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B. COSTESTIMATES

Bl. GENERAL INFORMATION

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

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

= Engineer Regulation (ER) 1110-1-1300, Cost Engineering Policy and General Requirements,
26 March 1993

= ER1110-2-1302, Civil Works Cost Engineering, 30 June 2016

= ER1110-2-1150, Engineering and Design For Civil Works Projects, 31 August 1999

= ER1105-2-100, Planning Guidance Notebook, Appendix G, dated 30 June 2004

= Engineer Manual (EM) 1110-2-1304, Civil Works Construction Cost Index System, dated
31 March 2017

=  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

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

= Costand Schedule Risk Analysis Process, October 2010

The goal of Cost Engineering for the Jupiter Carlin Segment of the Palm Beach County Shore Protection
Project Section 934 Report is to present the Total Project Cost (construction and non-construction
costs) for the recommended plan at the current price level. This information will be used to
determine if an extension of federal participation in cost-sharing of the authorized Jupiter
Carlin Segment of the Palm Beach County Shore Protection Project is economically justified. In
addition, the costing efforts are intended to produce a final product (cost estimate) that is reliable
and accurate and that supports the definition of the Government’s and the non-Federal sponsor’s
obligations. The cost estimating effort for the study was coordinated with the economic effort
to determine the appropriate nourishment interval based upon annualized costs and benefits. The
final cost estimate included in the report was based on construction feature unit pricing and are
prepared in Civil Works, Work Breakdown Structure (CWWBS) format to the sub-feature level.
This cost estimate supports the National Economic Development (NED) plan (Recommended Plan).
This estimate is supported by the preferred labor, equipment, materials and crew/production
breakdown. A fully funded (escalated for inflation through project completion) cost estimate, the
Baseline Cost Estimate or Total Project Cost Summary, has also been developed.

A risk analysis was prepared that addresses uncertainties in and sets contingencies for the
Recommended Plan cost items. The Cost and Schedule Risk Analysis (CSRA) Report, will be reviewed
by the Cost Engineering Mandatory Center of Expertise (MCX) for Civil Works. The MCX is located at
the Walla Walla District Cost Engineering Branch.

B.1.1. Project Information

The Jupiter Carlin Segment of the Palm Beach County Shore Protection Project is located just
south of Jupiter Inlet at the northern end of Palm Beach County, Florida between DNR Reference
monuments R-13 and R-19. The beach fill material for initial construction and the periotic will come
from the previously designated offshore borrow site (PB2-R2 or Jupiter Carlin A). The next
scheduled beach fill contract for the Jupiter Carlin Segment of the Palm Beach County Shore
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Protection Project is scheduled to take place in 2020 and is considered to be another initial
construction event. This is based upon USACE PDT and Vertical Team coordination

taking into consideration the current condition of the beach and the fact that federal participation in
the authorized project will be extended until 2045. The initial construction in 2020 will use
approximately 191,900 cubic yards of material, with the 2026 and 2032 requiring 193,300 cubic
yards from the offshore borrow site, and the final periodic renourishment in 2038 using 225,500
cubic yards also from the offshore borrow area taking into account for the additional year. This
anticipated timeline for renourishments is tentative and subject to change based upon availability
of funding, impacts to the beach segments overtime, and performance of the beach profile.
According to the Project Manager, the 934 Study is expected to be approved in a timeframe that
may allow for possible FY18 Work Plan Funds. However, in the event the project does not receive
funds in FY18 the cost have also been estimated with the second initial construction event occurring
in FY19 assuming receipt of funding in the FY19 Budget. All subsequent renourishments were shifted
by one year. The quantity for the initial construction was adjusted in the FY19 estimate to account
for one additional year of erosion to the project segment. Within the Cost Appendix both
potential funding scenarios have been presented in the form of two Total Project Cost Summary
files. The risk analysis output was only presented for the FY18 scenario since no significant
change in risk analysis contingency was experienced between scenarios. The first initial
construction of the approved project was completed in 1995. The Federal participation in
the project allowed non-federal construction and renourishment with subsequent
reimbursement of the federal share of project cost for a period of 10 years following initial
construction. The first renourishment was performed in 2002. Currently the nourishment interval is
set at an average interval of 6 years based upon project cost and benefits. The project limits remain
the same and have not changed.

B.1.2. Recommended Plan

The final Recommended Plan (NED) was chosen previously by the Project Delivery Team (PDT)
according to Cost Effectiveness/Incremental Cost Analysis procedures resulting directly from plan
formulation. The project has since been constructed in 1995 and renourished in 2002. The
Economics Appendix fully describes the basis for the development of the project benefits. The
scope of work for the project cost estimates can be found in the study engineering appendix. The
Micro-Computer Aided Cost Estimating System (MCACES/MII) cost estimate for the
Recommended Plan is based on the scope provided in the main report and is formatted in the
CWWBS. The notes provided in the body of the estimate detail the estimate parameters and
assumptions. These include pricing at the Fiscal Year 2017 price level (01 October 2016-30
September 2017). For project identification purposes the estimated costs are categorized under
the appropriate CWWBS code and include both construction and non-construction costs.

The construction costs fall under the following feature code:
= 17 Beach Replenishment

The non-construction costs fall under the following feature codes:
= 01 Lands and Damages

= 30 Planning, Engineering and Design
= 31 Construction Management
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Cost estimates were completed and updated for this study to account for adjustments resulting
from District Quality Control and Agency Technical Review. Unit prices for each major or variable
construction element were developed in the MCACES/MiII software. The latest MCACES/MII Cost
Book Libraries covering Region lll Equipment and Labor adjusted for the project location, have
been used for the construction cost estimate. This included use of the latest FCCM rate and past
five year average fuel prices (in accordance with current Cost MCX guidance). Refer to the
Economics Attachment of the report for the final Plan Formulation cost tables.

B.1.3. Construction Cost

The MCACES/MII estimate, located in Addendum 1 below, on the Recommended Plan contains
no contingency as noted in the estimate. Construction costs for the initial and the periodic
renourishments have been captured under the 17 Beach Replenishment account and include
mobilization, demobilization, site work and preparatory work for a hopper dredging with
pumpout capability, beach fill, and other associated general construction items. Associated
general items include construction vibration controls and monitoring, beach tilling, turbidity
monitoring, and a contracting officer’s field office. Endangered species and Environmental
monitoring has also been accounted for within the estimate.

The project limits extend from R-13 to R-19. The 17 Beach Replenishment account is to be cost
shared between the Federal Government and the Non-Federal Sponsor. Additional information
regarding separation in the project cost share structure can be found in the main report and the
Economic Appendix.

The contingency was determined as a result of the risk analysis. Contingency has been applied
within the Total Project Cost Summary Report located in Addendum D. Additional information is
available in Addendum C: Risk Report regarding the risk analysis and major risk factors.

B.1.2. Non-Construction Cost

Non-construction costs include Real Estate, Planning, Engineering and Design (PED), and
Construction Management (Supervision and Administration or S&A). Real Estate costs were
provided by the Jacksonville District Real Estate Division. They include administrative costs and
are to account for coordination of beach access prior to contract advertisement. Risk associated
with lands and damages were considered during the Cost and Schedule Risk Analysis (CSRA).
PED costs are itemized accounting for Project Management, Planning and Environmental
Compliance, Engineering and Design, Life Cycle Updates, and Project Operations. Project
Operations accounts for the physical monitoring requirements associated with this project. PED
costs were provided by the Project Manager based upon submitted fiscal year budgets.
Construction Management costs were acquired from Construction-Operations Division and
coordinated with the Project Manager as suggested by the guidance.

A percentage of the construction contract cost is used as the rate for Construction Management
costs for the Recommended Plan cost estimate. This percentage is based on actual funds spent
for construction management on past contracts.

The main report details both cost allocation and cost apportionment for the Federal government
and the Non-Federal sponsor. Also included in the main report are the non-Federal sponsor’s
obligations (items of local cooperation).
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B2.

B3.

B.1.3. Construction Schedule

A construction schedule was prepared with input from the PDT. The primary construction schedule
considered not only durations of individual components but also timing of construction contracts.
This schedule was coupled with the project schedule in preparation for the generation of the Total
Project Cost Summary as well as for the completion of the risk analysis. The construction schedule
will change as design of the project proceeds into the plans and specifications phase. It will change
again when the contract is awarded and the contractor provides their official schedule, which
may be based on multiple crews with shift work and overtime. The estimate project schedule is
provided below as Addendum B.

RISK ANALYSIS

B.2.1 Risk Analysis Methods

A risk analysis was conducted according to the procedure outlined in the manual entitled; ‘Cost
and Schedule Risk Analysis Process’ dated October 2016 and downloaded from the Corps’ Cost
Center of Expertise website. First, members of the PDT met to identify risk items, in both the
construction cost estimate and the construction schedule. Then, the Risk Register was
completed. Following this, the Risks were analyzed using a full Cost and Schedule Risk Analysis
(CSRA). The likelihood and impacts were adjusted for each risk element in order to generate
project contingencies. The results from the CSRA are shown in the Project Cost and Schedule
Risk Analysis Report.

For the features costed by the Corps, it is assumed that the work will be performed by a prudent
contractor at a fair and reasonable cost. While the cost estimate analyzed in the risk analysis may
contain adjustments due to quotations on direct and indirect costs, it contains no separate
adjustment due to competitiveness or bid strategies (ETL 1110-2-573, 30 Sep 2008). Market
conditions such as the current price of fuel are included in the estimate.

The appropriate contingencies were then applied to the MCACES/MII estimate for the NED Plan,
producing the ‘After Risk Analysis’ cost estimate contained in Addendum C. Upon completion,
the Total Project Cost Summary (TPCS) was prepared incorporating escalation

B.2.2 Risk Analysis Results

The Final CSRA Report was produced by Jacksonville District with assistance by the Cost
Engineering MCX for Civil Works. This report is appended to this attachment as Addendum C.
The CSRA resulted in project contingencies for dredging at 24.62 percent. Additional details of
this risk analysis results are provided in Addendum C.

TOTAL PROJECT COST

B.3.1. Total Project Cost Summary

The Total Project Cost Summary addresses inflation through project completion (accomplished by
escalation to mid-point of construction per ER 1110-2-1302, Appendix C, Page C-2). It is based on
the scope of the Recommended Plan and the anticipated project schedule. The TPCS includes
Federal and non-Federal costs for lands and damages, all construction features, PED, and S&A,
along with the appropriate contingencies and escalation associated with each of these activities.
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The TPCS also includes cost spent on the project through 30 September 2016, all construction
features, PED and S&A. These amounts were provided by the project budget analystin the form of
the project PB3 report. The TPCS is formatted according to the CWWBS and uses Civil Works
Construction Cost Indexing System factors for escalation (EM 1110-2-1304) of construction costs
and Office of Management and Budget (EC 11-2-18X, 20 Feb 2008) factors for escalation of PED
and S&A costs.

The TPCS includes contingency developed as a result of the CSRA. The cost estimate for the
Recommended Plan is prepared with an identified price level date. Inflation factors are used to
adjust the pricing based upon the project schedule. This estimate is known as the Fully Funded
Cost Estimate or TPCS. The TPCSis located below in Addendum D. The CSRA based contingences
mentioned above in the paragraph titled “Risk Analysis Results” have been applied within the
Total Project Cost Summary.

