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1. INTRODUCTION
Project implementation costs at May 2002 Price Levels are comprised of:
1) Initid condruction costs for the Federd project;

2) NonFederal associated codts for facility upgrades necessary to achieve the benefits of the
45-foot project;

3) Future operation and maintenance costs of the Federd channdl, navigation aids; and,

4) Incrementa associated operation and maintenance codts (i.e, the difference between the
non-Federd cost for modifying current facilities to include dredging berthing aress of the
benefiting fadilities for the 45-foot project compared to the 40-foot project).

Cost estimates were developed assuming that dredging of the Federa and non-Federal associated
portions of the project will be done independently.

As pat of the reandyss, cost estimates were thoroughly reviewed and revised to reflect current
conditions. Below is a summary of changes that were incorporated from the previous Didrict
esimate.

1. In Reaches AA, A, B, C, and D, cost estimates were revised to incorporate the cost of
water quaity 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 rationde behind the change was due to the increase
availability of the large Sze dredges. Letters indicating the avalability of such dredges
were obtained and are on file in the Philadelphia Didrict. 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 Sze dredge. Although the sze 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 fud was adjusted from $1.00 to $0.80 per gdlon. This adjustment was based
on contacting brokers and obtaining quotes for diesd #2 fud.

The unit price for rock excavaion 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 sgnificantly reduced the cost
per cubic yad for drilling and blasting. The mgor 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 asmilar to the rock in the New Y ork Harbor Project.

2. INITIAL CONSTRUCTION COSTS

2.1. Federal Project

Dredging quantities and cost estimates were prepared for the initia dredging of the Federd
portions of the project. For the initia deepening, 26,012,000 cubic yards of materid would be
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dredged and placed by pipdine, clamshdl and hopper dredges in confined upland disposal areas
and for beneficid usesin Delaware Bay.

The edimate for the Federad portion of the project assumes using pipdine, clamshell and hopper
dredges. Due to the long pumping distances, Reaches AA/A and Reach D will use large Sze
hopper dredges. Dredged materid would be pumped into confined upland disposa facilities.
For Reaches B and C, 30-inch hydraulic pipeline dredges were used with dredged materid being
pumped into confined upland disposal facilities. Rock excavation in Reach B will be dredged
usng a cdamshdl dredge dfter drilling and blasting operations are completed.  Excavated
materia will be placed in a confined upland disposal facility. For Reach E, large sze hopper
dredges were used with the dredged materid being pumped to wetland restoration/protection
aess (Kdly Idand and Egg Idand Point) and sand being placed for beach nourishment a
Broadkill Beach. Cogt estimates developed for Reach E take into account environmenta
windows that may be encountered during dredging or placement of dredged materid.

Cogst edimates for devedopment of disposd aeas include Ste clearing, raisng dikes and
congructing duices. Condruction schedules, disposd areas use schedule and dl quantities for
initil and maintenance dredging cost edtimates, including disposd aea deveopment were
developed in esimating the cost of the project. The dredged materid disposd plan was
established usng the most recent Ddaware River hydrographic survey channd 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 Sysem (MCACES).

Due to the amount of materid to be dredged (26 million cubic yards), disposd area capacity
congderations and locations, it is planned to congtruct the project over five years. Work has
been divided into nine condruction contracts as shown in Table A-1. The totd initid
congtruction cogt is estimated at $208,422,000 (May 2002 Price Levd).
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Table A-1
Initial Construction Cost (1)
May 2002 Price Level
Project Contract D inti Initial Construction

Year Number escription 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 $8.767,487

15D)

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

Egg Island Wetland/ Restoration/Protection

4 8 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 egtimates for each of the nine (9) congruction contracts
are presented in Tables A-2 to A-10. Due to the voluminous nature of the detalled cost
edimates, the full CEDEP and MCACES edimates have been retained in the Philadephia
Didtrict files.
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Table A-2

Construction Contract No. 1
May 2002 Price Level

Raach C
Cua: Killcohook OEFTH A5 Fw. 04 Contract Mol
COMNTINGENCTY TOTAL
ACCOALRT LIMIT {inacct FROJECT
CODE ITEM QUBMNTITY LT FRICE ARACUMT 12.0L-] CosT
12-; DREDGMG
1204 - Muobilization, Dermcksilzation
and Preparatory WWork = Job LS GERA 330 3318 FE99 636
1203 Fipsline Credging
1202E Sl York
Excaeation and Disposal 3408 000 cY F10 F7,704 340 539 304 B8 243 Bl
12022 Yater QuAiDy Monitaring B.70 M 375,000.00 302,500 $35175 $537 675
Suboata, Corsiruction Costs: 16,572,160
1202 Contingencies FEOT 795
120-- Teatal Construction Casls. 2,450,995
0 - Frlanning,Eng nessing & Cxsign $1,175,000 55,750 $1,233,750
H--- Construction Management 455 02 24,401 £512425
$10,536, 134 520,945 $11,227 130
Total Froject Costs ROUMNDELD, %11,227,000
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Table A-3
Construction Contract No. 2
May 2002 Price Level
DEPTH 45 Fr- 04 Contract Mo, 2
DA Kelly =land
CONTIRGERCY TOTAL
ACCOUNT LT [Ih acct FROECT
CODE ITER AT UMT FRICE AT 1205 CosT
12-- DRECAHMG
120.4- hobilization, Demcbilizetion
and Freparatony ¥ork -- Job L= F100,000 35,000 F105,000
1201 - Dispozal Areas
12018 Sibe Whor:
Ci ke Construeton-kely k
Embankmeant-sane 244000 CY F1.50 £3. 726,000 F372 600 F4. 08 GO0
Riprap 1200 ToH 000 78,000 §7.800 BES B00
Sluice 3 Ea F20 50000 a8 500 Fi 6a0 £97 350
Geolibes B0 LF F125.00 150,000 Br5.000 F835 000
Termninal Groin, 2 - 200 f o0 LF F1 B0 00 £1 200,000 FA60,000 F1,760,000
Interiar Groins, B - 2004 1450 LF $1, 80000 £3.320 000 $3232 000 g2 853 000
1204 wiabilzation, Demobilization
and Fraparatong work Job LS 758417 £37 021 706 338
1203. Hopper Diredging
12028 Siite Wk
Exzcavation and Disposal 2424 000 (2% § F521 20,393 340 §1 427 555 $21,821 195
Subbotal, Construchon Costs: F20 314857
1202~ Contingencies 2326726
1200-. Todal Constucton CosE $32,141,283
0 -- Flanning, Enginesring & Cesgn £2 784,000 F114 200 42,393,200
a1 - Constuction Menagement £2.534.8T7 F253.424 2,787 BE1
a4 ma7 T 32 604 350 £37.227 144
Todal Priject Cosls ROLMWDED £37,327 000
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Table A-4

