
AD-AO94 799 ARMY ENGINEER DISTRICT PH.ILADELPH4IA PA F/s 13/2

DELAWARE RIVER DREDGING DISPOSAL STUDY. STAGE 1 RECONNJAISSANCE -tC(U)

UNCLASSIFIED DAEN/NAP-10072/RR79/O& M



ADAO9479LWL
'I '.

54""



SECURITY CLASSIFICATION OF THIS PAGE (When Date Entered)

READ INSTRUCTIONS
REPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM

1. REPORT NUMBER jj.GOVj ACCESSION NO. 3. RECIPIENT'S CATALOG NUMBER

DAEN/NAP-l0072/RR-79/06-,
4. TITLE (and Subtitle) 5. TYPE OF REPORT & PERIOD COVERED

Pelaware River Dredging Disposal Study Stage 1
,reconnaissance report Reconnaissance report

6. PERFORMING ORG. REPORT NUMBER

DAEN/NAP-10072/RR-79/06
7. AUTHOR(&) 8. CONTRACT OR GRANT NUMBER(&)

Army Engineer District Philadelphia

9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT. PROJECT, TASK

AREA & WORK UNIT NUMBERS

Army Engineer District Philadelphia
2nd & Chestnut Sts.
Philadelphia, PA 19106

11. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE

SAME ' i Juneft;779
13. NUMBER OF PAGES

725 p. arm,
14. MONITORING AGENCY NAME & ADDRESS(If different from Controlling Office) 15. SECURITY CLASS. (of this reprfty - .

SAME UNCLASSIFIED

15a. DECLASSIFICATION/DOWNGRADING
SCHEDULE

16. DISTRIBUTION STATEMENT (of this Report)

D I STRIBUT1IN U NLi 1111 D.

17. DISTRIBUTION STATEMENT (of the abelract entered In Block 20, If different from Report)

IS. SUPPLEMENTARY NOTES

19. KEY WORDS (Continue on re'erse side if necessary and Identify by block number)

Dredging Land use
Spoil Disposal
Delaware River Delaware Bay

2Q. A rBSTRACT 'Couz tue a revree eft It n coesary ard Identify by block number)

(_AA regional dredging disposal plan is to be developed for the tidal portions

of the Delaware River, its tidal tributaries and Delaware Bay, extending
from Trenton New Jersey to the sea and for Indian River Inlet and Bay. This
reconnaissance report is written to present technical background as founda-

.4 tion for the study. Various appendices of this plan focus on environmental

impacts of dredge disposal and inventory various fish and wildlife in the
area. Historic and archeological sites are also listed. Various plates
provide maps of different actual and proposed disposal areas.

DO l3 147 Eo0ITION OF I NOV OSIS OBSOLETE

-"SECURITY CLASSIFICATION OF THIS PAGE (iRten Data Entered)

,,Cnn. ' _ .l .... . . . . nu -- - ' ', . '_ . .,, . . . . , , , n_ . ,



NOTICE

THIS DOCUMENT HAS BEEN REPRODUCED
FROM THE BEST COPY FURNISHED US BY
THE SPONSORING AGENCY. ALTHOUGH IT

IS RECOGNIZED THAT CERTAIN PORTIONS
ARE ILLEGIBLE, IT IS BEING RELEASED
IN THE INTEREST OF MAKING AVAILABLE

AS MUCH INFORMATION AS POSSIBLE.

-r ,



DELAWARE RIVER DREDGING DISPOSAL STUDY

STAGE 1 RECONNAISSANCE REPORT

TABLE OF CONTENTS

Subject Page

LIST OF TABLES iv

LIST OF FIGURES v

LIST OF APPENDICES vi

CHAPTER I - INTRODUCTION k 1

BACKGROUND AND AUTHORITY 1

SCOPE OF STUDY 2

COORDINATION 3

OTHER STUDIES 5
Long Range Disposal (LRSDS) 5
Environmental Impact Statements 6
Dredged Material Research Program (DMRP) 10
Delaware River Shallows Study 11

Delaware Estuary Salinity Intrusion Study 12
Comprehensive (Level B) Study 12

CHAPTER II - DESCRIPTION OF THE STUDY AREA AND ITS RESOURCES 13

STUDY AREA 13

NATURAL RESOURCES 13
Environmental Overview 13
Fish and Wildlife 16.4

HUMAN RESOURCES A 20
Population jBUTnON ST. 20
Housing Aprc"' for pul ieic Te 20
Employment and Income provedd 23
Education 1-----,ie23

4 - , ,



TABLE OF CONTENTS (Con't.)

Subject Page

DEVELOPMENT 27
Land Use 27
Transportati on 27
C ommerce 29

CULTURAL RESOURCES 34

EXISTING INSTITUTIONS 35

C- APrER III - PROBLEM IDENTIFICATION 39

MEANS BY WHICH PROBLEMS WERE IDENTIFIED 39

NATIONAL OBJECTIVES 40

EXISTING CONDITIONS PROFILE 40

CONDITION IF NO FEDERAL ACTION TAKEN 44

PROBLEMS, NEEDS, AND OPPORTUNITIES 48

PLANNING CONSTRAINTS AND POLICY ISSUES 50
Technical Constraints 50
Economic Constraints 51
CDns7traints Due to Environmental Awareness and Other Policies 54

PLANNING OBJECTIVES 54

CHAPTER T 1 - STAGE I FORMULATION 56

PLN FORMULATION RATIONALE 56

MANAGEMENT MEASURES 56

IMPACTS OF ALTERNATIVE PLANS 62

STAGE I CONCLUSION 65

CHAPTER V - VIEWS OF CONCERNED INTERESTS 67

ii

A

.1* '



TABLE OF CONTENTS (Con't.)

Subject Page

CHAPTER VI - STUDY MANAGEMENT 73

INTRODUCTION 73

WORK PACKAGES 74

Public Involvement 74

Institutional Studies 76
Social Studies 76
Cultural Resource Studies 77
Environmental Studies 77
Fish and Wildlife Studies 77
Economic Studies 78
Surveying and Mapping 78
Hydrology and Hydraulics Investigations 78
Foundations and Materials Investigations 79
D-sign and Cost Estimates 79
Real Estate Studies 79
Study Management 79
Plan Formulation and Evaluation 80

Report Preparati on 81

Sediment Quality Studies 81

Spatial Analysis Data Bank Creation 81
Supervision and Administration 82

1i*UNTIN(G AND MANAGEMENT SCHEDULE 82
Study Cost Estimate 82
Study C:,nduct and Scheduling 83

RECOMMENDATION 84

** V .-

'1 I

ii



TABLE OF CONTENTS (Con't.)

LIST OF TABLES

Table Title Page

1 Potential Impacts of Dredging and Disposal
Activities on Natural Features 15

Population and Population Density 21

Housing, 1970 22

Employment and Unemployment, 1970 24

Income - 1970 25

Educational Characteristics - 1970 26

7 Existing Land Use 28

Summary of Traffic, Delaware River and
Tributaries, Trenton, N.,1. to the Sea, 1977 30

Commodity Movements During 1977 in Active
Federal Projects 32

10 Summary of Commercial Movements in Active
Federal Projects 33

It Disposal Area Fact Sheet (active sites only) 42

1? Remaining Life of Disposal Areas, Trenton to the Sea 44

13 Dredging Constraints 51

iv

I I I II. . . i-i J . .. = [ . .. . 1l , . .... . . ... - - -



TABLE OF CONTENTS (Con't.)

LIST OF TABLES (Con't.)

Table Title Page

14 Economic Constraints 51

15 Sales of Fill Material 59

16 Questions or Problems Identified From
Responses to Study Initiation Notice 68

17 Questions or Problems Identified From
Responses to Study Initiation Notice 71

13 Study Milestones 84

LIST OF FIGURES
Following

Figure Title Page

1 Location Map 14

7 Consumption of Existing Disposal Areas from
Maintenance Dredging, Delaware River,

Philadelphia to Trenton 44

3Consumption of Existing Disposal Areas from
Maintenance Dredging, Delaware River,
Philadelphia to the Sea 44

1v'1 V

E s



TABLE OF CONTENTS (Con't.)

LIST OF APPENDICES

Description

A. PROBLEM IDENTIFICATION

1. PUBLIC VIEWS AND RESPONSES

C. NATURAL RESOURCES

D. CULTURAL RESOURCES

E. INSTITUTIONAL ANALYSIS

, ! ,, F. STUDY TASKS AND COSTS

G. BIBLIOGRAPHY

'1 vi

td

t1



iUU I UN LflVI I LD.

DELAWARE RIVER DREDGING DISPOSAL STUDY

CHAPI'ER I

INTRODUCTION

This Reconnaissance Report is written to present the background, goals

and objectives, and general conduct of the study. It will serve as a

management tool to define the scope and character of the study and to

determine whether additional study is warranted.

BACKGROUND AND AUTHORITY

Recognizing: the spoil disposal problem, the Delaware River Basin Com-

mission Ad:)pted Resolution No. 74-8, on 26 June 1974. This resolution

requested that the Corps of Engineers expedite its continuing authorized

navigration studies and that its initial efforts be directed toward:

a. The development of a dredging spoil disposal plan for the tidal

Delaware River, its tidal tributaries and Delaware Bay: and,

b. Designation of specific sites which may be used on a short-term

basis, with minimum degradation of the natural environment, by both

the public and private sectors for the disposal of dredging spoil

and the identification of potential sites which may be used for this

purpose thereafter. This was to include an appraisal of the environ-

mental impacts of utilizing dry, marsh and submerged sites for spoil

disposal. During the course of preparing this plan, the Corps of

E.4, Engineers was requested to draw upon the services of and consult with

'7
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other Federal and state agencies having responsibilities for environ-

mental protection of the Delaware Estuary and Bay. Copies of this

resolution were made available to the Chief of Engineers, the Secretary

of the Army and the Congressional delegates of the Delaware River Basin.

Fi-llowing the passage of this resolution, Senators William V. Roth, Jr.

and Joseph R. Biden, Jr. of Delaware requested that the Senate Committee

on Public W:orks consider the problem. Accordingly, on 20 September 1974,

:i resolution concerning a study to develop a regional dredging spoil

,lisposal plan for the tidal Delaware River, its tidal tributaries and

Ilaware Bay was adopted by the Senate Committee on Public Works. In

addition, on Oh July 1978 the Senate Committee on the Environment and

Public Works increased the scope of the study to include Indian River

Inlet and Bay. Copies of these resolutions are included in Appendix A.

SCOPE OF STUDY

The purpose of this planning study is to develop a regional dredging

spoil disposal plan for the tidal portions of the Delaware River, its

tida!l tributaries and Delaware Bay, extending from Trenton, New Jersey

to> the sea, and f-jr Indian River Inlet and Bay. The scope of the plan

is" t:) include both the public and private sectors. Such a study would

include investigations to assess current and future dredging requirements

of Federal, state and private interests; locate potential future spoil

disposal sites; formulate alternative dredged spoil disposal and util-

ization techniques to include determination of impact assessment and

tvaluation; establish competitive land uses in the estuaries; and screen

2
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all potential alternatives. The study would also assess the current

and projected future problems associated with present dredging disposal

methods, necessitate in-depth institutional analyses, and include an

active public involvement and participation program.

COORDINAT ION

In February 1978 formal announcement of the initiation of the study

was made to all known interested Federal, state, county and local

ele-ted officials and agencies, clearinghouses, special interest groups

-nd interested individuals. A copy of this announcement and the list

of interested parties is included in Appendix B and questions or problems

identified from responses to it are shown on Tables 16 and 17 in Chapter V,

Jiews of Concerned Interests.

Informal coordination has been effected with the Delaware River Basin

Co)mmission (DRBC), the Delaware Valley Regional Planning Commission

(DVRPC), the U.S. Fish and Wildlife Service, the National Marine

Fisheries Service and the U.S. Geological Survey. Informal coordina-

tion has also been effected with the U.S. Environmental Protection

A ency (EPA), the state environmental departments of New Jersey and

P-nnsylvania, which includes their Offices of Coastal Zone Management

(OCZM), and Delaware's Department of Natural Resources and Environmental

Control (DNREC) and OCZM. In addition, the Corps Waterways Experiment

Station (WES) through the Dredged Material Research Program (DMP) has

played an active advisory role.

'1
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Both the State Cv llege, Pa. and Annapolis, Md., offices of the U.S. Fish I
and Wildlife Service are providing their services for the study, under

contract to the Corps. Their work involves the providing fish and

wildlife inventory data and assessing the general impact that dredging

nispos-l would have on fish and wildlife resources. The reports per-

taining to this work are included in Appendix C, Natural Resources.

Included in Appendix B are planning aid letters that they have written

in reference to the disposal study's initiation announcement and for

the Inlin River InI and Bay navigation study. Representatives from

coth oft'ices and the Sandy Hook N.J. office of the National Marine

"isherie- Service participated in the Preliminary Plan Formulation

MI,,et ing :.

The U.S. Geological Survey is also under contract to the Corps. They

are performing a chemical analysis of bottom sediments in the navigation

channel )f the Delaware River from Trenton to Reedy Point.

Representative. from this District met with WES's Dredging Operations

Technical Support Team (DOTS) in Vicksburg, Mississippi. The results of

the Dredged Material Research Program (DNRP) and how to apply these re-

ultr to the disposal problems in the Philadelphia District were dis-

cussed. In addition, members of the DOTS team attended the Preliminary

Plan Formulation Meetings.

The DRBC, DVRFC, EPA, environmental departments of the three states

(including the OCZM for New Jersey and Pennsylvania) and Delaware's

V
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0CZM have all expressed their interest in participating in the study.

Much information has already been provided by them for this Stage 1 study.

OTHER STUDIES

L, 'rg Range Spoil Disposal Study (LRSDS). Realizing the diminishing

availability of riparian land for use -as disposal sites resulting from

l:ind use pressures motivated by normal regional growth, the Philadelphia

Pi:tri,'t in the late 195)0's through the late 19 6 0's embarked on an ex-

ten i v e pritramn to locate and establish additional disposal sites for t4

th Dela.]ware River navigation projects. This program culminated in the

lnt, RaNge Spoil Disposal Study, an internal Operations and Maintenance

yrotram investigation completed in 1969.

The goal of the study was to locate and obtain disposal areas which were

within efficient pumping distance of the dredging requirement for the

I'hiladelphia to Sea project. However, the goal had its limiting factors.

Vast land areas along the Delaware River had already been consumed with

dredged fill. Many marsh and low lands had been filled and many of those

remaining had been designated fish and wildlife or water resource areas.

Landowners were reluctant to enter into long term spoil disposal easements

where the filling of their land would not result in land enhancement.

Proposed fee acquisition of potential disposal areas met with intense

landowner opposition and opposition from local, county and state offi-

cials. In addition, Delaware River maintenance spoil is not always

desirable land fill material because of its high silt content. Three

91 potential new disposal areas were identified: Goose Island, Chester-

5

|I

-''



M,nds Island, and Tinicun Island. However, realistic planning for these

sites required the fllowing assumptions:

a. Only 6(4 of the Chester-Monds Island potential can be filled

before the area is lost due to other essential land use requirements.

b. Development of the GDose Island area would not take place because

of severe criteria imposed by the landowner.

. Potential of the Tinicum Disposal area would not be realized due

o~position by local interests.

The study concluded that maintenance of the Delaware River channel from

Philadelphia to the sea would be possible by present day approaches

until 19O. The report also pointed out that, should new disposal sites

not be developed, any new work would shorten the life span of existing

disposal sites.

Environmental Impact Statements. An EIS for Project Maintenance of the

Delaware River, Trenton to the Sea, (including Schuylkill River and

Wilmington Harbor) was prepared by the District in 1975.

Th f I, owing are significant comments made by agencies reviewing the

Dlaware River EIS, in regards to t.i potential disposal areas identi-

fied in the LRSDS:

U.S. Environmental Protection Agency

- Desired separate EIS for Chester-Monds, Tinicum or Goose Island.

6
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U.S. Department of the Interior

- Goose Island area has significant fish and wildlife resource
value and should be preserved.

- Alternative methods which will exclude disposal at Goose Island
should be studied because the island contains extensive mud
flats. (The U.S. Fish and Wildlife Service reiterates its recom-
mendations in their planning aid letter of 22 June 1978.)

Delaware River Basin Commission

- Concern for use of Goose Island site due to loss of segment of
the estuarine ecosystem.

- Gose Island should not be considered unless a marsh can be
developed.

N..'. Department of Environmental Protection

- Avoid disposal on riparian land; Goose Island should be
eliminated.

Pa. Department of Environmental Resources

- Concerned over the use of Tinicum Island site.

Another EIS was prepared by the District in 1975 in conjunction with the

propo.-1 modification of the Delaware River, Philadelphia to Trenton

(Senate Document No. 95-88), specifically in the area of the Tioga Marine

T-rmina]. Comments from a few agencies expressed concern as to how the

(-'ntrnc-tor's proposed disposal areas would be evaluated in determining

environmental impacts. Other comments made concerning disposal areas

were:

Delaware River Basin Conmission

- prefers upland disposal of any contaminated sediments.

7



Pa. Department of Environmental Resources

- Doesn't approve use of existing spoil disposal areas in Pa.
for this modification of the original project.

N.J. Department of Environmental Protection

- A long-term disposal program is needed for future dredging
projects.

An EIS was prepared for the District in 1975 for the Project Maintenance

of Indian River Inlet. Comments received, concerning spoil disposal, are

ited as follows:

U.S. Department of the Interior

- Suggest consideration of alternative spoil disposal methods;

especially endorse concept of the creation of new tidal marsh.

U.S. Environmental Protection Agency

- The Corps should considerably expand its discussion of creating
marshland; should also discuss the feasibility of disposing
material in unnatural deep holes in the proximity (created by
previous dredging) and for use in protecting the highway north
of Indian River Inlet.

University of Delaware Marine Laboratories

- Apree on marsh development to stabilize intertidal areas of
spoil site.

Delaware Department of Natural Resources and Environmental Control

- Urge creation of artificial wetland from dredged spoil
disposal; if not, use upland sites,

.4

Office of the Assistant Secretary of Commerce

- Spoil disposal should be timed to avoid periods of fish and
wildlife spawning and migration, as well as intensive recre-
ational use.

8
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Should prepare comprehensive spoil disposal plan; plan shouldprovide for cessation of overboard disposal.

- Use of spoil as marsh development and erosion control.

Environmental assessments were prepared recently (1978) by the Philadelphia

District on Indian River and Bay maintenance dredging. One was for

open water disposal of dredge spoil and the other for land disposal. It

was recommended that only land disposal sites be used and that no environ-

mental impact statement is required. Reference was made to the Indian

River Inlet and Bay EIS.

Negative declarations or determinations reports were prepared by the

District for other Federal navigation projects in the study area. These

reports and their year of publication nre listed as follows:

Delaware

Murderkill River 1975

Mispillion River 1975
Broadkill River 1975

Inland Waterway, Rehoboth Bay
to Delaware Bay 1974

Harbor of Refuge 1975
Waterway from Indian River

Inlet to Rehoboth Bay 1974

New Jersey

Cooper River, Big Timber Creek,
Mantua Creek, Raccoon Creek 1975

Salem River, Cohansey River 1975
-.4

Pennsylvania

Neshaminy State Park Harbor 1975

4.

19

I. W I II II I . . .. .



These reports give a brief description of the local environments and

the potential impacts on them from dredging and dredging disposal. Pro-

iected dredging frequency is given and the availability, if any, of

using past disposal areas is mentioned. No new sites were reviewed.

other EIS's worth citing were those submitted by the states along with

their Coustal ',one M-anagement Programs. New Jersey completed its final

report in Aug<ust 17 while Delaware submitted a draft report in March

1-)7 ). Pennsylvania has not yet completed their report.

Dredged M',terial Rese°Lrch Program (DMRP). This program has been con-

ducted by the Environmental Effects Laboratory of the U.S. Army Engineer

Waterways Experiment Station, Vicksburg, Mississippi.

As originally authorized and implemented, the DMRP has sought answers to

questions of why and under what circumatances does the disposal of dredged

material produoe adverse environmental imparts. It has produced generic

knowledge f the proc-sues and mechanisms involved in environmental impacts,

and most impo)rtant, methods for predicting effects before a project is

arr ed out or a permit issued. It has resulted in methods of evaluating

the relattiv impacts of alternatives for use by planners and design

onrinetis. More signit'icantly, it has produced tested, viable, cost-

effective method,- and guidelines for reducing the impacts of conventional

.1 iisposal alternatives, while pointing out the tradeoffs involved and

r.moved much of the uncertainty and dis-credit surrounding new disposal

:dternative or possibilities.

'1
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Attention has constantly been focused on keeping the DMRP as broadly

applicable as possible on a national basis. No major type of dredging

activity or region or environmental setting has been excluded. While

it may not be apparent, such output as management guidelines for confined

disposal facilities and habitat development on disposal sites are as

applicable in the Great Lakes area of the Mississippi Valley as they are

on the West or East Coasts.

Av- a resuLt of' this program, nearly 2O(' technical reports have been

oublirghed and widely distributed within and outside the Corps. These

ii:ve been )r aLre in the process of being supplemented with 21 synthesis

reports, an index and retrieval system, a summary report, and special

documents for Congress and the public. In Ldlition, a technical advisory

te m has been established for the spec.,ic purpose of assisting Corps

Districts and Divisions and the agencies and groups they interrelate with

in understanding the significance of DMRP results and how they can be

applied to individual projects or studios. This team, managed under the

nr)m e Dreddging, Operitionr Tnchnical Support (DOTS), has already begun to

'sist the Philadelphia District as mentioned in the section on coordina-

tion.

Delaware River Shallows Study. This study was completed in March of 1979

and it was concerned with evaluating the shallow water resources of the

upper Delaware Estuary, from Reedy Point, Delaware to Trenton, New Jersey.

Shallow water areas are defined as those areas from the mean low water

line to the -10 foot mean low water contour. The purpose of the study
.1
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ic to define these areas, and to develop a system by which their ecologi-

cil value to the estuary can be evaluated. Such evaluations will assist

personnel of the Philadelphia District, U.S. Army Corps of Engineers, in

DrnrecsEing permit applications involving encroachments within the study

Delaware Estuary Salinity Intrusion Study. The Philadelphia District is

,)nductinr, this study which was authorized in a resolution adopted by the

i uP Co)mmittee -on Public Works and Transportation on )3 September 1976.

T' .e rev ,I tiori dIrects the study to determine the probability for advance

,r retreat of salinity in the Delaware Estuary and the quantity of fresh

water infimw needed to protect th, various water users along the estuary.

The Stage 1 Reconnaissance Report for this :,tudy was completed November

i)7'. An active interchange with this study will be necessary due to

the relation between salinity and sediment deposition.

Comprehensive (Level B) Study. The Delaware River Basin Commission is

conducting this study of the Delaware River Basin under the authority of

Soti n 20 of the Federal Water Pollution Control Act Amendments of

iq/ (Public Law 12-500). The major purpose of the Level B study is to

pr )vido a basis f-r a reformulation and updating of the present Compre-

hen.;ive Plan of the DRBC. Under the Level B study, alternative plans

are being developed that will address various areas including water

quality; water supply; flood loss reductionz fish and wildlife; recre-

ation, conservation, and preservation; energy; and navigation.

: 12
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CHAP'TER II

DESCRIPTION OF THE STUDY AREA
AND ITS RESOURCES

STUDY AREA

The regional dredging spoil disposal plan is to be developed for the

tidal portions of the Delaware River, its tidal tributaries and Delaware

Bay, extending from Trenton, Now Jersey to the sea, and for Indian River

Inlet and Bay. There are 13 counties encompassing the study area as

-hown on Figure 1. They are listed as follows:

New Jersey
Burlington County
Camden County
Cape May County
Cumberland County
Gloucester County
Mercer County
Salem County

Pennsylvania
Bucks County
Delaware County
Philidelphia County

Delaware
Kent County
New Castle County
Sussex County

NATURAL RESOURCES

Environmental Overview. Appendix C, Natural Resources, includes a

report entitled "Overview Inventory and Potential Impact Discussion."

This report is designed as an environmental overview of the Delaware
.1
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Estuary and thirteen adjacent counties in Pennsylvania, New Jersey and

Delaware. Features covered are climate, physiography, soils, surface

water, -roundwater, wetlands, vegetation (other than wetlands), and

water and shore-based recreati o. A ge'neral Lnventory of these features

!o.e' eioed, and the potentlai (.imp. ,t. ' i, Ired;ling and dredge disposal

:activitier are discussed. ProJi-ti on of re,'rational needs and surface

water quality are, made in those r(oitiLie: 1or which information was avail-

be. FUor x-ill ,ther features, only ,x istiro : onditions are discussed.

i d !,l ' wildii fe iru'ent ory dat. Ps trtated e par.tely

rtif,}i po i ye and negative potentil :impact.- - dredging arnd disposal

a(,tivities on the resources of each eounty and the potential of natural

features to impact dredging and disposal activities are summarized and

ranked in Table 1. The table indioates that wetlands and groundwater

are two naituraL resources which may be severely impacted by dredging

arid/or disposal of dredged material. Groundwater quality in some counties

Is more likely to be affected by disposal than in others, though the con-

sequences ire equally as important iii all. counties. Wetlands may be

severely disturbed by dredging and disposal. Some shoreline soils in

ill r ,untie- pose constraints on dispnsal. of dredged material, but test-

irig would he necessary to determine the severity of the limitations.

Surface water can be affeo-ted by turbidity and heavy metals from dredg-

ing operations, though the magnitude of the impact decreases as the

distance from the dredging site increases. The potential impacts of

dredging und dredged material disposal on recreation are both positive

and negative. Turbidity from dredging operations may temporarily affect

1~4
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TABLE I

POTENTIAL IMPACTS OF DREDGING AND DISPOSAL ACTIVITIES ON NATURAL FEATURES()

Feature(
2
)

County Climate Physiography 5ofIS Surface Water Groundwater Wetlands Vegetation Recreation

Bucks 3 4 2 2 1 1 3 2

Philadelphia 3' 4 2 2 1 1 3 2

Delaware 3 4 2 2 2 1 3 2

Mercer 3 4 2 2 2 1 3 2

Burlington 3 4 2 2 2 1 3 2

Camden 3 4 2 2 1 1 3 2

Gloucester 3 4 2 2 2 1 3 2

Salem 3 4 2 2 1 1 4 4

Cumberland 3 4 2 3 1 1 4 4

CapeMay 3 4 2 3 1 1 4 4

NewCastle 3 4 2 2 1 1 4 4

Kent 3 4 2 3 1 1 4 4

Sussex 3 4 2 2 1 1 4 4

(1) Impacts are rated by significance as follows:

1 - Likely to be very severe, and negative
2 m Positive and negative impacts moderately significant, probability of occurrence low
3 - Positive and negative impacts minimally significant, probability of occurrence low
4 - No significant impact foreseen

(2) Nature of Impact

Climate: Occasional storms may temporarily impact dredging activities
P'hsiography: Steep slopes may limit availability of disposal sites; site studies needed
.Soi ooils must be tested to identify constraints; many limitations can be corrected
, Hi-ce Water: Turbidity and heavy metals may impact streams very close to dredging and disposal sites
Groundwater: Kirkwood-Cohansey and Pleistocene deposits very vulnerable to spoil deposition; overpumped areas of

Nagothy-Raritan vulnerable
Wetlands: All wetlands negatively impacted by dredged material disposal, dredging of wetlands and dredging of

sites immediately adjacent
Vegetation: Disposal activities not likely to impact non-wetlands vegetation; few remaining natural areas in

urban counties should be protected
Recreation: Use of dredged material disposal sites for recreation can help satisfy demands in these counties;

turbidity temporarily impacts existing recreation

9I -
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existing recreati)n sites in some counties. However, waterfront recrea-

tion Land is so -parse in the same counties that dredged material dis-

posal may prove to be beneficial if the sites are made available for

rt ,-reati nal use.

Fish and Wildlife. The Natural Resources Appendix includes reports on fish

'-ml wildlife invent-ries: for Delaware's Atlantic coastal bays and the Del-

-4,trt- }i.%,r :in I Bay regionn from Trenton to the sea. More than a general

l: .Ptr' fi h and wiLdlife species in the study area, these reports

,i v o t! !nt- trea." sensitive t, di sposal impacts. The reports

n..utv.
" !'Lni, i, nt.Iii' invertebrates, commercial and recreational

h'ries, wetland wildlife and threatened/endangered species. The re-

ort " "l:-'o <iicus ri:,,r, bay, tidal segments of tributaries and all

.llioining wetlands.

