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1.

INTRODUCTION

Project implementation costs at May 2002 Price Levels are comprised of:
1) Initial construction costs for the Federal project;
2) Non-Federal associated costs for facility upgrades necessary to achieve the benefits of the
45-foot project;
3) Future operation and maintenance costs of the Federal channel, navigation aids; and,
4) Incremental associated operation and maintenance costs (i.e., the difference between the
non-Federal cost for modifying current facilities to include dredging berthing areas of the
benefiting facilities for the 45-foot project compared to the 40-foot project).
Cost estimates were developed assuming that dredging of the Federal and non-Federal associated
portions of the project will be done independently.
As part of the reanalysis, cost estimates were thoroughly reviewed and revised to reflect current
conditions. Below is a summary of changes that were incorporated from the previous District
estimate.
1. In Reaches AA, A, B, C, and D, cost estimates were revised to incorporate the cost of
water quality monitoring.
2. The size of the hopper dredges was increased from a 4,000 cubic yard hopper dredge to a
generic large size dredge. The rationale behind the change was due to the increase
availability of the large size dredges. Letters indicating the availability of such dredges
were obtained and are on file in the Philadelphia District. In addition, this change reflects
the needs of dredging in the bay portion of the project, as most of the dredging will be
done in open water and is more suitable for the large size dredge. Although the size of
the dredge used in the estimate was increased, a conservative approach was used in
loading only to 25 percent of the hopper capacity and using an average large size dredge
to streamline and optimize the costs.
3. The price of fuel was adjusted from $1.00 to $0.80 per gallon. This adjustment was based
on contacting brokers and obtaining quotes for diesel #2 fuel.
The unit price for rock excavation was recomputed using information from recent rock blasting
contracts for the New York/New Jersey Harbor Deepening Project. Based on the information
provided several changes were made to the cost estimate, which significantly reduced the cost
per cubic yard for drilling and blasting. The major change involved the reduction of the sub
drilling channel depth from 12 to 8 feet. The type and hardness of the rock on the Delaware
River project is very similar to the rock in the New York Harbor Project.

2.
2.1.

INITIAL CONSTRUCTION COSTS
Federal Project

Dredging quantities and cost estimates were prepared for the initial dredging of the Federal
portions of the project. For the initial deepening, 26,012,000 cubic yards of material would be
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dredged and placed by pipeline, clamshell and hopper dredges in confined upland disposal areas
and for beneficial uses in Delaware Bay.
The estimate for the Federal portion of the project assumes using pipeline, clamshell and hopper
dredges. Due to the long pumping distances, Reaches AA/A and Reach D will use large size
hopper dredges. Dredged material would be pumped into confined upland disposal facilities.
For Reaches B and C, 30-inch hydraulic pipeline dredges were used with dredged material being
pumped into confined upland disposal facilities. Rock excavation in Reach B will be dredged
using a clamshell dredge after drilling and blasting operations are completed. Excavated
material will be placed in a confined upland disposal facility. For Reach E, large size hopper
dredges were used with the dredged material being pumped to wetland restoration/protection
areas (Kelly Island and Egg Island Point) and sand being placed for beach nourishment at
Broadkill Beach. Cost estimates developed for Reach E take into account environmental
windows that may be encountered during dredging or placement of dredged material.
Cost estimates for development of disposal areas include site clearing, raising dikes and
constructing sluices. Construction schedules, disposal areas use schedule and all quantities for
initial and maintenance dredging cost estimates, including disposal area development were
developed in estimating the cost of the project. The dredged material disposal plan was
established using the most recent Delaware River hydrographic survey channel examinations.
Detailed dredging cost estimates were prepared using the Corps of Engineers’ Dredge Estimating
Programs (CEDEP). Non-dredging costs were prepared using the Corps of Engineers’ Micro
Computer-Aided Cost Engineering System (MCACES).
Due to the amount of material to be dredged (26 million cubic yards), disposal area capacity
considerations and locations, it is planned to construct the project over five years. Work has
been divided into nine construction contracts as shown in Table A-1.
The total initial
construction cost is estimated at $208,422,000 (May 2002 Price Level).

Comprehensive Economic Reanalysis Report

Page A-2

Appendix A
Cost Estimate
Table A-1
Initial Construction Cost (1)
May 2002 Price Level
Project
Year

Contract
Number

Description

Initial Construction
Cost

1

1

Dredging Reach C

$11,227,130

1

2

Kelly Island Wetland/Restoration Project

$37,327,144

1

3

Disposal areas (Raccoon Island, 15G and
15D)

$8,767,487

2

4

Dredging Reach D

$27,228,325

2

5

Rock Excavation Reach B

$15,194,952

3

6

Broadkill Beach

$27,016,432

4

7

Dredging Reach B

$18,373,595

4

8

Egg Island Wetland/ Restoration/Protection
Project

$32,973,658

5

9

Dredging Reach AA/A

$30,313,007

Total

$208,421,731

(1) Cost includes Contingencies, Engineering and Design (E&D) and Supervision and Administration (S&A) during
construction.

