($K) Date % $K ($K) $K.
A B c D E F G H 1 J P L M N o
01 Contract 01: Major Rehab (25-27)
08 Truss Span Deck Replacement $19,515 $8,391 43.0% $27,906 1.9% $19,884 $8,550 $28,434 2026Q3 21.3% $24,119  $10,371 $34,490
08 Suspender Cable Replacement $10,692 $4,598 43.0% $15,290 1.9%  $10,895 $4,685 $15,579 2026Q3 21.3% $13,215 $5,682 $18,898
08 Replace Abutment Spans $8,192 $3,523 43.0% $11,715 1.9% $8,347 $3,589 $11,936 2026Q3 21.3% $10,125 $4,354 $14,478
08 Bearing Replacement $1,167 $502 43.0% $1,669 1.9% $1,189 $511 $1,701 2026Q3 21.3% $1,443 $620 $2,063]
08 Joint Replacement $1,980 $851 43.0% $2,831 1.9% $2,017 $867 $2,885 2026Q3 21.3% $2,447 $1,052 $3,499!
08 Minor Steel Truss Repairs $6,194 $2,664 43.0% $8,858 1.9% $6,311 $2,714 $9,025 2026Q3 21.3% $7,656 $3,292 $10,948
08 Major Steel Truss Repairs $20,057 $8,624 43.0% $28,681 1.9% $20,436 $8,788 $29,224 2026Q3 21.3% $24,789  $10,659 $35,448
08 Paving $2,341 $1,007 43.0% $3,348 1.9% $2,386 $1,026 $3,411 2026Q3 21.3% $2,894 $1,244 $4,138]
08 Complete Painting of Structural Steel $21,432 $9,216 43.0% $30,647 1.9% $21,837 $9,390 $31,226 2026Q3 21.3% $26,488  $11,390 $37,878
02 RELOCATIONS (Utilities) $8,750 $3,763 43.0% $12,513 1.9% $8,915 $3,834 $12,749 2025Q3 17.8% $10,499 $4,515 $15,014
CONSTRUCTION ESTIMATE TOTALS: $100,321 $43,138 43.0% $143,458 $102,217  $43,953  $146,171 $123,674  $53,180 $176,854
01 LANDS AND DAMAGES $0 $0 0.0% $0 0.0% $0 $0 $0 0 0.0% $0 $0 $0
30 PLANNING, ENGINEERING & DESIGN
4.6% Project Management $4,579 $1,969 43.0% $6,547 3.4% $4,735 $2,036 $6,770 2023Q2 13.0% $5,350 $2,301 $7,651
Planning & Environmental Compliance INC. 43.0% 0.0% $0 $0 0 13.0% $0 $0 $0
Engineering & Design INC. 43.0% 0.0% $0 $0 0 13.0% $0 $0 $0,
Reviews, ATRs, IEPRs, VE INC. 43.0% 0.0% $0 $0 0 13.0% $0 $0 $0
Life Cycle Updates (cost, schedule, risks) INC. 43.0% 0.0% $0 $0 0 13.0% $0 $0 $0,
Contracting & Reprographics INC. 43.0% 0.0% $0 $0 0 13.0% $0 $0 $0
Engineering During Construction INC. 43.0% 0.0% $0 $0 0 27.7% $0 $0 $0,
Planning During Construction INC. 43.0% 0.0% $0 $0 0 27.7% $0 $0 $0
Project Operations INC. 43.0% 0.0% $0 $0 0 13.0% $0 $0 $0
31 CONSTRUCTION MANAGEMENT
10.0%  Construction Management $2,272 $977 43.0% $3,249 3.4% $2,349 $1,010 $3,360 2026Q3 27.7% $3,000 $1,290 $4,291
Project Operation: INC. 43.0% 0.0% $0 $0 0 27.7% $0 $0 $0,
Project Management INC. 43.0% 0.0% $0 $0 0 27.7% $0 $0 $0
CONTRACT COST TOTALS: $107,171 $46,084 $153,255 $109,301 $47,000  $156,301 $132,025  $56,771 $188,796

Filename: 0_Non-CAP CCCB MRER Rehabilitation TPCS Sep 2019_02Mar2020.xIsx

TPCS-SAGAMORE
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PROJECT:
LOCATION: Cape Cod Canal, Massachusetts
This Estimate reflects the scope and schedule in report;

**** TOTAL PROJECT COST SUMMARY ****

Sagamore Bridge Rehabilitation Alternative

**** CONTRACT COST SUMMARY ****

CCC Bridges Major Rehabilitation Evaluation Report September 2018

DISTRICT:
POC:

NAE District PREPARED: 9/11/2019
CHIEF, COST ENGINEERING, Christopher Tilley ( UPDATED: 2/28/2020

Printed:3/2/2020
Page 4 of 25

Civil Works Work Breakdown Structure ESTIMATED COST PROJECT FIRST CO.ST TOTAL PROJECT COST (FULLY FUNDED)
(Constant Dollar Basis)
SAGAMORE BRIDGE - REHABILITATION Estimate Prepared: 11-Sep-19 Program Year (Budget EC): 2020
Effective Price Level: 1-Oct-18 Effective Price Level Date: 1 OCT 19
WBS Civil Works COST CNTG CNTG TOTAL ESC COosT CNTG TOTAL Mid-Point INFLATED COST CNTG FULL
NUMBER Feature & Sub-Feature Description $K $K % (3K) % (3K) $K (3K) Date % $K (3K) $K
A B c D E F G H 1 J P L M N o
02 Contract 02: Maint Paint (32)
08 Maintenance Painting of Structural Steel $7,072 $3,041 43.0% $10,114 1.9% $7,206 $3,099 $10,305 2032Q3 44.8% $10,437 $4,488 $14,925/
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
CONSTRUCTION ESTIMATE TOTALS: $7,072 $3,041 43.0% $10,114 $7,206 $3,099 $10,305 $10,437 $4,488 $14,925/
01 LANDS AND DAMAGES $0 $0 0.0% $0 0.0% $0 $0 $0 0 0.0% $0 $0 $0
30 PLANNING, ENGINEERING & DESIGN
5.0% Project Management $354 $152 43.0% $506 3.4% $366 $157 $523 2031Q2 53.3% $561 $241 $802
Planning & Environmental Compliance INC. 43.0% 0.0% $0 $0 0 53.3% $0 $0 $0,
Engineering & Design INC. 43.0% 0.0% $0 $0 0 53.3% $0 $0 $0
Reviews, ATRs, IEPRs, VE INC. 43.0% 0.0% $0 $0 0 53.3% $0 $0 $0,
Life Cycle Updates (cost, schedule, risks) INC. 43.0% 0.0% $0 $0 0 53.3% $0 $0 $0
Contracting & Reprographics INC. 43.0% 0.0% $0 $0 0 53.3% $0 $0 $0,
Engineering During Construction INC. 43.0% 0.0% $0 $0 0 61.1% $0 $0 $0
Planning During Construction INC. 43.0% 0.0% $0 $0 0 61.1% $0 $0 $0,
Project Operations INC. 43.0% 0.0% $0 $0 0 53.3% $0 $0 $0
31 CONSTRUCTION MANAGEMENT
3.7% Construction Management $261 $112 43.0% $373 3.4% $270 $116 $386 2032Q3 61.1% $434 $187 $621
Project Operation: INC. 43.0% 0.0% $0 $0 0 61.1% $0 $0 $0
Project Management INC. 43.0% 0.0% $0 $0 0 61.1% $0 $0 $0,
CONTRACT COST TOTALS: $7,687 $3,305 $10,992 $7,841 $3,372 $11,213 $11,432 $4,916 $16,348

Filename: 0_Non-CAP CCCB MRER Rehabilitation TPCS Sep 2019_02Mar2020.xIsx
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**** TOTAL PROJECT COST SUMMARY ****

**** CONTRACT COST SUMMARY ****

Printed:3/2/2020
Page 5 of 25

PROJECT: Sagamore Bridge Rehabilitation Alternative DISTRICT:  NAE District PREPARED: 9/11/2019
LOCATION: Cape Cod Canal, Massachusetts POC: CHIEF, COST ENGINEERING, Christopher Tilley (. UPDATED: 2/28/2020
This Estimate reflects the scope and schedule in report; CCC Bridges Major Rehabilitation Evaluation Report September 2018
Civil Works Work Breakdown Structure ESTIMATED COST PROJECT FIRST CO.ST TOTAL PROJECT COST (FULLY FUNDED)
(Constant Dollar Basis)
SAGAMORE BRIDGE - REHABILITATION Estimate Prepared: 11-Sep-19 Program Year (Budget EC): 2020
Effective Price Level: 1-Oct-18 Effective Price Level Date: 1 OCT 19
WBS Civil Works COST CNTG CNTG TOTAL ESC COST CNTG TOTAL Mid-Point  INFLATED COST CNTG FULL
NUMBER Feature & Sub-Feature Description $K $K % (3K) % (3K) $K (3K) Date % $K (3K) $K
A B (o] D E F G H I J P L m N o
03 Contract 03: Joint Replace (33)
08 Joint Replacement $1,980 $851 43.0% $2,831 1.9% $2,017 $867 $2,885 2033Q3 49.2% $3,009 $1,294 $4,304
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
CONSTRUCTION ESTIMATE TOTALS: $1,980 $851 43.0% $2,831 $2,017 $867 $2,885 $3,009 $1,294 $4,304
o1 LANDS AND DAMAGES $0 $0 0.0% $0 0.0% $0 $0 $0 0 0.0% $0 $0 $0|
30 PLANNING, ENGINEERING & DESIGN
15.0%  Project Management $297 $128 43.0% $425 3.4% $307 $132 $439 2032Q2 59.5% $490 $211 $700!
Planning & Environmental Compliance INC. 43.0% 0.0% $0 $0 0 59.5% $0 $0 $0,
Engineering & Design INC. 43.0% 0.0% $0 $0 0 59.5% $0 $0 $0
Reviews, ATRs, IEPRs, VE INC. 43.0% 0.0% $0 $0 0 59.5% $0 $0 $0
Life Cycle Updates (cost, schedule, risks) INC. 43.0% 0.0% $0 $0 0 59.5% $0 $0 $0
Contracting & Reprographics INC. 43.0% 0.0% $0 $0 0 59.5% $0 $0 $0,
Engineering During Construction INC. 43.0% 0.0% $0 $0 0 67.5% $0 $0 $0
Planning During Construction INC. 43.0% 0.0% $0 $0 0 67.5% $0 $0 $0,
Project Operations INC. 43.0% 0.0% $0 $0 0 59.5% $0 $0 $0
31 CONSTRUCTION MANAGEMENT
18.9% Construction Management $374 $161 43.0% $535 3.4% $387 $166 $553 2033Q3 67.5% $648 $279 $927
Project Operation: INC. 43.0% 0.0% $0 $0 0 67.5% $0 $0 $0
Project Management INC. 43.0% 0.0% $0 $0 0 67.5% $0 $0 $0,
CONTRACT COST TOTALS: $2,651 $1,140 $3,791 $2,711 $1,166 $3,877 $4,147 $1,783 $5,931

Filename: 0_Non-CAP CCCB MRER Rehabilitation TPCS Sep 2019_02Mar2020.xIsx
TPCS-SAGAMORE



**** TOTAL PROJECT COST SUMMARY **** Printed:3/2/2020
Page 6 of 25

**** CONTRACT COST SUMMARY ****

PROJECT: Sagamore Bridge Rehabilitation Alternative DISTRICT:  NAE District PREPARED: 9/11/2019
LOCATION: Cape Cod Canal, Massachusetts POC: CHIEF, COST ENGINEERING, Christopher Tilley ( UPDATED: 2/28/2020
This Estimate reflects the scope and schedule in report; CCC Bridges Major Rehabilitation Evaluation Report September 2018
Civil Works Work Breakdown Structure ESTIMATED COST PROJECT FIRST CO.ST TOTAL PROJECT COST (FULLY FUNDED)
(Constant Dollar Basis)
Estimate Prepared: 11-Sep-19 Program Year (Budget EC): 2020
SAGAMORE BRIDGE - REHABILITATION Effective Price Level: 1-Oct-18 Effective Price Level Date: 1 OCT 19 FULLY FUNDED PROJECT ESTIMATE
WBS Civil Works COST CNTG CNTG TOTAL ESC COST CNTG TOTAL Mid-Point INFLATED COST CNTG FULL
NUMBER Feature & Sub-Feature Description $K $K % ($K) % ($K) $K ($K) Date % $K ($K) $K
A B c D E F G H 1 J P L M N o
04 Contract 04: Maint Paint (39)
08 Maintenance Painting of Structural Steel $7,072 $3,041 43.0% $10,114 1.9% $7,206 $3,099 $10,305 2039Q3 78.1% $12,836 $5,520 $18,356
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
CONSTRUCTION ESTIMATE TOTALS: $7,072 $3,041 43.0% $10,114 $7,206 $3,099 $10,305 $12,836 $5,520 $18,356
o1 LANDS AND DAMAGES $0 $0 0.0% $0 0.0% $0 $0 $0 0 0.0% $0 $0 $0|
30 PLANNING, ENGINEERING & DESIGN
5.0% Project Management $354 $152 43.0% $506 3.4% $366 $157 $523 2038Q2 102.9% $742 $319 $1,061
Planning & Environmental Compliance INC. 43.0% 0.0% $0 $0 0 102.9% $0 $0 $0
Engineering & Design INC. 43.0% 0.0% $0 $0 0 102.9% $0 $0 $0,
Reviews, ATRs, IEPRs, VE INC. 43.0% 0.0% $0 $0 0 102.9% $0 $0 $0
Life Cycle Updates (cost, schedule, risks) INC. 43.0% 0.0% $0 $0 0 102.9% $0 $0 $0,
Contracting & Reprographics INC. 43.0% 0.0% $0 $0 0 102.9% $0 $0 $0
Engineering During Construction INC. 43.0% 0.0% $0 $0 0 113.7% $0 $0 $0,
Planning During Construction INC. 43.0% 0.0% $0 $0 0 113.7% $0 $0 $0
Project Operations INC. 43.0% 0.0% $0 $0 0 102.9% $0 $0 $0
31 CONSTRUCTION MANAGEMENT
3.7%  Construction Management $261 $112 43.0% $373 3.4% $270 $116 $386 2039Q3 113.7% $576 $248 $824
Project Operation: INC. 43.0% 0.0% $0 $0 0 113.7% $0 $0 $0,
Project Management INC. 43.0% 0.0% $0 $0 0 113.7% $0 $0 $0
CONTRACT COST TOTALS: $7,687 $3,305 $10,992 $7,841 $3,372 $11,213 $14,155 $6,086 $20,241

Filename: 0_Non-CAP CCCB MRER Rehabilitation TPCS Sep 2019_02Mar2020.xIsx
TPCS-SAGAMORE



PROJECT: Sagamore Bridge Rehabilitation Alternative
LOCATION: Cape Cod Canal, Massachusetts
This Estimate reflects the scope and schedule in report;

**** TOTAL PROJECT COST SUMMARY ****

**** CONTRACT COST SUMMARY ****

CCC Bridges Major Rehabilitation Evaluation Report September 2018

DISTRICT:
POC:

NAE District

Printed:3/2/2020
Page 7 of 25

PREPARED: 9/11/2019
CHIEF, COST ENGINEERING, Christopher Tilley ( UPDATED: 2/28/2020

Civil Works Work Breakdown Structure ESTIMATED COST PROJECT FIRST CO.ST TOTAL PROJECT COST (FULLY FUNDED)
(Constant Dollar Basis)
Estimate Prepared: 11-Sep-19 Program Year (Budget EC): 2020
SAGAMORE BRIDGE - REHABILITATION Effective Price Level: 1-Oct-18 Effective Price Level Date: 1 OCT 19 FULLY FUNDED PROJECT ESTIMATE
WBS Civil Works COST CNTG CNTG TOTAL ESC COST CNTG TOTAL Mid-Point INFLATED COST CNTG FULL
NUMBER Feature & Sub-Feature Description $K $K % ($K) % ($K) $K ($K) Date % $K ($K) $K
A B c D E F G H 1 J P L M N o
05 Contract 05: Paving & Joint Replace (40
08 Paving $2,341 $1,007 43.0% $3,348 1.9% $2,386 $1,026 $3,411 2040Q3 83.5% $4,377 $1,882 $6,259!
08 Joint Replacement $1,980 $851 43.0% $2,831 1.9% $2,017 $867 $2,885 2040Q3 83.5% $3,701 $1,592 $5,293
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
CONSTRUCTION ESTIMATE TOTALS: $4,321 $1,858  43.0% $6,179 $4,403  $1,893 $6,296 $8,078  $3474 $11,552
01 LANDS AND DAMAGES $0 $0 0.0% $0 0.0% $0 $0 $0 0 0.0% $0 $0 $0
30 PLANNING, ENGINEERING & DESIGN
12.3% Project Management $531 $228 43.0% $759 3.4% $549 $236 $785 2039Q2 111.5% $1,161 $499 $1,661
Planning & Environmental Compliance INC. 43.0% 0.0% $0 $0 0 111.5% $0 $0 $0
Engineering & Design INC. 43.0% 0.0% $0 $0 0 111.5% $0 $0 $0,
Reviews, ATRs, IEPRs, VE INC. 43.0% 0.0% $0 $0 0 111.5% $0 $0 $0
Life Cycle Updates (cost, schedule, risks) INC. 43.0% 0.0% $0 $0 0 111.5% $0 $0 $0,
Contracting & Reprographics INC. 43.0% 0.0% $0 $0 0 111.5% $0 $0 $0
Engineering During Construction INC. 43.0% 0.0% $0 $0 0 122.6% $0 $0 $0,
Planning During Construction INC. 43.0% 0.0% $0 $0 0 122.6% $0 $0 $0
Project Operations INC. 43.0% 0.0% $0 $0 0 111.5% $0 $0 $0,
31 CONSTRUCTION MANAGEMENT
11.7%  Construction Management $507 $218 43.0% $725 3.4% $525 $226 $750 2040Q3 122.6% $1,168 $502 $1,670
Project Operation: INC. 43.0% 0.0% $0 $0 0 122.6% $0 $0 $0,
Project Management INC. 43.0% 0.0% $0 $0 0 122.6% $0 $0 $0
CONTRACT COST TOTALS: $5,360 $2,305 $7,664 $5,477 $2,355 $7,832 $10,407 $4,475 $14,883

Filename: 0_Non-CAP CCCB MRER Rehabilitation TPCS Sep 2019_02Mar2020.xIsx

TPCS-SAGAMORE



**** TOTAL PROJECT COST SUMMARY **** Printed:3/2/2020
Page 8 of 25

**** CONTRACT COST SUMMARY ****

PROJECT: Sagamore Bridge Rehabilitation Alternative DISTRICT:  NAE District PREPARED: 9/11/2019
LOCATION: Cape Cod Canal, Massachusetts POC: CHIEF, COST ENGINEERING, Christopher Tilley ( UPDATED: 2/28/2020
This Estimate reflects the scope and schedule in report; CCC Bridges Major Rehabilitation Evaluation Report September 2018
Civil Works Work Breakdown Structure ESTIMATED COST PROJECT FIRST CO.ST TOTAL PROJECT COST (FULLY FUNDED)
(Constant Dollar Basis)
Estimate Prepared: 11-Sep-19 Program Year (Budget EC): 2020
SAGAMORE BRIDGE - REHABILITATION Effective Price Level: 1-Oct-18 Effective Price Level Date: 1 OCT 19 FULLY FUNDED PROJECT ESTIMATE
WBS Civil Works COST CNTG CNTG TOTAL ESC COST CNTG TOTAL Mid-Point INFLATED COST CNTG FULL
NUMBER Feature & Sub-Feature Description $K $K % ($K) % ($K) $K ($K) Date % $K ($K) $K
A B c D E F G H 1 J P L M N o
06 Contract 06: Complete Paint (45)
08 Complete Painting of Structural Steel $21,432 $9,216 43.0% $30,647 1.9% $21,837 $9,390 $31,226 2045Q3 112.7% $46,447  $19,972 $66,419
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
CONSTRUCTION ESTIMATE TOTALS: $21,432 $9,216 43.0% $30,647 $21,837 $9,390 $31,226 $46,447  $19,972 $66,419
o1 LANDS AND DAMAGES $0 $0 0.0% $0 0.0% $0 $0 $0 0 0.0% $0 $0 $0|
30 PLANNING, ENGINEERING & DESIGN
5.0% Project Management $1,072 $461 43.0% $1,532 3.4% $1,108 $476 $1,585 2044Q2 159.7% $2,878 $1,238 $4,116!
Planning & Environmental Compliance INC. 43.0% 0.0% $0 $0 0 159.7% $0 $0 $0
Engineering & Design INC. 43.0% 0.0% $0 $0 0 159.7% $0 $0 $0,
Reviews, ATRs, IEPRs, VE INC. 43.0% 0.0% $0 $0 0 159.7% $0 $0 $0
Life Cycle Updates (cost, schedule, risks) INC. 43.0% 0.0% $0 $0 0 159.7% $0 $0 $0,
Contracting & Reprographics INC. 43.0% 0.0% $0 $0 0 159.7% $0 $0 $0
Engineering During Construction INC. 43.0% 0.0% $0 $0 0 173.5% $0 $0 $0,
Planning During Construction INC. 43.0% 0.0% $0 $0 0 173.5% $0 $0 $0
Project Operations INC. 43.0% 0.0% $0 $0 0 159.7% $0 $0 $0
31 CONSTRUCTION MANAGEMENT
1.9%  Construction Management $415 $179 43.0% $594 3.4% $430 $185 $614 2045Q3 173.5% $1,175 $505 $1,680]
Project Operation: INC. 43.0% 0.0% $0 $0 0 173.5% $0 $0 $0,
Project Management INC. 43.0% 0.0% $0 $0 0 173.5% $0 $0 $0
CONTRACT COST TOTALS: $22,919 $9,855 $32,773 $23,374  $10,051 $33,425 $50,500  $21,715 $72,215

Filename: 0_Non-CAP CCCB MRER Rehabilitation TPCS Sep 2019_02Mar2020.xIsx
TPCS-SAGAMORE



PROJECT:
LOCATION:
This Estimate reflects the scope and schedule in report;

Sagamore Bridge Rehabilitation Alternative
Cape Cod Canal, Massachusetts

**** TOTAL PROJECT COST SUMMARY ****

**** CONTRACT COST SUMMARY ****

DISTRICT:
POC:
CCC Bridges Major Rehabilitation Evaluation Report September 2018

NAE District

PREPARED: 9/11/2019

CHIEF, COST ENGINEERING, Christopher Tilley ( UPDATED: 2/28/2020

Printed:3/2/2020

WBS
NUMBER

A

08

01

30

31

15.0%

18.9%

Civil Works Work Breakdown Structure ESTIMATED COST PROJECT FIRST CO.ST TOTAL PROJECT COST (FULLY FUNDED)
(Constant Dollar Basis)
Estimate Prepared: 11-Sep-19 Program Year (Budget EC): 2020
SAGAMORE BRIDGE - REHABILITATION Effective Price Level: 1-Oct-18 Effective Price Level Date: 1 OCT 19 FULLY FUNDED PROJECT ESTIMATE
Civil Works COST CNTG CNTG TOTAL ESC COST CNTG TOTAL Mid-Point INFLATED COST CNTG FULL
Feature & Sub-Feature Description $K $K % ($K) % ($K) $K ($K) Date % $K ($K) $K
B c D E F G H 1 J P L M N o
07 Contract 07: Joint Replace (47)
Joint Replacement $1,980 $851 43.0% $2,831 1.9% $2,017 $867 $2,885 2047Q3 125.7% $4,552 $1,957 $6,509!
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
CONSTRUCTION ESTIMATE TOTALS: $1,980 $851 43.0% $2,831 $2,017 $867 $2,885 $4,552 $1,957 $6,509!
LANDS AND DAMAGES $0 $0 0.0% $0 0.0% $0 $0 $0 0 0.0% $0 $0 $0
PLANNING, ENGINEERING & DESIGN
Project Management $297 $128 43.0% $425 3.4% $307 $132 $439 2046Q2 182.0% $866 $372 $1,239!
Planning & Environmental Compliance INC. 43.0% 0.0% $0 $0 0 182.0% $0 $0 $0
Engineering & Design INC. 43.0% 0.0% $0 $0 0 182.0% $0 $0 $0,
Reviews, ATRs, IEPRs, VE INC. 43.0% 0.0% $0 $0 0 182.0% $0 $0 $0
Life Cycle Updates (cost, schedule, risks) INC. 43.0% 0.0% $0 $0 0 182.0% $0 $0 $0,
Contracting & Reprographics INC. 43.0% 0.0% $0 $0 0 182.0% $0 $0 $0
Engineering During Construction INC. 43.0% 0.0% $0 $0 0 197.0% $0 $0 $0,
Planning During Construction INC. 43.0% 0.0% $0 $0 0 197.0% $0 $0 $0
Project Operations INC. 43.0% 0.0% $0 $0 0 182.0% $0 $0 $0,
CONSTRUCTION MANAGEMENT
Construction Management $374 $161 43.0% $535 3.4% $387 $166 $553 2047Q3 197.0% $1,149 $494 $1,643
Project Operation: INC. 43.0% 0.0% $0 $0 0 197.0% $0 $0 $0,
Project Management INC. 43.0% 0.0% $0 $0 0 197.0% $0 $0 $0
CONTRACT COST TOTALS: $2,651 $1,140 $3,791 $2,711 $1,166 $3,877 $6,567 $2,824 $9,391

Filename: 0_Non-CAP CCCB MRER Rehabilitation TPCS Sep 2019_02Mar2020.xIsx

TPCS-SAGAMORE
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PROJECT:

LOCATION:

Sagamore Bridge Rehabilitation Alternative
Cape Cod Canal, Massachusetts

This Estimate reflects the scope and schedule in report;

**** TOTAL PROJECT COST SUMMARY ****

**** CONTRACT COST SUMMARY ****

DISTRICT:
POC:
CCC Bridges Major Rehabilitation Evaluation Report September 2018

NAE District

PREPARED: 9/11/2019

CHIEF, COST ENGINEERING, Christopher Tilley ( UPDATED: 2/28/2020

Printed:3/2/2020

Page 10 of 25

WBS

NUMBER

A

08

01

30

31

5.0%

3.7%

Civil Works Work Breakdown Structure ESTIMATED COST PROJECT FIRST CO.ST TOTAL PROJECT COST (FULLY FUNDED)
(Constant Dollar Basis)
Estimate Prepared: 11-Sep-19 Program Year (Budget EC): 2020
SAGAMORE BRIDGE - REHABILITATION Effective Price Level: 1-Oct-18 Effective Price Level Date: 1 OCT 19 FULLY FUNDED PROJECT ESTIMATE
Civil Works COST CNTG CNTG TOTAL ESC COST CNTG TOTAL Mid-Point INFLATED COST CNTG FULL
Feature & Sub-Feature Description $K $K % ($K) % ($K) $K ($K) Date % $K ($K) $K
B c D E F G H 1 J P L M N o
08 Contract 08: Maint Paint (52)
Maintenance Painting of Structural Steel $7,072 $3,041 43.0% $10,114 1.9% $7,206 $3,099 $10,305 2052Q3 161.6% $18,851 $8,106 $26,957
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
CONSTRUCTION ESTIMATE TOTALS: $7,072 $3,041 43.0% $10,114 $7,206 $3,099 $10,305 $18,851 $8,106 $26,957
LANDS AND DAMAGES $0 $0 0.0% $ - 0.0% $0 $0 $0 0 0.0% $0 $0 $0
PLANNING, ENGINEERING & DESIGN
Project Management $354 $152 43.0% $506 3.4% $366 $157 $523 2051Q2 246.4% $1,267 $545 $1,812]
Planning & Environmental Compliance INC. 43.0% 0.0% $0 $0 0 246.4% $0 $0 $0
Engineering & Design INC. 43.0% 0.0% $0 $0 0 246.4% $0 $0 $0,
Reviews, ATRs, IEPRs, VE INC. 43.0% 0.0% $0 $0 0 246.4% $0 $0 $0
Life Cycle Updates (cost, schedule, risks) INC. 43.0% 0.0% $0 $0 0 246.4% $0 $0 $0,
Contracting & Reprographics INC. 43.0% 0.0% $0 $0 0 246.4% $0 $0 $0
Engineering During Construction INC. 43.0% 0.0% $0 $0 0 264.8% $0 $0 $0,
Planning During Construction INC. 43.0% 0.0% $0 $0 0 264.8% $0 $0 $0
Project Operations INC. 43.0% 0.0% $0 $0 0 246.4% $0 $0 $0,
CONSTRUCTION MANAGEMENT
Construction Management $261 $112 43.0% 373 3.4% $270 $116 $386 2052Q3 264.8% $984 $423 $1,406
Project Operation: INC. 43.0% 0.0% $0 $0 0 264.8% $0 $0 $0,
Project Management INC. 43.0% 0.0% $0 $0 0 264.8% $0 $0 $0
CONTRACT COST TOTALS: $7,687 $3,305 10,992 $7,841 $3,372 $11,213 $21,101 $9,073 $30,175

Filename: 0_Non-CAP CCCB MRER Rehabilitation TPCS Sep 2019_02Mar2020.xIsx

TPCS-SAGAMORE



PROJECT: Sagamore Bridge Rehabilitation Alternative
LOCATION: Cape Cod Canal, Massachusetts
This Estimate reflects the scope and schedule in report;

**** TOTAL PROJECT COST SUMMARY ****

**** CONTRACT COST SUMMARY ****

DISTRICT:
POC:

CCC Bridges Major Rehabilitation Evaluation Report September 2018

NAE District

Printed:3/2/2020
Page 11 of 25

PREPARED: 9/11/2019
CHIEF, COST ENGINEERING, Christopher Tilley ( UPDATED: 2/28/2020

Civil Works Work Breakdown Structure ESTIMATED COST PROJECT FIRST CO.ST TOTAL PROJECT COST (FULLY FUNDED)
(Constant Dollar Basis)
Estimate Prepared: 11-Sep-19 Program Year (Budget EC): 2020
SAGAMORE BRIDGE - REHABILITATION Effective Price Level: 1-Oct-18 Effective Price Level Date: 1 OCT 19 FULLY FUNDED PROJECT ESTIMATE
WBS Civil Works COST CNTG CNTG TOTAL ESC COST CNTG TOTAL Mid-Point INFLATED COST CNTG FULL
NUMBER Feature & Sub-Feature Description $K $K % ($K) % ($K) $K ($K) Date % $K ($K) $K
A B c D E F G H 1 J P L M N o
09 Contract 09: Paving & Joint Replace (55
08 Paving $2,341 $1,007 43.0% $3,348 1.9% $2,386 $1,026 $3,411 2055Q3 185.9% $6,819 $2,932 $9,751
08 Joint Replacement $1,980 $851 43.0% $2,831 1.9% $2,017 $867 $2,885 2055Q3 185.9% $5,766 $2,480 $8,246
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
CONSTRUCTION ESTIMATE TOTALS: $4,321 $1,858  43.0% $6,179 $4,403  $1,893 $6,296 $12,585  $5412 $17,997
01 LANDS AND DAMAGES $0 $0 0.0% $0 0.0% $0 $0 $0 0 0.0% $0 $0 $0
30 PLANNING, ENGINEERING & DESIGN
12.3% Project Management $531 $228 43.0% $759 3.4% $549 $236 $785 2054Q2 292.0% $2,153 $926 $3,078!
Planning & Environmental Compliance INC. 43.0% 0.0% $0 $0 0 292.0% $0 $0 $0
Engineering & Design INC. 43.0% 0.0% $0 $0 0 292.0% $0 $0 $0,
Reviews, ATRs, IEPRs, VE INC. 43.0% 0.0% $0 $0 0 292.0% $0 $0 $0
Life Cycle Updates (cost, schedule, risks) INC. 43.0% 0.0% $0 $0 0 292.0% $0 $0 $0,
Contracting & Reprographics INC. 43.0% 0.0% $0 $0 0 292.0% $0 $0 $0
Engineering During Construction INC. 43.0% 0.0% $0 $0 0 312.7% $0 $0 $0,
Planning During Construction INC. 43.0% 0.0% $0 $0 0 312.7% $0 $0 $0
Project Operations INC. 43.0% 0.0% $0 $0 0 292.0% $0 $0 $0,
31 CONSTRUCTION MANAGEMENT
11.7%  Construction Management $507 $218 43.0% $725 3.4% $525 $226 $750 2055Q3 312.7% $2,165 $931 $3,096
Project Operation: INC. 43.0% 0.0% $0 $0 0 312.7% $0 $0 $0,
Project Management INC. 43.0% 0.0% $0 $0 0 312.7% $0 $0 $0
CONTRACT COST TOTALS: $5,360 $2,305 $7,664 $5,477 $2,355 $7,832 $16,903 $7,268 $24,171

Filename: 0_Non-CAP CCCB MRER Rehabilitation TPCS Sep 2019_02Mar2020.xIsx

TPCS-SAGAMORE



**** TOTAL PROJECT COST SUMMARY **** Printed:3/2/2020
Page 12 of 25

**** CONTRACT COST SUMMARY ****

PROJECT: Sagamore Bridge Rehabilitation Alternative DISTRICT:  NAE District PREPARED: 9/11/2019
LOCATION: Cape Cod Canal, Massachusetts POC: CHIEF, COST ENGINEERING, Christopher Tilley ( UPDATED: 2/28/2020
This Estimate reflects the scope and schedule in report; CCC Bridges Major Rehabilitation Evaluation Report September 2018
Civil Works Work Breakdown Structure ESTIMATED COST PROJECT FIRST CO.ST TOTAL PROJECT COST (FULLY FUNDED)
(Constant Dollar Basis)
Estimate Prepared: 11-Sep-19 Program Year (Budget EC): 2020
SAGAMORE BRIDGE - REHABILITATION Effective Price Level: 1-Oct-18 Effective Price Level Date: 1 OCT 19 FULLY FUNDED PROJECT ESTIMATE
WBS Civil Works COST CNTG CNTG TOTAL ESC COST CNTG TOTAL Mid-Point INFLATED COST CNTG FULL
NUMBER Feature & Sub-Feature Description $K $K % ($K) % ($K) $K ($K) Date % $K ($K) $K
A B c D E F G H 1 J P L M N o
10 Contract 10: Maint Paint (59)
08 Maintenance Painting of Structural Steel $7,072 $3,041 43.0% $10,114 1.9% $7,206 $3,099 $10,305 2059Q3 221.7% $23,184 $9,969 $33,153
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
CONSTRUCTION ESTIMATE TOTALS: $7,072 $3,041 43.0% $10,114 $7,206 $3,099 $10,305 $23,184 $9,969 $33,153
o1 LANDS AND DAMAGES $0 $0 0.0% $0 0.0% $0 $0 $0 0 0.0% $0 $0 $0|
30 PLANNING, ENGINEERING & DESIGN
5.0% Project Management $354 $152 43.0% $506 3.4% $366 $157 $523 2058Q2 362.1% $1,690 $727 $2,416!
Planning & Environmental Compliance INC. 43.0% 0.0% $0 $0 0 362.1% $0 $0 $0
Engineering & Design INC. 43.0% 0.0% $0 $0 0 362.1% $0 $0 $0,
Reviews, ATRs, IEPRs, VE INC. 43.0% 0.0% $0 $0 0 362.1% $0 $0 $0
Life Cycle Updates (cost, schedule, risks) INC. 43.0% 0.0% $0 $0 0 362.1% $0 $0 $0,
Contracting & Reprographics INC. 43.0% 0.0% $0 $0 0 362.1% $0 $0 $0
Engineering During Construction INC. 43.0% 0.0% $0 $0 0 386.5% $0 $0 $0,
Planning During Construction INC. 43.0% 0.0% $0 $0 0 386.5% $0 $0 $0
Project Operations INC. 43.0% 0.0% $0 $0 0 362.1% $0 $0 $0
31 CONSTRUCTION MANAGEMENT
3.7%  Construction Management $261 $112 43.0% $373 3.4% $270 $116 $386 2059Q3 386.5% $1,312 $564 $1,876]
Project Operation: INC. 43.0% 0.0% $0 $0 0 386.5% $0 $0 $0,
Project Management INC. 43.0% 0.0% $0 $0 0 386.5% $0 $0 $0
CONTRACT COST TOTALS: $7,687 $3,305 $10,992 $7,841 $3,372 $11,213 $26,185  $11,260 $37,445

Filename: 0_Non-CAP CCCB MRER Rehabilitation TPCS Sep 2019_02Mar2020.xIsx
TPCS-SAGAMORE



PROJECT:

LOCATION:

**** TOTAL PROJECT COST SUMMARY ****

**** CONTRACT COST SUMMARY ****

Sagamore Bridge Rehabilitation Alternative

Cape Cod Canal, Massachusetts

This Estimate reflects the scope and schedule in report;

CCC Bridges Major Rehabilitation Evaluation Report September 2018

DISTRICT:
POC:

NAE District

Printed:3/2/2020

PREPARED: 9/11/2019

CHIEF, COST ENGINEERING, Christopher Tilley ( UPDATED: 2/28/2020

Page 13 of 25

Civil Works Work Breakdown Structure

ESTIMATED COST

PROJECT FIRST COST
(Constant Dollar Basis)