Construction Contract No. 3
May 2002 Price Level

Cuia: Reaccoan Is, 120, 156G CEPTH 45 Fy-0a Contract Mo 2
CORTINGEMCY TOTAL
ACCOUNT NI iin acck. FPROJECT
CAOE ITEMW CILLAMTITY URT FRICE AECUINT 12.0F-) COST
12 -- CREDGIMNG
12104 hlobi Fzat on, Demobilization
and Praparany Wk Jan L= £210,000 $10,500 $220,500
1201 - O cpoasal Areds.
12018 Site Yok
Dilka Cansruction Rascaon 15
E mbsanirnent BS0 200 cy £2.00 $1,952,700 £195.27T0 FERE ]
Shice B EA F2, 500,00 $177.000 17,000 £184,700
Heaw Clearing A AL 5, 000.00 £150,000 315,000 F165,000
Whied|s -- Jab LS $350,000 335,000 £365,000
Dilka Ceanstruction- 150
Embankment 72500 (el £3.00 F817 RBOD $81,750 £899 280
Sllca B EA §29,500.00 £177.000 §17.700 £124,700
Wik Drains Job LS £300,000 §30000 £330,000
Haawy Clearing ;. AC 5, 000,00 $160,000 F15,000 165,000
Dika Construction- 14635
Embsankment 216400 Cy $2.00 $649,200 J62 9200 14120
Shice B EA § 28, 500.00 $177.000 §17.700 £184. 700
Heawy Clearing 70 AL 5,000 00 HE50,000 35,000 $935,000
Subtotal, Constructon Cosls 5960400
1202~ Zond ngancles FSES 540
1210-- Total Construch on Costs 465,545 840
ao--- Flaming Engin=aring & Cesign £1.585,000 79,250 41,664,250
- Construction Managemsnt £506,634 $50.663 §B6T 297
15,052,034 7154532 3, TAT 487
Tord Project Costs ROLINDED .. ... 3,767,000
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Table A-5
Construction Contract No. 4
May 2002 Price Level
Raach D CEFPTH 45 FY-05 Contract No 4
D Residy &, Al B
CORTINGEMCY TETAL
ACCAUNT UMIm {In acct. FPROIJECT
CODE ITEW QLARTITY LKT FRICE AWIZLINT 12072- COsT
gk — CREDGING
1208 - Ik kzab on, Demobilization
and Praparatary Vo fLsli] LE $1,262,820 $62.191 $1,227.01
120.2- Pipsling Cradiing
12028 Siibe Work
Exravaton and Cisposal o oY B0.00 50 0 30
12103~ Hoppszr Credging
121036 Siite Work
Excavation and Disposal 244 000 (o 3562 F4, 743,280 £332,030 $5,075.310
Excavation and Disposal 3,075,700 CY 1543 F16,701,051 F1,168,074 17,870,125
12032 Wiatar Cluai by Pdonitodng 220 bk F75,000.00 F16S,000 §11,550 F17E 550
12032 atar Clualty Monito ng TET ] F75,000.00 £520,250 341318 $A31 563
1200:4- Mechani ca Crediing
12048 Site Wiark
Excavatian and Disposal o oY 000 0 0 0
1205- Rock Excavabion
12054 feaka Ezat on, Demobilization -- Jab LS 30 30 b1}
12058 Excawvation and Disposal I Y £0.00 18] F0 50
Subtotal, Dredaing Cost F23 463,401 $1.817 162 35,080,564
Subtotal, Construction Costs §33 463 401
12102 Zonb ngencies 1,617 163
120- Tatsd Construch on Costs: 325,080 564
al--- Plarning Engineenng & Design 755,000 337 740 §792 750
.- Construction Management
Credging $1,2490,487 FiEd. 534 $1,385.011
§75,508 802 $1,710437 427,238 325
Taotd Project Cosls R IMDED 427,225 000
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Table A-6
Construction Contract No.5
May 2002 Price Level
Rock & E CEPTH 45 Fro5 Contract Mo. 5
CORTINGEMCY ToTAL
AZCOUNT LIMIT {In acct. FROJECT
CODE ITEM QUANTITY KT FRICE AWACILINT 120Z-) COET
12- CREDGIMG
12004 - Ilabiizat on, Demobilization
ancd Prepsanabory Wik -- Jab LS £531, 110 353111 £584 211
1202 - Pripaeding: Chrsadglng
12028 Site Wiork
Excavataon and Disposal 1] Y £0.00 30 j0 50
1203~ Hoppssr Credging
120356 Sike Wiork
Exravation and Disposal 1} -y F0.00 0 0 50
12104 Ivlachan cd Credging
1204E Site York
Excavation and Disposal TR0 cyY §17.56 1,392,120 $94 643 31,446,764
1205 - Frock Encavab on
12054 Fabiizat on, Demobilization 252 Job LS $552 65T §55.266 BAOT 923
12058 Cirilling &nd Blasting TIonn Y 12001 +3,240,770 $2310,192 311,550,963
Sutotal, Construction Costs 311,676,657
12102 - Conb ngenciss $2513 18
120-- Total Construct on Costs 314,188,875
30--- Flaming Enginsering & Design £315,000 315,750 £330,750
3--- Cansniction Managemsnt 642,216 $32111 B74,227
F12 633873 F2 561,073 315,194 4552
Total Project Costs RCNDED .. ... 515,195,000
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Table A-7
Construction Contract No. 6
May 2002 Price Level
Broadll Esach CEPTH 45 Fr 06 Contract Mo g
CIONTINGEMCY TeEITAL
ACTOUNT LIMIT {In acct, PROJECT
CODE ITEW CQILLANTITY LT FRICE ARDUINT 120Z- COsT
2enn CREDGING
120A- ok bzat on, Demobilization
and Preparatary Wiork: Job LS £758 17 §37.821 R7OE 538
1203 Fipsline Dinadging
12028 Site Wark
Exravation and Disposal o Y F0.00 g0 30 g0
1203 - Hoppesr Dredging
1203E Eroackil
Excavaton and Dispasal 2,244 700 cyY $2.29 §15,514,650 #1296, 026 F12.810 676
Embankment work on beach 2,244 200 Y £1.50 3,266,300 £335 630 §3,702 930
Sabellana Habitat T T FECL00 42 GEO 4 266 45 026
Crzviey
Exravation and Disposal o Y ‘£0.00 g0 0 50
Ernbankrent work on beach nocy .00 1 30 50
1205- Rock Excavation
12054 Iabiizat on, Demobilization Job L= g0 §0 30
12058 Excavation an Disposal nocy $0.00 30 30 30
Sutotal, Constructon Coss 422,632,027
1202 Conl ngensles F$1674,842
1210-- Total Construch on Costs 324,356 870
a0--- Flaming Enginsanng & Cesign $1.225,000 §61.300 $1.287 200
AFar s Construction Mansgemsnt 1,247,511 B124, 751 1,372,262
F25 165 538 41,880,894 327015432
Tota Project Costs FUMDED F37,016,000
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Table A-8
Construction Contract No. 7
May 2002 Price Level
Reach B DEFTH 45 Fy-07 Corbract Me, 7
LA 16-00, 15, Pedrickizwn
W&
CONTIMGEMNCY TOTAL
ACCOUNT kT [l acet PROJECT
CODE ITEM QILLAMNTITY LIMIT FRICE AOILNT 120.2-] COST
Tt ORFELCCGMG
1204 - Mobilization, Cemabi fzation
and Fraparaton Wors = Jab LS $1 285 684 $el, F83 $1.454,047
1202- Fipaline Dracks ng
12028 Sibe Whark
Excavation and Disposal 212343 O 3314 §6 740,258 471,520 $7.212,108
Excavation and Disposal 1 626123 Yy 063 £1 024 457 11,712 1,096 169
Excayation and Dispcsal 1,626,123 o 048 £1 503,601 F111,552 £1,705,153
Excavation and Disposal 1482882 CY 3230 £4 284 o2l F290,9499 34,5484 929
12022 Watar cuality Monlioring 4.33 Wi §75,000 00 FI7,250 22,20 F33a.458
20320C Warter Cauality Konitoring 129 W F75,000 00 F83 000 6,510 392,510
120322 Watar Quality Monitoring 0.83 ] §75.000.00 FE2250 4358 65,608
12022 Warter Cuality Wonitoring 2P WD §75,000 00 F205,500 $14 255 §219,685
1203- Happer Dredging
1203E Sibe Vo
Escavation and Disposal ncy J0a0 0 0 Bl
1204- achanical Diadging
1204E Sib= Wil
Excavation and Disposal ooy 4000 40 0 il
1205- Rk Excayaiian
120548 Mobilization, Cemobi ization = Job LS 0 0 g0
1205E Excavaiion and Disp=osal i} o ga.a0 0 o) 30
Subbatal, Construc on Coss £15.706240
1202 - Confingencias B 0TTTT
120.-- Total Constructon Costs $16, 778, 76T
30--- Flanning,Engineenng & Design BE55,000 $22.750 FE37. 750
o i [ Construction Fanagemert OGS 28 15 F907.078
17 225874 £1,147 T3 $18,373 595
Toral Project Ciosls: ROUMDED.. .. K 315,374,000
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Table A-9
Construction Contract No.8
May 2002 Price Level
Cva: Ega lsland DEFTH 45 Fr-0f Coorkract Mo, 4§
COMNTIMGEMCY TOTAL
ACCOUMT LIMT [l scct PROJECT
COOE TEM QILAMTITY LINIT FRICE AMOLMT 1202-] COET
12 - DORECGMNS
1204 - Mobilization, Demobi ization
and Fraparaton Wk -~ Job ] F100,000 35,000 £105,000
1201- Disposal Areas
1201E Sibe Whorl:
Diks Constuction- Eag ls.
Embankmearnt-sand 2 GO0 noo oy $150 £3 200,000 F3a0 000 £4,290,000
Huics 0. EA $22,500.00 0 o 30
Gactubss 2Em LF £12500 £2 E50.000 $255 000 $2.135 000
Zubtotal, Caspaosal Ares Cost 6 EL0.000 50 000 £7.530,000
1204 - Mobilization, Cemaobi fzation
and Fraparatony Wk -- Job LS F758.417 27 8 8746, 338
120.2- Heappar Diracking
1201E Site Wharl:
Excavation and Disposal ZEO00Qoo CY 4732 £19.032,000 £1232.240 320,364,240
Subtotal, Construch on Costs £1ay90417 £1270,167 21160575
Total Construction Cost A6 R0 417 22 690,573
1202 Contingendies £2 050 161
120-- Total Construchon Costs: F25.690,574
a--- Fianrng Engineening & Desion 2 A28 000 $121,300 $2.547 300
- Canstuction Managemert £ 577 e & S ET $1,735,780
£30 £ 220 £2.330,7259 437973 654
Total Project Costs: ROUMNCED:.. .. i F22.974,000
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Table A-10
Construction Contract No.9
May 2002 Price Level
Resch AMA CEPTH 45 Fy- Contract Mo 8
L Mat. Falk, Raccoon
CORTINGEMCY TOTAL
ACCOLINT LMIT iIn acck, PROJECT
CO0OE ITER QILLAMTITY UKT FRICE AICUINT 120Z.-) COST
12 -- CREDGIMG
12104 Ilobi krat on, Demobilization
and Praparatary Work -- Jab L= $1407,247 $70,362 $1477 60a
1203- Pipsdine Criadging
12028 Site Yok
Exravation and Cisposal o oY ‘B0.00 50 0 50
12103~ Hoppser Dredqing
12036 Site Work
Excavation and Disposal 1,293 522 oy ) 457 F5.911,396 B413 7858 3,325 194
Excavation and Disposal 3,213 561 (e ) 3563 18092011 31,265,504 319,399415
13032 \Water Clualty bMoniboring 21 ek 75, 000,00 £240 750 §18,852 FIAGT BO3
12031 Wyater Clualty ronitening E56 0 MO $75,000.00 $642,000 344,940 HEEG, 240
1204 - Machanica Crsdging
1204 Sribe Work
Exravation and Cisposal o oY .00 0 0 50
12058- Rock Excevabon
12054 ok bzat on, Dermobilization -- Job LS 30 30 30
12056 Esxcawation and Disposal ] oy £0.00 F0 F0 a0
Subtotal, Construction Costs 38,394 304
1202 (Zont ngencies 1812457
120- Tatsl Construch on Costs: 322,108 761
a0-- Flarning Ergineenng & Design F65%,000 §32 Ta0 £GET 750
i --- Construction Management F1.4465,167 372309 31,515494
§5,3954991 1017516 30,313,007
Total Project Costs RCANDED 330,313,000

2.1.1. Contingencies

The edimated cogt for each mgor subdivison or festure includes an item for “contingencies’.
By definition, a “contingency” is an dlowance againg some adverse or unanticipated condition
not susceptible to exact evauation from the data a hand, but which must be expressed or
represented in the cost edtimate. The contingency alowances 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 specidized nature of this type of work.