B-5



ADDENDUMS TO APPENDIX B

B-6



ADDENDUM A: Recommended Plan Cost Estimate — No Contingency
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Print Date Sun 27 August 2017

Eff. Date 3/31/2017

Labor ID:

U.S. Army Corps of Engineers
Project : JupiterCarlin-BeachFx Updated Input- Preliminary TSP for Draft Report

Palm Beach Co. SPP, Jupiter Carlin Segment

Time 11:20:07

Based on latest Beach Fx analysis the 30' Berm Extension Alternative has been identified as the revised TSP for the final Draft Report. This will consist of initial
construction in FY20 using Dredging for the initial and subsequent renourishments for placement of beach quality material based on three 6-year renourishment

EQ ID: EP14R03

intervals per the Draft Report Engineering Appendix.

Estimated by CESAJ-EN-TC
Designed by CESAJ-EN
Prepared by R. Stallings
Preparation Date 6/23/2017
Effective Date of Pricing 3/31/2017
Estimated Construction Time Days

This report is not copyrighted, but the information contained herein is For Official Use Only.

A cost certification has not been obtained for this project.

Currency in US dollars

TRACES MII Version 4.3
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Print Date Sun 27 August 2017 U.S. Army Corps of Engineers Time 11:20:07

Eff. Date 3/31/2017 Project : JupiterCarlin-BeachFx Updated Input- Preliminary TSP for Draft Report
Palm Beach Co. SPP, Jupiter Carlin Segment Table of Contents
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Dredging - 30 Ft Berm EXE - PEFIOTIC YA 5 (2026) .......ccceiuieieiieiteeieiteeteeteste st eitestesteetesteeteesessesssessesseessesesseessessesteessessesssassessesssessas sabeessessesssessansesteessensesseensesesssanss 1
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Dredging - 30 Ft Berm EXt - PEFIiOdIC YEAE 15 (2038) .....ccoiiieieeeiieeieste et ettt et e st et e st e st et e te s st es e e seeseemeessesseemsensesseeneenseeneensesseaneensesee eemsessesseensetesseensensesneensenseensanses 1

Labor ID: EQ ID: EP14R03 Currency in US dollars TRACES MII Version 4.3



Print Date Sun 27 August 2017
Eff. Date 3/31/2017

D‘esigned by
CESAJ-EN

Estimated by
CESAJ-EN-TC

Prepared by
R. Stallings

Direct Costs
LaborCost
EQCost
MatlCost
SubBidCost
CEDEP
OTHER
MISC

Labor Rates
LaborCostl
LaborCost2
LaborCost3
LaborCost4

03 SOUTHEAST

Sales Tax 6.00

Working Hours per Year 1,530
Labor Adjustment Factor 0.88
Cost of Money 2.50

Cost of Money Discount 25.00
Tire Recap Cost Factor 1.50
Tire Recap Wear Factor 1.80
Tire Repair Factor 0.15
Equipment Cost Factor 1.00
Standby Depreciation Factor 0.50

Labor ID: EQ ID: EP14R03

U.S. Army Corps of Engineers

Time 11:20:07

Project : JupiterCarlin-BeachFx Updated Input- Preliminary TSP for Draft Report

Palm Beach Co. SPP, Jupiter Carlin Segment

Library Properties Page i

Design Document Draft 934 Report & Revised SOW
Document Date 6/28/2017

District Jacksonville District
Contact Ricardo Stallings, 904-232-3093

Budget Year 2018
UOM System Original

Timeline/Currency
Preparation Date 6/23/2017
Escalation Date 10/1/2016
Eff. Pricing Date 3/31/2017

Estimated Duration 0 Day(s)

Currency US dollars
Exchange Rate 1.000000

Costbook CB15EngA: MII English Cost Book 2015 Rev A

Labor : User Labor Library_Miami Dade County, FL

Equipment EP14R03: MII Equipment 2014 Region 03

Note: Used 5 yr average for diesel off-road.

Fuel
Electricity 0.095
Gas 2.660
Diesel Off-Road 2.734
Diesel On-Road 2.601

Currency in US dollars

Shipping Rates

Over 0 CWT 16.27
Over 240 CWT 14.82
Over 300 CWT 12.69
Over 400 CWT 10.64
Over 500 CWT 5.85
Over 700 CWT 5.85
Over 800 CWT 9.79
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Print Date Sun 27 August 2017 U.S. Army Corps of Engineers Time 11:20:07

Eff. Date 3/31/2017 Project : JupiterCarlin-BeachFx Updated Input- Preliminary TSP for Draft Report
Palm Beach Co. SPP, Jupiter Carlin Segment Project Cost Summary Report Page 1
Description Quantity UOM ContractCost Escalation Contingency SIOH ProjectCost
Project Cost Summary Report 37,293,162 0 0 0 37,293,162
JUPITER CARLIN SEGMENT - 934 STUDY 1.000 LS 37,293,162 0 0 0 37,293,162
934 Study (2018 - 19) 1.000 LS 300,000 0 0 0 300,000
Non-Contruction 1.000 LS 300,000 0 0 0 300,000
30 Planning, Engineering, and Design 1.000 LS 300,000 0 0 0 300,000
Dredging - 30 Ft Berm Ext - - Initial (2020) 1.000 LS 9,109,922 0 0 0 9,109,922
Construction 1.000 LS 8,044,922 0 0 0 8,044,922
17 Beach Replenishment 1.000 LS 8,044,922 0 0 0 8,044,922
Non-Construction Cost 1.000 LS 1,065,000 0 0 0 1,065,000
01 Lands and Damages 1.000 LS 30,000 0 0 0 30,000
30 Planning, Engineering, and Design 1.000 LS 835,000 0 0 0 835,000
31 Construction Management 1.000 LS 200,000 0 0 0 200,000
Dredging - 30 Ft Berm Ext - Periodic Year 5 (2026) 1.000 LS 9,111,604 0 0 0 9,111,604
Construction Cost 1.000 LS 8,046,604 0 0 0 8,046,604
17 Beach Replenishment 1.000 LS 8,046,604 0 0 0 8,046,604
Non-Construction Cost 1.000 LS 1,065,000 0 0 0 1,065,000
01 Lands and Damages 1.000 LS 30,000 0 0 0 30,000
30 Planning, Engineering, and Design 1.000 LS 835,000 0 0 0 835,000
31 Construction Management 1.000 LS 200,000 0 0 0 200,000
Dredging - 30 Ft Berm Ext - Periodic Year 10 (2032) 1.000 LS 9,111,604 0 0 0 9,111,604
Construction Cost 1.000 LS 8,046,604 0 0 0 8,046,604
17 Beach Replenishment 1.000 LS 8,046,604 0 0 0 8,046,604
Non-Construction Cost 1.000 LS 1,065,000 0 0 0 1,065,000
01 Lands and Damages 1.000 LS 30,000 0 0 0 30,000
30 Planning, Engineering, and Design 1.000 LS 835,000 0 0 0 835,000
31 Construction Management 1.000 LS 200,000 0 0 0 200,000
Dredging - 30 Ft Berm Ext - Periodic Year 15 (2038) 1.000 LS 9,660,031 0 0 0 9,660,031
Construction Cost 1.000 LS 8,580,031 0 0 0 8,580,031
17 Beach Replenishment 1.000 LS 8,580,031 0 0 0 8,580,031
Non-Construction Cost 1.000 LS 1,080,000 0 0 0 1,080,000
01 Lands and Damages 1.000 LS 30,000 0 0 0 30,000
30 Planning, Engineering, and Design 1.000 LS 850,000 0 0 0 850,000
31 Construction Management 1.000 LS 200,000 0 0 0 200,000

Labor ID: EQ ID: EP14R03 Currency in US dollars TRACES MII Version 4.3
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ID Task Name ‘ Duration ‘ Start Finish Predecessors 16 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 2026 | 2027 | 2028 | 2029 | 2030 | 2031 | 2032 | 2033 | 2034 | 2035 | 2036 | 2037 | 2038 | 2039
o H2 [H1[H2 [H1[H2 | H1[H2[H1[H2 |H1[H2 [H1[H2 [H1[H2 H1[H2 [H1[H2 [H1[H2 [H1 [H2 [H1[H2 [H1[H2 [H1[H2 [H1[H2[H1[H2 [H1[H2 [H1[H2 [H1[H2 [H1[H2 [H1[H2 [H1[H2 [ H
1 PALM BEACH CO. - JUPITER CARLIN SEGMENT- PRELIMINARY TSP 8345 days Sat 10/1/16 Sun 8/7/39
2 FY 2017-19 622 days Sat 10/1/16 Fri 6/15/18
3 934 Study 622 days Sat 10/1/16 Fri 6/15/18
4 Draft Report Completed by PDT 152 days Sun 10/16/16 Fri 3/17/17
5 |E TSP 103 days Sat 10/1/16  Thu 1/12/17 TSP
6 e ATR 36 days Wed 1/25/17 Thu 3/2/17 A
7 [EE] Agency Decision Milestone 1 day Tue 4/11/17 Wed 4/12/175,6 ' Decision|Milestone
8 [EE] Final Report to SAD 1 day Thu 9/7/17 Fri 9/8/17 7 Final Reﬁwt to SAD
9 EE] Final Report to HQ lday Wed 12/6/17 Thu 12/7/17 8 Final R @)rt to HQ
10 |E Director's Report lday Mon 3/12/18 Tue 3/13/189 Dire tew'§ Report
11 |HE ASA Approval 1 day Thu 6/14/18 Fri 6/15/18 10 y: Smégpro al
12 FY 2020 - Initial Construction (Dredging) 319 days Fri 6/15/18 Tue 4/30/19 —_—
13 |E 01-Lands and Damages 214 days Sat 6/15/19  Wed 1/15/20 14SS,11 01-Landsland Damaages
14 |E 30-PE&D - P&S 214 days Sat 6/15/19  Wed 1/15/20 11 30-, D+ P&S
15 |E& 17-Beach Replenishment (191,900 CY) 80 days Wed 1/15/20 Sat 4/4/20 14 17-Beachregpleniggment (191,900 CY)
16 |FE 31-Construction Management 80 days Wed 1/15/20 Sat 4/4/20 14 31-C nstructi%rnManaqement
17 FY 2021 364 days Sat 4/4/20 Sat 4/3/21
18 |E 30-PE&D 364 days Sat 4/4/20 Sat 4/3/21 16 %—PE&D
19 FY 2022 364 days Sat 4/3/21 Sat 4/2/22
20 |E 30-PE&D 364 days Sat 4/3/21 Sat 4/2/22 18 %.pE&D
21 FY 2023 364 days Sat 4/2/22 Sat 4/1/23
22 |E 30-PE&D 364 days Sat 4/2/22 Sat 4/1/23 20 -PE&D
23 FY 2024 364 days Sat 4/1/23 Sat 3/30/24
24 30-PE&D 364 days Sat 4/1/23 Sat 3/30/24 22 l
25 FY 2025 364 days Sat 3/30/24 Sat 3/29/25
26 30-PE&D 364 days Sat 3/30/24 Sat 3/29/25 24
27 FY 2026 - Renourishment 1 (Dredging) 201 days Sun 3/29/26 Fri 10/16/26
28 | 01-Lands and Damages 120 days Sun 3/29/26  Mon 7/27/26 26 01-Lands gnd Damaages
29 |ME 30-PE&D - P&S 120 days Sun 3/29/26 Mon 7/27/26 24 30-PE&D - P&S
30 |E 17-Beach Replenishment (193,300 CY) 80 days Tue 7/28/26 Fri 10/16/26 29FS+1 day sach Rep Ieni@ment (193,300 CY)
31 |E 31-Construction Management 80 days Tue 7/28/26 Fri 10/16/26 30SS 31-Construct Vianagement
32 FY 2027 364 days Fri 10/16/26 Fri 10/15/27
33 |E 30-PE&D 364 days Fri 10/16/26 Fri 10/15/27 30 -PE&D
34 FY 2028 364 days  Fri 10/15/27  Fri 10/13/28
35 = 30-PE&D 364 days Fri 10/15/27 Fri 10/13/28 33 %—PE&D
36 FY 2029 364 days Fri 10/13/28 Fri 10/12/29
37 |ME 30-PE&D 364 days Fri 10/13/28 Fri 10/12/29 35 %.pE&D
38 FY 2030 364 days  Fri10/12/29  Fri 10/11/30
39 30-PE&D 364 days Fri 10/12/29 Fri 10/11/3037 l
40 FY 2031 264 days Fri 10/11/30 Wed 7/2/31
41 30-PE&D 264 days Fri 10/11/30 Wed 7/2/31 39 l
42 FY 2032 - Renourishment 2 (Dredging) 202 days Fri 7/2/32  Thu 1/20/33 —
43 |E 01-Lands and Damages 121 days Fri 7/2/32  Sun 10/31/32 41 01-Lands._and Damaages
44 |E 30-PE&D - P&S 121 days Fri 7/2/32  Sun 10/31/32 39 30-PE&D - P&S
45 |E 17-Beach Replenishment (193,300 CY) 80 days Mon 11/1/32 Thu 1/20/33 44FS+1 day 17-Beach ReDIenigunent (193.300 CY)
46 |E 31-Construction Management 80 days Mon 11/1/32 Thu 1/20/33 45SS 31-ConstrugtiormManagement
47 FY 2033 364 days  Thu 1/20/33  Thu 1/19/34 vf‘o
48 |E 30-PE&D 364 days  Thu 1/20/33  Thu 1/19/34 45 -PE&L
49 FY 2034 364 days  Thu 1/19/34  Thu 1/18/35
50 | 30-PE&D 364 days Thu 1/19/34 Thu 1/18/35 48 %—PE&[
51 FY 2035 364 days  Thu 1/18/35  Thu 1/17/36
52 |E 30-PE&D 364 days  Thu 1/18/35  Thu 1/17/36 50 %—PE&[
53 FY 2036 364 days Thu 1/17/36  Thu 1/15/37
54 |E 30-PE&D 364 days  Thu1/17/36  Thu 1/15/37 52 %_pE&[
55 FY 2037 364 days  Thu 1/15/37  Thu 1/14/38
56 30-PE&D 364 days Thu 1/15/37 Thu 1/14/38 54 l
57 FY 2038 - Renourishment 3 (Dredging) 206 days Thu 1/14/38 Sun 8/8/38
58 |E 01-Lands and Damages 120 days Thu 1/14/38 Fri 5/14/38 56 01-Lands ahd Damaages
59 |E 30-PE&D - P&S 120 days Thu 1/14/38 Fri 5/14/38 54
60 |EE 17-Beach Replenishment (225,500 CY) 85 days Sat 5/15/38 Sun 8/8/38 59FS+1 day ¥
61 |FAE 31-Construction Management 85 days Sat 5/15/38 Sun 8/8/38 60SS 31-Constructi anagemen
62 FY 2039 364 days Sun 8/8/38 Sun 8/7/39 aﬁ;orTA
63 |E 30-PE&D 364 days Sun 8/8/38 Sun 8/7/39 60
Task iy Rolled Up Critical Task (i  External Tasks L Inactive Milestone < Manual Summary RollUp cr— Progress R —
Project: Miami Harbor Ph 3 - CONST S Critical Task B Rolled Up Milestone & Project Summary Py Inactive Summary 1) Manual Summary P—————————y Deadline <
Date: Mon 9/18/17 Milestone * Rolled Up Progress — Group By Summary Py Manual Task Ed start-only C
Rolled Up Task . Split Do Inactive Task [ ] Duration-only Finish-only |