Summary level CEDEP and MCACES estimates for each of the nine (9) construction contracts
are presented in Tables A-2 to A-10. Due to the voluminous nature of the detailed cost
estimates, the full CEDEP and MCACES estimates have been retained in the Philadelphia
District files.
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Table A-2
Construction Contract No. 1
May 2002 Price Level
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Table A-3
Construction Contract No. 2
May 2002 Price Level
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Table A-4
Construction Contract No. 3
May 2002 Price Level
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Table A-5
Construction Contract No. 4
May 2002 Price Level
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Table A-6
Construction Contract No.5
May 2002 Price Level
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Table A-7
Construction Contract No. 6
May 2002 Price Level
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Table A-8
Construction Contract No. 7
May 2002 Price Level
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Table A-9
Construction Contract No.8
May 2002 Price Level
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Table A-10
Construction Contract No.9
May 2002 Price Level

2.1.1. Contingencies
The estimated cost for each major subdivision or feature includes an item for “contingencies”.
By definition, a “contingency” is an allowance against some adverse or unanticipated condition
not susceptible to exact evaluation from the data at hand, but which must be expressed or
represented in the cost estimate. The contingency allowances used in the cost estimates reflect
the following uncertainties and concerns:
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Mobilization, Demobilization and Preparatory Work. The contingency reflects uncertainty
regarding the availability of dredges and locations of available dredges. A contingency factor of
5% was used for this item. For the rock excavation, a contingency factor of 10% was used to
reflect an increased concern due to the specialized nature of this type of work.
Pipeline Dredging. The contingency reflects uncertainties associated with pumping distances
and production rates when dredging new/undisturbed materials.
In addition, contingencies
include possible fluctuation of fuel prices, additional survey requirements, and increases in labor
rates. A contingency of 7% was used for the initial dredging.
Hopper Dredging. The contingency reflects uncertainties associated with pumping distances
and production rates when dredging new/undisturbed materials. A contingency allowance was
also included for unanticipated difficulties interfacing with environmental windows that may be
encountered during the bottom-dumping portion of the project. A contingency of 7% was used
for initial dredging.
Rock Excavation. Contingency was included for unavailability of equipment and type of
material. A contingency of 25 % was used for the rock drilling and blasting operation and in the
extent of rock formations. For the clamshell dredging operation, a contingency 7 % was applied
to the initial dredging.
Disposal Areas. Contingency reflects the uncertainty associated with unanticipated difficulties
in developing disposal areas. A contingency factor of 10 % was used for initial dredging.
2.1.2. Planning Engineering and Design
Planning, Engineering and Design (PED) related costs during the initial dredging were estimated
as a lump sum based on similar Corps of Engineers projects. Engineering and Design (E&D)
during construction was estimated at $11,629,800 including contingencies.
Costs include
preparation of the Project Cooperation Agreement, environmental studies and regulatory
activities, design related engineering, plans and specifications, engineering during construction,
cost engineering, construction and contract award activities and project management.
2.1.3. Construction Management
Supervision and Administration (S&A) of project construction was estimated as a lump sum in
the amount of $11,420,338 including contingencies. S&A was based on similar Corps of
Engineers projects. S&A costs include contract administration, review of shop drawings,
inspection and quality assurance, project office operation, contractor initiated claims and
litigations and government initiated claims and litigations, and project management.
2.2.

Environmental Monitoring Costs

2.2.1. Introduction
The Corps’ Final Supplemental Environmental Impact Statement (July 1997) indicated that there
would be no significant adverse impacts from construction of the 45-foot Delaware River Main
Channel Deepening Project based on existing data and modeling studies. However, due to the
sensitivity of some of the resources, the Corps has agreed to gather pre-construction information
for those resources and to monitor them both during and after construction to insure that no
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significant adverse impacts occur. If any are detected, corrective strategies will be implemented.
All monitoring studies were designed in coordination with Federal and State resource agencies,
as well as other resource experts. The cost of monitoring that is done before and during project
construction is included as part of the initial project construction cost (Engineering and Design);
subsequent costs (post construction) are reflected in the 45-foot channel operation and
maintenance costs. The monitoring studies are discussed below.
2.2.2. Kelly Island
Monitoring activities at the Kelly Island Wetland Restoration Site include: water quality
monitoring, sediment profiling, oyster bed and spat set surveying, fisheries surveying, fall
benthic sampling, surveying of juvenile horseshoe crabs, a hydrographic acoustic survey of
oyster bed conditions using the Acoustic Seabed Classification System, and benthic sled camera
evaluation of near shore habitat. In addition, surveys will be done of spawning horseshoe crabs,
migratory shorebirds, and sand builder worms. Development of wetland vegetation and physical
characteristics of the wetland restoration will also be monitored.
2.2.3. Broadkill Beach
The resources that will be monitored at the Broadkill Beach sand placement site include
migratory shorebirds, spawning horseshoe crabs, and sand builder worms.
2.2.4. Egg Island Point
Monitoring activities at the Egg Island Point Wetland Restoration Site include water quality
monitoring, sediment profiling, oyster bed and spat set surveying, fisheries surveying, fall
benthic sampling, juvenile horseshoe crab surveying, a hydro acoustic survey of oyster bed
conditions using the Acoustic Seabed Classification System, and benthic sled camera evaluation
of near shore habitat. In addition, surveys will be done of spawning horseshoe crabs and
migratory shorebirds. Development of wetland vegetation and physical characteristics of the
wetland restoration will also be monitored.
2.2.5. Other Studies
Oysters in the States of New Jersey and Delaware will be monitored to examine the health and
productivity of oyster populations on the natural seed beds in the Delaware Bay to attempt to
determine if the project is significantly impacting oyster resources. Studies to determine the
number and proportion of blue crabs wintering in the navigation channel will be conducted.
During rock blasting, monitoring will be ongoing to determine any adverse impacts on the
endangered shortnose sturgeon.
2.3.