Pipeline Dredging. The contingency reflects uncertainties associated with pumping distances
and production rates when dredging new/undisurbed materids.  In addition, contingencies
include possble fluctuation of fud prices, additiond survey requirements, and increases in labor
rates. A contingency of 7% was used for the initid dredging.

Hopper Dredging. The contingency reflects uncertainties associated with pumping distances
and production rates when dredging new/undisturbed materids. A contingency dlowance was
adso induded for unanticipated difficulties interfacing with environmenta windows that may be
encountered during the bottom-dumping portion of the project. A contingency of 7% was used
for initid dredging.

Rock Excavation. Contingency was included for unavalability 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 theinitid dredging.

Disposal Areas. Contingency reflects the uncertanty associated with unanticipated difficulties
in developing disposal areas. A contingency factor of 10 % was used for initid dredging.

2.1.2. Planning Engineering and Design

Panning, Engineering and Design (PED) rdaed costs during the initid dredging were estimated
as a lump sum based on smilar Corps of Enginears projects. Engineering and Design (E&D)
during condruction was edimated a $11,629,800 including contingencies.  Costs include
preparation of the Project Cooperation Agreement, ervironmentd dudies and regulatory
activities, desgn related engineering, plans and Specifications, engineering during construction,
cost engineering, construction and contract award activities and project management.

2.1.3. Construction Management

Supervison and Adminidration (S&A) of project condruction was estimated as a lump sum in
the amount of $11,420,338 including contingencies. S&A was based on smilar Corps of
Engineers projects. S&A costs include contract adminigtration, review of shop drawings,
ingoection and quality assurance, project office operation, contractor initiated clams and
litigations and government initiated claims and litigations, and project managemen.

2.2. Environmental Monitoring Costs

2.2.1. Introduction

The Corps Find Supplementd Environmenta Impact Statement (July 1997) indicated tha there
would be no sgnificant adverse impacts from congruction of the 45-foot Delavare River Man
Channdl Degpening Project based on existing data and modeding studies. However, due to the
sengtivity of some of the resources, the Corps has agreed to gather pre-congruction information
for those resources and to monitor them both during and after congruction to insure that no
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sgnificant adverse impacts occur. If any are detected, corrective srategies 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
condruction is incduded as part of the initid project congruction cost (Engineering and Design);
subsequent costs (post congruction) are reflected in the 45-foot channe operation and
maintenance cods. The monitoring studies are discussed below.

2.2.2. Kelly Island

Monitoring activities a the Kdly Idand Wetland Redoration Ste include waer qudity
monitoring, sediment profiling, oyster bed and pa st surveying, fisheries surveying, fall
benthic sampling, surveying of juvenile horseshoe crabs, a hydrographic acoustic survey of
oyster bed conditions using the Acougtic Seabed Classfication System, and benthic ded camera
evaduation 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 physicd
characterigtics of the wetland restoration will dso be monitored.

2.2.3. Broadkill Beach

The resources that will be monitored a the Broadkill Beach sand placement ste include
migratory shorebirds, spawning horseshoe crabs, and sand builder worms.

2.2.4. Egg Island Point

Monitoring activities a the Egg Idand Point Wetland Redoration Ste include water qudlity
monitoring, sediment profiling, oyster bed and spat st surveying, fisheries surveying, fal
benthic sampling, juvenile horseshoe crab surveying, a hydro acougtic survey of oyster bed
conditions using the Acoudic Seabed Classfication System, and benthic ded camera evauation
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

Oyders in the States of New Jersey and Delaware will be monitored to examine the hedth and
productivity of oyster populations on the naturd seed beds in the Delaware Bay to attempt to
determine if the project is dgnificantly impacting oyster resources. Studies to determine the
number and proportion of blue crabs wintering in the navigation channed will be conducted.
During rock blagting, monitoring will be ongoing to determine any adverse impaects 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 docate, indal and
maintain aids to navigation for the 45-foot project. A copy of this|etter is attached.
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U.S. Department Commander
of Transportation Coast Guard Atlantic Area

United States
Coast Guard

Lieutenant Colonel Timothy Brown
Philadelphia District, Corps of Engineers
District Engineer

Wanamaker Building

100 Penn Square East

Philadelphia, PA 19107-3390

Dear Colonel Brown:

431 Crawford St.
Portsmouth VA 23704-5004
Staff Symbol: (Aow)

Phone: (757) 398-6230
FAX: (757) 398-6334

16500
July 23,2002

This is a revised set of estimates in response to your letter of May 30, 2002 requesting updated
information concerning the Delaware River Main Channel Deepening Project. After discussions
between our mutual staffs, we determined that we had misread your initial request. We have
also taken another look at our original 1997 estimates and revised those in 1 and 2 below using

current FY02 cost data.

1. First cost of aids to navigation to improve the current 40 foot project: $ 905K

2. Annual maintenance costs for item 1 above:

$241K

3. First cost of aids to navigation for new and relocated aids to navigation at twelve bends

that will be widened as part of the 45 foot project:

4. Annual maintenance costs for item 3 above:

Sincerely,

$322K

$ 93K

2~

DONALD OUELLETTE
Commander, U. S. Coast Guard
Chief, Aids to Navigation and
Waterways Management Branch
By direction of the Commander
U.S. Coast Guard Atlantic Area
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2.4, Non-Federal Associated Costs

Associated costs are any required initial condruction (eg., berth deegpening, dock modifications)
or operations and maintenance cods incurred by nontFedera interests that would be necessary to
achieve benefits from a deepened 45-foot Delaware River Federd channd. Initid associated
costs are discussed in this section. Associated operations and maintenance codts are discussed in
Section 3.

Interviews were conducted with potentidly benefiting facilities (users of the Dedaware River
Man Channd) to determine what type of incrementd modifications, if any, would be necessary
for them to accrue benefits from a deepened 45-foot Delaware River Main Channd. Interviews
were documented and sent to the interviewees to ensure that the information collected was
accurately recorded. Edtimates 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 exiding facility drawings. Associated cost written reports were prepared
documenting information gathered regarding vessd berthing areas that would need to be
modified to take advantage of the 45-foot Delaware River Man Channd Deepening. These
reports include facility Site map/agrid photographs, summary of findings, and estimated cogts.

The berth modifications costs for the various facilities represent the incrementad cost to modify,
if needed, the existing berth facilities to increase their design dredge depth to 45 feet bdow mean
low water. Exiding engineering drawings and available engineering reports were used to rate
each facility and prepare prdiminary desgn modification skeiches as needed to make cost
edimaes. The condition of dl exiging facilities for determination of needed modifications was
assumed to be free of any dructurd deterioration, including missng or damaged berth
components.  This assumption was used s0 only the incremental codts attributed to the 45-foot
project would be determined. The need for routine maintenance and repair of the existing
dructures are the same for both the existing 40-foot project and the proposed 45-foot project.

The dredging estimate assumed that any non-Federdl dredging of the berthing areas will be done
by a locad dredging contractor who would continue to haul the dredged materid to a private
digposal gte, conggent with the long term hisory of such work and their current permit
requirements. The initid dredging cost is based on the remova of a volume of dredge materid
to obtain a dredge depth of 45 feet below mean low water plus one foot over dredge depth. The
incrementad maintenance dredging cost is based on the additiond 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 summay of the berth or dorage
modification and initid 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 dructure.  The Structure must be modified
to provide support for the soils under the pier to mantain the existing pile support of the pier.
The modification of Berth No. 3 consgs of providing a sted sheet pile bulkhead at the present
river bottom at the face of the pier to provide a retaining wal for the doped soils under the pier.
In addition, a dead man wal and tie rod support will be added to provide additiond laterd
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support for the pier. The dead man wadl will consst of sed sheet piling. The exising ubber
fenders and reinforced plastic fender piles must be moved out shore by building out the existing
concrete with stedd beams or concrete.  Berth No. 4 was reviewed for actual ingtaled conditions
(i.e, depth of cdlular sheet pile). It was found that the cell structure and pier are consdered
satisfactory for dredging to 45 feet. The fender system would require modification a the
juncture of Berth No. 3 and Berth No. 4 to accommodate relocation of the fender line a 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). Initid dredging costs to bring the berth from 40
feet bdlow MLW to 45 feet bdlow MLW are displayed in Table A-11 below.