\\saj-netapp2.saj.ds.usace.army.mil\en\EN-TC\Project\CW\CW\HSDR\PalmBeachCoSPP\Jupiter Carlin\Section 934 Study\FY17\TSP (Final)\Schedule\113167_JC 934_PSCHEDULE_18SEP17.mpp




ADDENDUM C: Risk Report

C-1



US Army Corps of
Engineers®

Palm Beach County, Jupiter Carlin, Florida
Section 934 Report

Project Cost and Schedule Risk Analysis Report

Prepared by:

U.S. Army Corps of Engineers,
Jacksonville District

Supported by:

U.S. Army Corps of Engineers,
Cost Engineering Mandatory Center of Expertise (MCX) for Civil Works

OCTOBER 2017



TABLE OF CONTENTS

EXECUTIVE SUMMARY ..ottt ettt sttt et et sttt et es e ses e st bbb ses e et st ebeses st sen et ebsesens sensneebeneses ES-1
IMAIN REPORT ...etieiteeiie sttt sttt ettt ettt e bt e sbeesbe e saeesatesatesatesabeembeenbeenteesbeesaeesseesasesasesnsesnsesnnenes 1
LU0 PURPOSE.....eettetteetie ettt ettt ettt ettt et e bt e s bt e s he e saeesatesatesabesabees b e et e enbeesbeesbeesatesntesntesnneen snes 1
2.0 BACKGROUND ....utiitiiiieitie sttt st ettt e teete et e e teesteesbeesaeesseesasesaeesaeesssesasesasesnsesnbesnseenseenseensanns 1
3.0 REPORT SCOPE.... ettt ettt ettt et ettt b e bt bt e sae e sat e st e s bt e bt et e e beebeenbeesbeesbeesaeesaeesaees 1
4.0 METHODOLOGY / PROCESS......cttitieieieeteeteteeteetesteestetestesneesessesseesesseessessesseensessessnensensesseenes 2
4.1 Identify and AsSeSS RiSK FACTOIS....cuuiiiiiciiieiiiiie ettt sttt e saree e s sveeeesaes 3
4.2 Quantify Risk FACLOr IMPACES ....eeiicieeiiiiiie ettt e et e et e e e etre e e s entae e e sbraeeeenbaeaesanes 4
4.3 Analyze Cost Estimate and Schedule CONtiNgENCY ....covcuviiiiiciiiiiiiie e 5
5.0 PROJECT ASSUMPTIONS ...ttt sttt ettt ettt sbe e bt e sbeesbeesbeesbeesaeesaeesanesanesanes 5
5.0 RESULTS ...ttt ettt sttt sttt st et ettt et et et e e s bt e sb e e s bt e sbeesmeeemeesaeeeabesaseeabesabeenne neenas 6
Lo I 21 =T = 1) =Y USSR 6
6.2 Cost Contingency and Sensitivity ANAlYSiS ......coivcieiiiciiie i 6
6.2.1 SENSIIVITY ANAIYSIS .uuiiiiiiiiiicitiieee et e e e e e e rrree e e e e e e eerebre e e e e e e e nnraeeeeeeeennnrnes 7
6.2.2 Sensitivity ANalysis RESUILS ...ccccuuiiiiciiiie ettt e e e aaaee e 7

6.3 Schedule and Contingency Risk Analysis (Initial Construction) ..........cccceeeeciiiiiiiiieeccieeeeas 7
7.0 MAJOR FINDINGS/OBSERVATIONS/RECOMMENDATIONS ....c..oeiiiinieeienienieeee e sieeie e 11
7.1 Major FINAINGS/ODSEIVAtIONS.......cccvieitieeciie ettt ettt ettt et e ete e et e eeteeeetreeebeeeree s 11
7.2 RECOMMENAALIONS ...ttt ettt et e s et e sabe e s be e sbteesabeesabeesabaeesneeesareens 15



LIST OF TABLES

TABLE 1. CONTINGENCY ANALYSIS TABLE (REMAINING RENOURISHMENTS) ..eccuuvieeeeirieeeeiueeeeeireeeeeseeeeessseeesesseeeessseseennns 2
TABLE 2. PDT IVIEMBERS ...vvvvvuvutstutssssereresessreserereseseressseseseseeeeseseeeseseteeeeteteteteteteteteteteeeseeseeeeseesesasesseaseesesessesnssnrans 4
TABLE 3. BASE COST CONTINGENCY SUMMARY ....vuvvvvruverererererererererereresemeseeeteteteteeeeetttettttteteteteteteteteretetetesateeeessasesens 7
TABLE 4. SCHEDULE DURATION CONTINGENCY SUMMARY ..vvvvvvvurererererererererererererereremesesesemmeeemeemseeseeemeretetemererereseseseeees 8
TABLE 5. PROJECT COST COMPARISON SUMMARY.....eeeieurerernreerainreeessnreeesanseesssnseeesasseessseeesssesessnsseessanseessssseesans 12
LIST OF FIGURES
FIGURE 1. SENSITIVITY ANALYSIS (BASELINE ESTIMATE) ..eeuvteeeiitiieeeitieeeeittieeestteeeeeateeeeeseeeessseeeesseeeesssesesasseasessseseanns 9
FIGURE 2. SENSITIVITY ANALYSIS (BASELINE SCHEDULE) .....uvvieeeiteeeeeurieeeeteeeeeteeeeeteeeeessseeesesseeeeasseseeassesessssessssenans 10
FIGURE 3. PROJECT COST SUMMARY ...uuuuuuuuuuuuuuuuuuuusauusnsasnnsuasssssasssssessssssssssssssssssssssssssssessremememm. 13
FIGURE 4. PROJECT SCHEDULE SUMMARY .uuuuuuuuuuuuuuuuuuuusuunnsuasasnsasssssssssssssssssssssssssssssssssssssssssssresemememmemm. 14
LIST OF APPENDICES
I =T = 1) (=Y R PRPRN APPENDIX A



EXECUTIVE SUMMARY

This Cost and Schedule Risk Analysis (CSRA) Report has been completed by the US Army Corps of
Engineers (USACE), Jacksonville District. The CSRA was developed with support by the Cost Engineering
Mandatory Center of Expertise (MCX) for Civil Works. The CSRA was reviewed by the MCX during Agency
Technical Review (ATR) as part of the Life Cycle Update and FY17 Budget Submission. The CSRA has been
modified in response to ATR comments and subsequent revisions. This report presents a
recommendation for the total project cost and schedule contingencies for the Palm Beach County Shore
Protection Project, Jupiter Carlin, Florida. In compliance with Engineer Regulation (ER) 1110-2-1302
CIVIL WORKS COST ENGINEERING, dated June 30, 2016, a formal risk analysis study was conducted. The
purpose of this risk analysis study was to establish project contingencies by identifying and measuring
the cost and schedule impact of project uncertainties with respect to the estimated total project cost
and project schedule.

Specific to the Palm Beach County, Jupiter Carlin project, the most likely total project cost (at current
price level) is approximately $37.3 million. With $9.1 million accounting for initial, 2026 and 2032
periodic renourishments construction cost and $9.7 million accounting for the final periodic
renourishment in 2038. Based on the results of the analysis, the Jacksonville District recommends a
contingency value of approximately $9.2 million, or 25%, this percentage value has been rounded from
the exact output of the risk analysis for the initial construction and periodic renourishments. These costs
and contingencies can be seen within the Total Project Cost Summary (TPCS) sheet within the Cost
Engineering Appendix.

The Jacksonville District Cost Engineering Section performed the risk analysis for this project and the risk
analysis has been reviewed, as required, by the MCX, Walla Walla District. A Monte Carlo technique was
used, producing the aforementioned contingencies and identifying key risk drivers.