The following are some general highlights of the reports:

a. Numerous fishery samplings from Trenton to the Chesapeake and

Deawar Canal, r-irca 1')7? to 1976, in the mainstem and tributaries iden-

tified a range from 1;' species in the Christina River to 31 species in

the Delaware River tidal tributaries between Trenton and Wilmington.

b. Similar saplings in the Delaware Bay region have identified

118 species.

c. Anadrmous fish spawn in upper reaches of the Delaware River.

d. The estuary is an important breeding ground and nursery area.
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e. Planktonic forms of 23 species have been identified in the

Maurice River, a tidal tributary in the study area.

f. Berithos studies are relatively new and data ncarce. One hundred

,l twenty-five species were identified in Delaware Bay in 1973.

g. Delaware River commercial fish catch average value from 1973-

P177 was $3.1 million; from the New Jersey side only, an average value

of over $1.7 million was reported between l91. -l975 for oyster, crab

,in,] menhdtn. Over 3 thousand pounds of hard clams, the most important

in intr ,i'l shellfish in the Indian River and Bay area, were harvested

in 1 ' .

h. The Lelaware River and Bay produce at least 1.2 million man-days

:imtnully of fisherman use valued at $10.0 million. Indian River Bay is

probably equal to half of that figure.

i. Indian River Bay has been a site of heavy spawning concentrations

cf winter flaunder.

J. Wetlands and adjoining upland provide essential habitat for a

variety of vertebrates. In the Delaware River area alone over 144 bird

'W spece, 2? amphibian specie,, 22 reptile species and 17 mammal species

use that habitat. Over 300,000 ducks and geese winter over in this area.

M,)re, thnn 320,000 man-days are expended by bird hunters, over 77,000 man-

(lays for trapping and almost 15 million man-days for wildlife photography/

observation.

t'1
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k. About 17 threatened or endangered species range in the study

area; however, none have been positively cited as inhabitants. Four

species of plants may be proposed for inclusion on the endangered list.

There are 15 threatened or endangered species in the Indian River Inlet

and Bay area.

1. Impacts on wetlands, shallows and water quality are the most

sensitive areas of concern and activities affecting those parameters

shulii be oarenil ly r'onsidered. Estuarine biota depend upon or are

sqiA'V:t to a myriad :)f natural or artificial regulations, including

temperature, flow, salinity, water quality, substrate, food, season and

cover. These factors and certainly many more individually or syner-

gistically determine species' presence, abundance, activity and human

use. Despite such variables, certain generalizations are valid, as

follows:

(1) Wetland plants, including emergent, submergent and floating

letf hydrophytes, nearly always provide valuable habitat for fish and

wilcdlife. The study area still has a significant wetland acreage of

which over O0 percent of the wetlands occur south of Wilmington. There-

f ore, remaining wetlands north of this city take on added importance.

The U.S. Fish and Wildlife Service would like to see new wetlands

created between Trenton and Philadelphia.

(2) Non-vegetated shallow water areas also provide food, cover,

and nursery and spawning habitat. Although it is not well-documented,

the current biological opinion is that non-vegetated shallows can be made

18
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more productive by establishing wetland plants. This generalization is

not rieces.arily true for all shallows, or for that matter, all species.

The U.S. Fish and Wildlife Srvice is generally protective of shallow

writer areas, particularly where water quality is good or is likely to

improve, and ),-casionally approves conversion of deepwater areas into

shallow water habitats. Once created, it is preferred that they also be

ptated with wetland vegetation. These proposals must be reviewed on a

oase by cace basis.

(3) Other sensitive areas include oyster seed beds and leased

areas, blue crab dredging areas, hard clam beds, spawning and nursery

trounds for important conmmercial/recreational finfish, and islands.

Islands serve as natural refuges for migratin6 waterfowl and other bird

Life and are sometimes heavily used for nesting.

()i) Water/lhnd interfaces (shorelines) should be protected from

extro re ilterntion because of their value as sites for terrestrial/

aquatic transfers of nutrients, energy and organisms.

In ceneral, the body of biological information available suggests that

leveloped areas are least valuable for fish and wildlife. A good

example of this is the Philadelphia-Wilmington corridor which has a

limited fish population for about half the year. The problem is due

mainly to poor water quality. However, even if water quality signifi-

cantly improved, it is likely that fish productivity there would still

be lower than in other less developed areas where habitat is more diverse.

19
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1RiMAN RESOURCES

Population. Provisional estimates for 1975 indicate a population of just

over five million for the entire study area. County totals range from a

concentration of' 1,624,900 in Philadelphia County, Pennsylvania to 62,600

in Salem County, New Jersey according to the 1975 U.S. Bureau of Census

estimates. A more appropriate comparison is the difference in population

density. In 1975, Philadelphia County had a density of 14,147 people per

square mile while Sussex C,ounty, Delawar,! had a density of 94 people per

square mile. This difference is indicative of the variations of usage

from urban areas to spacious rural areas.

According to Table 2, the population is increasing in most counties.

However, Delaware and Philadelphia Counties in Pennsylvania showed a 2.8

percent and 6.4 percent decrease respectively from 1970 to 1975. These

trends are expected to continue through 1995.

Housing. The housing in the study area includes many varieties of

dwellings from houses built in the 1700's to modern multi-unit complexes.

In 1970, the median value of single family dwellings ranged from $10,703

in Philadelphia County, Pennsylvania to $18,671 in Bucks County, Penn-

sylvania. This difference demonstrates the assortment of dwellings

present. As shown in Table 3, the number of housing units increased

between 1960-1970. This is indicative of the growth which is character-

istic if many counties of the study area.

.1
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TABLE

HOUSING, '-q70

Percent Increase in Median Value of Single

County Units Units (1960-1970) Family Dwellings

N, w Jersey

Burlington 7 50.)l $1,537

Camnden ] '3, 1,,n 20.8 15,309

Cape Mav -8, 3 60.O 14,213

Cumri and 38, (-32 15.7 13,743

c ).1 ,,0ter I,075 25.6 15,g83

Meroer t.hOI 21.6 17,350

Salem ] ),)4'D5 5.6 13,534

'Lnrisyl vani a

Bucks I21,3 3  -39.5 13,617

Delaware I 14,370 14.O 17,868

Philndelphia 673,356 3.9 10,703

Delaware

Kent ' O7 30.0 16,261

New Cstle 120,'46 27.3 17,895

Sussex 2',307 22.0 14,117

Source: County and City Data Book - 1972, Bureau of the Census
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Employment and Income. The classe!s of industry which employ the majolr-

ity of persons in the study area are manufacturing and wholesale and

retail trade. In Salem County, New Jersey, as high as 66 percent of the

labor force is employed in manufacturing. Another important field of

employment is service, which exhibits a range of 10 percent to 23.9

percent in Salem County and Mercer County, New Jersey, respectively.

As shown in Table h the 1970 unemployment rates ranged from 2.8 percent

in Delawnre County, Pennsylvania, and Sussex County, Delaware, to 6.5

percent it Cape Moy County, New J,-rsey. These figures have continued

to increase in the past decade.

The I7 per capita income throughout the study area varied approximately

$1,000 and had an avera-e of $3,135. The 1970 median family income for

each cu)nty is listed in Table 5. Delaware County, Pennsylvania held

the highest median family income in 1970 with $11,819. The percentage

of families below the poverty level ranged from 12.6 percent in Sussex

County, Delaware, to 4.1 percent in Bucks County, Pennsylvania.

Education. The 1970 median num er of years of school attendance for

the ',7(,00 ,  rons " years or older in the study area was 11.6.

The higjhest median, which is 1,".3, was found in Burlington County, New

Jersey, nd Delaware County, Pennsylvania. Approximately );8.6 percent

,)f the persons 25 years or older have finished high school. According

1.4 to Table 6, New Castle County with 15.1 percent has the highest per-

centage of adults with 4 or more years of college.
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TABLE 5

INCOME - 1970

Medium Family Per Capita % Families Below
County Income Income Poverty Level

New Jersey

Burlington $11,352 $3,294 5.3

Camden 10,95Q 3,3)43 6.8

Cape May 9 ,295 3,067 8.9

Cumberland 9,522 , 82 9.3

(;]- ucester 10,620 3,032 5.8

Mercer 11,165 3,626 6.5

Salem 10,21k 3,088 8.6

Pnnsylvan ia

Buks 1l,649 3,)103 5.1

De awnr 1,819 3,713 h.6

Phi ndelph a ,361 3,017 11.2

o laware

?K-nt r(57 2,649 12.6

N, w CoIstle i0,9 3 3,539 6.6

Sussex 8,500 2,579 11.6

4 J S-urce: County and City Data Book - 1972, Bureau of the Census
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TABL 6

EDUCATIONAL CHARACTERISTICS - 1970

Persons Median Loss titan b (or more)
25 Yf,,ar:- School Years of 4 (or more)

C (>nty or ulider Years School High School of College

No'w .Iercey

Furlin4 't n IW,, 12.3 2.7ntn 59.6% 12.6%

f- , 1, , ) 1L.Q 4 I4 .] 9.8

6 ;7,7i 11. .5"2 7.3

'wer l ar , 1 7 10.7 7.2 40. 5.7

,)1 st1r 4],0 ] -1i.6 3.9 145'7 6.0

171, ','3 17 .1 5.1 52,q 14.1

Lem , " 36 11.3 6.0 h4 .; 5.7

12.2 2.0 )9.1 12.1

I iawar, ?<,0C8 12.3 2.8 60.4 13.9

Philadelphia I ,121, rQ 10.9 6.7 39.9 6.8

i 1 'war

.t ,,, 1".1 h.h 52.3 c.6

New C3tl t2,135 1 -7.3 57.6 15.1

'u:':× 1414,7<O 11.1 ) .9 1i3.0 6.8

'tItiV Ar,,a "',766,OO I1 .6

r"f : %~untv and City Data Book - 1972, Bureau of the Census
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DEVELOPMENT

Land Use. The study area include,; evry classifiable type of land use,

ranging trom the highly urbanized metropolitan areas to the pine barrens

of southern New lersey. In between are large suburban areas and exten-

sive farmlands. Urban land uses, including residential, commercial,

-uii industrial uses, are concentrated in the major cities and their

suburlb and along the major ground transportation routes. Urbaniza-

titan -- , mtinuing within the fringes of the urban areas and along the

trLn. :prtatJ n r:-ete.

Tab] '( 7:tunmari".,s the av'ilable ,xi 'tng land use data for the counties.

The most re,-ent ro)mprehensive land use plans and maps of the counties

}have boen obtained for sources of land use information.

Transortation. An extensive network of limited access highways sup-

ported by a rystem of secondary roads Provides excellent highway trans-

portation throughout the study area. Interstates 95 and 295 are

important links in the Washington-New York transportation corridor.

The N.,w Jersey, Delaware and Pennsylvania Turnpikes provide access to

' st majo)r urban oenters in their resp,,ctive states. The Atlantic City

E:jTrT,'s sway and Garden State Parkway enable recreationists to reach New

,Irsey's ocean resorts. U.S. Routes 13 and 113 extend the length of

; the Delmarva Peninsula connecting Wilmington, Delaware, with Norfolk,
4

Virginia, while U.S. Route 301 connects Wilmington to Baltimore. The

supporting inter-connecting State, County and local road systems enable

all counties to benefit from the highway transit network.
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The region's vast network of commuter rail lines, rapid transit, light

rail and surface transit provides a hilgh level of accessibility in the

urban areas and along radial corridors throughout the region. Major

rail service is provided to the study area and the entire northeastern

United States along, the New York-PhilaLdielphia-Washington corridor.

C ,mmuter rail service radiates between Philadelphia and adjacent Penn-

sylvania counties, northern Delaware anrid Camden and Mercer Counties: in

New Iersey. Co mmuter rail service is also available to resort communi-

ties in Atlantic and Cape May Counties in New Jersey. Rail service is

avail'ible qt more than 200 stations in the study area. Bus lines util-

ico the extensive highway system to provide transportation between most

counties in the study area and the major urban centers. Bus lines

supplement rail service in the area by providing service from outlying

areas to rail stations. Commuter bus s:ervice is also available within

Philadelphia, Wilmirkyton and other major urban centers.

The s:tudy area's largest airport is Philadelphia International Airport

which pro'rides service to over 70 domestic cities and many foreign

'itles. The Greater Wilmington Airport, North Philadelphia Airport,

er!-'er "aunty Airport and Millville Municipal Airport provide most of

tir remaining commercial air service in the study area. Most counties

-i sme larcer municipalities maintain their respective small air

ield. providring air taxi and private plane services.

Commerce. There are 15 port areas and two open-bay areas which are

.ilnificant handlers of waterborne commerce along Delaware River and

29
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Bay from Trenton to Cape May, New Jersey. Philadelphia Harbor handles

the most traffic. Other large ports in the study area are Paulsboro,

New .Iersey, Marcus hook, Pennsylvania, and New Castle, Delaware. Tonnage

movingt through earh -f the major ports along the Delaware River in 1977

shown in Table 3.

TABI ,

SUNMARY OF TRAFFIC
DELAWARE RIVER AND TRIBUTARIES,

TRENTON, N.J. TO THE SEA, 1977
(short tons)

Local ity Total

reoiton Uirbor, N.J. 1,248,100
:urlington-Forence-W'obling, N.J. 970,200
Eiverton-Delanpo-Beverly, N.J. 703,500

P.n Manor, Pa., and Vicinity 5,311,200
o ristol, Pa., and Vicinity 85,700
Philadelphia Harbor, Pa. 49,710,600
Camden-Gloucester, N.J. 7,170,900
Chester, Pa. 781,600
I .Vrcus If{ok, Pa., and Vioinity 29,780,400
}"ulsboro, N.J., and Vicinity 27,O14,700
Tiompson P int, N.J., and Vicinity 62)4,9O
W! lminton Harbor, Del. 2,917,300

e'-iin!- Irov,!-Carney Point, N.J. 454,500

w CartI , D'l., and Vicinity 10,904,4OO
rtlficial Island, N.J., and Vicinity 2,100

wer Doelware Bay, N.J. 86,500
I,; wor Dlaware Bay, Del. 18,-99,9O0

Gross Total 156,156,900

Net Total 132,408,500

Note: The net total eliminates activities between localities.

The ports along the Delaware River account for 42 percent of the North

Atlantic bulk traffic. The total volume of cargo which moved through

the various port facilities in this region totaled more than 132

-30
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million :short tons in 1977. Thc ab-olute increase in import tonnage

between 1q6' and 1970 was about ) mi lion tons. Foreign exports have

increased during these years white domestic shipments have declined.

Major imports in,-lude petrolen products, metallic ores, primary metal

products, sugar and molasses, and non-metallic minerals. Major exports

include farm products (grains), coal, scrap metals, chemicals and allied

product,2. The major domestic commodity is non-metallic minerals. Other

doimestic commoditie.s; include scrap metals, coal, chemicals and allied

products. The p, rts along the Delaware River lead the U.S. in total

internatiorb;] (oimerce, are second nationally in total waterborne commerce

md are third internationally in total waterborne commerce.

Thoigh riot at major center of commerce, the Indian River Inlet and Bay

area serves as both an active recreational boating area and a thorough-

Care for the passage of recreational vessels to other recreational users.

Commerce is generally limited to commercial fishing vessles. These

conditions also hold for Rehoboth Bay and the other inland waterways

of D,.laware' Atlantic coast as the State of Delaware desires to main-

tain them as. natural areas. Industrial development is prohibited in

the vi inity of the bays.

(ther tidal tributaries in the study area which serve as active recre-

ational boating areas and/or commercial fishing foci are the Mispillion

and Murderki [I Rivers in Delaware and the Maurice River in New Jersey.

Tables ( and 10 give a breakdown of the movements on these and other

active Federal navigation projects.
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CULTURAL RESOURCES

Appendix D includes reports entitled "Cultural Resources Overview and

Sensitivity Analysis for the Delaware River and Bay" and "Cultural

Resources Overview, Indian River and Bay." These reports were specifi-

cally oriented toward establishing zones of probable cultural resource

sensitivity based on analysis of known resources. The approach was

necessary because F the vast areas to he c vered in the study and

)e acue cite specific sdlutions to dredge disposal are not necessary

in Stage 1. Thc basic- research of the reports involved examination of

State files, literature search, consultation with professional and

,umateur archeologists and field verifications. The results of the

studies are annotated on maps which rank probability of historic and

archeological activity in the project areas. These maps will be com-

pared with disposal area alternatives, as they develop, to determine

where additional cultural resource studies nre to be made, or, where

: ites ar" known to be evident. A general synopsis of the reports and

an analysis of the sensitivity maps indicate the following:

a. Prehistoric archeological sites occur on certain landforms,

including stream terraces and elevations within and bordering marshes.

! b. Sites are situated along streams, especially near confluences.

Freshwater and brackish streams served both as resource procurement

loci and transportation routes.

c. Sites are located in and near the extensive marshes typical of

the Bay, primarily for reasons of resource availability.

- 3
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d. Prehistoric sites tend to concentrate near modern population

centers. Land clearing for constructinn and agriculture has exposed

sites, increasing the likelihood of their discovery by amateur and pro-

fessional archeologists. Modern settlements also tend to be situated

in proximity to streams and critical resources which also were attractants

for prehistoric peoples.

e. A review of the Inventory of Protected Sites indicates that as

of December 1979 the study area contains 166 historic sites and districts

which have been -fficially determined to possess cultural significance.

A total of 161 nf these sites and districts have been listed in, or

Judged eligible for listing in, the National Register of Historic Places.

Section 106 of the National Historic Preservation Act of 1966 requires

federal review of any federally funded undertaking which might have an

adverse effect upon any property listed in the National Register.

Similar State laws require review of publicly funded projects which

might encroach upon or destroy any listed property.

EXISTING INSTITUTIONS

The status report on public institution represented in the study area

which affect or will be affected by the implementation of a regional

dredging spoil disposal plan, is included in Appendix E. They include

Federal, regional, state and local agencies, their legal authority,

.4 spatial coverage, functional role, and program responsibilities. The

agencies described are characterized by their respective roles in

implementing a number of Federal, as well as state, policies in order

35
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to protect the environment from any adverse impact from the dredge spoil-

disposal-related activities.

The institutions identified in Appendix E are listed as follows:

FEDERAL AGENCIES

U.S. Environmental Protection Agency

U.S. Army Corps of Engineers (Corps)

U.S. Dpartment of the Interior
U.S. Fish and Wildlife Service
National Park Service
Bureau -f Land Management (BLM)
Heritage Conservation and Recreation Service
Bureau of Mines
U.S. Geological Survey

U.S. Department of Commerce
Maritime Administration
National Oceanic and Atmospheric Administration (NOAA)

U.S. Department of Health, Education, and Welfare (BEW)
Public Health Service
Center for Disease Control

U.S. Department of Housing and Urban Development (HUD)
Federal Insurance Administration (FTA)

".S. Dpartment of Transportation (DOT)
U.S. Coast Guard
Federal Railroad Administration (FRA)
Materials Transportation Bureau

U.S. Department of Agriculture
Soil Conservation Service (SCS)

REGIONAL AGENCIES

.4 Delaware River Basin Commission (DRBC)
Delaware Valley Regional Planning Commission (DVRPC)
Wilmington Metropolitan Area Planning and

Coordinating Council (WILMAPCO)
Delaware River and Bay Authority (DRBA)
Delaware River Port Authority (DRPA)
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STATE AGENCIES

New Jersey
New Jersey Department of Environmental Protection (DEP)
New Jersey Department of Agriculture
New Jersey Department of Community Affairs (BCA)
New Jersey Department of Transportation (DOT)
New Jersey State Budget Office

Delaware
Delaware Department of Natural Resources and

Environmental Control (DNREC)
Delaware Department of Health and Social Services,
Division of Public Health

Delaware Department of Transportation, Division of Highways
Delaware Department of C-ommunity Affairs and Economic
Development

Delaware Solid Waste Authority
Delaware Office of Management, Budget, and Planning (OMB&P)

Pennsylvania
Pennsylvania Department of Environmental Resources (DER)
Pennsylvania Fish Commission
Pennsylvania Department of Transportation (PennDOT)
Pennsylvania Department of Commerce, Navigation Commission
Pennsylvania Department of Community Affairs (DCA)
Pennsylvania Office of the Budget

LOCAL AGENCIES

Various county agencies are aliio briefly discussed for the
following counties:

New Jersey
Burlin ton County

Camden County
Cape May County

Cumberland County
Gloucester County
Mercer County
Salem County

Delaware
Kent County
New Castle County
Sussex County

" Pennsylvania"' Bucks County
Delaware CountyL

, City of Philadelphia

i~t 37

II 0



However, since the number of municipalities within the counties is in the

hundreds and their agencies are similar, the municipalities are merely

listed in the appendix.
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CHAPTER III

PROBLEM IDENTIFICATION

EANS BY WHICH PROBLEMS WERE IDENTIFIED

Previous studies and reports such as the Long Range Spoil Disposal Study

and Environmental Impact Statements on the project maintenance of the

Delaware River and Indian River Inlet, revealed many problems or potential

problems in the siting and obtaining of disposal sites in the study area.

Aummary -,f the past attempts to locate alternate sites is included in

the Problem Identification Appendix A. A tabular format is used there

to present the status of these, which includes existing and former sites.

Figures A-25 to A-?7 show their locations.

Research of the dredging contract files, House and Senate Documents and

permit files, has identified existing conditions, additional problem

areas and data voids. Maintenance dredging quantities for active Federal

navigation projects were obtained from the dredging contract files for

the period 1263 to 1978. This investigation resulted in the determination

of the average annual dredged quantities, by reach, for the past sixteen

*years and in the locations of disposal. The House and Senate Documents

were researched to determine an accurate history of the active Federal

navigation projects and to determine which projects have local cooperation

requirements, while the Federal permit files were researched to identify

the private problem data.
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Other problems and areas of concern were identified by various institutions

in their refp. nses to the formal announcement of the study initiation or

iurinr; 'oordination activities.

NL.'TIONAL O! ,ECTTVES

Thef WAter Resources C)muncil's Principles and Standards for Planning Water

and R'lated Lan,] Resources specifies that the two national objectives of

water re. our e!I l1arin %re National Economic Development (NED) and En-

vlron mientai Quality ) These Principles and Standards also specify

thnft the, l-'rfiial an! 1aiverso effects of each plan must be displayed

in thc f1 Lwiazit. ' umts: NED, EQ, Regional Development (RD) and Social

EYl ST(YI CONDITIONS PROFILE

T~ifre ar, currently twenty-three Federal navigation projects in the

study area. They are as follows:

PiFu Timber Creck. N.J.
-rcdkill River, Del.

Cohanrey River, N.J.
C~oper River N.J.
Delaware River at Camden, N.J.
Delaware River - Philadelphia to Sea
Delaware River - Philadelphia to Trenton
Harbor of Refuge, Del.
Indian River Inlet and Bay, Del.
Inland Waterway, Rehoboth Bay to Delaware Bay, Del.

.1 (Lewes and Rehoboth Canal)
. Little River, Del.
Ai Mantua Creek, N.J.

Maurice River, N.J.
Mispillion River, Del.
Murderkill River, Del.

41

I4 I I I- . u _ _ -



Neshaminy State Park Harbor, Pa.
Pepper Creek, Del.
Raccoon Creek, N.J.
Salem River, N.J.
Schuylkill River, Pa.
Smyrna River, Del.
Waterway from Indian River Inlet to Rehoboth Bay, Del.

Wilmington Harbor (Christina River), Del.

Since 1963 over .O1 million cubic yards of material has been removed to

maintain thef-e projects. This breaks down to an average annual dredged

quantity of U. million cubic yards, of which 4.5 million cubic yards is

from the Delaware River, Philadelphia to Sea project. The Problem Iden-

tification Appendix presents details of this removal by range and feature.

Lisa included in this appendix are descriptions of the projects and a

history of their authorizations, the responsibility for disposal sites

by project, as well as project location maps indicating disposal areas

and the average annual dredged quantities by range and feature.

The location maps, Figures A-5 to A-8, for the Delaware River project

from Trenton to the Sea, including the Schuylkill and Christina Rivers,

have the disposal areas and some of their background data shown, along

with the average annual dredged quantities. The fact sheet for these

disposal areas, Table 11, outlines the existing conditions. In evalu-

ating disposal area capacity it is recognized that since lightweight

shoals are involved, and since areas are subject to intermittent filling

because of repetitive dredging, every three cubic yards of dredged

material will only consume two cubic yards of disposal area capacity due
-.4

to the consolidation of the materials. The figures in the fact sheet

are dredged cubic yards.
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Similar data is not available on the smaller, less active projects because

maintenance dredging is done so infrequently that the District doesn't

retain active agreements with local property owners. As such, location

maps for these projects only indicate the disposal sites and the fiscal

year that they were used. In some of these projects, no maintenance

dredging has been done during the period from 1963 to 1978. Accordingly,

no disposal areas and average annual dredged quantities are shown. How-

ever, for the Cooper River and Pig Timber Creek projects in New Jersey,

the locations of disposal areas used in 1962 are shown.

In regards to the non-Federal dredging problem, limited research has

yielded a rough approximation of the quantities that are being dredged

annually. Accurate records available on some of the non-Federal main-

tenance dredging show that an average of 1.8 million cubic yards per

year have been removed since 1973. The remaining average annual non-

Federal dredged quantity has been estimated from the Federal permit files

(W1(K'-1978) to be almost 2.0 million cubic yards per year. However, a

lare Portion of this was not maintenance dredging, but "new work"

drodcing that was performed in developing the riverfront or for use

as beach fill. Reflecting this, a figure of 2.5 million cubic yards

would b,- a reasonable approximation of the total average annual non-

Federal maintenance dredging being performed in the study area. Com-

bining this with the Federal total, yields an overall figure of about

9.0 million cubic yards. It is apparent that with the performance of any

new work this figure would increase. For a little more background on the

non-Federal problem, see the Problem Identification Appendix.
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CONDITION IF NO FEDERAL ACTION TAKEN

Figures 2 and 3 were drawn up using data from Table 11, to determine the

remaining life of disposal areas on the Delaware River, Trenton to the

Sea, without efforts to extend. The results are only rough approxima-

tions; an economic analysis would be needed to completely study the

problem. The following table displays these estimates;

TABLE 12

REMAINING LIFE OF DISPOSAL AREAS
Trenton to the Sea

Estimated FY at

Disposal. Area Zero Capacity

Artificial Island 1999
Killcohook 1988
Penns Neck 1989
Penns Grove 1994
Pedricktown 1992
National Park 1995
Fort Mifflin 1998
Wilmington 1I{rbor 1983
Edgemoor

/- 1991
44 1991
1112-A 1989
#14 1981

P22 1985
.4w4 1988
#24-D 1980
#26 1991
#_18 1991

Disposal areas in the Philadelphia to Trenton project should be filled

to capacity around FY 1991 at which time the dredged material will be

transferred to the National Park disposal area in the Philadelphia to

the Sea project. Artificial Island should reach capacity about 1999,
94
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at which time the entire Delaware River project including Schuylkill

and Christina Rivers, will have no capacity for disposal of dredged

material. Christina River (Wilmington Harbor) is the most critical

project in that its disposal areas should reach capacity by 1983.

The loss of this disposal area capacity as well as that of smaller

projects that do not have designated disposal areas, would result in

the cessation of dredging activities for all navigation projects in

the study area. This lack of dredging requires the examination of

two factors. The first is a rate of shoaling of these projects; the

second is the restriction of their riverborne commerce and recreational

boating and fishing due to such shoaling.

Estimates of depth reduction indicate that the channel depth of 40 feet

in the Delaware River will be restricted by 5 feet in 1.2 years. Ex-

amination of shipping records shows that the maximum draft of ships

able to pass from the sea to Philadelphia has been 38 feet. Deeper

draft vessels could navigate upriver only after lightering portions

of the cargo to smaller vessels in order to reduce draft. Thus, in

about fifteen months, loads from vessels in the 35 to 38 foot range

would have to be transported to Philadelphia by smaller ships or other

means. Three other alternatives exist. One is cargo lightering into

barges in Delaware Bay. This would require additional shuttle barges,

.4 modification of the bulk handling equipment at the run terminals to

accommodate the increased barges and increased transportation costs.

Another alternative is a modal shift to land (rail or truck) trans-

'4
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portation, or pipeline transportation, for all of the voyage, or the

final leg of the transportation system, depending on origin of the

commodity. The third additional alternative would be abandonment of

riverside plants, and relocation to deep water ports where larger ships

can be accommodated. Costs would be severe.

All four of the alternatives exact economic penalties, both on the

immediate geographic region bounding the river and on the region which

is supplied with processed commodities by the industrial complex that

is located along the waterfronts of the study area. Barges are com-

petitive with shipping in terms of direct costs per ton-mile, but the

incremental costs of trans-shipment usually make such a system non-

competitive except in special cases.

Philadelphia to Trenton traffic includes P.pproximately 50% fuels and

30% iron ores and concentrates. The steel plants in the Morrisville

area are tied to a specific transportation system that depends on ships

in the 37 to 38 foot draft range. Channel depth reduction would halt

this operation. The economic regional secondary effects of such a

change in operations would be major.

Although much traffic exists in smaller-draft ships, the basic indus-

tries of the region depend on bulk carriers of 35-foot draft and

greater. Limitations on these drafts would have far-reaching effects

on the economy of the entire middle-Atlantic region. -The difficulties

of establishing a major trans-shipment point in the bay, for example,

'4
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have been brought to light during recent proposals to establish such

a facility for outbound coal and inbound ore. There is a larger

possibility of achieving a modal shift for commodities of domestic

origin, but even so the transport of low-value bulk commodities over

long distances remains most economical by sea.