Table A-11
Initial Dredging Costs - Beckett Street Terminal
5. Jersey Foit (3 Beckett CEFTH 45
CONTINGENCY TOTAL
P CCURT LT | acct PROUECT
CODE ITEM QUANTITY LMIT FRICE AMOUNT 12073 ST
12--- OREDGHG
120A- Wabibzation, Dermokiization
and Praparatony Work -- Jab L= FEED9T J3E10 a5 a07
1202- Fipeina Oradging
12026 Site Wvark
Excavation and Cispesal o cy 000 g0 0 £0
1203. Heppear Dresdzing
12036 Site Wyork
Excavéation and Ci sposal o cy $0.00 0 0 £0
1204 - Mechanizal Drasdang
1Z04E Fita Work
Excavation and Cisposal SEAE CY $320 F4E5145 £33 250 £519,105
120 5%- Fiosck Ewcavan on
120548 Wabiizatlen, Damoki i Zation -- Job LS 30 30 1]
1205E Crilling and Blasting nocr Jooo 30 0 1]
Subitotsd, Consbuchion Costs LT3 247
120 Z- Contingencias 42,770
120-- Total Constuction Costs G012
an--- Flanning, Engineenng & Design F50,000 §2500 52 500
i--- Corstrstion hanagement $31.528 15768 22104
FEE4 770 B B4E £701 616
Total Fropect Costs ROLMCED ] F702 000

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 degpening to 45 feet. The
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sructura anadyses concluded that cdl structures and piers are satisfactory. Therefore, there is no
need for sructurd modification due to degpening of the berths from the current maintained depth
of 40 feet depth to 45 feet.

Berth Dredging (Packer). Initid dredging costs to bring the berth from 40 feet bdlow MLW to
45 feet bedlow MLW are displayed in Table A-12 below.

Table A-12
Initial Dredging Costs — Packer Avenue Terminal
Fhilak F &  FPacker &verus CEFTH 45
CONTINGEMCY TOTAL
ACCOUNT LT [Inacct FROIECT
COCE TEM CQILAMTITY UMT . PRICE ARIOUNT  12.02-) CosT
12--- CRECGMG
1304 - Mokilization, Cearmobibzation
and Freparatorny Work -- Jobs LS FEE136 6 514 26 250
12.02- Fipeline Credaing
12028 Sita Work
Excawstion and Disposal 0 cy 30.00 bl 30 30
12.03.- Hopper Diredaing
12038 Site Work
Excavatian and Dispasal 0D Cr 30.00 40 40 30
12.04- Fechanice Dradaing
1204E Site Work
Excawation and Diapsal s | CY §7432 200353 35034 $535517
1205- Riack Excavaion
12054 Medilization, Ceernobi ization -- Joks LS 0 30 3
12058 Drrilling and Blasting 0l-cy F0.00 28] 30 30
Subbtotd, Constuction Costs FEa5 619
1202 Cartingencies T3 EaAE
120 - - Total Censiuctan Costs FE32 467
30--- Planring,Enginesaring & Desion o0 000 2500 52 500
i) FE Canstruction Managament $32.374 1518 $13903
FE 70,950 47 96T §716 260
Tatal Project Costs: ROUNDED . ... 719000
VALERO

Berth or Storage Modification. Berth No.1 was consdered for deepening to 45 feet. The
andysis reveded tha no structurd modifications are required for degpening this berthing area
Based on an interview with representatives of Vdero, it was indicated that less than $5 million
would be required to augment storage capacity with the 45-foot project.

Berth Dredging (Valero). Initid dredging costs to bring the berth from 40 feet bedlow MLW to
45 feet blow MLW are displayed in Table A-13 below.
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Table A-13
Initial Dredging Costs - Valero
Walero | Faul=boro OEFTH 45
COMTIRZENCY TOTAL
ACCOURT LIIT (In acet FROJECT
CODE TEr QUIANTITY  UNIT . FRICE ARIOUMT 13 0.2-] CoET
12--- OREDGIMNG
1204 - Weabibzaticn, Demaobilizat on
and Pregaaratony Work -- Jobs L3 £98 317 9,832 $108,149
120.2- Pipdling Dredging
12028 ite Yok
Excavation and Disposal 0 cy F0.00 0 0 &0
1203 Hoppesr Oredging
12038 Siibe Wer
Excavation and Cispasal g1 ¥ F0.00 0 0 §0
12.04- Wiarhani cal Crad ng
12048 Sites Work
Excavation and Cigposal GRERG Oy | B124T 532,200 $55,514 o 423
1205- Riock Excavaton
12054 Wiabi izaticn, Demaobilizat on -- Job LS $0 $0 £
12058 Criling and Blasting Fl} Y 3001 0 0 §0
Subtotal, Construction Costs $024 226
120Z- Conbngenciss FES, 346
12.0--- Total Construction Costs: $1,002572
30--- Planning,Engingean ng & Dasian $50.000 $2.500 §52500
31-.-- Consruction Managemant £51,352 $2.559 353351
1,032,608 $73415 | §1.109023
Tetal Project Costs ROLMOED. ... ... F1,108 000

SUNOCO (Marcus Hook)

Berth Modification. Berth 3C would be consdered for deepening to 45 feet. The Pier 3C
dructures were andlyzed for specific load capacity. Since the dredge depth of 45 feet will
increase the unbraced length of the piles, the structures were andyzed to determine the effect on
the load capability of the Sructures. The exising cdl breedting sructures will be replaced with
new cdl dructures, including excavation as required to provide deeper depth of cdls.  This
modification is estimated to be $1,800,000.

Berth Dredging (Sunoco Marcus Hook). Dredging involves rock and slit remova. 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

Rock Sunoco @ Marcus Hoo CEFTH 45
COMTIMNGEMCY ToTAL
ACCOUNT L&IT [In acct. PROJECT
CODE TEM QLAHTITY  UWT . PRICE AMOLINT - 1202 CsET
1&--- CREDGMNG
1204 bdchilization, Demobifzation
and Freparatory Worls - Job L= 189,079 18 202 F207 987
12.0.2- Fipaling Cracaing
12025 Sita Whark
Excavation and Dispacal 0ocy 30,00 0 30 30
1203- Hopger Drecking
12036 Site Whark:
Excavation and Disposal I F0.00 ) 30 30
12.04.- Ftechanica Dredging
12048 Site Work
Excayation and Disposal 25089 CY F1455 FA65,045 F25 553 390 595
1205 Riock Excayarion
12054 Mekilization, Demobibzation -- Jok L= 236,005 23501 £248 506
12055 Dirilling anc Blesting 25089 Y $137A84 0 $3462031 519205 §3.581 336
Subtotal, Constuctiaon Costs b e [
120F- Cortingencies S50 26T
12.0-- Total Construction Costs %4, 528 527
30--- Planning Enginesaring & Dasia 3100,000 5000 §105 000
He--- Caratruch on Management 3233319 11 G566 £244 255
4 575474 SEO3033  FSATRAI2
Tatal Project Casts: ROUNDED . ...  $5179000
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Table A-15
Initial Silt Dredging Costs — Sunoco Marcus Hook
Sunocao & Marcus Hool: CEFTH 45
CONTIMNGENCY TOTAL
ACCOUNT LT [Inacct. FROIECT
COCE TEM QLAHTITY UMIT . PRICE AMOUNT  12.02-) ot
Ti--- CREDGMG
1208 - Mchilization, Demobilzation
ard Praparatony Work Jak L= 102827 $10 254 119391
12.02- Fipeline Credaing
1202E Site Work
Excawation and Dispozal o cy F0.00 piou) 0 0
12.03- Hopgar Dradaing
1203E Sita Work
Excavatian and Dispacal 0z 30.00 40 40 30
1204- Mexhanical Dracking
12045 Site Wark
Excawatian and Dispasal 65,713 | CY §7.30 3479 75 23579 £513 284
1205- Rack Excavaiion
12054 hetilization, Demobiization Jok Lz i 30 30
12068 Drrilling and Blasting 0y F0.00 0 30 30
Subbota, Constuchon Coste 588,242
1202 Cartingencies F44433
12.0-- Total Censtructan Cosls §EIIRTS
30-.-- Flanning,Enginesaring & Dagion $50,000 F3.500 $52 500
o Coratiuction Management $32353 1518 23371
3670595 44 551 §719,146
Total Projct Costs ROUNDED . ... 718 000

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. Beth A dructures were analyzed for specific load capacity. The andyss
concluded that Berth A is satisfactory for use if dredged to 45 feet below mean low water. No
modifications or dredging ae necessay a Hog
interconnected with Fort Mifflin via pipdine.

Berth Dredging (Fort Mifflin).
MLW to 45 feet bdlow MLW are displayed in Table A-16 below.