The following tables portray the development of the contingencies. The contingency is based on an 80%
confidence level, as per USACE Civil Works guidance. The costs presented are rounded and the 80%
confidence value may not match the final TPCS. The models developed were based upon the total cost
associated with each renourishment including construction costs, PED costs, construction management
costs, and annual monitoring and life cycle costs. Cost estimates fluctuate over time. During this period
of study, minor cost fluctuations can and have occurred. For this reason, contingency reporting is based
in cost and percentage values. Should cost vary to a slight degree with similar scope and risks,
contingency percentage values will be reported, cost values rounded. Cost may vary slightly throughout
the report based upon rounding and minor changes during the study.
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Table 1. Contingency Analysis Table

Most Likely $37,293,000
Cost Estimate
Confidence Level Value (S$) Contingency (%)
5% $42,261,000 13.34%
50% $44,805,000 20.14%
80% $46,474,000 24.62%
95% $48,146,000 29.10%

KEY FINDINGS/OBSERVATIONS RECOMMENDATIONS

For future periodic renourishments, the key cost risk drivers identified through sensitivity analysis were
Acquisition Type/Bidding Climate and Quantity Estimates, which combined contribute 70.5% of the
statistical cost variance. These items are discussed in Section 7.1 Major Findings/Observations.

Recommendations, as detailed within the main report, include the implementation of cost and schedule
contingencies, further iterative study of risks throughout the project life-cycle, potential mitigation
throughout the PED phase, and proactive monitoring and control of risk identified in this study.
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MAIN REPORT

1.0 PURPOSE

This report presents a recommendation for the total project cost and schedule contingencies for the
Palm Beach County, Jupiter Carlin project.

2.0 BACKGROUND

Specific to the Palm Beach County, Jupiter Carlin Shore Protection project; located just south of Jupiter
Inlet at the northern end of Palm Beach County, Florida between DNR Reference monuments R-13 and
R-19. The planning level estimate is for the placement of beach quality material on the beach from R-13
to R-19. This estimate has been through several variations of placement methods and has concluded on
the use of a large hopper dredge with pumpout for initial construction and periodic renourishments. The
updated 30-foot berm design assumes all material for construction beach fill for initial construction and
periodic renourishments will come from an offshore borrow source. The project will use approximately
191,900 cubic yards for initial construction, 193,300 cubic yards for the 2026 and 2032 periodic
renourishments, and 225,500 cubic yards for the 2038 periodic renourishment. The project was initially
constructed in 1995.

The dredging unit costs were developed based on historical production from previous dredging
contracts at this same location.

As a part of this effort, Jacksonville District has provided an MIl estimate and schedule to the MCX for
review. An ATR of the cost estimate and schedule for the authorized project has been completed. As
part of the ATR, a review of the risk analysis was completed to establish the resulting contingencies.

3.0 REPORT SCOPE

The scope of the risk analysis report is to calculate and present the cost and schedule contingencies at
the 80% confidence level using the risk analysis processes, as mandated by:

e U.S. Army Corps of Engineers (USACE) Engineer Regulation (ER) 1110-2-1150, Engineering and
Design for Civil Works,

e ER1110-2-1302, Civil Works Cost Engineering, dated June 30, 2016

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

The report presents the contingency results for cost risks for all project features. The study and
presentation does not include consideration for life cycle costs.

3.1 Project Scope
The formal process included extensive involvement of the PDT for risk identification and the

development of the risk register. The analysis process evaluated the most likely Micro Computer Aided
Cost Estimating System (MCACES) cost estimate, schedule, and funding profiles using Crystal Ball



software to conduct a Monte Carlo simulation and statistical sensitivity analysis, per the guidance in
(ETL)1110-2-573,.

The project technical scope, estimates and schedules were developed and presented by the Jacksonville
District. Consequently, these documents serve as the basis for the risk analysis.

The scope of this study addresses the identification of problems, needs, opportunities and potential
solutions that are viable from an economic, environmental and engineering viewpoint.

3.2 USACE Risk Analysis Process

The risk analysis process for this study follows the USACE Headquarters requirements as well as the
guidance provided by the MCX. The risk analysis process reflected within this report uses probabilistic
cost and schedule risk analysis methods within the framework of the Crystal Ball software.
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 to 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 analysis 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, this risk analysis was
performed to meet the requirements and recommendations of the following documents and sources:

e Cost and Schedule Risk Analysis Process guidance prepared by the USACE Cost Engineering MCX.
e (ER) 1110-2-1302 CIVIL WORKS COST ENGINEERING, dated June 30, 2016.

e Engineer Technical Letter (ETL) CONSTRUCTION COST ESTIMATING GUIDE FOR CIVIL WORKS,
dated September 30, 2008.

4.0 METHODOLOGY / PROCESS

The Jacksonville Cost Engineer facilitated a risk identification and qualitative analysis meeting the
Jacksonville PDT on July 12, 2016. The initial risk identification meeting also included qualitative analysis
to produce a risk register that served as the framework for the risk analysis. The Jacksonville District Cost
Engineer assisted in the creation of the cost and schedule risk analysis models. Cost MCX during ATR
provided input and guidance towards the final risk analysis and resulting contingency.



The risk analysis process for this study is intended to determine the probability of various cost outcomes
and to quantify the required contingency needed in the cost estimate to achieve any desired level of
cost confidence. In simple terms, contingency is an amount added to an estimate 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 the 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 MCX guidance for cost and schedule risk analysis generally focuses on the 80%- level of
confidence (P80) for cost contingency calculation. It should be noted that use of P80 as a decision
criteria is a risk averse approach (whereas the use of P50 would be a risk neutral approach, and use of
levels less than 50% would be risk seeking). Thus, a P80 confidence level results in greater contingency
as compared to a P50 confidence level. The selection of contingency at a particular confidence level is
ultimately the decision and responsibility of the project’s District and/or Division management.

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, which is an add-in to Microsoft Excel. Cost estimates are packaged into
an Excel format and used directly for cost risk analysis purposes. 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.

The primary steps, in functional terms, of the risk analysis process are described in the following
subsections. Risk analysis results are provided in Section 6.

4.1 Identify and Assess Risk Factors

Identifying the risk factors via the PDT is considered a qualitative process that results in establishing a
risk register that serves as the document for the quantitative 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 was obtained using creative processes such
as brainstorming or other facilitated risk assessment meetings.

A formal PDT was held for the purposes of identifying and assessing risk factors. The initial formal
meeting conducted on September 12, 2016 included the following PDT members:



Table 2. PDT Members

No. Name Section Title
1 Ricardo Stallings EN-TC Cost Estimator
2 Matthew Miller PD-EC Environmental Water Quality
3 Marty Durkin EN-WC Coastal Engineer
4  Brandon Burch PM-WN Project Manager
5  Troy Mayhew EN-GG Geologist
6 Lori Hadley EN-WC Coastal Engineer
7 Lynn Zediak RE-A Real Estate
8  Ashleigh Fountain PD-PN Planning
9 Courtney Jackson PD-ES Economist
10 James Lagrone EN-DW Engineering Technical Lead
11  Griselle Gonzalez EN-CT Supv Contracting Officer
12  Paul Stodola PD-EC Biologist
13 Robhin Moore PD-ES Archeologist
14  Daniel Bates N/A Sponsor (Palm Beach County)
15 Clint Thomas N/A Sponsor (Palm Beach County)
16  Tracy Logue N/A Sponsor (Palm Beach County)

The initial formal meetings 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. A final meeting was held with the project management and
planning on July 31, 2017 to further evaluate and finalize the risk on the revised scope of work. In
addition, discussions with the project field office were conducted on the risk associated with this
project.

4.2 Quantify Risk Factor Impacts

The quantitative impacts of risk factors on project plans were analyzed using a combination of
professional judgment, empirical data and analytical techniques. Risk factor impacts were 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 and functions. However, the quantification process relied more extensively on
collaboration between cost engineering and risk analysis team members with lesser inputs from other
functions and disciplines. This process used an iterative approach to estimate the following 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
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e Affected cost estimate and schedule elements

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 support the team’s decisions related to event likelihood, impact, and the
resulting risk levels for each risk event.

4.3 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 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 P80 cost forecast and
the baseline 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 the 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.

5.0 PROJECT ASSUMPTIONS

The following data sources and assumptions were used in quantifying the costs associated with the
with- and without-project conditions.

a. The MIlI MCACES (Micro-Computer Aided Cost Estimating Software) file: “JC_934-
FY18PFC_Dredge_04AUG17” was the basis for the cost and schedule risk analyses.

b. The cost comparisons and risk analyses performed and reflected within this report are based on
design scope and estimates that are at the feasibility level.

c. The schedule was analyzed for impact to the project cost in terms of both uncaptured escalation
(variance from OMB factors and the local market) and monthly recurring costs (unavoidable
fixed contract costs and/or languishing federal administration costs incurred throughout delay).

d. Per the CWCCIS Historical State Adjustment Factors in EM 1110-2-1304, Amd8 dated 31 March
2016, State Adjustment Factor for Florida is 0.88, meaning that this project is not susceptible to
differential between the local market and OMB inflation factors for future construction.

e. The Cost MCX guidance generally focuses on the 80% level of confidence (P80) for cost
contingency calculation. For this risk analysis, the 80% level of confidence (P80) was used. It
should be noted that the use of P80 as a decision criteria is a moderately risk averse approach,
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generally resulting in higher cost contingencies. However, the P80 level of confidence also
assumes a small degree of risk that the recommended contingencies may be inadequate to
capture actual project costs.

f.  Only high and moderate risk level impacts, as identified in the risk register, were considered for
the purposes of calculating cost contingency. Low level risk impacts should be maintained in
project management documentation, and reviewed at each project milestone to determine if
they should be placed on the risk “watch list” for further monitoring and evaluation.

6.0 RESULTS

The cost and schedule risk analysis results are provided in the following sections. In addition to
contingency calculation results, sensitivity analyses are presented to provide decision makers with an
understanding of variability and the key contributors to the cause of this variability.

6.1 Risk Register

A risk register is a tool commonly used in project planning and risk analysis. The actual risk register is
provided in Appendix A. The complete risk register includes low level risks, as well as additional
information regarding the nature and impacts of each risk.

It is important to note that a risk register can be an effective tool for managing 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 feedback and project control input.

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

6.2 Cost Contingency and Sensitivity Analysis

Table 3 provides the raw construction cost contingencies calculated for the P80 confidence level and
rounded to the nearest thousand. The construction cost contingencies for the P50 and P100 confidence
levels are also provided for illustrative purposes only.

Contingency was quantified as approximately $9.2 million at the P80 confidence level (20% of the
baseline cost estimate).



Table 3. Base Cost Contingency Summary

Most Likely
Cost Estimate

$37,293,000

Confidence Level Project Cost Contingency Contingency %
5% $41,768,000 $4,475,000 12.00%
50% $44,006,000 $6,713,000 18.00%
80% $45,497,000 $8,204,000 22.00%
100% $50,718,000 $13,425,000 36.00%

6.2.1 Sensitivity Analysis

Sensitivity analysis generally ranks the relative impact of each risk/opportunity as a percentage of total
cost uncertainty. The Crystal Ball software uses a statistical measure (contribution to variance) that
approximates the impact of each risk/opportunity contributing to variability of cost outcomes during the
Monte Carlo simulation.

Key cost drivers identified in the sensitivity analysis can be used to support development of a risk
management plan that will facilitate control of risk factors and their potential impacts throughout the
project life cycle. Together with the risk register, sensitivity analysis results can also be used to support
development of strategies to eliminate, mitigate, accept or transfer key risks.

6.2.2 Sensitivity Analysis Results

The risks/opportunities considered as key or primary cost drivers are ranked in order of importance in
contribution to variance bar charts. Opportunities that have a potential to reduce project cost and are
shown with a negative sign; risks are shown with a positive sign to reflect the potential to increase
project cost. A longer bar in the sensitivity analysis chart represents a greater potential impact to total
project cost.

Figure 1 presents a sensitivity analysis for cost growth risk from the high level cost risks identified in the
risk register. Likewise, Figure 2 presents a sensitivity analysis for schedule growth risk from the high
level schedule risks identified in the risk register.