The example cited here is a short-term situation of about six or seven

years. If dredging of the projects in the study area were discontinued

for a more extended period, the effects would be much greater. This

would be equivalent to a major disruption of the transportation system ii
supplying the area. Any disruption in dredging activities would also

affect ship safety. Channel restrictions resulting from reduced drafts

and other channel limitations due to siltation, combined with increasing

traffic and a trend to larger vessel size will cause the hazardous con-

ditions.

Cessation of periodic rock removal operations would, in conjunction with

the trend for larger draft vessels, result in a return to pre-project

conditions. The inability to effectively maintain adequate depths

along the Marcus Hook Range of the Delaware River would result in deep

draft vessels hitting the obstructive pinacles. While such action would

not have the same disruptive effects as the discontinuance of maintenance

dredging, delays in travel and restrictions in maneuvering and depths

would result.

Due to the fact that Indian River Inlet and Bay and other inland water-

ways are void of much commercial development, the effect of the cessation
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of dredging would mostly be felt in the recreational boating and fishing

activities. Non-maintenance of the navigation channel would result in

a shallow passage across the tidal delta within Indian River and Bay,

and increase navigational hazards considerably. Increased loss of life

and property would probably occur. The bay would probably lose some of

its attractiveness as a recreational resource. This same sort of affect

would indoubtedly be felt along some of the other projects in the study

area.

PROBLEMS, NEEDS, AND OPPORTUNITIES

The problems which resulted in the adoption of the study resolution are

multi-casual. The major problems that have been identified thus far are

listed below:

a. The once vast tidal marsh areas along the Delaware estuary,

traditionally used as disposal sites have rapidly disappeared to

development.

b. Strong objections from fish and wildlife interests to the use

of the remaining marsh areas for spoil disposal sites.

c. Increased local opposition to the acquisition of marginal

farmlands for disposal sites.

I d. Environmental awareness and protection policies by the States
-4

within the estuary, particularly with regard to wetland, dredging and

filling.

'4
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e. The econoyic welfare of the Delaware Valley is dependent upon

the maintenance of its deepwater navigation facilities. To maintain

navigation in all the projects of the study area requires an average

annual removal and disposal of over 9,000,000 cubic yards of material.

f. Demand for disposal sites has increased as the size and number

of navigation projects in the tidal Delaware has increased with the

associated increase in dredging quantities.

g. The apparent undesirability of dredging spoil for landfill

material due its high silt content.

h. Impact of private sector dredging activities. As a result, the

attainability of suitable disposal sites will most likely prove very

difficult once existing sites are filled to capacity. As mentioned

earlier, three potential disposal areas, Chester Monds Island, Goose

Island, and Tinicum Island were identified during the Long Range Spoil

Disposal Study that was completed in 1969. However, there is a low

level of confidence that any of these sites could ever be obtained.

Other problems that are associated with dredging disposal have been

identified, they are:

a. Surface water, groundwater and sediment quality.

b. Mosquito control.

c. Recreation.

d. Additional port development or potential future conditions.

e. Institutional, i.e. furnishing of sites, monitoring, development,

etc.
49
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Because of the regional nature of the study and the extent of the

problem, the opportunities will exist for all concerned interests

and institutions to take an active part in its resolution.

PLANNING CONSTRAMhTS AND POLICY ISSUES

The formulation and evaluation of alternative plans including screening

of these alternatives must of necessity be constrained by an appro-

priate set of technical and economic criteria. They are further con-

strained by environmental awareness policies.

Technical Constraints. One technical constraint is provided by the

limitations of dredging techniques. While the dredging operation itself

will not directly affect the disposal site selection, the dredging

techniques and transport methods used to carry the materials from the

excavation area to the disposal sites will pose certain constraints.

Table 13 on the following page, details the appropriate constraints.

An additional technical constraint is imposed by the allowable heights

* of fill at each disposal site. The initial and ultimate height of a

disposal facility overall depends on a number of factors including the

volume of material to be dredged over the time span of operations, the

requirements for a single or incremental dikes, the aesthetic compati-

bility of high disposal facilities with the surrounding natural and

man-made environment, and future site use. Table 11 in the Existing

Conditions section, details the average elevation for the capacity

-determination at each active Federal disposal site and the reason for

the ultimate elevation limitation.
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TABLE I3

DREDGING CONSTRAINTS

Flexibility of

Dredging Techniques Principle Operation Disposal Method

Hydraulic Pipeline Used universally except Continuous operation,
in areas of heavy navi- floating pipeline; point
gation. of access varies from a

fixed station to multiple
random points of access
along disposal area or
retention structure.

Hopper with direct Used principally in Dredged material contained
pumpout or bottom waters where pipelines in hopper placed in re-
dumping barge would interfere with handling basin or direct

navigation. pumpout into retention
structure through pipeline

from fixed point alongside
disposal site.

Mechanical: dipper Used principally on very Sediments are dredged into
clamnshell, bucket small jobs and in areas scows and transferred to

unsuitable for pipeline site handling basins.
or hopper.

Economic Constraints. Constraints on disposal site location are placed

by the Iredging techniques with regard to the limits of use. The follow-

inc table details these.

TABLE 14

ECONOMIC CONSTRAINTS

Maximum economical distance to disposal
Dredging T-chnique site; General cost considerations

Hydraulic Pipeline 5+ miles with use of booster pumps; operations gen-
erally large-scale and cost-efficient.

llopper Slight limitation on distance; slower and less
continuous project executions.

Mechanical Slight limitation on distance; slower and less
continuous project executions; economically
suitable for small dredging projects.
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It has been the Philadelphia District policy to attempt to locate

disposal areas as close as possible to dredging areas in order that

maintenance dredging can be performed as efficiently as possible.

Dredging costs rise as the distance between dredging and disposal areas

increases since, in the case of hopper and hydraulic pipeline dredging,

tho production rate of the dredge will decline, and for bucket dredging,

more scows are required to keep the dredge operating. Limits (as of

-.cember 1978) as they apply to projects are as follows:

r. Delaware River, Philadelphia to the Sea - Most of the maintenance

dredging performed for this project is by hopper dredge with direct pump-

out of the dredged material to upland disposal sites. With regards to

disposal area location, there are two factors which affect the economics

of hopper dredging: haul distance from the dredging location to the

mooring barge and the pumping distance from the mooring baige to the

disposal area. G(,vernment-owned disposal areas currently utilized for

this dredging are located near the recurring shoal areas (Philadelphia

Harbor, Marcus Hook, New Castle and Deepwater Point Ranges) and are also

_I cated on or near the river front. The currently available disposal

area located most distant from recurring shoal areas is Artificial

Island. At the present time, any haul of dredged material downriver

of Artificial Island would increase dredging costs. With regard to

pumpout distance, it is considered that the maximum capability for exist-

ing equipment is 15,000 feet and possibly up to 20,000 feet for very

light material.

'5 ~52
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b. Delaware River, Philadelphia to Trenton - Dredging of this

project is normally performed under Government contract by hydraulic

pipeline dredge. The maximum efficient pumping distance for the size

dredge normally used for this work (20"-27") is considered to be 20-25,000

feet.

e. Schuylkill River - Dredging of the 33-foot channel is normally

performed by hydraulic pipeline dredge (20"-27"). The maximum efficient

pumping distance is considered to be 20-25,000 feet. Dredging of the

?6-foot channel is normally done by bucket dredging with the Corps

making available to contractors the Mantua Creek Rehandling Basin and

National Park Disposal Area. For FY 1978 dredging, however, the con-

tractor has elected to use a hydraulic pipeline dredge for the 26-foot

channel. This involves a maximum pumping distance of about 25,000 feet.

d. Wilmington Harbor - This project is normally dredged by hydraulic

pipeline dredge (20"-27") under Government contract. Maximum pumping

distance is considered to be 20-25,000 feet.

e. Other small projects - All other projects would normally be

*' dredged by small (12") hydraulic pipeline dredge. The maximum efficient

pumping distance for this type of dredge is considered to be 3-5,000 feet.

The most appropriate economic constraint on a Federal navigation project

is the benefit to cost ratio, a measure of economic efficiency. Accor-

dingly, the limit on pumping distance can very well vary from project

to project.
.5
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Constraints Due to Environmental Awareness and Other Policies. The

Institutional Analysis Appendix discusses the institutions in the study

area and identifies the policies that they implement. These policies

are ones that could have an affect on a regional dredging spoil dis-

posal plan. A brief discussion on how some of these policies have

impacted Philadelphia District's procedures, is presented in the Problem

Identification Appendix.

PLANNING OBJECTIVES

Satisfaction of national objectives is not achievable in an individual

planning study unless they can be related to the specific goals of the

study. The goals of the Delaware River Dredging Disposal Study will

be to:

a. Develop a regional dredging disposal plan for the Delaware River,

its tidal tributaries and Delaware Bay, Indian River Inlet and Bay; and,

b. Designate specific sites which may be used on a short-term

basis, with minimum degradation of the natural environment, by both

the public and private sectors for the disposal of dredging material

and the identification of potential sites which may be used for this

purpose thereafter.

,1 The planning objectives which will guide this study's efforts and which

will be the basis for evaluation and for measuring study accomplishment

are as follows:

5b
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I.

Identify potential disposal sites and disposal techniques.

Identify and examine alternatives available for use of dredged

material.

Minimize degradation of the natural environment.

Determine land uses in the estuary.

Develop recreation where appropriate.

Protect existing fish and wildlife resources.

Develop procedures for assuring an appropriate level of public

participation.
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CHAPTER IV

STAGE 1 FORMULATION

PLAN FORMULATION RATIONALE

Plan formulation meetings for the study were held at the District office

on February 26 and 27, 1979. The purposes of the meetings were to

review alternate solutions to the dredging disposal problem, determine

possible impacts, and plan evaluations and determine study needs. Those

attending the meetings included personnel from the Corps' Dredged

Material Research Program at WES; U.S. Department of Interior, Fish and

Wildlife Service; U.S. Departnicrt of Commerce, National Marine Fisheries

Service; the District's consultant for environmental analysis and eval-

ation; as well as members of the District's dredging disposal study

committee.

MANAGEMENT MEASURES

The alternative plans which were considered in Stage 1 include:

a. Dewatering of disposal sites.

b. Increased height of containment dikes at disposal sites.

c. Lease extention.

d. Reuse of dredged material, which includes

4 . filling strip mines/land reclamation

highway fill

beach nourishment
9(

agricultural soil enrichment

56
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brick making

resource recovery

habitat development

mine native soil, fill with dredged material, and replace ,

overburden

e. Reduce dredging activities, which includes

use of management techniques

reducing scope of work

f. Reduce shoaling by use of deposition basins.

g. Reduce sediment erosion.

h. Better management of sites.

i. Acquisition of new upland sites, which includes

long distance (up to 100 miles)

shoru distance

j. Open water disposal of dredged material, which includes

ocean and estuarine dumping

* shallows development (fill to just below MLW)

marsh development

island development

tipland creation from island or "peninsula" development

ALternatives a. through h. represent methods to extend the useful life

of existing dredge disposal sites. Alternatives i. and j. represent

methods to obtain additional sites for dredging material disposal.
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a. Dewatering of disposal sites. The Waterways Experiment Station (WES)

has closely examined dewatering of disposal sites through the Dredged

Material Research Program (DMRP). The most cost effective method of

dewatering is through use of the Riverine Utility Craft (RUC). This

vehicle improves drainage by surface trenching of the disposal areas.

The trenching would be done for each layer of dredged material deposited.

Using the RUC after deposition of several feet of material would result

in minimal dewatering of lower dredge material layers.

b. Increased height of disposal site containment dikes. Disposal area

dikes are generally raised periodically to accommodate increased volume.

The height increase should be based on engineering considerations including

slope stability and existing subsurface conditions. Final dike elevations

in privately owned sites is usually controlled by an easement. Final dike

elevations in government owned sites are usually influenced by safety

cnnsiderations and future land use. Safety considerations can be assured

through good engineering design and construction, and when necessary,

restriction on the rate of height increase.

c. Lease extension. Many disposal sites are under pressure by local

interests to release the sites for enhanced uses. Lease extension

represents a viable alternative to those sites with a high volume capacity.

d. Reuse of dredged materials. Dredge material is usually well graded

with sizes ranging from fine silts to coarse gravel and even small stones.

Very fine material would be of a poor quality for reuse and could be

segregated out. The remaining material could be applied to a wide variety
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of uses including land reclamation, highway fill, beach nourishment,

agricultural soil enrichment, brick making, fill material at excavation

site, a recoverable resource of commercial sand and gravel, and as

material for use in developing fish and wildlife habitats.

The Philadelphia District is currently utilizing all known methods of

extending the useful life of disposal areas, including the sale of

material from those areas where a market exists. In addition, it is

obvious that in light of present environmental considerations and commer-

cial development along the shores of the Delaware River, we must continue

use of our existing sites to their maximum. The following table lists

the sales of fill material from active disposal sites since 1969.

TABLE 15

SALES OF FILL MATERIAL

FY Disposal Site Quantity (c.y.)

1969 Fort Mifflin 100,000
1972 Killcohook 25,000

Penns Neck 25,000
1973 Pedricktown North 300,000

National Park 116,OOO
Fort Mifflin 250,000
Penns Grove (site not yet used) 30,000

1974 Penns Grove (site not yet used) 4,603,000
National Park 93,000
Penns Neck 25,000
Pedricktown North 30,000

1976 Pedricktown North 1,032,000
1977 Fort Mifflin 38,000

e. Reduce dredging activities. Dredging in the study area is important

to maintain both commercial shipping and recreational .,oating activities.
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A reduction in dredging activities would require an analysis of the

economic needs for each dredging activity and th feasibility of reducing

dredged channel dimensions and/or the frequency of maintenance dredging.

The dredging of additional areas would be permitted only if a sufficient

need exists and additional disposal sites could be provided.

f. Reduce shoaling by means of deposition basins. The use of deposition

basins to curtail dredging would be applicable to areas where the char-

acteristics of the shoal material permit the construction of a deposition

basin and the movements of the shoals are well known.

g. Reduce sediment erosion. Erosion control to reduce the sediment

load carried by streams and rivers has been a continuous, long standing

effort by the U.S. Department of Agriculture, Soil Conservation Service

ind other regional, State, and local organizations. Strict sediment -on-

trol regulations are also in force for all construction activities.

Check dams, sedimentation traps, vegetal cover on open lands, stream

bank stabilization by revetment, vegetation or other bank stabilization

controls, and other sedimentation control measures can be used. Addi-

tionally, erosion control of agricultural lands can be accomplished by

terracing, contour plowing, strip cropping and similar techniques.

h. Better management of sites. Management practices should be inten-

sively geared to extend the capacity and useful life of existing dredged

material disposal areas such that the need for new dredged material

disposal areas is kept to a minimum. These management practices include
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close supervision of dike and outflow facilities design, construction,

and maintenance, and efforts to assure expeditious drainage of dredged

material.

i. Acquisition of new upland sites. The acquisition of new upland sites

for dredged material disposal includes sites that are both short distances

and longer distances (up to 100 miles) from the dredging site. Short

diotarnce sites are primarily older sites which have not been utilized

for several years. The present condition, capacity, and suitability for

reuse should be examined, Long distance sites would include upland

strip mines, a)andoned quarries, sand, gravel and clay pits or deep shaft

mines. Dredge material could be trucked inland to the sites or carried

on railway cars. A permanent pipeline system with rehandling basin could

also be constructed.

j. Open water disposal of dredged material. Open water disposal could

be performed in both ocean and estuarine areas. Disposal would be done

to develop shallows, marsh, islands and upland areas. Marsh creation is

nreded in many portions of the study area, especially along the Delaware

River from Philadelphia to Trenton. Marshes could be created through

open or confined disposal with fine grained material requiring confine-

ment. Grasses would be planted on the site for stabilization and habitat

development. The creation of the marsh would be staged over a period

of years. New shallows could be created in a similar fashion, however

dredge material would be placed to an elevation just below local Mean

Low Water. In-shore shallows areas are necessary for their use as
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spawning and nursery areas for fish and shellfish while offshore shallows

areas would be used as shellfish beds. Island and upland development

coupled with habitat development techniques could provide suitable wildlife

management areas.

IMPACTS OF ALTERNATIVE PLANS

The existing setting of the study area will be affected by the implementa-

tion of any of the alternative plans. The environmental and socio-economic

impactr have been generically identified and will be further examined in

subsequent stages of the study. These impacts are listed below.

a. Dewatering

. Actual reduction in capacity depends on material type; silt doesn't

consolidate well.

Positive environmental features.

Material is made more suitable for productive uses.

b. Increasing height of containment dikes

Aesthetics impact depends on location.

Increase in erosion.

Encroachment due to dike face slopes.

Cost increase because of pumping to greater heights.

Safety considerations due to increased heights and a possible

water buildup.

Positive environmental impact because less new areas would

- be needed.

Negative impacts on future industrial land use.
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c. Lease extension

Would involve positive management efforts but could have negative

impact on local land use.

Much pressure has been exerted on the Corps to release present

disposal sites.

d. Reuse of material

* Material type will dictate the use and the impacts.

Positive environmental impact because less new areas would be needed.

* Cost increase in disposal if transporting material inland for reuse.

* For beach nourishment the quality of material is of concern for

possible pollution of beaches; could have negative impact on fish spawning;

positive impact due to reduced construction costs; some beaches may be

too distant from dredging sites.

. Resource recovery could have negative impacts on firms in the sand

and gravel business.

* Possible positive impact on employment.

" Some material may not be suitable for construction purposes, such

as highway fill.

Brick making may be excessively costly.

• Filling of strip mines could contaminate groundwater.

Limited nutrient value for agricultural use.

.j e. Reduce dredging

Negative impact on Commerce/Economy.

* Negative institutional aspects.
9'

Positive environmental impact.
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f. Reduce shoaling by use of deposition basins

Using deposition basins could cause negative environmental impacts.

Positive in reducing scope of dredging activities to local areas.

Depth would be limited by location of rockline.

g. Reduce sediment erosion

Could be positive over long term, but probably outside Corps

jurisdiction.

h. Better management of sites

. Volume potential is small.

i. New upland sites

Short distances:

Shore stability of concern.

Aquifer recharge areas of concern.

Disposal is less costly when located along the river or near

dredging areas.

May necessitate use of existing marshland with associated

negative impacts.

Long distance:

* Trucking material would place too much traffic in an area.

Cost increase in long distance disposal because of transportation.

* Possible impounded water in quarry is of concern.

Leaching into nearby streams and groundwater.

Problems exist in rights-of-way for permanent pipeline system.

• Want to avoid inland wetlands.
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Returning effluent from a distance is a problem.

For utilizing landfills, which operate continuously, dredged

material could only be stockpiled or transferred from existing sites to

avoid interfering operations.

j. Open water disposal of dredged material

. Commercial fisheries such as surface clam and ocean cohog are

of concern.

Soil compatibility is important.

Possible effects of sediment transport and shoaling patterns.

Match spoil characteristics with local sediment for minimal

effects on benthic animals.

. Avoid areas where spoil would be carried downstream onto shellfish

areas. Also avoid oyster planting grounds, hard clam beds, blue crab

dredging areas, lobster fishing areas, and submerged grass beds. Shell-

fish are important commtfially as well as for waterfowl uses, namely

duck and geese.

Favorable impacts of marsh creation and habitat development pro-

vided other important habitats are not destroyed in the process.

STAGE 1 CONCLUSION

Some efforts have been made in the past, under the District's Operation

and Maintenance program, to extend the life of existing sites and to

obtain new upland sites. However, no detailed documentation exists

on any procedures that may have been used in selecting alternative plans.
9I

There is a need to document the results of these past efforts by the
'I-

District. Therefore, all alternatives will be carried forward into
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Stage 2 to more formally document attempts at extending the useful

life of disposal areas and to more formulatively analyze potential

new sites.

Stage 2 efforts will also require the Philadelphia District personnel

and other involved agencies to become familiar with the methods developed

by the DMRP that evaluate the relative impacts of alternatives. There

is no single disposal alternative that presumptively results in impacts

of such nature that it can be categorically dismissed from consideration.

This holds true for open water disposal, confined upland disposal, or any

other alternative. In addition, reports by other parties will also be

rc'earched and reviewed to further define the alternatives and their

impacts.

All these efforts, along with the creation of a computerized spatial

analysis system, would allow the suitability assessment and development

of a set of regional dredging disposal plans by the culmination of

Stage I.
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CHAPTER V

VIEWS OF CONCERNED INTERESTS

Formal announcement of the study initiation was sent to all known

interested parties on 23 February 1978. Questions or problems ideutified

from responses to that notice are summarized in Tables 16 and 17. Other

significant comments and views of agencies can be found in the "Other

Studies" section of Chapter I, in regards to various environmental

impact statements.

Also worth citing are some views expressed by U. S. Fish and Wildlife

Service personnel at the preliminary plan formulation meetings:

They would like to see the emphasis placed on prolonging existing

sites and possible long range transport to inland areas.

They would particularly like to see new wetlands created between

Philadelphia and Trenton.
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CHAPTER VI

STUDY MANAGEMENT

INTRODUCTION

The planning process employed in the study will be consistent with the

Water Resources Council's Principles and Standards. The Corps' water

resources planning guidelines (ER series 1105-2-2XX and related regu-

lations) will be followed in conducting the study. The study planning

process will be an iterative one consisting of four functional tasks:

problem identification; formulation of alternatives; impact assessment;

and evaluation of alternatives.

The initial iteration of the planning process (Stage 1) has been com-

pleted and the results are presented in Chapter IV. From initial

screening, alternatives were identified to be evaluated in future

iterations of the planning process. From this nucleus, other plans

which attempt to address a mix of the study'c planning objectives, will

be identified. A National Economic Development (NED) plan and an

Environmental Quality (EQ) plan will be developed.

As can be seen on the study cost estimate and network, the heaviest

emphasis is being placed on Stage 2. In progressing through the

iterations of Stage 2, efforts will become more detailed in order to

accurately determine the suitability of the specific sites to the

various alternative plans. The resultant of Stage 2 will be a "software

package" of suitable regional plans for the study area, since primary
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responsibility of sites rests with local interests.

Stage 3 will provide an opportunity to go through a final iteration on

the Philadelphia to Sea project where provision of disposal areas is a

Federal responsibility and present the potential regional plans for

selection by non-Federal sponsors.

WORK PACKAGES

This section provides brief descriptions on the tasks that will be

required in Stages 2 and 3. The costs for each task, by stage and by

Fiscal Year (FY), are presented in Appendix F on Engineering Form 2204

(PB-6) and Table F-l, respectively.

Public Involvement. Stage 1 efforts in public involvement have included

coordination with various institutions as well as the preparation of

numerous detailed project maps for display purposes at meetings.

An attempt will be made in Stages 2 and 3 to establish and maintain a

continuous dialogue between the planners and the affected and interested

agencies, groups, and individuals. The public involvement program will

be employed to:

a. Identify, inform and involve all interested publics with emphasis

on those likely to be impacted by any alternative plans;

b. Foster a climate af understanding and trust among all parties

in the planning process;
*7
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c. Encourage the resolution of conflict among various interests in

the planning process; and,

d. Assist decision makers by providing them with useful information

and current public views.

The public involvement program itself will be carried out with the use of

four basic tools: information bulletins published throughout the course

of the study, workshop meetings, public meetings, and continuous informal

meetings and contacts with agencies, groups and the general public who

are actively involved in the study.

Three majcr groupings of affected publics have been identified. These

are: first, agencies ind organizations concerned with dredging and

dredge disposal; second, agencies and )rganizations concerned with envi-

ronmental, historic, cultural and community preservation; and third, the

general public. All publics will be encouraged to participate and will

be provided with opportunities to have their ideas incorporated in the

study.

In addition, due to the regional nature of the study and the extent of

the problem, more formal coordination will be maintained with Federal,

State, regional, and local agencies who will provide technical input into

the study or play a part in plan implementation. The basic philosophy

behind cooperative inter-agency study is to provide a systematic approach

~for analyzing problems and needs, establish specific sub-objectives from

the general Corps established objectives, and develop and evaluate
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alternative regional dredged spoil disposal management plan. This team

approach is due to the fact that viable resource management plans require

interdisciplinary planning to adequately address the broad range of

complex issues involved, including the economic, environmental and social

consequences of proposed actions. To this end a regional plan formulation

committee will be established. The objective of this plan formulation

committee is to coordinate the activities of various technical studies

and advise on the course of the study. This committee would be composed

of decision-making representatives from at least the Corps, DRBC, the

environmental departments and Coastal Zone Management Offices of Delaware,

Pennsylvania, and New Jersey, EPA, U. S. Fish and Wildlife Service,

National Marine Fisheries Service, and the local dredging industry asso-

ciation.

Institutional Studies. A survey of the public institutions in the study

area which affect or will be affected by thp implementation of a regional

dredging disposal plan has been completed. Future efforts will be made

to identify additionai institutions and the relationships and inter-

relationships that all of the institutions have in regards to the imple-

mentation of specific plans. In addition, coordination with property

owners and local sponsors in regards to extension of leases and the

obtaining of potential disposal areas will be required.

Social Studies. Involvement to date has included a gathering and review

of existing data and a description of the study area and its social

-composition. Future studies will include an evaluation of the effects.4
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that alternative plans will have locally as well as the effects on the

region. This will include a determination of the impacts 3n local and

regional commerce.

Cultural Resource Studies. A sensitivity analysis of historical and

archaeological sites in the study area was accomplished in Stage 1.

Future cfforts will have to be more specific to the alternate plans and

will involve the concerned institutions. These efforts will include more

detailed mapping and impact analysis on specific areas.

Environmental Studies. Stage 1 efforts included data collection and

review, and an overview inventory of variouc environmental features in

in the study area and a discussion of the potential impacts on them due

to dredging disposal activities. Also, a "Bibliography and Data Management

System" was developed to enable quick retrieval of sources of information.

Work in Stage 2 will involve review of available data as well as the

collection of other environmental data as necessary. This will include

mapping of various features and a more detailed impact analysis at

specific sites. The need also exists for substantial basic data re-

search on existing disposal areas in order to satisfy Section 404 and

State permit requirements.

Stage 3 efforts will involve some impact assessment in addition to the

preparation of an environmental impact statement and Section 404 Report.

Fish and Wildlife Studies. Coordination with the Fish and Wildlife

Service has taken place throughout the development of this report and
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will continue through Stages 2 and 3. Efforts will consist of the

development of mapping concerning the location of various fish and

wildlife resources and the determination of the impact on these resources

by alternative plans. In addition, the Fish and Wildlife Service will

report on the selected plans.

Economic Studies. Future efforts will include the development of benefits

and costs for each regional plan considered. Also, base studies pertinent

to the economic assessment of alternative plans to be considered will be

necessary. An economic analysis will also be needed to make a more exact

determination of the years in which existing and proposed disposal areas

would reach zero capacity for disposal.

Surveying and Mapping. Work efforts to date have included general data

collection and the preparation of preliminary base maps for the study

area. Future efforts in this area will be done in conjunction with the

creation of a data bank for the spatial analysis system. USGS quads

will be used in the initial screening process, followed by aerial photo-

graphy and then aerial topographic mapping. Updated hydrographic sound-

ings will also be needed.

This future survey work may be obtained by contracting the services of

the 30th Engineer Battalion (Topo)(Army) out of Fort Belvoir, Virginia.

Hydrology and Hydraulics Investigations. Efforts in Stage 1 were

basically just a.,gathering of general data. Work required for Stage 2

will include updating tide frequency levels and flood outline maps, as
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well as a review of previous model studies on shoaling reductions. In

addition, groundwater aquifer mapping and the determination of recharge

areas will be needed as formulation is refined. This will be done in

conjunction with the foundations and materials investivations to evaluate

the geology.

Foundations and Materials Investigations. Study efforts will include

preliminary subsurface explorations in numerous areas, evaluation of

geology in conjunction with groundwater monitoring, and the provision

of preliminary seepage prevention plans. The investigation of surface

drainage improvements will also be needed.

Design and Cost Estimates. Preliminary design and cost estimates of all

alternative plans and structures that will result from the screening

process will be necessary. In addition, this task covers all the drafting

work that will be required.

Real Estate Studies. These include determination of land costs, easements,

rights-of-way, and possible damages due to the various alternative plans.

Efforts under this task will be extensive due to the nature of the study

and its potential involvement with non-Federal owners in numerous loca-

tions.

Study Management. The Planning Branch of the Philadelphia District has

had the overall management responsibilities to date and this will con-

tinue in Stages 2 and 3. That branch will conduct the public involve-

ment program, plan formulation work and coordination activities. Other
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elements in the District will be actively involved with the data bank

creation of the spatial analysis system, in the monitoring of contracts

to be accomplished by architect-engineer firms, and in actual in-house

work efforts.

The study management effort will be conducted in accordance with the

extensive management guidelines specified in ER 18-2-2 entitled

"Intensive Management Milestone System," dated August 1978, and modi-

fied by North Atlantic Division through addition of milestones 05A and

OA. The study milestones have been established, and are shown on

Table 18 (in the "Funding and Management Schedule" section) and on

the study schedule network.