Idand snce the fadlity

is physcdly

Initid dredging cods to bring the berth from 40 feet below
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Table A-16
Initial Dredging Costs — Sunoco Fort Mifflin
Sunoco (@ Fort Wiffin OEFTH 45
CONTIRGEMCY TOTAL
ALCCOUINT LEIT in acek, FROJECT
CCOOE TEM QUANTITY UMNT | PRICE | AMOUNT 1202 COET
12- DREDGIMNG
1208 Weahiization, Demabilization
and Preparatory Work -- Job L3 F3.239 224 F102 563
202 Pipgling Dredging
2028 it Wil
Ezcavation and Disposal [ F0.00 %0 %0 jilnl
1203- Hopper Oredgng
12038 Sl Wlerk
Esxcavation and Cisposal Y J0.00 $0 $0 0
12.04- Wacheanical Credong
12048 Site Wiork
Excavaticon and Disposal A28 CY 3740 F272546 £19,059 F2491 895
1205- Riock Excawaton
12054 Wb izaticn, Demobilizatan -- Jot ] $0 $0 i8]
12058 Crrilling and Blasting nocy F000 0 0 £
Subtotal, Construction Costs 366 080
1202 Conlingencies FzE423
1210 Total Canstruction Costs: Fasd s0E
30-- Planning,Enaineer ng 2 Cwasion £50,000 $2.500 452 500
31- Constuction Management $H0,135 $1,007 321,142
$a25,220 £31,530 FA6H 148
Tetal Project Cests: ROLMOED. . ........ Fan 00

PHILLIPS 66 (Tosco)

Berth Modification. Dock No. 1 would be considered for deepening to 45 feet. A review of the
exiding facilities was undertaken to determine if deegpening Dock No. 1 to 45 feet was possble.
The review indicated that the deeper depth and resulting sde dopes would incresse 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

gructure, 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 exiding piles must be mantaned by providing a retaning wal between exising soil
dope and the new 45-foot depth. The exiding 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 structura modification for Dock No. 1 is estimated to be $3,600,000.
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Berth Dredging (Phillips 66 - Tosco). Initid dredging costs to bring the berth from 40 fet
below MLW to 45 feet below MLW are displayed in Table A-17 below.

Table A-17
Initial Dredging Costs — Phillips 66 - Tosco

Fhillips B8 at Marcus Hook CEFTH 45
CONTIMGENCY TOTAL
ACCOUNT LT [Inacct. FROIECT
COCE [TEM QLWHTITY URIT . PRICE AMOUNT - 12023 T
Ti--- CREDGMG
T2.0.8 - Mebilization, Cemobilzation
and Preparatory Work - Job LS §108 527 £10 254 £118.391
1202- Fipeline Credging
1202E Siva wWaork
Excavatian and Dispacal TR F0.00 0 40 30
120.3- Hopgper Dradking
120368 Site Whark
Excavatian and Dispasal 0oy 30.00 L) 30 30
12.04- hechanical Dredging
12048 Site Wark
Excawation and Disposal 1180890  CY §5.07 F5OE8 TG 41 210 e BIG
1205- Rock Excsvaion
12054 Mekilization, Darnobil2ation -- Joks LS 40 30 40
120568 Dirilling and Blasting 01 cy F0.00 ) 30 30
Subtotsl, Constructian Costs: 707,253
12.02- Cortingencies $32 764
120-- Total Censtruction Costs FTE001T
30--- Pianring, Enginearing & Desian 50,000 2500 52500
3--- Carslruchon Managament b rgiea] $1245 40 544
F7O6,152 a7 208 F853 361
Tatal Proect Costs: ROUNDED . .. ... $853 000

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 increesed dead weight tonnage, due to deeper draft, resulting in larger
docking energies to be absorbed by exising fendering and increased resultant load to the
dructures.  The entire exigting fender clugters, cdls, 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 a Piers No. 2 and No. 3 will require no modifications
and/or reinforcement if Pilers No. 2 and No. 3 are dredged to 45 feet below mean low water.
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Berth Dredging (Coastal Eagle Point). Initid dredging cods 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

Coastali@ Eagle Foint OEFTH 45
COMNTIMNGENCY TOTAL
ACCOURMT LIMIT (I &cck. FROJECT
CODE TEM QLAKTITY UNT . PRICE | AMOUNT (1202 CoET
12--- DREDGIMG
1200 - Wabi izaticn, Demobilizat on
and Preparatory Work -- Jak LS §50 AT 2,31 F102 528
12.02- Pipsling Dredging
12028 Sibe Work
Ezcawation and Disposal o cy §0.00 F0 F0 f0
1203- Hoppesr Oredgng
12038 Sita Wilerk
Excavation and Cispasal 0o Cr F0.00 0 0 0
1204 - Wiachanical Credang
12048 Siter Wik
Excavaticn and Cisposal 17,073 Sy $1045 F178825 $12,525 F191450
1205- Riock Excavaton
12058 Wabibzation, Desmobilizah on -- Jak LS $0 $0 &0
12058 Crrilling and Blasting ncy 3006 $0 $0 L
Suktotal, Constructicn Costs fa72132
120Z- Conbrgencies 21,846
120-- Tegal Cansiruction Coss: 293975
a0--- Planning,Engineen ng & Dasian $50,000 $2.500 452500
Ll Congtuction Managemant §14, 557 3748 315.71%
F3a7 g HE5, 004 F362,192
Tetal Project Costs: ROLMOED. ... ... F362 000

DELAWARE TERMINALS

Ddaware Teminds is currently planning to establish a berth on a naturaly deep section of the
Delaware River in 2007 to alow access to the 40-foot channel. No associated costs were
cdculated for Ddaware Terminds dnce ther new berthing area will be locaied in a naurdly
deep (i.e.,, => 45 feet) section of the Delaware River.

A summary of associated codts for the benefiting facilitiesis presented in Table A-19 below.
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Table A-19
Initial Associated Costs For Benefiting Facilities
May 2002 Price Level

Facility Esicte;?f;;; Initial;rle?ggtwg to Total:zgtcility
Modification
Beckett Street $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
SUNOCO Fort Mifflin / Hog Island $0 $468,000 $468,000
Phillips 66 (Tosco) $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
Total $12,450,000 $10,111,000 $22,561,000

3. OPERATION AND MAINTENANCE COSTS
3.1. Federal Project

3.1.1. Maintenance Dredging Analysis

As pat of this reandyss, the maintenance dredging andyss that was performed as pat of the
Precongruction, Engineering and Design (PED) Study was reviewed and revised to reflect
current conditions and costs.

The PED andyss of shoding and maintenance dredging was based on contract dredging and
Government hopper dredging records between 1976 and 1994, a 19-year period. Table A20
presents a summary, by navigaion range, of the average annua Operation and Maintenance
(O&M) dredging quantity for each range of the existing Delaware River 40-foot channd.
Maintenance dredging estimates for the proposed Delaware River 45-foot channd were aso
developed in the PED phase (see Table A20). The first two columns d dredging quantities are
from the PED andyss Thex edimaies were determined from the rates for the exiding
Deawvare River 40-foot channd, multiplied by a factor reflecting the additiond aea of each
range to be dredged with a 45-foot channd. Vaues in Table A-20 represent gross quantities of
sediment removed during dredging, appropriate for planning disposa area needs. The actud pay
quantities during this period averaged gpproximately 76%, by volume measurement, of the gross
quantities.
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Table A-20
Average Annual Gross Maintenance Dredging Quantities
o Existin Proposed Existin Proposed
Na%/;%]agtéon 40-foo§J 45E)foot 4O-footg 45|?foot
channel (cy) channel (cy) channel (cy) channel (cy)
1976 - 1994 Based on 1995 — 2001 Based on
1976-1994 data 1995-2001 data
Philadelphia 73,000 86,000 31,000 37,000
Eagle Point 3,000 4,000 0 0
Mifflin 65,000 65,000 88,000 88,000
Billingsport 3,000 3,000 0 0
Tinicum 9,000 9,000 19,000 19,000
Eddystone 2,000 3,000 0 0
Chester 5,000 8,000 0 0
Marcus Hook 2,164,000 2,380,000 1,720,000 1,892,000
Bellevue 34,000 72,000 0 0
Cherry Island 236,000 260,000 183,000 202,000
Deepwater 858,000 1,047,000 404,000 493,000
Bulkhead Bar 10,000 10,000 18,000 18,000
New Castle 1,126,000 1,284,000 738,000 842,000
Reedy Island 18,000 23,000 58,000 74,000
Baker 29,000 29,000 16,000 16,000
Liston 179,000 333,000 88,000 164,000
Cross Ledge 0 0 7,000 7,000
Miah Maull 13,000 86,000 25,000 165,000
Brandywine 61,000 305,000 60,000 300,000
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 Federa project for the period
1995 through 2001 were assembled and andyzed as pat of this reandyss.  This andyss
included examination of seven years of data for the period subsequent to that used in the PED
andyss (1976 — 1994). Comparison of the 1995-2001 data with the 1976-1994 indicated a
digtinct and consstent trend of decreasng O&M dredging volumes. Table A-20 above provides
the average ahnud gross O&M quantities for each navigation range, based on the period 1995 to
2001. Thesedataarein the last two columns of the table.

Figure A-1 presents a grgphica overview of the maintenance dredging history for this project,
from 1976 through 2001. The open squares (“Annua 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 scde provided on the left Y-axis. Two lines are plotted through the “cumulative
O&M” time series data. The dashed line is a smple firg-order (linear) fit, and the solid line is a
2" order best fit. The correation coefficient for the 2" 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 2" order
(solid), as compared to the 1% order (dashed), line.

Figure A-1

Philadelphia to Sea G5/2002
O&M Dredging Data
Annual Series and Cumulative Data
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Three factors are judged to be largely responsble for the decreasing trend of O&M dredging for
the project. Beginning about 1995, the Philadephia Didrict implemented a change in the
specified dlowable overdepth for dredging contracts. Prior to 1995, a vaue of two feet was
employed, wheress the current allowable overdepth is one foot. This tighter tolerance on the pay
depth for dredging contracts crested an incentive for grester accuracy on the part of contractors
to reduce dredged quantities beyond the pay depth, because dredging beyond the pay depth is not
compensated. Figure A2 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 vaue averaged only 1.17 (dashed line))

The second factor, more accurate dredging, in both the horizonta (location) and the verticd
(depth), has become possible in the last decade with the advent of technologicd improvements,
in particular the more widespread use of Globa Positioning Systems (GPS).