6.3 Schedule and Contingency Risk Analysis

Table 4 provides the schedule duration contingencies calculated for the P80 confidence level. The
schedule duration contingencies for the P50 and P100 confidence levels are also provided for illustrative
purposes.

Schedule duration contingency was quantified as approximately 39.1 months for each renourishment
activity based on the P80 level of confidence. This contingency was used to calculate the projected
monthly recurring cost impact of project delays that are included in the Table 1 presentation of total



cost contingency. The schedule contingencies were calculated by applying the high level schedule risks
identified in the risk register for each option to the durations of critical path and near critical path tasks.

The schedule was not resource loaded and contained open-ended tasks and non-zero lags (gaps in the
logic between tasks) that limit the overall utility of the schedule risk analysis. These issues should be
considered as limitations in the utility of the schedule contingency data presented. Schedule
contingency impacts presented in this analysis are based solely on projected monthly recurring costs.

Table 4. Base Schedule Contingency Summary

Most Likely
Schedule 341.0 Months
Duration
Baseline w/ Contingency Schedule
Confidence Contingency Amount Contingency Dollar
Level (Months) Amount Contingency %
5% 360.8 Months 23.5 Months $501,000 1.34%
50% 372.5 Months 37.5 Months $800,000 2.14%
80% 380.1 Months 45.8 Months $976,000 2.62%
100% 402.5 Months 69.4 Months $1,480,000 3.97%

Notes:
1) The schedule was not resource loaded and contained open-ended tasks and non-zero lags
(gaps in the logic between tasks) that limit the overall utility of the schedule risk analysis.
These issues should be considered as limitations in the utility of the schedule contingency
data presented in Table 4.

2) A P100 confidence level is an abstract concept for illustration only, as the nature of risk and
uncertainty (specifically the presence of “unknown unknowns”) makes 100% confidence a
theoretical impossibility.



Figure 1. Sensitivity Analysis (Baseline Estimate)
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Figure 2. Sensitivity Analysis (Baseline Schedule)
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7.0 MAJOR FINDINGS/OBSERVATIONS/RECOMMENDATIONS

This section provides a summary of significant risk analysis results that are identified in the preceding
sections of the report. Risk analysis results are intended to provide project leadership with contingency
information for scheduling, budgeting, and project control purposes, as well as to provide tools to
support decision making and risk management as projects progress through planning and
implementation. Because of the potential for use of risk analysis results for such diverse purposes, this
section also reiterates and highlights important steps, logic, key assumptions, limitations, and decisions
to help ensure that the risk analysis results are appropriately interpreted.

7.1 Major Findings/Observations

Total project cost comparison summaries are provided in Table 3 and Figures 3 and 4. Additional major
findings and observations of the risk analysis are listed below. Refer to the sensitivity chart for a
complete list of risk items evaluated and their impact. In addition, the risk registers for each analysis are
at the end of this report.

For the renourishments, the key cost risk drivers identified through sensitivity analysis were Acquisition
Type/Bidding Climate, Severe Weather and Quantity Estimates, which combined contribute 74.9% of the
statistical cost variance. These items are discussed in further detail within Section 7.2 Recommendations
below.

In addition to these key cost risk drivers the following risk item was evaluated as an additional moderate
risk:

e Change Orders: This risk item represents the concern that changes in scope/design could cause
delays to the project during construction.

The key schedule risk drivers identified through sensitivity analysis are Funding Stream, Environmental
Delays and Economic Changes to Benefits which combined contribute 71.1% percent of the statistical
schedule variance. Details identifying the concerns associated with each of these risk drivers and
information on how each risk item was modeled is explained in Section 7.2 Recommendations below.

In addition to key schedule risk drivers the following risk items were evaluated as additional moderate
risks:

o Permit Delays - This risk item represents the concern for the schedule that could be affected by
any permitting delays. Permits are for periods of 10 years with a possible two year extension. An
extension would be required and an additional permit for the remainder of the project life. The
schedule allows for ample time to acquire permit extensions. This is also unlikely for the
schedule, but could be significant if delays are experienced.
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Notes:

Table 5. Project Cost Comparison Summary

Most Likely
Cost Estimate

Confidence Level ‘

$37,293,000

Project Cost ‘ Contingency

Contingency %

0% $40,593,000 | $3,300,000 8.85%
59 $42,269,000 | $4,976,000 13.34%
10% $42,704,000 | $5,411,000 14.51%
15% $43,120,000 | $5,827,000 15.63%
20% $43,534,000 | $6,241,000 16.74%
25% $43,935,000 | $6,642,000 17.81%
30% $43,963,000 | $6,670,000 17.89%
359% $44,361,000 | $7,068,000 18.95%
40% $44,383,000 | $7,090,000 19.01%
45% $44,780,000 | $7,487,000 20.08%
50% $44,805,000 | $7,512,000 20.14%
55% $45,204,000 | $7,911,000 21.21%
60% $45,228,000 | $7,935,000 21.28%
65% $45,625,000 | $8,332,000 22.34%
70% $46,029,000 | $8,736,000 23.42%
75% $46,432,000 | $9,139,000 24.50%
80% $46,474,000 | $9,181,000 24.62%
85% $46,889,000 | $9,596,000 25.73%
90% $47,695,000 | $10,402,000 27.89%
95% $48,146,000 | $10,853,000 29.10%
100% $52,199,000 | $14,906,000 39.97%

1) Table taken from Crystal Ball software. Values have been rounded and may not match when
calculated.
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Figure 3. Project Cost Summary
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Figure 4. Project Schedule Summary
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7.2 Recommendations

Risk Management is an all-encompassing, iterative, and life-cycle process of project management. The
Project Management Institute’s (PMI) A Guide to the Project Management Body of Knowledge (PMBOK®
Guide), 4" edition, states that “project risk management includes the processes concerned with
conducting risk management planning, identification, analysis, responses, and monitoring and control
on a project.” Risk identification and analysis are processes within the knowledge area of risk
management. Its outputs pertinent to this effort include the risk register, risk quantification (risk
analysis model), contingency report, and the sensitivity analysis.

The intended use of these outputs is implementation by the project leadership with respect to risk
responses (such as mitigation) and risk monitoring and control. In short, the effectiveness of the project
risk management effort requires that proactive management of risks does not conclude with the study
completed in this report.

The CSRA produced by the PDT identifies issues that require the development of subsequent risk
response and mitigation plans. This section provides a list of recommendations for continued
management of the risks identified and analyzed in this study. Note that this list is not all inclusive and
should not substitute a formal risk management and response plan.

1. Key Cost Risk Drivers: The key cost risk drivers identified through sensitivity analysis were,
Acquisition Type/Bidding Climate and Quantity Estimates.

a. Acquisition Type/Bidding Climate: This risk item represents the concern that multiple
contracting methods available could represent uncertainty in contract cost. Also, any risk to cost
due to severe economic swings, which could increase/decrease the number of potential bidders.
The state of the economy could also impact how that pool of potential bidders prices the
project.

b. Quantity Estimates: This risk item represents the concern that quantities could vary based upon
losses during or prior to construction. Quantities changes could result between renourishments
due to severe weather, sea level changes, change in erosion rate, etc. The greater quantity
variance risks would likely be in the out-years.

2. Key Schedule Risk Drivers: The key schedule risk drivers identified through sensitivity analysis are
Funding Stream, Economic Changes to Benefits and Environmental Delays.

a. Funding Stream: Increasing the difficulty in obtaining funds in a timely manner could have an
impact to cost.

b. Economic Changes to Benefits: This risk identifies the concern that BC Ratio could affect priority
for receiving needed funds. This is unlikely because of long interval between events funding can
be coordinated well in advance. However, if total funding is not provided, additional sponsor
coordination may be needed.

c. Environmental Delays: This risk item represents the concern for the schedule that could be
affected by any environmental delays. Sea Turtle and Bird monitoring restrictions could increase
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over time causing impact to the schedule. This is also unlikely for the schedule, but could be
significant if delays are experienced.

Risk Management: Project leadership should use the outputs created during the risk analysis effort
as tools in future risk management processes. The risk register should be updated at each major
project milestone. The results of the sensitivity analysis may also be used for response planning
strategy and development. These tools should be used in conjunction with regular risk review
meetings.

Risk Analysis Updates: Project leadership should review risk items identified in the original risk
register and add others, as required, throughout the project life cycle. Risks should be reviewed for
status and reevaluation (using qualitative measure, at a minimum) and placed on risk management
watch lists if any risk’s likelihood or impact significantly increases. Project leadership should also be
mindful of the potential for secondary (new risks created specifically by the response to an original
risk) and residual risks (risks that remain and have unintended impact following response).
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APPENDIX A. Risk Register

113167: Jupiter Carli

Risk Matrix

Impact or Consaguence of Occurrence

Segment Hurricane Storm Damage Reduction (HSDR) Project

Owerall Project Scope

The Palm Beach County Shore Protection Project, authorized by Section 110 of the Rivers and Harbors Act (Public Law §7-874) on
October 23, 1962, provides for beach fill extending from the Martin County line to Lake Worth Inlet and South Lake Worth Inlet to the
Broward County line. The 1994 Addendum to the 1987 General Design Memorandum supersedes the original authorized project
dimensions and calls for restoring approximately 1.1 miles of beach between Florida Department of Environmental Protection