TOTAL PROJECT COST (FULLY FUNDED)

SAGAMORE BRIDGE - REHABILITATION Estimate Prepared: 11-Sep-19 Program Year (Budget EC): 2020
Effective Price Level: 1-Oct-18 Effective Price Level Date: 1 OCT 19
WBS Civil Works COST CNTG CNTG TOTAL ESC COosT CNTG TOTAL Mid-Point INFLATED COST CNTG FULL
NUMBER Feature & Sub-Feature Description $K $K (%) (3K) % (3K) $K (3K) Date % $K (3K) $K
A B c D E F G H 1 J P L M N o
11 Contract 11: Truss Deck, Floorbeam, Major Steel, Complete Paint & Joint Replace (65)
08 Truss Span Deck Replacement $19,515 $8,391 43.0% $27,906 1.9%  $19,884 $8,550 $28,434 2065Q3 284.2% $76,385  $32,846 $109,231
08 Replace Abutment Spans $8,192 $3,523 43.0% $11,715 1.9% $8,347 $3,589 $11,936 2065Q3 284.2% $32,066  $13,788 $45,854
08 Major Steel Truss Repairs $20,057 $8,624 43.0% $28,681 1.9%  $20,436 $8,788 $29,224 2065Q3 284.2% $78,507  $33,758 $112,265
08 Complete Painting of Structural Steel $21,432 $9,216 43.0% $30,647 1.9% $21,837 $9,390 $31,226 2065Q3 284.2% $83,888  $36,072 $119,959
08 Joint Replacement $1,980 $851 43.0% $2,831 1.9% $2,017 $867 $2,885 2065Q3 284.2% $7,750 $3,332 $11,082]
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
CONSTRUCTION ESTIMATE TOTALS: $71,175 $30,605 43.0% $101,780 $72,521 $31,184  $103,705 $278,595 $119,796 $398,391
01 LANDS AND DAMAGES $0 $0 0.0% $0 0.0% $0 $0 $0 0 0.0% $0 $0 $0
30 PLANNING, ENGINEERING & DESIGN
5.3% Project Management $3,757 $1,615 43.0% $5,372 3.4% $3,885 $1,670 $5,555 2064Q2 491.4% $22,976 $9,880 $32,855]
Planning & Environmental Compliance INC. 43.0% 0.0% $0 $0 0 491.4% $0 $0 $0,
Engineering & Design INC. 43.0% 0.0% $0 $0 0 491.4% $0 $0 $0
Reviews, ATRs, IEPRs, VE INC. 43.0% 0.0% $0 $0 0 491.4% $0 $0 $0,
Life Cycle Updates (cost, schedule, risks) INC. 43.0% 0.0% $0 $0 0 491.4% $0 $0 $0
Contracting & Reprographics INC. 43.0% 0.0% $0 $0 0 491.4% $0 $0 $0,
Engineering During Construction INC. 43.0% 0.0% $0 $0 0 522.7% $0 $0 $0
Planning During Construction INC. 43.0% 0.0% $0 $0 0 522.7% $0 $0 $0,
Project Operations INC. 43.0% 0.0% $0 $0 0 491.4% $0 $0 $0
31 CONSTRUCTION MANAGEMENT
1.6% Construction Management $1,136 $489 43.0% $1,625 3.4% $1,175 $505 $1,680 2065Q3 522.7% $7,317 $3,146 $10,464
Project Operation: INC. 43.0% 0.0% $0 $0 0 522.7% $0 $0 $0
Project Management INC. 43.0% 0.0% $0 $0 0 522.7% $0 $0 $0,
CONTRACT COST TOTALS: $76,068 $32,709 $108,777 $77,580  $33,360  $110,940 $308,888 $132,822 $441,710

Filename: 0_Non-CAP CCCB MRER Rehabilitation TPCS Sep 2019_02Mar2020.xIsx

TPCS-SAGAMORE



PROJECT:

LOCATION:

Bourne Bridge Rehabilitation Alternative
PROJECT NO P2 xxxxxx
Cape Cod Canal, Massachusetts

This Estimate reflects the scope and schedule in report;

**** TOTAL PROJECT COST SUMMARY ****

DISTRICT: NAE District

Printed:3/2/2020

PREPARED: 9/11/2019

POC: CHIEF, COST ENGINEERING, Christopher Tilley (Acting)

CCC Bridges Major Rehabilitation Evaluation Report September 2018

UPDATED: 2/28/2020

Page 14 of 25

- PROJECT FIRST COST TOTAL PROJECT COST
Civil Works Work Breakdown Structure ESTIMATED COST (Constant Dollar Basis) (FULLY FUNDED)
Program Year (Budget EC): 2020
BOURNE BRIDGE - REHABILITATION Effective Price Level Date: 1 OCT 19
TOTAL
Spent Thru: FIRST
WBS Civil Works COST CNTG CNTG TOTAL ESC COST CNTG TOTAL 1-Oct-18 COST [|INFLATED COST CNTG FULL
NUMBER Feature & Sub-Feature Description $K $K % (3K) % (3K) $K ($K) $K (3K) % $K (3K) $K
A B Cc D E F G H 1 J K L m N o
08 ROADS, RAILROADS & BRIDGES Contr 01 $111,075 $47,762 43.0% $158,837 19%  $113,175 $48,665 $161,841 $0| $161,841 36.5% $154,511  $66,440 $220,951
08 ROADS, RAILROADS & BRIDGES Contr 02 $5,650 $2,429 43.0% $8,079 1.9% $5,756 $2,475 $8,232 $0( $8,232 63.0% $9,384 $4,035 $13,419
08 ROADS, RAILROADS & BRIDGES Contr 03 $1,938 $833 43.0% $2,771 1.9% $1,974 $849 $2,823 $0| $2,823 67.9% $3,315 $1,425 $4,740
08 ROADS, RAILROADS & BRIDGES Contr 04 $5,650 $2,429 43.0% $8,079 1.9% $5,756 $2,475 $8,232 $0( $8,232 100.5%  $11,541 $4,963 $16,504
08 ROADS, RAILROADS & BRIDGES Contr 05 $5,162 $2,220 43.0% $7,382 1.9% $5,260 $2,262 $7,522 $0| 97,522 106.5%  $10,862 $4,671 $15,532
08 ROADS, RAILROADS & BRIDGES Contr 06 $17,120 $7,362 43.0% $24,482 1.9% $17,444 $7,501 $24,945 $0| $24,945 139.4%  $41,760  $17,957 $59,716
08 ROADS, RAILROADS & BRIDGES Contr 07 $1,938 $833 43.0% $2,771 1.9% $1,974 $849 $2,823 $0| $2,823 154.0% $5,014 $2,156 $7,170]
08 ROADS, RAILROADS & BRIDGES Contr 08 $5,650 $2,429 43.0% $8,079 1.9% $5,756 $2,475 $8,232 $0( $8,232 194.4%  $16,948 $7,288 $24,236
08 ROADS, RAILROADS & BRIDGES Contr 09 $5,162 $2,220 43.0% $7,382 1.9% $5,260 $2,262 $7,522 $0| 97,522 221.7%  $16,922 $7,277 $24,199
08 ROADS, RAILROADS & BRIDGES Contr 10 $5,650 $2,429 43.0% $8,079 1.9% $5,756 $2,475 $8,232 $0( $8,232 262.1%  $20,844 $8,963 $29,808
08 ROADS, RAILROADS & BRIDGES Contr 11 $84,966 $36,535 43.0% $121,501 1.9% $86,572  $37,226  $123,798 $0| $123,798 332.4% $374,317 $160,956 $535,273
02 RELOCATIONS (Utilities) $8,750 $3,763 43.0% $12,513 1.9% $8,915 $3,834 $12,749 $0| $12,749 325%  $11,817 $5,081 $16,899
#N/A $0 $0 $0 - $0 $0 $0 $0 $0 - $0 $0 $0
#N/A $0 $0 $0 - $0 $0 $0 $0 $0 - $0 $0 $0
CONSTRUCTION ESTIMATE TOTALS:|| $258,709  $111,245 $369,954 19%  $263,601 $113,348  $376,949 $0| $376,949 156.9% $677,235 $291,211 $968,446
01 LANDS AND DAMAGES $0 $0 $0 - $0 $0 $0 $0 $0 - $0 $0 $0
30 PLANNING, ENGINEERING & DESIGN $13,789 $5,929 43.0% $19,719 3.4% $14,259 $6,131 $20,390 $0| $20,390 259.8%  $51,306  $22,062 $73,368
31 CONSTRUCTION MANAGEMENT $6,691 $2,877 43.0% $9,568 3.4% $6,919 $2,975 $9,894 $0| $9,894 2448%  $23,854  $10,257 $34,111
PROJECT COST TOTALS:| $279,189  $120,051 43.0% $399,241 $284,778 $122,455  $407,233 $0 $407,233 164.2% $752,395 $323,530 $1,075,925
CHIEF, COST ENGINEERING, Christopher Tilley (Acting)

ESTIMATED TOTAL PROJECT COST: $1,075,925

Filename: 0_|
TPCS-BOURNE

PROJECT MANAGER, Craig Martin

CHIEF, REAL ESTATE, Gaelen Daly

CHIEF, PLANNING, John Kennelly

CHIEF, ENGINEERING, David Margolis

CHIEF, OPERATIONS, Eric Pedersen

CHIEF, CONSTRUCTION, Sean Dolan

CHIEF, CONTRACTING, Sheila Winston-Vincuilla

CHIEF, PM-PB, Janet Harrington

CHIEF, DPM, Scott Acone




PROJECT: Bourne Bridge Rehabilitation Alternative
LOCATION: Cape Cod Canal, Massachusetts
This Estimate reflects the scope and schedule in report;

**** TOTAL PROJECT COST SUMMARY ****

**** CONTRACT COST SUMMARY ****

DISTRICT:
POC:

CCC Bridges Major Rehabilitation Evaluation Report September 2018

NAE District

PREPARED: 9/11/2019

CHIEF, COST ENGINEERING, Christopher Tilley ( UPDATED: 2/28/2020

Printed:3/2/2020

Page 15 of 25

Civil Works Work Breakdown Structure ESTIMATED COST PROJECT FIRST CO.ST TOTAL PROJECT COST (FULLY FUNDED)
(Constant Dollar Basis)
BOURNE BRIDGE - REHABILITATION Estimate Prepared: 11-Sep-19 Program Year (Budget EC): 2020
Effective Price Level: 1-Oct-18 Effective Price Level Date: 1 OCT 19
RISK BASED
WBS Civil Works COST CNTG CNTG TOTAL ESC COST CNTG TOTAL Mid-Point INFLATED COST CNTG FULL
NUMBER Feature & Sub-Feature Description $K $K % ($K) % ($K) $K. ($K) Date % $K ($K) $K.
A B c D E F G H 1 J P L M N o
01 Contract 01: Major Rehab (29-31)
08 Truss Span Deck Replacement $30,163 $12,970 43.0% $43,134 1.9% $30,734  $13,215 $43,949 2030Q3 36.5% $41,959  $18,042 $60,001
08 Suspender Cable Replacement $10,234 $4,401 43.0% $14,635 1.9%  $10,428 $4,484 $14,912 2030Q3 36.5% $14,236 $6,122 $20,358
08 Replace Abutment Spans $7,841 $3,372 43.0% $11,213 1.9% $7,989 $3,435 $11,425 2030Q3 36.5% $10,907 $4,690 $15,597
08 Bearing Replacement $3,460 $1,488 43.0% $4,948 1.9% $3,525 $1,516 $5,041 2030Q3 36.5% $4,813 $2,070 $6,882]
08 Joint Replacement $1,938 $833 43.0% $2,771 1.9% $1,974 $849 $2,823 2030Q3 36.5% $2,695 $1,159 $3,854
08 Minor Steel Truss Repairs $9,190 $3,952 43.0% $13,142 1.9% $9,364 $4,026 $13,390 2030Q3 36.5% $12,784 $5,497 $18,281
08 Major Steel Truss Repairs $27,904 $11,999 43.0% $39,903 1.9% $28,432  $12,226 $40,657 2030Q3 36.5% $38,816  $16,691 $55,507
08 Paving $3,225 $1,387 43.0% $4,611 1.9% $3,286 $1,413 $4,699 2030Q3 36.5% $4,486 $1,929 $6,415]
08 Complete Painting of Structural Steel $17,120 $7,362 43.0% $24,482 1.9% $17,444 $7,501 $24,945 2030Q3 36.5% $23,815  $10,240 $34,055
02 RELOCATIONS (Utilities) $8,750 $3,763 43.0% $12,513 1.9% $8,915 $3,834 $12,749 2029Q3 32.5% $11,817 $5,081 $16,899
CONSTRUCTION ESTIMATE TOTALS: $119,825 $51,525 43.0% $171,350 $122,091 $52,499  $174,590 $166,328  $71,521 $237,849
01 LANDS AND DAMAGES $0 $0 0.0% $0 0.0% $0 $0 $0 0 0.0% $0 $0 $0
30 PLANNING, ENGINEERING & DESIGN
4.6% Project Management $5,554 $2,388 43.0% $7,942 3.4% $5,743 $2,469 $8,212 2023Q2 13.0% $6,490 $2,791 $9,281
Planning & Environmental Compliance INC. 43.0% 0.0% $0 $0 0 13.0% $0 $0 $0
Engineering & Design INC. 43.0% 0.0% $0 $0 0 13.0% $0 $0 $0,
Reviews, ATRs, IEPRs, VE INC. 43.0% 0.0% $0 $0 0 13.0% $0 $0 $0
Life Cycle Updates (cost, schedule, risks) INC. 43.0% 0.0% $0 $0 0 13.0% $0 $0 $0,
Contracting & Reprographics INC. 43.0% 0.0% $0 $0 0 13.0% $0 $0 $0
Engineering During Construction INC. 43.0% 0.0% $0 $0 0 48.9% $0 $0 $0,
Planning During Construction INC. 43.0% 0.0% $0 $0 0 48.9% $0 $0 $0
Project Operations INC. 43.0% 0.0% $0 $0 0 13.0% $0 $0 $0
31 CONSTRUCTION MANAGEMENT
1.9%  Construction Management $2,278 $980 43.0% $3,258 3.4% $2,356 $1,013 $3,369 2030Q3 48.9% $3,508 $1,508 $5,017]
Project Operation: INC. 43.0% 0.0% $0 $0 0 48.9% $0 $0 $0,
Project Management INC. 43.0% 0.0% $0 $0 0 48.9% $0 $0 $0
CONTRACT COST TOTALS: $127,657 $54,893 $182,550 $130,190  $55,982  $186,171 $176,326  $75,820 $252,147

Filename: 0_Non-CAP CCCB MRER Rehabilitation TPCS Sep 2019_02Mar2020.xIsx
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PROJECT: Bourne Bridge Rehabilitation Alternative
LOCATION: Cape Cod Canal, Massachusetts
This Estimate reflects the scope and schedule in report;

**** TOTAL PROJECT COST SUMMARY ****

**** CONTRACT COST SUMMARY ****

CCC Bridges Major Rehabilitation Evaluation Report September 2018

DISTRICT:
POC:

NAE District PREPARED: 9/11/2019
CHIEF, COST ENGINEERING, Christopher Tilley ( UPDATED: 2/28/2020

Printed:3/2/2020
Page 16 of 25

Civil Works Work Breakdown Structure ESTIMATED COST PROJECT FIRST CO.ST TOTAL PROJECT COST (FULLY FUNDED)
(Constant Dollar Basis)
BOURNE BRIDGE - REHABILITATION Estimate Prepared: 11-Sep-19 Program Year (Budget EC): 2020
Effective Price Level: 1-Oct-18 Effective Price Level Date: 1 OCT 19
WBS Civil Works COST CNTG CNTG TOTAL ESC COosT CNTG TOTAL Mid-Point INFLATED COST CNTG FULL
NUMBER Feature & Sub-Feature Description $K $K % (3K) % (3K) $K (3K) Date % $K (3K) $K
A B c D E F G H 1 J P L M N o
02 Contract 02: Maint Paint (36)
08 Maintenance Painting of Structural Steel $5,650 $2,429 43.0% $8,079 1.9% $5,756 $2,475 $8,232 2036Q3 63.0% $9,384 $4,035 $13,419]
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
CONSTRUCTION ESTIMATE TOTALS: $5,650 $2,429 43.0% $8,079 $5,756 $2,475 $8,232 $9,384 $4,035 $13,419]
01 LANDS AND DAMAGES $0 $0 0.0% $0 0.0% $0 $0 $0 0 0.0% $0 $0 $0
30 PLANNING, ENGINEERING & DESIGN
5.0% Project Management $282 $121 43.0% $404 3.4% $292 $126 $418 2035Q2 79.7% $525 $226 $751
Planning & Environmental Compliance INC. 43.0% 0.0% $0 $0 0 79.7% $0 $0 $0,
Engineering & Design INC. 43.0% 0.0% $0 $0 0 79.7% $0 $0 $0
Reviews, ATRs, IEPRs, VE INC. 43.0% 0.0% $0 $0 0 79.7% $0 $0 $0,
Life Cycle Updates (cost, schedule, risks) INC. 43.0% 0.0% $0 $0 0 79.7% $0 $0 $0
Contracting & Reprographics INC. 43.0% 0.0% $0 $0 0 79.7% $0 $0 $0,
Engineering During Construction INC. 43.0% 0.0% $0 $0 0 89.0% $0 $0 $0
Planning During Construction INC. 43.0% 0.0% $0 $0 0 89.0% $0 $0 $0,
Project Operations INC. 43.0% 0.0% $0 $0 0 79.7% $0 $0 $0
31 CONSTRUCTION MANAGEMENT
4.6% Construction Management $261 $112 43.0% $374 3.4% $270 $116 $386 2036Q3 89.0% $511 $220 $730
Project Operation: INC. 43.0% 0.0% $0 $0 0 89.0% $0 $0 $0
Project Management INC. 43.0% 0.0% $0 $0 0 89.0% $0 $0 $0,
CONTRACT COST TOTALS: $6,193 $2,663 $8,857 $6,319 $2,717 $9,036 $10,420 $4,480 $14,900

Filename: 0_Non-CAP CCCB MRER Rehabilitation TPCS Sep 2019_02Mar2020.xIsx
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**** TOTAL PROJECT COST SUMMARY ****

**** CONTRACT COST SUMMARY ****

Printed:3/2/2020
Page 17 of 25

PROJECT: Bourne Bridge Rehabilitation Alternative DISTRICT:  NAE District PREPARED: 9/11/2019
LOCATION: Cape Cod Canal, Massachusetts POC: CHIEF, COST ENGINEERING, Christopher Tilley (. UPDATED: 2/28/2020
This Estimate reflects the scope and schedule in report; CCC Bridges Major Rehabilitation Evaluation Report September 2018
Civil Works Work Breakdown Structure ESTIMATED COST PROJECT FIRST CO.ST TOTAL PROJECT COST (FULLY FUNDED)
(Constant Dollar Basis)
BOURNE BRIDGE - REHABILITATION Estimate Prepared: 11-Sep-19 Program Year (Budget EC): 2020
Effective Price Level: 1-Oct-18 Effective Price Level Date: 1 OCT 19
WBS Civil Works COST CNTG CNTG TOTAL ESC COST CNTG TOTAL Mid-Point  INFLATED COST CNTG FULL
NUMBER Feature & Sub-Feature Description $K $K % (3K) % (3K) $K (3K) Date % $K (3K) $K
A B (o] D E F G H I J P L m N o
03 Contract 03: Joint Replace (37)
08 Joint Replacement $1,938 $833 43.0% $2,771 1.9% $1,974 $849 $2,823 2037Q3 67.9% $3,315 $1,425 $4,740
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
CONSTRUCTION ESTIMATE TOTALS: $1,938 $833 43.0% $2,771 $1,974 $849 $2,823 $3,315 $1,425 $4,740
o1 LANDS AND DAMAGES $0 $0 0.0% $0 0.0% $0 $0 $0 0 0.0% $0 $0 $0|
30 PLANNING, ENGINEERING & DESIGN
15.0%  Project Management $291 $125 43.0% $416 3.4% $301 $129 $430 2036Q2 87.1% $562 $242 $804
Planning & Environmental Compliance INC. 43.0% 0.0% $0 $0 0 87.1% $0 $0 $0,
Engineering & Design INC. 43.0% 0.0% $0 $0 0 87.1% $0 $0 $0
Reviews, ATRs, IEPRs, VE INC. 43.0% 0.0% $0 $0 0 87.1% $0 $0 $0
Life Cycle Updates (cost, schedule, risks) INC. 43.0% 0.0% $0 $0 0 87.1% $0 $0 $0
Contracting & Reprographics INC. 43.0% 0.0% $0 $0 0 87.1% $0 $0 $0,
Engineering During Construction INC. 43.0% 0.0% $0 $0 0 96.8% $0 $0 $0
Planning During Construction INC. 43.0% 0.0% $0 $0 0 96.8% $0 $0 $0
Project Operations INC. 43.0% 0.0% $0 $0 0 87.1% $0 $0 $0
31 CONSTRUCTION MANAGEMENT
19.3% Construction Management $375 $161 43.0% $536 3.4% $387 $167 $554 2037Q3 96.8% $762 $328 $1,090!
Project Operation: INC. 43.0% 0.0% $0 $0 0 96.8% $0 $0 $0
Project Management INC. 43.0% 0.0% $0 $0 0 96.8% $0 $0 $0,
CONTRACT COST TOTALS: $2,603 $1,119 $3,722 $2,662 $1,145 $3,807 $4,639 $1,995 $6,634

Filename: 0_Non-CAP CCCB MRER Rehabilitation TPCS Sep 2019_02Mar2020.xIsx
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**** TOTAL PROJECT COST SUMMARY **** Printed:3/2/2020
Page 18 of 25

**** CONTRACT COST SUMMARY ****

PROJECT: Bourne Bridge Rehabilitation Alternative DISTRICT:  NAE District PREPARED: 9/11/2019
LOCATION: Cape Cod Canal, Massachusetts POC: CHIEF, COST ENGINEERING, Christopher Tilley ( UPDATED: 2/28/2020
This Estimate reflects the scope and schedule in report; CCC Bridges Major Rehabilitation Evaluation Report September 2018
Civil Works Work Breakdown Structure ESTIMATED COST PROJECT FIRST CO.ST TOTAL PROJECT COST (FULLY FUNDED)
(Constant Dollar Basis)
Estimate Prepared: 11-Sep-19 Program Year (Budget EC): 2020
BOURNE BRIDGE - REHABILITATION Effective Price Level: 1-Oct-18 Effective Price Level Date: 1 OCT 19 FULLY FUNDED PROJECT ESTIMATE
WBS Civil Works COST CNTG CNTG TOTAL ESC COST CNTG TOTAL Mid-Point INFLATED COST CNTG FULL
NUMBER Feature & Sub-Feature Description $K $K % ($K) % ($K) $K ($K) Date % $K ($K) $K
A B c D E F G H 1 J P L M N o
04 Contract 04: Maint Paint (43)
08 Maintenance Painting of Structural Steel $5,650 $2,429 43.0% $8,079 1.9% $5,756 $2,475 $8,232 2043Q3 100.5% $11,541 $4,963 $16,504
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
CONSTRUCTION ESTIMATE TOTALS: $5,650 $2,429 43.0% $8,079 $5,756 $2,475 $8,232 $11,541 $4,963 $16,504
o1 LANDS AND DAMAGES $0 $0 0.0% $0 0.0% $0 $0 $0 0 0.0% $0 $0 $0|
30 PLANNING, ENGINEERING & DESIGN
5.0% Project Management $282 $121 43.0% $404 3.4% $292 $126 $418 2042Q2 139.2% $699 $300 $999
Planning & Environmental Compliance INC. 43.0% 0.0% $0 $0 0 139.2% $0 $0 $0
Engineering & Design INC. 43.0% 0.0% $0 $0 0 139.2% $0 $0 $0,
Reviews, ATRs, IEPRs, VE INC. 43.0% 0.0% $0 $0 0 139.2% $0 $0 $0
Life Cycle Updates (cost, schedule, risks) INC. 43.0% 0.0% $0 $0 0 139.2% $0 $0 $0,
Contracting & Reprographics INC. 43.0% 0.0% $0 $0 0 139.2% $0 $0 $0
Engineering During Construction INC. 43.0% 0.0% $0 $0 0 151.9% $0 $0 $0,
Planning During Construction INC. 43.0% 0.0% $0 $0 0 151.9% $0 $0 $0
Project Operations INC. 43.0% 0.0% $0 $0 0 139.2% $0 $0 $0
31 CONSTRUCTION MANAGEMENT
4.6%  Construction Management $261 $112 43.0% $374 3.4% $270 $116 $386 2043Q3 151.9% $681 $293 $973
Project Operation: INC. 43.0% 0.0% $0 $0 0 151.9% $0 $0 $0,
Project Management INC. 43.0% 0.0% $0 $0 0 151.9% $0 $0 $0
CONTRACT COST TOTALS: $6,193 $2,663 $8,857 $6,319 $2,717 $9,036 $12,920 $5,556 $18,476

Filename: 0_Non-CAP CCCB MRER Rehabilitation TPCS Sep 2019_02Mar2020.xIsx
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PROJECT: Bourne Bridge Rehabilitation Alternative
LOCATION: Cape Cod Canal, Massachusetts
This Estimate reflects the scope and schedule in report;

**** TOTAL PROJECT COST SUMMARY ****

**** CONTRACT COST SUMMARY ****

DISTRICT:
POC:

CCC Bridges Major Rehabilitation Evaluation Report September 2018

NAE District

Printed:3/2/2020
Page 19 of 25

PREPARED: 9/11/2019
CHIEF, COST ENGINEERING, Christopher Tilley ( UPDATED: 2/28/2020

Civil Works Work Breakdown Structure ESTIMATED COST PROJECT FIRST CO.ST TOTAL PROJECT COST (FULLY FUNDED)
(Constant Dollar Basis)
Estimate Prepared: 11-Sep-19 Program Year (Budget EC): 2020
BOURNE BRIDGE - REHABILITATION Effective Price Level: 1-Oct-18 Effective Price Level Date: 1 OCT 19 FULLY FUNDED PROJECT ESTIMATE
WBS Civil Works COST CNTG CNTG TOTAL ESC COST CNTG TOTAL Mid-Point INFLATED COST CNTG FULL
NUMBER Feature & Sub-Feature Description $K $K % ($K) % ($K) $K ($K) Date % $K ($K) $K
A B c D E F G H 1 J P L M N o
05 Contract 05: Paving & Joint Replace (44
08 Paving $3,225 $1,387 43.0% $4,611 1.9% $3,286 $1,413 $4,699 2044Q3 106.5% $6,785 $2,918 $9,703!
08 Joint Replacement $1,938 $833 43.0% $2,771 1.9% $1,974 $849 $2,823 2044Q3 106.5% $4,077 $1,753 $5,830
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
CONSTRUCTION ESTIMATE TOTALS: $5,162 $2,220 43.0% $7,382 $5,260 $2,262 $7,522 $10,862 $4,671 $15,532
01 LANDS AND DAMAGES $0 $0 0.0% $0 0.0% $0 $0 $0 0 0.0% $0 $0 $0
30 PLANNING, ENGINEERING & DESIGN
11.9% Project Management $613 $264 43.0% $877 3.4% $634 $273 $907 2043Q2 149.3% $1,580 $680 $2,260!
Planning & Environmental Compliance INC. 43.0% 0.0% $0 $0 0 149.3% $0 $0 $0
Engineering & Design INC. 43.0% 0.0% $0 $0 0 149.3% $0 $0 $0,
Reviews, ATRs, IEPRs, VE INC. 43.0% 0.0% $0 $0 0 149.3% $0 $0 $0
Life Cycle Updates (cost, schedule, risks) INC. 43.0% 0.0% $0 $0 0 149.3% $0 $0 $0,
Contracting & Reprographics INC. 43.0% 0.0% $0 $0 0 149.3% $0 $0 $0
Engineering During Construction INC. 43.0% 0.0% $0 $0 0 162.5% $0 $0 $0,
Planning During Construction INC. 43.0% 0.0% $0 $0 0 162.5% $0 $0 $0
Project Operations INC. 43.0% 0.0% $0 $0 0 149.3% $0 $0 $0,
31 CONSTRUCTION MANAGEMENT
9.8%  Construction Management $508 $218 43.0% $726 3.4% $525 $226 $751 2044Q3 162.5% $1,378 $593 $1,971
Project Operation: INC. 43.0% 0.0% $0 $0 0 162.5% $0 $0 $0,
Project Management INC. 43.0% 0.0% $0 $0 0 162.5% $0 $0 $0
CONTRACT COST TOTALS: $6,283 $2,702 $8,985 $6,419 $2,760 $9,179 $13,821 $5,943 $19,763

Filename: 0_Non-CAP CCCB MRER Rehabilitation TPCS Sep 2019_02Mar2020.xIsx
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**** TOTAL PROJECT COST SUMMARY **** Printed:3/2/2020
Page 20 of 25

**** CONTRACT COST SUMMARY ****

PROJECT: Bourne Bridge Rehabilitation Alternative DISTRICT:  NAE District PREPARED: 9/11/2019
LOCATION: Cape Cod Canal, Massachusetts POC: CHIEF, COST ENGINEERING, Christopher Tilley ( UPDATED: 2/28/2020
This Estimate reflects the scope and schedule in report; CCC Bridges Major Rehabilitation Evaluation Report September 2018
Civil Works Work Breakdown Structure ESTIMATED COST PROJECT FIRST CO.ST TOTAL PROJECT COST (FULLY FUNDED)
(Constant Dollar Basis)
Estimate Prepared: 11-Sep-19 Program Year (Budget EC): 2020
BOURNE BRIDGE - REHABILITATION Effective Price Level: 1-Oct-18 Effective Price Level Date: 1 OCT 19 FULLY FUNDED PROJECT ESTIMATE
WBS Civil Works COST CNTG CNTG TOTAL ESC COST CNTG TOTAL Mid-Point INFLATED COST CNTG FULL
NUMBER Feature & Sub-Feature Description $K $K % ($K) % ($K) $K ($K) Date % $K ($K) $K
A B c D E F G H 1 J P L M N o
06 Contract 06: Complete Paint (49)
08 Complete Painting of Structural Steel $17,120 $7,362 43.0% $24,482 1.9% $17,444 $7,501 $24,945 2049Q3 139.4% $41,760  $17,957 $59,716
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
CONSTRUCTION ESTIMATE TOTALS: $17,120 $7,362 43.0% $24,482 $17,444 $7,501 $24,945 $41,760  $17,957 $59,716
o1 LANDS AND DAMAGES $0 $0 0.0% $0 0.0% $0 $0 $0 0 0.0% $0 $0 $0|
30 PLANNING, ENGINEERING & DESIGN
5.0% Project Management $856 $368 43.0% $1,224 3.4% $885 $381 $1,266 2048Q2 206.2% $2,711 $1,166 $3,876!
Planning & Environmental Compliance INC. 43.0% 0.0% $0 $0 0 206.2% $0 $0 $0
Engineering & Design INC. 43.0% 0.0% $0 $0 0 206.2% $0 $0 $0,
Reviews, ATRs, IEPRs, VE INC. 43.0% 0.0% $0 $0 0 206.2% $0 $0 $0
Life Cycle Updates (cost, schedule, risks) INC. 43.0% 0.0% $0 $0 0 206.2% $0 $0 $0,
Contracting & Reprographics INC. 43.0% 0.0% $0 $0 0 206.2% $0 $0 $0
Engineering During Construction INC. 43.0% 0.0% $0 $0 0 222.4% $0 $0 $0,
Planning During Construction INC. 43.0% 0.0% $0 $0 0 222.4% $0 $0 $0
Project Operations INC. 43.0% 0.0% $0 $0 0 206.2% $0 $0 $0
31 CONSTRUCTION MANAGEMENT
2.4%  Construction Management $417 $179 43.0% $596 3.4% $431 $185 $617 2049Q3 222.4% $1,391 $598 $1,988]
Project Operation: INC. 43.0% 0.0% $0 $0 0 222.4% $0 $0 $0,
Project Management INC. 43.0% 0.0% $0 $0 0 222.4% $0 $0 $0
CONTRACT COST TOTALS: $18,393 $7,909 $26,302 $18,760 $8,067 $26,827 $45,861 $19,720 $65,581

Filename: 0_Non-CAP CCCB MRER Rehabilitation TPCS Sep 2019_02Mar2020.xIsx
TPCS-BOURNE



PROJECT:
LOCATION:
This Estimate reflects the scope and schedule in report;

Bourne Bridge Rehabilitation Alternative
Cape Cod Canal, Massachusetts

**** TOTAL PROJECT COST SUMMARY ****

**** CONTRACT COST SUMMARY ****

DISTRICT:
POC:
CCC Bridges Major Rehabilitation Evaluation Report September 2018

NAE District

PREPARED: 9/11/2019

CHIEF, COST ENGINEERING, Christopher Tilley ( UPDATED: 2/28/2020

Printed:3/2/2020

Page 21 of 25

WBS
NUMBER

A

08

01

30

31

15.0%

19.3%

Civil Works Work Breakdown Structure ESTIMATED COST PROJECT FIRST CO.ST TOTAL PROJECT COST (FULLY FUNDED)
(Constant Dollar Basis)
Estimate Prepared: 11-Sep-19 Program Year (Budget EC): 2020
BOURNE BRIDGE - REHABILITATION Effective Price Level: 1-Oct-18 Effective Price Level Date: 1 OCT 19 FULLY FUNDED PROJECT ESTIMATE
Civil Works COST CNTG CNTG TOTAL ESC COST CNTG TOTAL Mid-Point INFLATED COST CNTG FULL
Feature & Sub-Feature Description $K $K % ($K) % ($K) $K ($K) Date % $K ($K) $K
B c D E F G H 1 J P L M N o
07 Contract 07: Joint Replace (51)
Joint Replacement $1,938 $833 43.0% $2,771 1.9% $1,974 $849 $2,823 2051Q3 154.0% $5,014 $2,156 $7,170!
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
CONSTRUCTION ESTIMATE TOTALS: $1,938 $833  43.0% $2,771 $1,974 $849 $2,823 $5014  $2,156 $7,170
LANDS AND DAMAGES $0 $0 0.0% $0 0.0% $0 $0 $0 0 0.0% $0 $0 $0
PLANNING, ENGINEERING & DESIGN
Project Management $291 $125 43.0% $416 3.4% $301 $129 $430 2050Q2 232.5% $999 $430 $1,429!
Planning & Environmental Compliance INC. 43.0% 0.0% $0 $0 0 232.5% $0 $0 $0
Engineering & Design INC. 43.0% 0.0% $0 $0 0 232.5% $0 $0 $0,
Reviews, ATRs, IEPRs, VE INC. 43.0% 0.0% $0 $0 0 232.5% $0 $0 $0
Life Cycle Updates (cost, schedule, risks) INC. 43.0% 0.0% $0 $0 0 232.5% $0 $0 $0,
Contracting & Reprographics INC. 43.0% 0.0% $0 $0 0 232.5% $0 $0 $0
Engineering During Construction INC. 43.0% 0.0% $0 $0 0 250.1% $0 $0 $0,
Planning During Construction INC. 43.0% 0.0% $0 $0 0 250.1% $0 $0 $0
Project Operations INC. 43.0% 0.0% $0 $0 0 232.5% $0 $0 $0,
CONSTRUCTION MANAGEMENT
Construction Management $375 $161 43.0% $536 3.4% $387 $167 $554 2051Q3 250.1% $1,356 $583 $1,939
Project Operation: INC. 43.0% 0.0% $0 $0 0 250.1% $0 $0 $0,
Project Management INC. 43.0% 0.0% $0 $0 0 250.1% $0 $0 $0
CONTRACT COST TOTALS: $2,603 $1,119 $3,722 $2,662 $1,145 $3,807 $7,369 $3,169 $10,538

Filename: 0_Non-CAP CCCB MRER Rehabilitation TPCS Sep 2019_02Mar2020.xIsx
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PROJECT:

LOCATION:

Bourne Bridge Rehabilitation Alternative
Cape Cod Canal, Massachusetts

This Estimate reflects the scope and schedule in report;