Plan Formulation and Evaluation. Plan formulation efforts in Stage I

included the creation of an Intra-District Study Committee which

includes representatives of the District's Planning, Engineering and

Operations elements. The purpose of this committee is to monitor the

progress of the study and to advise and give guidance on technically

related study activities. These efforts were highlighted by a two

day meeting: between the District, WES, U. S. Fish and Wildlife Service

,ani .hpr . The results of these meetings were the determination of

various alternatives to be examined by this study.

As mentioned in the discussion on public involvement, a regional plan

formulation committee will be established to coordinate the activities

of various technical studies and advise on the course of the study.

Decision-making representatives from at least the Corps, DRBC, the
9I
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environmental and CZM offices of Delaware, New Jersey, and Pennsylvania,

EPA, U. S. Fish and Wildlife Service, National Marine Fisheries Service,

and the local dredging industry association are anticipated to be rep-

resented on this committee.

Future efforts will entail plan evaluation and assessment based on results

from the suitability modeling. Also cited under this task will be the

efforts required in characterizing the non-Federal dredging problem and

those that examine various techniques and methods of dredging and dredg-

ing disposal.

Report Preparation. Efforts to date, under this task, have resulted in

the preparation of this Stage 1 Reconnaissance report. Future work

under this task will include assembling, writing, editing, typing,

drafting, reviewing, revision, reproducing and distributing the Stage 2

and 3 documents. Many elements of the District and other agencies will

play a part in the publication of these documents.

Sediment Quality Studies. The U. S. Geological Survey has already begun

to collect and analyze Delaware River bottom sediments from nine loca-

tions with Stage 2 funds allocated for FY 1979. Continued work will be

required in Stage 2 to evaluate the bottom sediments at other locations,

including Wilmington Harbor and the lower Delaware Bay.

Spatial Analysis Data Bank Creatiin. In Stage 2, the overall suitability

of potential sites in the study area to dredge disposal will be analyzed.

This will be done by a screening process through the use of a digital
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data bank and spatial analysis techniques.

Primarily, the appropriate members of the inter-agency study conmittee

will gather available data in mapped format and make the necessary eval-

uations and rankings of the various features.

Supervision and Administration. Work under this task has and will con-

tinue to involve the supervisors who oversee the study and provide

guidance where needed. In addition, overhead and other indirect costs

which cannot be allocated directly to other tasks, will be included here.

FUNDING AND MANAGEMENT SCHEDULE

Study Cost Estimate. The study costs were derived from estimates fur-

nished by the pertinent office elements that would be involved. The

study costs have been distributed among the accounts and sub-accounts

as established in OCE ER 11-2-220 entitled "Civil Works Activities,

General Investigations," dated 29 July 1977. A more detailed breakdown

of study costs by accounts and sub-accounts is presented on Engineering

Form 2204 (PB-6) which is included in Appendix F. Also included in

this Appendix is a proposed detailed breakdown (Table F-l) of study

costs by Fiscal Year.

The estimated cost of the study is $1,355,000. This cost estimate

includes anticipated cost of living increase- at 6% per year and a

general contingency of 8 percent. This is an increase of $575,000 over

the previously approved estimate to cover the addition of the Indian

River and Bay region to the study, the costs of spatial analysis

82

t;

-



techniques, and the review of :tudy requirements as the result

of Stage 1 investigations. The revisions in each sub-account

reflect the revised study direction.

The costs indicated are entirely direct Federal costs to the study

and include funds to be transferred to the U. S. Fish and Wildlife

Service and the U. S. Geological Survey. The study cost estimate

reflects the total study effort.

Study Conduct and Scheduling. The study will be conducted in three

stages. Work is scheduled for completion in August 1985. Stage 1

will be complete upon approval of the Stage 1 Reconnaissance Report

in July 1979. Public meetings will be held to present the findings

of Stages 2 and 3 in the second quarter of FY 84 and the third

quarter of FY 85 respectively. If the findings of Stage 2 at the

time of the checkpoint conference are favorable, work on Stage 3

will begin following the Stage 2 public meeting.

The proposed study milestones are shown in Table 18 and displayed

on the study schedule network in Appendix F.
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TABLE V',

DELAWARE RIVER DREDGING DI'POSAL STUDY
STUDY MILESTONE,',

Number Milestone Scheduled Date

1 Study Initiation Feb 78 (completed)

7 POS Approval Jul 79

3 Stage 2 Report Submittal to NAD Oct 83

4 Stage 2 Checkpoint Conference Dec 83

5 Completion of Action MFR Jan 84

5a Stage 2 Public Meeting Mar 84

6 Submit Draft Report & Draft EIS to NAD Oct 84

7 Stage 3 Checkpoint Conference Dec 84

8 Completion of Action of MFR Jan 85

9 Coordination of Draft Report & Draft EIS Apr 85

9a Stage 3 Public Meeting May 85

10 Submission of Final Report & Revised
Draft EIS to NAD Jul 85

11 Release of Division Engineer's Public
Notice & Submission of Report to BERH Aug 85

RECOMMENDATION

It is recommended that the Stage 1 Reconnaissance Report for the Delaware

River Dredging Disposal Study be approved.

JAME G.
Colon orps of Engineers
District Engineer
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OVERVIEW OF DREDGING SPOIL DISPOSAL PROBLI

TABLE OF CONTENTS

SubJect Page

I. Review of Projects and Dredging Requirements A-I

A. Big Timber Creek A-2

1. Project Description
2. Quantity Removal - Detailed by Range and Feature
3. Location of Disposal - Maps
4. Responsibility for Providing Disposal Sites

B. Broadkill River A-3

C. Cohansey River A-4

D. Cooper River A-5

E. Delaware River at Camden A-6

F. Delaware River - Philadelphia to Sea A-7

G. Delaware River - Philadelphia to Trenton A-8

H. Harbor of Refuge A-9

I. Indian River Inlet and Bay A-10

J. Inland Waterway, Rehoboth Bay to Delaware Bay A-II

K. Little River A-12

L. Mantua Creek A-13

M. Maurice River A-l4

N. Mispillion River A-15

0. Murderkill River A-16

P. Neshaminy State Park Harbor A-17

Q. Pepper Creek A-18
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TABLE OF CONTENTS (Cont.)

Subject Page

R. Raccoon Creek A-19

S. Salem River A-20

T. Schuylkill River A-21

U. Smyrna River A-22

V. Waterway from Indian River Inlet to Rehoboth Bay A-23

W. Wilmington Harbor (Christina River) A-24

X. Other Projects (non-Federal and Private) A-33

II. Past Attempts to Locate Alternate Sites A-40

A. Summary of Locations and Problems A-40

III. Impact of Environmental Awareness Policies on Attaining Sites A-51

A. Fish and Wildlife Coordination Act A-51

B. NEPA A-51

C. PL 92-500 A-52

D. PL 95-217 A-52

E. Marine Protection Sanctuaries Act A-52

F. CZM - by State A-52

G. Wetland Protection Policies A-53

H. Floodplain Management Policies A-53

IV. Impact of Other Policies A-54

A. Local Cooperation Requirements A-54
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TABLE OF CONTENTS (Cont.)

Subject Page

V. Resolution A-55

A. Back-up A-55

B. Actual Resolution A-55

LIST OF TABLES
Table Title Page
A-I Dredged Quantity Removals, Philadelphia

to Sea Project A-25

A-2 Dredged Quantity Removals, Philadelphia
to Sea Anchorages A-27

A-3 Dredged Quantity Removals, Philadelphia
to Trenton Project A-29

A-4 Dredged Quantity Removals, Other Federal

Projects A-31

A-5 Responsibility for Disposal Sites,
Delaware River Projects A-35

A-6 Responsibility for Disposal Sites,
Other Federal Projects A-38

A-7 Disposal Site Status, Philadelphia to Sea A-41

A-8 Disposal Site Status, Philadelphia to
Trenton A-46

LIST OF FIGURES
Figure Title Following Page

Figures A-I to A-24 follow the pages of their respective project descrip-
tions.

A-25 Alternate Disposal Areas, Delaware River,
Philadelphia to Trenton A-50

A-26 Alternate Disposal Areas, Delaware River,
Wilmington to Philadelphia A-50

A-27 Alternate Disposal Areas, Delaware River,
Smyrna River to Wilmington A-50
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There are currently twenty-three active Federal navigation pro-
jects in the study area. Section I of this appendix includes brief
descriptions of these projects as well as project maps, Figure A-i
to A-24, that locate disposal areas. Tables A-i to A-4 show quantity
removals and Table A-5 and A-6 indicate responsibilities for providing
disposal sites. Also included in this section is a brief discussion
on the non-Federal dredging problem.

Section II is made up of Table A-7 and A-8 which summarize the
status of disposal sites, past and present, while Figures A-25 to
A-27 are used to locate them. Sections III and IV discuss the impacts
of certain policies on District procedures while Section V includes
the resolutions to the study.
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BIG TTIBP R CRFEK, N. J.

PROJECT: The existing project, adopted as HD 70-217 in 1930 and
modified by HD 73-15 in 1935, provides for a channel with dimensions
and limits as shown from Delaware River to'Clements bridge, including
4 cutoffs. Total length of the project is about 52 miles.
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BROADKILL RIVER, DELAWARE

PROJECT: The existing project was adopted in 1873 and modified in
1881, by HD 59-214 in 1907, and again by Public Law 83-78 in 1953.
It provides for a channel from Delaware Bay to Milton with dimensions
and limits as shown. The project length is 10-' miles. The 1953
modification authorized the abandonment of the part of the project
which provides for an entrance channel from the Delaware Bay.
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COHANSEY RTVER, N. J.

PROJECT: The original project was adopted in 1873 and modified in
1879. The existing project, adopted as IID ',9-6)45 in 1907 and modi-
fied by Senate Committee Print-75 in 1937, provides for a channel
with dimensions and limits as shown, including a turning basin 12
feet deep and 250 feet wide located about 300 feet downstream from
Glass Street in Bridgeton. The length of the project is about 1)9
miles.
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COOPER RIVER, N. J.

PROJECT: The existing project, adopted as Ex. HD 53-176 in 1896,
provides for a channel 12 feet deep and 70 feet wide from Delaware
River to the Monsanto Chemical Company plant, formerly Browning
Chemical Works. Total length of project is about 1-3/4 miles.
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DELAWARE RIVER AT CAMDEN, N. J.

PROJECT: The existing project which is a modification to the Delaware
River from Philadelphia to the Sea project was adopted as House Document
No. 63-1120 in 1919 and modified by House Document N.). 70-111 in 1930
and HDuse Document No. 77-353 in 19)45. It provides for dredging in
front of Camden to a depth of 18 feet from Cooper Point to Berkley
Street and 30 feet from the latter point to Newton Creek, with the
depth increased to 37 feet in front of the Camden marine terminal.
These depths extend from the ship channel in Delaware River to a line
parallel with and 50 feet distant from the established pierhead line.
The project length is about four miles. The deepening to the 37 foot
depth has been deferred for restudy.
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DELAWARE RIVER, PHILADELPHIA TO SEA

PROECT: The existing project adopted as HD 61-733 in 1910, and
modified by HID 71-304 in 1930, River and Harbors Committee DOC 73-5
in 1935, SD 75-159 in 193b, HD 76-580 in 1945, HD 77-340 in 1945,
HD 83-358 in 19514, and HID d5-ib5 in 1958. It provides for a channel
from deep water in Delaware Bay to a point in the bay near Ship John
Light, 40 feet deep and 1,000 feet wide; thence to Philadelphia Naval
Base, 40 feet deep and 800 feet wide, with 1,200-foot width at Bulk-
head Bar and 1,000-foot width at other bends; thence to Allegheny
Avenue, Philadelphia, Pa., 40 feet deep and 500 feet wide through
lorseshoe Bend and 40 feet deep and 400 feet wide through Philadel-
phia Harbor, along west side of channel and 37 feet deep and 600
feet wide along east side .f channel; and for improvement of anchor-
ages at Reedy Point, Deepwater Point, Marcus Hook, and Mantua Creek,
each 40 feet deep and 2,300 feet wide with respective lengths of
8,000, 5,200, 13,650, and 11,500 feet; at Gloucester 30 feet deep and
about 3,500 feet long and 400 feet wide, and at Port Richmond 37 feet
deep and about 6,400 feet long and 750 feet wide. Project also pro-
vides for construction of dikes and training works for regulation and
control of tidal flow; for maintenance of an area on north side of
channel opposite Philadelphia Naval Base between Shipway 3 and Schuyl-
kill River to 40 feet deep and a width of 150 feet on Mifflin Range;
and for maintenance of any areas dredged by local interests to 35 feet
deep between channel and a line 100 feet channelward of pierhead line
between Point House wharf and Philadelphia Naval Base, when in opinion
of Chief of Engineers such areas are so located as to be of benefit to
general navigation. Section included in project is about 96.5 miles
long. Eleven additional areas have been designated as special anchor-
ages or anchorage areas but have not been authorized for improvement.

The work remaining to be done is to construct new anchorages at Reedy
Point and Deepwater Point, enlarge Mantua Creek anchorage, dredge east
side of the channel in Philadelphia Harbor from 35 to 37 feet, and
deepen Port Richmond anchorage to 37 feet.

The portion of the authorized channel 37 feet deep and 500 feet wide
through Horseshoe Bend and 37 feet deep and 600 feet wide through Phila-
delphia Harbor along the east side of the channel and Port Richmond an-
chorage 37 feet deep, except for that portion of the channel which forms
a part of the 40 feet deep and 400 feet wide channel portion of the project,
was deferred for restudy in 1960.
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DELAWARE RIVER, PHILADELPHIA TO TRENTON

PROJECT: The existing project adopted as House Rivers and Harbors
Committee Document 71-3 in 1Q30, and modified by House Rivers and
Harbors Committee Documents 73-11, 714-66, 74-9o in 1935, 1935, 1937,
respectively, and House Documents 79-679 in 1946, HD 83-358 in 1954
and SD 95-88 in 1976. It provides for a channel from Allegheny
Avenue, Philadelphia, 23.5 miles to upstream end of Newbold Island
40 feet deep and 400 feet wide, with suitable widening of bends,
including relocation of channel at Delair Railroad bridge, and re-
construction of bridge, thence 5.5 miles to upper end of Trenton
Marine Terminal, 35 feet deep and 300 feet wide, with a turning
basin B0 feet wide and 1,700 feet long at the terminal; and main-
tenance of a channel 1? feet deep and 300 feet wide from upper end
of 35-foot channel to Penn Central Railroad Bridge at Trenton,
dredged under a previous project. Project also provides for an
auxiliary channel 20 feet deep and 200 feet wide east of Burlington

Island, extending easterly from main channel to upper end of U. S.
Pipe and Foundry CD.'s property at East Burlington, with a turning
basin 450 feet wide at upper end; for initial excavation, only,

of a cross channel 8 feet deep and 200 feet wide through artificial
island opposite Delanco, N.J., and for construction such bank pro-
tection works as may be necessary. Section included in project is
about 30.5 miles long, excluding auxiliary channel east of Burling-
ton Island, which is 1.4 miles long, and cross channel opposite
Delanco. The recent modification provides for widening of the
existing channel on the Thiladelphia side near the Tioga Marine
Terminal to 1,000 feet and depth of 36 feet from Allegheny Avenue
upstream for 5,600 feet and construction and maintenance of a
1,300 foot diameter turning basin at a depth of 36 feet.

The work remaining to be done is dredging of the 35 foot deep channel
from Newbold Island to Trenton Marine Terminal and widening the turn-
ing basin at the terminal as well as the 1Q76 modification work.
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HARBOR OF REFUGE, DELAWARE BAY

PROJECT: The existing project, adopted as HD 52-112 in 1896 and modi-
fied by HD 70-15 in 1930 andHD 74-56 in 1935, provides for a breakwater
8,000 feet long; 11 ice piers; and a (hannel, including a turning basin
with dimensions and limits as shown.
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INDIAN RIVER INLET AND BAY, DELAWARE

PROJECT: The original project was adopted as Senate Ex. D. 47-176
in 1882. The existing project was adopted as Rivers and Harbors Committee
Doc. 75-41 in 1937 and modified by HD 76-330 in 1945. It provides for a
channel from Indian River to Millsboro with dimensions and limits as shown;
a turning basin 9 feet deep, 175 feet wide and 300 feet long at Old Landing;
and jetties at the inlet.
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INLAND WATERWAY, REHOBOTH BAY TO DELAWARE BAY, DELAWARE

PROJECT: The existing project, adopted as HD 60-823 and Rivers and
Harbors Committee Doc. 61-51 in 1912, was modified by Rivers and Harbors

Committee Doc. 74-56 in 1935 and again by HD 77-344 in 1945. It provides
for a channel with dimensions and limits as shown (except for locations
C - D where to 50 foot wide channel is reduced to 40 feet wide through
Deep Cut near Rehoboth); a basin at Lewes; two parallel jetties at the
Delaware Bay entrance; and construction of a highwry bridge and railroad
bridge at Rehoboth. The total length of t~e project is about 12 miles.

T>e work remaining to be done. t e extension of the existing jetties
at t ,e Delaware Bt'v en-trance, is considered to be "inactive"
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LITTLE RIVER, DELAWARE

PROJECT: The existing project was adopted as HD 62-626 in 1912. It

provides for a channel five feet deep from Delaware Bay to Little

Creek Landing. The project length is about three miles.
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MANTUA CREEK, N. J.

PROJECT: The original project was adopted in 1889. The existing r
project was adopted as lID '5-13 in P199 and modified in 1907, by
10) 73-1I in 1935, and HD 75-505 in 19'8. It provides for a channel
from the Delaware River to one mLle below Mantua with dimensions
and limits as shown, including a cutoff 3 feet deep and 50 feet wide
approximately 9,OO0 feet above Mjunt Royal; and the construction of
two jetties at the mouth. The project length is about 7 miles.
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MAURICE RIVER, N. J.

PR(xIECT: The )riginial project w:iu adopted in 18. and modified in
I90 and again in 189?. The existing project, adopted as HD 519-61 h
in 1910 and modified as HD 73-275 in 1935, provides for a channel
with dimensions and limits as shown, and for a turning basin 7 feet
deep at Millville. The length of the project is about 24 miles.

Work remaining to be done is the deepening of the entrance channel

from 7 feet to 8 feet, and the dredging of a channel 7 feet deep,
60 feet wide and 650 feet long in the upper end of the project; this
work is inactive.
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MISPILLION RIVER, DELAWARE

PRO,TECT: The original project was adopted in 1879, and a subsequent

project was adopted as Ex. D. 52-57 in 1892 and modified in 1893 and

1895. The existing project was adopted as H[D 56-102 in 1907 and

modified as HD 62-678 in 1919, as HD 74-83 in 1937, and again as

SD 91-229 in 1954. It provides for a channel including 7 cutoffs
with dimensions and limits as shown; a turning basin at Milford 9

feet deep, 120 feet wide, and 350 feet long.

-4

.4

• - A-15

I

4, 6 =.-

_I



N J,

KENT COUNTY

1
4J

2 -q SUSSEX COUNTY

Milford .1 -, i -jL

! - i t CHANNEL DIMENSIONS

...... ....... 4,5,6,7- A (

12,000 .iy

Aipoal Areas B T F8y
B C,, FT,, 60 5

In . a 64 165 materiel wan ilo dFT oite in

cogtractor furnisJhed areas along the river bank.

hlfl A-It
W MIPILLIOUtlViR

; lilISL AWARE IAver ale Al readged ouantltiee from Fll1ll PYIJIT
cna1963-1t7o ar ri Ira.a/on. IthllU rvp b

I.-

-, ~~~~~ ~ ~ ISILO RIVER. -. ,., ,- --- -
- DELAWARE

j . . ... -- -- _ W..,,~ ~ ~ ~ ~ ~ ~~~wr" Ana Drde Guni i~ from , ... /j .<i!__LL i . _i _l- h* .- 7
i  

..... :.

19631976or@give In -Ylr 11A111 MA



MURDERKILL RIVER, DELAWARE

PROJECT: The existing project was adopted as ED-52-21 in 1892. Other
reports on Murderkill River are found in HD 62-1058 in 1912, and
SD 71-106 in 1930. It provides for a channel from Delaware Bay to
Frederica with dimensions and limits as shown, included in the authorized
project is a turning basin at Frederica. The project length is about
8 miles.
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NESHAMINY STATE PARK HARBOR, PA.

PROJECT: The existing project was adopted as a Detailed Project Report
in 1963 under the small navigation program, Section 107, River and Harbor
Act of 1960. It provides for dredging an entrance channel 60 feet wide
and 350 feet long from the river to the basin; an access channel 100
feet wide, 760 feet long from basin entrance to a turning basin; an
anchorage area 100 feet wide and 760 feet long; a turning basin 200 feet
wide and 240 feet long; a stone jetty 230 feet long; and 675 feet of stone
revetment. The project depth is 8 feet.
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PEPPER CREEK, DELAWARE

PROJECT: The existing project was adopted as a Detailed Project Report
in 1963 under the small navigation program, Section 107, River and Harbor
Act of 1960. It provides for a channel 6 feet deep and 60 feet wide from
such depth in Indian River Bay 3.9 miles to Cattail Marsh.
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RACCOON CREEK, N. J.

PROJECT: The existing project, adopted as HD 56-231 in 1902 and
modified in 1907 and as HI) 63-800 in 1919, provides for a channel
7 feet deep from Delaware River to the fixed highway bridge at
Swedesboro including a cutoff at Molonex Shoal. It also provides
for a jetty at the mouth. The project length is about 9-3/4 miles.

(Construction of a fixed bridge and dredging of a cutoff channel
approximately 3 miles upstream from the Pennsylvania Reading Seashore
Lines Bridge at Bridgeport was accomplished by the State of New
Jersey in 1964.)
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SALEM RIVER, N. J.

PROJECT: The original project was adopted in 1870, modified in 1878,
and a subsequent project was adopted as Rivers and Harbors Committee
HD 59-12 in 1907. The existing project, adopted as HD 68-110 in 1925,
provides for an entrance channel from the Delaware River to the fixed
highway bridge in Salem with dimensions andlimits as shown, including
a cutoff. The project length is about 5 miles.

The work remaining to be done, dredging the channel in Little Salem
River, has been deferred since it is considered that the additional
depth is not required by existing commerce.
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SCHUYLKILL RIVER, PENNSYLVANIA
MOUTH TO UNIVERSITY AVENUE

PROJECT: The existing project, adopted as House Document 64-1270 in
1917 and modified by House Document No. 71-40 in 1930 and House
Document No. 79-699 in 1946 provides for a channel 6.5 miles long
and suitably widened at bends with the following dimensions:

Location Depth Width

Delaware River to 29th St. 33' 400'

?9th St. to Passyunk Ave. Bridge 33' 300'

Passyunk Ave. Bridge to
Gibson Point 26' 200'

Gibson Point to University Ave. 22' 200'
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SMYRNA RIVER, DELAWARE

PROJECT: The existing project, adopted in 1888 and modified by
I 56-90 in 1902 and HfD 60-815 in 1910, provides for a channel 7

feet deep from Delaware Bay to Smyrna Landing including 5 cutoffs
and the protection of the entrance channel by jetties. The proj-
ect length is about 9q-, miles.

The work remaining to be done is the dredging of the channel to
project dimensions from the wharf at Smyrna Landing upstream to the
fixed highway bridge. This work has been deferred.
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WATERWAY FRM INDIAN RIVER INLET TO REHOBOTH BAY, DELAWARE

PROJECT: The existing project was adopted as IM 81-304 in 1950. It
provides for a ciannel 6 feet deep and 100 feet wide from Rehoboth Bay
to Indian River Bay by way of Big Ditch. The project length is about
2.7 miles.
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WILMXNGTON HARBOR, CHRISTINA RIVER, DELAWARE

PROJECT: The existing project, adopted as HD 5h-66 in 1896 and modified
in 1899, by HD 67-114 in 1922, by HP 71-20 in 1930, by HD 73-32 in 1935,
by HI 76-658 in 1940, and by SD M-88 in 1960, provides for a channel
with depths of 35, 21, 10 and 7 feet from Delaware River to Newport, a
turning basin 35 feet deep oppostie the Wilmington Marine Terminal, and
jetties at the mouths of Christina and Brandywine Rivers. The project
extends from the Delaware ship channel upstream, a length of about 9.9
miles.
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NON-FEDERAL

In researching the Federal permit files for non-Federal dredging,
it was determined that from 1963 to the present, approximately 225
permits were issued for "new work" and maintenance dredging in the
study area, of which 125 indicated the quantities of material to be
removed. These quantities alone yield an average annual dredged quan-
tity of about 1.5 million cubic yards. Of the 100 or so permits that
contained no quantity figures, more than half appeared to be of the
smaller category where the quantity of material dredged would be
small (less than 1000 cubic yards). Thus, an increase from 1.5 to
2.0 seems reasonable for an approximation of the average annual
dredged quantity performed under all 225 permits.

In examining this figure of 2.0 million cubic yards per year it
must be realized that a large percentage was "new work" dredging .
that was performed in developing the river front or for use as beach
fill. Maintenance dredging is estimated to be about one-third of
this, or 0.66 million cubic yards. The exact breakdown is not known,
therefore future study efforts will necessarily require more accurate
non-Federal maintenance dredging data collection.

A major non-Federal public project not included in these totals
is Wilmington Harbor. The Port of Wilmington generally employs the
contractor dredging the Federal navigation channel to dredge adjacent
to its dock, which iS outside the limits of the Federal channel. The
Port pays the Corps a fee for use of the Edgemoor and Wilmington
Harbor disposal areas; the current charge is $0.25/cubic yard. The
quantities of material dredged in recent years are as follows:

FY 1978 - 65,000 cubic yards
FY 1977 - 48,000 cubic yards
FY 1976 - 26,000 cubic yards
FY 1975 - 17,000 cubic yards

This averages out to almost 40 thousand cubic yards per year of main-
tenance dredging.

Other accurate records of non-Federal quantity removal exist in
the form of American Dredging Company's bi-monthly logs. American
Dredging Company (A.D.Co.), the largest private dredging firm in the
study area, performs maintenance dredging for approximately forty-
five companies under a "blanket" permit issued to them by the Phila-

delphia District in 1973. In the six year tenure of this permit they
have removed 10.8 million, cubic yards in the Delaware and Schuylkill
Rivers, for an average of 1.8 million cubic yards per year.

I
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This figure, along with the average amount dredged from the
Port of Wilmington, yield a known total of 1.84 million cubic
yards per year of maintenance dredging. Together with the dredg-
ing work covered by the other 225 permits, a sum total of 2.5
million cubic yards per year seems like a reasonable approximation
of the total non-Federal maintenance dredging being performed in
the study area.

Adding this to the Federal figure of over 6.5, yields an
average annual quantity of over 9.0 million cubic yards of
maintenance dredging

The disposal area that A.D.Co. fills known as White's Basin,
is shown on Figure A-6 along with other existing Federal sites. The
remaining capacity depends on the outcome of a court decision as
to how much of their property may be filled in with dredging spoil.
In regards to the disposal areas used to perform work under the other
225 permits, it appears as though a large percentage of the dredged
material was disposed on site as fill. Along with those cited
earlier, further efforts are needed to determine whether non-
Federal interests will be able to provide suitable disposal areas
for their future dredging requirements.
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II. Past Attempts to Locate Alternate Sites

A. Summary of Locations and Problems.

Realizing the diminishing availability of riparian land for
use as disposal sites resulting from land-use pressures, motivated
by normal regional growth, the Philadelphia District in the late
1950's through the late 1960's embarked on an extensive program to
locate and establish additional disposal sites for the Delaware
River navigation projects. This program which culminated with the
District's Long Range Spoil Disposal Study showed that it is very
difficult to select additional disposal sites as close as possible
to the major location of shoaling. The results of these efforts
are shown in Table A-7 and A-8 and on Figures A-25 to. A-27.
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III. IMPACT OF ENVIRONMENTAL AWARENESS POLICIES ON ATTAINING SITES

The following are brief discussions on how some of the policies
identified in the Institutional Analysis Appendix, bove impacted
Philadelphia District procedures.

A. Fish and Wildlife Coordination Act of 1958

The impact of the Act has been the consideration of the desires
of the U. S. Fish and Wildlife Service in the selection process for
disposal areas. This is to assure the selection of disposal areas
least objectionable to all concerned. The result has been the
elimination of many potentially desirable disposal areas due to their
high value to fish and wildlife.

As a result of this and other associated Federal acts the considera-
tion and use of shallow aquatic areas of the Delaware River and its
tributaries and vegetated wetlands has virtually been eliminated. The
increased awareness of the value of the shallow water hatbitat and the
desire to restore anadromous fish spawning runs in the Delaware River
(in conjunction with improved water quality) have eliminated filling
along the shoreline. The act has also been a significant factor in
the failure to develop such proposals as the Chester-Monds Disposal
area.

It should be pointed out that the role and jurisdiction of the U. S.
Fish and Wildlife Service and the National Marine Fisheries Service
and hence the impact of the Fish and Wildlife Coordination Act has
increased throughout the years with the implementation of new laws
and the expansion of Federal review of projects to cover all waters
of the United States including adjacent wetlands.

