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1 INTRODUCTION 
This Atlantic Coast of New York, East Rockaway Inlet to Rockaway Inlet Hurricane Sandy 
General Revaluation Report Cost Engineering Appendix summarizes the cost engineering methods 
used to calculate project costs for features for each planning reach within the study area. There 
were initially three reaches within the study area, but one reach, Motts Basin North was removed 
during the Recommended Plan as its benefit-to-cost ratio dropped below 1.0.  The remaining two 
reaches within the study area: 1) the Atlantic Shorefront and 2) Jamaica Bay. Since each planning 
reach is exposed to different risk mechanisms, two engineering appendices are included within 
this GRR/EIS: Appendix A1 - Shorefront Engineering and Design Appendix, and Appendix A2 - 
Jamaica Bay High Frequency Flood Risk Reduction Features Engineering and Design Appendix. 

This Cost Engineering Appendix provides an overview of the cost analyses supporting both the 
development of the High Frequency Flood Risk Reduction Features (HFFRRF) for Jamaica Bay 
and the shorefront reach. This appendix describes the development of MII Cost Estimate for the 
Recommended Plan for these two reaches.  Lastly, this appendix details the cost and schedule risk 
analysis (CSRA), with the recommended contingency value for the MII estimate and Total Project 
Cost Summary (TPCS) determined from the CSRA analysis.  

The initial study was initially limited to the Atlantic Ocean Shoreline Planning Reach and was 
conducted as a legacy study. The engineering analyses were conducted to satisfy a more rigorous 
design level and the Atlantic Ocean shorefront summary engineering documents were written to 
satisfy those study requirements. The Jamaica Bay Planning Reach analysis was added following 
Hurricane Sandy and was conducted to broaden the recommended plan to the entire authorized 
study area and was conducted under SMART planning guidelines.  

As a result of the Agency Decision Milestone, the storm surge barrier component of the Tentatively 
Selected Plan was moved into the New York and New Jersey Harbor and Tributaries Study for 
further study and possible recommendation. Without the barrier, the communities surrounding 
Jamaica Bay still experience substantial risk for coastal flooding. Therefore, the study team sought 
to identify stand-alone features that could complement a potential future storm surge barrier, but 
also be economically justified on their own. Residents in many parts of the Back-Bay experience 
regular flooding due to rainfall events and high tides that occur frequently. Since the proposed 
barrier would not be closed at every high tide or rainfall event, there is an opportunity to 
recommend features to mitigate flood risk for high frequency flooding events where the proposed 
storm surge barrier would remain open yet inundation still occurs. 
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2 PROJECT DESCRIPTION 

2.1 Location 
Please refer to Figure 2-4 in the HFFRRF Engineering Appendix A2 and Figure 1-1 of the 
Shorefront Engineering Appendix A1 for details relating to the project location.  

2.2 Feature Descriptions 
The high frequency flood risk reduction features are detailed in Section 4 of the Engineering 
Appendix (A2), including typical sections for all features. The alternative development options for 
the shorefront are detailed in Section 7 of the Shorefront Appendix (A1). 
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3 RECOMMENDED PLAN FOR EAST ROCKAWAY INLET TO 
ROCKAWAY INLET AND JAMAICA BAY 

3.1 Introduction 
The Recommended Plan (RP) for the East Rockaway inlet to Rockaway inlet and Jamaica Bay 
includes the shorefront sections along Rockaway beach that feature beach fill, groin construction 
and composite seawall construction.  Typical sections and plan views are included in Sub 
Appendix A1-C of the shorefront Engineering Appendix.  The Jamaica Bay section of the project 
includes various features to reduce flooding in the area including berms, bulkheads, and 
floodwalls.  The Jamaica Bay reach consists of two HFFRRF sites: Mid-Rockaway and Cedarhurst 
Lawrence.  Costs for these areas were developed in MCACES II (MII) in accordance with USACE 
guidelines and contingency was calculated via the cost and schedule risk analysis using Crystal 
Ball software.  

All labor is assumed to be from prevailing wage rates for New York City and equipment rates 
estimated from published Blue Book Rates for equipment and supplemented with USACE Region 
1 equipment data.    

3.2 HFFRRF for Jamaica Bay 
The HFFRRF for Jamaica Bay recommended plan initially included three locations, Mid-
Rockaway, Motts Basin North, and Cedarhurst Lawrence.  However, during the recommended 
plan phase, increases to the costs of the Motts Basin North location without any corresponding 
increases in the benefits caused its benefit-to-cost ratio to drop below 1.0, removing it from the 
recommended plan.  The recommended plan described below consists only of Mid-Rockaway and 
Cedarhurst Lawrence. 