**** TOTAL PROJECT COST SUMMARY ****

**** CONTRACT COST SUMMARY ****

DISTRICT:
POC:
CCC Bridges Major Rehabilitation Evaluation Report September 2018

NAE District

PREPARED: 9/11/2019

CHIEF, COST ENGINEERING, Christopher Tilley ( UPDATED: 2/28/2020

Printed:3/2/2020

Page 22 of 25

WBS

NUMBER

A

08

01

30

31

5.0%

4.6%

Civil Works Work Breakdown Structure ESTIMATED COST PROJECT FIRST CO.ST TOTAL PROJECT COST (FULLY FUNDED)
(Constant Dollar Basis)
Estimate Prepared: 11-Sep-19 Program Year (Budget EC): 2020
BOURNE BRIDGE - REHABILITATION Effective Price Level: 1-Oct-18 Effective Price Level Date: 1 OCT 19 FULLY FUNDED PROJECT ESTIMATE
Civil Works COST CNTG CNTG TOTAL ESC COST CNTG TOTAL Mid-Point INFLATED COST CNTG FULL
Feature & Sub-Feature Description $K $K % ($K) % ($K) $K ($K) Date % $K ($K) $K
B c D E F G H 1 J P L M N o
08 Contract 08: Maint Paint (56)
Maintenance Painting of Structural Steel $5,650 $2,429 43.0% $8,079 1.9% $5,756 $2,475 $8,232 2056Q3 194.4% $16,948 $7,288 $24,236
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
CONSTRUCTION ESTIMATE TOTALS: $5,650 $2,429 43.0% $8,079 $5,756 $2,475 $8,232 $16,948 $7,288 $24,236
LANDS AND DAMAGES $0 $0 0.0% $ - 0.0% $0 $0 $0 0 0.0% $0 $0 $0
PLANNING, ENGINEERING & DESIGN
Project Management $282 $121 43.0% $404 3.4% $292 $126 $418 2055Q2 308.4% $1,193 $513 $1,706!
Planning & Environmental Compliance INC. 43.0% 0.0% $0 $0 0 308.4% $0 $0 $0
Engineering & Design INC. 43.0% 0.0% $0 $0 0 308.4% $0 $0 $0,
Reviews, ATRs, IEPRs, VE INC. 43.0% 0.0% $0 $0 0 308.4% $0 $0 $0
Life Cycle Updates (cost, schedule, risks) INC. 43.0% 0.0% $0 $0 0 308.4% $0 $0 $0,
Contracting & Reprographics INC. 43.0% 0.0% $0 $0 0 308.4% $0 $0 $0
Engineering During Construction INC. 43.0% 0.0% $0 $0 0 330.0% $0 $0 $0,
Planning During Construction INC. 43.0% 0.0% $0 $0 0 330.0% $0 $0 $0
Project Operations INC. 43.0% 0.0% $0 $0 0 308.4% $0 $0 $0,
CONSTRUCTION MANAGEMENT
Construction Management $261 $112 43.0% 374 3.4% $270 $116 $386 2056Q3 330.0% $1,162 $500 $1,661
Project Operation: INC. 43.0% 0.0% $0 $0 0 330.0% $0 $0 $0,
Project Management INC. 43.0% 0.0% $0 $0 0 330.0% $0 $0 $0
CONTRACT COST TOTALS: $6,193 $2,663 8,857 $6,319 $2,717 $9,036 $19,303 $8,300 $27,604

Filename: 0_Non-CAP CCCB MRER Rehabilitation TPCS Sep 2019_02Mar2020.xIsx
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PROJECT: Bourne Bridge Rehabilitation Alternative
LOCATION: Cape Cod Canal, Massachusetts
This Estimate reflects the scope and schedule in report;

**** TOTAL PROJECT COST SUMMARY ****

**** CONTRACT COST SUMMARY ****

DISTRICT:
POC:

CCC Bridges Major Rehabilitation Evaluation Report September 2018

NAE District

Printed:3/2/2020
Page 23 of 25

PREPARED: 9/11/2019
CHIEF, COST ENGINEERING, Christopher Tilley ( UPDATED: 2/28/2020

Civil Works Work Breakdown Structure ESTIMATED COST PROJECT FIRST CO.ST TOTAL PROJECT COST (FULLY FUNDED)
(Constant Dollar Basis)
Estimate Prepared: 11-Sep-19 Program Year (Budget EC): 2020
BOURNE BRIDGE - REHABILITATION Effective Price Level: 1-Oct-18 Effective Price Level Date: 1 OCT 19 FULLY FUNDED PROJECT ESTIMATE
WBS Civil Works COST CNTG CNTG TOTAL ESC COST CNTG TOTAL Mid-Point INFLATED COST CNTG FULL
NUMBER Feature & Sub-Feature Description $K $K % ($K) % ($K) $K ($K) Date % $K ($K) $K
A B c D E F G H 1 J P L M N o
09 Contract 09: Paving & Joint Replace (59
08 Paving $3,225 $1,387 43.0% $4,611 1.9% $3,286 $1,413 $4,699 2059Q3 221.7% $10,571 $4,546 $15,117
08 Joint Replacement $1,938 $833 43.0% $2,771 1.9% $1,974 $849 $2,823 2059Q3 221.7% $6,351 $2,731 $9,082
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
CONSTRUCTION ESTIMATE TOTALS: $5,162 $2,220 43.0% $7,382 $5,260 $2,262 $7,522 $16,922 $7,277 $24,199
01 LANDS AND DAMAGES $0 $0 0.0% $0 0.0% $0 $0 $0 0 0.0% $0 $0 $0
30 PLANNING, ENGINEERING & DESIGN
11.9% Project Management $613 $264 43.0% $877 3.4% $634 $273 $907 2058Q2 362.1% $2,929 $1,260 $4,189!
Planning & Environmental Compliance INC. 43.0% 0.0% $0 $0 0 362.1% $0 $0 $0
Engineering & Design INC. 43.0% 0.0% $0 $0 0 362.1% $0 $0 $0,
Reviews, ATRs, IEPRs, VE INC. 43.0% 0.0% $0 $0 0 362.1% $0 $0 $0
Life Cycle Updates (cost, schedule, risks) INC. 43.0% 0.0% $0 $0 0 362.1% $0 $0 $0,
Contracting & Reprographics INC. 43.0% 0.0% $0 $0 0 362.1% $0 $0 $0
Engineering During Construction INC. 43.0% 0.0% $0 $0 0 386.5% $0 $0 $0,
Planning During Construction INC. 43.0% 0.0% $0 $0 0 386.5% $0 $0 $0
Project Operations INC. 43.0% 0.0% $0 $0 0 362.1% $0 $0 $0,
31 CONSTRUCTION MANAGEMENT
9.8%  Construction Management $508 $218 43.0% $726 3.4% $525 $226 $751 2059Q3 386.5% $2,555 $1,099 $3,653
Project Operation: INC. 43.0% 0.0% $0 $0 0 386.5% $0 $0 $0,
Project Management INC. 43.0% 0.0% $0 $0 0 386.5% $0 $0 $0
CONTRACT COST TOTALS: $6,283 $2,702 $8,985 $6,419  $2,760 $9,179 $22,407  $9,635 $32,041

Filename: 0_Non-CAP CCCB MRER Rehabilitation TPCS Sep 2019_02Mar2020.xIsx
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**** TOTAL PROJECT COST SUMMARY **** Printed:3/2/2020
Page 24 of 25

**** CONTRACT COST SUMMARY ****

PROJECT: Bourne Bridge Rehabilitation Alternative DISTRICT:  NAE District PREPARED: 9/11/2019
LOCATION: Cape Cod Canal, Massachusetts POC: CHIEF, COST ENGINEERING, Christopher Tilley ( UPDATED: 2/28/2020
This Estimate reflects the scope and schedule in report; CCC Bridges Major Rehabilitation Evaluation Report September 2018
Civil Works Work Breakdown Structure ESTIMATED COST PROJECT FIRST CO.ST TOTAL PROJECT COST (FULLY FUNDED)
(Constant Dollar Basis)
Estimate Prepared: 11-Sep-19 Program Year (Budget EC): 2020
BOURNE BRIDGE - REHABILITATION Effective Price Level: 1-Oct-18 Effective Price Level Date: 1 OCT 19 FULLY FUNDED PROJECT ESTIMATE
WBS Civil Works COST CNTG CNTG TOTAL ESC COST CNTG TOTAL Mid-Point INFLATED COST CNTG FULL
NUMBER Feature & Sub-Feature Description $K $K % ($K) % ($K) $K ($K) Date % $K ($K) $K
A B c D E F G H 1 J P L M N o
10 Contract 10: Maint Paint (63)
08 Maintenance Painting of Structural Steel $5,650 $2,429 43.0% $8,079 1.9% $5,756 $2,475 $8,232 2063Q3 262.1% $20,844 $8,963 $29,808
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
CONSTRUCTION ESTIMATE TOTALS: $5,650 $2,429 43.0% $8,079 $5,756 $2,475 $8,232 $20,844 $8,963 $29,808
o1 LANDS AND DAMAGES $0 $0 0.0% $0 0.0% $0 $0 $0 0 0.0% $0 $0 $0|
30 PLANNING, ENGINEERING & DESIGN
5.0%  Project Management $282 $121 43.0% $404 3.4% $292 $126 $418 2062Q2 444.7% $1,591 $684 $2,275
Planning & Environmental Compliance INC. 43.0% 0.0% $0 $0 0 444.7% $0 $0 $0,
Engineering & Design INC. 43.0% 0.0% $0 $0 0 444.7% $0 $0 $0,
Reviews, ATRs, IEPRs, VE INC. 43.0% 0.0% $0 $0 0 444.7% $0 $0 $0
Life Cycle Updates (cost, schedule, risks) INC. 43.0% 0.0% $0 $0 0 444.7% $0 $0 $0,
Contracting & Reprographics INC. 43.0% 0.0% $0 $0 0 444.7% $0 $0 $0
Engineering During Construction INC. 43.0% 0.0% $0 $0 0 473.6% $0 $0 $0,
Planning During Construction INC. 43.0% 0.0% $0 $0 0 473.6% $0 $0 $0
Project Operations INC. 43.0% 0.0% $0 $0 0 444.7% $0 $0 $0
31 CONSTRUCTION MANAGEMENT
4.6%  Construction Management $261 $112 43.0% $374 3.4% $270 $116 $386 2063Q3 473.6% $1,550 $666 $2,216]
Project Operation: INC. 43.0% 0.0% $0 $0 0 473.6% $0 $0 $0,
Project Management INC. 43.0% 0.0% $0 $0 0 473.6% $0 $0 $0
CONTRACT COST TOTALS: $6,193 $2,663 $8,857 $6,319 $2,717 $9,036 $23,985 410,314 $34,299

Filename: 0_Non-CAP CCCB MRER Rehabilitation TPCS Sep 2019_02Mar2020.xIsx
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PROJECT:

LOCATION:
This Estimate reflects the scope and schedule in report;

Bourne Bridge Rehabilitation Alternative
Cape Cod Canal, Massachusetts

**** TOTAL PROJECT COST SUMMARY ****

**** CONTRACT COST SUMMARY ****

CCC Bridges Major Rehabilitation Evaluation Report September 2018

DISTRICT:
POC:

NAE District

Printed:3/2/2020

PREPARED: 9/11/2019
CHIEF, COST ENGINEERING, Christopher Tilley ( UPDATED: 2/28/2020

Page 25 of 25

Civil Works Work Breakdown Structure

ESTIMATED COST

PROJECT FIRST COST
(Constant Dollar Basis)

TOTAL PROJECT COST (FULLY FUNDED)

BOURNE BRIDGE - REHABILITATION

WBS

NUMBER

A

08
08
08
08
08

o1

30

31

5.2%

1.4%

Estimate Prepared: 11-Sep-19 Program Year (Budget EC): 2020
Effective Price Level: 1-Oct-18 Effective Price Level Date: 1 OCT 19
Civil Works COST CNTG CNTG TOTAL ESC COST CNTG TOTAL Mid-Point  INFLATED COST CNTG FULL
Feature & Sub-Feature Description $K $K (%) (3K) % (3K) $K (3K) Date % $K (3K) $K
B (o] D E F G H I J P L m N o
11 Contract 11: Truss Deck, Floorbeam, Major Steel, Complete Paint & Joint Replace (69)
Truss Span Deck Replacement $30,163 $12,970 43.0% $43,134 1.9%  $30,734  $13,215 $43,949 2069Q3 332.4% $132,884  $57,140 $190,024
Replace Abutment Spans $7,841 $3,372 43.0% $11,213 1.9% $7,989 $3,435 $11,425 2069Q3 332.4% $34,544  $14,854 $49,398
Major Steel Truss Repairs $27,904 $11,999 43.0% $39,903 1.9%  $28,432  $12,226 $40,657 2069Q3 332.4% $122,931  $52,860 $175,791
Complete Painting of Structural Steel $17,120 $7,362 43.0% $24,482 1.9% $17,444 $7,501 $24,945 2069Q3 332.4% $75,422  $32,432 $107,854
Joint Replacement $1,938 $833 43.0% $2,771 1.9% $1,974 $849 $2,823 2069Q3 332.4% $8,536 $3,670 $12,206
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
CONSTRUCTION ESTIMATE TOTALS: $84,966 $36,535 43.0% $121,501 $86,572  $37,226  $123,798 $374,317  $160,956 $535,273
LANDS AND DAMAGES $0 $0 0.0% $0 0.0% $0 $0 $0 0 0.0% $0 $0 $0
PLANNING, ENGINEERING & DESIGN
Project Management $4,442 $1,910 43.0% $6,352 3.4% $4,593 $1,975 $6,569 2068Q2 597.2% $32,027  $13,771 $45,798
Planning & Environmental Compliance INC. 43.0% 0.0% $0 $0 0 597.2% $0 $0 $0,
Engineering & Design INC. 43.0% 0.0% $0 $0 0 597.2% $0 $0 $0
Reviews, ATRs, IEPRs, VE INC. 43.0% 0.0% $0 $0 0 597.2% $0 $0 $0
Life Cycle Updates (cost, schedule, risks) INC. 43.0% 0.0% $0 $0 0 597.2% $0 $0 $0
Contracting & Reprographics INC. 43.0% 0.0% $0 $0 0 597.2% $0 $0 $0,
Engineering During Construction INC. 43.0% 0.0% $0 $0 0 634.1% $0 $0 $0
Planning During Construction INC. 43.0% 0.0% $0 $0 0 634.1% $0 $0 $0
Project Operations INC. 43.0% 0.0% $0 $0 0 597.2% $0 $0 $0
CONSTRUCTION MANAGEMENT
Construction Management $1,186 $510 43.0% $1,695 3.4% $1,226 $527 $1,753 2069Q3 634.1% $9,001 $3,870 $12,871
Project Operation: INC. 43.0% 0.0% $0 $0 0 634.1% $0 $0 $0
Project Management INC. 43.0% 0.0% $0 $0 0 634.1% $0 $0 $0,
CONTRACT COST TOTALS: $90,594 $38,955 $129,549 $92,392  $39,728  $132,120 $415,345 $178,598 $593,943

Filename: 0_Non-CAP CCCB MRER Rehabilitation TPCS Sep 2019_02Mar2020.xIsx
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**** TOTAL PROJECT COST SUMMARY **** Printed:3/2/2020

Page 1 of 10
PROJECT: Bridge Replacement Alternative - 4 Lane Bridge with Auxiliary On/Off Lanes DISTRICT: NAE District PREPARED: 10/2/2018
PROJECT NO P2# 450095 POC: CHIEF, COST ENGINEERING, Christopher Tilley (Acting)
LOCATION:  Cape Cod Canal, Massachusetts UPDATED: 2/28/2020
This Estimate reflects the scope and schedule in report; CCC Bridges Major Rehabilitation Evaluation Report September 2018
- PROJECT FIRST COST TOTAL PROJECT COST
Civil Works Work Breakdown Structure ESTIMATED COST (Constant Dollar Basis) (FULLY FUNDED)
BOURNE AND SAGAMORE BRIDGE - Program Year (Budget EC): 2020
REPLACEMENT Effective Price Level Date: 1 OCT 19 TOTAL
(4 LANES WITH AUXILIARY ON/OFF LANES) Spent Thru: FIRST
WBS Civil Works COST CNTG CNTG TOTAL ESC COST CNTG TOTAL 1-Oct-19 COST ||INFLATED  COST CNTG FULL
NUMBER Feature & Sub-Feature Description $K $K % (3K) % (3K) $K ($K) $K (3K) % $K $K (3K)
A B Cc D E F G H 1 J K L M N o
08 ROADS, RAILROADS & BRIDGES Replacem|| $588,108  $258,768 44.0% $846,876 0.0% $588,108 $258,768  $846,876 $0| $846,876 37.0% $805,512 $354,425 $1,159,938
08 ROADS, RAILROADS & BRIDGES Approach $88,153 $38,787 44.0% $126,940 0.0% $88,153  $38,787  $126,940 $0| $126,940 37.0% $120,793  $53,149 $173,942
08 ROADS, RAILROADS & BRIDGES Maijor Req $12,672 $5,576 44.0% $18,248 0.0% $12,672 $5,576 $18,248 $0| $18,248 216.4% $40,100  $17,644 $57,743]
02 RELOCATIONS (Utilities) $39,000 $17,160 44.0% $56,160 0.0% $39,000  $17,160 $56,160 $0| $56,160 26.7% $49,399  $21,736 $71,135
18 CULTURAL RESOURCE PRESERVATION (H $33,813 $14,878 44.0% $48,691 0.0% $33,813  $14,878 $48,691 $0| $48,691 37.0% $46,315  $20,379 $66,694
#N/A $0 $0 - $0 - $0 $0 $0 $0 $0 - $0 $0 $0
#N/A $0 $0 - $0 - $0 $0 $0 $0 $0 - $0 $0 $0
#N/A $0 $0 - $0 - $0 $0 $0 $0 $0 - $0 $0 $0
#N/A $0 $0 - $0 - $0 $0 $0 $0 $0 - $0 $0 $0
#N/A $0 $0 - $0 - $0 $0 $0 $0 $0 - $0 $0 $0
#N/A $0 $0 - $0 - $0 $0 $0 $0 $0 - $0 $0 $0
#N/A $0 $0 - $0 - $0 $0 $0 $0 $0 - $0 $0 $0
#N/A $0 $0 - $0 - $0 $0 $0 $0 $0 - $0 $0 $0
#N/A $0 $0 - $0 - $0 $0 $0 $0 $0 - $0 $0 $0
#N/A
CONSTRUCTION ESTIMATE TOTALS: $761,746  $335,168 $1,096,915 0.0% $761,746 $335,168 $1,096,915 $0| $1,096,915 39.4% $1,062,119 $467,332 $1,529,451
01 LANDS AND DAMAGES $13,875 $1,388 10.0% $15,263 0.0% $13,875 $1,388 $15,263 $0| $15,263 10.2% $15,287 $1,529 $16,816,
30 PLANNING, ENGINEERING & DESIGN $56,802 $24,993 44.0% $81,794 0.0% $56,802  $24,993 $81,794 $0| $81,794 20.7% $68,585  $30,178 $98,763|
31 CONSTRUCTION MANAGEMENT $26,110 $11,489 44.0% $37,599 0.0% $26,110  $11,489 $37,599 $0| $37,599 82.1% $47,557  $20,925 $68,482
PROJECT COST TOTALS: $858,533  $373,037 43.5% $1,231,570 $858,533 $373,037 $1,231,570 $0 $1,231,570 39.1% $1,193,548 $519,964 $1,713,512
CHIEF, COST ENGINEERING, Christopher Tilley (Acting)
ESTIMATED TOTAL PROJECT COST: $1,713,512

PROJECT MANAGER, Craig Martin

CHIEF, REAL ESTATE, Gaelen Daly

CHIEF, PLANNING, John Kennelly

CHIEF, ENGINEERING, David Margolis

CHIEF, OPERATIONS, Eric Pedersen

CHIEF, CONSTRUCTION, Sean Dolan

CHIEF, CONTRACTING, Sheila Winston-Vincuilla

CHIEF, PM-PB, Janet Harrington

CHIEF, DPM, Scott Acone

Filename: 0_
TPCS-BOTH



**** TOTAL PROJECT COST SUMMARY ****

Printed:3/2/2020

PROJECT: Sagamore Bridge Replacement Alternative - 4 Lane Bridge with Auxiliary On/Off Lanes DISTRICT: NAE District PREPARED: 10/2/2018
PROJECT NO P2 xxxxxx POC: CHIEF, COST ENGINEERING, Christopher Tilley (Acting)
LOCATION:  Cape Cod Canal, Massachusetts UPDATED: 2/28/2020
This Estimate reflects the scope and schedule in report; CCC Bridges Major Rehabilitation Evaluation Report September 2018
- PROJECT FIRST COST TOTAL PROJECT COST
Civil Works Work Breakdown Structure ESTIMATED COST (Constant Dollar Basis) (FULLY FUNDED)
Program Year (Budget EC): 2020
SAGAMORE BRIDGE - REPLACEMENT Effective Price Level Date: 1 OCT 19
(4 LANES WITH AUXILIARY ON/OFF LANES) TOTAL
Spent Thru: FIRST
WBS Civil Works COST CNTG CNTG TOTAL ESC COST CNTG TOTAL 1-Oct-19 COST [|INFLATED COST CNTG FULL
NUMBER Feature & Sub-Feature Description $K $K % (3K) % (3K) $K ($K) $K (3K) % $K (3K) $K
A B Cc D E F G H 1 J K L m N o
08 ROADS, RAILROADS & BRIDGES Replacem|| $232,630  $102,357 44.0% $334,988 0.0% $232,630 $102,357  $334,988 $0| $334,988 24.9% $290,645 $127,884 $418,529
08 ROADS, RAILROADS & BRIDGES Approach $34,603 $15,226 44.0% $49,829 0.0% $34,603  $15,226 $49,829 $0| $49,829 249%  $43,233  $19,023 $62,256
08 ROADS, RAILROADS & BRIDGES Maijor Req $4,224 $1,859 44.0% $6,083 0.0% $4,224 $1,859 $6,083 $0| $6,083 139.4%  $10,112 $4,449 $14,562]
08 ROADS, RAILROADS & BRIDGES Major Req] $4,224 $1,859 44.0% $6,083 0.0% $4,224 $1,859 $6,083 $0| $6,083 332.4%  $18,264 $8,036 $26,300
02 RELOCATIONS (Utilities) $20,500 $9,020 44.0% $29,520 0.0% $20,500 $9,020 $29,520 $0| $29,520 17.8%  $24,142  $10,623 $34,765|
18 CULTURAL RESOURCE PRESERVATION (H $13,362 $5,879 44.0% $19,241 0.0% $13,362 $5,879 $19,241 $0| $19,241 249%  $16,694 $7,345 $24,039
#N/A $0 $0 - $0 - $0 $0 $0 $0 $0 - $0 $0 $0
#N/A $0 $0 - $0 - $0 $0 $0 $0 $0 - $0 $0 $0
#N/A $0 $0 - $0 - $0 $0 $0 $0 $0 - $0 $0 $0
#N/A $0 $0 - $0 - $0 $0 $0 $0 $0 - $0 $0 $0
#N/A $0 $0 - $0 - $0 $0 $0 $0 $0 - $0 $0 $0
#N/A $0 $0 - $0 - $0 $0 $0 $0 $0 - $0 $0 $0
#N/A $0 $0 - $0 - $0 $0 $0 $0 $0 - $0 $0 $0
#N/A $0 $0 - $0 - $0 $0 $0 $0 $0 - $0 $0 $0
#N/A
CONSTRUCTION ESTIMATE TOTALS: $309,544  $136,199 $445,743 0.0% $309,544 $136,199  $445,743 $0| $445,743 30.2% $403,091 $177,360 $580,451
01 LANDS AND DAMAGES $6,925 $693 10.0% $7,618 0.0% $6,925 $693 $7,618 $0( $7.618 10.2% $7,630 $763 $8,393]
30 PLANNING, ENGINEERING & DESIGN $22,586 $9,938 44.0% $32,524 0.0% $22,586 $9,938 $32,524 $0| $32,524 27.5%  $28,808 $12,675 $41,483
31 CONSTRUCTION MANAGEMENT $11,119 $4,892 44.0% $16,011 0.0% $11,119 $4,892 $16,011 $0| $16,011 92.7%  $21,422 $9,426 $30,847/
PROJECT COST TOTALS: $350,174  $151,722 43.3% $501,895 $350,174 $151,722  $501,895 $0 $501,895 31.7% $460,950 $200,224 $661,174
CHIEF, COST ENGINEERING, Christopher Tilley (Acting)
ESTIMATED TOTAL PROJECT COST: $661,174

Filename: 0_|
TPCS-SAGAMORE

PROJECT MANAGER, Craig Martin

CHIEF, REAL ESTATE, Gaelen Daly

CHIEF, PLANNING, John Kennelly

CHIEF, ENGINEERING, David Margolis

CHIEF, OPERATIONS, Eric Pedersen

CHIEF, CONSTRUCTION, Sean Dolan

CHIEF, CONTRACTING, Sheila Winston-Vincuilla
CHIEF, PM-PB, Janet Harrington

CHIEF, DPM, Scott Acone
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PROJECT:
LOCATION: Cape Cod Canal, Massachusetts
This Estimate reflects the scope and schedule in report;

**** TOTAL PROJECT COST SUMMARY ****

**** CONTRACT COST SUMMARY ****

Sagamore Bridge Replacement Alternative - 4 Lane Bridge with Auxiliary On/Off Lanes

CCC Bridges Major Rehabilitation Evaluation Report September 2018

DISTRICT:

POC:

NAE District

Printed:3/2/2020

PREPARED: 10/2/2018
CHIEF, COST ENGINEERING, Christopher Tilley ( UPDATED: 2/28/2020

Civil Works Work Breakdown Structure ESTIMATED COST PROJECT FIRST CO.ST TOTAL PROJECT COST (FULLY FUNDED)
(Constant Dollar Basis)
SAGAMORE BRIDGE - REPLACEMENT Estimate Prepared: 28-Feb-20 Program Year (Budget EC): 2020
(4 LANES WITH AUXILIARY ON/OFF LANES) Effective Price Level: 1-Oct-19 Effective Price Level Date: 1 0CT 19
RISK BASED
WBS Civil Works COST CNTG CNTG TOTAL ESC COST CNTG TOTAL Mid-Point INFLATED COST CNTG FULL
NUMBER Feature & Sub-Feature Description $K $K % (3K) % (3K) $K (3K) Date % $K (3K) $K
A B c D E F G H 1 J P L M N o
01 Contract 01: Bridge Replacement (25-29
08 ROADS, RAILROADS & BRIDGES Replacem|| $232,630  $102,357 44.0% $334,988 0.0% $232,630 $102,357  $334,988 2027Q3 24.9% $290,645 $127,884 $418,529
02 RELOCATIONS (Utilities) $20,500 $9,020 44.0% $29,520 0.0%  $20,500 $9,020 $29,520 2025Q3 17.8% $24,142  $10,623 $34,765!
18 CULTURAL RESOURCE PRESERVATION (H $13,362 $5,879 44.0% $19,241 0.0% $13,362 $5,879 $19,241 2027Q3 24.9% $16,694 $7,345 $24,039
CONSTRUCTION ESTIMATE TOTALS: $266,492  $117,257 44.0% $383,749 $266,492 $117,257 $383,749 $331,481  $145,852 $477,333]
o1 LANDS AND DAMAGES $6,925 $693 10.0% $7,618 0.0% $6,925 $693 $7,618 2023Q2 10.2% $7,630 $763 $8,393
30 PLANNING, ENGINEERING & DESIGN
7.1% Project Management $18,973 $8,348 44.0% $27,321 0.0% $18,973 $8,348 $27,321 2023Q2 13.0% $21,441 $9,434 $30,875
Planning & Environmental Compliance INC. 44.0% 0.0% $0 $0 0 13.0% $0 $0 $0
Engineering & Design INC. 44.0% 0.0% $0 $0 0 13.0% $0 $0 $0,
Reviews, ATRs, IEPRs, VE INC. 44.0% 0.0% $0 $0 0 13.0% $0 $0 $0
Life Cycle Updates (cost, schedule, risks) INC. 44.0% 0.0% $0 $0 0 13.0% $0 $0 $0,
Contracting & Reprographics INC. 44.0% 0.0% $0 $0 0 13.0% $0 $0 $0
Engineering During Construction INC. 44.0% 0.0% $0 $0 0 32.6% $0 $0 $0,
Planning During Construction INC. 44.0% 0.0% $0 $0 0 32.6% $0 $0 $0
Project Operations INC. 44.0% 0.0% $0 $0 0 13.0% $0 $0 $0,
31 CONSTRUCTION MANAGEMENT
2.5%  Construction Management $6,662 $2,931 44.0% $9,594 0.0% $6,662 $2,931 $9,594 2027Q3 32.6% $8,834 $3,887 $12,721
Project Operation: INC. 44.0% 0.0% $0 $0 0 32.6% $0 $0 $0,
Project Management INC. 44.0% 0.0% $0 $0 0 32.6% $0 $0 $0
CONTRACT COST TOTALS: $299,052  $129,229 $428,281 $299,052 $129,229  $428,281 $369,386  $159,936 $529,321

Filename: 0_Non-CAP CCCB MRER Replacement TPCS Sep 2019_02Mar2020.xIsx

TPCS-SAGAMORE
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PROJECT:
LOCATION: Cape Cod Canal, Massachusetts
This Estimate reflects the scope and schedule in report;

**** TOTAL PROJECT COST SUMMARY ****

**** CONTRACT COST SUMMARY ****

Sagamore Bridge Replacement Alternative - 4 Lane Bridge with Auxiliary On/Off Lanes

CCC Bridges Major Rehabilitation Evaluation Report September 2018

DISTRICT:
POC:

NAE District PREPARED: 10/2/2018
CHIEF, COST ENGINEERING, Christopher Tilley ( UPDATED: 2/28/2020

Printed:3/2/2020
Page 4 of 10

Civil Works Work Breakdown Structure ESTIMATED COST PROJECT FIRST CO.ST TOTAL PROJECT COST (FULLY FUNDED)
(Constant Dollar Basis)
O R A CEMEN ] Estimate Prepared: 28-Feb-20 Program Year (Budget EC): 2020
(4 LANES WITH AUXILIARY ON/OFF LANES) Effective Price Level: 1-Oct-19 Effective Price Level Date: 1 OCT 19
WBS Civil Works COST CNTG CNTG TOTAL ESC COST CNTG TOTAL Mid-Point  INFLATED COST CNTG FULL
NUMBER Feature & Sub-Feature Description $K $K % (3K) % (3K) $K (3K) Date % $K (3K) $K
A B (o] D E F G H I J P L m N o
01 Contract 01: Bridge Approaches (25-29, State Funded)
#N/A
08 ROADS, RAILROADS & BRIDGES Approach $34,603 $15,226 44.0% $49,829 0.0% $34,603  $15,226 $49,829 2027Q3 24.9% $43,233  $19,023 $62,256
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
CONSTRUCTION ESTIMATE TOTALS: $34,603 $15,226 44.0% $49,829 $34,603  $15,226 $49,829 $43,233  $19,023 $62,256
01 LANDS AND DAMAGES $0 $0 0.0% $0 0.0% $0 $0 $0 0 0.0% $0 $0 $0
30 PLANNING, ENGINEERING & DESIGN
8.0%  Project Management $2,768 $1,218 44.0% $3,986 0.0% $2,768 $1,218 $3,986 2023Q2 13.0% $3,128 $1,376 $4,505]
Planning & Environmental Compliance INC. 44.0% 0.0% $0 $0 0 13.0% $0 $0 $0,
Engineering & Design INC. 44.0% 0.0% $0 $0 0 13.0% $0 $0 $0
Reviews, ATRs, IEPRs, VE INC. 44.0% 0.0% $0 $0 0 13.0% $0 $0 $0
Life Cycle Updates (cost, schedule, risks) INC. 44.0% 0.0% $0 $0 0 13.0% $0 $0 $0
Contracting & Reprographics INC. 44.0% 0.0% $0 $0 0 13.0% $0 $0 $0,
Engineering During Construction INC. 44.0% 0.0% $0 $0 0 32.6% $0 $0 $0
Planning During Construction INC. 44.0% 0.0% $0 $0 0 32.6% $0 $0 $0
Project Operations INC. 44.0% 0.0% $0 $0 0 13.0% $0 $0 $0
31 CONSTRUCTION MANAGEMENT
8.0% Construction Management $2,768 $1,218 44.0% $3,986 0.0% $2,768 $1,218 $3,986 2027Q3 32.6% $3,671 $1,615 $5,286!
Project Operation: INC. 44.0% 0.0% $0 $0 0 32.6% $0 $0 $0
Project Management INC. 44.0% 0.0% $0 $0 0 32.6% $0 $0 $0,
CONTRACT COST TOTALS: $40,140 $17,662 $57,802 $40,140  $17,662 $57,802 $50,032  $22,014 $72,046

Filename: 0_Non-CAP CCCB MRER Replacement TPCS Sep 2019_02Mar2020.xIsx
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PROJECT:
LOCATION: Cape Cod Canal, Massachusetts
This Estimate reflects the scope and schedule in report;

**** TOTAL PROJECT COST SUMMARY ****

**** CONTRACT COST SUMMARY ****

Sagamore Bridge Replacement Alternative - 4 Lane Bridge with Auxiliary On/Off Lanes

DISTRICT:
POC:

CCC Bridges Major Rehabilitation Evaluation Report September 2018

NAE District

Printed:3/2/2020
Page 5 of 10

PREPARED: 10/2/2018
CHIEF, COST ENGINEERING, Christopher Tilley ( UPDATED: 2/28/2020

Civil Works Work Breakdown Structure ESTIMATED COST :’C't?‘if;l ;'fl:: gilssT) TOTAL PROJECT COST (FULLY FUNDED)
SAGAMORE BRIDGE - REPLACEMENT .
Estimate Prepared: 28-Feb-20 Program Year (Budget EC): 2020
(4 LANES WITH AUXILIARY ON/OFF LANES) Effective Price Level: 1-Oct-19 Effective Price Level Date: 1 OCT 19
WBS Civil Works COST CNTG CNTG TOTAL ESC COosT CNTG TOTAL Mid-Point INFLATED COST CNTG FULL
NUMBER Feature & Sub-Feature Description $K $K % (3K) % (3K) $K (3K) Date % $K (3K) $K
A B c D E F G H [ J P L m N o
02 Contract 02: Major Repairs (49)
#N/A
#N/A
08 ROADS, RAILROADS & BRIDGES Major Req $4,224 $1,859 44.0% $6,083 0.0% $4,224 $1,859 $6,083 2049Q3 139.4% $10,112 $4,449 $14,562]
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
CONSTRUCTION ESTIMATE TOTALS: $4,224 $1,859 44.0% $6,083 $4,224 $1,859 $6,083 $10,112 $4,449 $14,562]
01 LANDS AND DAMAGES $0 $0 0.0% $0 0.0% $0 $0 $0 0 0.0% $0 $0 $0
30 PLANNING, ENGINEERING & DESIGN
10.0% Project Management $422 $186 44.0% $608 0.0% $422 $186 $608 2048Q2 206.2% $1,293 $569 $1,863
Planning & Environmental Compliance INC. 44.0% 0.0% $0 $0 0 206.2% $0 $0 $0,
Engineering & Design INC. 44.0% 0.0% $0 $0 0 206.2% $0 $0 $0
Reviews, ATRs, IEPRs, VE INC. 44.0% 0.0% $0 $0 0 206.2% $0 $0 $0,
Life Cycle Updates (cost, schedule, risks) INC. 44.0% 0.0% $0 $0 0 206.2% $0 $0 $0
Contracting & Reprographics INC. 44.0% 0.0% $0 $0 0 206.2% $0 $0 $0,
Engineering During Construction INC. 44.0% 0.0% $0 $0 0 222.4% $0 $0 $0
Planning During Construction INC. 44.0% 0.0% $0 $0 0 222.4% $0 $0 $0,
Project Operations INC. 44.0% 0.0% $0 $0 0 206.2% $0 $0 $0
31 CONSTRUCTION MANAGEMENT
20.0% Construction Management $844 $371 44.0% $1,215 0.0% $844 $371 $1,215 2049Q3 222.4% $2,721 $1,197 $3,919!
Project Operation: INC. 44.0% 0.0% 0 0 0 222.4% 0
$ $ $ $0 $0
Project Management INC. 44.0% 0.0% $0 $0 0 222.4% $0 $0 $0,
CONTRACT COST TOTALS: $5,491 $2,416 $7,906 $5,491 $2,416 $7,906 $14,127 $6,216 $20,343

Filename: 0_Non-CAP CCCB MRER Replacement TPCS Sep 2019_02Mar2020.xIsx
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PROJECT:
LOCATION: Cape Cod Canal, Massachusetts
This Estimate reflects the scope and schedule in report;

**** TOTAL PROJECT COST SUMMARY ****

**** CONTRACT COST SUMMARY ****

Sagamore Bridge Replacement Alternative - 4 Lane Bridge with Auxiliary On/Off Lanes

CCC Bridges Major Rehabilitation Evaluation Report September 2018

DISTRICT:
POC:

NAE District PREPARED: 10/2/2018
CHIEF, COST ENGINEERING, Christopher Tilley ( UPDATED: 2/28/2020