Navigation Aid Costs

In a letter dated July 23, 2002, the U.S. Coast Guard provided costs to relocate, install and
maintain aids to navigation for the 45-foot project. A copy of this letter is attached.
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2.4.

Non-Federal Associated Costs

Associated costs are any required initial construction (e.g., berth deepening, dock modifications)
or operations and maintenance costs incurred by non-Federal interests that would be necessary to
achieve benefits from a deepened 45-foot Delaware River Federal channel. Initial associated
costs are discussed in this section. Associated operations and maintenance costs are discussed in
Section 3.
Interviews were conducted with potentially benefiting facilities (users of the Delaware River
Main Channel) to determine what type of incremental modifications, if any, would be necessary
for them to accrue benefits from a deepened 45-foot Delaware River Main Channel. Interviews
were documented and sent to the interviewees to ensure that the information collected was
accurately recorded. Estimates were prepared for both dredging of berthing areas and any
required berth modifications from data collected during the interviews, the latest hydrographic
survey data, and existing facility drawings. Associated cost written reports were prepared
documenting information gathered regarding vessel berthing areas that would need to be
modified to take advantage of the 45-foot Delaware River Main Channel Deepening. These
reports include facility site map/aerial photographs, summary of findings, and estimated costs.
The berth modifications costs for the various facilities represent the incremental cost to modify,
if needed, the existing berth facilities to increase their design dredge depth to 45 feet below mean
low water. Existing engineering drawings and available engineering reports were used to rate
each facility and prepare preliminary design modification sketches as needed to make cost
estimates. The condition of all existing facilities for determination of needed modifications was
assumed to be free of any structural deterioration, including missing or damaged berth
components. This assumption was used so only the incremental costs attributed to the 45-foot
project would be determined. The need for routine maintenance and repair of the existing
structures are the same for both the existing 40-foot project and the proposed 45-foot project.
The dredging estimate assumed that any non-Federal dredging of the berthing areas will be done
by a local dredging contractor who would continue to haul the dredged material to a private
disposal site, consistent with the long term history of such work and their current permit
requirements. The initial dredging cost is based on the removal of a volume of dredge material
to obtain a dredge depth of 45 feet below mean low water plus one foot over dredge depth. The
incremental maintenance dredging cost is based on the additional amount of maintenance
dredging needed to maintain the berth at 45 feet below mean low water, versus 40 feet below
mean low water.
For each of the benefiting facilities the following is a summary of the berth or storage
modification and initial dredging.
SJPC (Beckett Street Terminal)
Berth Modification. Berthing Areas No. 3 and 4 would be considered for deepening to 45 feet.
Berth No. 3 would require modification of fenders and structure. The structure must be modified
to provide support for the soils under the pier to maintain the existing pile support of the pier.
The modification of Berth No. 3 consists of providing a steel sheet pile bulkhead at the present
river bottom at the face of the pier to provide a retaining wall for the sloped soils under the pier.
In addition, a dead man wall and tie rod support will be added to provide additional lateral
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support for the pier. The dead man wall will consist of steel sheet piling. The existing rubber
fenders and reinforced plastic fender piles must be moved out shore by building out the existing
concrete with steel beams or concrete. Berth No. 4 was reviewed for actual installed conditions
(i.e., depth of cellular sheet pile). It was found that the cell structure and pier are considered
satisfactory for dredging to 45 feet. The fender system would require modification at the
juncture of Berth No. 3 and Berth No. 4 to accommodate relocation of the fender line at Berth
No.3. The modifications to Berth No. 3 are estimated to be $2,000,000. The modifications to
Berth No.4 are estimated to be $50,000.
Berth Dredging (Beckett Street Terminal). Initial dredging costs to bring the berth from 40
feet below MLW to 45 feet below MLW are displayed in Table A-11 below.
Table A-11
Initial Dredging Costs - Beckett Street Terminal

PRPA (Packer Avenue Terminal)
Berth Modification. PRPA does plan to increase the water depth to 45 feet below mean low
water at Berths No. 2, 3, 4 and 5. These berths were analyzed for deepening to 45 feet. The
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structural analyses concluded that cell structures and piers are satisfactory. Therefore, there is no
need for structural modification due to deepening of the berths from the current maintained depth
of 40 feet depth to 45 feet.
Berth Dredging (Packer). Initial dredging costs to bring the berth from 40 feet below MLW to
45 feet below MLW are displayed in Table A-12 below.
Table A-12
Initial Dredging Costs – Packer Avenue Terminal