3.2.1 Description of Tasks 

3.2.1.1 01 – Lands & Damages 

Real Estate costs have been provided by the USACE for this project. 

3.2.1.2 11 – Floodwalls 

Floodwalls were designed using steel sheet pile walls with a concrete cap, with excavation of 
material and fill material compacted on site. It was assumed that pavement demolition was 
required, as well as utility relocations, although no location information for utilities was provided. 
Three different heights of floodwalls were considered, low, medium, and high, but they all contain 
the same construction features and materials, just varying quantities of each.   All steel shapes 
were assumed to be shapes that are domestically supplied. A description of the individual elements 
are included in the MII estimate. 
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3.2.1.1 13 - Pump Stations 

Pump stations were estimated using pump cost curves for the New York Metropolitan area.  Costs 
are estimated based off of the size and number of pumps in a given HFFRRF site. Please refer to 
Sub-appendix G for further information on pump cost development. 

3.2.1.2 18 – Cultural Resource Preservation 

Costs for the cultural resource preservation were estimated using data provided by the USACE on 
November 20, 2018.  These costs include Phase 1 and Phase II surveys, historic structure 
documentation and Phase II data recovery efforts. The Phase III data recovery costs do not exceed 
the 1% threshold. 

3.2.2 30 - Planning, Engineering, and Design 

Code of Account 30, Planning, Engineering, and Design (PED) was estimated at 12% of 
construction costs for the Jamaica Bay sections that require additional survey, utility location, and 
further site specific design.   

3.2.3 31 - Construction Management 

Code of Account 31, Construction management costs were estimated using the USACE 
Supervision and Administration cost formula [% = 17 – 2.1 * log (subtotal / 1000) / 100].  This 
calculated to a 6.11% construction management percentage for the Jamaica Bay project.  

3.2.4 Cost Summary 

The Summary of costs for the Jamaica Bay portion of the project including the 28.36% contingency 
calculated in the CSRA (see section 4) are included in Tables 3-1 and 3-2 below.  
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Table 3-1: Mid-Rockaway HFFRRF Costs 
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Table 3-2: Cedarhurst Lawrence HFFRRF Costs 
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3.2.5 MII Estimate 

The MII Estimate for Jamaica Bay is included in Sub-Appendix A. 

3.2.6 Schedule 

The Project Schedule is included in Sub-Appendix B. 

3.3 Rockaway Shorefront 

3.3.1 Description of Tasks 

Beach fill is planned for construction starting in December 2019. Since it is impossible to predict 
the exact shoreline position for the point in time that construction is to start, beach fill quantities 
required for initial construction are estimated based on the expected shoreline position in 
December 2019.  The unknown quantities are due to the fact that wave conditions vary from year 
to year and affect shoreline change rates. The assumptions utilized in the quantity estimate are 
detailed in the Shorefront Engineering and Design Appendix (Appendix A1).  

3.3.1.1 17 - Beach Fill 

Beach fill was estimated by a USACE provided CEDEP estimate for this project using a hydraulic 
cutterhead dredge.  Mobilization and Demobilization for this dredge was also provided by the 
USACE using a CEDEP. 

3.3.1.2 10 - Groin Extensions 

Five groins in Reaches 5 & 6 have been proposed to be extended to reduce erosion and improve 
overall project performance.  These groins will have a layer of bedding stone that is 30 – 130 lbs.  
The core layer of the groin will be the same size, with a larger layer of underlayer stone that will 
serve as a dividing layer between the armor and the core stone.  The underlayer stone is proposed 
as 500 – 1500 lbs stone.  The top layer of armor stone is estimated as 7-10 tons in weight.  A 
diagram showing the cross section of the groin extensions is located on Sheet CS-407 of Sub-
Appendix C of Appendix A1, the Shorefront Engineering Appendix (A1).  

3.3.1.3 10 - New Groin Construction 

16 total groins are to be constructed in addition to the five groin extensions discussion previously.  
These groins range from 298 feet - 498 feet long.  These groins have the same design as the groin 
extensions with a layer of bedding stone, core stone, underlayer stone, and armor stone on top.  A 
typical section of the new groin construction is located in Figure 7-6 of the Shorefront Engineering 
Appendix (A1).  The new groin construction had the same components as the groin extensions, 
and are described below. 
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3.3.1.4 10 - Composite Seawall 

Construction of a 32,450 foot composite wall has been proposed along the beach to protect the 
boardwalk and residential homes adjacent to the beach, including a taper to connect the seawall 
with other flood protection features.  The composite wall consists of steel sheet piles with a 
concrete cap.  The wall is then protected using large armor stone with an underlayer stone to 
separate the armor from the sand beneath.  A significant amount of sand must also be excavated 
for the placement of the underlayer and armor stone.   