Printed:3/2/2020
Page 6 of 10

Civil Works Work Breakdown Structure ESTIMATED COST :’CRO?;E::\.: ;Slsa.: gaOSISS.I; TOTAL PROJECT COST (FULLY FUNDED)
. Estimate Prepared: 28-Feb-20 Program Year (Budget EC): 2020
SAGAMORE BRIDGE - REPLACEMENT Effective Price Level: 1-Oct-19 Effective Price Level Date: 1 OCT 19 FULLY FUNDED PROJECT ESTIMATE
(4 LANES WITH AUXILIARY ON/OFF LANES)
WBS Civil Works COST CNTG CNTG TOTAL ESC COST CNTG TOTAL Mid-Point INFLATED COST CNTG FULL
NUMBER Feature & Sub-Feature Description $K $K % (3K) % (3K) $K (3K) Date % $K (3K) $K
A B c D E F G H 1 J P L M N o
03 Contract 03: Major Repairs (69)
#N/A
#N/A
#N/A
08 ROADS, RAILROADS & BRIDGES Major Req $4,224 $1,859 44.0% $6,083 0.0% $4,224 $1,859 $6,083 2069Q3 332.4% $18,264 $8,036 $26,300!
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
CONSTRUCTION ESTIMATE TOTALS: $4,224 $1,859 44.0% $6,083 $4,224 $1,859 $6,083 $18,264 $8,036 $26,300
01 LANDS AND DAMAGES $0 $0 0.0% $0 0.0% $0 $0 $0 0 0.0% $0 $0 $0
30 PLANNING, ENGINEERING & DESIGN
10.0% Project Management $422 $186 44.0% $608 0.0% $422 $186 $608 2068Q2 597.2% $2,945 $1,296 $4,241
Planning & Environmental Compliance INC. 44.0% 0.0% $0 $0 0 597.2% $0 $0 $0
Engineering & Design INC. 44.0% 0.0% $0 $0 0 597.2% $0 $0 $0,
Reviews, ATRs, IEPRs, VE INC. 44.0% 0.0% $0 $0 0 597.2% $0 $0 $0
Life Cycle Updates (cost, schedule, risks) INC. 44.0% 0.0% $0 $0 0 597.2% $0 $0 $0,
Contracting & Reprographics INC. 44.0% 0.0% $0 $0 0 597.2% $0 $0 $0
Engineering During Construction INC. 44.0% 0.0% $0 $0 0 634.1% $0 $0 $0,
Planning During Construction INC. 44.0% 0.0% $0 $0 0 634.1% $0 $0 $0
Project Operations INC. 44.0% 0.0% $0 $0 0 597.2% $0 $0 $0
31 CONSTRUCTION MANAGEMENT
20.0%  Construction Management $844 $371 44.0% $1,215 0.0% $844 $371 $1,215 2069Q3 634.1% $6,196 $2,726 $8,922
Project Operation: INC. 44.0% 0.0% $0 $0 0 634.1% $0 $0 $0,
Project Management INC. 44.0% 0.0% $0 $0 0 634.1% $0 $0 $0
CONTRACT COST TOTALS: $5,491 $2,416 $7,906 $5,491 $2,416 $7,906 $27,405  $12,058 $39,464

Filename: 0_Non-CAP CCCB MRER Replacement TPCS Sep 2019_02Mar2020.xIsx
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**** TOTAL PROJECT COST SUMMARY ****

Printed:3/2/2020

PROJECT: Bourne Bridge Replacement Alternative - 4 Lane Bridge with Auxiliary On/Off Lanes DISTRICT: NAE District PREPARED: 10/2/2018
PROJECT NO P2 xxxxxx POC: CHIEF, COST ENGINEERING, Christopher Tilley (Acting)
LOCATION:  Cape Cod Canal, Massachusetts UPDATED: 2/28/2020
This Estimate reflects the scope and schedule in report; CCC Bridges Major Rehabilitation Evaluation Report September 2018
- PROJECT FIRST COST TOTAL PROJECT COST
Civil Works Work Breakdown Structure ESTIMATED COST (Constant Dollar Basis) (FULLY FUNDED)
Program Year (Budget EC): 2020
BOURNE BRIDGE - REPLACEMENT Effective Price Level Date: 1 OCT 19
(4 LANES WITH AUXILIARY ON/OFF LANES) TOTAL
Spent Thru: FIRST
WBS Civil Works COST CNTG CNTG TOTAL ESC COST CNTG TOTAL 1-Oct-19 COST [|INFLATED COST CNTG FULL
NUMBER Feature & Sub-Feature Description $K $K % (3K) % (3K) $K ($K) $K (3K) % $K (3K) $K
A B Cc D E F G H 1 J K L m N o
08 ROADS, RAILROADS & BRIDGES Replacem| $355,478  $156,410 44.0% $511,888 0.0% $355,478 $156,410  $511,888 $0| $511,888 44.8% $514,867 $226,541 $741,408
08 ROADS, RAILROADS & BRIDGES Approach $53,549 $23,562 44.0% $77,111 0.0% $53,549  $23,562 $77,111 $0| $77,111 44.8%  $77,560  $34,126 $111,686
08 ROADS, RAILROADS & BRIDGES Maijor Req $4,224 $1,859 44.0% $6,083 0.0% $4,224 $1,859 $6,083 $0| $6,083 177.5%  $11,723 $5,158 $16,881
02 RELOCATIONS (Utilities) $18,500 $8,140 44.0% $26,640 0.0% $18,500 $8,140 $26,640 $0| $26,640 36.5% $25,257  $11,113 $36,370
18 CULTURAL RESOURCE PRESERVATION (H $20,451 $8,999 44.0% $29,450 0.0% $20,451 $8,999 $29,450 $0| $29,450 44.8%  $29,621 $13,033 $42,655|
#N/A $0 $0 - $0 - $0 $0 $0 $0 $0 - $0 $0 $0
#N/A $0 $0 - $0 - $0 $0 $0 $0 $0 - $0 $0 $0
#N/A $0 $0 - $0 - $0 $0 $0 $0 $0 - $0 $0 $0
#N/A $0 $0 - $0 - $0 $0 $0 $0 $0 - $0 $0 $0
#N/A $0 $0 - $0 - $0 $0 $0 $0 $0 - $0 $0 $0
#N/A $0 $0 - $0 - $0 $0 $0 $0 $0 - $0 $0 $0
#N/A $0 $0 - $0 - $0 $0 $0 $0 $0 - $0 $0 $0
#N/A $0 $0 - $0 - $0 $0 $0 $0 $0 - $0 $0 $0
#N/A $0 $0 - $0 - $0 $0 $0 $0 $0 - $0 $0 $0
#N/A
CONSTRUCTION ESTIMATE TOTALS: $452,202  $198,969 $651,172 0.0% $452,202 $198,969  $651,172 $0| $651,172 45.7% $659,028 $289,972 $949,000!
01 LANDS AND DAMAGES $6,950 $695 10.0% $7,645 0.0% $6,950 $695 $7,645 $0( $7.645 10.2% $7,657 $766 $8,423]
30 PLANNING, ENGINEERING & DESIGN $34,216 $15,055 44.0% $49,270 0.0% $34,216  $15,055 $49,270 $0| $49,270 16.3%  $39,777  $17,502 $57,280
31 CONSTRUCTION MANAGEMENT $14,992 $6,596 44.0% $21,588 0.0% $14,992 $6,596 $21,588 $0| $21,588 743%  $26,135  $11,499 $37,634]
PROJECT COST TOTALS: $508,360  $221,315 43.5% $729,675 $508,360 $221,315  $729,675 $0 $729,675 44.2% $732,598 $319,740 $1,052,337-|
CHIEF, COST ENGINEERING, Christopher Tilley (Acting)
ESTIMATED TOTAL PROJECT COST: $1,052,337

Filename: 0_|
TPCS-BOURNE

PROJECT MANAGER, Craig Martin

CHIEF, REAL ESTATE, Gaelen Daly

CHIEF, PLANNING, John Kennelly

CHIEF, ENGINEERING, David Margolis

CHIEF, OPERATIONS, Eric Pedersen

CHIEF, CONSTRUCTION, Sean Dolan

CHIEF, CONTRACTING, Sheila Winston-Vincuilla
CHIEF, PM-PB, Janet Harrington

CHIEF, DPM, Scott Acone
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**** TOTAL PROJECT COST SUMMARY ****

**** CONTRACT COST SUMMARY ****

Printed:3/2/2020

PROJECT: Bourne Bridge Replacement Alternative - 4 Lane Bridge with Auxiliary On/Off Lanes DISTRICT:  NAE District PREPARED: 10/2/2018
LOCATION: Cape Cod Canal, Massachusetts POC: CHIEF, COST ENGINEERING, Christopher Tilley (. UPDATED: 2/28/2020
This Estimate reflects the scope and schedule in report; CCC Bridges Major Rehabilitation Evaluation Report September 2018
Civil Works Work Breakdown Structure ESTIMATED COST PROJECT FIRST CO.ST TOTAL PROJECT COST (FULLY FUNDED)
(Constant Dollar Basis)
BOURNE BRIDGE - REPLACEMENT Estimate Prepared: 28-Feb-20 Program Year (Budget EC): 2020
(4 LANES WITH AUXILIARY ON/OFF LANES) Effective Price Level: 1-Oct-19 Effective Price Level Date: 1 0CT 19
RISK BASED
WBS Civil Works COST CNTG CNTG TOTAL ESC COST CNTG TOTAL Mid-Point INFLATED COST CNTG FULL
NUMBER Feature & Sub-Feature Description $K $K % (3K) % (3K) $K (3K) Date % $K (3K) $K
A B c D E F G H 1 J P L M N o
01 Contract 01: Bridge Replacement (30-34
08 ROADS, RAILROADS & BRIDGES Replacem| $355,478  $156,410 44.0% $511,888 0.0% $355,478 $156,410  $511,888 2032Q3 44.8% $514,867 $226,541 $741,408
02 RELOCATIONS (Utilities) $18,500 $8,140 44.0% $26,640 0.0%  $18,500 $8,140 $26,640 2030Q3 36.5% $25,257  $11,113 $36,370
18 CULTURAL RESOURCE PRESERVATION (§|  $20,451 $8,999 44.0% $29,450 0.0%  $20,451 $8,999  $29,450 2032Q3 44.8% $29.621  $13,033 $42,655
CONSTRUCTION ESTIMATE TOTALS: $394,429  $173,549 44.0% $567,978 $394,429 $173,549  $567,978 $569,745 $250,688 $820,433]
o1 LANDS AND DAMAGES $6,950 $695 10.0% $7,645 0.0% $6,950 $695 $7,645 2023Q2 10.2% $7,657 $766 $8,423
30 PLANNING, ENGINEERING & DESIGN
7.2% Project Management $28,438 $12,513 44.0% $40,951 0.0% $28,438  $12,513 $40,951 2023Q2 13.0% $32,137  $14,140 $46,277
Planning & Environmental Compliance INC. 44.0% 0.0% $0 $0 0 13.0% $0 $0 $0
Engineering & Design INC. 44.0% 0.0% $0 $0 0 13.0% $0 $0 $0,
Reviews, ATRs, IEPRs, VE INC. 44.0% 0.0% $0 $0 0 13.0% $0 $0 $0
Life Cycle Updates (cost, schedule, risks) INC. 44.0% 0.0% $0 $0 0 13.0% $0 $0 $0,
Contracting & Reprographics INC. 44.0% 0.0% $0 $0 0 13.0% $0 $0 $0
Engineering During Construction INC. 44.0% 0.0% $0 $0 0 61.1% $0 $0 $0,
Planning During Construction INC. 44.0% 0.0% $0 $0 0 61.1% $0 $0 $0
Project Operations INC. 44.0% 0.0% $0 $0 0 13.0% $0 $0 $0
31 CONSTRUCTION MANAGEMENT
2.5%  Construction Management $9,861 $4,339 44.0% $14,199 0.0% $9,861 $4,339 $14,199 2032Q3 61.1% $15,881 $6,988 $22,868
Project Operation: INC. 44.0% 0.0% $0 $0 0 61.1% $0 $0 $0,
Project Management INC. 44.0% 0.0% $0 $0 0 61.1% $0 $0 $0
CONTRACT COST TOTALS: $439,678  $191,095 $630,773 $439,678 $191,095  $630,773 $625,421 $272,582 $898,002

Filename: 0_Non-CAP CCCB MRER Replacement TPCS Sep 2019_02Mar2020.xIsx
TPCS-BOURNE
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PROJECT:
LOCATION: Cape Cod Canal, Massachusetts
This Estimate reflects the scope and schedule in report;

**** TOTAL PROJECT COST SUMMARY ****

**** CONTRACT COST SUMMARY ****

Bourne Bridge Replacement Alternative - 4 Lane Bridge with Auxiliary On/Off Lanes

CCC Bridges Major Rehabilitation Evaluation Report September 2018

DISTRICT:
POC:

NAE District PREPARED: 10/2/2018
CHIEF, COST ENGINEERING, Christopher Tilley ( UPDATED: 2/28/2020

Printed:3/2/2020
Page 9 of 10

Civil Works Work Breakdown Structure ESTIMATED COST PROJECT FIRST CO.ST TOTAL PROJECT COST (FULLY FUNDED)
(Constant Dollar Basis)
O I D O e RS CEMENT, Estimate Prepared: 28-Feb-20 Program Year (Budget EC): 2020
(4 LANES WITH AUXILIARY ON/OFF LANES) Effective Price Level: 1-Oct-19 Effective Price Level Date: 1 OCT 19
WBS Civil Works COST CNTG CNTG TOTAL ESC COST CNTG TOTAL Mid-Point  INFLATED COST CNTG FULL
NUMBER Feature & Sub-Feature Description $K $K % (3K) % (3K) $K (3K) Date % $K (3K) $K
A B (o] D E F G H I J P L m N o
01 Contract 01: Bridge Approaches (30-34, State Funded)
#N/A
08 ROADS, RAILROADS & BRIDGES Approach $53,549 $23,562 44.0% $77,111 0.0% $53,549  $23,562 $77,111 2032Q3 44.8% $77,560  $34,126 $111,686,
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
CONSTRUCTION ESTIMATE TOTALS: $53,549 $23,562 44.0% $77,111 $53,549  $23,562 $77,111 $77,560  $34,126 $111,686
01 LANDS AND DAMAGES $0 $0 0.0% $0 0.0% $0 $0 $0 0 0.0% $0 $0 $0
30 PLANNING, ENGINEERING & DESIGN
10.0%  Project Management $5,355 $2,356 44.0% $7,711 0.0% $5,355 $2,356 $7,711 2023Q2 13.0% $6,051 $2,663 $8,714
Planning & Environmental Compliance INC. 44.0% 0.0% $0 $0 0 13.0% $0 $0 $0,
Engineering & Design INC. 44.0% 0.0% $0 $0 0 13.0% $0 $0 $0
Reviews, ATRs, IEPRs, VE INC. 44.0% 0.0% $0 $0 0 13.0% $0 $0 $0
Life Cycle Updates (cost, schedule, risks) INC. 44.0% 0.0% $0 $0 0 13.0% $0 $0 $0
Contracting & Reprographics INC. 44.0% 0.0% $0 $0 0 13.0% $0 $0 $0,
Engineering During Construction INC. 44.0% 0.0% $0 $0 0 61.1% $0 $0 $0
Planning During Construction INC. 44.0% 0.0% $0 $0 0 61.1% $0 $0 $0
Project Operations INC. 44.0% 0.0% $0 $0 0 13.0% $0 $0 $0
31 CONSTRUCTION MANAGEMENT
8.0% Construction Management $4,284 $1,885 44.0% $6,169 0.0% $4,284 $1,885 $6,169 2032Q3 61.1% $6,899 $3,036 $9,935!
Project Operation: INC. 44.0% 0.0% $0 $0 0 61.1% $0 $0 $0
Project Management INC. 44.0% 0.0% $0 $0 0 61.1% $0 $0 $0,
CONTRACT COST TOTALS: $63,188 $27,803 $90,991 $63,188  $27,803 $90,991 $90,510  $39,825 $130,335

Filename: 0_Non-CAP CCCB MRER Replacement TPCS Sep 2019_02Mar2020.xIsx

TPCS-BOURNE



**** TOTAL PROJECT COST SUMMARY ****

**** CONTRACT COST SUMMARY ****

Printed:3/2/2020
Page 10 of 10

PROJECT: Bourne Bridge Replacement Alternative - 4 Lane Bridge with Auxiliary On/Off Lanes DISTRICT:  NAE District PREPARED: 10/2/2018
LOCATION: Cape Cod Canal, Massachusetts POC: CHIEF, COST ENGINEERING, Christopher Tilley (. UPDATED: 2/28/2020
This Estimate reflects the scope and schedule in report; CCC Bridges Major Rehabilitation Evaluation Report September 2018
Civil Works Work Breakdown Structure ESTIMATED COST :’C't?‘if;l ;'fl:: gilssT) TOTAL PROJECT COST (FULLY FUNDED)
BOURNE BRIDGE - REPLACEMENT .
Estimate Prepared: 28-Feb-20 Program Year (Budget EC): 2020
(4 LANES WITH AUXILIARY ON/OFF LANES) Effective Price Level: 1-Oct-19 Effective Price Level Date: 1 OCT 19
WBS Civil Works COST CNTG CNTG TOTAL ESC COosT CNTG TOTAL Mid-Point INFLATED COST CNTG FULL
NUMBER Feature & Sub-Feature Description $K $K % (3K) % (3K) $K (3K) Date % $K (3K) $K
A B c D E F G H 1 J P L M N o
02 Contract 02: Major Repairs (54)
#N/A
#N/A
08 ROADS, RAILROADS & BRIDGES Major Req $4,224 $1,859 44.0% $6,083 0.0% $4,224 $1,859 $6,083 2054Q3 177.5% $11,723 $5,158 $16,881
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
CONSTRUCTION ESTIMATE TOTALS: $4,224 $1,859 44.0% $6,083 $4,224 $1,859 $6,083 $11,723 $5,158 $16,881
o1 LANDS AND DAMAGES $0 $0 0.0% $0 0.0% $0 $0 $0 0 0.0% $0 $0 $0|
30 PLANNING, ENGINEERING & DESIGN
10.0% Project Management $422 $186 44.0% $608 0.0% $422 $186 $608 2053Q2 276.2% $1,589 $699 $2,288
Planning & Environmental Compliance INC. 44.0% 0.0% $0 $0 0 276.2% $0 $0 $0,
Engineering & Design INC. 44.0% 0.0% $0 $0 0 276.2% $0 $0 $0
Reviews, ATRs, IEPRs, VE INC. 44.0% 0.0% $0 $0 0 276.2% $0 $0 $0,
Life Cycle Updates (cost, schedule, risks) INC. 44.0% 0.0% $0 $0 0 276.2% $0 $0 $0
Contracting & Reprographics INC. 44.0% 0.0% $0 $0 0 276.2% $0 $0 $0,
Engineering During Construction INC. 44.0% 0.0% $0 $0 0 296.1% $0 $0 $0
Planning During Construction INC. 44.0% 0.0% $0 $0 0 296.1% $0 $0 $0,
Project Operations INC. 44.0% 0.0% $0 $0 0 276.2% $0 $0 $0
31 CONSTRUCTION MANAGEMENT
20.1% Construction Management $847 $373 44.0% $1,220 0.0% $847 $373 $1,220 2054Q3 296.1% $3,355 $1,476 $4,831
Project Operation: INC. 44.0% 0.0% $0 $0 0 296.1% $0 $0 $0
Project Management INC. 44.0% 0.0% $0 $0 0 296.1% $0 $0 $0,
CONTRACT COST TOTALS: $5,494 $2,417 $7,911 $5,494 $2,417 $7,911 $16,667 $7,333 $24,000

Filename: 0_Non-CAP CCCB MRER Replacement TPCS Sep 2019_02Mar2020.xIsx
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2 EXECUTIVE SUMMARY

The U.S. Army Corps of Engineers (USACE), New England District, is conducting a multi-year
Major Rehabilitation Evaluation Study of the Bourne and Sagamore highway bridges spanning
the Cape Cod Canal. The study evaluates the current conditions of the bridges and what
alternatives are feasible for the future. The economic analysis is extended over a 50-year period
using 2020 as the base year and the Federal Discount Rate currently set at 2. 750 percent for
Fiscal Year 2020.

The existing bridges were constructed more than 85 years ago and require frequent maintenance,
which is costly and causes significant impacts to traffic crossing the Cape Cod Canal. The
highway bridges, and the companion Railroad Bridge constructed during the same era, provide
the only means of access to the towns on Cape Cod and Nantucket and Martha’s Vineyard.
Approximately 215,000 residents and 5 million visitors use these bridges each year.

To better understand the condition of its Civil Works projects the USACE completes a Major
Rehabilitation Evaluation Report (MRER) whenever infrastructure maintenance construction
costs are expected to exceed $20 million and take more than 2 years of construction to complete.
The MRER is based on four pillars of evaluation: a structural engineering risk and reliability
analysis of the current structures, cost engineering, economic analysis, and environmental
evaluation of all feasible alternatives. An MRER identifies operational and potential reliability
issues, as well as opportunities for efficiency improvement, over a 50-year period of analysis.

This study will determine whether standard operation and maintenance, major rehabilitation, or
replacement of both bridges will provide the most reliable, fiscally responsible solution for the

future. The MRER will provide the basis of decision-making for USACE and Congress on the
most cost-effective, safe alternative for critical public transportation across Cape Cod Canal for
the next several decades.

As part of the MRER, an economic evaluation was performed to analyze the costs and benefits
of the “base” condition and compare it to alternatives. The “base” condition refers to a baseline
of continued regular inspections and standard maintenance construction on the bridges. Below is
a brief summary of the findings of the economic analysis.

2.1 Methodology
The initial economic analysis focused on four conditions:

1. Alternative A: Base (or without project) condition - continue to maintain the bridges
with regularly scheduled maintenance and make emergency funding available for
repairs when there is a component failure.

2. Alternative B: major rehabilitation of existing bridges

Alternative C: replacement with two 4-lane bridges (eliminated in final evaluation)

4. Alternative D: replacement with two 4-lane bridges with auxiliary on/off lanes

w
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The economic analysis evaluates the base condition and then compares that condition to the
alternatives. Annual benefits considered for each alternative include the reduction in emergency
repair spending, the decrease in traffic delays, and changes in cost to waterway navigation. The
annual benefit of each alternative is then compared to its respective cost. An alternative is
considered economically justified if it maximizes net annual benefits and its benefit cost ratio
(annual benefit divided by annual cost) is greater than one.

The analysis is performed using a risk based approach to compare costs and benefits of each
alternative to the base condition. Reliability functions from engineering event trees are utilized
to simulate possible component failures and associated repair costs. The three engineering
components that could experience failure are the bridge deck, substructure, and superstructure.
This analysis is evaluated over a 50-year period using Monte Carlo Simulation to determine
long-term costs of the future base condition without-project and the future with alternatives. The
model was approved for single-use by the USACE Planning Center of Expertise for Inland
Navigation and Risk Informed Economics Division in July 2018. The memo documenting this
approval pursuant to EC 1105-2-412 is attached as an addendum to this appendix.

The overall cost of each alternative includes several elements; the cost of the repair itself, the
economic cost to vessels that cannot use the canal (navigation costs), operation & maintenance
costs, and the change in value of time incurred by drivers in traffic delays (travel costs) during
lane closures for repairs or construction phases.

The value of time is determined using USACE regulation (ER 1105-2-100). Traffic data was
modeled by TrafInfo; a transportation consulting company familiar with the Massachusetts
Department of Transportation (MassDOT) data. TrafInfo provided Cape Cod traffic study data
and forecasts. This traffic data was used to determine the total hours of traffic delay incurred
during construction for all travelers crossing the bridges. A monetary value was attributed to
these lost productive hours using the average hourly household median income of the
surrounding towns as sourced from the US Census Bureau.

2.2 Cost Comparison

A comparison of mean annual costs for the base condition and three alternatives is provided in
Table D-1 below. These costs represent the economic impacts of unscheduled component
failures and unscheduled maintenance events that will occur over the 50 year period of analysis.
Maintaining the bridges in the current, base condition would result in annual repair costs of
$123.9 million and $65.2 million for the Sagamore and Bourne Bridge respectively. Under the
Major Rehabilitation scenario, those expenses would decrease to $8.7 million for the Sagamore
Bridge and $6.1 million for the Bourne Bridge. Replacing the bridges, both with and without the
auxiliary lanes, reduces the annual costs further to approximately $4.5 million for the Sagamore
Bridge and $7 million for the Bourne Bridge.
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Table D - 1 Costs Associated with Unscheduled Repairs-Results from Monte Carlo Simulations

Mean Annual Costs, ($000)

Rgg:tlr Na\ggztlon Travel Cost (?:::ns Total
Alt A: Base Condition
Sagamore 2,800 0.7 120,700 400 123,900
Bourne 3,200 0.7 61,700 300 65,200
Alt B: Major Rehabilitation
Sagamore 300 0.6 8,000 400 8,700
Bourne 400 0.6 5,400 300 6,100
Alt D: Repla anes with on/off Auxiliary
Sagamore 300 0.1 4,000 200 4,500
Bourne 500 0.2 6,300 200 7,000

Table D-2 below presents the annual costs for all scheduled construction planned during the
major rehabilitation and the replacement alternatives. These costs include the dollar amounts for
replacing bridge components in the major rehabilitation, or replacing the entire bridge for the
other two alternatives. Costs also include traffic impacts for all scheduled construction periods.

In the major rehabilitation alternative, construction costs of $144.3 million (Sagamore) and
$158.9 million (Bourne) are included for additional major repairs that would be required
approximately 30 years after the major rehabilitation. Repairs include painting and major steel
replacement for floor beams and truss deck. These costs are reduced significantly to $15.8
million and $7.9 million respectively in Alternative D.

Tables D-3 and D-4 provide summary detail of all costs, benefits, and benefit to cost ratios
(BCRs) for the major rehabilitation and two bridge replacement alternatives. More detail for the
benefit calculations can be found throughout the economic appendix.
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Table D - 2 Costs Associated with Scheduled Construction

Sagamore Bridge

Cost ($000)
Alternative B: (A Replacgment
Rehabilitation BN
On/Off Auxiliary
Construction cost (2020
dollars) 156,300 486,100
Construction cost of
additional repair work (2020 144,400 15,800
dollars)
Travel delay costs (2020
dollars) 1,281,000 92,800
Discount factor 2.75% 2.75%
Capital Recovery Factor 0.0370 0.0370
cI?cl,ssct:ounted construction 132,900 402,300
Discounted additional repair
work 49,700 5,700
Discounted travel delay cost 782,600 33,500
Interest During Construction
(IDC) 4,300 27,500
Total Cost 969,500 469,000
Annualized Cost 35,900 17,400
Bourne Bridge
Construction cost (2020
dollars) 186,200 721,800
Construction cost of
additional repair work (2020 158,900 7,900
dollars)
Travel delay costs (2020
dollars) 948,400 22,200
Discount factor 2.75% 2.75%
Capital Recovery Factor 0.0370 0.0370
cI?cl,ssct:ounted construction 142,000 521,600
Discounted additional rehab
work 47,200 3,100
Discounted travel delay cost 536,700 8,900
Interest During Construction
(IDC) 5,200 40,800
Total Cost 731,100 574,400
Annualized Cost 27,100 21,300
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Table D - 3 Sagamore Bridge Summary Results

Scenario Simulation Comparison

Annual Life | Annualized | a1 ualizeq | APNUalized

Cycle Cost* Costs Benefits Net BCR

($000) ($000) ($000) Benefits

(from Table 1) (from Table 2) $000
Mean 123,900 - - - -
Median 119,000 - - - -
Mean 8,800 35,900 115,100 79,200 3.2
Median 6,600 35,900 112,400 76,500 3.1

: es with on/off Auxiliary

Mean 4,400 17,400 119,500 102,100 6.9
Median 2,900 17,400 116,100 98,700 6.7

Table D - 4 Bourne Bridge Summary Results

Scenario Simulation Comparison

Annual Life | Annualized | A nualized Annualized

Cycle Cost* Costs Benefits Net' BCR

($000) (from ($000) ($000) Benefits

Table 1) (from Table 2) $000

Alt A: Base Condition
Mean 65,200 - - - -
Median 62,700 - - - -
Alt B: Major Rehabilitation
Mean 6,100 27,100 59,100 32,000 2.2
Median 4,800 27,100 57,900 30,800 2.1
Alt D: Replacement 4 Lanes with on/off Auxiliary |
Mean 6,900 21,300 58,300 37,000 2.7
Median 4,200 21,300 58,500 37,200 2.7

* Life Cycle Cost includes costs to repair structure components as well as the
travel delay costs associated with the repair activity.
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2.3  Conclusion
Rank of Alternatives:

Based on Net Benefits, the rank of alternatives (with 1 being the most desirable) is:

1. Alternative D: Replacement with two 4-lane bridges with auxiliary on/off lanes

2. Alternative B: Major rehabilitation of existing bridges

3. Alternative A: Base Condition - continue to maintain the bridges with regularly
scheduled maintenance and make emergency funding available when there is a
component failure to repair the failure.

The economic analysis suggests that fixing the current bridges as components deteriorate will
lead to significant costs, particularly costs for travelers delayed in traffic.

The first alternative evaluated was major rehabilitation of the existing bridges. This scenario
demonstrated positive net benefits and a benefit-cost-ratio of 3.2 for the Sagamore Bridge and
2.2 for the Bourne Bridge. One advantage of the rehabilitation is a lower initial construction cost
for the project when compared to replacing the bridges. The disadvantages are the impact it will
have on traffic patterns during the time of construction due to lane and full bridge closures as
well as the bridges not being brought up to current engineering standards and regulations.

Alternatives for replacement bridges were also evaluated for two 4-lane bridges (Alternative C)
and for two 4-lane bridges with auxiliary on/off lanes (Alternative D). Alternative C was
eliminated as this design will not meet current highway safety requirements. Alternative D had
higher net benefits and BCRs than the rehabilitation scenario. One disadvantage of the new
bridges is the high initial cost of construction. On the other hand, advantages of the replacement
bridges are minimal disturbances to traffic during construction and replacing the aging
infrastructure with bridges at current engineering standards and regulations.

The analysis suggests that the two 4-lane bridges with auxiliary lanes are more economically
justifiable given the lower annual costs over 50 years of analysis.

Cape Cod Canal Highway Bridges, MA Final Appendix D - Economics
Major Rehabilitation Evaluation Report D-6 March 2020



3 INTRODUCTION

Since 1928, the New England District of the Army Corps of Engineers has been responsible for
the operation and maintenance of the Cape Cod Canal. The canal is located in Barnstable
County with the majority of the Canal in the town of Bourne and the northern boundary located
in Sandwich which includes the Scusset Beach State Reservation. With annual visitation
exceeding three million, the Cape Cod Canal is one of the Corps’ busiest projects and serves as
the gateway to historic Cape Cod. The primary mission of the Corps at the Cape Cod Canal is to
provide safe navigation to the 14,000 commercial and recreational vessels that transit the 17.5
mile waterway each year. The Corps also owns and operates over 1,000 acres of land
surrounding the Canal that provides diverse recreational opportunities such as hiking, biking, and
fishing. Figure D-1 shows the location of the Cape Cod Canal and the Corps property boundary.

The canal is spanned by the Cape Cod Canal Railroad Bridge, the Bourne Bridge, and the
Sagamore Bridge. The Sagamore Bridge is located in the town of Bourne and carries traffic
along Route 6. The bridge is 1,408 feet long and has 4 traffic lanes, 2 in each direction. The
Bourne Bridge is also located in Bourne, along Route 28. The Bourne Bridge is larger than the
Sagamore Bridge, spanning 2,384 feet and similarly includes 4 lanes of traffic, 2 in each
direction. The bridges were constructed between 1933 and 1935. They are owned and operated
by the Army Corps of Engineers.

Figure D - 1 Location of Corps-operated Facilities and Property Boundaries
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The Bourne and Sagamore bridges are the primary means of transportation on and off Cape Cod
and provide access to the ferry terminals on the Cape for the islands of Nantucket and Martha’s
Vineyard. The bridges provide a daily route for commuters in the surrounding area and the
livelihoods of many residents in the area are dependent on access to these bridges. Tourism also
plays a vital role in the region’s economy. Tourism on the Cape and Islands generated over 100
million state and local tax dollars in 2018. In addition, more than 10,000 jobs were supported by
the tourism industry, generating over 350 million dollars in wages in 2018'. Therefore,
disruption to bridge traffic would be detrimental to the economic prosperity in the region.

The Corps’ mission is to provide safe transport to the 215,000 full time Cape Cod residents and
millions of annual visitors. With both bridges now over 80 years old and despite ongoing
maintenance, they have deteriorated over time and require increasingly more frequent repairs.
Therefore this economic appendix will evaluate options for ensuring safe access across the canal.

This economic appendix evaluates the base case condition and compares the base condition to
the various alternatives under consideration. The term base condition is synonymous to the
without-project condition term used in other USACE documentation. The evaluation is done by
comparing the annual benefit of each alternative to its respective cost. An alternative is
considered economically justified if it maximizes net annual benefits and its benefit cost ratio
(annual benefit divided by annual cost) is greater than one. The cost of each alternative includes
the value of time incurred by traffic delays (travel costs) during lane closures for repairs or
construction phases. This analysis follows guidance from EP 1130-2-500, Appendix B
“Rehabilitation Evaluation Report.” Costs and benefits are evaluated at the 2020 price level
using the 2019 Federal interest rate for water resources projects of 2.875% and then updated in
Section 8.2 Update to Discount Rate using the 2020 interest rate of 2.750%.

3.1  Geographic Scope

The study area consists of the region between Route 3 Exit 2 (Herring Pond Road) in Plymouth
and Route 6 Exit 2 (Route 130, Forestdale Road) in Sandwich, as well as the area between Route
25 Exit 2 (Glen Charlie Road) in Wareham and Route 151 in Mashpee, as illustrated in Figure D
-2.

3.2 Federal Interest

3.2.1 Purpose
The purpose of the Cape Cod Canal Bridges Major Rehabilitation Study is to analyze
opportunities for improving the existing deteriorated bridges to provide structures which will
maintain reliability of service, improve safety and ease of maintenance, and provide safe, secure,
and cost effective access across the Cape Cod Canal. The purpose of this analysis is to evaluate
and compare the costs and benefits of the various alternative measures and recommend the most
economically justifiable solution.
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Figure D - 2 Geographic Scope
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3.2.2 Need
The Bourne and Sagamore Bridges provide the only vehicular access to 15 towns and nearly
215,000 full time residents and millions of annual visitors to Cape Cod. The bridges also
provide access to 8 offshore island municipalities through the ferry terminals located on Cape
Cod. The Bourne and Sagamore Bridges were constructed in 1933. Both bridges are now over
80 years old and despite ongoing maintenance, they have deteriorated over time and require
increasingly more frequent repairs. Routine and emergency maintenance activities requiring lane
closures cause significant restrictions of each bridge’s carrying capacity during these
maintenance/repair events. While some maintenance can be performed outside of normal
commuting hours, other emergency repairs cannot. Without major rehabilitation or replacement,
travelers will experience more frequent delays and lane closures and the bridges may reach a
point where load restrictions may need to be imposed; adversely impacting traffic over both
bridges. Routine bridge maintenance will not extend the useful life or improve the reliability of
the bridges.

3.3 Cost-Benefit Analysis Framework

The basic criteria for an economically viable project are that the present value of the benefits
exceeds the present value of the costs, and/or that the rate of return on the investment exceeds the
cost of capital. The benefits represent the incremental economic payoff of the project. The costs
are opportunity costs—that is, the value of the foregone alternative investment. The Federal
Discount Rate, based on the rate of return on risk-free Treasury securities and currently set at
2.875 percent for Fiscal Year 2019, is used to discount the scenarios. It is updated in Section 8.2
Update to Discount Rate using the 2020 interest rate of 2.750%.
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For this project, the federal government’s contribution to operate, repair, rehabilitate or build a
bridge represents the cost. The benefits refer to the quantifiable, incremental gains that accrue to
the society as a result of the project (“with-project” condition), as compared to the base condition
of maintaining the bridges as needed (“without-project” condition). Under the base condition
where no improvements are made, it is anticipated that service disruptions will continue and the
bridges will eventually close. This is the “baseline” scenario that will be compared to the
proposed alternatives of rehabilitation and construction of new bridges. The net benefits are
calculated by taking the difference between the base condition and with-project conditions. A
benefit-cost ratio greater than one indicates that the project’s net benefits outweigh the costs.

3.3.1 Methodology
Economic analysis is performed using a risk based approach. The model was approved for
single-use by the USACE Planning Center of Expertise for Inland Navigation and Risk Informed
Economics Division in July 2018. The memo documenting this approval pursuant to EC 1105-2-
412 is attached as an addendum to this appendix.

Reliability functions from engineering event trees are utilized to simulate life cycle of
components and associated repair costs. This analysis is extended over a 50-year period to
determine long-term costs of the future base condition without project and the future with
alternatives. The costs are estimated in Excel using an add-in, @RISK, to generate Monte Carlo
simulations. The outputs of the simulation are the additional costs for the base case and each
alternative, the benefit and net benefit of each alternative, and a benefit-cost ratio for each
alternative. The net benefit of each alternative is the difference between annual benefit and
annual cost. The benefit-cost ratio for an alternative is the annual benefit divided by the annual
cost of each alternative. The mean and standard deviation of each output variable is also
calculated.