VALERO
Berth or Storage Modification. Berth No.1 was considered for deepening to 45 feet. The
analysis revealed that no structural modifications are required for deepening this berthing area.
Based on an interview with representatives of Valero, it was indicated that less than $5 million
would be required to augment storage capacity with the 45-foot project.
Berth Dredging (Valero). Initial dredging costs to bring the berth from 40 feet below MLW to
45 feet below MLW are displayed in Table A-13 below.
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Table A-13
Initial Dredging Costs - Valero

SUNOCO (Marcus Hook)
Berth Modification. Berth 3C would be considered for deepening to 45 feet. The Pier 3C
structures were analyzed for specific load capacity. Since the dredge depth of 45 feet will
increase the unbraced length of the piles, the structures were analyzed to determine the effect on
the load capability of the structures. The existing cell breasting structures will be replaced with
new cell structures, including excavation as required to provide deeper depth of cells. This
modification is estimated to be $1,800,000.
Berth Dredging (Sunoco Marcus Hook). Dredging involves rock and silt removal. Dredging
costs are displayed in Tables A-14 and A-15 below.
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Table A-14
Initial Rock Dredging Costs – Sunoco Marcus Hook
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Table A-15
Initial Silt Dredging Costs – Sunoco Marcus Hook

SUNOCO (Fort Mifflin/Hog Island)
Berth Modification (Fort Mifflin). At the Fort Mifflin facility, Berth A will be deepened to a
depth of 45 feet. Berth A structures were analyzed for specific load capacity. The analysis
concluded that Berth A is satisfactory for use if dredged to 45 feet below mean low water. No
modifications or dredging are necessary at Hog Island since the facility is physically
interconnected with Fort Mifflin via pipeline.
Berth Dredging (Fort Mifflin). Initial dredging costs to bring the berth from 40 feet below
MLW to 45 feet below MLW are displayed in Table A-16 below.
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Table A-16
Initial Dredging Costs – Sunoco Fort Mifflin

PHILLIPS 66 (Tosco)
Berth Modification. Dock No. 1 would be considered for deepening to 45 feet. A review of the
existing facilities was undertaken to determine if deepening Dock No. 1 to 45 feet was possible.
The review indicated that the deeper depth and resulting side slopes would increase the
unsupported pile lengths and walkways, mooring dolphins and the down river portion of Dock
No.2. It was concluded that the existing fender system, downriver breasting cell, Dock No.1
structure, and the downstream portion of Dock No. 2 structure would require modification and/or
reinforcement if Dock No. 1 berth is dredged to 45 feet below mean low water. The soil support
for the existing piles must be maintained by providing a retaining wall between existing soil
slope and the new 45-foot depth. The existing breasting cells are satisfactory for the 45-foot
dredging based on bearing on existing rock that will not be affected by the dredging. The cost
for structural modification for Dock No. 1 is estimated to be $3,600,000.
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Berth Dredging (Phillips 66 - Tosco). Initial dredging costs to bring the berth from 40 feet
below MLW to 45 feet below MLW are displayed in Table A-17 below.
Table A-17
Initial Dredging Costs – Phillips 66 - Tosco

COASTAL EAGLE POINT OIL CO.
Berth Modification. Piers No. 2 and 3 were reviewed for modifications to accommodate the
deepening to 45 feet. The review concluded that the 45-foot dredge depth would result in
tankers docking with increased dead weight tonnage, due to deeper draft, resulting in larger
docking energies to be absorbed by existing fendering and increased resultant load to the
structures. The entire existing fender clusters, cells, and loading platform of Dock No. 2 and No.
3 have very deep pile depths. It was concluded that the fender systems, breasting dolphins,
mooring dolphins and loading platforms at Piers No. 2 and No. 3 will require no modifications
and/or reinforcement if Piers No. 2 and No. 3 are dredged to 45 feet below mean low water.
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Berth Dredging (Coastal Eagle Point). Initial dredging costs to bring the berth from 40 feet
below MLW to 45 feet below MLW are displayed in Table A-18 below.
Table A-18
Initial Dredging Costs – Coastal Eagle Point

DELAWARE TERMINALS
Delaware Terminals is currently planning to establish a berth on a naturally deep section of the
Delaware River in 2007 to allow access to the 40-foot channel. No associated costs were
calculated for Delaware Terminals since their new berthing area will be located in a naturally
deep (i.e., => 45 feet) section of the Delaware River.
A summary of associated costs for the benefiting facilities is presented in Table A-19 below.
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Table A-19
Initial Associated Costs For Benefiting Facilities
May 2002 Price Level
Facility

Berth or
Storage
Modification
$2,050,000

$702,000

$2,752,000

Packer Avenue

$0

$719,000

$719,000

Valero

$5,000,000

$1,109,000

$6,109,000

SUNOCO Marcus Hook

$1,800,000

$5,898,000

$7,698,000

$0

$468,000

$468,000

$3,600,000

$853,000

$4,453,000

Coastal Eagle Point Oil Co.

$0

$362,000

$362,000

Motiva

$0

$0

$0

Delaware Terminals

$0

$0

$0

$12,450,000

$10,111,000

$22,561,000

Phillips 66 (Tosco)

Total

3.1.

Total Facility
Cost

Beckett Street

SUNOCO Fort Mifflin / Hog Island

3.