3.3.2 Markups 

Markups for the shorefront work included sales tax on materials and overtime.  It was assumed 
that the composite wall was constructed 6 days a week, with a single shift per day.  This resulted 
in an 8.875% markup in the MII file. Profit was estimated at 10.0% using the USACE profit 
weighted guidelines. 

3.3.3 18 – Cultural Resource Preservation 

Costs for the cultural resource preservation were estimated using data provided by the USACE on 
November 20, 2018.  These costs include Phase 1 and Phase II surveys, historic structure 
documentation and Phase II data recovery efforts. The Phase III data recovery costs do not exceed 
the 1% threshold. 

3.3.4 30 - Planning, Engineering, and Design 

Code of Account 30, Planning, Engineering, and Design (PED) was estimated at 8% for the 
shorefront portions, with detailed survey and further refinement required for the design near the 
boardwalk. 

3.3.5 31 - Construction Management 

Code of Account 31, Construction management costs were estimated using the USACE 
Supervision and Administration cost formula [% = 17 – 2.1 * log (subtotal / 1000) / 100].  This 
calculated to a 5.8% construction management percentage for the shorefront project.  

3.3.6 Cost Summary 

The summary of costs for the shorefront including the 28.36% contingency calculated from the 
CSRA (See section 4) is included in Table 3-3 below. The additional costs for the beach 
replenishment over the 50 year life cycle is included in Tables 3-4 & 3-5 below. 
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Table 3-3: Shorefront Costs 
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Table 3-4: Shorefront Beach Replenishment Costs
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Table 3-5: Shorefront Beach Replenishment Monitoring Costs 
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3.3.7 MII Estimate 

The MII Estimate for the Rockaway Shorefront is included in Sub-Appendix C. 

3.3.8 Schedule 

The Project Schedule is included in Sub-Appendix B. 

3.4 Recommended Plan Cost Summary  
A summary table showing the total cost without contingency and with the calculated 28.36% 
contingency for both the Shorefront and Jamaica Bay project locations is included below in Table 
3-6. In addition, Table 3-6 displays the Total Project Cost Summary (TPCS) sheet for the project 
based on the anticipated Project Schedule as shown in Appendix B. 
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Table 3-6: TPCS for East Rockaway Inlet to Rockaway Inlet and Jamaica Bay 
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3.4.1 Operations and Maintenance (O&M) Costs 

Operations and maintenance costs were estimated as $19 / linear foot of feature per year.  The vehicular gates were estimated separately 
at 0.5% of the initial gate cost, and pump stations were assumed to have an O&M cost of 2% of the initial construction cost.  These 
values were estimated from other flood protection and pump cost data for the NYC metropolitan area.  

 

3.5 Interest During Construction 
The interest during construction calculated for the project based on the project schedule and project first costs are included below in 
Table 3-7: Interest During Construction. 

Table 3-7: Interest During Construction 

Recommended Plan Component Project First Costs Duration 
(Months) 

Interest 
During 
Construction 

Shorefront Element 336,282,000 44 20,147,000 
Mid-Rockaway HFFRRF 237,489,000 41 15,055,000 
Cedarhurst-Lawrence HFFRRF 16,979,000 12 293,000 
  TOTAL     35,495,000 

 

3.6 Beach Renourishment 
Renourishment of the shorefront is anticipated to be placed at 4-year cycles subsequent to commencement of construction and throughout 
the 50-year economic life. The renourishment beach fill cost has been estimated by the USACE using CEDEP and is assumed to be 
placed in the same manner as the beach fill for the main contracts; with a 30” cutterhead dredge pumping the fill onto the shore, and a 
shore crew placing the material.  Annualized renourishment costs, including environmental monitoring have been included in the 
annualized costs included for the Shorefront in Table 3-8. 

 



 

                                                                                                                         EAST ROCKAWAY INLET TO ROCKAWAY INLET AND JAMAICA BAY REFORMULATION STUDY 
July 2019                                                                                               16                                                                                                            Cost Engineering 

3.7 Annualized Costs 
The annualized costs for the Shorefront, Cedarhurst-Lawrence, and Mid-Rockaway Components are shown in Table 3-8: Annualized 
Project Costs below. 