Inputs into the economic analysis are the component failure rates developed in Appendix A —
Engineering Reliability Analysis. The three engineering components that could experience
failure are the bridge deck, substructure, and superstructure. Component failures are the same
for both the Bourne Bridge and the Sagamore Bridge. Hazard rates were developed for each
component, which indicate the probability of component failure at a point in time.

Monte Carlo Simulation generates a random number between 0 and 1 for each of the 50 years of
project life. The random decimal correlates to the probability of failure signaling either a repair
is required or no repair is required. Associated with each component failure is a repair cost as
well as the value cost of time spent in traffic delays. In some scenarios additional navigation
costs would be incurred if the canal were to be closed for vessel traffic. The additional costs due
to component failures are discounted in the year of failure. For each iteration of the model these
costs are summed over the project life. The model is iterated 100,000 times each year over the
fifty years and the average annual costs are obtained by summing the costs over the fifty years
and annualizing using the capital recovery factor of 0.0379 based on the 2019 discount rate and
updated in Section 8.2 to 0.0370 based on the 2020 discount rate.
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In the event of a component failure, subsequent years will continue to show deteriorating
conditions and therefore hazard rates are not reset after repairs. Through engineering expert
elicitation, it was determined that failures in one component of the bridge deck, substructure, or
superstructure do not prevent failure in another area of that component. Hazard functions are
instead adjusted after construction is complete in the major rehabilitation and replacement
alternatives indicating increased structural soundness.

Benefits are reductions in repair and maintenance costs and travel delay costs between the
proposed alternatives and the base condition. Each alternative is evaluated against the base case.
Each alternative and the base case have separate sets of hazard indices for each system
component. The hazard rates increase over time reflecting the increased probability of failure
due to deteriorating conditions.

3.3.1 Alternatives Considered
A number of alternatives were initially considered and are listed in the table provided below.

Table D - 5 List of Alternatives

Description Special Considerations

Base | Continued Maintenance and Repairs (Fix as Fails) | This is the Federal Base Plan —
A to Both Existing Bridges as Needed to Maintain the Without Project Condition
Safety. All alternatives are measured against this

plan.
B A Program of Repairs and Major Rehabilitation for | Major Rehabilitation of Each
Both Bridges to Maintain Safety and Avoid Future | Bridge is Required about every

Restrictions on Bridge Weight Postings 45 Years.
C Replacement of One or Both Highway Bridges Each Old Bridge would
with New Bridges Limited to Four Lanes Each Remain in Service until the
New Bridge was Completed
D Replacement of One or Both Highway Bridges Each Old Bridge would
with New Bridges with Four Through-Traffic Remain in Service until the
Lanes and Two Auxiliary Lanes New Bridge was Completed
E Replacement of One or Both Highway Bridges Each Old Bridge would
with New Bridges with Additional (More than Remain in Service until the
Four) Non-Federally Funded Through Traffic New Bridge was Completed
Lanes, plus Two Auxiliary Lanes
F Replacement of Both Highway Bridges with a Both Old Bridges would
Single New Bridge Remain in Service until the
New Bridge was Completed
G Non-USACE Construction of a New Third This would be a State
Highway Bridge implemented Alternative.
H Replacement of One or Both Highway Bridges Each Old Bridge would
with Tunnels Remain in Service until the

New Tunnel was Completed
I Replacement of Both Bridges with a Single Tunnel | Both Old Bridges would
Remain in Service until the
New Tunnel was Completed
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J Replacement of One or Both High Level Bridges Each Old Bridge would
with Low Level Draw Spans Remain in Service until the
New Bridge was Completed
K Replacement of Both Bridges with Low Level Both Old Bridges would
Crossings on Causeways with Draw Spans for Remain in Service until the
Shallow Draft Navigation New Causeway was Completed
L Deauthorization and Closure of the Cape Cod Includes Retention of the
Canal, Filling the Land Cut, and Restoration of Shallow Draft Harbors at Each
Surface Highways, Drainage and Estuarine End of the Canal (East Boat
Ecosystems Basin, Buttermilk Bay and
Onset Bay Projects

These initial alternatives were evaluated and screened to reduce the list to only those plans which
in terms of likely cost, impacts on the marine and land transportation systems, traffic and
environmental impacts, and overall practicability would be implementable.

For a more detailed description of the screening out process please refer to the Major
Rehabilitation Evaluation Report and Environmental Assessment section 5.1 Alternatives
Considered but Not Carried Forward.

Alternative E was not carried forward because additional through-traffic lanes would not be in
accordance with the existing authority for the Federal government for the Cape Cod Canal
navigation project. New Federal legislation would be required for any expansion of capacity to
be implemented. Additional through traffic lanes would not generate appreciable benefits to
traffic without extensive state improvements to region’s highway capacity on both side of the
Canal, which would carry high costs and greater impact to the environment and the communities.
This plan was therefore eliminated from further consideration.

Alternative F was eliminated because a single bridge crossing would require substantial and
significant infrastructure construction and involve extensive redesign and major realignment of
local surface roads and regional highway connections on both the Cape and mainland sides of the
Canal. Additional costs include expensive approach work for navigation clearance and real estate
takings including lands from the Massachusetts Military Reservation as well as historical and
environmental lands.

The construction of a third bridge, Alternative G was not carried forward. MassDOT initially
studied this concept and determined there were significant resource impact issues. Additionally,
this alternative does not provide a solution for the existing Bourne and Sagamore Bridges.

Alternatives H and I were eliminated from detailed analysis based on the high cost and extensive
impacts on the environment and land uses. Initial cost estimates determined a tunnel would cost
at least twice the cost of new bridges.

Alternatives (J, K and L) which involved closure of the Canal by filling, or construction of
causeways or low-level fixed bridges or draw spans were eliminated from further consideration.
Some of these plans would also constrain or eliminate the Canal as a shallow draft waterway.
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These alternatives would degrade the efficiency and safety of coastwise navigation. Restricting
or closing the Canal to navigation would be inconsistent with the Congressional authorization for
the Canal as a deep-draft waterway and would require legislation to implement.

Alternatives Carried Forward for Economic Evaluation:
Alternative A — Fix as Fails
Alternative B — Rehabilitation of Bridges
Alternative C — Replacement of Bridges with 4 lanes

Alternative D — Replacement of Bridges with 4 lanes plus auxiliary on/off lanes

Elimination of Alternative C

The two existing bridges with their four through traffic lanes were designed and built in the
1930s to serve far lower traffic volumes than those served by the bridges today. Modern
highway design guidance, including AASHTO highway and bridge design specifications and
MassDOT design guidance require that entrance and exit ramps include auxiliary lanes for
entering and exiting traffic to transition into or out of through traffic safely. Today’s higher
traffic volumes and vehicle speeds require greater distances for traffic to transition. Distance
between the on and off ramps, grades, and ramp turn diameters are all typical factors.

The FHWA stated the following in their comment letter:

Based on the close proximity of the interchanges and intersections at the end of each
bridge, current standards for this type of facility include acceleration and deceleration
lanes (also known as auxiliary lanes) going onto the bridges in most, if not all, four ends of
the bridges. In final design, analysis will need to be done to determine if the auxiliary lanes
should be continuous across each bridge for operational weaving and structural efficiency
needs pending on the structure type, long span bridges such as these may gain cost
efficiency with a uniform width.

MassDOT states the following with respect to the need for auxiliary lanes:

The design requirements used for the roadways, intersections, and interchanges shall be in
accordance with and the 2006 MassDOT Project Development and Design Guide as well
as 2018 American Association of State Highway and Transportation Officials (AASHTO)
Policy on Geometric Design of Highway and Streets (“the Green Book”). See Chapter 10
of The Green Book which includes Tables 10-4 Minimum Acceleration Lane Lengths for
Entrance Terminals..., Table 10-5 Speed Change Lane adjustment factors as a function of
grade..., and Table 10-6 Minimum deceleration lane lengths for exit terminals..., these
dictate the required lengths for this type of facility include acceleration and deceleration
lanes (also known as auxiliary lanes).

Cape Cod Canal Highway Bridges, MA Final Appendix D - Economics
Major Rehabilitation Evaluation Report D-13 March 2020



Providing a replacement for the existing spans in-kind with respect to the number of through
traffic lanes would not conform to current design guidance for bridges and highways. For this
reason, providing new bridges without auxiliary lanes would not be consistent with best practices
for traffic safety, and Plan C will not be carried forward into detailed analysis.

Final Array of Alternatives
Alternative A — Fix as Fails
Alternative B — Rehabilitation of Bridges
Alternative D — Replacement of Bridges with 4 lanes plus auxiliary on/off lanes

3.3.2 Discounting
For most transportation investments, costs are incurred in the initial years, while the benefits
from the investment accrue over many years into the future. When assessing the costs and
benefits of a project, it is necessary to take into account the time value of money by converting
the costs and benefits that take place in different years into a common year. This process is
known as discounting. Discounting converts future costs and benefits that occur in different
years into a value for a common year (present value).

The year 2020 was selected as the base year because the decision on the recommended plan
contained within the MRER is expected to be made in 2020. Base year dollars are valued in
dollars that are directly comparable to the current dollars for a given year. The base year can be
adjusted by multiplying costs and benefits by the respective rate. Ultimately, how the alternatives
compare will not change and therefore, adjusting the base year does not impact the final decision
made within the report.

The interest rate for discounting, that is, converting benefits and costs to a common time basis, is
set each fiscal year in accordance with Section 80 of Public Law 93-251. HQUSACE obtains the
rate from U.S. Department of the Treasury, which computes it as the average market yields on
interest-bearing marketable securities of the United States that have 15 or more years remaining
to maturity.

3.3.3 Time Period
According to ER 1105-2-100, “Planning Guidance Notebook”, US Army Corps reports require a
period of analysis. A 50-year analysis is a common timeframe used when analyzing USACE
Civil Works construction projects. The analysis will cover a 50-year period from 2020 — 2069.
The year 2020 was selected as the start of the economic analysis period because this marks the
point at which a decision on the recommended plan contained within the MRER must be made in
order to initiate the next phase (PED) of the project and avoid significant expenditures on major
rehabilitation of the current Sagamore and Bourne bridges (2025-2030). Once the recommended
plan is adopted the next phase of the planning and design process can begin.

Cape Cod Canal Highway Bridges, MA Final Appendix D - Economics
Major Rehabilitation Evaluation Report D-14 March 2020



3.3.4 Value of Time
The cost of each alternative includes the value of time incurred by traffic delays (travel costs)
during lane closures for repairs or construction phases. The value of time is determined using
USACE regulation (ER 1105-2-100).

Traffic data was modeled by Traflnfo; a transportation consulting company familiar with the
Massachusetts Department of Transportation (MassDOT) data. TrafInfo provided Cape Cod
traffic study data and forecasts. This traffic data was used to determine the total hours of traffic
delay incurred during construction for all travelers crossing the bridges. A monetary value was
attributed to these lost productive hours using the average hourly household median income of
the surrounding towns. A more detailed description of this process can be found in section 3.3.3
Value of Time with Traffic Impediments.

4 BASE CONDITION (ALTERNATIVE A)

The base condition refers to the scenario in which the Sagamore and Bourne bridges are operated
in the most efficient manner in their current states without the proposed rehabilitation project.
The bridges will be repaired as structural failures occur.

4.1 Existing Condition

The overall condition of both the Bourne and Sagamore bridges is becoming worse as the
bridges age and major maintenance projects become more frequent. As the condition
deteriorates, this leads to the bridges becoming structurally deficient. Both bridges are
functionally obsolete and are routinely unable to provide an efficient flow of traffic in
conjunction with the current State and local roadway network leading to the bridge approaches.

Bridges are considered “structurally deficient” if significant load-carrying elements are found to
be in poor or worse condition due to deterioration and/or damage. A “deficient” bridge typically
requires maintenance and repair and eventual rehabilitation or replacement to address
deficiencies. To remain open to traffic, structurally deficient bridges are often posted with
reduced weight limits that restrict the gross weight of vehicles using the bridges. If unsafe
conditions are identified during a physical inspection, the structure could be closed.

Bridges are considered “functionally obsolete” when the geometry of the roadway no longer
meets today’s minimum design standards for either width or vertical clearance for that roadway
classification. A functionally obsolete bridge is one that was built to standards that are not used
today. Functionally obsolete bridges are those that do not have adequate lane widths, shoulder
widths, or vertical clearances to serve current traffic demand, or those that may be occasionally
flooded.

As discussed in Appendix A — Engineering Reliability Analysis, the Bourne Bridge is both
structurally deficient and functionally obsolete. Using the Federal Highway Administration’s
National Highway Bridge Inventory Ratings outlined in
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Figure D - 6, the deck is in fair condition with a condition rating of 5. The superstructure is in
poor condition with a condition rating of 4, and the substructure is in good condition with a
condition rating of 7.

The Sagamore Bridge is functionally obsolete. The deck, superstructure, and substructure are in
fair condition with condition ratings of 5.

More details on the current bridge conditions can be found in Appendix A — Engineering
Reliability Analysis.

Table D - 6: Federal Highway Administration’s National Bridge Inventory Condition Ratings

Code

Description

Commonly
Employed
Feasible Actions

EXCELLENT CONDITION

VERY GOOD CONDITION No problems noted.

GOOD CONDITION Some minor problems.

Preventive
Maintenance

| N |[0]| ©

SATISFACTORY CONDITION Structural elements show some
minor deterioration.

FAIR CONDITION All primary structural elements are sound but
may have some minor section loss, cracking, spalling or scour.

Preventive
Maintenance;
and/or Repairs

POOR CONDITION Advanced section loss, deterioration,
spalling or scour.

SERIOUS CONDITION Loss of section, deterioration, spalling or
scour have seriously affected primary structural components.
Local failures are possible. Fatigue cracks in steel or shear cracks
in concrete may be present.

CRITICAL CONDITION Advanced deterioration of primary
structural elements. Fatigue cracks in steel or shear cracks in
concrete may be present or scour may have removed
substructure support. Unless closely monitored the bridge may
have to be closed until corrective action is taken.

IMMINENT FAILURE CONDITION Major deterioration or section
loss present in critical structural components or obvious vertical
or horizontal movement affecting structure stability. Bridge is
closed to traffic but corrective action mav put back in liaht service.

FAILED CONDITION Out of service - beyond corrective action.

Rehabilitation or
Replacement

Cape Cod Canal Highway Bridges, MA

Major Rehabilitation Evaluation Report D-16

Final Appendix D - Economics

March 2020




4.2  Future Without-Project Condition

The future without-project condition outlines the condition in which there is no major
rehabilitation or replacement of the existing bridges. It is assumed that continual, regularly-
scheduled maintenance will be performed on the existing structures and emergency funds will be
provided in the event of performance failure. Travel delays due to lane or bridge closures are
expected during necessary maintenance and repair projects.

4.2.1 Probability of Unsatisfactory Performance
The three bridge components with potential for unsatisfactory performance (or failure) on the
Cape Cod bridges include the bridge deck, the substructure, and the superstructure.

e Bridge deck is the section on the bridge that traffic travels on

e Superstructure is the section of the bridge that supports the bridge deck and connects the
substructure components

e Substructure is the section of the bridge that supports the superstructure and distributes
the loads to below-ground footings"

Figure D - 3: Bridge Components

Substructure

Source: The Michigan Department of Transportation (http://www.michigan.gov/mdot/0,4616,7-151-
9618 47418-173584--,00.html)

Probability of unsatisfactory performance (PUP) functions exhibit instantaneous probabilities of
components not performing as designed. PUP functions are related to age or number of
operations. Unsatisfactory performance must also have measurable consequences. The PUP
functions are determined during engineering reliability analysis through expert elicitation. For a
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more detailed description of the consequences of unsatisfactory performance please refer to
Appendix A — Engineering Reliability Analysis."

For this study, unsatisfactory performance is defined as the physical condition where any of the
bridges’ critical elements is assigned a Condition Rating of 4 (Poor Condition) or less in
accordance with protocols of the Federal Highway Administration’s (FHWA) National Bridge
Inventory (NBI). The NBI contains data reported annually to the FHWA by each state. Each of
these bridge features is given a rating between 0 and 9 when inspected, with 9 signifying the best
condition and a condition rating of 4 or less considered structurally deficient. A structurally
deficient bridge requires maintenance and repair. Below are charts depicting probability of
unsatisfactory or failure curves of the three components.

Figure D - 4: Base Condition Probability of a Bridge Deck Failure
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Figure D - 4 displays the bridge deck failure rate over time. The probability of failure is 1.6% in
2020 and if no major repairs are conducted, the probability of failure increases to 37.4% in 2069.
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Figure D - 5: Base Condition Probability of a Substructure Failure
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Figure D - 5 displays the substructure failure rate overtime. The probability of failure is 0.4% in
2020 and increases to 1.6% in 2069.

Figure D - 6: Base Condition Probability of a Superstructure Failure
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Figure D - 6 displays the superstructure failure rate overtime

in 2020 and increases to 64.9% in 2069.

. The probability of failure is 7.9%
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4.2.2 Probabilistic Scenario Analysis
Engineering reliability must be integrated with economic costs to ensure that impacts related to
all possible consequences are accurate for final cost-benefit analysis. Event trees are the primary
tool used to identify and estimate risk. A logical progression of events flows through the
depiction beginning with an initiating event and continuing through a set of outcomes.
Probabilities and consequences are assigned to each possible outcome of an event. Outcomes are
mutually exclusive and collectively exhaustive. Probabilities of an event must be between 0 and
1 and will sum to 1 for each node."

For this study, event trees were designed to predict individual component performance (see
Appendix A for detailed engineering reliability analysis). The three bridge components
(superstructure, bridge deck, and substructure) were further evaluated for which failures could
trigger significant or catastrophic rehabilitation or replacement costs. The failures are described
as: bridge deck deterioration, substructure deterioration, and superstructure deterioration.
Probabilities of localized or widespread deterioration of each were created through engineering
reliability analysis. Resulting action to restore performance from each deterioration scenario is
also evaluated. Costs of these repair or replacement scenarios are included in the event tree. For
each construction scenario there are additional expected traffic delays due to lane or bridge
closures. Costs for closures were calculated (see: traffic analysis Section 3.3) and incorporated
into the event tree. The resulting end nodes depict the probability of each event and the total cost
which includes the rehabilitation cost and travel delay costs. Event trees were created for each
bridge: the Sagamore Bridge and the Bourne Bridge, as well as for each engineering component.
The event trees were modeled using Palisade PrecisionTree software and are presented in the
following sections.

A rating of 4 or below may trigger the need for a repair, however, the year in which costs are
allocated and when the repair work is completed can vary depending a variety of factors
including severity and budgetary constraints. If the “failure” is minimal the repair work could
take several years for funding to be approved and construction to begin. For more severe failures,
emergency funds could be approved and implemented more quickly. A detailed description of
the current and historical ratings of the bridge components can be found in Appendix A-
Engineering Reliability, section 4.

Given the uncertainty and complexity of predicting when funds and repairs will occur, the
economic modeling assumes costs and improvements are triggered in the same year as the
component failure. This assumption could overestimate minor failure costs if those were to be
delayed for several years as costs are discounted in future years. The impact will not be
significant and will not change the final recommendation of this report.

Table D - 7 below summarizes the component failures and the impacts to traffic.
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Table D - 7: Component Failure Impacts

Cost to Cost to Tr?:fizcogg = Traffic Cost
Compgnent'an.d Failure Repair ($000) | Repair ($000) Traffic Impact ($000) in 2020 ($000)
escription Sag§more Boyrne Sagamore Bqurne
Bridge Bridge Bridge Bridge
Superstructure
Advanced deterioration of 9 months lane
secondary member, non- closure - no
critical Gusset Plate, $6,600 $6,200 | closures Memorial $32,700 $21,100
Stringer, Floorbeam, or Day to Columbus
Hanger Cable Day
18 months lane
Advanced deterioration of closures, divert
Main Truss Member or $15,300 $20,200 | trucks over 16 ton $321,200 $186,200
Critical Gusset Plate to sister bridge for
12 months
Catastrophic Damage to .
Main Truss Member or $310,300 $547,700 | 8O months bridge | ¢46 343 400 | $4,584,000
" Closure
Critical Gusset Plate
Substructure
Localized Concrete 6 months of lane
Defects such as Cracks closures, no
or Spalls on Vertical closures Memorial
Surfaces of Piers or $368 $526 | Day to Columbus $18,300 $13,400
Degradation of Concrete Day, lane closures
under Bearings on the limited to non-peak
Piers hours, weekdays
Widespread Concrete 12 months of lane
closures, no
Defects such as Cracks .
. closures Memorial
or Spalls on Vertical Dav to Columbus
Surfaces of Piers or $737 $1,053 Day Lane $36,600 $26,700
Degradation on Concrete Y -
. Closures limited to
under Bearings on the
Piers non-peak hours,
weekdays
Bridge Deck
Localized deterioration of
: 6 months of
Roadway Joint(s), temporary lane
Granite Curbs, Concrete- C|OSFL)JI‘eS yno
filled Steel Grid over $5,100 $5,800 ’ . $21,800 $14,100
) closures Memorial
Bridge Spans, or
. Day to Columbus
Reinforced Concrete Da
Deck at Abutments y
Widespread Deterioration 15 months of
of Concrete-filled Steel temporary lane
Grid Deck over Bridge closures, no
Spans and Reinforced $5,900 $7,600 closures Memorial $54,400 $35,200
Concrete Deck at the Day to Columbus
Abutments Day
4.2.3 Sagamore Bridge — Bridge Deck Deterioration

Figure D - 7 below depicts the Sagamore Bridge event tree for bridge deck deterioration. The
hazard function provides a probability that the bridge will receive a rating of less than or equal to

Cape Cod Canal Highway Bridges, MA
Major Rehabilitation Evaluation Report

Final Appendix D - Economics

D-21 March 2020



4, signaling that there is a component failure. If a failure occurs, there is a probability of 0.8 that
there is localized deterioration of the roadway joint(s), granite curbs, concrete-filled steel grid
over the bridge spans, or reinforced concrete deck at the abutments. This probability decreases
to 0.55 in 2031 and beyond.

This failure scenario initiates a repair project to extend the life of the deficient component(s).
Estimated construction costs for this action is $5.1 million. This repair results in 6 months of
temporary lane closures on the Sagamore Bridge with no lane closures Memorial Day to
Columbus Day triggering a time value cost from traffic delay of $21.8 million in 2020 and will
increase over time.

If the bridge is rated at or below 4 under the NBI rating system, there is a probability of 0.2 of
widespread deterioration of concrete-filled steel grid deck over bridge spans and reinforced
concrete deck at the abutments. This probability increases to 0.45 beyond 2031. In this scenario,
a repair project is initiated to replace the bridge deck at a cost of $5.9 million. This repair will
require 15 months of temporary lane closures on the Sagamore Bridge with no closures from
Memorial Day to Columbus Day at a traffic delay cost of $54.4 million in 2020 and increasing
overtime.

4.2.4 Sagamore Bridge — Substructure Deterioration
Figure D - 8 depicts the Sagamore Bridge event tree for substructure deterioration. The hazard
function provides a probability that the bridge will receive a rating of less than or equal to 4,
signaling that there is a component failure. If a failure occurs there is a probability of 0.9 that
there is localized concrete defects such as cracks or spalls on vertical surfaces of piers or
degradation of concrete under bearings on the piers. This would initiate a repair project to
extend the life of the deficient component(s). Estimated construction costs for this action are
$368,000. This repair would result in 6 months of temporary lane closures on the Sagamore
Bridge with no lane closures Memorial Day to Columbus Day, lane closures will be limited to
Monday through Friday during non-peak hours as well as 14 day closure or delay to marine
vessels. This results in a time value cost from traffic delay of $18.3 million in 2020 and $78,400
in navigation costs.
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Figure D - 7: Sagamore Bridge Deck Deterioration Event Tree
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If the bridge is rated at or below 4 under the NBI rating system, there is a probability of 0.1 of
widespread deterioration of defects such as cracks and spalls on vertical surfaces of piers or
degradation of concrete under bearings on the piers. In this scenario, a repair project is initiated
to extend the service life of the deficient component(s) at a cost of $737,000. This will require
12 months of temporary lane closures on the Sagamore Bridge with no closures from Memorial
Day to Columbus Day, lane closures are limited to Monday through Friday during non-peak
hours, as well as 28 day closure or delay to marine vessels. This comes at a traffic delay cost of
$36.6 million in 2020 and $156,800 in navigation costs.

4.2.1 Sagamore Bridge — Superstructure Deterioration
Figure D - 9 depicts the Sagamore Bridge event tree for superstructure deterioration. The hazard
function provides a probability that the bridge will receive a rating of less than or equal to 4,
signaling that there is a component failure. If a failure occurs there is a probability of 0.9
between 2020 to 2030 and 0.70 in years 2031 and beyond that there is advanced deterioration of
secondary member, non-critical gusset plate, stringer, floorbeam, or hanger cable. This would
initiate a repair project to extend the life of the deficient component(s). Estimated construction
costs for this action is $6.6 million. This repair would result in 9 months of temporary lane
closures on the Sagamore Bridge with no lane closures Memorial Day to Columbus Day. This
results in a time value cost from traffic delay of $32.6 million in 2020.

If the bridge is rated at or below 4 under the NBI rating system, there is a probability of 0.0999
of advanced deterioration of main truss member or critical gusset plate from 2020 to 2030 and a
probability 0.299 for the same occurrence in years 2031 and beyond. In this scenario, a repair
project is initiated to extend the service life of deficient component(s) at a cost of $15.3 million
and there will be temporary load restriction of 16 tons until corrective action is taken. Trucks
will be diverted to the Bourne Bridge. This will require 18 months of temporary lane closures on
the Sagamore Bridge with 12 months of restrictive load postings at a total cost of $321.2 million
in 2020.

Finally, if the bridge is deemed in poor condition, there is a probability of 0.0001 of catastrophic
damage to the main truss member or critical gusset plate in years 2020 to 2030 and 0.001 in
years 2031 and beyond. This will result in permanent closure of the Sagamore Bridge to initiate
construction of a new bridge at a total cost of $310.3 million. Traffic will be delayed for 60
months for design and construction of the new bridge at a total travel cost of $10.3 billion in
2020 and navigation costs of $168,000 due to 30 days of closures to the canal.
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Figure D - 8: Sagamore Bridge Substructure Deterioration Event Tree
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Figure D - 9: Sagamore Superstructure Deterioration Event Tree
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4.2.2 Bourne Bridge Deck Deterioration
Figure D - 10 below depicts the Bourne Bridge event tree for bridge deck deterioration. The
hazard function provides a probability that the bridge will receive a rating of less than or equal to
4, signaling that there is a component failure. If a failure occurs there is a probability of 0.8 that
there is localized deterioration of the roadway joint(s), granite curbs, concrete-filled steel grid
over the bridge spans, or reinforced concrete deck at the abutments. The probability decreases to
0.55 in 2031 and beyond. This would initiate a repair project to extend the life of the deficient
component(s). Estimated construction costs for this action is a cost of $5.8 million. This repair
would result in 6 months of temporary lane closures on the Bourne Bridge with no lane closures
Memorial Day to Columbus Day resulting and a time value cost from traffic delay of $14.1
million in 2020 and increasing over time.

If the bridge is rated at or below 4 under the NBI rating system, there is a probability of 0.2 of
widespread deterioration of concrete-filled steel grid deck over bridge spans and reinforced
concrete deck at the abutments. This probability increases to 0.45 in 2031 and beyond. In this
scenario, a repair project is initiated to replace the damaged section of the bridge deck at a cost
of $7.6 million. This repair will require 15 months of temporary lane closures on the Bourne
Bridge with no closures from Memorial Day to Columbus Day at a traffic delay cost of $35.2
million in 2020 and increasing through 2069.

4.2.3 Bourne Bridge — Substructure Deterioration
Figure D - 11 depicts the Bourne Bridge event tree for substructure deterioration. The hazard
function provides a probability that the bridge will receive a rating of less than or equal to 4,
signaling that there is a component failure. If a failure occurs there is a probability of 0.9 that
there is localized concrete defects such as cracks or spalls on vertical surfaces of piers or
degradation of concrete under bearings on the piers. This would initiate a repair project with
estimated construction costs of $526,000. This repair would result in 6 months of temporary
lane closures on the Bourne Bridge with no lane closures Memorial Day to Columbus Day, lane
closures will be limited to Monday through Friday during non-peak hours as well as 14 day
closure or delay to marine vessels. This results in a time value cost from traffic delay of $13.4
million in 2020 and $78,400 in navigation costs.

If the bridge is rated at or below 4 under the NBI rating system, there is a probability of 0.1 of
widespread deterioration of defects such as cracks and spalls on vertical surfaces of piers or
degradation of concrete under bearings on the piers. In this scenario, a repair project is initiated
to extend the service life of the deficient component(s) at a cost of $1.1 million. This will
require 12 months of temporary lane closures on the Bourne Bridge with no closures from
Memorial Day to Columbus Day, lane closures are limited to Monday through Friday during
non-peak hours, as well as 28 day closure or delay to marine vessels. This comes at a traffic
delay cost of $26.7 million in 2020 and $156,800 in navigation costs.
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Figure D - 10: Bourne Bridge Deck Deterioration Event Tree
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Figure D - 11: Bourne Bridge Substructure Deterioration Event Tree
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4.2.4 Bourne Bridge — Superstructure Deterioration
Figure D - 12 below depicts the Bourne Bridge event tree for superstructure deterioration. The
hazard function provides a probability that the bridge will receive a rating of less than or equal to
4, signaling that there is a component failure. If a failure occurs there is a probability of 0.9 in
years 2020 to 2030 and 0.70 in years 2031 and beyond that there is advanced deterioration of
secondary member, non-critical gusset plate, stringer, floorbeam, or hanger cable. This would
initiate a repair project with estimated construction costs of $6.2 million. This repair would
result in 9 months of temporary lane closures on the Sagamore Bridge with no lane closures
Memorial Day to Columbus Day. This results in a time value cost from traffic delay of $21.1
million in 2020.

If the bridge is rated at or below 4 under the NBI rating system, there is a probability of 0.0999
of advanced deterioration of main truss member or critical gusset plate from 2020 to 2030 and a
probability 0.299 for the same occurrence in years 2031 and beyond. In this scenario, a repair
project is initiated at a cost of $20.2 million and there will be temporary load restriction of 16
tons until corrective action is taken. Trucks will be diverted to Bourne Bridge. This will require
18 months of temporary lane closures on the Bourne Bridge with 12 months of restrictive load
postings at a total cost of $186.2 million in 2020.

Finally, if the bridge is deemed in poor condition, there is a probability of 0.0001 of catastrophic
damage to the main truss member or critical gusset plate in years 2020 to 2030 and 0.001 in
years 2031 and beyond. This will result in permanent closure of the Bourne Bridge to initiate
construction of a new bridge at a total cost of $547.7 million. Traffic will be delayed for 60
months for design and construction of the new bridge at a total travel cost of $4.6 billion in 2020
and navigation costs of $168,000 for 30 days of closures to the canal.
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Figure D - 12: Bourne Superstructure Deterioration Event Tree
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4.3 Traffic Analysis

The Sagamore and Bourne Bridges provide the only access to Cape Cod for travelers in
automobiles. Therefore traffic restrictions during construction projects will likely disrupt the
local economy. Lane or total bridge closures are required when construction is performed on one
or both of the bridges. This occurs in the event of emergency maintenance after a component
failure. Commuters and travelers over the bridges will experience a loss of time due to traffic
delays. Following Guidance from ER 1105-2-100 Appendix D, Table D-4; a value is determined
for this loss of time incurred.

43.1 Traffic Data Collection
The Massachusetts Department of Transportation (MassDOT) is conducting a Cape Cod Canal
Transportation Study to examine current traffic conditions in the area surrounding the Sagamore
and Bourne Bridges. The Army Corps of Engineers worked with a contractor, TrafInfo, to
collect this data for existing traffic conditions (2014) and future conditions (2040) matching the
MassDOT framework. TrafInfo designed a regional travel demand model using TransCAD, a
modeling software which simulates traffic volumes at various times of the day in the existing and
future conditions with partial lane closures and full bridge closures.

The study area of the traffic analysis is comprised of the Bourne and Sagamore Bridges as well
as the seven major connecting routes. More specifically, the routes which are depicted in Figure
D - 13, include:

Between Bridges (East to West)
e Scenic Highway (Route 6): from Route 28 on/off ramps to Route 3 (where Route 6 and
Route 3 merge to go over the Sagamore bridge), both directions
e Sandwich Road: from Bourne Rotary (the intersection between Sandwich Road and Route
28) to Route 6 ramps, both directions

North Bourne Rotary (Belmont Circle)
e Buzzards Bay Bypass (Route 6 and 28): from Glen Charlie Road in Wareham to the Route
28 on-ramp, eastbound

Bourne Bridge Entrances
e Route 25: From Exit 2 on Route 25 (Glen Charlie Road in Wareham) to the entrance of the
Bourne Bridge, southbound
e Route 28: From Route 151 (Nathan Ellis Highway in Falmouth) to the entrance of the
Bourne Bridge, northbound

Bourne Bridge
e The bridge itself south and northbound
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Sagamore Bridge Entrances
e Route 3: from Exit 2 (Herring Pond Road in Plymouth) to the entrance of the Sagamore
Bridge, southbound
e Pilgrims Highway (Route 3 and 6): from Exit 2 (Forestdale Road/Route 130 in Sandwich)
to the entrance of the Sagamore, northbound

Sagamore Bridge
e The bridge itself, south and northbound

Figure D - 13: Traffic Routes
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and Westbound)
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Bypass (Rte & and 28): from Glen Charlie Rd in Wareham to the
Rie 28 on+amp, Eastbound only

Link 4 - Boume Bridge Entrance - Rte 25: from Exit 2 on Rte. 25

Al

(Glen Charlie Rd in Wareham) to enfrance of the Boume Bridge,
Southbound only

= Link 5 - Boume Bridge Entrance - Rte 28: from Otis Rotary (Pocasset)
e to entrance of the Boume Bridge, Northbxound only
I r‘% E Link & - Boume Bridge (Morthbound and Southbound)

[ 7 - {_\( Link 7 - Sagamore Bridge Entrance - Rte 3: from Exit 2 (Heming
e - Pond Rd in Plymouth) to the enfrance of the Sagamore Bridge,
™ '——> Southbound only
1 ! Link 8 - Sagamore Bridge Entrance - Pilgrims Hwy (Rie 3 & 6): from
= Q% | Exit 2 (Forestdale Rd/Rt 130 in Sandwich) to the entrance of the
x =1 *{C Sagamore Bridge, Northbound only
A Link 9 - Sagamore Bridge (Morthbound and Scuthbound)

RTHR T

Data was extracted for weekdays (WD) and weekends (WE) for three seasons- summer, fall and
winter during four daily time periods-morning (6AM-9AM; called AM), mid-day (9AM-3PM;
called MD), afternoon (3PM-6PM; called PM) and night time (6PM-6AM; called NT). The
model was run and data extracted under the conditions that there are full and partial lane closures
for the Sagamore Bridge with no restrictions for the Bourne Bridge and vice versa. By
definition, partial lane closure is described as passage of vehicles in one lane in each direction (2
lanes total) over the bridge identified under repair. While, full lane closure constitutes no
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vehicular traffic passage (0 lanes total) on the bridge identified under repair. The term “Open”
denotes no lane closures associated with rehabilitation activities.

The original MassDOT Canal Transportation Study collected traffic data representative of
summer and fall seasons, however TrafInfo modeled traffic conditions during the winter months
(specifically January). Winter traffic modeling was calibrated using values input from existing
data (MassDOT Canal Transportation Study and other data available through MassDOT’s
Traffic Collection Data Unit). Winter traffic volume and travel times were input for the four
daily time periods, as well as weekends.

4.3.2 Conditions with No Traffic Impediments
Cape Cod is a vacation destination in the summer months, meaning the volume of traffic
increases in the summer, particularly on weekends as visitors travel on and off the Cape.

Figure D - 14 displays the average daily traffic by season and day of the week (weekday or
weekend). The volume of traffic is expected to increase over the forecast horizon and traffic will
be at its maximum on summer weekends. Future traffic trends for visitors were projected based
on data on employment trends in the Accommodations and Food Services and through
discussions with the Cape Cod Commission. Future trends in non-visitor trips were escalated
using population, household, and employment data.

Figure D - 14: Average Daily Volume of Traffic

Average Daily Volume of Traffic

40,000
35,000
30,000
25,000
20,000
15,000
10,000

5,000

Fall Weekday Fall Weekend Summer Summer Winter Winter
Weekday Weekend Weekday Weekend

w2014 m2040

Travelers over the Sagamore and Bourne bridges use 11 major routes. The 11 routes are:

1. From the mainland Route 3 to Cape Cod Route 6 via the Sagamore Bridge (2.8 miles)

2. From the mainland Route 25 to Cape Cod Route 6 via the Bourne Bridge (9.9 miles)

3. From the mainland Route 25 to Cape Cod Route 6 via the Sagamore Bridge (9.9 miles)

4. From the mainland Route 25 to Cape Cod Route 28 via the Bourne Bridge (6.9 miles)

5. From Cape Cod Route 28 to the mainland Route 25 via the Bourne Bridge (4.7 miles)
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From Cape Cod Route 6 to the mainland Route 25 via the Sagamore Bridge (10.3 miles)

From Cape Cod Route 6 to the mainland Route 25 via the Bourne Bridge (7.4 miles)

From Cape Cod Route 6 to the mainland Route 3 via the Sagamore Bridge (4.2 miles)

From the mainland Belmont Circle to Cape Cod Route 6 via the Bourne Bridge (8.0

miles)

10. From the mainland Belmont Circle to Cape Cod Route 6 via the Sagamore Bridge (8.0
miles)

11. From the mainland Belmont Circle to Cape Cod Route 28 via the Bourne Bridge(5.0

miles)

Al Y

The average travel time for a driver going over either the Sagamore Bridge or Bourne Bridge
using one of the 11 routes described above is exhibited in Table D-7 below. Note that this
includes only the length of the routes described (average 7.6 miles directly correlated to bridge
traffic) not the total travel time drivers experience over their entire journey.