Initial Dredging to
45+1 feet

OPERATION AND MAINTENANCE COSTS
Federal Project

3.1.1. Maintenance Dredging Analysis
As part of this reanalysis, the maintenance dredging analysis that was performed as part of the
Preconstruction, Engineering and Design (PED) Study was reviewed and revised to reflect
current conditions and costs.
The PED analysis of shoaling and maintenance dredging was based on contract dredging and
Government hopper dredging records between 1976 and 1994, a 19-year period. Table A-20
presents a summary, by navigation range, of the average annual Operation and Maintenance
(O&M) dredging quantity for each range of the existing Delaware River 40-foot channel.
Maintenance dredging estimates for the proposed Delaware River 45-foot channel were also
developed in the PED phase (see Table A-20). The first two columns of dredging quantities are
from the PED analysis. These estimates were determined from the rates for the existing
Delaware River 40-foot channel, multiplied by a factor reflecting the additional area of each
range to be dredged with a 45-foot channel. Values in Table A-20 represent gross quantities of
sediment removed during dredging, appropriate for planning disposal area needs. The actual pay
quantities during this period averaged approximately 76%, by volume measurement, of the gross
quantities.
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Table A-20
Average Annual Gross Maintenance Dredging Quantities
Navigation
Range

Existing
40-foot
channel (cy)

Proposed
45-foot
channel (cy)

Existing
40-foot
channel (cy)

Proposed
45-foot
channel (cy)

1976 - 1994

1995 – 2001
31,000
0
88,000
0

Based on
1995-2001 data
37,000
0
88,000
0

Philadelphia
HarborPoint
Eagle
Mifflin
Billingsport

73,000
3,000
65,000
3,000

Based on
1976-1994 data
86,000
4,000
65,000
3,000

Tinicum
Eddystone
Chester
Marcus Hook
Bellevue

9,000
2,000
5,000
2,164,000
34,000

9,000
3,000
8,000
2,380,000
72,000

19,000
0
0
1,720,000
0

19,000
0
0
1,892,000
0

Cherry Island
Deepwater
Bulkhead Bar
New Castle
Reedy Island

236,000
858,000
10,000
1,126,000
18,000

260,000
1,047,000
10,000
1,284,000
23,000

183,000
404,000
18,000
738,000
58,000

202,000
493,000
18,000
842,000
74,000

Baker
Liston
Cross Ledge
Miah Maull
Brandywine

29,000
179,000
0
13,000
61,000

29,000
333,000
0
86,000
305,000

16,000
88,000
7,000
25,000
60,000

16,000
164,000
7,000
165,000
300,000

Project Total

4,888,000

6,007,000

3,455,000

4,317,000

3.1.2. Revised Maintenance Dredging Analysis
Dredging records for the Delaware River, Philadelphia to the Sea Federal project for the period
1995 through 2001 were assembled and analyzed as part of this reanalysis. This analysis
included examination of seven years of data for the period subsequent to that used in the PED
analysis (1976 – 1994). Comparison of the 1995-2001 data with the 1976-1994 indicated a
distinct and consistent trend of decreasing O&M dredging volumes. Table A-20 above provides
the average annual gross O&M quantities for each navigation range, based on the period 1995 to
2001. These data are in the last two columns of the table.
Figure A-1 presents a graphical overview of the maintenance dredging history for this project,
from 1976 through 2001. The open squares (“Annual Series”) represent the annual O&M
dredging quantity for each year, and refer to the right Y-axis. The decreasing trend over the
period of record is obvious. The solid triangles represent the cumulative O&M dredging
quantity, with scale provided on the left Y-axis. Two lines are plotted through the “cumulative
O&M” time series data. The dashed line is a simple first-order (linear) fit, and the solid line is a
2nd order best fit. The correlation coefficient for the 2nd order line is 0.9996. The trend of
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decreasing O&M quantities over this period is evidenced by the superior fit of the 2nd order
(solid), as compared to the 1st order (dashed), line.
Figure A-1

Three factors are judged to be largely responsible for the decreasing trend of O&M dredging for
the project. Beginning about 1995, the Philadelphia District implemented a change in the
specified allowable overdepth for dredging contracts. Prior to 1995, a value of two feet was
employed, whereas the current allowable overdepth is one foot. This tighter tolerance on the pay
depth for dredging contracts created an incentive for greater accuracy on the part of contractors
to reduce dredged quantities beyond the pay depth, because dredging beyond the pay depth is not
compensated. Figure A-2 displays the change in the ratio of “gross to pay” quantities from 1980
to 2001. From 1980 through 1990, the ratio of “gross/pay” averaged 1.31 (solid line), whereas
from 1995 through 2001, the same value averaged only 1.17 (dashed line.)
The second factor, more accurate dredging, in both the horizontal (location) and the vertical
(depth), has become possible in the last decade with the advent of technological improvements,
in particular the more widespread use of Global Positioning Systems (GPS).
The third factor is the revision of tidal datums for the Delaware Bay portion of the project. In
1997 and 1998, the District obtained controlled tidal observations at Brandywine and Ship John
Lights. These observations were obtained in order to update datums that had previously been
established in the 1960s. The 1997-1998 tide data were subjected to a tidal datum analysis, and
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revised elevations for the plane of mean lower low water (MLLW) were calculated. The revised
datum analysis demonstrated that an adjustment of about 0.3 feet was necessary, reflecting the
effects generally attributed to worldwide sea level rise which has been documented as about 1
foot over the past century for the mid-Atlantic region, including the ocean coast of New Jersey
and Delaware. The revised tidal datums affect approximately 40 miles of channel, all 1,000 feet
wide, at the southern end of the Philadelphia to the Sea project.
Figure A-2