Table 3-8: Annualized Project Costs 

Recommended Plan Component Annual Project Costs 
Shorefront Element (First Costs) 23,010,000 
Shorefront (Beach Renourishment) 7,598,000 
Mid-Rockaway HFFRRF 10,737,000 
Cedarhurst-Lawrence HFFRRF 744,000 
  TOTAL 42,089,000  
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4 COST AND SCHEDULE RISK ANALYSIS 

4.1 Introduction 
The United States Army Corps of Engineers (USACE) requires a risk analysis for projects over 
$40 million.  Preliminary estimates for the East Rockaway to Rockaway Inlet and Jamaica Bay 
Project is over $400 million, exceeding the $40 million limit, requiring this risk analysis to be 
completed. 

4.2 Background 
The project’s cost estimate is prepared using MCACES MII software in accordance with USACE 
policy and can be found in Sub-Appendix A and Sub-Appendix C. MII uses existing or custom 
unit cost databases and allows contingency, taxes, insurance, and profit to be added to each item 
as needed to create an accurate construction cost estimate.  Dredging unit costs were created using 
USACE’s CEDEP spreadsheets and provided by the USACE NY District.  Low, middle, and high 
unit costs were evaluated and a median unit cost was typically selected for the cost estimate.   

4.3 Report Scope 
The scope of the risk analysis report is to calculate and present the cost and schedule contingencies 
at the 80 percent confidence level using the risk analysis processes as mandated by 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.   

4.4 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 DX).  
The risk analysis process 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 80 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 along with, other important project processes such as scope 
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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 recommendations of the following documents and sources: 

• ER 1110-2-1150, Engineering and Design for Civil Works Projects. 
• ER 1110-2-1302, Civil Works Cost Engineering. 
• ETL 1110-2-573, Construction Cost Estimating Guide for Civil Works. 
• Cost and Schedule Risk Analysis Process guidance prepared by the USACE Cost 

Engineering DX. 

4.5 Methodology / Process 
The purpose of the risk analysis process is to determine what can be expected for the project as a 
whole, allowing variation within the individual project components.  Natural variation allows the 
simulation to mimic real-world scenarios more closely, accounting for unforeseen changes that 
could affect a project, but within reason for the given distributions.   

As recommended in the above references, Crystal Ball Risk Analysis Software was selected to run 
the risk analysis for the project.  Crystal Ball uses a mathematical modeling technique called a 
Monte Carlo Simulation that takes distributions of assumed unit costs, quantities and production 
rates and runs thousands of trials, taking one input from each distribution in each simulation, 
adding in natural variation when selecting the points.  The input data was based on the Risk 
Register, MII Cost Estimate, Project schedule, and PDT involvement.     

Crystal Ball allows multiple trials, 5,000 trials were used for the analysis, in order to model the 
distribution given to that assumption.  All of the individual assumptions (i.e. cost, volumes, etc.) 
are then summed for each trial and plotted to show cost and schedule versus probability.  The 
median is the most likely project cost/schedule and, based on USACE policy, the 80% confidence 
value is the probable upper bound cost/schedule.  The software is also used to create sensitivity 
plots that show which risk items have the greatest impacts in the overall project cost distribution.   

4.5.1 Identify and Assess Risk Factors 

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 
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desirable and is considered.  Identifying the risk factors is considered a qualitative process that 
results in establishing a list of risks that serves as the document for the further study using the 
Crystal Ball risk software.   

The risk analysis process, for this project, began by gathering input from the PDT.  The PDT 
identified potential risks associated with each part of the project and designated each risk.   In 
accordance with the current Cost and Schedule Risk Analysis Guidance (May 2009), all risks were 
then identified as low, moderate, or high risks based on their respective likelihoods and overall 
effects, as defined in the risk matrix shown below (Figure 4-1: Risk Level Matrix).  These were 
used to identify what the PDT considered to be the key risks of the project and the degree that 
these risks might affect the final cost and schedule.   

 
Figure 4-1: Risk Level Matrix 

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. 

4.5.2 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 involved multiple 
project team disciplines.  For each of the risks identified, quantifying risk factor impacts were 
determined to include:  

• Maximum possible value for the risk factor. 
• Minimum possible value for the risk factor. 
• Most likely value (the statistical mode), if applicable. 
• Nature of the probability density function used to approximate risk factor uncertainty. 
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• Mathematical correlations between risk factors. 
• Affected cost estimate and schedule elements. 