Table D - 8: Average Travel Time of Major Routes

_ AverageTravel Time (Minutes)

Fall Weekday Fall Weekend
AM | MD PM NT AM | MD PM NT

9.5 9.0 9.8 8.9 9.1 9.2 9.6 8.9

Base Condition -
2014
Base Condition -
2040

9.9 9.1 104 9.0 9.3 9.5| 10.6 9.2

Summer Weekday Summer Weekend
AM | MD | PM NT AM | MD | PM NT

9.8 9.5| 10.2 90| 10.0| 15.2| 147 9.3

Base Condition -
2014

Base Condition -
2040 10.5

101 114 94| 10.7| 19.2| 19.5| 10.3

Winter Weekday Winter Weekend
AM | MD PM NT AM | MD PM NT

9.7 8.9 9.5 8.8 8.9 9.0 9.1 8.8

Base Condition -
2014

Base Condition -
2040 10.1 8.9 9.9 8.9 9.0 9.0 9.4 8.9

MD = midday; NT = night time
Weekend=Saturday and Sunday

4.3.3 Value of Time with Traffic Impediments
The data collected and modeled by Traflnfo is used to determine the value of time due to traffic
delays. The event trees described in section 3.2 outline probabilities of unsatisfactory
performance by bridge component. Associated with each unsatisfactory performance is a
resulting repair project to restore performance. The repair projects require lane or total bridge
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closures. Therefore the value of time for individuals adversely affected by traffic delays is
determined by the amount of time bridges and lanes are closed. The procedure for this
calculation follows guidance from USACE Engineering Regulation - ER 1105-2-100, Appendix
D.

Outputs from TrafInfo Used in Risk Analysis Model

One output from Trafinfo that is an input into the risk model is Vehicle Hours Traveled (VHT)
for all vehicles in a given time period by season and day of the week (weekday or weekend).
VHT is also provided for the existing condition and for lane and full bridge closures of each
bridge. The data is provided for year 2014 and a forecast year of 2040, intermediate values were
linearly interpolated and years after 2040 were held constant. Values were held constant after
2040 to provide a conservative estimate of traffic growth and to prevent a forecast that could
reflect traffic volumes higher than the maximum capacity of the road network.

VHT is also separated by the driver’s trip purpose, either Visitor or Regular as defined by the
State Planning Agency-Central Transportation Planning Staff (CTPS). Based on the 2010
Census Journey to Work and the Massachusetts Travel Survey, Visitor and Regular are defined
as:

e Non-visitor or “Regular” — Trips by people who live on the Cape and commute to the
mainland daily for work/school; trips by people who live on the mainland and commute
to the Cape daily for work/school; trips by people who live on the Cape and travel across
the bridge to the mainland to shop and other commercial activities on a regular basis;
trips by people who live on the mainland and travel across the bridge to the Cape to shop
and for other commercial activities on a regular basis.

e Visitor — all other travelers, they generally do not live or work on the Cape and do not
otherwise cross the bridge on a regular daily basis.

The next traffic analysis input is the average travel time in minutes which is the travel time for a
driver going over either the Sagamore Bridge or Bourne Bridge over the 11 major routes listed in
section 3.3.2. Travel times vary depending on whether there is a partial bridge closure (one lane
closed on either side) or full bridge closure (all lanes closed). The difference between lane or
bridge closure and non-closure traffic is a key input in determining the value of time in traffic.
TrafInfo provided these travel times for years 2014 and 2040, linear interpolation was used for
years 2015-2039 and held constant for years 2040-2069. Again, values were held constant after
2040 to provide a conservative estimate of traffic growth and to prevent a forecast that could
reflect traffic volumes higher than the maximum capacity of the road network.
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Table D - 9: Average Travel Time by Closure 2014

Average Travel Time in 2014 (Minutes)

Fall Summer Winter

Alternatives Weekday | Weekend | Weekday | Weekend | Weekday | Weekend
Existing Hwy 9.3 9.2 9.6 12.3 9.3 9.0
Partial Bourne 12.3 12.3 14.5 25.5 12.1 10.3
Full Bourne 16.6 15.7 20.8 37.0 16.3 13.0
Partial

Sagamore 9.8 9.5 11.7 30.5 9.9 9.0
Full Sagamore 19.1 18.5 40.0 77.6 18.0 12.5
Difference (min)

Alternatives Weekday | Weekend | Weekday | Weekend | Weekday | Weekend
Existing Hwy - - - - - -
Partial Bourne 3.0 3.1 4.9 13.2 2.8 1.4
Full Bourne 7.3 6.5 11.2 24.8 7.1 4.0
Partial

Sagamore 0.5 0.3 2.1 18.2 0.6 0.0
Full Sagamore 9.8 9.3 30.4 65.3 8.7 3.5

Table D - 10: Average Travel Time by Closure 2040

Average Travel Time in 2040 (Minutes)

Fall Summer Winter
Alternatives Weekday | Weekend | Weekday | Weekend | Weekday | Weekend
Existing Hwy 9.6 9.6 10.3 14.9 9.5 9.1
Partial Bourne 15.8 23.5 61.8 85.2 21.9 11.4
Full Bourne 25.2 26.2 53.5 76.1 27.4 16.6
Partial
Sagamore 31.5 32.3 85.3 106.2 31.2 10.8
Full Sagamore 47.8 58.8 125.6 177.2 59.8 29.6
Difference (min)
Alternatives Weekday | Weekend | Weekday | Weekend | Weekday | Weekend
Existing Hwy - - - - - -
Partial Bourne 6.2 13.9 51.5 70.3 12.4 2.4
Full Bourne 15.6 16.6 43.2 61.2 17.9 7.5
Partial
Sagamore 21.9 22.7 75.0 91.3 21.7 1.7
Full Sagamore 38.2 49.2 115.3 162.2 50.4 20.5
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Value of Time Inputs

The calculated dollar value of time is based on several inputs including: median family income,
passengers per vehicle, and the reason for travel. Hourly annual income is calculated using the
average annual household income sourced from the U.S. Census then divided by the number of
weeks in the year (52 weeks per year) and by the hours worked in a week (assuming 40 hours per

week).

e Median family income:

o Visitors — used the Massachusetts average household income of $70,954 (in 2016
dollars), 2012-2016, sourced from the U.S. Census. ¥
o Regulars — used the average household income of the towns surrounding Cape Cod:
Bourne ($70,304), Sandwich ($89,461), Warecham ($65,641), and Plymouth
($80,905) for a total average of $76,578, sourced from the U.S. Census.
e Following the process described in ER 1105-2-100 (D-20), the total value of worked time
saved per vehicle requires multiplication by the adults per car. According to the US
Department of Transportation, 2001 National Household Travel Survey, average
passengers per vehicle for work trips is 1.14.¥" For social/recreation, vacation, and other

trips, the value of time saved is on a per vehicle basis.

e Value of time saved adjusted to hourly basis (% of hourly family income of driver) from
ER 1105-2-100 (D-20). Table D-10 summarizes the percent of hourly income used.

The following table from ER1105-2-100 was used as guidance:

Table D - 11: Percent of Hourly Income and Hourly Value of Time ($/hour)

Average hourly
income ($/hour) - | Value of time
Massachusetts Bourne, Sandwich, | saved % of
average hourly Wareham, hourly family
income ($/hour) Plymouth income
Low time (0-5 min)
Work Trips $ 2.18 $ 2.36 6.4%
Soc/rec Trips $ 0.44 $ 0.48 1.3%
Other Trips $ 0.03 $ 0.04 0.1%
Medium time (5-15 min)
Work Trips $ 10.98 $ 11.85 32.2%
Soc/rec Trips $ 7.88 $ 8.50 23.1%
Other Trips $ 4.95 $ 5.34 14.5%
High time (over 15 mins)
Work Trips $ 18.35 $ 19.81 53.8%
Soc/rec Trips $ 20.47 $ 22.09 60.0%
Other Trips $ 22.00 $ 23.75 64.5%
Vacation
All value of time $ 25.62 $ 27.65 75.1%
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Visitor value of time is the average of social/recreational trips, other trips, and vacation using the
Massachusetts household income. “Other trips” include all trips not otherwise determined to be
work, social/recreational, or vacation. Regular value of time was determined to be the average of
social/recreational, other, and work (multiplied by 1.14 for occupancy) for the average of
Bourne, Sandwich, Wareham, and Plymouth.

Using those calculations, the following value of time totals were determined (in 2016 dollars) at

an hourly rate:

Table D - 12: Value of Time per Hour by Trip Type in 2016 Dollars

Visitors Regulars
Low $ 8.70 $ 1.07
Medium $ 12.82 $ 9.12
High $ 2270 $ 2281

Travel time for vacation is a higher cost because there is a scarcity factor for the amount of

vacation time households have and therefore the value of an hour of vacation time is higher than
for work, social/recreation, and other trips. The regular travelers caught in relatively short traffic
delays is pointedly lower because this time is not considered scarce.

The computed 2016 value of time is then converted into 2020 dollars using the implicit GDP
deflator as forecasted by the President’s budget office and presented in Table D - 13 below "',

Table D - 13: GDP Deflator

2015 2016 2017 2018 2019 2020
Nominal GDP $18,037 | $18,566 | $19,372 | $20,262 | $21,263 | $22,345
Real GDP
(2009 Dollars) $16,397 | $16,660 | $17,090| $17,601 | $18,157 | $18,727
Implicit
Deflator 1.10 1.11 1.13 1.15 1.17 1.19
Value of time in 2020 dollars:
Table D - 14: Value of Time per hour by Trip Type in 2020 Dollars
Visitors Regulars
Low $ 9.31 $ 1.14
Medium $ 13.72 $ 9.76
High $ 24.30 $ 24.42
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Value of Time Due to Traffic Delays
The following calculations were performed in order to determine the total travel costs incurred
by drivers when there is a lane or bridge closure for construction repair.

1. VHTueiay x VOT = Cost of Delay per Day (by day and season)
2. Cost of Delay per Day x Days of Closure = Total Travel Costs
VHTaelay = VHT with lane or bridge closure — VHT with no closure for all drivers
(available by year, season, time of day, weekend/weekday, visitor/regular)

VOT = Value of time (uses the values determined in Table D - 14 above. The
high/medium/low times categories are determined by taking the Travel Time with
closures minus the Travel Time with no closures to determine the average delay.

Days of Closure — number of days during construction that there will be a lane or bridge

closure which varies by project

Table D - 15: Cost of Emergency Repairs

Costin 2020 | i1 2020
Component and Failure . (000)
Ay Traffic Impact (000) Bourne
Description Sagamore .
- Bridge
Bridge
Superstructure
Advanced deterioration of
9 months lane
secondary member, non- closure - no closures
critical Gusset Plate, : $32,700 $21,100
! Memorial Day to
Stringer, Floorbeam, or Columbus Da
Hanger Cable y
18 months lane
Advanced deterioration of | closures, divert
Main Truss Member or trucks over 16 ton to $321,200 $186,200
Critical Gusset Plate sister bridge for 12
months *
Catastrophic Damage to .
Main Truss Member or 60 months bridge $10,343,400 |  $4,584,000
" Closure
Critical Gusset Plate
Substructure
Localized Concrete 6 months of lane
closures, no closures
Defects such as Cracks or :
Spalls on Vertical Surfaces Memorial Day to
Columbus Day, lane $18,300 $13,400

of Piers or Degradation of
Concrete under Bearings
on the Piers

closures limited to
non-peak hours,
weekdays
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Widespread Concrete 12 months of lane
closures, no closures
Defects such as Cracks or :
Spalls on Vertical Surfaces Memorial Day to
: . Columbus Day, Lane $36,600 $26,700
of Piers or Degradation on e
; Closures limited to
Concrete under Bearings
; non-peak hours,
on the Piers
weekdays
Bridge Deck
Localized deterioration of
Roadway Joint(s), Granite | 6 months of
Curbs, Concrete-filled temporary lane
Steel Grid over Bridge closures, no closures $21,800 $14,100
Spans, or Reinforced Memorial Day to
Concrete Deck at Columbus Day
Abutments
Widespread Deterioration
of Concrete-filled Steel t1e5mrggpat?; I:Le
Grid Deck over Bridge closures, no closures $54,400 $35,200
Spans and Reinforced :
Memorial Day to
Concrete Deck at the Columbus Da
Abutments y
* According to MassDOT trucks account for roughly 6% of traffic traveling over the bridges. Therefore
6% of traffic was rerouted as if full bridge closure for 12 months. Further detail provided in section
10.1.6.

4.3.4 Vehicle Operational Costs
Additional travel costs incurred by delay are considered vehicle operational costs. Operational
costs are expenditures spent on operating and maintaining a vehicle for additional usage. Costs
include fuel, maintenance, repairs, and depreciation to vehicle value'. Operating cost used in
this model is $0.57 per mile; the 2016 cost of owning and operating an auto sourced from the
American Automobile Association. The computed 2016 value of time is then converted into
2020 dollars using the implicit GDP deflator as forecasted by the President's budget office.

If there is a required full bridge closure to repair a component failure, commuters may need to
travel further to the other canal bridge incurring additional mileage. The operational cost was
determined by subtracting the Vehicle Miles Traveled (VMT) when there is no closure from the
VMTs traveled when there is a closure to determine the additional miles traveled. These miles
were multiplied by $0.57.

4.4 Impacts to Navigation

The Cape Cod Canal is a key transportation link for vessel traffic transiting the US east coast,
between southern New England, New York, or points south, and Boston, northern New England,
and points north. Without the canal, vessels would have to transit around the arm of Cape Cod,
increasing vessel travel distances by approximately 60 nautical miles, an 18 percent increase for
vessels traveling between New York and Boston. Each year the canal is used by more than
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1,000 cargo vessels, at least 400 fishing vessels, 150 — 200 military vessels, and more than 4,000
recreational vessels, all of which benefit significantly from the shorter and safer travel route.
Since its completion in 1914, the canal has greatly increased the efficiency of waterborne
commerce shipments in the Northeast, contributing greatly to the national economy. The Canal
also increases navigation safety. Prior to construction of the Canal, many shipwrecks occurred
along the route around the Cape, since fog, shoals and exposure to bad weather are significantly
worse in the areas off Cape compared to the interior. The navigation benefits provided by the
canal are extremely important to the economies of Massachusetts, New Hampshire, and Maine,
with critical shipments of petroleum products making up the majority of cargo traffic through the

canal, and with vessels of all types benefiting from the shorter and safer transit route.

44.1
Canal Records

Vessel Trips

Records of vessel trips through the Cape Cod Canal are kept at the canal office. The data
collected at the canal shows the number of vessels with a length of 65-feet or greater of various
types, as well as estimates for the number of vessels under 65-feet. Table D - 16 below presents
the wide range of vessel types and sizes of approximately 22,000 vessels that transited the canal

between 2013 and 2018.

Table D - 16: Number of Vessels transiting Cape Cod Canal

Vessels Over 65 Feet in Length
2013 2014 2015 2016 2017 2018
Passenger, Dry Cargos 1,025 1,084 1,043 1,063 1,064 1,102
Tankers 55 34 15 39 49 68
Towing Vessels 3,191 3,407 3,242 3,293 3,057 3,225
Dry Cargos, Scows 384 330 294 308 238 265
Tanker Barges 1,302 1,270 1,225 1,249 1,259 1,334
Fishing Vessels 780 756 811 848 877 492
Yachts 684 680 726 665 695 720
Military Vessels 147 202 169 223 156 165
Others 90 83 145 210 88 74
TOTAL 7,658 7,846 7,670 7,898 7,483 7,445
Vessels Under 65 Feet in Length (Estimated)
2013 2014 2015 2016 2017 2018
Fishing Vessels 139 225 333 308 344 422
Pleasure Craft 4,205 4,458 5,580 7,304 7,380 7,911
Misc. Vessels 5,483 6,397 6,089 3,804 5,798 5,985
TOTAL 9,827 11,080 12,002 11,416 13,522 14,318
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WCSC Cargo Records

The Army Corps of Engineers Waterborne Commerce Statistics Center (WCSC) publishes data
showing vessel trips. The WCSC data reflects only cargo vessels, so the figures are not directly
comparable to the vessel data collected at the canal office. However, both sets of data are
valuable and so both are presented in this report to show the full usage of the Canal for
navigation. From 2012 through 2017 (latest data available as of August 2019), foreign flag
commercial cargo vessel trips peaked in 2013 with fewer trips in 2014 - 2017. Traffic on US-
flag vessels declined at a compound annual rate of -2% over the six years, versus -30% for
foreign traffic. Cargo vessel trips through the canal are shown in the table below.

Table D - 17: Cargo Vessel Trips 2012-2017

Cape Cod Canal Cargo Vessel Trips, 2012-2017
Upbound Trips Downbound Trips Total Trips
Year Foreign | Domestic | Total Foreign | Domestic Total Foreign | Domestic | Total
2012 1,328 721 2,049 1,324 522 1,846 2,665 1,243 | 3,908
2013 1,693 868 | 2,561 1,739 513 2,252 3,432 1,381 | 4,813
2014 701 878 1,579 740 534 1,274 1,441 1,412 | 2,853
2015 107 804 911 179 528 707 286 1,332 | 1,618
2016 141 939 1,080 129 627 756 270 1,566 | 1,836
2017 168 683 851 140 441 581 308 1,124 | 1,432

4.4.2 Commodity Statistics
Types and Tonnage
WCSC publishes annual statistics showing commodity volumes and commercial cargo vessel
trips to major ports, and through major waterways including the Cape Cod Canal. An average of
7,800,000 tons of cargo were shipped through the Canal annually between 2012 and 2017.
Commodity shipments through the Canal have been dominated primarily by petroleum and
petroleum products, which accounted for 83.9% of all freight tonnage in 2017. Chemicals were
the next largest category at 11.6%, followed by primary manufactured goods at 2.8%. Together,
these top three categories accounted for 98.3% of total freight tonnages in 2017, the most recent
year for which WCSC data is available.

Petroleum and petroleum products shipped through the canal declined by a compound annual
rate of 5.4% from 2012 to 2017, with a gain in the first year followed by large declines in 2014
and 2015 and finally a slight increase in 2016 before declining again in 2017. Chemical traffic
increased annually in 2014, 2015, and 2016 before declining in 2017. Total freight traffic
declined at a rate of 5.9% compounded annually from 2012 to 2017, with a drop-off starting in
2014 that was largely due to sluggish traffic in the petroleum segment. Cargo volumes through
the canal for the past six years are shown in the table below.
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Table D - 18: Cape Cod Freight Traffic, 2012-2017

Cape Cod Freight Traffic, 2012-2017

2012 2013 2014 2015 2016 2017
Commodit Short % Short % Short % Short % Short % Short %
~O0MMOCIty tons total tons total tons total tons total tons total tons total
Petroleum &
petroleum 7,113,000| 81.2% | 8,657,000| 85.3% |6,484,000| 80.7% |5,365,000| 77.2% |5,409,000| 78.7% [5,097,000| 83.9%
products
Chemicals 812,000 9.3% 743,000 7.3%(1,015,000| 12.6% |1,119,000| 16.1% |1,126,000| 16.4% | 703,000| 11.6%
g;g?ials 286,000 3.3% 155,000 1.5% 66,000 0.8% 49,000 0.7% 15,000 0.2% 39,000 0.6%
Primary
manufactured | 365,000 4.2% 394,000 3.9%| 391,000 4.9%| 355,000 5.1% | 246,000 3.6%| 168,000 2.8%
goods
SeR S U 2,000| 0.0% 13,000| 0.1% 6,000 0.1% -l 0.0% -l 0.0% 4,000 0.1%
products
Manufactured
equipment & 174,000 2.0% 141,000 1.4% 73,000 0.9% 63,000 0.9% 36,000 0.5% 63,000 1.0%
machinery
Coal 10,000 0.1% 45,000 0.4% - 0.0% - 0.0% 43,000 0.6% - 0.0%
TOTAL 8,762,000 | 100.0% | 10,148,000 | 100.0% |8,035,000 |100.0% | 6,951,000 | 100.0% | 6,875,000 {100.0% | 6,074,000 | 100.0%

Source: US Army Corps of Engineers, Waterborne Commerce of the United States, 2012-2017
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4.4.3 Origin/Destinations
Detailed vessel data was requested from the Corps Waterborne Commerce Statistics Center for
the Cape Cod Canal for calendar year 2017, the most recent year available. The detailed data is
confidential and cannot be presented in this report. However, aggregated information can be
shown and used for calculations. The detailed data includes information for all US Flag cargo
vessels which passed through the canal including port of origin, destination port, vessel name,
owner, type of vessel, type of cargo, tonnage, draft, and other information. US flag vessels
transported 89.7% of total cargo tons through the canal in 2017. The portion of cargo shipped on
foreign flag vessels started to decline in 2014 and dropped significantly in 2015 before rising
slightly in 2016 and 2017. The breakdown of cargo tonnages on US versus foreign flag vessels
for 2012 through 2017 is shown in the table below.

Table D - 19: Cape Cod Canal Freight Traffic, 2012-2017

Cape Cod Canal Freight Traffic, 2012-2017
Domestic | Foreign Total % %

Year Tons Tons Tons Domestic | Foreign | Total %

2012 | 5,325,000 | 3,438,000 | 8,763,000 60.8% | 39.2% 100.0%

2013 | 6,710,000 | 3,438,000 | 10,148,000 66.1% | 33.9% 100.0%

2014 | 6,535,000 | 1,500,000 | 8,035,000 81.3% | 18.7% 100.0%

2015 | 6,649,000 | 303,000 | 6,952,000 95.6% 4.4% 100.0%

2016 | 6,375,000 | 499,000 | 6,874,000 92.7% 7.3% 100.0%

2017 | 5,446,000 | 627,000 | 6,073,000 89.7% 10.3% 100.0%
Source: US Army Corps of Engineers, Waterborne Commerce of the United States, 2012-2017

An analysis of the detailed WCSC data shows that in 2017, 72% of domestic cargo vessel trips
through the canal either originated in or had a destination of Boston Harbor. Of the trips which
originated in Boston, 79% had a destination of the Port of New York/New Jersey. Of the trips
which had a final destination of Boston Harbor, 67% originated at the Port of New York/New
Jersey. Other ports in the northeast made up the remaining origins or destinations, including
most commonly Providence, New Haven, Portland (Maine), Portsmouth, and Delaware. Cargo
shipments through the canal reflected in the detailed WCSC data for 2017 were primarily on
non-self-propelled dry cargo and tanker barges, pushed or pulled by towboats.

4.4.4 Methods
For this analysis, the navigation value of the canal is examined by comparing waterborne
transportation costs between the without and with project conditions as is typical in Corps
navigation analyses. Without the canal, vessels which currently use the canal would have to
travel an average of 62 additional miles to reach their final destinations. The difference in
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waterborne transportation costs between the without and with canal conditions can be considered
a partial measure of the value of the canal. The value of the canal can in turn be considered a
partial measure of the value of the vehicle bridges, since construction of the canal was dependent
on construction of the bridges. The cost of the longer travel distance without the canal can also
be used to evaluate navigation impacts if bridge repairs require temporary closure of the canal, in
the extreme case of a catastrophic failure and a new bridge must be constructed, that will also
require canal closures.

4.4.5 Annual Navigation Benefits of the Canal
For this analysis, waterborne transportation costs in the without and with canal conditions are
calculated for cargo vessels which transited the canal in 2017, using detailed WCSC data. The
difference between the costs of the two conditions represents only a portion of the navigation
value of the canal, since cargo vessels are only a portion of vessel traffic using the canal.
However, detailed data on cargo vessel traffic is readily available from the Corps WCSC, and
waterborne transportation cost savings can be calculated using standard Corps methods.

The elements that make up waterborne transportation costs include the number of trips, trip
distance, vessel speed, and vessel costs per day. Since the cargo vessels which used the canal in
2016 were primarily barges and towboats with relatively shallow drafts, the Corps Shallow Draft
Vessel Operating Costs were used for this analysis. Those costs were last updated and released
by the Corps in November 2004, in Economic Guidance Memorandum 05-06, “Shallow Draft
Vessel Operating Costs, Fiscal Year 2004.” Those costs were more recently revised and updated
to the 2015 price level by Informa Economics, under contract to the Corps Center of Expertise
for Inland Navigation. The price levels were then escalated to 2020 values using a GDP deflator
in order to allow for comparability between all other costs in the analysis.

The shallow draft vessel operating costs for towboats include daily costs for various types and
sizes of towboats, organized by the horsepower of the towboat. The costs for barges include
daily operating costs for various types of barges, organized by the carrying capacity of the barge.
It should be noted that the vessels represented in the cost tables are inland tow boats and barges,
which are generally smaller than the coastal barges that operate between ports on the US east
coast. The towboat and barge categories were matched to the best extent possible to vessels
transiting through the Canal. Information regarding horsepower for specific towboats which
used the canal was obtained from the WCSC publication, “Waterborne Transportation Lines of
the United States, volume 3 — Vessel Characteristics, Calendar Year 2016.” Towboats transiting
the Canal had an average horsepower of between 4,000 to 5,999. Based on the Informa
Economics cost tables, average daily costs for towboats with a horsepower of 4,000 to 5,999
equal $20,290 per day under maximum fuel cost, and $13,680 per day under actual daily fuel
cost. For this analysis, the actual daily fuel cost category was used.

Since more than 70% of US flag cargo vessel trips through the Canal in 2017 were between the
ports of Boston and New York/New Jersey that travel distance is used as a representative trip
distance for this analysis. Based on the nautical trip calculator available at www.sea-
distances.org, the trip distance between New York and Boston without the Canal is 378 nautical
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miles. With the Canal, a trip distance of 316 nautical miles is used, a distance savings of 62
nautical miles. An average trip speed of 7.5 knots is estimated based on an analysis of trip
durations in the detailed WCSC data.

Total waterborne transportation costs for cargo vessel traffic using the canal equal towboat costs
plus barge costs. Annual barge costs were estimated separately for tanker barges and dry cargo
barges. The costs were converted to 2020 values. The number of trips for each was determined
using the detailed WCSC data. Daily operating costs were used for the barges which most
closely matched the barges which transited the canal in 2017, to the extent possible. Liquid
tanker barge transportation costs were calculated using costs of $1,672 per day for a
390°x70°x22’ tanker barge. Dry cargo barge transportation costs were calculated using a cost of
$866 per day for a 360°x70°x21’ tanker barge. Costs for foreign flag vessel trips were not
calculated because the WCSC detailed data for the canal did not include information for those
vessels.

Based on the detailed WCSC data, there were 230 towboat trips through the canal and 894 barge
trips (833 tanker barges and 61 dry cargo barges) under US flag vessels in 2017. There is a
greater number of barge trips because towboats can pull more than one barge. Total waterborne
transportation costs for towboats and barge trips are calculated for the without and with canal
conditions as shown in the table below. Annual waterborne transportation cost savings for US
flag cargo vessels transiting the canal are estimated at $1,698,700 as presented in Table D-19
below ($10,369,200 - $8,670,500). This reflects cost savings on US flag vessels only, which in
2017 included 90 percent of total cargo tonnage and 78 percent of cargo vessel trips.

Table D - 20: Steps to Estimate Impact to Navigation

Annual Waterborne Transportation Costs
Without Canal Condition
Average
# Vessel | Distance Trip Daily
Trips, (Nautical | Length | Operating
2017 Miles) (Days) Costs Annual Costs
Towboats 230 378 2.1 $15,185 $7,334,300
Tanker Barges 833 378 2.1 $1,672 $2,924,000
Dry Cargo Barges 61 378 2.1 $866 $110,900
Total 1,124 $10,369,200
With Canal Condition
average

# vessel | distance | trip Daily

trips, (nautical | length Operating

2017 miles) (days) Costs Annual Costs
Towboats 230 316 1.76 | $15,185 $6,132,800
Tanker Barges 833 316 1.76 $1,672 $2,445,000
Dry Cargo Barges 61 316 1.76 $866 $92,700

Total 1,124 $8,670,500

Annual Transportation Cost Savings, US Flag Cargo Vessels | $1,698,700
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Without the Canal, the economic efficiencies of the shorter transit routes would be lost. The
value of the bridges is that car traffic does not interrupt waterway traffic.

It should be noted that this simplified analysis did not consider factors including, some cargo
traffic currently transiting by towboat and barge could be shipped by other means, such as over
land by truck, in which case these benefits may be understated, or on larger self-propelled
vessels, in which case these benefits may be overstated. There may be factors such as terminal
capacity, terminal facilities, access channel depths, or berth depths that require or favor towboat
and barge shipments. Since the $1,698,700 in transportation cost savings reflect only US flag
vessel trips, this is used as the lower bound estimate of the navigation benefits provided by the
canal. In 2017, there were roughly 3.6 times more domestic vessel trips than foreign flag vessel
trips through the canal. There are also trips by many other types of vessels. The economic value
derived from these other trips is estimated to be roughly 28% to the cost savings to US flag
vessels, an additional $471,900, for a total estimate of $2,170,600 in 2020 dollars.

4.4.6 Navigation Impacts of Temporary Canal Closure
With a bridge collapse or other major failure, the Canal would likely be closed for some period
of time. In addition, some of the repair/rehabilitation alternatives require temporary closure of
the canal to stage equipment or for other reasons. In these cases, existing vessel traffic through
the canal would be stopped temporarily, and the economic and safety benefits provided by the
canal would be lost for that time period.

The impacts on navigation traffic of temporary canal closure for different time periods are
summarized in Table D - 21 below.

Table D - 21: Navigation Impacts

Navigation Impacts, Cape Cod Canal
Annual Daily | Hourly
Value Value | Value
2020 Value $2,170,600 | $5,900 $200

4.5  Annual Maintenance Costs

In addition to the costs associated with emergency repairs, there are annual maintenance costs to
upkeep the bridges each year. Annual maintenance include activities such as maintenance
painting, paving, and joint replacement.

Currently, average annual maintenance costs are $411,000 (in 2020 dollars) for the Sagamore
Bridge and $295,000 for the Bourne Bridge. These numbers were assumed to remain constant
for the without project condition. The annual maintenance costs were determined by the study’s
engineering expert by evaluating total maintenance of the current bridges over the last 50 years
and finding an average annual cost.
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In the event tree scenario in which there is catastrophic failure in the superstructure, the result is
immediate closure of the bridge with the design and construction of a replacement bridge.
Annual maintenance for replacement bridges will cost $38,000 each.

4.6 Results of Monte Carlo Simulation
The emergency repair costs (from Table D-1) and regularly scheduled O&M costs (see page D-
44) as well as the value of time due to traffic and navigation costs were used as inputs for the
Monte Carlo simulation as described in sections 1.1 and 2.3.1.Table D - 22 and Table D - 23
summarize the results.

Table D - 22: Sagamore Bridge Base Condition Costs

Annual Costs (rounded), ($000) FY2020
RGN NEVEEEIT Travel Cost | O&M Cost Total
Cost Cost
LU 2,800 0.7 118,900 | 400 122,100
Condition
Table D - 23: Bourne Bridge Base Condition Costs
Annual Costs (rounded), ($000) FY2020
Repair Navigation | Travel Cost | O&M Cost Total
Cost Cost
SEED 3,200 0.7 60,700 300 64,200
Condition

The Monte Carlo Simulation was run with 100,000 iterations. In the base condition, continual
maintenance is performed on the existing structures and emergency funds are provided in the
event of performance failure. As the bridges age over time their conditions will deteriorate and
emergency funds will be needed more frequently.

The travel costs are substantially higher for the Sagamore Bridge when compared to the Bourne
Bridge. This is due to the fact that a lane or bridge closure on the Sagamore would strain the
infrastructure around the Bourne Bridge, particularly the Bourne Rotary causing significant time
delay for travelers waiting in traffic.

As the bridges continue to deteriorate in the base condition, weight restrictions are likely to be
enforced and increased over time. Large cargo will need to either be shipped via marine traffic or
separated into multiple smaller load trucks when crossing the bridges. It is difficult to predict
what the load restrictions will be in a given year, particularly in the later years of the study, as
well as predict the actions of heavy load traffic. Therefore, weight restrictions are not
incorporated into the model resulting in a conservative estimate of travel impacts in Alternative
A. This assumption does not impact the final conclusion determined within the report.
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4.7 Summary of Future Without Project Condition

The base case condition stipulates that the bridges be maintained but their aging condition will
continue to deteriorate over the 50-year study. The bridges will become increasingly unreliable
resulting in higher occurrences of expensive emergency repairs. Impacts to travelers will be
associated with the repairs. The total annual cost of operating the Sagamore and Bourne Bridges
over 50 years is an estimated $186.3 million ($122.1 + 64.2 million) of which $6 million ($2.8 +
$3.2 million) are direct emergency repair costs for component failures.

S ALTERNATIVE B - MAJOR REHABILITATION

An alternative to the base condition is a major rehabilitation of both the Sagamore and Bourne
bridges. The rehabilitation would avoid some of the emergency repair costs of a potential failure
because the rehabilitated bridges will have improved reliability functions, meaning that the
probability of component failure will decrease.

The rehabilitation project would include the following projects:

Truss Span Deck Replacement
Stringer Replacement/Repair
Floorbeam Replacement/Repair
Suspender Cable Replacement
Abutment Span T-Beam Rehabilitation
Abutment Span Deck Rehabilitation
Bearing Repairs

Joint Replacement

Steel Truss Repairs

Paving (Overlay)

Painting of Structural Steel

The recommended timeline for the major rehabilitation is 2025 through 2027 for the Sagamore
Bridge and 2029 to 2031 for the Bourne Bridge. For more details on the major rehabilitation
project see Appendix A — Engineering Reliability Analysis.

5.1 Benefits

The benefits are the direct and quantifiable gains under the with-project scenario. The major
rehabilitation project will improve the reliability of bridge components and therefore decrease
the probability of unsatisfactory performance. Benefits represent a reduction in emergency
repair costs following a component failure and associated time value costs from lane closures
related to these repairs. Modelling these phenomena provides a method to quantify the net
benefits for current and future users.

5.1.1 Probability of Unsatisfactory Performance
The rehabilitation project would result in more reliable bridges with significantly smaller
probabilities of component failures over the life of the bridges. Below are probability of
unsatisfactory performance charts exemplifying improved reliability functions.
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Figure D - 15: Sagamore Rehabilitation Probability of a Bridge Deck Failure
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Figure D - 16: Bourne Rehabilitation Probability of a Bridge Deck Failure
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As exhibited in Figure D - 15 and Figure D - 16, the probability of a failure for any type of
bridge deck failure will be reset to 0% when the major rehabilitation project is complete. The
probability of failure will rise throughout the forecast but will be reset to 0% when the second
scheduled major repairs occurs. The probabilities of failure for both the Sagamore and Bourne
Bridges remain below 1.5% following the major rehabilitation, compared to 37.4% at the end of
the 50-years in the base condition.
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Figure D - 17: Sagamore Rehabilitation Probability of a Substructure Failure
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Figure D - 18: Bourne Rehabilitation Probability of a Substructure Failure
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The major rehabilitation will not improve the substructure failure rate. It will continue to
increase for both the Sagamore and Bourne Bridges over the 50-years similar to the base
condition. According to expert engineering elicitation, even with the major rehabilitation project,
the substructure component of the bridge will continue to show its age and will continue to
deteriorate given its material composition.
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Figure D - 19: Sagamore Rehabilitation Probability of a Superstructure Failure
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Figure D - 20: Bourne Rehabilitation Probability of a Superstructure Failure
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As depicted in Figure D - 19 and Figure D - 20, the probability of a failure for any type of
superstructure will be reduced to 0.3% following the rehabilitation to be in line with the failure
rate in 1981, the historical last major rehab project. The probability of failure will rise throughout
the forecast horizon before being adjusted back to 0.3% in the second scheduled major repair
project. Failure rates will remain below 8% following the rehabilitation in both the Sagamore
and Bourne Bridges, compared to 64.9% in the final year of the base condition.

5.1.2 Probabilistic Scenario Analysis
Following the major rehabilitation, the event trees used to predict the severity of a component
failure will be different than in the base condition. The major rehabilitation will hinder the
occurrence of more severe component failures. Figures D-21, D-22 and D-23 below are the
event trees for the three bridge components.