B. National Environmental Policy Act of 1969

Continued use of existing upland disposal sites required the
preparation of a composite environmental impact statement (EIS) for
the navigation projects along the Delaware River and tributaries.
Approximately two years were needed to prepare the report itilizing
existing data. Conflicts pn continued use were relatively easily re-
solved. The composite EIS also listed three potential disposal sites,

VGoose Island, Chester-Monds Island and Tinicum Island. The Environ-

mental Protection Agency, the Department of Interior and the Department
of Commerce indicated in their comments that the sighting of new dis-
posal areas would be reviewed judiciously and would require in-depth
site specific data prior to giving a view in their compatability.
These agencies state that alternatives such as disposal material reuse

* and consolidation would have to be evaluated in detail before review
- . of a new disposal site could even begin. Since EPA can block the
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designation of sites as disposal areas, it appears that the alterna-
tive review cannot be bypassed.

C. The Federal Water Pollution Control Act (PL 92-500)

There has been no experience to date with new disposal areas
within this District. However, the experience of Other districts

(Baltimore re: Hart-Miller disposal area especially) indicate that
any opposition to a project could cause delays and project modification.

D. Clean Water Act of 1977 (PL 95-217)

Some clarification is still needed concerning this Act, but
the main impact is the requirement for a state water quality permit
for each disposal site. There is also the possible requirement for
a discharge permit from the state. As a result we will possibly be
required to do in-depth studies of water quality at existing disposal
areas during use. Depending on the final nature of program guidelines
the impact could be an added financial burden and time delay on 0 & M
dredging.

E. The Marine Protection Research and Sanctuaries Act of 1972

There is no experience in this District with this Act. However,
such future activity would require the issuance of a Corps permit
with EPA capable of denying the use of the site.

F. Coastal Zone Management Act of 1972 (PL 92-583)

Of the three states in the study area, only New Jersey has had
CZM plans approved, but even they are not completed. New Jersey's
second segment of its CZM plan awaits approval along with the final
plans from Delaware and Pennsylvania. Until actual implementation,
the full impact will not be felt. However, the Coastal Zone Manage-
ment Act of 1972 requires Federal consistency with the State plans
for Corps development activities, licenses and permits, and asbis-
tance programs. "Federal Consistency with Approved CZM Plans" im-
plementation policies and procedures have been published in the
Federal Register, Monday, March 13, 1978, Part III, by the Department
of Comaerce.

f'1
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G. Protection of Wetlands, Executive Order No. 11990

Coupled with the 404 guidelines and the Fish and Wildlife Coor-
dination Act, the Executive Order all but eliminates use of anything
but a very small marsh fringe within a disposal area. Corps could be
required to provide protective surrounding dikes for marsh area and
special drainage emphasis which could raise construction costs and re-
duce disposal capacity.

As an additional item, Section 150 of the Water Resources De-
velopment Act of 1976 authorized the Chief of Engineers to plan and
establish wetland areas as part of an authorized water resources de-
development projects under his jurisdiction. The costs for such wet-
lands is not to exceed $400,000 and the benefits are assumed to at least
equal the costs. All future water resource development project reports
are to include consideration of the establishment of wetlands.

H. Floodplain Management, Executive Order No. 11988

The impact in the Delaware River floodplain would be to avoid
developmental or enhancement type filling projects. Therefore, the
land enhancement feature of spoil disposal sites in floodplains could
be eliminated.

"44
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IV. IMPACT OF OTHER POLICIES

A. Local Cooperation Requirements

New Jersey and Delaware have been informed of the Corps of
Engineers policy, EC 1130-2-161, concerning local cooperation re-
quirements for all projects located within each State. In addi-
tion, Pennsylvania has been informed of this requirement concerning
the Delaware River, Philadelphia to Trenton project. At this time
it is not possible to assess the full impact of this new policy.
The response received from Pennsylvania stated that the State will
continue to provide spoil disposal sites as they have been done in
the past, but will not pay any cost for preparation of the disposal
areas. A similar response was received from the State of New Jersey.
In return, the Corps stated that no dredging will be performed in
the Delaware River, Philadelphia to Trenton, until the matter is re-
solved.

The following have local cooperation requirements concerning
disposal areas:

Delaware River, Philadelphia to Trenton - locals must furnish
spoil disposal areas, however Federal responsibility for costs of
disposal site preparation, has been cited.

• Neshaminy State Park Marina, Pa. - preparation of disposal areas
a local responsibility,

Pepper Creek, Del. - preparation of disposal areas a local
responsibility.
(The remaining projects all have the local interests providing suitable
spoil disposal areas with no intent for Federal costs apparent).

Mantua Creek, NJ

, Big Timber Creek, NJ

, Mispillion River, Del.

Little River, Del.

Cohansey River, NJ

. Inland Waterway, Rehoboth Bay to Delaware Bay, Del.

. Waterway from Indian River Inlet to Rehoboth Bay, Del.

. Indian River Inlet and Bay, Del.

A5
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V. RESOLUTION

A. Backup

1. Recognizing the spoil disposal problem the Delaware River
Basin Commission adopted Resolution No. 74-8, on 26 June 1974. This
resolution requested that the Corps of Engineers expedite its continuing
authorized navigation studies and that its initial efforts be directed
toward:

a. The development of a dredging spoil disposal plan
for the tidal Delaware River, its tidal tributaries and Delaware Bay; and

b. Designation of specific sites which may be used, with
minimum degradation of the natural environment, by both the public and
private sectors for the disposal of dredging spoil during the next ten
years and the identification of potential sites which may be used for
this purpose thereafter. This was to include an appraisal of the environ-
mental impacts of utilizing dry, marsh and submerged sites for spoil dis-
posal. During tv e course of preparing this plan the Corps of Engineers was
requested to draw upoi the services of and consult with other Federal and
state agencies having responsibilities for environmental protection of
the Delaware Estuary and Bay. Copies of this resolution were made available
to the Chief of Engineers, the Secretary of the Army and the Congressional

delegates of the Delaware River Basin.

2. Following the passage of this resolution, Senators William
V. Roth. Jr. and Joseph R. Biden, Jr. of Delaware requested that the Senate
Committee on Public Works consider the problem. Accordingly, on 20 Septem-
ber 1974 a resolution concerning a study to develop a regional dredging
spoil disposal plan for the tidal Delaware River, its tidal tributaries and
Delaware Bay was adopted by the Senate Committee on Public Works. In addit-
ion, on 24 July 1978 the Senate Committee on the Environment and Public Works
increased the scope of the study to include Indian River Inlet and Bay.

B. RESOLVED BY THE COMMITTEE ON PUBLIC WORKS OF THE UNITED STATES
SENATE, "That the Board of Engineers for Rivers and Harbors, created under
the provisions of Section 3 of the River and Harbor Act approved June 13, 1902,
be, and is hereby requested to review the report of the Chief of Engineers

on the Delaware River between Philadelphia, Pennsylvania, and Trenton, New
Jersey, and Philadelphia to the Sea, printed as House Document 358, 83rd
Congress, 2nd Session, and other reports with a view to developing a regional
dredging spoil disposal plan for the tidal Delaware River, its tidal tribu-
taries, and Delaware Bay."

4
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NO. 7.*-8

A RESOLUTION with regard to a dredin', sp(,Ie disposal plan.

WHEREAS, the econoaic welfa-v of the Delaware Valley is dependent
upon the maintenance of its deepwater naviqation facilities; and

WHEREAS, to maintain naviqa:iwi ii, the tidal Delaware River and
its. tributaries requires an average aruai rer'oval and disposal of nearly
1,00,O00 cubic yards of material; and

WHEREAS, it is necessary to aprr.ise the environmental consequences
of utilizing either dry, marsh, or sulnergpre lands at sites for disposal of
dredginq spoil. and

WHEREAS, the ever-increasirv, competition for land among agricultural,
industrial, environmental and naviqationai concerns mandates an early
resolution to these potential conflicts; and

WHEREAS, the U. S. Army Corps of Lngineers has been authorized by
Congressional resolution to study the feasihility of modifying the chaninel
dimensions of the Delaware River and developing a regional port systen for
the Delaware Valley; and

WHEREAS, the U. S. Amy Corps of Lnnineers and other agencies in
the course of previous studies have amassed substantial data relatinq to the
problems of spoil disposal which can form the basis of a sound regional site
disposal plan; now therefore

BE IT RESOLVED by the Delaware River Basin Commission:

1. The U. S. Amy Corps of Lngineers, Philadelphia District, is
requested to expedite its continuing authorized navigation studies and that
its initial efforts be directed toward:

(a) The development of a dredging spoil disposal plan for
the tidal Delaware 'iverits tidal tributaries and Delaware Bay; and

(b) Desination of s5ec:fic sites which may be used, with
minimum degradation of the natura environrint, by both the public and
private sectors for the disposal of dredginq spoil during the next ten years

and the identification of potential sites which may be used for this purpose

thereafter.

2. Duri~nn the c(,urse of preparinq a dredging spoil disposal plan

the U. S. Army Corps of [nnineers is further requested to draw upon the
services of and consult with other fed.'ral ,and state agencies having responsi-

v bilities for environmental protection of t1-P Delaware Estuary and Bay.

3. Copies of this Resolution shall be made available to the Chief

of Engineers, the Secretary of the Army and the Congressional delegates of
the Delaware River Basir.

CIhirma :

ADOPTED: June 26, 1974 Secretary
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95th Congress

2nd Sosslon .inie stctes z mctnte

COMMI1TUT ON R04VIRONMENT AMD PUBLIC WORKS

COMMITTEE RESOLUTION

RESOLVED BY THE COMMITTEE ON ENVIRONMENT AND PUBLIC WORKS OF THE UNITED STATES SENATE,

'That the Mloard of I;nginco''r, for Rivers ;nd IIarhors, cre;ited mder he provision of

Sect ion 3 of the River and larbor Act approved .Ime 13, 19(12, he, and is herChy

requested to review the report of the (hief of frngineers on the lkelawarc River

hetwevn Ihiladelphia, Pennsylvania, and Trenton, New Jersey, and Philmlelphia to

the S ea, printed as lkuse Iktumnt No. 330, Seventy-sixth Congress, anld other

reports with a view to developing a regional dredging -poil dispnsal plan For

the tidal hlolawarc River, its idal trhutario., and ilawhro muy, ,nd Irmitnr,

River Inlet and Bay.

!

Jennings. ftxolph, Robert T. StAffo,

Adopted: ..... ..2..,.. 78 ....

(At the request of Senator William V. froth, Jr., from Delaware)
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DEPARTMENT OF THE ARMY
PHILADELPHIA DISTRICT. CORPS OF ENGINEERS

CUSTOM HOUSE-2 0 & CHESTNUT STREETS

PHILADELPHIA, PENNSYLVANIA 19106

IN REPLY NEWER TO

NAPEN-R 23 February 1978

Dear Sir:

I am pleased to inform you that we have initiated the Delaware River Dredg-
ing Disposal Study. The purpose of this Congressionally authorized study
is to develop a regional dredging spoil disposal plan for the tidal portions
of the Delaware River, its tidal tributaries, and Delaware Bay, extending
from Trenton, New Jersey, to the sea. This study was authorized by the
United States Senate Committee on Public Works on 20 September 1974. Ef-
forts in the following year will concentrate on establishing a systematic
program for conducting the study.

The study is expected to include investigations of the following: current
and future dredging requirements of Federal, State and private interests;
potential future spoil disposal sites; alternative dredged spoil disposal
and utilization techniques; competing land use demands among agricultural,
industrial, environmental and navigational interests; and economic, en-
vironmental and social impacts of all potential alternatives. The study
will also assess the current and projected future problems associated
with present dredging disposal methods and include an active public in-
volvement and participation program.

We welcome any contribution you can make to this study. In particular,
your views regarding the significance of the dredging disposal problem
would be appreciated.

We look forward to your assistance. As the study progresses, we will
inform you of major developments, so that your views may be obtained
on all aspects.

Sincerely yours,

JOEL T. CALLAMN
Lieutenant Colonel, Corps of Enigineers
Acting District Engineer

B-151
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CARMEN F GUARINO WATER DEPARTMENT
COMMISSIONER

1180 MUNICIPAL SERVICES BUILDING

PHILADELPHIA, PA. 19107

February 28, 1978
Joel T. Callahan
Lieut. Colonel, Corps of Engineers
Acting District Engineer
Department of the Army
Custom House, 2nd and Chestnut Sts.
Philadelphia, Pa. 19106

RE: Your NAPEN-R

Dear Colonel Callahan:

Thank you for your letter of February 23, 1978 in which you informed me that
the Corps of Engineers has initiated the Delaware River Dredging Disposal
Study. The items contained in your proposed investigation seem to cover what
would be necessary to attain knowledge in order to assess any current and
projected future problems associated with present dredging disposal methods.

Our primary interest in your study stems that the City of Philadelphia oper-
ates the Torresdale Water Treatment Plant on the Delaware which provides
drinking water to over one million persons as well as the needs of industry.
In the operation of the Torresdale Plant, we are concerned that dredging on
the Delaware and disposal of dredge spoil will not impact the water supply
to the Torresdale Water Treatment Plant. In the past, poor dredging methods
and inadequate supervision of dredging contracts had unnecessarily raised
the turbidity levels of the river water causing the Water Department to ex-
perience considerable additional expenditures for chemicals used in the
treatment of these turbid waters. We would like to point out that improper
dredging and disposal methods can resuspend elements undesirable for water
supplies into the water column. These elements heretofore have been part
of the bottom deposits of the river.

As your study progresses, we will appreciate if you would inform us of any
major developments. I would also like to assure you that you would have our
assistance in the event you fo nd this necessary and desirable.

ous2rul 4/

Carmen F. ino
Water Commi sioner

B-152
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CITY OF CAMDEN
DIVISION OF ECONOMIC I)EVELOPMENT

CITY HALL -- 1Oth FLOOR
CAMDEN, NEW JERSEY 08101

(609) 757-7488 JOHN R. OBER
DIRECTOR

March 6, 1978

Mr. Joel T. Callahan
Lieutenant Colonel, Corps of Engineers
Acting District Engineer
Department of the Army
Philadelphia District Corps of Engineers
Custom House - 2D & Chestnut Streets
Philadelphia, Pennsylvania 19106

Dear Colonel Callahan:

In response to your letter to the City of Camden of February
23rd I should like to advise you that the City owns land that
might be suitable for a spoils disposal area.

As to future dredging requirements the City is about to be-
gin an extensive port expansion program that no doubt will re-
quire additional dredging.

I would like to meet with you to explain our problem so that
they will be considered by the Corps in future plans.

Please contact my office at your earliest convenience to
arrange a meeting.

I look forward to co-operating with you on this very important
project.

Very truly yours,

V. /j4 11

JOHN R. Ober
Director

JRO/dc
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STATE OF DELAWARE

DEPARTMENT OF NATURAL RESOURCES

& ENVIRONMENTAL CONTROL

DIVISION OF FISH AND WILDLIFE
EDWARD TATNALL BUILDING

OFFCE OF THE C)OVER, DELAWARE 19901 PI-INE (302) 678 4431

DIRECTOR

March 7, 1978

Mr. Joel T. Callahan
Lieutenant Colonel, Corps of Engineers
Acting District Engineer
Department of the Army
Custom House 2nd & Chestnut Sts.
Philadelphia, Pa. 19106

Dear Lt. Col. Callahan:

The Delaware Division of Fish and Wildlife, Department
of Natural Resources and Environmental Control, is pleased
to acknowledge your Delaware River Dredging Disposal Study.
We will assist you in all phases regarding our fish and wild-
life resources to our mutual concern for the conservation of
their habitat.

Respectfully .

Charles A. Lesser
Manager of Fisheries
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STATE OF NEw JERSEY

DEPARTMENT OF PUBLIC UTILITIES

GEORGE H.BARBOUR
COMMISSIONER

NEWARK, N.J. March 7, 1978

Joel T. Callahan
Lieutenant Colonel, Corps of Engineers
Department of the Army
Custom House - 2D & Chestnut Streets
Philadelphia, PA

Dear Colonel Callahan:

Thank you for your letter of February 23, 1978 regarding the
Delaware River Disposal Dredging Study.

As President of the Board of Public Utilities, I can advise
you that this agency has no relationship to the proposed dredging
study.

Sincerely,

President

VB

.1
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-COUNTY OF-BUCKS
BUCKS COUNTY PLANNING COMMISSION

Cross Keys Office Center, Boxl2 - 4259 Swamp Road, Doylestown. Pa. 18901 - 215-348-2911

Count' Commissioners
GEORGE M. METZGER Chairman Elinore R. Ridge Daniel K. Cook A. Katherine Lattomus

G. ROGER BOWERS, Esq. Vice Chairman Chairman Secretary
JOSEPH F. CATANIA Ralph R. Pisani Robert E. Moore A. Marlyn Moyer, Jr.

Harold 0. Gross, Jr. Executive Director Frank B. Uphoff
William R. Snyder Michael S. Morrison

March 7, 1978

Joel T. Callahan, Lt. Colonel
Acting District Engineer, Corps of Engineers
Department of the Army, Custom House
2nd and Chestnut Streets 4
Philadelphia, Pa. 19106

Dear Col. Callahan:

We were interested to learn of the Delaware River Dredging

Disposal Study which your office has initiated. You may be
aware that the Bucks County Planning Commission has been very
interested in the problems of soil erosion and we have worked
with local government to enact regulations which would retain
soil on the land and limit soil erosion caused by water runoff.
Other Bucks County agencies such as the Bucks County Conserva-
tion District have been working with farmers and other large
land owners to limit soil erosion.

We are most interested in two aspects of your study:
1) What areas will be dredged?
2) Where are the disposal sites?
When your study reaches a point where recommendations are
offered for these two questions, we would like to have the
opportunity to comment.

Sincerely yours,

Kenneth D. Kugel, Ch f 
Countywide Planning

KDK/KBL/ko

B-156
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STATE OF DELAWARE

DEPARTMENT OF COMMUNITY AFFAIRS

& ECONOMIC DEVELOPMENT

DIVISION OF ECONOMIC DEVELOPMENT
630 STATE COLLEGE ROAD

DOVER. DELAWARE 19901 PHONE (302) 678 4254

March 9, 1978

Lt. Colonel Joel T. Callahan
Acting District Engineer
Corps of Engineers
Custom House - 2nd & Chestnut Streets
Philadelphia, Pennsylvania 19106

Dear Colonel Callahan:

We recently received your notification of the pending
study to be conducted for the purpose of establishing a regional
dredging spoil plan for the tidal portions of the Delaware River.
The Division of Economic Development, along with other state
agencies, is very interested in participating and keeping abreast
of the progress of this study.

Currently, the Division is attempting to encourage the
development of Breakwater Harbor, in Lewes, as a support base
facility for OCS activity. In addition, the Port of Wilmington
is being encouraged to expand its operations, and several parcels
of property along the Delaware River are being targeted for indus-
trial activity. All of these particular projects will involve
dredging to some degree. 11ow extensive the dredging will be has
yet to be determined but if any of the projects move off the drawing
board, they should play a role in the disposal study.

As we become aware of details concerning these and any
other projects, we will send them to you. If you have any questions,
please contact me any time.

Cordially,

William i. cDerbott

Industrial Development Coordinator

WJ Mc: j pw

B-157
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COUNTY OF DELAWARE 4.

COURT HOUSE

MEDIA. PENNSYLVANIA 19063

A C 215 8 91-2:3 8FAITH RYAN WHTTrLESEY 9Mrh17
S9 March 1978 OFFICE OF THE PLANNING DEPARTMENT

CHARLES C. KEELER WILLIAM H. BATES
v,c- r- .. au.'a. CH*IUM k

WILLIAM A. SPINGLER THOMABJ.JUDGE

HAROLD F. JONES
Lt. Colonel Joel T. Callahan, .........
Acting District Engineer
U.S. Army Corps of Engineers
Custom House
2nd & Chestnut Streets
Philadelphia, Pennsylvania 19106

RE: NAPEN-R. Delaware River
Dredging Disposal Study

Dear Colonel Callahan:

The Delaware County Planning Department will be happy to
participate in the Delaware River Dredging Disposal Study.

Most of our recent pub?.ications (Land Use 2000, Business
Patterns, Industrial Patterns, Housing Plan) have been submitted
to the Corps in relation to the Chester Creek Basin Study.

We would be happy to meet to supply data which we might
have to assist you in the study.

Very truly yours,

H. Edward Miles,
Associate Director

HEM/dc

4.,

'I
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Offic of the .'

DqhnntorPhin uamuenuCounty%
Joseph T. Patermo, PP, AIP" 2276 N. 43rd Street, Pennsauken, NJ. 08110

Planning Director (609) 757-8620
Ralph L. Crollick, PP, AlP (Assoc.)
Deputy Director March 9, 1978

Hilliard T. Moore, Sr..
Freeholder Chairman,
Committee on Transportation & Planning

Joel T. Callahan, Lieutenant Colonel
Corp of Engineers
Custom House, Second and Chestnut Streets
Philadelphia, Pennsylvania 19106

Re: Napen-R
Dredging Spoil Disposal Plan

Dear Lt. Col. Callahan:

As you are aware, Camden County in conjunction with DVRPC
and the Army Corp is engaged in the 208 and SNJWRS studies and
the findings from these studies will be relevant to the Dredging
Disposal Study. Camden County looks forward to working closely
with you on this project.

Camden County is also involved in two other programs which
are relevant; the ongoing OCS Study and the Delaware River Water-
front Communities District Planning Project could provide and
specifically, the District Planning Project could serve as an
element of the Corp Public Participation mechanism.

ry ruly urs,

• PAT PP, AIP
D;n i re or

anning Dir or

JTP/cr
cc: Earl Bennett, Principal Planner

r
*1
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BUCKS COUNTY CONSERVATION DISTRICT
57 WEST COURT STREET

DOYLESTOWN, PENNSYLVANIA 18901

March 10, 1978

Lt. Colonel Joel T. Callahan
Acting District Engineer
U.S. Army Corps of Engineers
Custom House
2nd and Chestnut Streets
Philadelphia, Pa. 19106

Reference: NAPEN - R

Dear Lt. Colonel Callahan:

The Bucks County Conservation District does not have any direct
involvement or high priority concerns in reference to the dredg-
ing disposal problem.

We are, however, vitally concerned with the preservation of
agriciltural land in Bucks County and the protection of our soil
and water resources. In the event that dredge spoil disposal
is proposed in Bucks County, this office would appreciate
being notified.

Thank you for informing us about the Corps' study.

Respectfully yours,

David W. Acton
Fxecutive Assistant

B1
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IWgPiTH OF PENNsy l

C OMIAL~o Ai

DEPARTMENT OF ENVIRONMENTAL RESOURCES In reply refer to
P. o. 9oX 1407 IN

HANNISSUNG. P9NN1VLVANIA 17120 6-A.1

TM S.ctetay March 10, 1978

Col. Harry V. Dutchyshyn
District Engineer
Philadelphia District - Corps of Engineers
CuLstODm kMISe - Second .9nd Cbestniut Streets
Philadelphia, Pennsylvania 19106

Dear Colonel Iutchyshyn:

Governor Milton J. Shapp has asked me to reply to the letter of
February 23, 1978, from Lieutenant Colonel Joel T. Callahan, Acting
District Engineer, regarding the Congressionally authorized study to
develop a regional dredging spoil disposal plan for the tidal portions
of the Delaware River from Trenton, New Jersey, to the sea. I
received a similar letter.

One thing we have become very much aware of, as we fulfilled our
commitment to provide spoil disposal areas in Pennsylvania for the
maintenance dredging of the Delaware River Ship Channel, was the unavail-
ability of new spoil disposal areas as the old ones became filled to
capacity. Once the remaining riverside disposal areas are filled, which
could occur in less than ten (10) years, we foresee many problems and
great expense in providing sites on which to place future dredged
material.

Consequently, we are very pleased to learn that you have initiated
this study. As the study progresses, if we can be of assistance, we
will be happy to cooperate in any way possible.

As you are aware, the Department of Environmental Resources is
responsible for the Commorealth's participation in the Delaware River
Ship Channel maintenance dredging program. It would be appreciated if
you would keep me advised of your progress in the study and thereby
assure our full cooperation as it is needed.

'1 S,.ncere y y

B-1.61



STATE OF DELAWARE
DIVISION OF HISTORICAL AND CULTURAL AFFAIRS

HALL OF RECORDS * DOVER * 19901
(302) 678-5314

March 13, 1978

Mr. Joel T. Callahan
Lieutenant Colonel, Corps of Engineers
Acting District Engineer
Department of the Army
Custom House
2nd & Chestnut Streets
Philadelphia, Pennsylvania 19106

Dear Lt. Col. Callahan:

The Division of Historical and Cultural Affairs is willing to assist
the Army Corps of Engineers with whatever relevant information it may
contribute to your regional dredging spoil disposal plan. The Bureau
of Archaeology and Historic Preservation is the agency within this Division
which maintains the cultural resource data from the state and will therefore
be the responsive bureau for this matter.

At the outset, I would like to express our primary concerns surrounding

any proposed dredging operations. First, there is a potential adverse
effect on cultural resources as the result of the actual dredging as well
as, through vegetation clearing, and equipment placement. Second, where
is the spoil disposal sites to be located? This placement may adversely
effect cultural resources as well.

Presently, our comprehensive survey of the cultural resources of Delaware
is far from complete. However, the information we have available for
actual and anticipated resource location may provide valuable planning
assistance. May I suggest that you contact Ms. Faye L. Stocum, Bureau
of Archaeology and Historic Preservation, at the above address for further
coordination on this matter.

awrence C. He

Director/State Historic
4 Preservation Officer

4i.
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CAPE MAY COUNTY PLANNING BOARD
March 15, 1978

Joel T. Callahan, Lieutenant Colonel
Army Corps of Engineers
Custom House - 2nd & Chestnut Streets
Philadelphia, Pennsylvania 19106

Dear Colonel Callahan:

We are pleased to learn that a Delaware River Dredging Disposal Study has
been initiated. While it is quite likely that the major focus of the
Study will be on the major shipping channel, its related tributaries and
facilities, we wonder if the following subjects and areas will receive
attention.

1. A long range plan for utilization of dredge spoils of suitable
quality for the restoration and maintenance of beaches on the lower Cape
May County coast, including Middle Township, Lower Township, Cape May Point,
and Cape May City.

2. The maintenance of general purpose access channel approaches to
the Cape May Canal.

3. The opening and maintenance of small craft access channels to Bid-
well's Creek.

Please advise me if the scope of the Study is flexible enough to consider
the above subjects so that we may follow its progress and make suggestions
on specific topics of concern.

Sin e y,

Elwood R. Jarmer
Director

ER.J:de
cc: Freeholder Thornton

Congressman Hughes
Mr. Neil Clarke, Co. Engineer
Mr. Fred Coldren, Federal Funding

F.

'II



" DELAWARE RIVER BASIN COMMISSION

P. 0. BOX 7360

0 WEST TRENTON, NEW JERSEY OB628

(509) B83-SS00

March 15, 1978 HEADDUARTERS LOCATION

GERALD M HANSLER 25 STATE POLICE DRIVE

EXECUTIVE DIRECTOR WEST TRENTON, N J

Lt. Colonel Joel T. Callahan
Acting District Engineer
U.S. Army Corps of Engineers
Custom House - 2 D & Chestnut Streets
Philadelphia, Pennsylvania 19106

Re: NAPEN-R

Dear Colonel Callahan:

This is in response to your letter of February 23, 1978, informing the
Delaware River Basin Commission that the Corps of Engineers has initiated a Delaware
River Dredging Disposal Study, and soliciting the views of the Commission regarding
the significance of the dredging disposal problem.

The Delaware River Basin Commission has long recognized the seriousness
of the dredging disposal problem in the tidal Delaware River Basin and has supported
and encouraged efforts for such a study. For your information, enclosed are copies
of Commission Resolution No. 74-8, officially supporting such a study, and a letter
of July 13, 1977 from Mr. Howlett to Colonel Dutchyshyn, reiterating the Commission's
interest in this matter.

We are pleased to note it is intended that the study will include the
requirements of the private sector, as well as those of the public sector. We would
also suggest that the study investigate the possibility of incorporating Delaware Estuary
waste treatment plant sludge for disposal along with the dredging spoils.

The Commission staff welcomes the opportunity to cooperate fully with the
staff of the Corps of Engineers in all phases of this investigation.

Sincerely,

Gerald M. Hansler
U-

Enclosures
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NO. 74-8

A RESOLUTION with regard to a dredging spoil disposal plan.

WHEREAS, the economic welfare of the Delaware Valley is depenuent
upon the maintenance of its deepwater navigation facilities; and

WHEREAS, to maintain navigation in the tidal Delaware River and
its tributaries requires an average annual removal and disposal of nearly
11,000,000 cubic yards of material; and .