The resulting risk register includes discussion of the above.   

4.5.3 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 risks identified.    

For the cost estimate, the contingency is calculated as the difference between the P80 cost forecast 
and the base cost estimate.  P80 is the value that with 80% confidence one can conclude the project 
cost will not exceed, or 80% of the Monte Carlo simulations were less than or equal to that number.  
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 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.   

Schedule contingency is calculated as the difference between the P80 option duration forecast and 
the base schedule duration.   

Schedule contingency is analyzed only on the basis of each option and not allocated to specific 
tasks.  Based on Cost Engineering DX guidance, only critical path and near critical path tasks are 
considered to be uncertain for the purposes of schedule contingency analysis.   

4.6 RISK ANALYSIS RESULTS 
This section discusses the major components of the risk register, data used to develop the 
distributions for the risk analysis and results.  

4.6.1 Risk Register – Cost Risk Analysis 

During development of the risk register, risk items were discussed and evaluated by the PDT.  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 reflects the results of risk factor 
identification and assessment, risk factor quantification, and contingency analysis.  From this 
process, 16 items were determined by the PDT to warrant inclusion in the final risk register for the 
cost risk analysis.  Each of the risks was then evaluated in detail to determine the variability and 
distribution in quantities, cost and schedule so they could be evaluated in Crystal Ball.  The 
detailed risk register is provided in Sub-Appendix D to this report and summarized in Table 4-1 
below. 
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Table 4-1: Key Cost Risks Identified 

  Risk 
No. 

PDT-Developed Risk/Opportunity Event  

PM-3 Project Scope Definition 
CA-1 Beach Fill Bidding Climate 
CA-3 Rock Source for Groin Construction 
CA-5 Composite Wall Rock Source 
TL-4 Additional Groins Added to Project 
TL-9 Design of Pumps for Saltwater 
TL-15 Armor Stone Required for Floodwalls 
TL-18 Drainage Improvements for Bulkheads 
TL-19 Additional Fill for Bulkheads 
TL-21 Baffle Wall Repairs / Replacement 
LD-1 Additional Real Estate Relocations Required 
CO-6 Additional Utility Relocations Required 
ET-1 Beach Fill Bidding Climate 
PR-1 Extreme Weather 
PR-3 Quarry Monopoly 
PR-4 Similar Projects Reducing Contractor Supply 
PR-5 Stakeholders Requesting Mechanical Cleaning of Trash Racks 

Based on the above, 21 different variables were used in the Crystal Ball Cost Risk analysis to 
model the above risks, with 14 variables for unit costs and 7 for quantities.  These assumptions 
consider values from the MII cost estimate, historical data and PDT recommendations on 
individual risk items. 

 Following is a discussion of the more significant risks shown above, and assumptions used in 
developing the analysis.  Crystal ball reports show details on ranges and distributions. 

PM-3.  Project Scope Definition 

Some of the non-federal sponsors are not in favor of adding pump stations, as they increase 
maintenance costs for the local jurisdictions.  This is expected to add $7 million to the project on 
the high end if a significant amount of resources must be utilized to review alternatives to appease 
the non-federal sponsors. 

CA-1.  Beach Fill Bidding Climate  

An additional 25% cost was added for the high end to account for a bidding climate where only 
one contractor bids on a beach fill contract.  10% was reduced on the low end to account for a 
highly competitive bidding environment. 

CA-3 Rock Source for Groin Construction 
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The low rock material cost was reduced 10% to account for new quarries opening up that could 
increase competition.  A 50% increase was included for the high end to account for only one quarry 
having the capability to supply the project and having to spend a considerable amount of resources 
to produce the correct size armor stone. 

CA-5 Composite Seawall Rock Source 

The low rock material cost was reduced 10% to account for new quarries opening up that could 
increase competition.  A 50% increase was included for the high end to account for only one quarry 
having the capability to supply the project and having to spend a considerable amount of resources 
to produce the correct size armor stone. 

TL-4 Additional Groins Required 

No change in the low cost of the groins was considered. The weight of the rock was increased by 
19,700 tons to account for additional groins being required. 

TL-9 Pumps Designed for Saltwater 

A $5 million fee was associated with providing all pumps with parts designed for pumping 
saltwater.  No change in low prices to the pump stations was considered. 

TL-15 Armor Stone Required for Floodwalls 

The high quantity for armor stone was calculated assuming a 7’ wide, 1’ deep section of stone on 
the protected side of the floodwalls was required.  No change in low quantity was considered, as 
the current design does not have stone on the floodwalls. 