The data in the far right column of Table A-20 above were adjusted using the “footprint ratio”
procedure developed during the PED investigation to estimate annual O&M quantities, by range,
for the deepened, 45-foot channel. Values presented in Table A-20 represent gross volumes.
The values shown in the last column of Table A-20 are used as the basis for calculating disposal
area needs for the proposed deepening project. The estimated average annual pay quantities of
O&M dredging for the deepened 45-foot project are presented in Table A-21 below. The values
in Table A-21 are based on those in Table A-20 (far right column), adjusted by a factor 0.855;
reflecting experience from 1995 through 2001 when the ratio of gross-to-pay dredging volumes
was 1.17 (the inverse of 0.855). The values in Table A-21 thus become the basis for the
calculation of average annual costs for the proposed 45-foot project.
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Table A-21
Average Annual Maintenance Dredging Quantities (Pay)
Proposed 45-Foot Channel
Range

Average Annual O&M
Quantity (cy)

Philadelphia Harbor

32,000

Eagle Point
Mifflin
Billingsport
Tinicum

0
75,000
0
16,000

Eddystone

0

Chester

0

Marcus Hook
Bellevue

1,612,000
0

Cherry Island

172,000

Deepwater

420,000

Bulkhead Bar

15,000

New Castle

717,000

Reedy Island

63,000

Baker

14,000

Liston

140,000

Cross Ledge

6,000

Miah Maull

141,000

Brandywine

256,000

Total

3,679,000

Estimates were prepared for maintenance dredging of both the existing 40-foot and the
recommended 45-foot project for a 55-year period (5 years of construction followed by the 50year project life). Maintenance dredging and associated costs for sections of the channel that
would be completed before the base year (i.e., during the 5-year construction period) were
estimated for both the 40 and 45-foot project. Estimates for the subsequent 50-year maintenance
costs for the 40 and 45-foot project were also prepared. Disposal area cost estimates were
developed to account for the miscellaneous dike raising during the life of the project. Costs were
prepared for channel maintenance dredging, operation and maintenance of upland disposal areas
including dike raisings, and operation and maintenance of wetland restoration beneficial use sites
during the 50-year life of the 45-foot project. Summary maintenance costs for the 40 and 45-foot
project are presented in Tables A-22 and A-23. The incremental annual operations and
maintenance costs are $3,061,377.
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Table A-22
Summary of Operation and Maintenance Costs
40-Foot Project
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Table A-23
Summary of Operation and Maintenance Costs 45 – Foot Project

Associated costs for operations and maintenance include any increase in the annual operations
and maintenance costs of benefiting entities, in excess of those needed to maintain their facilities
for the existing 40 foot project. Estimated costs are shown in Table A-24. Estimates were
prepared for both the 40 and 45 foot maintenance berth dredging over 50-years. The incremental
maintenance costs for maintaining the 45-foot depth at the berthing area (s) (i.e., the difference
between the maintenance costs of the 45 and 40 foot depths) is included in the estimate.
The maintenance dredging estimates for existing conditions (40 feet) at non-Federal associated
facilities were developed from interview data provided by the owner-operator of each facility.
These data were verified against Corps of Engineers' hydrographic surveys and dredging permit
records for the period 1992 through 2001 and found to be reasonable. The estimates of
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maintenance dredging required for the improved condition (45 feet) were established using a
procedure presented in Chapter 9, "Maintenance Dredging in Channels and Harbors" in the
Handbook of Dredging Engineering by John Herbich. This procedure utilizes user-selected input
values for the principal hydraulic and sedimentologic characteristics of each site, as well as an
empirical knowledge of the existing shoaling rates. The results of these calculations are
presented in the fourth column of Table A-24 below.
Table A-24
Associated Maintenance Dredging Volumes and Cost

Facility

Area to be
Dredged
(Square feet)

Current
Maintenance
Dredging Volumes
to 40 feet
(Cubic yards)

Incremental
Maintenance
Dredging
Volumes 40 to 45
feet
(Cubic yards)

SJPC - Beckett Street

325,045

10,000 every five
years

3,000 every five
years

$1,546

PRPA- Packer Ave

358,620

90,000 every two
years

20,000 every two
years

$55,179

Valero

747,738

0

0

0

SUNOCO - Marcus
Hook

889,199

25,000 every five
years

95,000 every five
years

$58,837

SUNOCO – Fort
Mifflin/Hog Island

400,732

0

0

0

Tosco (Phillips 66)

667,649

125,000 every year

5,000 every year

$21,724

Coastal Eagle Point
Oil Co.

647,003

0

0

0

Delaware Terminals

0

0

0

0

4.0

Incremental
Average
Annual
Dredging Cost

SENSITIVITY ANALYSES

Two sensitivity analyses were conducted to analyze the effects of uncertainty on the project first
costs (which include construction costs, engineering and design, and construction management).
The first sensitivity analysis considered potential impacts on the federal dredging cost estimate
from differing assumptions concerning dredging efficiency, dredge selection, and material
composition. The second sensitivity analysis addressed alternative levels of contingencies in the
project cost estimate.
4.1.