WHEREAS, it is necessary to appraise the environmental consequences
of utilizinn either dry, marsh, or submerged lands at sites for disposal of
dredging spoil; and

WHEREAS, the ever-increasing competition for land among agricultural,
industrial, environmental and navigational concerns mandates an early
resolution to these potential conflicts; and

WHEREAS, the U. S. Army Corps of Engineers has been authorized by
Congressional resolution to study the feasibility of modifying the channel
dimensions of the Delaware River and developing a regional port system for
the Delaware Valley; and

WHEREAS, the U. S. Army Corps of Engineers and other agencies in
the course of previous studies have amassed substantial data relating to the
problems of spoil disposal which can form the basis of a sound regional site
disposal plan; now therefore

BE IT RESOLVED by the Delaware River Basin Commission:

1. The U. S. Amy Corps of Engineers, Philadelphia District, is
requested to expedite its continuing authorized navigation studies and that
its initial efforts be directed toward:

(a) The development of a dredqing spoil disposal plan for
the tidal Delaware River, its tidal tributaries and Delaware Bay; and

(b) Desinnation of snecific sites which may be used, with
nlinimum degradation of the natural environment, by both the public and
private sectors for the disposal of dredging spoil during the next ten years
and the identification of potential sites which may be used for this purpose
thereafter.

2. Durinn the course of preparing a dredging spoil disposal plan
the U. S. Army Corns of Ennineers is further requested to draw upon the
services of and consult with other federal and state anencies havinn responsi-
bilities for environmental protection of the Delaware Estuary and Cay.

3. Copies of this Resolution shall be made available to the Chief
of Engineers, the Secretary of the Amy and the Congressional delegates of
the Delaware River Basin.

Chairman

F ADOPTED: June 26, 1974 Secretary
.B_16 5
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DELAWARE RIVER BASIN C13MMIS51ON
P. 0. BOX 7360

WEST TRENTON,NEW JERSEY 05628

(609) 83-950

SEP HEADOUARTERS LOCATION

2S STATE POLICE DRIVE

EXECUTIVE OIRECTOR July 13, 1977 WEST TRENTON N J

Col. Harry V. Dutchyshyn, Dist. Engr.
U. S. Army Corps of Engineers
Custom House
2nd and Chestnut Sts.
Philadelphia, Pa. 19107

Dear Col. Dutchyshyn:

As you know, the Delaware River Basin Commission is very much
aware of the problem of finding suitable disposal sites for dredge spoil
in the Delaware estuary region. The Commission has been involved in dredge
spoil disposal problems upon various occasions in the past, most recently
in connection with the American Dredging Company application (D-74-66 rev.).
The preparation of an environmentally acceptable regional disposal plan for
both the private and public sectors that identifies disposal sites is a
vital need for this region at this time. Such a plan was officially
supported by the Commission in June of 1974 in Resolution No. 74-8, copy
of which is enclosed for your convenience.

It is our understanding that the Corps of Engineers has requested
* funds to initiate a Delaware River dredging disposal study during fiscal

1978, and that the prospects are very good that this study will be funded by
the Congress. By this letter, I am reminding you of the Commission's interest

4. in this matter and its desire to see a regional disposal plan brought into
being at the earliest possible date. Commission staff will be glad to coop-
erate with your staff in the preparation of the study design and to make
available whatever information it has that may be useful.

Sincerely,

Herbert A. Howlett
Chief Engineer and

r Acting Executive Director

enc.
cc: Members of the DRBC
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THoF PENN.
oWEALANIA

COM,

DEPARTMENT OF ENVIRONMENTAL RESOURCES

P. o. BOX 1467

HARRISBURG. PENNSYLVANIA 17120

March 16, 1978 Refer to RM-P-M

Lt. Col. Joel T. Callahan
Acting District Engineer
Philadelphia District, Corps of Engineers
Custom House - 2D & Chestnut Streets
Philadelphia, Pennsylvania 19106

Dear Colonel Callahan:

This letter is in response to your notice of February 23,
1978, regarding the initiation of the Delaware River Dredging
Disposal Study.

The Bureau of State Parks operates the Neshaminy State
Park Marina located on the Delaware River at Cornwells Heights,
Pennsylvania. Under the terns of the Local Cooperation Agreement
signed in April of 1964, the Corps of Engineers, pursuant to the
requirements of Section 107 of the River and Harbor Act, is respon-
sible for dredging the entrance channel, access channel, anchorage
area and turning basin of the Marina.

We request that the above be considered during the course
of your study. For your information, a disposal area for the dredg-
ing material still exists within Neshaminy State Park.

Please keep us informed as your study progresses.

Sincerely yours,

William C. Forrey, Di tor
Bureau of State Parke
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DEPARTMENT OF ENVIRONMENTAL RESOURCES
POST OFFICE BOX 20b3

HARRISBURG. PE NNSYLVANIA 11120

March 16, 1978

In reply refer to:
14-11.3

Lieutenant Colonel Joel T. Callahan

Acting District Engineer

Department of the Army
Philadelphia District 3
Corps of Engineers
Custom House-2 D and Chestnut Streets
Philadelphia, PA 19106

Dear Colonel Callahan:

With reference to your letter of February 23, I enclose a copy of
the study by Colonel Wisdom which included a consideration of the

dredging disposal for the Delaware. I am sending this to you in case

you have not seen a copy of this report.

With my best regards.

Sincerely yours,

Walter A. Lyon, Director

Bureau of Water Quality Management

Enclosure

V
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DELAWARE VALIEY

REGIONAL PLANNING COMMISSION

Penn Towers Building. 1810 J. F. Kennedy Blvd.. Philadelphia, Penna. 19103 LOcuot 7-3000

March 21, 1978

Lieutenant Colonel Joel T. Callahan,
Acting District Engineer

Philadelphia District Corps of Engineers

Custom House, Second & Chestnut Sts.,

Philadelphia, Pennsylvania 19106

Dear Lt. Callahan:

Thank you for your letter announcing the initiation of the Delaware River

Dredging Disposal Study.

The Delaware Valley Regional Planning Commission is actively involved in
a number of planning projects which have a major interest in channel
maintenance and spoil disposal.

We have prepared a Coastal Zone Management Program for the Pennsylvania

side of the estuary, between Morrisville and Marcus Hook. A major area
of interest in this program is the identification of areas appropriate

for spoil disposal. The study emphasizes that disposal is a use of re-
gional benefit and describes the process as being of "greater-than-local"

concern. The study attempts to balance preservation of remaining natural
areas, with a need to encourage port development and revitalize under-
utilized industrial riverfront. Critical areas for both preservation and

shoreline development have been described and mapped in detail. Even-
tually funds will be channeled to local governments to enable them to
review and revise comprehensive plans and zoning ordinances to reflect

regional goals for the wise use of shorefront resources.

During the preparation of the Coastal Management Program we have contacted
and worked closely with a number of Federal and State Agencies, county

planning commissions, port authorities, riverfront industries and inter-
ested citizens. We have developed mailing lists and promoted the program

through a special newsletter (copy attached).

In addition to being extremely familiar with Pennsylvania's Coastal Pro-

gram we have maintained liaison with the coastal program in New Jersey
and Delaware.

In addition to this work the DVRPC has recently completed a series of

"208" Water Quality Management Plans for the nine county, 4000 square
mile Delaware Valley Region. Part of the effort required research into

B-169
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"Best Management Practices" (BMP) for controlling non-point source of pol-
lution, including dredging.

In summary I am sure this office can be of assistance during the upcoming
study. Depending on the level of our involvement you may wish to enter
into a contract with this agency as was done for the Southern New Jersey
Water Resources Study. If this is impossible we would be glad to assist
in a study design or steering committee role. If you have any questions
about our past efforts, or staff capabilities, please feel free to contact
me.

Very truly yours,

Land Resources Planning

ENCL:

,4
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DEPARTMENT OF THE ARMY
WATERWAYS EXPERIMENT STATION. CORPS OF ENGINEERS

P. O. BOX 631

VICKSBURG. MISSISSIPPI 39180

,N ,,L ..... O . WESYV 21 March 1978

SUBJECT: Delaware River Dredging Disposal Study

District Engineer
U.S. Army Engineer District, Philadelphia
Custom House--2D & Chestnut Streets
Philadelphia, PA 19106

1. We have been aware of, and have followed with interest, events leading
to the authorization of the subject study, and feel that such a com-
prehensive regional plan is truly a major step toward a lasting solution
to the dredged material disposal problems of the Delaware estuary.

2. You are no doubt aware of the general nature of the contribution
that has been made as a result of our conduct of the Dredged Material
Research Program (DMRP). Ending this month, the DMRP included many
studies of a generic nature that should help establish a firm base from
which to investigate the specific disposal effects and alternative
disposal methods feasible in your area. In view of the nearly 200
reports to result from the DMRP (about 100 this fiscal year) and the
recognized difficulty any field element will experience in knowing what
is contained in this library of information and how it can be applied,
an effort is being initiated at the Waterways Experiment Station that
should be brought to your attention.

3. Under sponsorship of the Office, Chief of Engineers (Construction-
Operations Division), we are establishing a technical advisory team for

! the specific purpose of assisting Corps 0 istricts and Divisions and the

agencies and groups they interrelate with in understanding the significance
of DMRP results and how they can be applied to individual projects or
studies. To be managed under the name Dredging Operations Technical
Support (DOTS), this interpersonal mode of technology transfer will be
available to your staff to assist you in implementing the Delaware River

3-171
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2 1 MAR

WESYV
SUBJECT: Delaware River Dredging Disposal Study

Dredging Disposal Study or other activities in your District should you
deem it necessary. Please contact me directly in the event we can be of
assistance to you in this matter, and I indeed would like to be kept
informed of the progress and major developments in your study.

J LCANNON
Colonel, Corps of Engineers
Commander and Director

2
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DEPARTMENT OF THE AIR FORCE
REGIONAL CIVIL ENGINEER. EASTERN REGION (HQ USAF)

326 TITLE BUILDING. 30 PRYOR STREET. S.W.
ATLANTA. GEORGIA 3033

REILY TO

ATT OF, ROV 27 March 1978

SIRAIECY Delaware River Dredging Disposal Study (Your Ltr, 23 Feb 78)

Philadelphia District/NAPEN-R

1. The Air Force Regional Civil Engineer, Eastern Region, has been
designated by Headquarters Air Force as the Air Force point of
contact for subject study.

2. We will contact affected Air Force installations in the vicinities
of the study area and request they evaluate and comment on their
activities in relationship with the concern mentioned in your letter.
Subsequent to that time, we will furnish your office with a consolidated
Air Force response which may benefit you in developing the study.

3. Mr. Sherrill Shepherd will be the project manager for this study
and may be contacted at FTS 242-6821.

FOR THE CHIEF OF STAFF

ROBERT L. WONG Cy to: HQ USAF/PREV
Chief, Environmental Planning Division

.r
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%TV Or WILLIAM T McLAUGH

City of Wilmington, Delaware
City', County Building 800 French Street 19801

TV0"

April 3, 1978

Department of the Army
District Corps of Engineers
Custom House
2nd & Chestnut Street
Philadelphia, PA 19106

ATTENTION: Joel T. Callahan, Lt. Col.
Corps of Engineers
Acting District Engineer

Gentlemen:

In response to your letter of February 23, 1978, New Castle County and
the City of Wilmington wish to express their interest in participating
in the dredge-spoil program proposed for the Delaware River maintenance.

As you may know, New Castle County presently operates a sanitary
landfill on the site directly adjacent to the north side of the
Delaware Memorial Bridges. The County owns property adjoining the
landfill site to the north which abuts the existing Port of Wilmington
property. This represents a control of the river front of
approximately 7,000 lineal feet.

New Castle County and the Port of Wilmington have jointly discussed,
with the Corps of Engineers, a program that would extend the existing
lands to approximately the bulkhead line. It appears that
approximately 250 acres of land could be created in this vicinity.
This would extend from the Christina River south to approximately the
railroad which is located at Pigeon Point. The bulkhead line would
conform to the existing bulkhead line to the north of the Christina
River which marks the limits of Cherry Island. Both the Pigeon Point

*j landfill site and the areas to the north of the railroad were
previously used by the Corps of Engineers for dredge-spoil areas.

8-174
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April 3, 1978
Page #2

We appreciate the complex nature of dike construction out into the
river. However, we also can visualize the extreme potential benefit to
the citizens of Delaware and, in particular, the residents of New
Castle County and the City of Wilmington for the development of this
site through a partnership between the Corps of Engineers, the City of
Wilmington, and New Castle County. Land could be created for
dredge-spoil for the Corps for probably 10 to 15 years. Portions of
this land could be utilized by the solid waste processing operations
proposed for the County-owned property with the ultimate goal to expand
the Port of Wilmington to take over these lands and thereby minimize
the continuing dredging requirements of the Christina River to maintain
the existing port operations.

The dredging disposal problem is one which has been affecting the Port
of Wilmington's operations and will continue to become more of a
problem in the future if solutions are not found and actions taken.
The significance of the study lies in the fact that the Port's current
spoil areas will approach maximum utilization by the year 1984. For
this reason, a new spoil area to handle Christina River dredgings must
be established and in operation prior to 1984. The establishment of
this new spoil area will buy the time necessary for an expansion of the
Port along the Delaware River where the dredging requirements will be
substantially less. We would ask the Corps' maximum participation in
the establishment of this spoil area.

A further possibility for the disposal of dredging spoil involves the
use of a significant amount of spoil in the South Walnut Street area to
raise the elevations above flood levels. Either the Corps would
deposit the dredgings there or they could allow the City to remove
consolidated spoil from disposal areas near the river which would save
the cost of materials and increase the life of the spoil area.

A program of this type will definitely require large expenditures and
is a plan that is far reaching with respect to time. We believe that
all parties involved should meet to discuss this feasibility, and the
sharing of cost and of benefits that may be derived from this plan.
Whatever course is taken by the Corps it must be recognized that the
Port of Wilmington and its continued operation is crucial to the
vitality of the City, County, State and region. For this reason, we
feel that the proposed study is of vital importance and we support it

ii wholeheartedly.
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April 3, 1978
Page #3

We look forward to the opportunity to discuss this project with you.
If there are any questions concerning the above, please do not hesitate
to contact us.

/Very truly yours,

W.T. McLaughl n or
Mayor of Wilmington Cou fy E ecutive
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SIN REPLY PLEASE REFER TO

Phil. Dist. COE
Delaware River Dredging

Otats of No, Atrel Study
DEPARTMENT OF TRANSPORTATION

ALAN SAGNER 1O35 PARKWAY AVENUE

COMMISSIONER TRENTON. NEW JERSEY 08625

April 18, 1978

Lt. Col. Joel T. Callahan
Acting District Engineer
Philadelphia District COE
Custom House, 2nd and Chestnut Sts.
Philadelphia, Pa.

Dear Sir:

As a first response to your solicitation of NJDOT views and/or informational
input into the above-referenced study, please be advised that NJDOT is now
in the process of collecting data that might be pertinent from our various
Bureaus and Operational Units. Some facts and questions which come to mind
relative to your study, as relates to NJDOT, without regard to continuity
are:

(1). Projected major fill sites for NTDOT construction projects where the
geographical location and volumes make it economically advantageous to use
dredge spoil should be identified.

(2). Suitability of dredge spoil as load bearing embankment under roadways?
Does the soil vary radically in different parts of the river? Can it be used
for off-roadway fills?

(3). What is the cost-efficiency ratio in terms of the volume of material
available, stockpiling and hauling, hydraulic filling against the utilization
of nearby available upland borrow piets, in any one geographic area. Seems
that all sites would have to be reasonably close to the river, unless vast
stockpile areas are available.

(4). The SEE effects of utilization of dredged spoil for highway work are factors
which would have to be cleared thru EIS statements to U.S.E.P.A. for any project.
A clear identification of these effects would have to be determined.

r- (5). The time frames involved would be important as coordinated NJDOT-COE
• ' operations would be involved. Time frames might also be important as relates

to the methods of transporting the material to the final site, stockpiling,
hydraulic pumplines etc. in terms of possible adverse public acceptance.
(Sloppy areas, odor, etc.)

B! 8- 7

I1 .

II6.LI , , I I



Lt. Col. Joel T. Callahan -2- April 18, 1978

(6). Whole areas of acceptable material for NJDOT fills would have to be
documented so that NJDOT construction bidders know that enough material is
available and suitable for embankment. The methods of construction as it
relates to a NJDOT contract generates a whole line of questions, e.g.

a. The responsibility of the stockpiling. Maintaining security in
stockpile areas. (Public) Maintaining sloughage.

b. Direct pumping to the site? By who? The Contractor? The Corps?
Who is responsible for the structural integrity of the spoil?
How about down time? (Usually 20% in hyraulic fill operation)
How do we pay contractor for Corps down time.

c. How about indemnification and personal liability in Contractor-Corp
operations?

d. Borings would have to be analyzed and approved by NJDOT Soils Bureau.

(7). In order to get FHWA to participate in the costs of using Corp material,
certain documentations will have to be made, such as soil quality, availability
and locations, quantities, etc. What costs to NJDOT are involved? Does the
Corps consider the material waste or would they be expecting monetary credit?

(8). A lot of agreements (NJDOT-Corps FHWA) would have to be promulgated running
the whole gamut caused by Contractural legalities and covered by the Specifications
for construction responsibility division.

The above facts and questions arise to us whenever we coordinate for material
supply from an outside agency. The above does not preclude the fact that use
of dredge spoil in NJDOT projects may be practical for both the Corps and NJDOT
in certain areas.

The first input reports I have collected from our various Bureaus have been
completely negative, however, with our Area Design Groups and Soils Groups
still to hear from, I am hoping we can offer you more when I send you what
data we can collect.

Very,-truly yours,

1 C. Whitehead, Project Engineer
Bureau of Special Engineering
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I ' IN REPLY PLEASE REFER TO

NJDOT Input -
@tar nif rN, 3irr.Delaware River Dredging

t oDisposal Study

Russell H. Mullen DEPARTMENT OF TRANSPORTATION
EX1035 PARKWAY AVENUE

=TRENTON. NEW JERSEY 08625

Acting Commissioner

May 8, 1978

Lt. Col. Joel T. Callahan
Acting District Engineer
Philadelphia District COE

Custom House, 2nd & Chestnut Streets
Philadelphia, Pennsylvania 19106

Dear Colonel Callahan:

In response to your request for New Jersey Department of Transportation
input relative to the projected Regional Dredge Spoil Disposal Study, I
have requested all NJDOT Bureaus and Units considered pertinent to
respond to the questions posed in your letter of February 23, 1978, to
the Commissioner. The NJDOT Bureaus and/or Units solicited covered
virtually every known area wherein the use of such soils material as you
describe might be a possibility, within NJDOT long-range planning.

As was indicated in Mr. Whitehead's letter to you dated April 18, 1978,
the utilization of this type of operation has many limitations as regards
its practical use in a NJDOT construction project and, again, as was also
indicated, the majority of the responses from our own people are negative.
However, at this time, the one area which might be worth your pursuit is
the general Trenton Complex Area.

The Trenton Complex Area is made up of a complete arterial loop around
the City comprising Route 29 Freeway, Route 95 (Interstate), and Route 295
(Interstate). Unfinished portions of Route 29 and Route 295 remain and
will require considerable amounts of Borrow Excavation Zone 2 (underwater
fill) and Zone 3 gradations for which dredged spoil might be acceptable.
All of this future construction comes under the administrative control of
NJDOT Design Area 3.
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Lt. Col. Joel T. Callahan - 2 - May 8, 1978

NJDOT Design Area 3, located at 1035 Parkway Avenue, Trenton, and
headed by Mr. Frederick T. Bogdan, Supervising Engineer, I, is
responsible for coordination with outside agencies and promulgating
the plans of all proposed construction within the Trenton Complex Area.
Mr. Bogdan would be available for discussion with you, upon reasonable
notice, at the above address. His telephone number is 609-292-8530.

In concert with Mr. Bogdan's responsibilities as described above,
Mr. Nicolai Nicu, Chief, Bureau of Soils, is responsible for the
recommendation and approval of all soils types and gradation used in
all NJDOT projects, including the Trenton Complex. He is located at
the Brunswick Avenue Circle just north of Trenton and can be reached
at 609-292-3456.

We suggest you contact the above individuals who can fill you in on
all the facts regarding the Trenton Complex construction and time
frames.

Very truly yo,

Assistant Chief Engineers/Design

Encls.

B-180



DEPARTMENT OF THE AIR FORCE
REGIONAL CIVIL ENGINEER. EASTERN REGION (HQ USAF)

D14 TITLE BUILDING. 20 PRYOR STRErF. 6 W.

ATLANTA. GKORGIA 030

REPLY TO

A'T-or, ROV2 19 May 1978

s n Cev Delaware River Dredging Disposal Study

T Philadelphia District/NAPEN-R

1. Upon considering your proposed Delaware River Dredging Disposal
Study, we have found the potential for significant impact on the Air
Force facilities in the area. The following comments are provided:

a. The dredging of the Delaware is very important to our Air Force
installation at Dover because jet fuel for the base is transported up the
river by barge. Restrictions on the river channel could interfere with
barge traffic and the mission of the base. We request that you consider
our requirement to use the river during your study.

b. The selection of dredge spoil disposal sites could also affect
Dover AFB. Dredge spoil material dumped in certain areas near our base
would attract birds, increasing the potential for Bird/Aircraft Strike
Hazards (BASH). The Air Force has completed a study of BASH incidents
at Dover AFB and a report is currently being prepared. The report is
scheduled for release in June 1978 and we will provide you a copy for
information.

c. An Air Installation Compatible Use Zone (AICUZ) Study has been
completed at Dover and a copy of the report is attached. The study
provides recommendations for land use near the base which is compatible
with the operation of the base.

d. Some areas of the base may be suitable for disposal of the dredge
spoil, provided that such disposal does not interefere with base operations.
If such on-base sites are considered in the study, a thorough evaluation
must be made of the potential effect of the disposal activity.

3. We appreciate the opportunity to comment on your study. If we can
be of further assistance, please contact Mr. Sherrill W. Shepherd at
404/221-6821.

FOR THE CHIEF OF STAFF

ROBERT L. WONG 1 Atch
Chief, Environmental Planning Division AICUZ Study

Cy to: HQ USAF/PREV
MAC/DEV
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UNITED STATES
DEPARTMENT OF THE INTERIOR

FISH AND WILDLIFE SERVICE
1825B Virginia Street
Annapolis, MD 21401

May 22, 1978

District Engineer
Philadelphia District, Corps of Engineers
Custom House-2nd and Chestnut Streets
Philadelphia, PA 19106

Dear Sir:

The U. S. Fish and Wildlife Service has reviewed information provided
in yrur letter of April 25, 1978, and previous transmittals regarding
maintenance dredging in Indian River Bay, Delaware, in the vicinity
of Buoy 19A and in the Waterway from Indian River Bay to Rehoboth Bay.
This letter constitutes the report of the Service and the Department
of the Interior, and is submitted in accordance with provisions of the
Fish and Wildlife Coordination Act (48 Stat. 401, as amended; 16 U. S. C.
661 et seq.).

Several aspects of the proposed maintenance dredging which are of
concern to the Service follow:

1) The Service is reluctant to recommend approval of overboard
uncontained disposal in shallow waters. We would preftr to see
beneficial use made of the dredged material. For several years, this
project has been considered to have potential for marsh creation.
The Environmental Impact Statement (EIS) for this project,
drafted in the fall of 1973, discussed the potential for marsh
creation as a beneficial means of disposal. The Department of
the Interior in a letter commenting on the draft EIS (Enclosure 1)
and again in a letter dated April 12, 1978, (Enclosure 2) strongly
endorsed the concept and application of marsh creation, where
appropriate.

Disposal site B in the current project may also be a potential
site for marsh creation. The Section 404 Evaluation Report for
the project (page 4) alludes to this fact. The Service recommends
that the feasibility of sprigging the disposal site be investigated.

II
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2) Execution of dredging in Indian River Bay during the summer months
may result in significant adverse biological and water quality
impacts. The surmer months are both the most productive months
biologically, and the most stregsed In terms of water temperature
and dissolved oxygen levels. Unconfined overboard disposal
operations resulting from hydraulic dredging are Sererally
considered to be taxing to the cnvlror-ient by decreasirg light
penetration thereby reducing photosynthetic rates, and by
increasing the chemical and biological oxygen demand. Ambient
dissolved oxygen levels reach naturally low levels In summer months
when biological oxygen demand is high and the oxygen holding
cipacity of the warmer waters is low.

In addition, hard clams (Mercenaria mercenaria), common throughout
Indian River Bay, undergo an annual bimodal spawning cycle, generally
from early May to late September. Dredging and overboard disposal
may interfere with reproduction of this important species.

3) In general, the sediment analyses indicate that the sediments in
the channel areas and the disposal sites are compatible. However,
one area, site #1, is of significaut c.-ncern.

The attached table (Enclosure 3) was co mpiled from the sediment
analyses contained in the Fection 404 Lvaluation Report. With
the exception of site #i, sand raiges rrom 86-99% and silt/clay
from 1-9% at every sampled site. At site #1, there is 29%
sand and 70% silt/clay. This agrees w-th information contained In
the draft FIS for the project (FIure ., Sediment Patterns in
Suuth Rehobeth Bay and Indian Riv r).

According to Information contain- in :he Philadelphia District's
survey of the channel (September J1, 22 and 27, 1977), almost
half of the material to be dredgeu wil' originate Jn or near site
#1. Deposition of this material it predominantly Handy disposal
sites may result in signifLcant species composition changes.
If the silt/clay material is stable in the sandy ,reas, the disposal
sites will be recolonized by a different community. Such a shift in
community populations should be addressed. If the material will not
be stable, another, more suitable disposal site should be located.

4) Another question concerning stability of the disposal sites arises.
In the letter of March 28, 1978, from the Delaware Department of

av Natural Resources and Environmental Control, It is reported that the
owner of the South Shore Marina attributed accelerated shoaling to
previous overboard disposal activity at site A. The State has agreed
I . ..to assume responsibility for removal of shoals attributed to the
monitored transported material frc m the South Shore Marina entrance

kusing the State dredge and preferibbly overboard disposal in the Indian
River borrow area."

B1
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The Service is concerned that:

a) There may be significant sediment transport to areas other

than the South Shore Marina, 5pecifically biologically sensitive
areas (shellfish beds); and,

b) Dredging the same imaterial twlce is inefficient and doubly
damaging.

The monitoring program planned for this project appears to be very good.
We would appreciate being Informed of tie progress of the monitoring
operation. The problem of mercury contamination has been satisfactorily
settled based on additional sampling results.

Based on the above discursion, the Service recommends that the following
actions be taken in this project: .

1) The Philadelphia District consider the feasibility of marsh creation
for this project specifically at site B. The Service is willing to

participate in site selection;

2) The Philadelphia District consider delaying dredging until after
October of this year. In addition to avoiding the biological
impacts of sumner dredging, some disruption of recreational boating
around the Oredge apparatus may be avoided;

3) Reconsider the compatibility of sediments in the channel in

ielation to the proposed disposal sites. Alternate sites may prove
more suitable; and,

4) Investigate the plausibility of the contention advanced by the
South Shore Marina. If there is a significant possibility of
sediment transport, an altervate dl:,posal site should be located.

The District staff has been helpful throughout this project in carrying
out the planned sampling program and in furnishing information to this
office. The Service requests that the Philadelphia District respond

to the concerns raised in this letter. After reviewing this response,
we !.ill be in a position to offe r a final recommendation.

Sincerely yours,

Glenn Kfnser
Supervivor
AnvapolJs Field Office

Ee
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El 73/130,

District Rnrginar
Phikadelphia District, Corp. of ftsinears
Phi ladelphia, Pennsylvania

Dar Sir:

This coustitutes our review of youz draft environmental statement for
Indiau liver Inlet Froject Maintenance. Sussex County, Delaware. Our
c€ n=ts were prepared In response to your letter dated October 2. 1973,
tu Aslsstsnt Secretary Larsou. Our cemants are a followe

Section I Area Deacription

On Pt.a 21, Section 2.11, Recreation, Delevare Seasheore State Park and
HOIL& Lauding State Park are tdZEtlied as existing park area receiving
suLstantial use by the public for a variety of recreational opportunities.
Burton Island directly adjacent to the maintenance channel and poil area,
was purchased by the State of Delaware s an addition to the Delaware Sea-
shore State Park with Land and Water Conservation Funds. The anticipated
impact of the proposed project is discussed in general terms i Section III,
Znviroorental lmact of t Pr 1oect. oweiver, no specific reference is mede
to the eapected ipact on the aforementioned parks and associated recreational
opportunities. It is., therefore, recmended that an appropriate evtalesti
of these impacts be presented in the final statement.

The statement appears to be a sumry of conditions as matrected frem appro-
priate references, thus requiring the reader to search threub the literature
for the actual supporting data. For eample, on Page 20, Wiet facts were used
to define *poor water quality', and what data ore available to sUpport the
comwts on septic tank problems?

Section III faviroetal lursct of the Prolect

Advers- Impacts of private dredging practices are cited on Page 27. We suggest
tha statement would be improved if theea practices were identified, either as
being essentially the result of unautloried projocts, or the result of pro-
jecto executed under State and/or Federal permits. Whichever the case, we
believe the impacts mmntloned are desarviag of more consideration then
passin& reference. We, therefctr, suegaet that it would not be inappropriate
to lucLude recoemendatious in the statement regarding how these problem and
adverse Lmacts could be avoided in the future.