TL-18 Drainage Improvements for Bulkheads 

High costs for drainage improvements increased by $1.5 million to account for additional 
improvements needed in the tight areas near many of the bulkheads. 

TL-19 Additional Fill Required for Bulkheads 

The uneven nature of the existing bulkheads may require that the proposed bulkhead be a few feet 
away from some of the existing bulkheads, requiring fill. Additional volume assumes 18 square 
feet of additional fill per foot of bulkhead. 

TL-21 Baffle Wall Repairs / Replacement 

The existing baffle wall may require repairs and / or upgrades.  Although no known issues existing 
for the wall, any repairs or replacement would add a critical amount of cost to the project.  A unit 
cost of $4,500 / lf was estimated for full replacement of the wall on the high end.  No cost was 
assumed for the low end. 

LD-1 Real Estate 

Real estate is a significant unknown for this project.  Low prices were reduced 50%, while high 
prices were increased 300%. 
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CO-6 Utility Relocations 

Utilities have not been located and are a significant unknown for the project.  A 50% decrease was 
considered for the low end and a 500% increase for the high end. 

ET-1  Beach Fill Bidding Climate 

Mobilization price decreased by $1.3 million to $2 million on the low end and increased $1.8 
million to $5.1 million on the high end.  These limits were determined from historical beach fill 
bids in the area. 

PR-1 Weather Issues 

Weather impacts can cause quantities of sand and groin rock to increase as a storm erodes away 
the existing materials.  A 20% increase was considered in quantities on the high end. 

PR-3 Quarry Monopoly 

Some of the quarries in the area have been purchased by the same company.  If this trend continues, 
an increase of 25% higher was considered to account for this lack of competition. 

PR-4 Other Similar Projects 

Since there are other coastal storm risk management (CSRM) projects in the area, it may be 
possible that the quarries and contractors do not have enough supply to complete this project with 
the other work going on.  To account for this, the profit was considered to be as high as 18% 
(instead of 10%), or as low as 6%. 

PR-5 NFS Request Mechanical Cleaning Trash Racks 

An additional cost of $1 million was included to account for the potential of the mechanical 
cleaning trash racks on the drainage structures. 

Distributions  

For this analysis, most quantities were assumed to be triangular distributions since minimum, 
maximum, and expected quantities have been determined.   Unit costs were typically modeled as 
triangular functions.  The triangular distribution was used as expected, low, and high values were 
known for all major variables.  However, some items were modeled as uniform if the expected 
value was not a confidence value and the range of possible outcomes was broad.  The Crystal Ball 
Software Output contains all of the assumptions and distributions used for each element in the 
analysis, as well as descriptive statistics for the distributions.   

The full risk register and Crystal Ball reports are included in Sub-Appendix D, E, and F and contain 
additional details.    
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4.6.1 Risk Register – Schedule Risk Analysis 

Although this schedule risk register was completed at the same time for both the cost and schedule 
risk analysis, the key risks are displayed separately, as different risks impact the cost and schedule 
differently.  Below in Table 4-2 is the list of key schedule risks determined for the project. 

Table 4-2: Key Schedule Risks Identified 

Risk No. PDT-Developed Risk/Opportunity Event  
PM-2 Groin Scope Growth 
PM-4 Coordination of Plan with NFS 
PM-5 Timely Response from NFS 
PM-6 Local Agency / Permit Issues 
PM-7 NFS Priorities Change 
CA-4 Composite Wall Construction Access 
TL-1 Beach fill – Quantity Changes 
TL-4 Additional Groins Added 
TL-7 Energy Dissipation may impact wetlands 
TL-15 Riprap Required for Floodwalls 
LD-1 Delays in Real Estate 
LD-2 Additional RW Access Needed 
LD-4 Relocation Delays 
CO-2 Beach fill – Equipment Availability 
ET-2 Groin Construction Methods 
ET-3 Groin and Seawall Construction Timing 
ET-5 Groin Extensions Turn into Rebuilds  

Based on the above risks, 14 different variables were used in the Crystal Ball Schedule Risk 
analysis to model the identified risks.   

Following is a discussion of the more significant risks shown above, and assumptions used in 
developing the analysis.  Crystal ball reports show details on ranges and distributions. 

PM-2.  Groin Scope Growth 

An additional 40 days was added to the schedule to account for the possibility of additional groins 
added to the project. 

PM-4.  Coordination of Plan with NFS 

An additional 120 days was added to coordinate with NFS. 