Federal Dredging Costs

Sensitivity analyses were conducted to analyze the effects of uncertainty on the project first
costs. The sensitivity analyses considered potential impacts on the federal dredging cost estimate
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from differing assumptions concerning dredging efficiency, dredge selection, and material
composition. The sensitivity analyses conducted for this analysis include the following:
Sensitivity Test #1 -an increase in the effective hopper capacity of hopper dredges for no
overflow conditions from roughly 25% of hopper volume to 35% of hopper volume;
Sensitivity Test #2 -economic loading allowing for overflow;
Sensitivity Test #3 - excavation of potentially pre-blasted/fractured rock with a cutter suction
pipeline dredge; and
Sensitivity Test #4 - a 25% increase in the volume of rock quantity.
The results of the sensitivity analyses are shown in Table A-25 below.
Table A-25
Sensitivity Analyses on Project Costs
($ Millions)

Sensitivity Analyses

First Cost
($ millions)

Change
from Base
Estimate

Percent
Change
from Base
Estimate

Base Estimate

$208.4

$0.0

0%

Test # 1

$190.3

-$18.1

-9%

Test # 2

$180.0

-$28.4

-14%

Test # 3

$199.1

-$9.3

-4%

Test # 4

$211.6

$3.2

2%

Tests #1, #2 and #3 act to reduce the cost compared to the base cost, whereas Test #4 results in a
cost increase. Test #1 is plausible inasmuch as existing field data support the increased hopper
load for no overflow. Test #2 can only be achieved with hopper overflow, but there are good
reasons to consider overflow since existing field data show that overflow in the Delaware River
would not adversely impact the physical environment. Test #3 considers the possibility that
some previously blasted rock could be removed with another dredged type. Test #3 can be
verified through further study. Test #4 is more hypothetical as the rock quantities are based on
detailed geotechnical and survey information. The project benefit cost ratio remains above unity
in each of these four test cases.
4.2.

Contingency Estimates

In comments received during quality control and external independent technical reviews, it was
suggested that a sensitivity analysis be conducted to support the contingency factors used in the
project cost estimate.
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In order to address this concern, simulation analyses have been performed for two representative
dredging cases: the hydraulic pipeline dredge estimate for Reach C in Contract Number 1, and
the hopper dredge estimate for Broadkill Beach in Contract Number 6. The rock dredging in
Contract Number 5 already includes a high (20.3%) contingency factor, so further analysis of
this contract estimate was unwarranted. The results of the pipeline and hopper dredge
simulations are presented below, followed by printouts of the simulation models.
4.2.1. Pipeline Dredge Estimate
The pipeline dredge estimate was computed using a simulation analysis that included statistical
distributions for dredge material factors for mud and silt as well as loose sand. The project cost
estimate uses a factor of either 2.5 or 2.0 for mud and silt, a factor of 1.1 for loose sand. The risk
analysis was prepared assuming a triangular distribution with minimum, most-likely and
maximum factors of 2, 2.5 and 3.0 for mud and silt. Similarly, a triangular distribution
(minimum = 1, most likely = 1.1 and maximum= 1.1) was used for loose sand.
Results of the risk analysis produced unit costs ranging from $1.82 to $2.55 as compared to the
presently reported value of $2.26. The contingency used for Contract 1 was 6.6%, which applied
to the $2.26 value, corresponds to a unit cost of $2.41. The risk analysis indicates this
contingency corresponds to a 92% confidence level that the estimated cost with contingency is
not exceeded.
4.2.2. Hopper Dredge Estimate
The hopper dredge estimate was also evaluated using a simulation analysis that included
statistical distributions for: (1) effective hopper size, (2) hopper pump-out rate, and (3) turn time.
The fixed value of 1,900 cubic yards (cy) for hopper size was replaced by a triangular
distribution with minimum, most-likely and maximum values of 1,600 cubic yards, 1,900 cubic
yards, and 2,800 cubic yards, respectively. These values are based on estimates for existing
dredges rather than a generic average dredge. The 4,200-cy/hour hopper pump-out rate was
replaced with a triangular distribution characterized by a minimum of 4,200 cy/hour, a likely
value of 4,200 cy/hour and a maximum of 4,500 cy/hour. Again this distribution is based on the
characteristics of actual dredges rather than the generic average. Finally, the estimated turn
around time of 10 minutes was characterized by a triangular distribution of 5 minutes minimum,
10 minutes most likely, and 10 minutes maximum. These numbers are based on records for
other hopper dredging projects that indicate the 10-minute turn is conservative.
Results of the risk analysis produce unit costs ranging from $6.65 to $9.04 per cy and can be
compared to the current estimate of $8.25. A contingency of 7.4% has been used in the current
estimate and, applied to $8.25, gives $8.86. According to the risk analysis, there is a 96% level
of confidence that the actual cost will be less than the fixed cost plus the contingency included in
the project cost estimate.
4.2.3. Summary
These results indicate that the selected contingency levels are reasonable and indicative of the
fact that contract bids received for past dredging operations in the Delaware River have been
consistent with the contingency factors used in the project cost estimate. Furthermore, it should
be noted that it is significant that the hopper dredge estimate is conservative inasmuch as the
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largest project costs are associated with hopper dredging. A review of historical estimates to bid
prices is provided in the graph below.
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Hopper Probability Analysis
Crystal Ball Report
Simulation started on 12/2/02 at 14:42:49
Simulation stopped on 12/2/02 at 14:46:13

Sensitivity Chart
Target Forecast: UNIT COST..
Override
D57
Override

-.99
.07
-.03

-1

-0.5

0

Measured byRankCorrelation
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0.5

1

hopper_prob

Forecast:

UNIT COST..