ENCLOSURE I
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AP 12 W4

District Engineer
Philadelphia District, Corps of Engineers
Custom House, 2nd A Chestnut Streets
Philadelphia. PA 19106

Dear Sir:

This letter constitutas our report on your proposed plan for maintenance
dredging In the Federal navigation project channel in Indian River Bay.
The project location Is shown on the chart provided with Colonel Selleck's
letter of February 20, 1974. It was authorized by the River and Harbor
Act of #937 as amended. Our comments ara submitted in accordance with
provisions of the Fish and Wildlife Coordination Act (48 Stat. 401, as

, amended; 16 U.S.C. 661 et seq.) In cooperation with the Delaware Division
of Fish and Wildlife. Their commnts will be forwarded upon receipt.

It is our understanding that approximately 30,000 cubic yards of material
would be dredged from a segment of the project channel in Indian River

: Bay. The spoil would be deposited Into Indian River Bay to the touth of
the project channel In a designated area of som 200 acres.

The habitat provided by Indian River Bay In the area to be affected by
both dredging and spoll disposal Is of significant value for fiefish,
shellfish, and other Invertebrates. Indian River Bay supports large
populations of sport and comercial fishes including sumer and winter
flounder, bluefish, striped bass. menhaden, and wakfish. The most
abundant forage species include mwmichog, Atlantic silversides, striped
killifish, sheepshead minnow, and bay anchovy. The bay serves as a major,
spawning nursery and feeding am for many sport, cmmercial, and foragefish.

The bay bottom in the area of the proposed spoil site supports a cmplex
enthic comunity which includes innin Its Mooers the hard-shell clm
mercenria me r___ , the doveshelfls (Achis transliratta d Iaas umN orthern daftellis o gls.a a'T I Wriety 0-

shlfpods and polychete worms. These wd other marine invertebrates
play an essential role in the basic food wbs of the estuary supportinq

. valuable fish and wildlife resources.

E E
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We have reviewed the project plan aid ha%'3 foncluded that the dredging
phase of the work will not have significant advcrse effects on fish and
wildlife resources.

Spoil disposal as planned, however, would have significant adverse effects
on the benthic organisms described previously. particularly if spoiling
is repeated on a periodic basis. Population levels and species diversity
would be greatly reduced.in the large area (some 200 acres) which would
be buried under spoil. In addition, the decrease In water depth In the
spoil area could lower its value as fishery habitat.

In view of these negative impacts, the Bureau recommends that alternative
plans for spoil disposal be adopted which could include the following
in lieu of the proposed project.

1. Selection of upland sites to contain the excavated material,
or

2. Placement of spoil adjacent to Gull Island (or other very
shallow zone of the old spoil area), to depths up to, but
not exceeding, the mean high water Ilie and vegetating the
fillod zone with Spartina alterniflora. If this recomenda-
tion is followadti -iictt n1 n- method of marsh grass
planting should be closely coordinated with the Delaware
Division of Fish and Wildlife.

The advantages of i&;dIfication #2 over the pioposed $&n Includ tie
f,,11 4t ng:

1. Sp l would be concentrated in a s, illcr area, thus dis-

rupting fewer benthic orgarnisms.

2. An eroding area could be stabilized.

3. Productivity of spoil site selected would be increased
through establishment of mrsh vegetation.

Regional Director

cc: UDAO

B-188 I
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COMPARISON OF SEDIMENT GRAIN SIZE

INDIAN RIVER BAY*

SEDIMENT SIZE'..-

AR!A SAND SILT AND CLAY

Disposal Area A 96% 1%

Dispo,:,il Area B 99% 0.9%

Site #I1 29% 70%

Site #2 98% 1%

1tt- #3 86% 9%

Site #4 96% 1%

From: Philadelphia District, Corps of Engineers
Section 404 Evaluation Report
Indian River Bay Maintenance Dredging 1978

E
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UNITED STATES
DEPARTMENT OF THE INTERIOR

FISH AND WILDLIFE SERVICE
112 West Foster Avenue
State College, PA 16801

June 22, 1978

Colonel Harry V. Dutchyshyn
Philadelphia Corps of Engineers
Custom House, 2nd & Chestnut Streets
Philadelphia, PA 19106

Dear Colonel Dutchyshyn:

This responds to your February 23, 1978 letter to Regional Director,
Howard N. Larsen, requesting comments on the authorized Delaware River
Dredging Disposal Study. In accordance with our FY78 Scope of Work
agreement, this planning aid letter recommends investigations during the
course of the study. These views of the Service and the Department of the
Interior are prepared and submitted in accordance with provisions of
the Fish and Wildlife Coordination Act (48 Stat. 401, as amended; 16
U.S.C. 661 et seq.).

The Federal government annually dredges approximately 8.2 million cubic
yards of bottom sediments to maintain navigation channels in the Delaware,
Schuylkill and Christina Rivers. Private interests dredge an additional
2.3 million cubic yards each year. The combined total of 10.5 million
cubic yards is apportioned as follows: 6.0 million cubic yards from the
Delaware River, Philadelphia to the Sea, by government owned hopper
dredges; 0.7 million cubic yards from the Delaware River, Philadelphia to
Trenton by pipeline dredges under government contract; 0.5 million cubic
yards from the Schuylkill River by pipeline and bucket dredges; 1.0
million cubic yards from Wilmington Harbor by pipeline dredges under
government contract; 1.1 million cubic yards from the Delaware River and
tributaries by private contractors utilizing pipeline dredges; and 1.2
million cubic yards from the Delaware River and tributaries by private
contractors utilizing bucket dredges.

Shoaling and subsequent dredging in the Delaware River generally occurs
in recurring locations. Major shoaling points are located offshore of
Marcus Hook, Pennsylvania; Philadelphia, Pennsylvania; and New Castle,
Delaware. These areas account for the majority of the dredging required
to maintain the Port of Philadelphia.

Bottom sediment texture and composition varies considerably according to
river location. For example, below River Mile 36, bottom sediments are
mostly sand with small amounts of finer materials. Above River Mile 36,
they are more heterogenous, containing finer-textured mixtures of organic
and inorganic materials.
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The government owns seven active disposal sites along the Delaware River,
Philadelphia to the Sea project, and leases nine more areas in the upriver
reach between Philadelphia and Trenton. Together, these 16 sites have an
estimated total capacity of approximately 200 million cubic yards. Since
six million cubic yards of dredged spoil consume approximately four million
cubic yards of disposal site capacity, the present rate of dredging (10.5
million cubic yards per year) is not expected to exhaust the combined
disposal site capacity for about 30 years. Unfortunately, disposal 2ite
capacity is only one aspect of the disposal problem. Equally important
is hauling distance. Currently, an economical hopper dredge haul generally
is five to seven miles, while the economic limit for a pipeline dredge is
far less. Therefore, even though alternative spoil disposal sites are
available, distances from the dredge area often precludes economic
use.

The current disposal problem stems from the fact that several of the
government-owned disposal sites located conveniently close to repetitive
shoaling points are rapidly being filled. The Corps has investigated a
variety of solutions, including methods to limit shoaling, extending the
life of existing disposal sites, purchase of new disposal areas and
transport of dredged material to distant disposal sites. The remainder
of our letter addresses each of these potential solutions.

Shoaling in the Delaware River has been attributed to erosion of upland
areas and beds and banks of estuaries; changes in the configuration of
the bed of estuary; erosion of banks, dredging operations, sewer and
industrial effluents, natural organic processes and tidal exchanges.
Attempts to minimize shoaling have centered on training dikes to speed
flow or induce flushing. Our experience with such devices elsewhere,
particularly on the Missouri and Mississippi Rivers, indicates training
dikes destroy fish and wildlife habitat by siltation, scouring of the
riverbed and banks and increased velocities. We recommend that further
study of training dikes in the Delaware River be terminated. As an
alternative, we recommend an investigation of methods which reduce
sediments to the river, without adversely affecting fish and wildlife
resouces. Such a study should take into account the possibility of
accelerating the land treatment measures of the Soil Conservation Service.

We also recommend that the study address potential alternatives to main-
tenance dredging by locating existing and proposed navigation facilities
where maintenance dredging could be reduced or eliminated. The long
range potential of shifting Wilmington Harbor's orientation from
Christina River to the Delaware River could be considered.

r
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The Waterwa~sExperiment Station, Vicksburg, Mississippi has conducted
extensive research aimed at prolonging the life of spoil disposal
sites. Economically feasible techniques have been developed for drying,
separating, treating and reusing spoil material for landfill, strip mine
reclamation and production of certain crops. The station has also
developed methods for improving spoil dike designs increasing
storage capacity. In addition to these techniques and uses, we recommend
the District investigate the feasibility of using spoil material in
highway construction, and also as fill for abandoned gravel pits and
deep mines. The aforementioned techniques and uses should be investigated
for both active and inactive disposal sites.

The Waterways Experiment Station has also demonstrated that fresh and
saltwater marsh habitat can be successfully established on certain
dredged spoil sites. They have developed a systematic set of guidelines
for creating marshes under a variety of situations and constraints.
These guidelines should be explored in detail for possible use on the Delaware
River.

Goose Island, Chester-Monds Island and Tinicum Island are three areas in the
Delaware River currently being investigated for suitability as spoil disposal
sites. Each of these areas occur between River Mile 80 and 90; the
first and second in New Jersey and the third in Pennsylvania. The Chester-
Monds Island and Goose Island sites were in advanced stages of design in
1975. Because of local opposition, the Corps does not consider the
Tinicum Island site likely for development. The combined disposal capacity
of the three sites is approximately 105 million cubic yards.

In a letter from former Regional Director Richard Griffith, to the District
Engineer dated November 18, 1974, the Service recommended that Goose Island
be deleted from further consideration as a disposal site. Special Assistant
to the Secretary, Roger Sumner Babb, in the Department of the Interior's
official comments on the draft environmental impact statement, Project
Maintenance, Delaware River, Trenton to the Sea and Schuylkill River and
Wilmington Harbor Tributaries, reiterated the recommendation that the
Goose Island area be preserved. The island provides significant fish and
wildlife habitat and the Service and the Department reiterates its
recommendation for preservation of the island.

The Chester-Monds Island proposed disposal site contains extensive freshwater
wetlands, shallows and deepwater habitat. Biologists from the Delaware River
Anadromous Fish Project, a Federal-State Cooperative, report that this river
reach experiences near anoxic conditions during summer months due to

4 sewerage and industrial effluents, but supports significant numbers of herring
and other sport fishes during the Fall when dissolved oxygen levels increase.
The site is also important for waterfowl, wading birds and shorebirds.
Because fish and wildlife resources at the Chester-Monds Island site are

B1
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significant, and likely to increase in significance if water quality
improves, we recommend that plans to use this site for spoil disposal be
dropped. Such action would be in keeping with the President's recent
Executive Order 11988 for protection of wetlands.

The Tinicum Island area serves as a major waterfowl wintering site in the
Delaware River. Like the Chester-Monds Island area, it supports significant
numbers of herring and other sportfishes. Again, because of important fish
and wildlife resources at the site, the Service recommends against further
investigations to determine the suitability of the area for spoil disposal.

We do not wish to discourage efforts to locate new disposal sites adjacent
to recurring shoal areas. Mutually acceptable areas may still be discovered.
Conveniently placed disposal sites, however, may be in short supply.
Emphasis should center on transport of dredged materials over long distances
to areas suitable for spoil disposal.

Studies indicate it is feasible to move large amounts of dredge spoil
great distances (25-50 miles) by pipeline. Such a system, however, would
not be devoid of adverse environmental consequences. However, we would
anticipate these consequences would be less severe than loss of wetlands,
river shallows and deepwater. We, therefore, recommend that studies
be undertaken to locate environmentally acceptable inland disposal sites.

In summary, the Service recommends the District:

1. Terminate the study of training dikes in the Delaware River.

2. Investigate opportunities and methods of reducing sediment input
to the river.

3. Address potential alternatives to maintenance dredging by locating
existing and proposed navigation facilities where maintenance
dredging could be reduced or eliminated.

4. Investigate the feasibility of using spoil material for landfill,
strip mine reclamation, crop production, highway construction, and
fill for abandoned gravel pits and deep mines.

5. Investigate the use of the Waterways Experiment Station marsh
creation guidelines for possible use in the Delaware River

6. Terminate plans to construct the Goose Island, Chester-Monds

Island and Tinicum Island disposal sites.

7. Locate environmentally acceptable inland disposal sites.

We appreciate the opportunity to provide comments on the Plan of Study andI. look forward to working with your staff as planning continues for this study.

Sincerely yours,

Charles J4 K p

B-193 Field Supe 
sr

. . .. . . .. . . -.



UNITED STATES
DEPARTMENT OF THE INTERIOR

FISH AND WILDLIFE SERVICE
1825B Virginia Street
Annapolis, MD 21401

November 15, 1978

District Engineer
Philadelphia District, Corps of Engineers
Custom House, 2nd & Chestnut Streets
Philadelphia, PA 19106

Dear Sir:

This planning aid report is furnished under the terms of the Scopes of
Work for FY 1978 and 1979 to assist in the Indian River Inlet and Bay
study. It is a preliminary report including a general literature search,
endangered species listing, and general discussion of fish and wildlife
problems/needs in Indian River Bay.

It is anticipated that a second planning aid report will be submitted
in the last quarter, FY 79 evaluating alternative plans on fish and
wildlife resource in the Inlet and Bay area.

GENERAL DESCRIPTION OF FISH AND WILDLIFE RESOURCES OF INDIAN RIVER
BAY AND INLET

A general description of the natural resources of Indian River Bay is
contained in the final environmental impact statements published by the
Philadelphia District for maintenance dredging of Indian River Inlet
(U. S. Army Engineer District; Philadelphia, 1975) and for the Delmarva
Power and Light Company Indian River Power Station (U. S. Army Engineer
District Philadelphia, 1977). The latter contains a discussion of the
ecology of the bay. This report will not reiterate that information,
but will provide a brief discussion of additional information and com-
ments regarding the ecology of Indian River Bay as it relates to this
study.

Indian River Bay is an important waterfowl area in southern Delaware.
Waterfowl do not move into Indian River Bay in any numbers until Novem-
ber. Black ducks are usually found along the eastern edge of the bay
and along the southern edge west to Holt's landing. Canvasbacks, when
present, are usually located about 100 yards out along the south shore
from Holt's Landing to the power plant at the mouth of Indian River and
along the north shore near Oak Orchard. Bufflehead, hooded merganser,
goldeneye and scoters are found along all shores of the bay. Brant are
usually located at the mouth of Rehoboth Bay and along the eastern edge

of Indian River Bay (Whittendalo). In Delaware, brant restrict themselves
almost exclusively to Indian River and Rehoboth Bays.

4I
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The importance of Indian River Bay as a nursery area for significant
commercial marine species such as menhaden has been documented
(Pacheco, 1975). A description of the ocean fishery off Delaware Bay may
be found in ReintJes and Reithmayr (1960). Listings of resident and mi-
grating finfish in Indian River Bay may be found in the previously re-
ferenced final EIS's and Derickson (1970) and Campbell (1975). The Bay
continues to support a substantial commercial and sport fishery.

Of particular interest are the heavy spawning concentrations of winter

flounder (Pseudopluronectes americanus) which occur in Indian River
Bay beginning in late January and peaking in mid-February to early
March (Delaware DNR & EC; Derickson, 1970).

Active oyster (Crassostrea virginica) and hard clams (Mercenaria mercenaria)
beds are located in various portions of the bay. When sites for project
alternatives are identified, potential impacts en shellfish beds should
be evaluated in detail.

ENDANGERED SPECIES
A list of endangered species taken from Alexander (1978) is found in the
table. Any of these species may be found in the Indian River Bay and
Inlet area. Peregrine falcons (Falco peregrinus) transit the coastline
during annual migrations. The bog turtle (Clemys muhlenbergi) is
normally restricted to the piedmont area of Delaware and is rarely
found in the southern part of the state (Arndt, 1978). The range of
the Delmarva fox squirrel (Sciurus niger cinereus), an endangered
species, is presently thought to be confined to portions of the Delmarva
Peninsula in Maryland and Virginia.

Of primary concern in the current project area is the bald eagle,

Haliaeetus leucocephalus. Of the four known active nests in Delaware,
in 1977-78 one is located along the north shore of Indian River Bay
(Abbott, 1978).

Human activity appears to be very disruptive to Bald eagles even when
direct disruption or confrontation is relatively rare. It is estimated
that bald eagles in the Chesapeake Bay region, including Delaware,
suffered a 90% population loss in the last 100 years with a corresponding
loss of only about 20% of eagle nesting habitat (Abbott, 1978).

Nesting failures in the 1940's to 1960's resulting from chlorinated
hydrocarbon contamination and reduction of adult populations resulting
from encroachment by human habitation, egg collecting, hunting, and
lumbering severely damaged the Chesapeake Bay region populations.

B-195
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TABLE

ENDANGERED ANIMAL SPECIES IN DELAWARE POSSIBLY
PRESENT IN INDIAN RIVER BAY

Common name Scientific name

Bald eagle Haliaeetus leucocephalus

Peregrine falcon Palco peregrinus

Brown pelican Pelecanus occidentalis

Short-nosed sturgeon Acipenser brevirostrom

Atlantic leatherback Dermochelys coriacea coriacea

Atlantic Ridley Lepidochelys kempi

.4
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Following this severe decline, the Delaware bald eagle population
appears to be slowly increasing.

Fish of various kinds furnish the eagle's main food supply which
is augmented by small mammals, smaller birds, and carrion (Bent, 1961).

The most acute period of sensitivity to human disturbance is during the
nesting season (D'Loughy, pers. comm.). In the Chesapeake Bay region
egg laying occurs primarily during February. In normal years most
young birds fledge by late June (Abbott, 1978).

In order to avoid disruption of nesting activities and fishing, any
proximate dredging or filling operations should be avoided between
February and July of the project year for protection of this species.
The status of the nest (active, abandoned) should be ascertained prior
to actual dredging as this variable may change from year to year.

When project specifics such as dredge and disposal sites become
available, their impacts on endangered species should be reevaluated.
This report does not satisfy consultation requirements of Section 7
of the Engangered Species Act.

FISH AND WILDLIFE NEEDS/PROBLEMS

There are several areas of concern for Indian River Bay's fish and
wildlife resources which should be addressed. Some of these may
affect the perspective of the study and resultant recommendations.

Of great concern to the U. S. Fish and Wildlife'Service are the
ecological alterations which are occuring in Indian River Bay. Some
of these are acute, obvious and intentional changes such as lagoon
developments, while others are chronic, subtle and not easily recog-
nized or understood, such as nutrient enrichment and sedimentation.
Several investigators (Casey, 1976; Daiber, et. al., 1974) have de-
scribed the detrimental environmental impacts of irresponsible shore-
line development. Most damaging of these developments are the lagoon
systems resulting from dredging and filling of wetlands. Campbell
(1975) reported that up to 50% of the non-wooded wetlands in some
tributaries to Indian River Bay had been eliminated in the past by this
type of development. It is expected that this scourge of the Bay's
resources is a fact of the past.

However, it is possible that the present project is being studied
vi largely to explore the need for creating or improving water access to

these developments which have markedly reduced the quality of Indian
River Bay. Therefore, the question must be addressed, will expansion
of the Federal channel induce further development in Indian River Bay,
further degrading the Bay's resources?
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More difficult to evaluate are the subtle long-term effects of
changes in the Indian River region. An excellent example of past
problems is the closure of oyster beds in Indian River due to
bacterial contamination. Land use changes with attendant secondary
impacts, including power plant construction, bacterial contamination,
increased sedimentation, piece-meal alteration of shorelines and in-

creased boating activity are probably affecting the Bay as seriously
as more visible actions but on a temporally extended scale. Any
contribution of the subject project to these environmental degradations
should be carefully weighed. In evaluating this type of impact, one
can not at all times rely on documented scientific evidence for defi-
nition of the magnitude of impact. Trend analysis, combined with an
understanding of the ecological factors involved and field data,
when available, may be a reliable method of estimating long-term,
chronic impacts. One then must balance these impacts against the
capability of the ecosystem to withstand alterations without a major
shift in the character of the natural system. Carter (1978), in

attempting to convey the complexities of understanding man's alter-
ations of ecosystems, has developed the following idea to test the im-
pact of a proposed project; "have the (natural resources) been ade-
quately protected so that ecosystem integrity is assured of having
a buffer sufficient to satisfy ignorance of its requirements?"

In summary, in view of the substantial ecological alterations already
inflicted on Indian River Bay, the Service believes that the present
study should carefully weigh the secondary and long-term impacts of
the alternatives as they are developed, keeping in mind the finite
character of the existing ecosystem. Mitigation of unavoidable ad-
verse impacts should be considered early in the study. Such options
include marsh creation, time of year restriction, and treatment of

upland disposal sites to maximize their value to fish and wildlife.

PROPOSED FURTHER FISH AND WILDLIFE SERVICE ACTIONS

Per the Scope of Work for FY 1979, the Service will provide a Planning
Aid Report evaluating alternative plans on fish and wildlife resources
in the Inlet and Bay area. This analysis will include site descriptions,
shellfish and finfish impacts, site proximity to endangered species,
and enumeration of other factors such as sediment compatability,
contamination potential and possible mitigative measures.

ASincer 

yours,

4Glenn Kinserj
Supervisor

Annapolis Field Office
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Itaorable ,wmiel J. O'HTII

. wish to raintain a contnunous proprm of active participation with
the State throughoit this study. As a result, an expression of your
interest in this study and your views regardin the significance of the
dredging disposal problem in your State would be appreciated. We also
request that an individual be designated as the coordinator for the State.
This person should be able to provide State policy guidance, available
tecnical information, and other assistance.

We look forward to your reply and will Inform you of significant develop-
Ments as the stI.dy Propresses.

Sincerely,

JAWAIS C. ~MN
folonel, Corps of rngineers
District Fugineer

M/R:
Similar letters sent to Honorable Clifford L. Jones, Secretary PA Dept. of
Tnviromental Protection and Ibnorable Austin P. Olney, Secretary DE Dept.
of Natural Resources and Pnvirornental Control.

I
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STATE OF NEW JERSEY

DEPARTMENT Or ENVIRONMENTAL PROTECTION

OFFICE OF THE COMMISSIONER

3. 0. BOX 1390

TRENTON, N. J. 08625

609-292-2885

May 17, 1979

James G. Ton, Colonel
Corps of Engineers
District Engineer
Department of the Army
Custom House
2nd & Chestnut Streets
Philadelphia, Pennsylvania 19106

Dear Colonel Ton:

Thank you for your recent letter regarding the Delaware River
Dredging Disposal Study. The State of New Jersey has an important
interest in maintaining the navigable waterways that the Study will
focus on and also in insuring suitable disposal of the spoiled
material that must be dredged to maintain navigation. Therefore, we
see the Study as a most important effort and wish to be appropriately
involved.

To that end, I am designating Mr. Lawrence Schmidt, the Chief
of the Office of Environmental and Historical Review, as this
State's coordinator for your Study effort. Mr. Schmidt can be
reached at the above address; his phone number is (609) 292-2662.

* niel J. O'Hernmmissioner

B-203
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O NWALTH PE NNSy.

DEPARTMENT OF ENVIRONMENTAL RESOURCES In reply refer to
P. 0. BOX 1497 R

HANRISBURG. PENNSYLVANIA 17120 6-A. 1

The Secretary My2,17" =°' May 25, 1979

Col. James G. Ton
District Engineer
Philadelphia District - Corps of Engineers
Custom House - Second and Chestnut Streets
Philadelphia, PA 19106

Dear Colonel Ton:

I read with interest your letter of May 11, 1979, advising
that the Philadelphia District, Corps of Engineers, is currently
conducting the Delaware River Dredging Disposal Study authorized
by the U. S. Senate Committee on Public Works on September 20,
1974 and extended to include the Indian Rivers Inlet and Bay
area on July 24, 1978.

As you are aware, the Commonwealth has a significant inter-
est in this study because of its responsibility to provide spoil
disposal areas for the maintenance dredging of the Delaware
River Navigation Project, Philadelphia to Trenton, in accordance
with the requirements of House Document No. 358, 83rd Congress,
Second Session, 1954.

As we proceeded to fulfill our commitment under the above
referenced document, we have become very much aware of the un-
availability of new spoil disposal areas as the old ones became
filled to capacity. Once the currently available riverside
disposal areas are filled, which could occur in less than ten
(10) years, we foresee many problems and great expense in provid-
ing sites on which to place future dredged materials.

Many of the types of areas used in the past, which were so
conveniently located near the river, would probably not be
approved today because of the environmental impact posed by
dredged spoil disposal. The exclusion of these environmentally
sensitive areas from use for this purpose significantly reduced
the availability of riverside disposal sites.

Another problem still unresolved, which causes us much
C. concern is the Corps9 reinterpretation of non-Federal responsi-

bilities as previously interpreted and executed by both the
Corps and the Commonwealth under provisions of House Document

B-20
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Col. James G. Ton - 2 - May 25, 1979

No. 358. The immediacy of the Corps' demand for the substantial
fund of $140,000., ?articularly when such funds are not available
in the current year s budget and cannot be made available in
next year's budget, is overwhelming. We realize that the
solution of this problem is not one of the goals of the Delaware
River Dredging Spoil Disposal Study. However, we are sure this
matter will have a significant impact upon whether or not the
recommendations of the study can be initiated.

I am designating Mr. Norman G. Kapko as the coordinator for
the Commonwealth in this Study. Please provide Mr. Kapko with
a copy of the authorizing document for this Study and a copy of
any reports available to date. He can be contacted by telephone
at (717) 787-2315.

Your courtesy in inviting us to participate in the Delaware
River Dredging Spoil Disposal Study is very much appreciated.

Sincerely,

CLIF14"L~

B-205
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STATE OF DELAWARE

DEPARTMENT OF NATURAL RESOURCES
& ENVIRONMENTAL CONTROL

EDWARD TATNALL BUILDING
PO. Box 1401

OFFICE OF THE DOVER. DELAWARE 19901 PHONE: (302) 678 4403
SECRETARY

June 6, 1979

Colonel James G. Ton
District Engineer
Department of the Army
Philadelphia District, Corps of Engineers
Custom House - 2 D & Chestnut Streets
Philadelphia, Pennsylvania 19106

RE: NAPEN-R

Dear Colonel Ton:

Your letter of May 11, 1979 discussed the Congressionally authorized
study to develop a regional dredging disposal plan for the tidal
portions of the Delaware River and the Indian River Inlet and Bay.

We consider the study of major significance to Delaware since much of
our coastline has significant areas of wetlands bordering the Delaware
River and Bay and most of its tributaries. The current emphasis on
tourism and its attendant recreational boating has focused attention on
our waterways, most of which presently or ultimately will require
dredging.

The spoil disposal problem is of special significance because of the
*large areas of wetlands and also because of an intensive agricultural

program in the coastal plain along with the increasing number of marinas
and housing developments.

I have designated William R. Ratledge, Director of the Division of Soil
and Water Conservation to serve as the coordinator for the State.

ely,

Austin P. Olney
Secretary

APO:WRR:jhb

cc: Mr. William R. Ratledge
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e4NCNOR4GEi
MARINA

Front & Jansen Streets
Essington, Pa. 19029

March 2, 1978

Department of the Army
Phila. District, Corps of Engrs
Custom House
Second & Chestnut Streets
Philadelphia, Pa. 19106
Attn: Joel T. Callahan

In response to your letter of February 23, 1978, the
marinas located on the Delaware River behind Little Tinicum
Island in Essington, Pa. have a major problem due to the
lack of dredging. I have no solution to your problem of
where the dredging disposal should be done, but we do know
that if dredging does not take place every 4 to 5 years
in our area, then there will be no marinas or recreational
boating. Each year we lose to the mud a half dozen slips.
It is useless for any one marina owner or even all marina
owners to dredge their areas in that the mud is coming down
river and is settling along all the banks.

We would appreciate anything you can do for us in
this regard.

Sincerely,

William L. Robinson
Owner

WLR/lar

B2
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DORCHESTER INDUSTRIES, INC.

March 3, 1978

Department of the Army
Philadelphia District, Corps of Engineers
Custom House, 2nd & Chestnut Sts.
Philadelphia, Pa. 19106

ATTN: Joel T. Callahan, Lt . Colonel

RE: NAPEN-R Letter dated 2/23/78

Dear Sir:

A copy of referenced letter to the mayor of Millville,
New Jersey was sent to me for comment. Please be advised
that we are extremely interested in anything that effects
the lower Delaware Bay, Maurice River and the Maurice River
Cove areas.

We are interested through our shipyard in the deepening
of the Maurice River, especially with the expected oil boom
coming of the New Jersey coast. However, we also operate
one of the largest oyster companies in the United States and
are concerned that the ecological balance in the lower Dela-
ware Bay be preserved.

We would appreciate being advised of any plan of action
or disaction you intend to take in regards to this area, so
that we might have the opportunity to comment.