5.1.3 Results of Monte Carlo Simulation
The repair, navigation, and travel costs are determined using Monte Carlo Simulation. After
each failure, there is an associated emergency repair cost, possible navigation cost, and travel
delay costs. These costs are consistent with the costs described in Section 3 of the base
condition. This is because the bridges are structurally the same and initial costs for repairs will
be the same before and after the major rehabilitation. The frequency in which failures occur,
however, does decline. There will be fewer occurrences of component failures and the severity
of the failures will also decrease after the rehabilitation projects. The O&M costs will remain the
same in the rehabilitation scenario.
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Figure D - 21: Rehabilitation Bridge Deck Event Tree
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For both bridges after the major rehabilitation the probability that a bridge deck failure will lead to widespread deterioration compared

to localized deterioration will decrease from 20% to 10% whereas in the base condition the probability of widespread deterioration
increases over time as the component continues to worsen from 20% to 45%.
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Figure D - 22: Rehabilitation Substructure Event Tree
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The major rehabilitation will not lead to a change in the event tree probabilities in the substructure for both bridges. The probability of
widespread concrete defects will remain 10%, as with the base condition.
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Figure D - 23: Rehabilitation Superstructure Event Tree
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The event tree for the superstructure will remain constant after the major rehabilitation rather than have the probability of a severe
failure increase overtime as in the base condition. Therefore the major rehabilitation will help to prevent more severe failures from
occurring particularly in later years.
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The Monte Carlo Simulation was done over the 50-year period for the major rehabilitation
scenario with 100,000 iterations. The resulting emergency repair costs for the major
rehabilitation alternative are described in Table D-24 and Table D-25 below.

Table D - 24: Sagamore Bridge Rehabilitation Costs

Annual Costs (rounded), ($000)

AL AEVACEUELL Travel Cost | O&M Costs Total
Cost Cost

Alternative B 300 0.6 8,000 400 8,700

Table D - 25: Bourne Bridge Rehabilitation Costs

Annual Costs (rounded), ($000

Repair Navigation Travel Cost | O&M Costs Total
Cost Cost

Alternative B 400 0.6 5,400 300 6,100

To determine the benefit of the alternative, the cost savings of emergency repairs in the base case
and the major rehab are compared by subtracting the costs of major rehab from the base case
total costs. These calculations are shown in Tables D-26 and D-27.

Table D - 26: Sagamore Bridge Rehabilitation Benefits
Annual Costs, ($000)

Total Cost - | Total Cost - Major Benefit
Base Case Rehab
Alternative B 122,100 8,700 113,300
Table D - 27: Bourne Bridge Rehabilitation Benefits
Annual Costs, ($000)
Total Cost - | Total Cost - Major Benefit
Base Case Rehab
Alternative B 64,200 6,100 58,100

The costs for repairing the bridges after the major rehabilitation declines significantly as fewer
failures are simulated over the 50-years. In addition, the travel delay costs incurred by lane and
bridge closures during these emergency repairs is also reduced. The measurable benefit of doing
the rehabilitation is the total cost savings of $113.3 million annually for the Sagamore Bridge
and $58.1 million annually for the Bourne Bridge.
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5.2 Cost

The cost of the major rehabilitation comprises the total construction cost of the major
rehabilitation and the time-value cost of the lane and bridge closures associated with the major
rehabilitation construction.

The recommended timeline for the major rehabilitation is 2025 through 2027 for the Sagamore
Bridge and 2029 to 2031 for the Bourne Bridge.

5.2.1 Construction Costs
The majority of costs for the alternative will be incurred at the beginning of the construction
timeline. The construction cost of the major rehabilitation for the Sagamore Bridge is $258.3
million (2020 dollars). The cost of the project for the Bourne Bridge is $269.7 million. These
costs are based on estimates from Cost Engineering as of August 2019. More details on cost are
provided in Appendix C.

Over the 50 years, the bridges will begin to deteriorate resulting in necessary action to prevent
component failures. At the time of the failure, the bridges will need to undergo various major
repair projects that are fairly extensive and not considered to be regular annual maintenance
repairs. Table D - 28 and Table D - 29 summarize the costs for the major rehabilitation projects,
costs for subsequent major repairs, and the years in which they occur.

Note: there are additional scheduled repairs referenced in Appendix C: Cost Engineering that
include maintenance painting, joint replacement, and paving. Those out-year projects are
considered part of annual operation and maintenance (O&M) for the purpose of the economic
analysis.

Table D - 28: Sagamore Bridge Rehabilitation Engineering Costs

Sagamore Bridge Construction Cost

. Cost (000)
Project Years 2020 dollars
Major Rehab 2025-2027 $ 153,300
Complete painting 2045 $ 22,900
Truss Decl_( Replacement,_ flo_or 2065 $ 82,100
beam repair, complete painting
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Table D - 29: Bourne Bridge Rehabilitation Engineering Costs

Bourne Bridge Construction Cost

. Cost (000)
Project Years 2020 dollars
Major Rehab 2029-2031 $ 155,400
Complete painting 2049 $ 19,300
Truss Decl_( Replacement,_ flc_>or 2069 $ 95,000
beam repair, complete painting

5.2.2 Value of Time

Table D - 30 displays estimated closure timeframes necessary for each project.

Table D - 30: Rehabilitation Lane Closure Durations Estimates

MAJOR REHAB ACTIVITY

BOURNE

BRIDGE SUPERSTRUCTURE DECK
REPLACEMENT (INCLUDING STRINGER
REPLACEMENT);

ABUTMENT SPAN REPLACEMENT;

(CONCRETE T-BEAMS) 165 135
MISC. STEEL REPAIRS, ETC;

EXTERIOR GUSSET PLATE RETROFITS;

INTERIOR GUSSET PLATE REPAIRS;

MISC. CONCRETE REPAIRS, ETC.

SUSPENDER CABLE REPLACEMENT 65 70
PAVING 30 25
PAINTING 220 150
TOTAL DAYS OF LANE CLOSURES 480 380

FULL BRIDGE CLOSURE
DURATION (DAYS)

INTERIOR GUSSET PLATE

REPLACEMENT 0 95
FLOORBEAM REPLACEMENT 110 35
TOTAL DAYS OF FULL BRIDGE

CLOSURE 180 130
Total Days of Disrupted Traffic 660 510

SAGAMORE
LANE CLOSURE DURATION (DAYS)
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Lane closures and bridge closures will not occur Memorial Day through Columbus Day to avoid
impacting the busy tourist travel seasons as well as Patriots Day and Thanksgiving weekends.
While construction will occur on most winter days, there will be some days in which inclement
weather will prevent construction activity. For modeling purposes, an estimated roughly three-
quarters of winter days will allow for construction activity while the remaining constitute no
construction due to holidays or severe winter weather conditions.

The lane and bridge closures will negatively impact commuters and vacationers traveling on and
off the bridge. The calculations were done as described in Section 3.3.3.

Table D - 31 and Table D - 32 display the construction activities included in the major
rehabilitation during the 50-year study period and the associated travel costs for each activity.
Cost of Construction is carried forward from Table D - 28 and Table D - 29 above. Travel costs
incorporates the number of days for lane and bridge closures from Table D - 30 above and the
calculated Value of Time; discounted for the year in which the costs are incurred.

Table D - 31: Sagamore Bridge Rehabilitation Construction and Travel Costs

Y Cost Of. Travel Cost Total Cost by
ears CENBIMEIER ($000) Year Incurred
($000)
2025-2027 153,300 661,800 815,100
2045 22,900 124,000 146,900
2065 82,100 495,200 577,300
Total 258,300 1,281,000 1,539,300

* Costs are discounted in final analysis

Table D - 32: Bourne Bridge Rehabilitation Construction and Travel Costs

Y LaG Of. Travel Cost Total Cost by
ears Construction ($000) Year Incurred
($000)
2029-2031 155,400 530,100 685,500
2049 19,300 87,000 106,300
2069 95,100 331,200 426,300
Total 269,800 948,300 1,218,100

* Costs are discounted in final analysis

Traffic disruptions associated with construction activities may cause some visitors to choose an
alternate travel destination away from Cape Cod. There would be a substitution effect as these
vacationers may decide to travel to other areas such as Maine, New Hampshire or Rhode Island.
This impact is expected to be minimal as scheduled construction activities during construction of
the proposed alternatives will avoid peak visitor travel times in the summer and on holidays.
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Travelers driving to the Cape for work or non-vacation reasons will still need to commute over
the bridges because they provide the only access on and off Cape Cod.

The economic analysis does not reflect the possible substitution effect of visitor volume. The
current analysis provides a more conservative estimate in the case of the alternatives. If visitor
traffic were to decline as a result of project construction in the alternatives, traffic flows would
actually improve for the non-visitors and in turn reduce the value of time cost of the project.
Therefore, the final decision will not change with this assumption.

5.2.3 Total Annualized Cost
The total cost of the rehabilitation will be $35.6 million annually for the Sagamore Bridge and
$25.8 million annually for the Bourne Bridge.

Table D - 33 and Table D - 34). The impact of traffic delays is a major component in adding
costs, highlighting the importance of these structures in traffic flows. Traffic delays on the
Sagamore Bridge amounted to 510 days of disrupted traffic at an additional economic cost of
$1.3 billion. Traffic delays on the Bourne Bridge amounted to 660 days of disrupted traffic for
an additional cost of $948 million.

Interest during construction (IDC) is the cost incurred as interest while the disbursement of
payments is distributed over the course of the project construction, as costs do not hit in one year
but rather is assumed over the duration of the construction period. The time period for the IDC
calculation was 3 years.

Table D - 33: Sagamore Bridge Rehabilitation Total Annualized Costs

Cost ($000)

Construction cost of rehabilitation — 2025 through 2027 153.300
(2020 dollars) ’

Construction cost of additional rehab work — 2045 through 105.000
2069 (2020 dollars) ’

Travel delay costs (2020 dollars) 1,281,000
Discount factor 2.875%
Capital Recovery Factor 0.0379
Discounted cost of rehabilitation 129,400
Discounted additional rehab work 34,200
Discounted travel delay cost 769,200
Interest During Construction (IDC) 4,400
Total Cost 937,300
Annualized Cost 35,600
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Table D - 34: Bourne Bridge Rehabilitation Total Annualized Costs

Cost ($000)
Construction cost of rehabilitation (2020 dollars) 155,400
Construction cost of additional rehab work (2020 dollars) 114,300
Travel delay costs (2020 dollars) 948,300
Discount factor 2.875%
Capital Recovery Factor 0.0379
Discounted cost of rehabilitation 117,100
Discounted additional rehab work 32,200
Discounted travel delay cost 525,500
Interest During Construction (IDC) 4,500
Total Cost 679,300
Annualized Cost 25,800

5.3 Major Rehabilitation — Analysis Results

The benefits refer to the quantifiable, incremental gains that will accrue to the society as a result
of the project (“with-project” condition), as compared to the current situation (“base” condition).
The total benefits from decreased emergency repairs following component failures in the base
(existing) condition are compared to the total cost of the major rehabilitation which includes both
construction costs and value of time costs from delays. A benefit-cost ratio (BCR) greater than
one indicates that the project’s benefits outweigh the costs. The study showed that both
rehabilitation projects result in net benefits and benefit-cost-ratios greater than 1.

Table D - 35 and Table D - 36 summarize the total benefits, costs, net benefits, and benefit-cost
ratios of the major rehabilitation project. The figures below are the @Risk output results
exemplifying the BCR statistics of the Monte Carlo Simulation. In summary, the net benefit of
the major rehabilitation project is $77.7 million annually for the Sagamore Bridge and $32.3
million for the Bourne Bridge. Both projects yield a benefit-cost-ratios (BCR) of over 1, with 3.2
and 2.3 respectively. Therefore there is economic justification for the major rehabilitation
projects when compared to the base condition.

5.3.1 Results — Sagamore Bridge
Average annual benefits for the Sagamore Bridge rehabilitation amounted to $113.3 million
compared to average annual costs of $35.6 million yielding net benefits of $77.7 million. The
BCR outcome of the Monte Carlo simulations has a mean of 3.2 and a standard deviation of 1.2
as shown in Figure D-24 — below. At the 90% confidence interval, the BCR will be between 1.7
and 4.9. The median expected outcome of all simulations was a BCR of 3.1.
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Figure D - 25 similarly shows the @RISK results for the net benefits. At the 90% confidence
interval, the net benefits will be between $24.7 million and $136.9 million with the median value

of $73.4 million.

Table D - 35: Sagamore Bridge Rehabilitation Costs and BCR

Annual ($000)

Benefit Cost Net Benefit BCR
Alternative B 113,300 35,600 77,700 3.2
Figure D - 24: Sagamore Major Rehabilitation @RISK Output BCR
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Figure D - 25: Sagamore Major Rehabilitation @RISK Output Net Benefit
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Average annual benefits for the Bourne Bridge rehabilitation amounted to $58.1 million
compared to average annual costs of $25.8 million yielding net benefits of $32.3 million. The
BCR outcome of the Monte Carlo simulations has a mean of 2.3 and a standard deviation of 0.9
as shown in Figure D - 26 below. At the 90% confidence interval, the BCR will be between 1.1
and 3.5. The median expected outcome of all simulations was a BCR of 2.2.

Figure D - 25 exhibits the @RISK results for the net benefits. At the 90% confidence interval,
the net benefits will be between $3.2 million and $65 million with the median value of $30.1
million.

Table D - 36: Bourne Bridge Rehabilitation Costs and BCR

Annual Cost ($000)

Benefit Cost Net Benefit BCR
Alternative B 58,100 25,800 32,300 2.3
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Figure D - 26: Bourne Major Rehabilitation @RISK Output BCR
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Figure D - 27: Bourne Major Rehabilitation @RISK Output Net Benefits
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5.4 Summary of Major Rehabilitation Project

The analysis supports the major rehabilitation projects for both bridges over maintaining the
bridges in the “fix-as-fails” Base Condition. The study showed that both rehabilitation projects
result in net benefits and benefit-cost-ratios greater than 1. The impact of traffic delays is a
major component in adding costs highlighting the importance of these structures in traffic flows.

6 ALTERNATIVE C - REPLACEMENT WITH 4 LANES (2 EACH
DIRECTION)

A proposed alternative to the base condition and the major rehabilitation is the construction of
new bridges adjacent to the current bridges. This scenario has a greater upfront cost but also
allows for a more reliable bridge structure that meets current standards and regulations. The first
proposed bridge is a directly comparable replacement with 4 lanes total (2 each direction), but
would be wider to meet current standards. The new bridges do not require lane and bridge
closures during the construction process and will therefore not impact traffic or incur travel
delays during construction. This alternative also has lower annual maintenance costs after the
replacement bridges are erected. However construction costs are higher than the costs of
rehabilitation.

The recommended timeline for the construction of the new bridges is 2025 through 2029 for the
Sagamore Bridge and 2030 to 2034 for the Bourne Bridge.

6.1 Benefits

The benefits are the direct and quantifiable gains under the with-project scenario. Replacement
of the bridges will improve the reliability of bridge components and therefore significantly
decrease the probability of failure. In this situation, failure is defined as unsatisfactory
conditions that would require limiting the weight (load-posting) allowed to be carried over the
bridges. Benefits represent a reduction in emergency repair costs following a component failure
and associated time value costs from lane closures related to these repairs. In addition, the new
bridges will also have lower annual maintenance costs throughout the 50-year forecast.
Modelling these phenomena provides a method to quantify the net benefits for current and future
users.

6.1.1 Probability of Unsatisfactory Performance
The replacement bridge project will result in more reliable bridges with significantly smaller
probabilities of component failures over the life of the bridges. Below are probability of
unsatisfactory performance charts exemplifying improved reliability functions.
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Figure D - 28: Sagamore Replacement Probability of a Bridge Deck Failure
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Figure D - 29: Bourne Replacement Probability of a Bridge Deck Failure
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Figure D - 28 and Figure D-29 display the probability of a bridge deck failure which will be reset
to 0% when the replacement project is complete. The probability of failure will slowly rise
throughout the forecast horizon and will reset to 0% again during scheduled major repairs. The
probability of failure will be near nil for the remainder of the forecast (below 0.2%) following
the replacement project. By comparison, the base condition reached 37.4% in the final year of
the evaluation.

Figure D - 30: Sagamore Replacement Probability of a Substructure Failure
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Figure D - 31: Bourne Replacement Probability of a Substructure Failure
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The probability of a substructure failure will be reset to 0% when the replacement bridge project
is complete. The probability of failure will slowly rise throughout the forecast horizon, reaching
0.05% in 2069 for the Sagamore Bridge and 0.03% for the Bourne Bridge compared to 1.7% in

the base condition.

Figure D - 32: Sagamore Replacement Probability of a Superstructure Failure
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Figure D - 33: Bourne Replacement Probability of a Superstructure Failure
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Figure D - 32 and Figure D - 33 exhibit the probability of a superstructure failure which will be
reset to 0 when the bridge replacement project is complete. The probability of failure will slowly
rise throughout the forecast horizon and will again be reset after the scheduled second major
repair. The probability of failure in the superstructure will remain below 0.1% in the years
following the replacement. By comparison, the base condition probability of failure raises to
64.9% by 2069.

6.1.2 Probabilistic Scenario Analysis
Following the replacement project, the event trees used to predict the severity of a component
failure will be different for the new bridges constructed. The replacement project will hinder the
occurrence of more severe component failures. Below are the event trees for the three bridge
components for the new bridges.
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Figure D - 34: Replacement Bridge Deck Event Tree
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For both replacement bridges, the probability that a bridge deck failure will lead to widespread deterioration will be 0.5% whereas in
the base condition the probability of widespread deterioration increases over time as the component continues to worsen, increasing
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Figure D - 35: Replacement Substructure Event Tree
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Unlike the major rehabilitation, the replacement project would improve the condition of the substructure and decrease the probability
of widespread concrete deficits compared to localized concrete deficits. The replacement bridges will have a 0.5% probability of

widespread concrete deficits compared to the base and rehabilitation conditions which have a 10% probability of widespread deficits.
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Figure D - 36: Replacement Superstructure Event Tree
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The event tree for the superstructure improves in the replacement bridge scenario rather than remaining constant in the rehabilitation
or worsening over time as in the base condition. There will be a 0% chance that the new bridge will have catastrophic damage to the
superstructure over the 50-year study period. 99.5% of failures of the superstructure will be minor.

Cape Cod Canal Highway Bridges, MA

Final Appendix D - Economics
Major Rehabilitation Evaluation Report D-74

March 2020




6.1.3 Results of Monte Carlo Simulation
The repair, navigation, and travel costs are determined as described in the same process as the

existing condition using Monte Carlo Simulation. The results for the replacement bridges are
presented in Table D - 37 and Table D - 38.

Table D - 37: Sagamore Bridge Replacement 4 Lanes Costs

Annual Costs (Rounded) ($000)

SEEELF | WV EEUET Travel Cost O&M Total
Cost Cost

Alternative C 300 0.1 4,000 200 4,400

Table D - 38: Bourne Bridge Replacement 4 Lanes Costs

Annual Costs (Rounded) ($000)

ROEELP | NEUEELER Travel Cost O&M Total
Cost Cost

Alternative C 500 0.2 6,300 200 7,000

To determine the benefit of the alternative, the cost savings of emergency repairs in the base case
and the new bridge alternative are compared by subtracting the costs of the new bridge scenario
from the base case total costs. The benefits are detailed in Table D - 39 and Table D - 40.

Table D - 39: Sagamore Bridge Replacement 4 Lanes Benefits

Annual Costs ($000)
Total Cost Total Cost Benefit
Base Case New Bridge (4)

Alternative C 122,100 4,400 117,600

Table D - 40: Bourne Bridge Replacement 4 Lanes Benefits

Annual Costs, ($000)
Total Cost Total Cost Benefit
Base Case New Bridge (4)

Alternative C 64,200 7,000 57,200

The occurrence of a component failure declines significantly over the study period after the
replacement bridges are constructed. Therefore travel delay costs typically associated with these
failures similarly are reduced. In addition, annual O&M costs to upkeep the new bridges are
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reduced. The measurable benefit of replacing the bridges is the total cost savings of $117.6
million annually for the Sagamore Bridge and $57.2 million annually for the Bourne Bridge.

6.2 Cost of Alternative

The costs of the new bridge construction is comprised of the total construction cost of the
bridges. There will be limited impact to traffic as the new bridges will be constructed adjacent to
the existing bridges. There will be some disruption to vessel traffic during the initial
construction and travel delays will be incurred during regular maintenance repairs over the life of
the new bridge.

6.2.1 Engineering Costs
The majority of costs for this alternative will be incurred at the beginning of the construction
timeline. The total cost of the construction for the new Sagamore Bridge is $426.7 million (2020
dollars). The total cost of the project for the Bourne Bridge is $625.3 million.

A major rehabilitation or new bridge will not be necessary after 50 years, though scheduled
repairs will be required.

Table D - 41: Sagamore Bridge Replacement 4 Lanes Engineering Costs

Sagamore Bridge

. Cost (000
Project Years 2020 d(ollal?s
New Bridge 2025-2029 $ 413,300
Major Repairs 2049 $ 6,700
Major Repairs 2069 $ 6,700

Table D - 42: Bourne Bridge Replacement 4 Lanes Engineering Costs

Bourne Bridge \

Project Years Costi000)12026
dollars

New Bridge 2030-2034 $ 618,600

Major Repairs 2054 $ 6,700

6.2.2 Value of Time
There are no expected lane or bridge closures during the construction of the new bridges as they
will be constructed adjacent to the existing bridges. The existing bridges will continue to operate
until the construction is completed and then traffic will be redirected with minimal impact on
traffic delays.
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However, during the scheduled repairs that are expected to occur later in the 50-year timeframe,
there will be impacts to traffic. Table D - 43 and Table D - 44 show the construction costs and
associated travel costs.

Table D - 43: Sagamore Bridge Replacement 4 Lanes Costs

Years Cor?:t?rjgtfion Navigation Travel Cost | Total Cost by
($000) Cost ($000) ($000) Year Incurred
2025-2029 413,300 200 0 413,500
2049 6,700 0 46,300 53,000
2069 6,700 0 46,300 53,000
Total 426,700 200 92,600 519,500
* Costs are discounted in final analysis
Table D - 44: Bourne Bridge Replacement 4 Lanes Costs
Years Cor?:t?;g:ion Navigation Travel Cost | Total Cost by
($000) Cost ($000) ($000) Year Incurred
2030-2034 618,600 200 0 618,800
2054 6,700 0 22,200 28,900
Total 625,300 200 22,200 647,700

* Costs are discounted in final analysis

6.2.3 Total Annualized Cost
The total costs are annualized to determine the annual cost over the 50 year study. Table D - 45
and Table D - 46 exhibit the model Monte Carlo results and economic factors used to annualize
costs. The construction time duration used for the interest during construction (IDC) is five

years.

Table D - 45: Sagamore Bridge Replacement 4 Lanes Total Annualized Cost

Cost ($000)
Construction cost of replacement (2020 dollars) 413,300
Construction cost of additional repair work (2020 dollars) 13,500
Travel and navigation delay costs (2020 dollars) 92,600
Discount factor 2.875%
Capital Recovery Factor 0.0379
Discounted cost of replacement cost 339,200
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Discounted additional repair work 4,600
Discounted travel and navigation delay cost 31,900
Interest During Construction (IDC) 24,500
Total Cost 400,200
Annualized Cost 15,200

Table D - 46: Bourne Bridge Replacement 4 Lanes Total Annualized Cost

Cost ($000)
Construction cost of replacement (2020 dollars) 618,600
Construction cost of additional repair work (2020 dollars) 6,700
Travel delay and navigation costs (2020 dollars) 22,200
Discount factor 2.875%
Capital Recovery Factor 0.0379
Discounted cost of replacement 440,600
Discounted additional repair work 2,600
Discounted travel delay and navigation cost 8,500
Interest During Construction (IDC) 36,600
Total Cost 488,300
Annualized Cost 18,500

6.3 Four Lane Replacement Bridge — Analysis Results

The total benefits from decreased emergency repairs following component failures on the
existing bridge is compared to the total cost of the new bridge construction which includes
engineering costs and scheduled repairs.

6.3.1 Benefit Cost Ratio (BCR)
Table D - 47 and Table D - 48 summarize the total benefits, costs, net benefits, and benefit-cost
ratios of the replacement project. Figure D-37 and Figure D-38 are the @Risk output results
exemplifying the BCR statistics of the Monte Carlo Simulation.

Average annual benefits for the Sagamore Bridge replacement amounted to $117.6 million
compared to average annual costs of $15.2 million yielding net benefits of $102.4 million. The
BCR outcome of the Monte Carlo simulations has a mean of 7.7 and a standard deviation of 2.7
as shown in

Figure D - 37 below. At the 90% confidence interval, the BCR will be between 4.3 and 11.6,
with a median expected outcome of all simulations of 7.5.
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Figure D - 38 displays the @RISK results for the net benefits. At the 90% confidence interval,
the net benefits will be between $49.9 million and $160.8 million with the median value of $98.1
million.

Table D - 47: Sagamore Bridge Replacement 4 Lanes Annual Costs and BCR

Annual ($000)
Benefit Cost Net Benefit BCR
Alternative C 117,600 15,200 102,400 7.7

Figure D - 37: Sagamore 4 Lane Replacement @RISK Output BCR
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Figure D - 38: Sagamore 4 Lane Replacement @RISK Output Net Benefits
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Average annual benefits for the Bourne Bridge replacement amounted to $57.2 million compared
to average annual costs of $18.5 million yielding net benefits of $38.7 million. The BCR
outcome of the Monte Carlo simulations has a mean of 3.1 and a standard deviation of 1.2 as
shown in Figure D - 39 below. At the 90% confidence interval, the BCR will be between 1.4 and
4.9, with a median expected outcome of all simulations of 3.0 (2.98).

Figure D - 40 displays the @RISK results for the net benefits. At the 90% confidence interval,
the net benefits will be between $8.2 million and $72.2 million with the median value of $36.7

million.

Table D - 48: Bourne Bridge Replacement 4 Lanes Annual Costs and BCR

Annual Cost ($000)

Benefit Cost Net Benefit BCR
Alternative C 57,200 18,500 38,700 3.1
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Figure D - 39: Bourne 4 Lane Replacement @RISK Output BCR
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Figure D - 40: Bourne 4 Lane Replacement @RISK Output Net Benefits
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6.4 Summary of New Bridges Project

The results indicate that replacement of the existing bridges with construction of new 4-lane
bridges has a higher benefit to cost ratio than maintaining the bridges in a “fix-as-fails” base
condition. In addition, the cost-benefit ratios are also higher than the option to perform a major
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rehabilitation on the current bridges. The study showed that replacement of both bridges result
in positive net benefits and benefit-cost-ratios greater than 1. The impact of traffic delays is a
major component in adding economic costs, highlighting the importance of these structures in
traffic flows. The replacement alternative limits the impact on traffic which economically
outweighs the higher upfront cost.

7 ALTERNATIVE D - REPLACEMENT WITH 4 LANES AND 2 AUXILIARY
ON/OFF LANES

In addition to the 4-lane replacement bridge scenario, there is also a proposed alternative to the
base condition and the major rehabilitation that is the construction of new bridges adjacent to the
current bridges with 4-lanes plus an auxiliary on/off lane in each direction. This scenario has a
greater upfront cost but also allows for a more reliable bridge structure that meets current
standards and regulations. The proposed bridge would also add one lane on both sides (6 lanes
total) to alleviate traffic congestion. The new bridge alternative also includes a wider foot-bridge
for walking or bike traffic. The new bridges would not require extended lane and bridge closures
and have a lower maintenance cost when compared to the current bridges.

The recommended timeline for the construction of the new bridges is 2025 through 2029 for the
Sagamore Bridge and 2030 to 2034 for the Bourne Bridge.

7.1  Benefits

The benefits are the direct and quantifiable gains under the with-project scenario. The new
bridges project will improve the reliability of bridge components and therefore significantly
decrease the probability of failure. Benefits represent a reduction in emergency repair costs
following a component failure and associated time value costs from lane closures related with
these repairs. In addition, the new bridges will also have lower annual maintenance costs
throughout the 50-year forecast. Modelling these phenomena provides a method to quantify the
net benefits for current and future users.

7.1.1 Probability of Unsatisfactory Performance
The probability of failure in this scenario is the same as described in the 4-lane replacement
bridges, section 4.1.1.

7.1.2  Probabilistic Scenario Analysis
The event trees used for this scenario are the same as described in the 4-lane replacement
bridges, section 4.1.2.

7.1.3  Results of Monte Carlo Simulation
The repair, navigation, and travel costs are determined as described in the existing condition
using Monte Carlo Simulation. The results are detailed in Table D - 49 and Table D - 50.
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Table D - 49: Sagamore Bridge Replacement 4 Lanes with 2 Auxiliary Annual Costs
Annual Costs (rounded), ($000

Repair Navigation Travel
Cost Cost Cost et el
Alternative D 300 0.1 4,000 200 4,400

Table D - 50: Bourne Bridge Replacement 4 Lanes with 2 Auxiliary Annual Costs
Annual Costs (rounded), ($000)

Repair Navigation Travel
Cost Cost Cost et el
Alternative D 500 0.2 6,300 200 7,000

Benefit of reduced congestion
One additional benefit of the 6-lane replacement bridge is the improved traffic patterns with the
additional acceleration/deceleration lane.

A similar method described in section 3.3, using Traflnfo analysis of vehicle hours traveled, was
used to compare the value of time in traffic with the 6-lane bridge and compared it to the base
condition. The annual total time savings is displayed in Table D - 51.

Table D - 51: Benefits of Reduced Congestion

Cost ($000)
Both Replacement Sagamore .
Bridges Bridge SO R
Total Benefit 4,200 3,500 800
Annual Benefit 200 100 30

The benefits are fairly minimal due mainly to the fact that the approach infrastructure, owned by
the State of Massachusetts, is not assumed to be improved. The current infrastructure, especially
around the Bourne Rotary, is limited.

To determine the benefits of the alternative, the cost savings of emergency repairs in the base
case and the new bridge alternative are compared by subtracting the costs of new bridge scenario
from the base case total costs. The benefits of the replacement bridges are summarized in Table
D - 52 and Table D - 53.
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Table D - 52: Sagamore Bridge Replacement 4 Lanes with 2 Auxiliary Benefits

Annual Costs, ($000)

Total Cost - Base | Total Cost — New \
. Benefit
Case Bridges
Alternative D 122,100 4,400 117,800
Table D - 53: Bourne Bridge Replacement 4 Lanes with 2 Auxiliary Benefits
Annual Costs, ($000)
Total Cost - Base | Total Cost — New \
. Benefit
Case Bridges
Alternative D 64,200 7,000 57,300

The occurrence of a component failure declines significantly over the study period after the
replacement bridges are constructed. Therefore travel delay costs typically associated with these
failures similarly are reduced. In addition, annual O&M costs for upkeep of the new bridges is
reduced. The measurable benefit of replacing the bridges is the total cost savings of $117.8
million annually for the Sagamore Bridge and $57.3 million annually for the Bourne Bridge.

7.2 Cost of Alternative
There will be limited impact to traffic as the new bridges will be constructed adjacent to the
existing bridges. Therefore travel costs will not be included in the analysis.

7.2.1 Engineering Costs
The majority of costs for this alternative will be incurred at the beginning of the construction
timeline. The total cost of the construction for the new Sagamore Bridge is $468.6 million (2020
dollars). The total cost of the project for the Bourne Bridge is $696.2 million.

A major rehabilitation or new bridge will not be necessary after 50 years, though there will be
subsequent scheduled repairs. The costs of the new bridges and subsequent major repairs are
listed in Table D - 54 and Table D - 55.

Table D - 54: Sagamore Bridge Replacement 4 Lanes with 2 Auxiliary Engineering Costs

Sagamore Bridge

. Cost (000
Project Years 2020 d(ollar)s
New Bridge 2025-2029 $ 452,800
Major Repairs 2049 $ 7,900
Major Repairs 2069 $ 7,900
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Table D - 55: Bourne Bridge Replacement 4 Lanes with 2 Auxiliary Engineering Costs

Bourne Bridge \

Project Years Gt (DLl 2L
dollars

New Bridge 2030-2034 $ 688,300

Major Repairs 2054 $ 7,900

7.2.2 Value of Time
There are no expected lane or bridge closures during the construction of the new bridges as they
will be constructed adjacent to the existing bridges. The existing bridges will continue to operate
until the construction is completed and then traffic will be redirected with minimal impact on
traffic delays.

However, during the major repairs that are expected to occur later in the 50-year timeframe,
there will be impacts to traffic. For modeling purposes, traffic disruptions are similar to those
modeled in Alternative C. Without final bridge design specifications, it is difficult to know the
required lane and bridge closures needed for each type of repair work. Assuming closures similar
to Alternative C provides a conservative estimate for travel costs as the additional lane will likely
reduce congestion during construction. Table D-55 shows the construction costs and associated
travel costs.

Table D - 56: Sagamore Bridge Replacement 4 Lanes with 2 Auxiliary Costs

EEEIE] Navigation Travel Cost Uil (et oy
Years Construction Cost ($000) ($000) Year Incurred
($000) ($000)
2025-2029 452,800 200 0 453,000
2049 7,900 0 46,300 54,200
2069 7,900 0 46,300 54,200
Total 468,600 200 92,600 561,400
* Costs are discounted in final analysis
Table D - 57: Bourne Bridge Replacement 4 Lanes with 2 Auxiliary Costs
Cost of N Total Cost by
Years Construction g::t'%gggg) Tra(\églogf st Year Incurred
($000) ($000)
2030-2034 688,300 200 0 688,500
2054 7,900 0 22,200 30,100
Total 696,200 200 22,200 718,600
* Costs are discounted in final analysis
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7.2.3 Total Annualized Cost
The total costs are annualized to determine the annual cost over the 50 year study. Table D - 58
and Table D-58 exhibit the calculation. The time period used to calculate the interest during
construction is 5 years.

Table D - 58: Sagamore Bridge Replacement 4 Lanes with 2 Auxiliary Total Annualized Cost

Cost ($000)
Construction cost of replacement (2020 dollars) 452,800
Construction cost of additional repair work (2020 dollars) 15,800
Travel and navigation delay costs (2020 dollars) 92,600
Discount factor 2.875%
Capital Recovery Factor 0.0379
Discounted cost of replacement cost 371,600
Discounted additional repair work 5,400
Discounted travel and navigation delay cost 31,900
Interest During Construction (IDC) 26,800
Total Cost 435,900
Annualized Cost 16,500

Table D - 59: Bourne Bridge Replacement 4 Lanes with 2 Auxiliary Total Annualized Cost

Cost ($000)
Construction cost of replacement (2020 dollars) 688,300
Construction cost of additional repair work (2020 dollars) 7,900
Travel delay and navigation costs (2020 dollars) 22,200
Discount factor 2.875%
Capital Recovery Factor 0.0379
Discounted cost of replacement 490,300
Discounted additional repair work 3,000
Discounted travel delay and navigation cost 8,500
Interest During Construction (IDC) 40,700
Total Cost 542,600
Annualized Cost 20,600

7.3 Bridge Replacement with Acceleration Lanes — Analysis Results

The total benefits from decreased emergency repairs following component failures is compared
to the total cost of the new bridge construction which includes engineering costs and scheduled
repairs.
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7.3.1 Benefit Cost Ratio (BCR)
Table D - 60 and Table D - 61 summarize the total benefits, costs, net benefits, and benefit-cost
ratios of the replacement project.

Average annual benefits for the Sagamore Bridge replacement amounted to $117.8 million
compared to average annual costs of $16.5 million yielding net benefits of $101.2 million. The
BCR outcome of the Monte Carlo simulations has a mean of 7.1 and a standard deviation of 2.5
as shown in Figure D-41 below. At the 90% confidence interval, the BCR will be between 4.0
and 10.7, with a median expected outcome of all simulations of 6.9. Figure D - 42 displays the
@RISK results for the net benefits. At the 90% confidence interval, the net benefits will be
between $48.9 million and $159.7 million with the median value of $96.8 million.

Table D - 60: Sagamore Bridge Replacement 4 Lanes with 2 Auxiliary Annual Cost and BCR

Annual Cost ($000)
Benefit Cost Net Benefit BCR
Alternative D 117,800 16,500 101,200 71

Figure D - 41: Sagamore 6 Lane Replacement @RISK Output BCR
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Figure D - 42: Sagamore 6 Lane Replacement @RISK Output BCR Net Benefits
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Average annual benefits for the Bourne Bridge replacement amounted to $57.3 million compared
to average annual costs of $20.6 yielding net benefits of $36.7 million. The BCR outcome of the
Monte Carlo simulations has a mean of 2.8 and a standard deviation of 1.1 as shown in Figure D
- 43 below. At the 90% confidence interval, the BCR will be between 1.3 and 4.4, with a median
expected outcome of all simulations of 2.7. Figure D - 44 displays the @RISK results for the net
benefits. At the 90% confidence interval, the net benefits will be between $6.3 million and $70
million with the median value of $34.6 million.