PM-5 Timely Response from NFS 

The 120 days included in PM-4 addressed this delay as well. 

PM-6 Local Agency / Permit Issues 
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An additional 120 days was added to the Notice to Proceed of the project to account for permit 
delays. 

PM-7 NFS Priorities Change 

The 120 days included in PM-4 addressed this delay as well. 

CA-4 Composite Wall Construction Access 

An additional 40 days was added to the composite wall construction duration to account for 
potential delays due to limited construction access. 

TL-1 Beach fill – Quantity Changes 

A 20% increase in days was added on the high end and a decrease of 10% was added to the low 
end to account for volume changes since the survey utilized for this project quantity calculations. 

TL-4 Additional Groins Added 

60 days was added on the high end construction duration o account for construction of the 
additional groins. 

TL-7 Energy Dissipation may impact wetlands 

The notice to proceed duration high value was increased by 80 days to account for mitigation 
delays. 

TL-15 Riprap Required for Floodwalls 

An additional 30 days was added to the floodwall construction high value to account for the riprap. 

LD-1 Delays in Real Estate 

The notice to proceed duration high value duration was increased by 260 days to account for 
mitigation delays. 

LD-2  Additional RW Access Needed 

The notice to proceed duration high value duration was increased by 180 days to account for RW 
access delays. 

LD-4 Relocation Delays 

The notice to proceed duration high value duration was increased by 180 days to account for utility 
relocation delays. 

CO-2 Beach fill – Equipment Availability 

An additional 120 days was added on the high value for the beach fill construction duration to 
account for a delay in mobilization. 

ET-2 Groin Construction Methods 
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An additional 50 days on the high end construction duration was added to account for slower 
construction methods. 

ET-3 Groin and Seawall Construction Timing 

An additional 80 days was added to the high value construction duration to account for summer 
windows when the local cities may not want limitations on the beach access. 

ET-5 Groin Extensions Turn into Rebuilds 

An additional 60 days on the high end construction duration was added to account for the additional 
quantities required to rebuild the groins instead of only extending them. 

4.7 Cost Risk Analysis - Cost Contingency Results 
Using an initial base cost of $355.8 million (not including beach renourishment, real estate, 
engineering, or construction management) a distribution of costs was calculated in Crystal Ball.  
Based on the Crystal Ball Analysis of the 100% Design Estimate, the most probable project cost 
(50 percentile) is $435.5 million.  The project cost at the 80% confidence interval is $456.8 million.  
The confidence interval and total project distribution are shown in Figure 4-2 below.  Detailed 
figures and statistical analysis from the simulation are contained in Sub-Appendix E.  The range 
from the minimum total cost to the maximum cost is approximately $157.6 million and the range 
from the 80% upper limit to the minimum value is approximately $102.4 million.  Please note that 
these are not Project First Costs or Total Project Costs as this analysis is done on the expected 
costs without contingency.  

 
Figure 4-2:  Cost Distribution with the 80% Confidence Interval Shown 

A sensitivity analysis was conducted to determine which items cause the greatest change in overall 
project cost.  The results are displayed in Figure 4-3 below. The two most significant items were 
the real estate costs and the limited competition of contractors, which both represented 
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approximately 26% of the cost variance and is a significant unknown for the project. These are 
identified in risks LD1 and PR-4, respectively.  The third major risk is the quarry competition 
relating to rock supply and availability at the time of the job (Risks CA-5 and PR-3).  It represents 
approximately 21% of the variation in the project.    Two other risks represented about 10% of the 
total project variation, the baffle wall repairs / replacement along the shorefront and the utilities, 
relating to risks TL-21 and CO, respectively.  Those items have significant unknowns at this time 
and will be narrowed down in final design.   

 

 

Figure 4-3: Sensitivity Analysis for Cost Risk 

Note that these results reflect only those contingencies established from the cost risk analysis. 
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Table 4-3: Confidence Table of Total Cost 

Percentiles: Forecast values ($) 
0% $354,392,835.80 
10% $404,101,189.97 
20% $414,924,691.45 
30% $422,372,011.90 
40% $429,329,968.13 
50% $435,488,722.73 
60% $441,691,565.03 
70% $448,323,726.59 
80% $456,798,092.62 
90% $467,933,686.11 
100% $512,055,589.86 

The cost risk analysis determined that a 28.36% contingency (calculated as the difference from the 
80% to the base case divided by the base case of $355.8 million) should be expected for the project 
as a whole.  This percentage represents the funds that should be allocated to complete this project 
based on the risks developed by the PDT.  Table 4-4: Project Contingencies (Base Cost Plus Cost 
and Contingencies) shows the change in contingency with different confidence levels of the cost 
estimate.   