Cell:

Summary:
Display Range is from $6.70 to $9.03
Entire Range is from $6.65 to $9.09
After 10,000 Trials, the Std. Error of the Mean is $0.01
Statistics:
Trials
Mean
Median
Mode
Standard Deviation
Variance
Skewness
Kurtosis
Coeff. of Variability
Range Minimum
Range Maximum
Range Width
Mean Std. Error

Value
10000
$7.79
$7.80
$8.17
$0.52
$0.27
0.01
2.21
0.07
$6.65
$9.09
$2.44
$0.01

Forecast: UNIT COST..
10,000 Trials

Reverse Cum ulative

18 Outliers

1.000

10000

.750

.500

.250

.000

0
$6.70

$7.28

$7.86
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$8.45

$9.03
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hopper_prob

Forecast:

UNIT COST..

(cont'd)

Cell:

Percentiles:
Value
$6.65
$7.10
$7.29
$7.48
$7.65
$7.80
$7.96
$8.12
$8.26
$8.48
$9.09

Percentile
0%
10%
20%
30%
40%
50%
60%
70%
80%
90%
100%
End of Forecast
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hopper_prob

Assumptions

Assumption:

Override

Cell:

Triangular distribution with parameters:
Minimum
1,600
Likeliest
1,900
Maximum
2,800
Selected range is from 1,600 to 2,800

Assumption:

Ov erride

1,600

1,900

2,500

2,800

Cell:

Triangular distribution with parameters:
Minimum
4,200.00
Likeliest
4,200.00
Maximum
4,500.00

Assumption:

2,200

Override

Selected range is from 4,200.00 to 4,500.00

4,200.00

4,275.00

4,350.00

4,425.00

4,500.00

Cell:

Triangular distribution with parameters:
Minimum
5
Likeliest
10
Maximum
10

D57

5

End of Assumptions
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Ov erride

D57

Selected range is from 5 to 10

D46
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9
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pipeline_prob

Pipeline Probability Analysis
Crystal Ball Report
Simulation started on 12/2/02 at 14:56:05
Simulation stopped on 12/2/02 at 14:58:16

Sensitiv ity Chart
Target Forecast: UNIT COST..
MUD & SILT

-.99

LOOSE SAND

-.11

-1

-0.5

0

Measured by Rank Correlation
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0.5
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pipeline_prob

Forecast:

UNIT COST..

Cell:

Summary:
Display Range is from $1.84 to $2.51
Entire Range is from $1.82 to $2.55
After 10,000 Trials, the Std. Error of the Mean is $0.00
Statistics:
Trials
Mean
Median
Mode
Standard Deviation
Variance
Skewness
Kurtosis
Coeff. of Variability
Range Minimum
Range Maximum
Range Width
Mean Std. Error

Value
10000
$2.11
$2.08
$2.06
$0.16
$0.02
0.61
2.48
0.07
$1.82
$2.55
$0.73
$0.00

Forecast: UNIT COST..
10,000 Trials

Rev erse Cumulativ e

33 Outliers

1.000

10000

.750

.500

.250

.000

0
$1.84

$2.01

$2.17

$2.34
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Forecast:

UNIT COST..

(cont'd)

Cell:

Percentiles:
Value
$1.82
$1.93
$1.97
$2.02
$2.05
$2.08
$2.11
$2.15
$2.28
$2.35
$2.55

Percentile
0%
10%
20%
30%
40%
50%
60%
70%
80%
90%
100%
End of Forecast
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Assumptions

Assumption:

MUD & SILT

Cell:

Triangular distribution with parameters:
Minimum
2.00
Likeliest
2.50
Maximum
3.00

C42

MUD & SILT

Selected range is from 2.00 to 3.00
2.00

Assumption:

2.25

2.50

2.75

LOOSE SAND

3.00

Cell:

Triangular distribution with parameters:
Minimum
1.00
Likeliest
1.10
Maximum
1.10

LOOSE SAND

Selected range is from 1.00 to 1.10
1.00

End of Assumptions
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DREDGING CONTRACTS AWARDED 1992-2001

PHILADELPHIA
50.0%

40.0%

FINAL BID % RELATIVE TO GOV. ESTIMATE

30.0%

20.0%

10.0%
1.8%
(7)

2 BIDS

3 BIDS

>4 BIDS

0.0%
1 BID

-10.0%
-10.9%
(30)
-20.0%
-20.5%
(44)
-30.0%

-40.0%

-50.0%

*Number in parenthesis indicates number of contracts falling into that category.

-24.5%
(19)