Negligible Marginal ; | ! ! ka .
5 reference monuments R-13 and R-19. The fill restores the October 1989 mean high water shoreline and provides additional material
§ cartin Moderate Moderate to offset erosive losses for seven years between each subsequent renourishment. Federal participation in the project allowed non-
3 [ Vary LEsly Low Moderate federal construction and renourishment with subsequent reimbursement of the federal share of project cost for a period of 15
= = s years following initial construction. Palm Beach County constructed the initial project in 1995 and renourished the beach in 2002.
] § "oe  Low Moderate Federal participation in the project expired in 2010. Section 934 of the 1986 Water Resource Development Act (Public Law 99-662)
a Unili Iy L Low Moderate provides discretionary authority to the Secretary of the Army, acting through the U.5. Army Corps of Engineers Office of the Chief of
Very Uniiksly Loy Loy _
“\\ SEE ASSUMPTIONS TAB FOR COST VALUE RANGES DEVELOPMNENT
Negligible— Less than $186,465 2 Months
Marginal --=betweean $186,466 and $745,860 2 Months  and 7 Months
4 Significant —-betweeon $745,861 and $2,983 440 7 Monthe and 17 Months
Cost Risk Model (LINK Base Cost Summary (LINK 2 i R
-y Critical— betwean $2,983,441 and $7,453,600 17 Months  and 34 Months
Schedule Risk Model (LINK| EORECAST EXTRACTS TAB [LINK) Project Continency (LRI \ s =S Ower; $7,458,601 34 Months
\\\_‘ ™ _Project Cost Project Schedule
loug loug
““-..‘LL\\-‘ R h R h
Order Order Variance | Correlation to | Responsibility / | Affected Project
Rizk No.| Risk/Opportunity Event Concerns PDT Risk Conclusions, Justification Likelihood® Impact® Risk Level* | Impact (§) | Likelihood*| Impact Risk Level* |Impact (mo)| Distribution Other(s) POC Component
" Contract Risks (Internal Risk hems are those that are generated, caused, of controlled within the POTs sphere of influence.)
PROJECT & PROGRAM MGMT
FM is optimisitic funds for construction will either be provided in the FY prior to construction
P Funding Stream Receipt of Federal Funding_is anticipat_ed bt unsure | ar F‘r’ of construction. Howewver, desp.ite increasi!'ng t:_IiFFic%lltg obtaining funds that could have MODERATE
due ko future Funding constraints. animpact to cost and schedule [Tyr-33), the funding is being accumulated by the Sponsor on Froject Cost &
anannialbasts,and.appears solidtorboth reniouishiments, Likely Marginal 3-,: Likely Sigrificant 24 Manths Unifarm PIYFOT Schedule
Schedule Delay - Staffing and Friarities of POT members may cause a slip in F"n:\|.ects in design anf:l construction phasels may t:ake higher pricrity D\..'E'l. the 334 Study. This
PR2 Prinrii hedul is comman and likely to oceur but the impact is thaught ta be negilgible ta cost and Lo L
LLrl o FENECHe: 2 b diiliss Likely Megligible (i3 Likely Megligible 01 Manths [ArS FOT Fraject Schedule
i a ) Unlik.ely Significant 2 Unilik.ely Significant 13 Maonths Uniform FOT Schedule
pra  |pPa ssues Dielay in the sgreement could delay the praject, PP A is current. Should be no issue.s therefore unlikely Ii.kelir.mod of occurrence. |t this were . . Lo . B LOw Project Ciost i
ta oeour this could have amarginal impact. Unlikely Marginal 1 Unlikely Hlegligible 1 Months A, P Schedule
FOT assumption that the design template will be restored prior to initial constroction. This is
PHM5 |Sponsor Support Dielay in the agreement could delay the project. non-Federal responsibility, and the use of the 334 authority is contingent on the Sponsar Lo
maintaining this berm. Unlik.ely Marginal 1 Likely Significant 12 Months 1S P Froject Scheduls
CONTRACT ACQUISITION RISKS
Multiple T methods available [IFE, BFF), which represents uncertainty in contract cost and
s e o v > hedule. Impacts effortin award; some contract vehicles more conducive to lower cost,
Acquisition Type - Biddin A, tion Stra fract tract d e
cal Clli:)rﬁﬁt& ye g ERARRN Ecgou:-l :;tij:jn fagt phessan Bazed an past contract experience including the LS's contracts and recent S0 bids, sand L
5 ; placement contracts have had good competition with Fasorable outcomes, Due to industry Praject Cost &
Py waorkload, prices could still come in high. Likely Significant 0% Unlik.2ly Marginal 1Months Unifarm FOT Schedule
ca? |Acquisition Delays Eazed on lecent.expenence.- numeraus amendments Izsuance of multiple amendments could delay the solicitation due date and subzequently Lo LW Project Cost &
are issued prior bo receipt of bidsiproposals. autard of the contract. Likely Megligible 03¢ Very Likely Megligible 0 Months HkA, FOT Schedule
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TECHNICAL RISKS

L1 Scope Changes ‘What iz the likelyhood that .th.e project s.cope could be Scope iz well defined and.not ex.pe-:ted to changs. Ho.weu.er. dredging iz =till 2 potential ] ) MODERATE ] . MODERATE ) ) Project Cost &
changed For the remaining rencurishments, cption which could have 2 marginal impact. Likely FAarginal 4 Wery Likely Targinal & Manths Triangular Technical Lead Schedule
fid ol : o Could future permits affect the design and This project seqment was last renourished in 2013 and the FOEP permit is good through i
L2 |Permit Conditions i o plojRst=eg . : P g o ; : Lo , ; FMODERATE : : Fiojeat Costh
canstruction of the Sand Key segment 2028, Future impacts unlikely. Unlikely Marginal 0 Likely Marginal & Months Triangular Environmental Schedule
since material is assumed to be coming from an offshore borrow source, this source has
TL3 |Character of Materialz Confidence in the material quality. suficient volume of material in accordance with current specifications For beach quality Fill. Lo LOw Geotechnical Civil Fraoject Cast &
The POT has confirmed and therefore this is thought to be anunlikely risk. Unlikely Farginal 03 Unlik.ely Parginal 0 Months FiA Dlesign Schedule
The currently assumed offshore borrow source is estimated bo contain approgimately 5m
Availability of Borrow Material I there enough volume of material auilable in the cubic yards of suitable material. This is based upon the 4234 Goetech Appendis. The current
TLS |for the Project at time of e sangd R scope of the remaining project requires less than 1m cubic yards of material. Az a result, this MOOERATE MOOERATE
construction P PP RIOIREE: iz assumed to be a unlikely risk with a signifizant cost impact if an LRR is nessesary to local Froject Cost &
alternative sources. Unlikely Significant 0% Unlikely Significant 3 Months Triangular TL-& Technical Lead Schedule
Ample historic erosion rates and survey data are available to support the erosion rate
e ; Coould there be changes ta the current shoreline determined. Any Fuctuation is antlcu?ated to be minor since Fhe project h‘?s been pefarming
L6 Erosion Rate Changes 3 2 : very well. Large starm events typically have a short term impact or animpact for one Lo L
erosion rates that could alver the project design? 3 f - % e ol . s
renourishment but the project in the ouk years is espected to perform similarily toits historic Frojest Cast &
perakrmance. Unlikely Megligible 0% Unlik.ely Meqgligible 0 Manths ) Technical Lead Schedule
LANDS AND DAMAGES RISKS
Site Access, Staging Areas & : = Since the project has been previously constructed and renowrished beach access and Project Cost &
! Hawe all access and staging areas been established? Lo LOwt
L] Construction Eagements ang staging areas are available. Minor coordination required bo reuse areas. Unlikely arginal 0 Unlik.ely IWarginal 0 Months TliA Feal Estate Scheduls
REGULATORY AND ENVIRONMENTAL RISKS
There is a nesting sea turtle window and bird monitoring window. These restriction could
increase with time. Sea turtle nesting is likely, however, as nesting occurs nest are buffered
rec2 |Environmental Restrictions Could environmental l.estlictilons change such t.hat For and monitoring is required in th.e contract. T.his is captur.ed in the bése line estimat.e, and Lo L0
they could delay the project or interrupt construction? any cost and schedule fluctuations are considered marginal and unlikely. Mo negative
impacts to relgulation.s asa rE'SL.I|t af .st.orms al.e antici!:uated since the beach lel-noulishment Froject Cost &
projects typically provide oritical nesting habitat for sea turtles and birds. Unlikely Marginal 03 Unlik.ely Marginal 0 Months i Environmental Schedule
The permit would have to be reissued multiple times for remainder of project life. The
y " - ’ schedule allows For ample time to acquire permits. S this is considered to be unlikely and
G4 Ch Permit 1¢ MODERATE
HEG Permit Lieiays bl LA A marginal for cost. Thisis also unlikely For schedule, but could be significant if delays are Froject Cost
experienced. Likely Marginal 2% Likely Significant 12 Months Triangular Environmental Schedule
. - N . " Froject Cost &
REGS |MNEPA Public Comments Significant public concern about the project could delay the MEP A process, Yery Unlikely Megligible Lo % Yery Unlikely Marginal L0 0 Moanths A o Ea— Sohedals
Environmental Delay under * : i3 3 -
GE Section T Conzultations under ESA Conzultation with the UWSFWS could be lengthy, depending on the backlog of the reviewer, ; A MODERATE ; i MODERATE i 3
HEGS ESA athy. ep g g Unlikely Significant 3% Unlikely Significant 12 Months L) Environmental Project Schedule
Environmental Delays under Eszential Fish Habitat Conzultations under the < it 3 5
G Conzultation with the NMFS could be lengthy, depending on the backlog of the reviewer, : = Lo 2 d LDt E :
R MSFCHMA [MSFCRA e EER g 2 “ery Unlik.ely Tegligible 0 “ery Unlik.ely Targinal 0 anths TliA Environmental Project Schedule
CONSTRUCTION RISKS
cod Change Orders during “will change arders be issued during construction that | Construction representatives agreed that change orders will maost likely be issued based on WMODERATE WMODERATE Contract Cost &
Construction could adjust the cost and schedule of the contract? our experience administering dredging contracts, Wery Likely Marginal 2% ‘ery Likely Marginal E Months Triangular Construction Project Schedule
coz Safety lssues Could safety incidents occur that would impact the The Construction r.epresentati-.le.agreed there always exist the possibility D-f =afety incidents . - Lo ] . Lo ) )
cost and schedule of the contract? oecurting on a dredging contract that are normally ok very serious. ery Unlikely egligible 0 Wery Unlikely I1arginal 0 Monthzs Mg Construction Project Scheduls
2 : ‘will the contractor be able to zecure adequate staging f B i §
A
co3 Construction Staging Areas areas for the contract? Aceording b the LS this has not been an issue or concern on previous contracts. Wery Unlikely Megligible Lo 0 Wery Unlik.ely [arginal LOW 0 Monthzs Mg Construction Project Scheduls
£ Could there be claims submitted by the contractor that Construction reprézentatives indicated that measurement and payment surveys are an
; ; MOOERATE % : f L H 3
CO4- | Contract Claims could impact the cost of the contract? spected ares of dizagreement on dredqing contracts, Lik.ely IMarginal 3 Unlik.ely Ilarginal & Months Triangular COoN-1 Construction Contract Cost
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ESTIMATE AND SCHEDULE RISKS

I= production estimate supported by historical contract

There is existing production data available on this project from a previously administered
contract with the same averall scope of work, Howewer, since this is only from one previous

EST1 |Production Estimates data and i it dependable For the scope of wark in the : - k : : i 3 MODERATE L0
Fecommended Plan? contract this could likely result in cost or schedule impacts. This could be signifcant if
: changes to azsumed production occur as additional contracts are performed. Contract Cost &
Unlikely Significant [ Unilik.ely Marginal 3 Months L) EST-3 Cost Engineering Project Scheduls
The total quantities for beach fill include estimated losses that could vary somewhat during
construction. Quantities changes could result between renourishments dus to severs
£ i 2 Estimates are largely based on quantities which could weather, sea level changes, ete. Storm impacts would likely impact the nest upcoming
Lo
ESE2: |theantty E=mmsics change, especially ower time. renourishment and nok the erosion rate. These impacts if abowve $1M could be coverd by
FCCE funding [ER G00-1-1) otherwise it would need ta be cost shared by the project. The
greater quantity variance risks would likely be in the out-years. Likely Critic:al 153 Unlik.ly Marginal 1 Months Trianqular Ciozt Engineering Contract Cost
Vithecqpmessedin e it the | ENETEECT o 00 cnten ks opgr P s
EST3 |Eguipment Availability dredge type be available to bid the contract? Low bid 9" AR 4 Haltind x 5 : L Lo
a5 e ete.). Therefore, this is thought to be an unlikely and marginal to cost and unlikely and Cantract Cast &
competition and availablility could also cause delays. .
negligable bo schedule. Unlikely Marginal 03 Unlik.ely Megligible E Months Triangular Ciost Engineering Project Schedule
The annual fuel price trend has been somewhat stable the last 3-4 years, The market has
experienced some declines recently but some increases are expected in the future, To kake a
" __ . more conseryative approach, rather than using the current fuel price a five year average has
&= 3 will there be fuel price increaszes at the time of the 23 A _ : - 1 £
EST4 |Fuel Prices Ll . been utilized bazed upon coordination with the Cost MOK, This has rezulbed in an increase in MODERATE Lot
contracts that could impact the cost of the project? ; i X T 5 et
the bazeline cost but iz reflected in 3 moderate risk azsumption within the CSRA from what
was previously conizdered. This risk event is more likely to affect delivery cost sinee no
dredging is inwaleed, Unlik.ely Significant 0z Unlik.ely Megligible 0 Months Triangular Cozt Engineering Contract Cost
i Will labor rate increases exceed anticipated rizes that | Labor rates for heaw construction industry have been stable ouer the pasyt zeveral years
ESTS |Labor Cost : = M . i L 3 s Lot T
would impact the cost of the project. and eipected to continue in the future. Unlik.ely flarginal % “Wery Unlikely Megligible 0 Months T, Ciozt Engineering Contract Cost
£l Could contractor markups etcesd the rates used in the We have used average large dredging contractor markups for many years but the actual
ESTE |Contract Markups ] : I i LD Lot
' i i construction estimates? markups bid for the contracts could vary fram this. Unilikely Tlarginal 02 ey Unlikely Iegligible 0 Manths TlA Cost Engineering Cantract Cost
Programmatic Risks {(External Risk ftems are those that are generated, caused, or controlled exclusively outside the POT's sphere of influence.)
PRI Courtininetons Could the project be challenged in court prior o According to the LS there public is currently very supportive of the project and they do not L Lo
| construction by the public? anticipate any significant objection ta the project in the future. Wery Unlikely Critical (1124 Wery Unlikely Critical 0 Manths Unifarm Office of Counzel Project Scheduls
5 . 3 The POT agrees that construction will try to awaid hurricane season. However, receipt of
Severe Weather and other Could th t b ini ted b b
PR2 At oF gud SDSL::em ;;ﬁ:: h:.[:?c:::z ;urinu 1::;?:;;;? funding dictates the window for work. completion. IF FED work. starts at the beginning of the MODERATE Lot
? o o i budget year then work would likely be completed during harricane season. Likely MMarginal 0 Unlik.ely Marginal E Months Uniform MR Froject Cost
The zea lewel risk. could impact construction efforts, mostly related bo quantity variations.
: Sea Level Rise could cause change to project and The Farther inko the out-year contracts, the greater quantity wariability, Time impact is low
Lo Lo :
PR3 |sealeuelbise contract conditions, zince the contracts are small annual events, Ses Level risk is coversd under the EST-2 HudrologyHydraulic
Quantities. Unlik.ely Marginal 0z Unlik.2ly Marginal 1Maonths Uniform Dle=ign Project Cost