The third factor is the revison of tidd datums for the Delaware Bay portion of the project. In
1997 and 1998, the Didlrict obtained controlled tidal observations a Brandywine and Ship John
Lights. These observations were obtained in order to update datums that had previoudy been
established in the 1960s. The 1997-1998 tide data were subjected to a tidd datum analysis, and
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revised devations for the plane of mean lower low water (MLLW) were caculated. The revised
datum analyss demondrated that an adjusment of about 0.3 feet was necessary, reflecting the
effects generaly 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 Delavare. The revised tidd datums affect gpproximately 40 miles of channd, al 1,000 feet
wide, at the southern end of the Philadelphia to the Sea project.

Figure A-2

Philadelphia to Sea
Gross/Pay Ratio, Contract Dredging
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The daa in the far right column of Table A-20 above were adjusted using the “footprint ratio”
procedure developed during the PED investigation to estimate annua O&M quantities, by range,
for the deepened, 45-foot channd. Vaues presented in Table A-20 represent gross volumes.
The vadues shown in the last column of Table A-20 are used as the basis for caculating disposd
area needs for the proposed deepening project. The edtimated average annua pay quantities of
O&M dredging for the deepened 45-foot project are presented in Table A-21 below. The vaues
in Table A-21 are based on those in Table A20 (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 vaues in Table A-21 thus become the bass for the
caculation 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

Average Annual O&M

Range Quantity (cy)
Philadelphia Harbor 32,000
Eagle Point 0
Mifflin 75,000
Billingsport 0
Tinicum 16,000
Eddystone 0
Chester 0
Marcus Hook 1,612,000
Bellevue 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

Edimates were prepared for maintenance dredging of both the exiging 40-foot and the
recommended 45-foot project for a 55-year period (5 years of congruction followed by the 50-
year project life). Maintenance dredging and associated costs for sections of the channd that
would be completed before the base year (i.e, during the 5-year condruction 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 aso prepared. Disposal area cost estimates were
developed to account for the miscellaneous dike raising during the life of the project. Costs were
prepared for channd maintenance dredging, operation and maintenance of upland disposa aress
including dike raisngs, and operation and maintenance of wetland restoration beneficid use Stes
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 incrementa annud operations and
maintenance costs are $3,061,377.
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Table A-22
Summary of Operation and Maintenance Costs
40-Foot Project

Total Maiptsnance Cost 40 FT Chanasl Tetal Digpagal Aras Cost Coat . 40 FT Channel| Total PED =40 FT Charne| absl S84 Cost . 4 FT Chan el TOTAL
Conbngarncies Contingarcias Corhingancies Contrgenoes
-1 E R AL TiE] M7 FAARAATT 50 0 F) Fn.on 10,007 F11000n k Faakica| F2%. 503 1281497 JERTL084
-2 §h.448,142 BT SOATT.I1S 50 k) F LRl 1001 F110.a00 2322457 F32.2406 §354.703 §T.H1LE8
-3 5,208,248 £249 2497 55,557,040 50 0 £l §00. 000 $10,000 Frnann 250412 F20,041 $250.453 §5.954.09%
-4 $ranan ST 57,004,719 50 30 3 F00, 000 F10.000 F10000 F A3 330,560 $402.393 §E317. 02
-3 §5,18043% 347 451 $5.527,090 50 3 $ 00000 10,000 F110000 F20022 325,802 $254,924 §5.022,0
-3 $6,309,502 £AG0 153 37,368,700 50 ] g §100. 000 F10,00K F110000 35475 334,548 $380,023 7858722
r-T 51168089 FH2 5458677 1,312,500 F1ZT M0 31,439 510 $400, 000 9,01 FH0000 F321 94 32,148 F353,810 §7,602,887
- §7 316062 g EET $T,HM4,718 50 40 Eal 500,000 310,00 F10000 FE0 $30,500 02,383 5,377,102
-4 #5,205,248 £49 397 §5,557, 646 50 0 3 $00.000 F10,000 a0 F2604012 326,041 $236,453 $5,854,088
.10 §6,381 502 L §7,330, 044 §0 0 3 £100,000 10,000 F10000 M5 F34408 $37a 484 7815438
rr-11 15 116504 £347 ek 5450 877 $0 30 3 4100, 000 310,000 Fi10000 F2a5 53 325 563 1281497 45,851,084
12 $7 407532 405 47,000 688 30 30 3 $100, 000 310,000 Fi110000 $370 581 337,038 3407 418 $E 420,107
r-135 $5, 116588 B4 2 R 55,458,677 b 11} 30 30 3100 000 $10,000 F110,000 255554 325,585 31417 $5.651,084
=14 $6,44d9,142 £427 878 F66TT 115 $607 500 Fe5 480 FTE2 TE)| FA00 000 F30 000 F440,000 %357 522 335,752 $3593,054 5473 Ba
Tr-132 §5,271398 F255 580 45,625,008 §1,270,800 F1a2 5 $1.5355.740 400, 000 F0.000 40,000 F327 145 Jazrs Fang a0 §7.015458
=16 §7 50,862 F314 473 $i, 198,355 50 30 F 100,000 $10,000 F110,000 F384 243 JaG a2 422 667 FETIZ00Z
AT §5. 116,500 242 e S5, 450 67T 1,706, 800 £171,190 41 9658 090 $700, 000 70,000 FrT0000 Fa45 679 $34, 560 §a00,247 FESTE 09
13 §6,540,702 F42d 200 $6,0978, Dk $0 40 40 $100, 00 410,000 $110,000 GaIT 035 F32,T04 $a88, 720 §7.444, 0812
=10 $5 116500 F342 e $6AB06TY 111} 40 30 § 100, 000 $10,000 $110,200) $255. 13 316,602 201417 $£.261,004
rr -2 $7. 748612 £515 $0,367 548 3072 700 F2 020 1 085 72 FA00, 00 40,000 $aa0,200 135 066 Fa3,60T BATO 6T $10,362 041
r-M 55,208 240 345 257 %5 557 RdE £1,138300 108 500, 41,247 280 S0 00 4430 () $40 000 317 377 431735 §3a0 060 57,504 506
T2 §6 490192 4T a3, SE ATV 118 L11] k1] 40 §100 e 410,000 $110,000 THXIA5T 432 16 §354 7073 724188
r-23 EHRRLTE] R S FARAATT in k) F) ENLEEERE F10.K F11nann FEAH 20,503 287477 L LR TIEE]
-4 §ranTazz $A55 00 FT.A0..687 50 £l £l ERILATR e F10.00 Fnann 01 F37.038 07419 FEA20707
-23 §5,160434 F247 451 $5.927, 890 728,800 e 4T A30 400,000 40.0m 0000 F237402 329,540 $325,008 §7.080,328
-2 §0317 M2 HETE 7,271,011 50 0 3 §I00. 000 $10,000 Frnann 3057 F34,000 $374 987 7. TIRTIE
fr =27 327,344 FEETM $5,150,083 §0 E k) §00,000 10,00 F10000 21 7 F24137 3265504 §5,525,587
fr-23 $A,935,182 461 I 57,397 156 50 ] g 100,000 310,000 F110,000 FHRTHE 334,670 381434 §7,88E,590
fr-2d $4 735 7RY Be3s 55,052,114 50 ] k] $100. 000 $10.000 F110,000 F235,7H 323,674 $260 468 5432582
1 -3 $6,502,352 T $7,080,350 50 o] #) $00, 000 $10,0M F110000 FI2E13 F32,862 $362,580 $7.502.930
rr <3t $1,735,704 F6325 55,051,114 50 E ) F) $00. 000 F10.00 F0000 §235,759 F23578 1260 468 5,412,582
e o33 #6,335,162 61 ord §7,387,156 51,200,700 F115E0 131652 $A00. 000 F40,000 0000 05,793 FINATH F47 471 FEA0T,WE
33 $4,837,348 F3re A £5150 083 3586,300 F54 350 60 £ $400 000 F40.000 F440,000 FIT0EED 327 06&E $207, 750 $E516513
rr 34 35 0RE 2412 £401 390 | $6 469 557 #1150 000 £110,750 31,260, 750 $400 00 340,000 F440,000 30912 F36 081 1307 003 $5,567 305
=35 $4,708,5549 PN TS 35,130 327 30 30 3 3100, 000 310,000 F110000 F23ATT 3213 808 $263 475 $5,484 302
-3 §7.305522 F45d 219 $7.668,741 1] 0 30 3 100 000 310,000 F110,000 35T 336,075 $406 754 408485
37 $4,735 709 FAGAEL 5050114 0 k] 3 100, 000 F10,000 F110000 235,78 $2367a $260 468 354012582
T -38 §6,066,242 F01.210 H6 468,551 F1,010,100 106,760 1,216 550 400, 000 Fa0.000 40,000 FE50AT F35,692 Fana 60 2511111
Tr-33 §4,327 348 B2 T $6,150,003 Ffild 700 i $T20 52 H00 L0 $20,000 $a40,000 FI75 A2 427 50 §a0a 162 §E6d 2 165
rr -0 §7 367,712 Fdez 2T $7,064 805 $422 800 S () F1010540 FA00, 00 0,000 Fa40,000 Fa14531 441,453 §a56 084 §E TEE A0S
r -1 $41,736, 700 FAE 235 §5,062 114 £0 40 40 §100, 000 410,000 $110,000 $238 T F13,6T0 $260 468 $EA12 502
fr . $6,150,202 40T 19 $6,567, 501 §0 40 30 $100 000 $10,000 $110,200) F307 LK) 330,700 $a35, 780 §7.01E, 310
rr -3 $4, 735 TR0 £A1E A0 $5.053,114 §7, 066 00 £ gl 7T D 3§70 0 70,000 Frr0 000 Fa31 50 43136 $474 448 $13, 743 Bat
T -4 §6,035, 162 451 lrikd 7,307,156 111} k1] 40 $100 OO0 41000 $110000 4345, TR $34 676 $381.434 § 7 BAESU0
L] 391,091 FAFTI9] F5.218.290 30 £ £l ERIEARR e ] F10.0m F1naon F294°6F §24.456 268,011 §R507.307
L ] §6A37042 HMEIm Fh.AM1HR in k) ¥ §L0D F10.0001 Fina0nn FI21 0 FI20AE fand.03y §7.328.200
=47 735,709 216223 $7.052,114 Jn 0 £l §00.000 F10.0m F10.000 #2307 323,072 200408 5422582
T -43 $8.223007 0 5T 59,718,284 in n 3 FI00,000 F10.0m Fuinaon 0,137 010 400,804 §10,1 19,088
i -43 4706404 £214 274 $5,020,783 Fr19400 56 5090 §TT3.20 400, C00 40,000 40000 FIR0 327,004 $297,983 §E537,038
i -5 $8.500,167 5154 2172108 $1.114.800 F10T 210 312211810 §400, 000 40,000 F440,000 A5 TR 8574 1534312 $11,368,230
fi-51 4. 798049 R0 $5,118,732 §1,231,800 FHE0 31350510 $400, 000 340,00 F440,000 F3 A32 30,148 $331,530) §7,240,872
fr-52 $6332137 =T 50,420,315 50 k2] 2 $100. 000 $10,000 F110.200 4 BT FH 18 485, THY) 10,016,082
53 F1,706458 £314 274 $5,020,763 50 b F) $100, 000 F10.,00 F0000 F235 54 323,532 $2548,856 5,300,678
LST! $8.036,777 F533 503 §i,580,650 50 g ¥ $ 100,000 F10,00 F0000 253 F0, 264 F3115 §8,143,803
Tr-55 770,238 F31E 73T 55,068,976 50 30 3 $100, 000 F10.000 F1n000 F138512 323 651 3263 563 15461338
Tota, ehal 331 328416 | Er2 107015 | 3363436 331 | $03 608 00 £1571 470 SEEETET] P I0000 $1 920000 $12320000] $17 50471 BTE0 a7 10351 TE] R0 TEEEID
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Table A-23
Summary of Operation and Maintenance Costs 45 — Foot Project