Table 4-4: Project Contingencies (Base Cost Plus Cost and Contingencies) 

Confidence 
Level 

Project Cost ($) Contingency ($) Contingency 
(%) 

P0 $354,392,835.80 ($1,472,540.62) -0.41% 
P10 $404,101,189.97 $48,235,813.56  13.55% 
P20 $414,924,691.45 $59,059,315.04  16.60% 
P30 $422,372,011.90 $66,506,635.49  18.69% 
P40 $429,329,968.13 $73,464,591.72  20.64% 
P50 $435,488,722.73 $79,623,346.32  22.37% 
P60 $441,691,565.03 $85,826,188.62  24.12% 
P70 $448,323,726.59 $92,458,350.18  25.98% 
P80 $456,798,092.62 $100,932,716.21  28.36% 
P90 $467,933,686.11 $112,068,309.70  31.49% 
P100 $512,055,589.86 $156,190,213.45  43.89% 
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5 SCHEDULE RISK ANALYSIS 

The schedule risk analysis was very dependent on many issues relating to getting the construction 
started, including permitting, real estate acquisitions, and coordination with local sponsors.  The 
results are included below.  

5.1 Results 

The Monte Carlo Simulation results indicate to an 80% certainty that it would be unlikely for the 
project delay to exceed 630 working days, a delay of approximately 2.4 years.  The results are 
shown in Figure 5-1 below. 

 
Figure 5-1: Schedule Risk Analysis Results 

A sensitivity analysis was also completed for the schedule risk analysis and included in Figure 5-
2.  It indicated that issuing the notice to proceed for the construction contracts in Arverne, and 
Edgemere were the most important factors relating to the schedule by a significant margin.  These 
are relating to delays with regards to permitting, utilities, real estimate, and non-federal sponsors 
identified in risks PM4, PM5, PM6, PM7, TL7, LD1, LD2 and LD4 of the risk register.  
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Figure 5-2: Schedule Risk Analysis Sensitivity 
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6 MAJOR FINDINGS/OBSERVATIONS 

Based on analysis of the 100% design, the most probable project cost is currently estimated to be 
$435.5 million with an 80% confidence interval for the cost to not exceed $456.8 million.  These 
are for the project first costs and do not include costs for the beach renourishment costs. This 
means the contingency to be utilized for the project is 28.36%.  The project schedule is anticipated 
to be completed in approximately 3.5 years based upon the expected schedule, but is likely to be 
delayed due to permitting and other relocation issues, with an 80% confidence that the project 
schedule will be completed within 2.4 years of the expected completion date.  The total project 
schedule duration is expected to be approximately 5.9 years instead of 3.5 years due to these 
delays, although this may not impact the duration of actual construction, as many of the key risks 
are to the notice to proceed for construction and not relating to construction activities’ durations 
themselves.   

  



 

                                               EAST ROCKAWAY INLET TO ROCKAWAY INLET AND JAMAICA BAY REFORMULATION STUDY 
July 2019                                                                      32                                                                Cost Engineering 

7 RECOMMENDATIONS 

The identified risks for the project may be unavoidable, but identifying ways to mitigate their effect 
on the final project cost is essential to the success of the project and has been pursued through 
project development by the PDT.  Efforts to reduce risk continue as described below. 

Contractor Outreach – An extensive contractor outreach program is recommended to maintain 
interest in the projects, especially with potential armor stone suppliers so that they can prepare for 
the large volumes of stone required for the project. 

Coordination with State and NFS – A significant amount of delays are anticipated due to not 
getting the NTP issued, which can be mitigated if the NFS and other state agencies are in support 
of the project. 
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A. SUB-APPENDIX A: MII ESTIMATE – JAMAICA BAY 
The MII Estimate for the Jamaica Bay section of the project. 
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B. SUB-APPENDIX B: PROJECT SCHEDULE 
The anticipated schedule for the project. 
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C. SUB-APPENDIX C: MII ESTIMATE - SHOREFRONT 
The MII Estimate for the Shorefront section of the project. 
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D. SUB-APPENDIX D: RISK REGISTER 
The Risk Register was developed during the risk workshop on June 13, 2018. 
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E. SUB-APPENDIX E: COST RISK ANALYSIS 
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F. SUB-APPENDIX F: SCHEDULE RISK ANALYSIS 
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G. SUB-APPENDIX G: PUMP COST CURVE 
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