"Likelihood, Impact. and Fisk Levelto be verified thraugh market research and analysis [conducted by cost engineer).

@

Risk/Opportunity identified with reference to the Risk Identification Checklist and through deliberation and study of the PDT.
. Dizcussions and Cencerns elaborates on Risk/Opportunity Events and includes any assumptions or findings (should contain infermation pertinent to eventual study and analysis of event's impact to project).
Likelihood is a measure of the probability of the event occurring — Wery Unlikely, Unlikely, Moderately Likely, Likely, Very Likely. The likelhood of the event will be the same for both Cost and Schedule, regardless of impact.
Impact i= a measure of the event's effect on project objectives with relation to scope, cost, andfor schedule — Negligible, Marginal, Significant, Critical, or Crisis. Impacts on Project Cost may vary in severity from impacts on Project Schedule.
. Risk Level is the resuttant of Likelihood and Impact Low, Moderate, or High. Refer to the matrix located at top of page.
. Wariance Distribution refers to the behavior of the individual rigk tem with respect to its potential effects on Project Cost and Schedule. For example, an item with clearhy defined parameters and a =olid most likely scenario would probably follow a triangular or normal distribution. A rigk tem for which the PDT has little data or probability of modeling with respect to

effects on cost or schedule (i.e. "anyone's guess™) would probably follow a uniform or digcrete uniform distribution.
7. The rezponsibility or POC is the entity responzible as the Subject Matter Expert (SME) for action, monitoring, or information on the POT for the identified rizk or opportunity.
&. Correlation recognizes those risk events that may be related to one another. Care should be given to ensure the risks are handled correctly without a "double counting.”
9. Affected Project Component identifies the specific tem of the project to which the risk directly or strongly correlates.
10. Project Implications identifies whether or not the risk item affects project cost, project schedule, or both. The PDT is responsible for conducting studies for both Project Cost and for Project Schedule.

11. Resultz of the risk identification process are studied and further developed by the Cost Engineer, then analyzed through the Monte Carlo Analysis Method for Cost (Centingency) and Schedule (Ezcalation) Groweth.
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ADDENDUM D: Total Project Cost Summary with Cost Risk Analysis, Contingency and Schedule Analysis Escalation
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WALLA WALLA COST ENGINEERING
MANDATORY CENTER OF EXPERTISE

COST AGENCY TECHNICAL REVIEW
CERTIFICATION STATEMENT

SAJ - PN 113167
Palm Beach County, FL — Jupiter Carlin Segment
Shore Protection Project

The Jupiter Carlin Segment of the Palm Beach County Shore Protection Project
presented by the Jacksonville District has undergone a successful Cost Agency
Technical Review (Cost ATR), performed by the Walla Walla District Cost
Engineering Mandatory Center of Expertise (Cost MCX) team. The Cost ATR
included study of the project scopes, report, cost estimates, schedules, escalation,
and risk-based contingencies. This certification signifies the products meet the
guality standards as prescribed in ER 1110-2-1150 Engineering and Design for
Civil Works Projects and ER 1110-2-1302 Civil Works Cost Engineering.

As of August 25, 2017, the Cost MCX certifies the estimated total project cost:

FY18 Remaining Costs: $ 47,551,000 (Cost ATR Certified)

FY16 Spent Costs: $ 9,042,000 (From SAJ Programs & PM)
FY18 Project First Cost:  $ 56,593,000 (Including Spent Costs)
Fully Funded Costs: $ 71,325,000 (Including Spent Costs)

Note: Cost ATR was devoted to remaining work. It did not review spent costs,
which requires an audit process. 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 throughout the life of the project.

m CALLAN.KIM.C.1231558221

Kim C. Callan, PE, CCE, PM
Chief, Cost Engineering MCX
Walla Walla District




**xk TOTAL PROJECT COST SUMMARY **** Printed:8/29/2017

Page 1 of 1
PROJECT: Jupiter Carlin Segment 934 Study DISTRICT: SAJ District PREPARED: 8/25/2017
PROJECT NO: P2 113167 POC: CHIEF, COST ENGINEERING, Matt Cunningham
LOCATION: Palm Beach County, FL
This Estimate reflects the scope and schedule in report; 934 Study Report
- PROJECT FIRST COST TOTAL PROJECT COST
Civil Works Work Breakdown Structure ESTIMATED COST (Constant Dollar Basis) (FULLY FUNDED)
Program Year (Budget EC): 2018
Effective Price Level Date: 1 OCT17
TOTAL
Spent Thru: FIRST
WBS Civil Works COST CNTG CNTG TOTAL ESC COST CNTG TOTAL 1-Oct-16 COST INFLATED  COST CNTG FULL
NUMBER Feature & Sub-Feature Description $K) (3K % $K) %. $K) (3K $K) (3K $K) % $K) (3K $K)
A B C D E F G H | J K L M N o
17 BEACH REPLENISHMENT $32,718 $8,180 25.0% $40,898 1.9% $33,326 $8,331 $41,657 $7,280| $48,937 27.1% $42,371 $10,593 $60,243
06 FISH & WILDLIFE FACILITIES $0 $0 - $0 - $0 $0 $0 $0 $0 - $0 $0 $0
10 BREAKWATER & SEAWALLS $0 $0 - $0 - $0 $0 $0 $0 $0 - $0 $0 $0
CONSTRUCTION ESTIMATE TOTALS: $32,718 $8,180 $40,898 1.9% $33,326 $8,331 $41,657 $7,280| $48,937 27.1% $42,371 $10,593 $60,243
01 LANDS AND DAMAGES $120 $30 25.0% $150 1.9% $122 $31 $153 $0 $153 24.3% $152 $38 $190
30 PLANNING, ENGINEERING & DESIGN $3,655 $914 25.0% $4,569 3.1% $3,768 $942 $4,710 $1,669| $6,379 57.2% $5,925 $1,481 $9,075
31 CONSTRUCTION MANAGEMENT $800 $200 25.0% $1,000 3.1% $825 $206 $1,031 $93| $1,124 67.2% $1,379 $345 $1,817
PROJECT COST TOTALS: $37,293 $9,323 25.0% $46,616 $38,041 $9,510 $47,551 $9,042  $56,593 31.0% $49,827 $12,457 $71,325
CUNNINGHAM.MATT e mmarmen zesicsr22
DN: c=US, 0=U.S. Government, ou=DoD, ou=PKI,
HEW.W.1265406722 5 e """ CHIEF, COST ENGINEERING, Matt Cunningham
PFAFF.LACY.SHAW.1385522 Sy | ESTIMATED TOTAL PROJECT COST: $71,325
343 e 0170631 153630 0ot PROJECT MANAGER, Lacy Pfaff
WHITE.TORLKINSEY.1229 5222t v o i
ou=USA, cn=WHITE.TORI.KINSEY.1229881546 . .
881546 Date: 2017.09.01 08:47:12 -0400' ACTING CHIEF, REAL ESTATE, Tori White

CHIEF, PLANNING, Eric Summa

CHIEF, ENGINEERING, Laureen Borochaner

CHIEF, OPERATIONS, Carol Bernstein

CHIEF, CONSTRUCTION, Steve Duba

CHIEF, CONTRACTING, Timothy Black

CHIEF, PM-PB, Karen Smith

CHIEF, DPM, Tim Murphy
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*** TOTAL PROJECT COST SUMMARY **+*

Printed:8/25/2017

Page 2 of 6
*ex CONTRACT COST SUMMARY **+*
PROJECT: Jupiter Carlin Segment 934 Study DISTRICT:  SAJ District PREPARED: 8/25/2017
LOCATION: Palm Beach County, FL POC: CHIEF, COST ENGINEERING, Matt Cunningham
This Estimate reflects the scope and schedule in report; 934 Study Report
Civil Works Work Breakdown Structure ESTIMATED COST PROJECT FIRST CO.ST TOTAL PROJECT COST (FULLY FUNDED)
(Constant Dollar Basis)
Estimate Prepared: 4-Aug-17 Program Year (Budget EC): 2018
Effective Price Level: 1-Oct-16 Effective Price Level Date 1 0CT17
RISK BASED
WBS Civil Works COosT 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 I J P M N o
Finalize Report FY18
17 BEACH REPLENISHMENT $0 $0 25.0% $0 0.0% $0 $0 $0 0 0.0% $0 $0 $0|
CONSTRUCTION ESTIMATE TOTALS: $0 $0 0.0% $0 $0 $0 $0 $0 $0 $0|
01 LANDS AND DAMAGES $0 $0 25.0% $0 0.0% $0 $0 $0 0 0.0% $0 $0 $0|
30 PLANNING, ENGINEERING & DESIGN
Project Management $0 $0 25.0% $0 0.0% $0 $0 $0 0 0.0% $0 $0 $0|
Planning & Environmental Compliance $300 $75 25.0% $375 3.1% $309 $77 $387 2018Q1 0.0% $309 $77 $387]
Engineering & Design $0 $0 25.0% $0 0.0% $0 $0 $0 0 0.0% $0 $0 $0|
Life Cycle Updates $0 $0 25.0% $0 0.0% $0 $0 $0 0 0.0% $0 $0 $0|
Contracting & Reprographics $0 $0 25.0% $0 0.0% $0 $0 $0 0 0.0% $0 $0 $0|
2.0%  Engineering During Construction $0 $0 25.0% $0 0.0% $0 $0 $0 0 0.0% $0 $0 $0|
1.0%  Planning During Construction $0 $0 25.0% $0 0.0% $0 $0 $0 0 0.0% $0 $0 $0|
Legal $0 $0 25.0% $0 0.0% $0 $0 $0 0 0.0% $0 $0 $0|
31 CONSTRUCTION MANAGEMENT
Construction Management $0 $0 0.0% $0 0.0% $0 $0 $0 0 0.0% $0 $0 $0|
CONTRACT COST TOTALS: $300 $75 $375 $309 $77 $387 $309 $77 $387
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*** TOTAL PROJECT COST SUMMARY **+* Printed:8/25/2017