Totsl Maintenence Coet .45 FT Channsl Tedal Digpasal dras Cont Coat . A5FT Channed | Total PED - 45 FT Channel Toks S84 Cost . 45 FT Channel TOTAL
Corhngancias Corhngancias Carhngancies Controsnoes
§3.057409 FEEIS | 85390247 51 0 | o F10.00 F2I2ET 325,287 5278157 §E.TR4 404
J6, 723732 F447 15 ST,170,820 50 Fa F 510,000 F10 LK1 F33.619 §369 800 FT.RI0TAZ

1482339 USRS F0.E51497 30 39 k 00,000 F10.00 Ful J".IJ'.I 327414 F309,550 0202072
$Ta20.7a2 R0 T F3451,70% 50 k] k] 300,000 1000 Fi10a00 F39,004 457,043 §EITAIZ
5710573 24 50T $6.095,246 50 k] k| 00000 00N F1000n 320,553 314087 $E518.333
$0,305,342 52T e 59,033,248 §1,324 000 B38040 1453140 $1,567.000 JA0000 32007000 353,151 $564 663 F12.97E.051
§5.538 560 £a7T2519 £5.011 33‘? 50 k1] | FLEET.O00 0000 F1 3TFO00 F27T 003 $304.829 £7.802708
312,385,262 £543 500 51 30 | FLEET OO0 0030 F1 ATFA00 F61,028 $RR1,183 $1E.58E 951
$5336408 $400 35T F546,700 1420 FHT AN 400,000 30,000 440,000 EERE ] £356,571 7 TI0AET
$0.583312 $EAT 300 50 30 F2 100,000 F10.000 F110000 347,818 §527,10) $I0,868311
f'.\ d;_lu- d-"g i.ff‘.\;. 3.1.3' $'.4HI:"1I'II ?."' “7"\'].1 ‘i_:_l '.\-l:-l"'. =] fu'IFII:II:I ‘i.l'llll1}l ‘il"l'.l '.I.III 'g..h.l.'{"rﬂ ijﬁ.:lj'\l fJI.II:' H}'t *'\; III: 1478
312039457 f oy b= et &) 50 0 3] FA00. 000 F10 00 F110000 R0 573 FA0 18T S13RI0 A5
$5395,129 FASEATE §1,124 600 £106, 710 $1, 255,510 Fa00 D00 F40 000 $440,000 5."- 23735 332,574 7, TIESIT
$6 451,592 552 140 233 50 30 30 00000 110,020 $110,000 343,258 fOE19517
$6.004,359 T e $6,400,203 FO60, 700 B EX0 41 052530 A0 DO $20 000 $440,000 $34,825 $E 265,081
$12.7508,262 FAER S0 §13.627.671 $0 30 3 00 DO 10,000 F110,000 63,70 F14 435578
$5.844 840 250 el §6,230 007 %0 40 40 $100 000 410,000 $110000 320,224 FEETOIT
k0,776 342 e W %0, 366,149 §1,334 800 £1:29.230 41 2254 30 F 000, 000 430,000 $440,000 350,551 $11,828, 138
$5.377.360 F51 225 §6, 720 604 1] 40 40 $ 100,000 410,000 $110,000 ; 326,887 1E- 44,380
$12817 812 B2TATTE O BA691,501 411} 40 40 3100, 000 $10,000 $110,000 5050 F64, 089
5,026 400 FBA0026] | 46 336,77H 50 40 0 g0 oo 410000 SHE AN $24 figd
$0,151 262 AT 1A g0 TEE 20 Ll 40 40 § 100 O 410,000 Th T Y Fa8 75 1 a1,
§5.844.549 s §hA.238.807 50 k1l 3 FI00.000 FA0.00 Finann 242 320224 ﬁ‘ -ll'l' §EATOITR
F12.009.3492 LA R YR "l‘t- 50 0 1) F 100000 F10.00K F11n0an Y] AT F60.m47 600574 12587042
R IR 00 o §1.225,100 115010 F1.33.110 FT00, 000 FT00] 33331 33,331 $300, 042 $E, 202509
$aoe1092 k2] |3ﬁ’-3".' $2,198.500 F211.435 F2410.25) 00,000 00 ‘=.-"-".i-| 11'.I FinA411 020,527 12490482
5489033 2aars 50 ] Eal F00 000 Elniena] 1113".!]] 27485 a2 447 §E6,201.237
FiaiT ez 10,777 50 k] k] F00.Lo0 001 F10000 359,509 FA55 478 12454037
§5.536.5680 l"“‘lf' §1,259 500 $121,700 31,551,200 FADD OO0 FA40.000 0000 3 333,000 $373,893 $E10E, El
$0360002 $E32 360 50 kU] 3 00,000 000 F110000 TS F46 86 $515.301
£5.361 569 £I515m F040,800 T3 A0 41 050,740 FADD. D00 30000 U000 315,123 331,612 £347.735
$11,821 Qg2 =107 50 0 F $100. 000 $10,00 F110000 0 F54.610 $655, 708
$5 456 BRY 'B‘J:F.h =] I §1,058 100 o 500 31,137 550 400 000 F0.00E] 440000 323,73 332574 $356,1713)
$8,494,982 59,441 A6 3 $0 ] | #0000 F0000  F110,000 5443 743 F44.205 48R AT
$5602.3149 35,978,501 30 30 30 3100, 000 $10,000 F110.000 280,116 Jxmz $an0a,1 ;f
312545522 $13,721,347 $1,007, 700 AT A 31,115,220 Fa00 D00 $40 000 $440,000 F593, 166 368,517 $T62 483 3 l':J.'I"":['EI'.
$5 844599 $6,2308,007 §1,265,000 £116 000 $1 555000 700, DO $70,000 770,000 355,92 $35 549 $301,041 FE.THE 848
$0.844.982 50,440 663 50 40 31 1000 DO $10.000 F110,000 44229 $44,225 Fanaa74 10,037 147
§5031 550 %5, 360,507 $2,303 400 £ 0080 43514,240 00 DO 470000 F7r0000 E355 240 336 625 ba02,073 FE0RE TID
$11 31212 §12.732.504 $674,200 PEIED 4734 070 F00 000 430,000 4440000 FEIAT FE2.049T GO 088 $14, 608,757
5,520,560 %5,014,084 50 40 40 § 100, 000 410,000 4110000 TI0G 327,603 §304 621 $E, 2"‘ il
$8.748,102 $0,321,681 1007100 £105 250 1,205 20 B0 D00 440,000 F490,000 2402, 210 349,224 Fhd1421
§5 208,124 45,704 1017 $0 40 E I (] 1000 $110000 ST 25 §24, ]'}ﬁ [FIERTER
$12078 082 1 40 E | I L] 10000 F110,000 EEERT ] bfifi, 444
§5.500.430 50 40 1§ 10000 $110000 2P0 §an7 524 RE
§0.024 547 4315400 =T 14 froorea)|  $4nonm 0000 3440000 a7 722 fnannad]  1IRITITE
$334949 50,243,530 51,001,500 2 $1.00T X)) 400 000 40001 FHnann 3255 £37T0,TE0 JE107 481
12476522 $13.320.731 30 40 0 F 100,000 F10,000 F110000 23841 $68G,227 FH4122 956
$5.530,559 $5,011,080 1,278,100 $123.500 #1401 g0 400,000 001 F40000 AR $374,975
8,277 332 349,303,492 50 ] k] F00 000 00X F10a00 FHEATT 510,265
$5436 569 $5.602.07 II' 50 30 3 00,000 F10.01 F10000 FIM A 208077
313988 257 51,108,200 F106 310 312125 FADD L0 FA40.000 FH0000 T T3 $829.095
$4338900 i §1,708.400 £162,340 31 770740 00,000 FI00W] Frr0a0n 3332420
rr-5d FI0AINERT 11,130,063 50 30 ¥ FA00.000 FA0.000 10000 0
=55 $54735.350 35T S $5,6471,313 50 30 30 F 100, 000 310,000 F110.000 3273 EES T 1,
Totsd, bl 3437 TAS 076 | o b Sy | BA6T, 2048 B8 | $.46 200 GO0 TR EID | a0 70w 0] F15A0 0 1 260,00 10661 A00] §03 195 a7 §0.210 GBE §5.516 REE