Table D - 61: Bourne Bridge Replacement 4 Lanes with 2 Auxiliary Annual Cost and BCR
Annual Cost ($000)

Benefit Cost Net Benefit BCR
Alternative D 57,300 20,600 36,700 2.8
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Figure D - 43: Bourne 6 Lane Replacement @RISK Output BCR
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Figure D - 44: Bourne 6 Lane Replacement @RISK Output Net Benefits
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7.4 Summary of New Bridges Project
The analysis supports construction of new 6-lane bridges for both bridges over maintaining the
bridges in a “fix-as-fails” base condition. In addition, the cost-benefit ratios are also higher than
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the option to rehabilitate the current bridges. The study showed that both replacement projects
result in positive net benefits and benefit-cost-ratios of greater than 1. The BCRs are slightly
less than those experienced in the 4-lane replacement bridge scenario, this is due to the more
expensive cost to build the bridges.

8 EXTENDED LIFE VALUE

The fifty year study period (2020-2069) is used to compare alternatives with the base condition.
Fifty years captures the economic environment expected during that standardized time and does
not measure the life of each alternative. It is important to highlight at the end of the fifty-year
study period, 2069, the bridges will not be in equal condition across all alternatives. According
to the American Association of State Highway and Transportation Office (AASHTO) Load and
Resistance Factor Design (LRFD) the design life of bridges constructed today is seventy-five
years. Therefore, the replacement bridge alternatives have an expected life significantly beyond
the 2069. Given that construction on the replacement Sagamore Bridge is expected to be
completed in 2029, the design life of the bridge will be through year 2103. Similarly, the Bourne
Bridge is expected to be completed in 2034 and therefore the life of the bridge will be through
year 2108. In addition over the fifty year study period there will be two scheduled major repairs
that will help to extend the lives of the new bridges.

In contrast, the current bridges have already exceeded seventy-five years. Major rehabilitation
projects can extend the life of the bridges but will be required more frequently as time
progresses. In addition, the size of the continual rehabilitation projects are significantly more
expensive than the scheduled repairs to extend the life of the new replacement bridges.

For more information, sections 3.2.1,4.1.1, 5.1.1, and 6.1.1 above discuss the probability of
unsatisfactory performance by alternative and bridge component. In these sections it is shown
that by the end of the study period the probability of failure is not equal across all alternatives
with the replacement bridge providing the lowest probabilities of failure at the end of the fifty-
year period.

Ultimately, at the end of the study period the bridges for each alternative will not be in
equivalent condition. The replacement bridges provide extended life value beyond the base
condition and rehabilitation alternative.

9 2020 MODEL UPDATES

The draft version of this Major Rehabilitation or Replacement Evaluation Report was released to
the public in October 2019. Following the release, the report was subject to various levels of
review both internally and externally as well as public comments. Therefore, some inputs to the
economic modelling have been updated. In the following sections (8.1 through 8.7) a summary
of the updates are described as well as the final updated model results.
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9.1 Elimination of Alternative C

The two existing bridges with their four through traffic lanes were designed and built in the
1930s to serve far lower traffic volumes than those served by the bridges today. Modern
highway design guidance, including AASHTO highway and bridge design specifications and
MassDOT design guidance require that entrance and exit ramps include auxiliary lanes for
entering and exiting traffic to transition into or out of through traffic safely. Today’s higher
traffic volumes and vehicle speeds require greater distances for traffic to transition. Distance
between the on and off ramps, grades, and ramp turn diameters are all typical factors.

The FHWA stated the following in their comment letter:

Based on the close proximity of the interchanges and intersections at the end of each
bridge, current standards for this type of facility include acceleration and deceleration
lanes (also known as auxiliary lanes) going onto the bridges in most, if not all, four ends of
the bridges. In final design, analysis will need to be done to determine if the auxiliary lanes
should be continuous across each bridge for operational weaving and structural efficiency
needs pending on the structure type, long span bridges such as these may gain cost
efficiency with a uniform width.

MassDOT states the following with respect to the need for auxiliary lanes:

The design requirements used for the roadways, intersections, and interchanges shall be in
accordance with and the 2006 MassDOT Project Development and Design Guide as well
as 2018 American Association of State Highway and Transportation Officials (AASHTO)
Policy on Geometric Design of Highway and Streets (“the Green Book”). See Chapter 10
of The Green Book which includes Tables 10-4 Minimum Acceleration Lane Lengths for
Entrance Terminals..., Table 10-5 Speed Change Lane adjustment factors as a function of
grade..., and Table 10-6 Minimum deceleration lane lengths for exit terminals..., these
dictate the required lengths for this type of facility include acceleration and deceleration
lanes (also known as auxiliary lanes).

Providing a replacement for the existing spans in-kind with respect to the number of through
traffic lanes would not conform to current design guidance for bridges and highways. For this
reason, providing new bridges without auxiliary lanes would not be consistent with best practices
for traffic safety, and Alternative C will not be carried forward into detailed analysis.

9.2 Update to Discount Rate

The discount rate used to convert future monetary values to present values was updated using the
fiscal year 2020 rate of 2.750 percent (compared to 2.875 percent in fiscal year 2019). The
associated 2020 capital recovery factor of 0.0370 was included in the model.

9.3 Update to Annual O&M Costs
In the draft release of this Appendix, annual O&M costs were assumed to be $38,000 for both
the Bourne and Sagamore Bridges in both Alternative C (4 lane) and Alternative D (4 lane with
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on/off auxiliary lanes). In this final model run, O&M estimates were re-evaluated for a more
accurate estimate. O&M costs were updated to $21,600 annually in Alternative D for the
Sagamore Bridge and $36,500 annually for the Bourne Bridge.

9.4 Update to Project Costs

The cost of the major rehabilitation and replacement as well as scheduled major repairs for
Alternatives B and D were updated during the Agency Technical Review (ATR), Independent
External Peer Review (IEPR), Vertical Team Review (VT), and separate North Atlantic Division
Cost Engineer review. For a detailed description of the changes to project costs refer to
Appendix C — Cost Engineering. The tables below summarize the new cost numbers.

Alternative B — Major Rehabilitation

Table D - 62: Sagamore Bridge Updated Rehabilitation Engineering Costs

Sagamore Bridge Construction Cost

. Cost (000)
Project Years 2020 dollars
Major Rehab 2025-2027 $ 156,300
Complete painting 2045 $ 33,400
Truss Decl_( Replacement,_ flo_or 2065 $ 110,900
beam repair, complete painting

The cost of the Sagamore Bridge major rehabilitation increased from $153.3 million to $156.3
million. The complete paining in 2045 increased from $22.9 million to $33.4 million. Finally, the
cost of the major repairs in 2065 increased from $82.1 million to $110.9 million.

Table D - 63: Bourne Bridge Updated Rehabilitation Engineering Costs

Bourne Bridge Construction Cost

. Cost (000)
Project Years 2020 dollars
Major Rehab 2029-2031 $ 186,200
Complete painting 2049 $ 26,800
Truss Decl_( Replacement,_ flc_)or 2069 $ 132.100
beam repair, complete painting
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The cost of the Bourne Bridge major rehabilitation increased from $155.4 million to $186.2
million. The complete paining in 2049 increased from $19.3 million to $26.8 million.
Additionally, the cost of the major repairs in 2069 increased from $95 million to $132.1 million.

Alternative D — Replacement with 4 lanes plus auxiliary on/off lanes

Table D - 64: Sagamore Bridge Replacement 4 Lanes with 2 Auxiliary Updated Engineering
Costs

Sagamore Bridge

. Cost (000
Project Years 2020 d(ollal?s
New Bridge 2025-2029 $ 486,100
Major Repairs 2049 $ 7,900
Major Repairs 2069 $ 7,900

The cost of replacing the Sagamore Bridge increased from $452.8 million to $486.1 million with
subsequent major repairs remaining at $7.9 million.

Table D - 65: Bourne Bridge Replacement 4 Lanes with 2 Auxiliary Updated Engineering Costs

Bourne Bridge \

Project Years SHEEtE (L) AL
dollars

New Bridge 2030-2034 $ 721,800

Major Repairs 2054 $ 7,900

The cost of replacing the Bourne Bridge increased from $688.3 million to $721.8 million with
the major repair in 2054 remaining at $7.9 million.

9.5 8.5 Alternative A Model Results
Table D - 66: Updated Base Condition Life Cycle Costs

Annual Costs (rounded), ($000) FY2020
KL NEVIEELET Travel Cost | O&M Cost Total
Cost Cost
Sagamore Bridge
Base 2,800 0.7 120,700 400 123,900
Condition
Bourne Bridge
Base 3,200 0.7 61,700 300 65,200
Condition
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Annual costs in Alternative A increased from $122.1 million to $123.9 million for the Sagamore
Bridge and increased from $64.2 million to $65.2 million for the Bourne Bridge.

9.6 Alternative B Model Results
Table D - 67: Updated Rehabilitation Life Cycle Costs

Annual Costs (rounded), ($000) FY2020
FOIEEL NEVIEELET Travel Cost | O&M Cost Total
Cost Cost
Sagamore Bridge
giermative | 300 0.6 8,000| 400 8,700
Bourne Bridge
grermative| 400 0.6 5400 | 300 6,100
Table D - 68: Updated Rehabilitation Benefits
Annual Costs, ($000)
Total Life .
Cycle Cost - Tc&tgls:_ lf;ﬁygle Benefit
Alt. A )
Sagamore Bridge
Alternative B | 123,900 | 8,800 | 115,100
Bourne Bridge
Alternative B | 65,200 | 6,100 | 59,100
Table D - 69: Updated Sagamore Bridge Rehabilitation Total Annualized Costs
Sagamore Bridge
Cost ($000)
Alternative B:
Rehabilitation
Construction cost (2020
dollars) 156,300
Construction cost of
additional repair work (2020 144,400
dollars)
Travel delay costs (2020
dollars) 1,281,000
Discount factor 2.75%
Capital Recovery Factor 0.0370
Discounted construction
cost 132,900
Discounted additional repair
work 49,700
Discounted travel delay cost 782,600
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Interest During Construction 4,300

(IDC)
Total Cost 969,500
Annualized Cost 35,900

Table D - 70: Updated Bourne Bridge Rehabilitation Total Annualized Costs

Bourne Bridge
Cost ($000)

Alternative B:

Rehabilitation
Construction cost (2020
dollars) 186,200
Construction cost of
additional repair work (2020 158,900
dollars)
Travel delay costs (2020
dollars) 948,400
Discount factor 2.75%
Capital Recovery Factor 0.0370
Discounted construction
cost 142,000
Discounted additional rehab
work 47,200
Discounted travel delay cost 536,700
Interest During Construction
(IDC) 5,200
Total Cost 731,100
Annualized Cost 27,100

Table D - 71: Updated Benefits, Costs, and Benefit-Cost Ratio

Annual ($000)
Benefit Cost Net Benefit BCR
Sagamore Bridge
Alternative B 115,100 35,900 79,200 3.2
Bourne Bridge
Alternative B 59,100 27,100 32,000 2.2

Updated values resulted in improved net benefits for the Sagamore Bridge major rehabilitation
from $77.7 million annually to $79.2 million while net benefits declined slightly for the Bourne

Cape Cod Canal Highway Bridges, MA Final Appendix D - Economics
Major Rehabilitation Evaluation Report D-95 March 2020



Bridge from $32.3 million annually to $32.0 million. The benefit-cost-ratio (BCR) remained at
3.2 for the Sagamore Bridge and went from 2.3 to 2.2 for the Bourne Bridge.

9.7 Alternative D Model Results
Table D - 72: Updated Replacement Life Cycle Costs

Annual Costs (rounded), ($000) FY2020
FOIEEL NEVIEELET Travel Cost | O&M Cost Total
Cost Cost
Sagamore Bridge
giternative | 309 0.1 4,000 200 4,500
Bourne Bridge
prermative| 50 0.2 6,300 | 200 7,000
Table D - 73: Updated Replacement Benefits
Annual Costs, ($000)
Total Life .
Cycle Cost - Tc&tgls:_ lf;ﬁysle Benefit
Alt. A )
Sagamore Bridge
Alternative D | 123,900 | 4,400 | 119,500
Bourne Bridge
Alternative D | 65,200 | 6,900 | 58,300
Table D - 74: Updated Sagamore Bridge Rehabilitation Total Annualized Costs
Sagamore Bridge |
Cost ($000)
Alt D: Replacement
4 Lanes with
On/Off Auxiliary
Construction cost (2020
dollars) 486,100
Construction cost of
additional repair work (2020 15,800
dollars)
Travel delay costs (2020
dollars) 92,800
Discount factor 2.75%
Capital Recovery Factor 0.0370
Discounted construction
cost 402,300
Discounted additional repair
work 5700
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Discounted travel delay cost

33,500

Interest During Construction

(IDC) 27,500
Total Cost 469,000
Annualized Cost 17,400

Table D - 75: Updated Bourne Bridge Rehabilitation Total Annualized Costs

Bourne Bridge |

Cost ($000)

Alt D: Replacement
4 Lanes with
On/Off Auxiliary

Construction cost (2020

dollars) 721,800
Construction cost of
additional repair work (2020 7,900
dollars)
Travel delay costs (2020
dollars) 22,200
Discount factor 2.75%
Capital Recovery Factor 0.0370
Discounted construction
cost 521,600
Discounted additional rehab
work 3,100
Discounted travel delay cost 8,900
Interest During Construction
(IDC) 40,800
Total Cost 574,400
Annualized Cost 21,300
Table D - 76: Updated Benefits, Costs, and Benefit-Cost Ratio
Annual ($000)
Benefit Cost Net Benefit BCR
Sagamore Bridge
Alternative D 119,500 17,400 102,100 6.9
Bourne Bridge
Alternative D 58,300 21,300 37,000 2.7
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Revisions to model inputs resulted in improved net benefits for both bridges. The Sagamore
Bridge had net benefits increase from $101.2 million annually to $102.1 million while the
Bourne Bridge net benefits went from $36.7 million annually to $37.0 million. The benefit-cost-
ratio (BCR) dropped from 7.1 for the Sagamore Bridge and went from 2.8 to 2.7 for the Bourne

Bridge.

10 SUMMARY OF RESULTS

10.1 Tables and Charts

Table D - 77: Sagamore Bridge Summary Results

Scenario Simulation Comparison

Annual Life | Annualized | Annualized Annualized

Cycle Cost* Costs Benefits Net BCR

($000) ($000) ($000) Benefits

(from Table 1) (from Table 2) $000
Mean 123,900 - - - -
Median 119,000 - - - -
Mean 8,800 35,900 115,100 79,200 3.2
Median 6,600 35,900 112,400 76,500 3.1
Alt D: Replacement 4 Lanes with on/off Auxiliary
Mean 4,400 17,400 119,500 102,100 6.9
Median 2,900 17,400 116,100 98,700 6.7

Table D - 78: Bourne Bridge Summary Results
Scenario Simulation Comparison

Annual Life | Annualized | a1 ualizeq | ANNualized

Cycle Cost* Costs Benefits Net BCR

($000) (from ($000) ($000) Benefits

Table 1) (from Table 2) $000

Alt A: Base Condition
Mean 65,200 - - - -
Median 62,700 - - - -
Alt B: Major Rehabilitation
Mean 6,100 27,100 59,100 32,000 2.2
Median 4,800 27,100 57,900 30,800 2.1

Alt D: Replacement 4 Lanes with on/off
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Mean 6,900 21,300 58,300 37,000 2.7
Median 4,200 21,300 58,500 37,200 2.7

10.2 Rank of Alternatives
Based on BCRs and Net Benefits, the rank of alternatives (with 1 being the most desirable) is:

1. Replacement bridges — 4 lanes with 2 auxiliary on/off lanes (Alternative D)
2. Rehabilitation of bridges (Alternative B)
3. Fix as fails base condition (Alternative A)

10.3 Conclusion

The Sagamore and Bourne Bridges connect mainland Massachusetts to Cape Cod and provide
vital routes of transportation for both residents and travelers on and off the Cape. The economic
analysis suggests that fixing the current bridges as components deteriorate will lead to significant
costs, particularly costs for travelers delayed in traffic.

The first alternative evaluated was major rehabilitation of the existing bridges. This scenario
was supported by positive net benefits and a benefit-cost-ratio of 3.2 for the Sagamore Bridge
and 2.2 for the Bourne Bridge. The advantage of the rehabilitation is a lower initial construction
cost for the project when compared to replacing the bridges. The disadvantages are the high
impact it will have on traffic patterns during the time of construction due to lane and full bridge
closures. In addition, the bridges will not be brought up to current engineering standards and
regulations. The major rehabilitation alternative is a higher risk option due to the faster rate of
deterioration in the future. Deterioration of these structures can increase exponentially as these
bridges age and may warrant the need for replacement in the future.

Alternatives for replacement bridges were also evaluated for 4-lane bridges (Alternative C) and
for 4-lane bridges with auxiliary on/off lanes (Alternative D). Alternative C was eliminated as
this design will not meet current highway safety requirements. Alternative D had higher net
benefits and BCRs than the rehabilitation scenario. The disadvantage of the replacement bridges
is the high initial cost of construction. The advantages of the replacement bridges are minimal
disturbances to traffic during construction and replacing the aging infrastructure with bridges at
current engineering standards and regulations.

The analysis suggests that the 4-lane bridges with auxiliary on/off lanes (Alternative D) are more
economically justifiable given the lower annual costs over 50 years of analysis.

11 APPENDIX

11.1 Assumptions

Assumptions include:
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Value of Time Calculation

There was an assumption in the calculation done for Regulars and Visitors. Regulars live in
the four surrounding towns of the bridges and visitors uses the Massachusetts state average
household income.

Visitors: average of vacation, social/recreation, and other (or all other activities not
considered vacation, social/recreational, or work)

Regular: average of work, social/recreation, and other

Traffic volumes increase linearly from 2014 to 2040 then are held constant after 2040. The
final year of forecast provided by Traflnfo is 2040.

Visitor trips within each trip table were projected from 2014 to 2040 using an annual growth
rate of 0.7% or a factor of 1.2 over the 26 year horizon. As part of the MassDOT’s Cape Cod
Canal Crossing Study project, a detailed assessment was conducted into employment trends
in Accommodations and Food Services as a proxy for visitor activity. A regression model
was developed relating employment in Accommodations and Food Services with traffic
volumes over the Bourne and Sagamore Bridges. The analysis indicated the visitor growth to
be in the range of 0.12% to 0.7%. Based on discussions with the Cape Cod Commission and
their inhouse estimates of visitor growth, the high end growth rate was used to allow for a
more conservative analysis of the necessary highway improvements and to ensure the growth
potential in the Cape was not constrained by the proposed highway infrastructure. The same
factor was applied to all time periods and during both weekday and weekend.

The non-visitor trip tables were projected using a three-step process. MassDOT Planning
provided the population, household and employment projections for each TAZ for the year
2040. The employment data was broken into retail and non-retail employment. Using trip
generation equations contained within the model, total trips generated at each TAZ were
computed. The trip generation equations estimate the number of Home-Based Work (HBW)
trips, Home-Based Other (HBO) trips, and Non Home-Based (NHB) trips. Each of these trip
trips are broken into productions and attractions. The six trip types were computed for each
of the four time periods (AM, MD, PM and NT) and were combined to obtain the total trips
generated by each TAZ in 2014 and in 2040 for each time period.

Expected travel times per vehicle over the major routes cannot exceed the given study time
period. For example, the “AM” study period is between 6:00 AM to 9:00 AM therefore
average travel times during this period are capped at 180 minutes.

Real income was held constant over the 50 year study period. Though real income is likely to
increase over time, holding real income constant is a more conservative estimate. Increasing
income overtime would increase the value of time costs and therefore make travel costs
associated with construction especially in Alternative A (base condition) and Alternative B
(rehabilitation) larger. The results would not change the final recommendation for
replacement of the bridges.
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e Volume of traffic held constant over the alternatives — in reality, travelers will likely choose
not to travel over the bridge in the case of closures but held volume constant for comparison.
There is the exception in peak summer time periods during closures where the number of
trips decreased slightly as roads either met their capacity or drivers seek alternate routes to
cross the bridges.

e For modeling purposes, traffic disruptions for Alternative D are similar to those modeled in
Alternative C. Without final bridge design specifications, it is difficult to know the required
lane and bridge closures needed for each type of repair work. Assuming closures similar to
Alternative C provides a conservative estimate for travel costs as the additional lane will
likely reduce congestion during construction. This assumption does not change the final
recommendation for replacement bridges.

Monte Carlo Model

e Emergency repair costs are incurred in year of failure
e Rehabilitation will reduce hazard years in reliability functions while replacement will reset
functions. Existing condition will continue to deteriorate.
e All values in real 2020 dollars but discounted over time and final values annualized for
comparison
e A rating of 4 or below may trigger the need for a repair, however, the year in which costs
are allocated and when the repair work is completed can vary depending a variety of
factors including severity and budgetary constraints. If the “failure” is minimal the repair
work could take several years for funding to be approved and construction to begin. For
more severe failures, emergency funds could be approved and implemented more
quickly. A detailed description of the current and historical ratings of the bridge
components can be found in Appendix A-Engineering Reliability, section 4. Given the
uncertainty and complexity of predicting when funds and repairs will occur, the
economic modeling assumes costs and improvements are triggered in the same year as
the component failure. This assumption could overestimate minor failure costs if those
were to be delayed for several years as costs are discounted in future years. The impact
will not be significant and will not change the final recommendation of this report as the
assumption is held constant for all alternatives modeled. Additionally, in the base
condition where there are more instances of failures, there is also a higher likelihood of
severe failures in later years that will need to be addressed promptly.

11.2 Sensitivity Analysis

Sensitivity analysis was performed to confirm that the assumptions underlying the model were
appropriate. The sensitivity analysis in sections 10.1.1 through 10.1.5 were performed prior to
the 2020 updated values described in section 8. Given there was minimal change in the resulting
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net benefits and BCRs, the sensitivity analysis is considered appropriate and updating the values
would not change the conclusions.

11.2.1 Sensitivity Analysis on the Hazard Functions
One topic of discussion between the economics, engineering, and risk team members was the
effect of emergency repairs on the hazard functions. In early versions of the model, the hazard
rates were reset or brought back a number of years in order to show that if repairs were done, the
reliability of the bridge was improved. However, after further discussion the team determined
that this method was lacking for two reasons. First, there can be a failure on one part of the
bridge component and the repair does not fix the entire component and another failure can occur
in the subsequent year on another section of the same component. Second, resetting the hazard
rates was not accurately capturing a deteriorating base condition and not accurately showing how
the bridge would weaken in the later years of the forecast horizon.

To test the sensitivity of changes to the reset of the hazard functions, the model was run with a
maximum and minimum reset of the hazard functions after a component failure, holding all else
constant. The resulting BCRs are shown in Table D-63.

The maximum reset (HF Reset Max) calls for repairs after a failure in the superstructure and
substructures to reset the hazard year 20 years respectively, repairs after failures in the bridge
deck resets the hazard year back to hazard year 1.

The minimum reset (HF Reset Min) scenario is a more conservative estimate in which all repairs
after a component failure reset the hazard year back 10 years.

Table D - 79: Sensitivity Analysis Hazard Functions Mean BCRs

Replacement
Bridge 4
Major Replacement | Lanes with
Rehabilitation Bridge 4 Auxiliary
(Alt B) Lanes (Alt C) | Lanes (Alt D)
Sagamore
Selected Scenario 3.2 7.7
HF Reset Max 0.4 1.2
HF Reset Min 0.8 2.2
Bourne
Selected Scenario 2.3 3.1 2.8
HF Reset Max 0.3 0.4 0.4
HF Reset Min 0.5 0.8 0.7

Resetting the hazard function following an emergency repair had notable impact on the BCRs.
The replacement BCRs remained higher than the major rehabilitation scenario’s BCRs and were

Cape Cod Canal Highway Bridges, MA
Major Rehabilitation Evaluation Report

Final Appendix D - Economics

D-102 March 2020



positive with both the maximum and minimum reset options in the Sagamore Bridges. As
mentioned previously, the justification for ultimately not resetting the hazard functions was
based on engineering expertise in which resetting the functions did not accurately portray a
deteriorating bridge in the later years of the study.

11.2.2 Sensitivity Analysis on the Event Tree Probabilities
After determining that the hazard function should not be reset, the event tree probabilities,
particularly the later existing condition years, were examined. In the later years of the base
condition, the bridges should deteriorate with increasing severity but not experience an
unrealistic number of severe failures.

The substructure probabilities remained at 90% of widespread deterioration if there was a
substructure failure in any year, and 10% probability that it will be severe deterioration of the
substructure. The existing condition conditions for the superstructure and bridge deck were
investigated based on advice from engineering and risk experts.

Table D - 80 examines the mean BCRs of the review.

Table D - 80: Sensitivity Analysis Event Tree Probabilities Mean BCRs

Replacement Average
Replacement Bridge Critical/adv
Major Bridge 4 Lanes with Failures over
Rehabilitation 4 Lanes Auxiliary 50 Years
(Alt B) (Alt C) Lanes (Alt D)

Sagamore

. 7.9 superstructure
Scenario 1 4.5 11.6 10.6 3.7 bridge deck

. 5.8 superstructure
Scenario 2 3.8 9.8 9.0 3.7 bridge deck

. 4.3 superstructure
Scenario 3 3.3 8.6 7.9 3.7 bridge deck

. 7.9 superstructure
Scenario 4 44 11.5 10.6 3.1 bridge deck
Selected 4.3 superstructure
Scenario 3.2 77 71 3.1 bridge deck
Bourne

. 7.9 superstructure
Scenario 1 3.4 4.9 4.4 3.8 bridge deck

. 5.8 superstructure
Scenario 2 2.8 4.0 3.6 3.8 bridge deck

. 4.4 superstructure
Scenario 3 24 3.5 3.1 3.8 bridge deck
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. 7.9 superstructure
Scenario 4 3.3 4.8 4.3 3.1 bridge deck
Selected 4.4 superstructure
Scenario 23 3.1 28 3.1 bridge deck

Scenario 1: Superstructure probability of non-critical failure at 0.9, critical failure at 0.0999,
and catastrophic failure at 0.0001 in years 2020-2030. Superstructure probability of non-
critical failure at 0.45, critical failure at 0.549, and catastrophic failure at 0.001 in years after
2030. Bridge deck probability of localized deterioration at 0.8 and widespread at 0.2 in years
2020-2030. Bridge deck probability of localized deterioration at 0.45 and widespread at 0.55 in
after 2030.

Scenario 2: Superstructure probability of non-critical failure at 0.9, critical failure at 0.0999,
and catastrophic failure at 0.0001 in years 2020-2030. Superstructure probability of non-
critical failure at 0.6, critical failure at 0.399, and catastrophic failure at 0.001 in years after
2030. Bridge deck probability of localized deterioration at 0.8 and widespread at 0.2 in years
2020-2030. Bridge deck probability of localized deterioration at 0.45 and widespread at 0.55 in
after 2030.

Scenario 3: Superstructure probability of non-critical failure at 0.9, critical failure at 0.0999,
and catastrophic failure at 0.0001 in years 2020-2030. Superstructure probability of non-
critical failure at 0.7, critical failure at 0.299, and catastrophic failure at 0.001 in years after
2030. Bridge deck probability of localized deterioration at 0.8 and widespread at 0.2 in years
2020-2030. Bridge deck probability of localized deterioration at 0.45 and widespread at 0.55 in
after 2030.

Scenario 4: Superstructure probability of non-critical failure at 0.9, critical failure at 0.0999,
and catastrophic failure at 0.0001 in years 2020-2030. Superstructure probability of non-
critical failure at 0.45, critical failure at 0.549, and catastrophic failure at 0.001 in years after
2030. Bridge deck probability of localized deterioration at 0.8 and widespread at 0.2 in years
2020-2030. Bridge deck probability of localized deterioration at 0.55 and widespread at 0.45 in
after 2030.

Selected Scenario: Superstructure probability of non-critical failure at 0.9, critical failure at
0.0999, and catastrophic failure at 0.0001 in years 2020-2030. Superstructure probability of
non-critical failure at 0.7, critical failure at 0.299, and catastrophic failure at 0.001 in years
after 2030. Bridge deck probability of localized deterioration at 0.8 and widespread at 0.2 in
vears 2020-2030. Bridge deck probability of localized deterioration at 0.55 and widespread at
0.45 in after 2030.

After analyzing the results and reviewing the average number of failures for each scenario it was
determined that the more conservative estimate listed in Table D-70 as “Selected Scenario” was
the best option.
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11.2.3 Sensitivity Analysis on Project Start Year
Another analysis was performed on the project start date, moving out the start date of the
rehabilitation and replacement projects three and five years to determine the optimal starting
period. For the rehabilitation the Sagamore Bridge project was pushed out from 2025 to 2028
and 2030 respectively. The major rehabilitation for the Bourne Bridge was moved from 2029 to
2031 and 2034 respectively. For the replacement bridge scenario, the start of construction on the
Sagamore Bridge was adjusted from 2025 to 2028 and 2030. The start of construction for the
Bourne replacement bridge was pushed out from 2030 to 2033 and 2035. The analysis was still
performed over 50 years 2020-2069. Table D-81 displays the results of the mean BCRs.

Table D - 81: Sensitivity Analysis Project Start Year Mean BCRs

Replacement
Bridge 4
Major Replacement | Lanes with
Rehabilitation Bridge 4 Auxiliary
(Alt B) Lanes (Alt C) | Lanes (Alt D)
Sagamore
Selected Scenario 3.2 7.7 7.1
Start date out 3 years 3.1 8.5 7.8
Start date out 5 years 3.6 8.9 8.1
Bourne
Selected Scenario 2.3 3.1 2.8
Start date out 3 years 2.9 3.5 3.2
Start date out 5 years 2.6 3.4 3.0

Moving the start date out three or five years had a minimal impact on the BCRs. The slight
positive response when dates are moved out correlates to the shifting of some scheduled
maintenance in the further out years that no longer are in the fifty year study period.

11.2.4 Sensitivity Analysis on the Value of Time
The value of time calculation used to determine the cost of travelers stuck in traffic during
emergency and planned construction included assumptions. The first assumption was to hold the
forecast 2040 vehicle hours traveled (VHT) constant for years after 2040. To test the sensitivity
of this assumption, the VHTs were linearly expanded for years after 2040 and the model was run
again holding all else constant. Results for changes in BCRs are shown in Table D-66.

The second assumption made in the value of time calculation was to equally weight regulars as
the average of social/recreational, work, and other while visitors were the average or
social/recreational, other, and vacation. To test the sensitivity of these weights, the regulars were
set to just work and the visitors were just vacationers. Both instances were looked at
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individually then again together to determine how much this assumption impacted the final

BCRs. The results are shown in Table D-82.

Table D - 82: Sensitivity Analysis Value of Time Mean BCRs

Replacement
Bridge 4
Major Replacement | Lanes with
Rehabilitation Bridge 4 Auxiliary
(Alt B) Lanes (Alt C) | Lanes (Alt D)
Sagamore
Selected Scenario 3.2 7.7 7.1
VHT linearly grown 4.0 12.1 11.1
Regulars — all work 3.2 7.8 71
Visitors — all vacation 3.2 8.1 7.5
R_egulars —all worl_<, and 39 8.0 79
Visitors — all vacation
Bourne
Selected Scenario 2.3 3.1 2.8
VHT linearly grown 29 4.6 4.1
Regulars — all work 2.3 3.2 2.8
Visitors — all vacation 2.3 3.3 3.0
\R/’_egulars —all worl_<, and 23 39 3.0
isitors — all vacation

After analyzing the value of time assumption in the model it was determined that the
assumptions were not extremely sensitive to changes and the selected assumptions tended on the
more conservative side.

11.2.5 Sensitivity Analysis on Concurrent Replacement Bridge Construction
Rehabilitation construction work cannot occur concurrently on both bridges given the need for
lane and bridge closures. For this reason, it is proposed that the Sagamore Bridge undergoes the
major rehabilitation starting in 2025, once completed there will be one year break from
construction to allow some reprieve from traffic woes before commencement starts again on the
Bourne Bridge starting in 2029.

In the replacement alternatives the assumption was made to construct the replacement Sagamore
Bridge first starting in 2025 and once completed commence the construction to build the
replacement Bourne Bridge in 2030. This assumption was made because there may be limited
resources (ie. funding, construction personal, and/or equipment) and therefore there may only be
capacity to build one bridge at a time.
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If resources were made available, the two replacement bridges could be constructed at the same
time since there is no impact on traffic. Under this scenario both replacement projects would
start in 2025 and be completed in 2029. This has no impact on the BCR for the Sagamore Bridge
but would shift up the construction date of the Bourne Bridge. The resulting BCRs of this
analysis is in Table D - 83 below.

Table D - 83: Sensitivity Analysis Replacement Bridges Built Concurrently

Replacement Replacement
Bridge Bridge 4 Lanes
4 Lanes with Auxiliary
(Alt C) Lanes (Alt D)
Sagamore
Selected Scenario 7.7 7.1
Bridges Built Concurrently 7.7 7.1
Bourne
Selected Scenario 3.1 2.8
Bridges Built Concurrently 2.8 2.6

Shifting the start date of the replacement Bourne Bridge construction to 2025 has a minor
negative impact on the BCR. The study period remained the same (2020-2069) and therefore if
construction is completed in 2029 there will be additional repair work required every twenty
years at 2049 and 2069 as compared to the selected scenario which only had one additional
repair during the study period.

11.2.6 Sensitivity Analysis on Weight Restrictions

In the instance of a superstructure failure when there is an advanced deterioration of the main
truss member or critical gusset plate, there will be 18 months of lane closures and trucks over 16
ton will be diverted to the sister bridge. The analysis estimates that 6% of traffic are trucks over
16 tons according to a MassDOT estimate. The model therefore routes 6% of traffic to the sister
bridge, as if there is a full bridge closure for 12 months. The review process brought to light the
concern that this method may be overstating the traffic implications for those trucks as traffic
will not be as significant as a full bridge closure. In addition, in some instances two smaller
trucks may be used in place of the larger trucks. To test the impact of this assumption a
sensitivity analysis was performed.

First a sensitivity model (SA 1 in table below) was run as if all traffic was limited by a lane
closure. This assumes two smaller trucks would be used in the place of one larger truck. The
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volume was held constant as there are capacity limitations. This model therefore will likely

underestimate the cost to trucks in traffic.

The second sensitivity model (SA 2 in table below) was run in which 6% of traffic was rerouted
to a free-flowing second bridge. This similarly underestimates the cost to trucks.

Table D - 84: Sensitivity Analysis Weight Restrictions

Replacement
Bridge 4
Major Lanes with
Rehabilitation Auxiliary
(Alt B) Lanes (Alt D)
Sagamore
Selected Scenario 3.2 6.9
SA 1 2.9 6.3
SA 2 2.8 6.2
Bourne
Selected Scenario 2.2 2.7
SA 1 2.0 2.5
SA 2 2.0 2.3

The complexity of rerouting a percentage of traffic is difficult to accurately model within the
traffic modeling framework. The assumption used in the main methodology is likely to overstate
the impact of traffic while the methods used in the sensitivity analysis likely underestimate the
impact of traffic. Ultimately, however the assumption used in the report does not impact the final
conclusion made within the report. Replacement provides the highest benefits.
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DEFARTMENT OF THE ARMY
115, ARMY ENGINEER DIVISION, GREAT LAKES AND OHIO RIVER
CORPS OF EMGINEERS
S50 MAIN STREET, ROOM 10-524
CINGINBATY, O 45301-1158

CELRD-PDS-FP 18 July 2018
MEPCRANDUM FOR CRECWN-IRD (ATTM: lanet Cote)

SUBIECT: Single-Uze Approval of the Cape God Canal Bridges Spreadshest Model
fur use by NAE on the Cape Cod Cenal Bridues Major Rehabilifation Study

1. The Planning Center of Expertize for Inland Mavigation and Rigk-Infomed Econamics
Division (FCXIN-RED) recommends approval for the single-use application of Cape
Cod Canal Bridges Spreadshest Madel in the Major Rehabilitation Shedy navigaticn
analysis. The model was developed by Morth Atlantic Mew England District (MAE).

2. In eesking Single-Use Model approval pursuant o EC 1105-2-412, tha PCXIN-RED had
the model undergo en intenaive review teating for enginesring end econamic technical
sulliciency and compual=ational acouiaoy by Mr. Chris Bouguol, Regional Technical
Specialist - Econamist in the in the Mississippi Valley Division and bMr. Bob Patay,
Mational Risk Advisor, BWYE Risk Management Center. MAE is the propanent for this
madal approval.

3. The model epproval for single use package provided heren includes the following
enclosures (1) In-Progress Review, CECYW-LRD mamorandum (27 PCXIN
Recommendation (3) PCXIN review manager sign-off sheet. (4) Agency Technica
Feview certification,. and (3) the model documentation package.

4, | carcur with the findings of the indepandent review panel and the recommendations of
hr. Patrick Donowvan, Director of the PCXIN and by Mr. Chris Bouguot and Mr. Bob
Patev. Based on the totality of the information contained within the packags, it iz my
recommendation that the Cape Cod Canal Bridges Spreadshest Model for single-use by

WAE in the gfoamentionad study.
; L T N
/Qj///kélw

RONMY J. SARRL P.L

Acting Ghief, LED Flanning & Policy
Livizion and Uirector, PCX for Inland
Wavigation
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