Page 3 of 6
*ex CONTRACT COST SUMMARY **+*
PROJECT: Jupiter Carlin Segment 934 Study DISTRICT:  SAJ District PREPARED: 8/25/2017
LOCATION: Palm Beach County, FL POC: CHIEF, COST ENGINEERING, Matt Cunningham
This Estimate reflects the scope and schedule in report; 934 Study Report
Civil Works Work Breakdown Structure ESTIMATED COST PROJECT FIRST CO.ST TOTAL PROJECT COST (FULLY FUNDED)
(Constant Dollar Basis)
Estimate Prepared: 4-Aug-17 Program Year (Budget EC): 2018
Effective Price Level: 1-Oct-16 Effective Price Level Date: 1 0CT17
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 Cc D E F G H I J P L M N o
Initial (Dredging) FY20
17 BEACH REPLENISHMENT $8,045 $2,011 25.0% $10,056 1.9% $8,194 $2,049 $10,243 2020Q3 5.1% $8,615 $2,154 $10,769)
CONSTRUCTION ESTIMATE TOTALS: $8,045 $2,011 25.0% $10,056 $8,194 $2,049 $10,243 $8,615 $2,154 $10,769
01 LANDS AND DAMAGES $30 $8 25.0% $38 1.9% $31 $8 $38 2019Q3 3.1% $31 $8 $39]
30 PLANNING, ENGINEERING & DESIGN
Project Management $45 $11 25.0% $56 3.1% $46 $12 $58 2019Q1 3.9% $48 $12 $60)|
Planning & Environmental Compliance $100 $25 25.0% $125 3.1% $103 $26 $129 2019Q1 3.9% $107 $27 $134|
Engineering & Design $300 $75 25.0% $375 3.1% $309 $77 $387 2019Q1 3.9% $321 $80 $402
Life Cycle Updates $50 $13 25.0% $63 3.1% $52 $13 $64 2019Q1 3.9% $54 $13 $67|
Contracting & Reprographics $45 $11 25.0% $56 3.1% $46 $12 $58 2019Q1 3.9% $48 $12 $60)|
2.0%  Engineering During Construction $165 $41 25.0% $206 3.1% $170 $43 $213 2020Q1 8.2% $184 $46 $230|
1.0%  Planning During Construction $85 $21 25.0% $106 3.1% $88 $22 $110 2020Q1 8.2% $95 $24 $119
Legal $45 $11 25.0% $56 3.1% $46 $12 $58 2019Q1 3.9% $48 $12 $60|
31 CONSTRUCTION MANAGEMENT
Construction Management $200 $50 25.0% $250 3.1% $206 $52 $258 2020Q1 8.2% $223 $56 $279
CONTRACT COST TOTALS: $9,110 $2,277 $11,387 $9,292 $2,323 $11,615 $9,775 $2,444 $12,219
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*** TOTAL PROJECT COST SUMMARY **+*
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Page 4 of 6
*ex CONTRACT COST SUMMARY **+*
PROJECT: Jupiter Carlin Segment 934 Study DISTRICT:  SAJ District PREPARED: 8/25/2017
LOCATION: Palm Beach County, FL POC:  CHIEF, COST ENGINEERING, Matt Cunningham
This Estimate reflects the scope and schedule in report; 934 Study Report
Civil Works Work Breakdown Structure ESTIMATED COST PROJECT FIRST CO.ST TOTAL PROJECT COST (FULLY FUNDED)
(Constant Dollar Basis)
Estimate Prepared: 4-Aug-17 Program Year (Budget EC): 2018
Effective Price Level: 1-Oct-16 Effective Price Level Date: 1 0CT17
WBS Civil Works COosT 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 I J P L M N o
Renourishment 1 - FY26 (Dredging)
17 BEACH REPLENISHMENT $8,047 $2,012 25.0% $10,058 1.9% $8,196 $2,049 $10,245 2026Q3 18.4% $9,704 $2,426 $12,130|
CONSTRUCTION ESTIMATE TOTALS: $8,047 $2,012 25.0% $10,058 $8,196 $2,049 $10,245 $9,704 $2,426 $12,130|
01 LANDS AND DAMAGES $30 $8 25.0% $38 1.9% $31 $8 $38 2025Q3 16.1% $35 $9 $44|
30 PLANNING, ENGINEERING & DESIGN
Project Management $45 $11 25.0% $56 3.1% $46 $12 $58 2025Q1 32.6% $62 $15 $77
Planning & Environmental Compliance $100 $25 25.0% $125 3.1% $103 $26 $129 2025Q1 32.6% $137 $34 $171
Engineering & Design $300 $75 25.0% $375 3.1% $309 $77 $387 2025Q1 32.6% $410 $103 $513
Life Cycle Updates $50 $13 25.0% $63 3.1% $52 $13 $64 2025Q1 32.6% $68 $17 $85|
Contracting & Reprographics $45 $11 25.0% $56 3.1% $46 $12 $58 2025Q1 32.6% $62 $15 $77,
2.0%  Engineering During Construction $165 $41 25.0% $206 3.1% $170 $43 $213 2026Q1 38.3% $235 $59 $294|
1.0%  Planning During Construction $85 $21 25.0% $106 3.1% $88 $22 $110 2026Q1 38.3% $121 $30 $152
Legal $45 $11 25.0% $56 3.1% $46 $12 $58 2025Q1 32.6% $62 $15 $77]
31 CONSTRUCTION MANAGEMENT
Construction Management $200 $50 25.0% $250 3.1% $206 $52 $258 2026Q1 38.3% $285 $71 $357,
CONTRACT COST TOTALS: $9,112 $2,278 $11,390 $9,294 $2,323 $11,617 $11,181 $2,795 $13,977
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Page 5 of 6
*ex CONTRACT COST SUMMARY **+*
PROJECT: Jupiter Carlin Segment 934 Study DISTRICT:  SAJ District PREPARED: 8/25/2017
LOCATION: Palm Beach County, FL POC: CHIEF, COST ENGINEERING, Matt Cunningham
This Estimate reflects the scope and schedule in report; 934 Study Report
Civil Works Work Breakdown Structure ESTIMATED COST PROJECT FIRST CO.ST TOTAL PROJECT COST (FULLY FUNDED)
(Constant Dollar Basis)
Estimate Prepared: 4-Aug-17 Program Year (Budget EC): 2018
Effective Price Level: 1-Oct-16 Effective Price Level Date: 1 OCT 17 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 | J P L M N o
Renourishment 2 - FY32 (Dredging)
17 BEACH REPLENISHMENT $8,047 $2,012 25.0% $10,058 1.9% $8,196 $2,049 $10,245 2032Q3 33.3% $10,928 $2,732 $13,660)
CONSTRUCTION ESTIMATE TOTALS: $8,047 $2,012 25.0% $10,058 $8,196 $2,049 $10,245 $10,928 $2,732 $13,660)
01 LANDS AND DAMAGES $30 $8 25.0% $38 1.9% $31 $8 $38 2031Q3 30.7% $40 $10 $50|
30 PLANNING, ENGINEERING & DESIGN
Project Management $45 $11 25.0% $56 3.1% $46 $12 $58 2031Q1 72.5% $80 $20 $100|
Planning & Environmental Compliance $100 $25 25.0% $125 3.1% $103 $26 $129 2031Q1 72.5% $178 $44 $222f
Engineering & Design $300 $75 25.0% $375 3.1% $309 $77 $387 2031Q1 72.5% $534 $133 $667
Life Cycle Updates $50 $13 25.0% $63 3.1% $52 $13 $64 2031Q1 72.5% $89 $22 $111f
Contracting & Reprographics $45 $11 25.0% $56 3.1% $46 $12 $58 2031Q1 72.5% $80 $20 $100|
2.0%  Engineering During Construction $165 $41 25.0% $206 3.1% $170 $43 $213 2032Q1 80.7% $307 $77 $384|
1.0%  Planning During Construction $85 $21 25.0% $106 3.1% $88 $22 $110 2032Q1 80.7% $158 $40 $198|
Legal $45 $11 25.0% $56 3.1% $46 $12 $58 2031Q1 72.5% $80 $20 $100|
31 CONSTRUCTION MANAGEMENT
Construction Management $200 $50 25.0% $250 3.1% $206 $52 $258 2032Q1 80.7% $373 $93 $466|
CONTRACT COST TOTALS: $9,112 $2,278 $11,390 $9,294 $2,323 $11,617 $12,847 $3,212 $16,059
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*x5x CONTRACT COST SUMMARY *++*
PROJECT: Jupiter Carlin Segment 934 Study DISTRICT:  SAJ District PREPARED: 8/25/2017
LOCATION: Palm Beach County, FL POC:  CHIEF, COST ENGINEERING, Matt Cunningham
This Estimate reflects the scope and schedule in report; 934 Study Report
Civil Works Work Breakdown Structure ESTIMATED COST PROJECT FIRST CO.ST TOTAL PROJECT COST (FULLY FUNDED)
(Constant Dollar Basis)
Estimate Prepared: 2-Aug-17 Program Year (Budget EC): 2018
Effective Price Level: 1-Oct-16 Effective Price Level Date: 1 OCT 17 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 | J P L M N o
Renourishment 3 - FY38 (Dredging)
17 BEACH REPLENISHMENT $8,580 $2,145 25.0% $10,725 1.9% $8,739 $2,185 $10,924 2038Q3 50.2% $13,123 $3,281 $16,404]
CONSTRUCTION ESTIMATE TOTALS: $8,580 $2,145 25.0% $10,725 $8,739 $2,185 $10,924 $13,123 $3,281 $16,404|
01 LANDS AND DAMAGES $30 $8 25.0% $38 1.9% $31 $8 $38 2037Q3 47.2% $45 $11 $56|
30 PLANNING, ENGINEERING & DESIGN
Project Management $45 $11 25.0% $56 3.1% $46 $12 $58 2037Q1 129.9% $107 $27 $133|
Planning & Environmental Compliance $100 $25 25.0% $125 3.1% $103 $26 $129 2037Q1 129.9% $237 $59 $296|
Engineering & Design $300 $75 25.0% $375 3.1% $309 $77 $387 2037Q1 129.9% $711 $178 $889
Life Cycle Updates $50 $13 25.0% $63 3.1% $52 $13 $64 2037Q1 129.9% $119 $30 $148|
Contracting & Reprographics $45 $11 25.0% $56 3.1% $46 $12 $58 2037Q1 129.9% $107 $27 $133|
2.0%  Engineering During Construction $175 $44 25.0% $219 3.1% $180 $45 $226 2038Q1 141.8% $436 $109 $545|
1.0%  Planning During Construction $90 $23 25.0% $113 3.1% $93 $23 $116 2038Q1 141.8% $224 $56 $280|
Legal $45 $11 25.0% $56 3.1% $46 $12 $58 2037Q1 129.9% $107 $27 $133|
31 CONSTRUCTION MANAGEMENT
Construction Management $200 $50 25.0% $250 3.1% $206 $52 $258 2038Q1 141.8% $499 $125 $623|
0.0%  Project Operation: $0 $0 25.0% $0 0.0% $0 $0 $0 0 0.0% $0 $0 $0|
0.0%  Project Management $0 $0 25.0% $0 0.0% $0 $0 $0 0 0.0% $0 $0 $0|
CONTRACT COST TOTALS: $9,660 $2,415 $12,075 $9,852 $2,463 $12,316 $15,714 $3,928 $19,642]
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