Asociated costs for operations and maintenance include any increase in the annuad operations
and maintenance codts of benefiting entities, in excess of those needed to maintain ther fadlities
for the exiging 40 foot project. Estimated costs are shown in Table A-24. Egstimates were
prepared for both the 40 and 45 foot maintenance berth dredging over 50-years. The incrementa
maintenance cods for mantaning the 45-foot depth at the berthing area (9) (i.e., the difference
between the maintenance costs of the 45 and 40 foot depths) isincluded in the estimate.

The maintenance dredging estimates for existing conditions (40 feet) a nonFederal associated
facilities were developed from interview data provided by the owner-operator of each facility.
These data were verified againgt 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 usng a
procedure presented in Chapter 9, "Maintenance Dredging in Channels and Harbors' in the
Handbook of Dredging Enginesring by John Herbich. This procedure utilizes user-selected input
vaues for the principa hydraulic and sedimentologic characterigtics of each dte, as wel as an
empiricd knowledge of the exiging shoding raes.  The results of these cdculaions ae
presented in the fourth column of Table A-24 below.

Table A-24
Associated Maintenance Dredging Volumes and Cost
Current I\I%nenntal Incremental
Area to be Maintenance greg i?] ce Average
Facility Dredged Dredging Volumes Vol 940? 45 Annual
(Square feet) to 40 feet ° um?Zet 0 Dredging Cost
(Cubic yards) (Cubic yards)
SJIPC - Beckett Street 325,045 10,000 every five 3,000 every five $1,546
years years
PRPA- Packer Ave 358,620 90,000 every two 20,000 every two $55,179
years years
Valero 747,738 0 0 0
SUNOCO - Marcus 889,199 25,000 every five 95,000 every five $58,837
Hook years years
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
Cpastal Eagle Point 647,003 0 0 0
Qil Co.
Delaware Terminals 0 0 0 0

4.0 SENSITIVITY ANALYSES

Two sengtivity andyses were conducted to analyze the effects of uncertainty on the project first
cogs (which include condruction costs, engineering and design, and condruction management).
The firg sengtivity andyds consdered potentid impacts on the federal dredging cost estimate
from differing assumptions concerning dredging efficiency, dredge sdection, and materid
composition. The second sengtivity andyss addressed dternative levels of contingencies in the
project cost estimate.

4.1. Federal Dredging Costs

Sengtivity andyses were conducted to andyze the effects of uncertainty on the project first
cods. The sengtivity andyses consdered potentia impacts on the federa dredging cost estimate
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from differing assumptions concerning dredging efficiency, dredge sdection, and materid
compodtion. The sengtivity andyses conducted for this andyss 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;

Senditivity Test #2 -economic loading dlowing for overflow;

Sensitivity Test #3 - excavation of potentidly pre-blasted/fractured rock with a cutter suction
pipdine dredge; and

Senditivity Test #4 - a 25% increase in the volume of rock quantity.

The results of the sengitivity andyses are shown in Table A-25 below.

Table A-25
Sensitivity Analyses on Project Costs
($ Millions)
Percent
. Change
s First Cost Change
Sensitivity Analyses - from Base
($ millions) Estimate 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 resultsin a
cod increese. Test #1 is plausble 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 consder overflow since exiding fidd data show tha overflow in the Ddaware River
would not adversdy impact the phydcd environment. Test #3 condders the posshbility that
some previoudy blasted rock could be removed with another dredged type. Test #3 can be
venified through further study. Test #4 is more hypothetica as the rock quantities are based on
detailled geotechnica 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 qudity control and externa independent technica reviews, it was
suggested that a sengtivity andyss be conducted to support the contingency factors used in the
project cost estimate.
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In order to address this concern, smulation 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 dready includes a high (20.3%) contingency factor, so further anayss of
this contract edtimate was unwarranted. The results of the pipeline and hopper dredge
amulations are presented below, followed by printouts of the smulation models.

4.2.1. Pipeline Dredge Estimate

The pipdine dredge esimate was computed usng a smulation anayss that incdluded datistica
digtributions for dredge materid factors for mud and st as well as loose sand. The project cost
estimate uses a factor of ether 2.5 or 2.0 for mud and silt, a factor of 1.1 for loose sand. The risk
andyds was prepared assuming a triangular  digribution  with  minimum, mog-likdy and
maximum factors of 2, 25 and 30 for mud and glt.  Smilaly, a triangular digtribution
(minimum = 1, mogt likdy = 1.1 and maximum~= 1.1) was used for loose sand.

Reaults of the risk anadysis 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 $241. The risk andyss indicates this
contingency corresponds to a 92% confidence leve that the estimated cost with contingency is
not exceeded.

4.2.2. Hopper Dredge Estimate

The hopper dredge edtimate was adso evauated usng a smulaion andyss tha incuded
datigtical digtributions for: (1) effective hopper sze, (2) hopper pump-out rate, and (3) turn time.
The fixed vaue of 1,900 cubic yards (cy) for hopper dze was replaced by a triangular
digribution with minimum, mog-likdy and maximum vaues of 1,600 cubic yards, 1,900 cubic
yards, and 2,800 cubic yards, respectively. These values are based on edtimates for existing
dredges rather than a generic average dredge. The 4,200-cy/hour hopper pump-out rate was
replaced with a triangular digtribution characterized by a minimum of 4,200 cy/hour, a likey
vaue of 4,200 cy/hour and a maximum of 4,500 cy/hour. Again this digtribution is based on the
characteristics of actua dredges rather than the generic average. Findly, the edtimated turn
around time of 10 minutes was characterized by a triangular didribution 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 conservetive.

Reaults 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 $8B.25, gives $8.86. According to the risk anaysis, there is a 96% level
of confidence that the actuad 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 sdected contingency levels are reasonable and indicative of the
fact that contract bids received for past dredging operations in the Delaware River have been
consgent with the contingency factors used in the project cost etimate. Furthermore, it should
be noted that it is dgnificant that the hopper dredge edimate is conservetive inasmuch as the

Comprehensive Economic Reandys's Report Page A-34



Appendix A
Cost Egtimate

largest project costs are associated with hopper dredging. A review of historica estimates to bid
pricesis provided in the graph below.
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Hopper Probability Analysis
Crystal Ball Report
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For ecast: UNI T COST. . Cel | :

Summary:
Di splay 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: Val ue
Trials 10000
Mean $7.79
Medi an $7. 80
Mode $8. 17
St andard Devi ati on $0. 52
Vari ance $0. 27
Skewness 0.01
Kurt osi s 2.21
Coeff. of Variability 0. 07
Range M ni num $6. 65
Range Maxi mum $9. 09
Range W dth $2. 44
Mean Std. Error $0. 01
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Forecast: UNIT COST.. (cont'd)
Percentil es:
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Assunpt i ons

Assunption: Override

Triangul ar distribution with paraneters:

M ni mum 1, 600
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Selected range is from 1,600 to 2,800
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Triangul ar distribution with paraneters:
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Triangul ar distribution with paraneters:
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End of Assunptions
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Pi peline Probability Analysis
Crystal Ball Report
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Forecast: UNIT COST.. (cont'd)
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Assunpti ons

Assunption: MJD & SILT

Triangul ar distribution with paraneters:

M ni mum 2.00
Li kel i est 2.50
Maxi mum 3.00

Selected range is from2.00 to 3.00

Assunption: LOOSE SAND

Triangul ar distribution with paraneters:
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End of Assunptions
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FINAL BID % RELATIVE TO GOV. ESTIMATE
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