Very truly yours,

r
Vo b ertI~ XM! rg a 0
Vice-President

RLM/jh B-208
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O MOU14' JOSEPH D. WEBER, JR.. Mayor
W. DOUGLAS GSELL, Deputy Mayor
V. THOMAS FOOKS, CouncilmanGRACE B. DONNELLY, Councilwoman

* RUSSELL R. REGN, Councilman

23 Woshingtm St • 08060 Telephone 609 267 0170

1671

ROBERT F. CASEY, Township Maraer March 6, 1978

Mr. Joel T. Callahan
Lieutenant Colonel, Corps of

Engineers
Custom House - 2D & Chestnut Streets
Philadelphia, PA 19106

Re: Delaware River Dredging
Disposal Study

Dear Colonel Callahan:

In response to your letter of February 23 concerning the
above program, the following information is provided:

1. Mount Holly Township believes that there is a very
definite need for dredging in the Rancocas Creek. Through a
joint program in 1975 (the Township and the Corps of Engineers)
that portion of the N. Branch in our community was dredged for
flood control purposes. However, the lack of eapacity downstream
from Mount Holly adversely affects the capacity of the stream in
our area.

2. The Township utilized the spoil from the local dredging
programs for fill in various parks. We believe that similar uses
could be found in other areas and, if hydraulic dredging is proper-
ly performed, the impact upon adjacent development is minimal.

"Your

" llc

'Our

'11
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Arnold W. Webster BOARD OFEUAINWilliam J. Lyons
Assistant Superintendent Rceio Deat ntDirector of Recreation

7th and Cooper Streets
Camden, Now Jersey 08102

Nsroh 6, 19T8

Joel T. Callahan
Lt. Col. Corps of Bogineer
Acting District nigineor
Dept. of the Azay
Custom House 2D As Chestnut St
Philadelphia, Pa. 19106

Dear Sirs

The Recreation Deprment of Camdenn City is pleased that your deparbsent
has Initiated the Delaware River Dredging Disposal Study.

In the City of Camden there are two major oonceroa which affeot our reo-
reational pormig

1. * he flooding of the Cooper River - thus naking open space in ftzonm
Park unplayable.

2. The flooding of the Newton Creek whioh backs up into Collingswood and
Woodlyne. ftere is open space along Newton Creek whiah ould use fill
and becam park and open asae for our residents.

I would sggest that the disposa of the materials dredged from the Dela-
ware be used to build up the banks of the Newton Creek end the Cooper River.
This dredged material could then be seeded and became open space and park land.

I would suggest that you contact the State Rigvay Departmnt of New Jersey,
the Offioe of Conwmity Development,, City of Camden, the Camden Coty Park Como-

0 mission and this office to begin planning for this worthwhile and necessary pro-
ject.

Cordially yours,

William J. 1'ans
Director of Recreation

ot Dr. A. W. Webster

WJLssd B -210
Clifton Matthew John E. Gilliems

Supervisor of Recreation Cuordinator of Community Services
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BENSALEM T6WNSHIP

BOARD OF SUPERVISORS

6$3450

3600 HULMEVILLE ROAD CORNWELLS HEIGHTS, PA. 19020

OFFICE O#: Township Manager

March 9, 1978

Lieutenant Callahan
Department of the Army
Philadelphia District, Corps of Engineers
Custom House-2D & Chestnut Streets
Philadelphia, Pennsylvania 19106

Dear Lieutenant Callahan:

In response to your recent letter wherein you state
you are making a study to develop a regional dredging
spoil disposal plan for the tidal portions of the Delaware
River;

Bensalem Township is plagued with flooding of the
Neshaminy Creek, the Poquessing Creek and the Delaware
River; therefore, although we are in support of dredging,
we must object to any dumping in our H.U.D. established
flood plains.

Your consideration and cooperation will be appreciated.

Very truly yours,

NAS/pw

cc: Board of Supervisors

,4
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oREDGE HARBOR fACHT BASIN
P.O. BOX 158. ST. MIHIEL DRIVE..i . RIVERSIDE, N. J. 08075

-09461.1194

STORAGE SERVICE * SALES

March 13, 1978
ACCESSORIES

ENGINE PARTS

SPORT BOATS
CRUISERS

SAILBOATS
SPORT FISHERMEN

LUXURY YACHTS

Lt. Colonel Joel T. Callahan
U.S. Army Corp. of Engineers
Customshouse, 2nd & Chestnut ST.
Phila. Pa. 19106

Dear Sir:

This letter will refer to yours of Feb. 23, 1978 NAPEN-R
or N2404002 concerning Delaware River Dredging Disposal
Study.

I am deeply concerned that such a study be made and fin-
alized as quickly as possible and at this time the find-
ings be funneled into proper area's for active assistance
(work to be done)in dredging and spoil area's, for I assure
you there is desperate need for both throughout the Dela-
ware Valley.

Please make this letter a part of the record and keep me
informed of future developments.

* If I can assist in further development of this program to
bring about a faster reality of work done please contact

* me imediately, my qualifications for assistance stem from
39 years part owner of Dredge Harbor YaJht Basin in the
Delaware Valley on the Delaware River.

Sincerely your ,

William R. Parsons
WRP:fg

cc:Joseph Kane, Delran Administrator

B-212
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FOUNDED IN 1812

RESEARCH. MSEUM.• EDUCAllON

PHILADELPHIA

March 13, 1978

Joel T. Callahan
Lieutenant Colonel
Corps of Engineers
Department of the Army
Custom House - 2nd & Chestnut Sts.
Philadelphia, PA 19106

Dear Colonel Callahan:

Thank you for your notification of February 23 on the
Delaware River Dredging Study. We are very much interested
in this program and appreciate the opportunity to remain
aware of its progress. As you may know, we have been in-
volved in a great number of biological studies on the
Delaware and we maintain continuing interest in signifi-
cant activities affecting the river.

Information regarding progress on the study would
certainly be appreciated and we would be pleased to comment
whenever appropriate.

Sincere~~

a4es L. Peterson
Acting Director
Division of Limnology and

Ecology

JLP:sd

A
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NATIONAL AUDUBON SOCIETY
MID-ATLANTIC UEGIONAL OFFICE

P.O. BOX 4161* HARUSG, PA. 17111 0 (717) U3M4

14 March 1978

Lt. Col. Joel T. Callahan
Corps of Engineers, Acting District Engineer
Custom House-2D & Chestnut Streets
Philadelphia, PA 19106

Dear Sir:)

I was pleased to learn that your district has initiated the Delaware River
Dredging Disposal Study. Certainly a comprehensive study of this nature, at
this time will go a long way toward alleviating the potential environmental
destruction which could occur as a result of dredging operations.

Prior to assuming the responsibilities as regional representative for the
Mid-Atlantic region, I served the Society as a warden/biologist at the
Tampa Bay Wildlife Sanctuaries. While there, I served on the Army Corps
of Engineers (Jacksonville District) Ad Hoc Advisory Committee for the Tampa
Harbor Deepening Project, as well as the Environmental Advisory Committee for
the Tampa Port Authority. A major role of these committees was to provide
input of an environmental nature to dredging activities in the Bay. In addition,
I have had contact and am aware of the WaterwaysExperiment Station (Vicksburg,
Mississippi) programs over the last few years and, in fact, served as a sub-
contractor on two of their wildlife habitat projects.

I am very much interested in contributing and assisting you with your study on
the Delaware River. I would appreciate you sending me any information whereby
my input could be of service.

Thank you for providing this opportunity to work together toward a comprehensive
dredging disposal plan for the Delaware River.

Sincerely,

FRANK DUNSTAN
Representative

FD:lg
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Cuetty
Getty Refining and Marketing Company Delaware City, Delaware 19706 Telephone (302) 834-6000

March 15, 1978

Colonel Joel T Callahan
Department of the Army
Philadelphia District Corps of Engineers
Custom House - Second and Chestnut Streets
Philadelphia, Pennsylvania 19106

Dear Sir:

Reference: Delaware River Dredging Disposal Study

We were very pleased to see the February 23
announcement that the Corps has initiated the Delaware
River Dredging Disposal Study. We agree that the
study followed by action is very much needed.

We note that as the study progresses, you
plan to inform interested parties of major developments.

May I request that you put me on the mailing
list for announcements.

Thank you.

Sincerely,

W Adamsl

Chief Engineer

4I B
*1t
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' o nhip of Aeran
BURLINGTON COUNTY, N. J.

CHESTER AVENUE. DELRAN, NEW JERSEY 08075
TELEPHONE: 609461-7734V

March 15, 1978

Joel T. Callahan
Lieutenant Colonel, Corps of Engineers
Acting District Engineer
Custom House - 2nd & Chestnut Streets
Philadelphia, Pa. 19106

Dear Colonel Callahan:

I have your letter dated 23 February 1978 concerning the Delaware River
Dredging Disposal Study. The Township of Delran is very interested in this
study and feel we have vital input to make regarding areas that will need
to be dredged as well as existing and potential spoil areas on and adjacent

* to the Delaware River.

As a result of your correspondence, I have met with the various marina owners
located in Delran Township who advised there are critical areas along the
Delaware in Delran Township that warrant evaluation. The owners expressed to
me and I forward to you both their and my concern for the ,ecessity of having
input in the study from its very inception. Consequently, I would hope that
the Corps of Engineers will provide Delran Township the opportunity of being
involved with this study from its very beginnings. Myself and the marina
owners would like to meet with a qualified representative of the Corps to
delineate our mutual concerns at your earliest possible convenience. We feel
the input we can offer will provide your office with significant considerations
and materials from the very stepping-off of the project.

In conclusion then I would again thank you for the correspondence and for
keeping Delran advised as to what is going to be happening and would again

'1..
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Joel T. Callahan March 15, 1978
Lieutenant Colonel
Army Corps of Engineers

-2-

express our request to meet with representatives of your office at your

earliest convenience.

If you have any questions, feel free to contact me.

Sincerely,

Lorraine Schmierer
MAYOR

LS/ab
cc: Delran Marina Owners

Township Administrator

B-217



LAW OFFICES

FALCIATI 8 DiMuziO
35 SOUTH BROAD STRLET

-.\& .,I J FALCIANI P 0 BOX 379

KINNE II A D.MUZIO WOODBURY, N.J. 08096

1 'IS ) FLETCHER
1609) 84 ,-8333

J0',EPH i HOFFMAN JR

March 16, 1978

Joel T. Callahan
Lieutenant Colonel
Corps of Engineers
Ncting District Engineer
Department of the Army
Custom House--2 D & Chestnut Streets
Philadelphia, PA 19106

Re: NAPEN--R

Dear Lieutenant Colonel Callahan:

I am solicitor in Greenwich Township. In
reference to the above, please be advised that we have
gone on record in Greenwich Township as opposing any
dredging project which will deposit dredge spoils in
the flood storage basin for the Repaupo Creek Watershed.
Rather than detail the history of our opposition to you
in a letter, I would appreciate your representative con-
tacting me at my office so that we may review the matter
in its entirety.

Additionally, you should be aware that re-
cently during a storm in February, 1978, there was
severe flooding along Flood Gates Road which may, in
part, have been attributable to the filling in of the
flood storage basin with dredge spoils. I respectfully
request that this matter be investigated by your office
to determine whether such a relationship exists between
the recent flooding and the deposition of dredge spoils
in the Repaupo Creek Watershed area.

Your prompt response will be deeply appreciated.

Very truly yours,

Kenneth A. DiMuzio

KDM:sha
SB-218
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CONRAIL

!irch 20, 1978

SUBJI."CT: Delaware River Dredging Disposal Study

!'istrict En]jineer
De)-.irt:ient o[ the Army
C-rp,: of 5n ileor.,
(Uii!:ton j iowvc - 2nd ani d Chef, tnut Strects.

,i bIth l Ii;, , \I'A 19106

.Ic note with interest your letter of February 23, 1978
ariouncing thc initiation of the Delaware :liver Dredging
Disposal Study, and descrioinq its aims.

you kro,:, Conrail has miLny ,;aterfront installations
i". th( Uelaware 13asir, aiid dredging and dredged spoil
,Iis,)o.sal represent a significant continuing item of
c:c:)cn.-e to our nort activities.

'(our invitation to participate in thiis study is welcomed
and '4'e will bc happy to lend all possible assistance
to,:drlu." it.- successful completion.

,cry truly yours,

J. T. StllvM P. E.

Ph i7 i ; ineer -
Desqn I Construction

!lu th, Floor

(2'1B) 893-6-61

'4

r B-220

- , V.



COMMISSIONERS:

THOMAS C. ROBERTS

President FRIENDS MEETING

Jo1Ns FicoNDo HOUSE

~':ii'-rcsdcniL/2J2J4 4 ZA £2~'LA4~*~SW, ~Erected 1 769 to replacc

LAKIN C. Hi Nsti the original log cabin meet-
inghouse built in 1703 and

W' 1'6A1 J. Riii. destroyed by fire December
%futi moi D. KINTI 4, 1768; probably the onl%

one in the state standing in
Loti% A. ROBINSON , i . y its original condition and

retaining its size and atia-

Mpt%. LouisE [.uz^A sphere.

St, retar i

PftFR J. NotAN

HAiI [S J. (CTANI, l.rch 20. 197b PHONE HU S.S881
Enginaery HN:HU SR

Us~p~t~nwstt of the Ar', Ile: hf,PLN-F
Pliladelhid uistrict, Coips of Ln;ier.ers
('ustoi house - 2nd Chestnut 'tL.
-iladelphia, Pa. 19106

Attention: Lt. Colonel Joel T. Callahan
ActinF District Lnpineer

bear Lt. Colonel Calldhaii:

In s gards to your recent letter coucerninp the dredging
it, the Delaware Piver, such an operation has a far, reachini effect on the
health and safety of a number of people in Upper Chichester Township.

In the years of 1971 and 1973, during flooding, we sufferea
considerable property damage in the areas of Marcus Hook Creek and Naamans
Creek, both tributaries that flow into the Delaware Fiver and are atfected
.,y the tide water. Thanks to the work done in a combined effort by the
tkrmy Corps of Engineers, Civil Defense, Departwnt of Forest and Waters, now
Environmental Resou'ces, the creeks have not gone over their banks since.
For this, we are grateful.

The purpose of this letter is to make you further aware that in
Upper Chichester, we cannot drop our guard, and respectfully request that stucies
be made of our situation, with the thought of updating these improvements and
including them in your program.

It's good to hear from you, and we look forward to your reply
dii your continued positive support.

Thomas C. Roberts

President

91 TCR:ll B-22. Board of Commissioners
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TOWNSHIP OF

ChernyHill
20 MERCER STREET • CHERRY HILL * NEW JERSEY 08002

Maria Barnaby Greenwald, Mayor
Bernard A. Platt, Deputy Mayor Adminitration
Howard S. Gal, Councilman (609) 665-6500
Dr. Joseph M. Hassman, Councilman Public Safety
Col. H. N. H!olt. USAF (Ret'd), Councilman (609) 665-1200
Donald E. Dalgleish, Councilman
Dr. John A. Rocco, Councilman

Lewis M. Weinstein, Township Manager

March 21, 1978

Lt. Colonel Joel T. Callahan
Acting District Engineer
Dept. of the Army - Corps of Engineers
Custom House - 2nd & Chestnut Streets
Philadelphia, Pa. 19106

Re: Delaware River Dredging Disposal Site

Dear Sir:

The Township of Cherry Hill is aware of only one area of the
Township that would fall under your proposed dredging disposal study.
That area includes the South Branch of the Pennsauken Creek, from the
northwest corner of Cherry Hill to the vicinity of Route 38 & Church
Road. The Township is concerned with respect to the tributary streams
which enter into the South Branch of the Pennsauken Creek as well as
the Cooper River and its tributaries to the North Branch of the Cooper
River located on the South side of Cherry Hill, as it relates to the
spoil material from dredging projects. The cost for removal of
dredging material is becoming excessive as the haul distances become
greater that will accept this type of material. The Township also
recognizes that there is a definite need to have periodic dredging
take place in order to maintain the capacity of the channel. With
the high amount of organic material normally found in dredging spoil
material, perhaps some consideration should be given to composting this
material with sludge, leaves etc. as a resource recovery alternative.

We would be interested in knowing the periodic progress of your
findings in this study.

Very truly yours,

-. DEPARTMENT OF PUBLIC WORKS

chard E. RoI/1r ach

/Township Engieer
RER:ve

B-222
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KAIGHN SMITH. M. D. LTD.

SUITE 433

LANKENAU MEDICAL BUILDING

PHILADELPHIA. PA 19151

KAIGHN SMITH. M D OBSTETRICS AND GYNECOLOGY
DANIEL C HARRER, M 0 MIDWAY 9.5034

JULIA A CLARK. C. N M

March 28, 1978

Lt. Col. Joel T. Callahan
Acting District Engineer
Department of the Army
Philadelphia District Corps of Engineers
Custom House - 2nd & Chestnut Streets
Philadelphia, PA 19106

RE: NAPEN-R

Dear Colonel Callahan:

As Rear Commodore of the Corinthian Yacht Club of Philadelphia, I am in receipt
of your letter regarding the congressionally authorized study to develop a
regional dredging spoil disposal system for the tidal portions of the Delaware
River, its tributaries, and the Delaware Bay.

The Corinthian Yacht Club would be very happy to cooperate in any way with the
Corps of Engineers in a pilot project of your choosing. As you probably know,
the basin at the Corinthian Yacht Club was in recreational use in a very signi-
ficant way until approximately 25 years ago when the silting became so severe
that it is now dry at low tide. The Yacht Club, of course, is anxious to dredge
out the basin, but recognizing the probability that it would silt in again
within a few years has prevented us from taking on the expense. It has always
made sense to the membership that if the dredging of the channel between Tinicum
Island and Essington could be accomplished and the dredged material make a cause-
way between the mainland and Tinicum Island, that the silting would not continue
to take place and the basin and the channel would remain open once and for all.

The Corinthian Yacht Club, of course, is anxious to have its basin opened, but
also would be interested in any experimental approach to the problem that the
Corps of Army Engineers might wish to undertake in our area. You probably know
that the West End Boat Club will move its facilities to the property next door
to the Corinthian. This means that approximately half a mile of shoreline will
be given over to recreational use if one includes the West End Boat Club, the
Corinthian Yacht Club, the Govemor Printz Park, and the marinas to the north
of that until one approaches the Lester plant of Westinghouse Corporation. It
would seem important that this area be preserved for this important social impact
and because the Corinthian Yacht Club Is directly in the middle of this area, its
basin and surrounding riparian shoreline should be ideal for the Corps of Engin-
eers studies.

We will assist you in any way that we can in this regard, and would be happy to
meet with you at anytime it would be convenient.

Sin~ ly~w&

Ka ghn 9Ait'. "Reaf Comodore
KS/agj B-223 Corinthian Yacht Club

t7

7. W 1



a Wildlife Management Institute
709 Wire Building, 1000 Vermont Ave., N.W., Washington, D.C. 20005 - 202 /347-1774

DANIEL A. POOLE
President Northeastern Representative

L. R. IAHN March 28, 1978 Philip Barske
Vice-President 200 Audubon LaneL. L. WILLIAMSON Fairfield, Connecticut 06430

SecretarV

IRA N. GABRIELSON
Board Chairman

Col. Joel T. Cllahan, Corps of Engineers
Department of the Army - Philadelphia Dist.
Custom House, 2d and Chestnut Streets
Philadelphia, Penna. 19106

RE: Delaware River Dredging
Study-

Dear Colonel Callahan:

Your letter describing the study to develop a regional
spoil disposal plan for the Delaware River System has
come to me from our Washington office.

Although there are many involvements of the study that
I shall attempt to keep abreast of, I am particularly
interested in the potentials of using dredge-spoil to
develop new marshlands.

During the past few yeats I have carefully followed the
work of the Dredged Material R search at Vicksburg and
I think we have reached the stage where a portion of
the dredge-material may well be utilized to attempt to
restore some of the ls6t wetlands of the Delaware River
System.

Sincerely,

Philip ke

N rtheastern Representative

B-224
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YAPEWI AQUATIC CLUB

BORDENTOWN - ON- THE - DELAWARE

ORGANIZED 1892

March 29, 1978

Lt. Colonel Joel T. Callahan
Department of the Army
Philadelphia District, Corps of Engineers
Custom House - 2D & Chestnut Streets
Philadelphia, PA 19106

Dear Colonel:

Your letter of 23 February, 1978, states, in part, "The Study
is expected to include investigations of the following: current
and future dredging requirements of Federal, State and private
interests;" Our members navigate and moor their boats on Crosswicks
Creek, Bordentown, NJ. In recent years, the Channel of the Creek
has silted-in to the extent that the depth at low tide in many areas
of the Channel is less than 18 inches and is not navigable by many
of our members' boats.

If mr memory serves me correctly, the channel has not been
dredged in five years. Your inclusion of dredging requirements
in Crosswicks Creek, shall be appreciated.

We look forward with interest to the activities of the Corps
in this matter.

Very trul yours,

L.J es, Secretary
1h67 Makefield Road

.4 orrisville, PA 19067

215-295-0435

,

1]3-225

- *1



New Castle County
Department of Parks and Recreation
Mary D. Jornlin Ralph S. Cryder
County Executive Director

Banning Park, 102 Middleboro Road
Wilmington, Delaware 19804 (302) 571-7700

April 6, 1978

LTC Joel T. Callahan
Acting District Engineer
Philadelphia District, Corps

of Engineers
Custom House - 2 D & Chestnut

Streets
Philadelphia, PA 19106

Dear Sir:

I have received your letter of February 23rd concerning the Delaware River
Dredging Disposal Study.

Since our department controls several parcels of land on the Delaware River
shoreline, we are keenly interested in any plans that you may develop as a
result of your study. We would appreciate being kept informed of any future
developments and having an opportunity to provide any input that you feel we
could offer. We are particularly interested in the possibility of using a
portion of our Fox Point Park as a potential disposal site for your operations.

If you should have any questions or desire additional information on this
proposal to use Fox Point Park, please feel free to contact me.

Sincerely,

Charles D. McCombs II
Superintendent, Design

and Development

CDM/rmd

DESIGN & DEVELOPMENT DIVISION, 2920 Duncan Road
Wilmington, DE 19808 571-7760

B-226
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114t attrau Otmtrap Ant*OMUt
MUNICIPAL BUILDING, CHESTER AVENUE

Burlington County
DKRAN, NEW JESEY 0075

April 12, 1978
Department of the Army
Philadelphia District, Corps of Engineers
Philadelphia, Pennsylvania 19106

Attn: Joel T. Callahan File: H2410001

Dear Sir:

In reference to your letter dated February 23, 1978 on
Delaware River Dredging disposal study, please be advised the
Delran Sewerage Authority is very interested in this study.

As stated in a letter dated March 15, 1978 from Delran
Township, the Authority would like to be kept posted on any
activities to be taken in this area.

Very truly yours,

George Barton
Secretary

GB/mrp

i

I
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RUTGERSTHE STATE UNIVERSITY
OF NEW JERSEY

COOK COLLEGE-MOSOUITO RUSLAHCH AN[) CONTROL
P, H X 231 . NFW BRUNSWICK.N[W JISEY 08903- U.S.A..201/932.9341

April 18, 1978

Lt. Col. Joel T. Callahan
Corps of Engineers
Custom House-2 D & Chestnut Ste.
Philadelphia, PA 19106

Dear Lt. Col. Callahan:

I have received your correspondence concerning the Delaware
River Dredging Disposal Study by way of several of our county mosquito
control commissions. The problems of dredge spoil disposal has
interested mosquito control personnel since the early 1900's, since these
areas can breed large numbers of mosquitoes.

On June 14, 1977 the mosquito control community of New Jersey
met with the New Jersey Dredge Disposal Technical Committee to discuss
some of our problems with dredge spoil sites. Many of the problems
that concern us are similar to those facing other mosquito control agencies
around the nation. The U. S. Army Engineers Waterways Experiment
Station has instituted a study to determine what are some of these problems
and how can they be solved? New Jersey has had input in the preparation
of the report through correspondence, and visits to exchange ideas in
methods to control mosquitoes on dredge spoil disposal sites. A pre-
liminary study was made in 1977 in New Jersey to determine the effect of
dredge spoil sites on mosquito production (see enclosed prepublication by
Shisler). The report includes a summary of individual dredge spoil sites

* in the counties and their mosquito breeding history. Some of the sites
* were not created by dredging but the problems are the same with inter-

rupted drainage patterns that create mosquito breeding sites, and these
sites then have to be treated by the county mosquito control commissions.

State and county mosquito control personnel would like to assist
you in your study and be informed as to major developments in order to
possibly alleviate any problems before they occur.

If you have any questions, please feel free to contact me or any

of the county mosquito commissions in which a dredge spoil site may occur.

Sincerely yours,

Joseph K. Shisler, Ph.D.
Assistant Research Professor

cc: Dr. K. W. Bruder
County Superintendents
Mr. Roy Denmark B-228
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Department of the Army
Philadelphia District, Corps of Engineers
custom House - 2D & Chestnut Sts.
Philadelphia, PA 19106

Attn.: Lt. Col. Joel T. Calahan, Acting District Director

Ref: aPEN-R 23 February 1978

Dear Sir:

Thank you for advising us about the Delaware River Dredging

Disposal Study.

The Fort Delaware Society's major objective in the past 28 years
has been the preservation of Fort Delaware as a historic monu-
ment. We cooperate actively with the State of Delaware, Division
of Parks & Recreation, as an advisory group, by law, on both
maintenance and operation of the Fort.

Fort Delaware is the focal point of Fort Delaware State Park
located on Pea Patch Island off Delaware City. The entire
island is included in the park. Major visitor attractions on
Pea Patch Island are the old fort which is on the National
Register of Historic Places, and a heronry on the northern
fringe of the island. This heronry is believed to be the only
nesting grounds of its type in this region of the country.

The state of Delaware will soon complete various improvements
on Pea Patch island and at Delaware City which are designed
to improve visitor access to Fort Delaware and increase tourism

.9 in the area. These improvements, costing over $1.5 million,
Hinc_'.zAe renovation of moat walls and control structure, clean-

ing of moat, construction of new pier, walkway, well and rest
room facilities on the island, and bulkheading, lock restoration,
pier improvements and construction of parking facilities, park
maintenance center, paved plazas and walkways within the Delaware
City complex. Improved boat service between Delaware City and
Pea Patch Island is also being initiated this year.

B-229
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In December 1971, a preliminary draft "Environmental Statement -
Branch Channel, Vicinity of Delaware City, Delaware", was issued
by the Philadelphia district. This preliminary draft proposed
that a dredge disposal site be established at the northern end
of Pea Patch Island. At a public hearing held March 9, 1972,
the Fort Delaware Society expressed opposition to this proposed
disposal site and gave historic and environmental reasons for
its objection. The idea of a disposal site on Pea Patch Island
was abandoned after the then governor of Delaware, Russell W.
Peterson, indicated that the State of Delaware opposed the idea.

The historical and environmental reasons for not using Pea
Patch Island as a disposal site still exist, and, in fact, are
more valid today than in 1972. This has resulted from the
natural growth of the heronry on the northern edge of the
island and the physical improvements noted above which are
expected to increase annual visitations to Pea Patch Island.

We therefore assume that the corps of Engineers has no plans
to propose using Pea Patch Island as a disposal site.

Pea Patch Island appears to be increasing in size in a westerly
direction through natural silting action while, at the same
time, suffering erosion on the easterly side.

As part of the physical improvements noted above, two sunken
barges on the west side of the island are being removed. This
is expected to diminish the silting action at the docking end
of the island pier. It is possible, however, that dredging
operations may be necessary at the island pier some time in
the future.

we also assume that your office is aware of the dredging needs
at the Delaware City dock. This area, once largely unusable
due to silting, is now much improved over its former state.

Erosion is occurring on the easterly side of Pea Patch Island
due to storm created breaks in the protective rip-rap. The
walls of the Civil War era dock in the vicinity of the channel
light have also been damaged by storms. Plans to repair the
Civil war era dock have been set -side temporarily by the state
of Delaware due to a lack of sufficient funds. The main
channel is close to the island at this point such that the
wakes of passing ships have rendered the Civil War dock unusable
by small boats and have increased erosion on the island.

with regard to the above matters (need for erosion control,
rip-rap and dock wall repairs and possible future dredging
needs), it is recommended that your office consult with the
State of Delaware, Department of Natural Resources, Division
of Parks & Recreation, John E. Wilson, III, Director, at
Box 1401, Dover, Delaware, 19901.

B-230
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The Fort Delaware Society is very much interested in any plans
the Corps of Engineers might formulate which affect the Delaware
City - Pea Patch Island area. We are appreciative of your
concern in advising us of the present study and we ask that
you continue to keep us fully informed.

If we can be of further assistance, or if you desire more
information, please advise.

Very truly yours,

William E. Craven
President
Fort Delaware Society

CC: J. E. Wilson, III, Director of Parks & Recreation
Mrs. E. D. Krapf, Secretary, Fort Delaware Society

WEC : ssb
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COUNCIL OF CIVIC ORGANIZATIONS
of

t.ol Joel . cmiaA1 NDYW INE HUNDRED 3 arshLt C l o l T Wilmington., Del.19809

Acting District Engineer Af.;i 23,1q79
Phila.Dist.,Corps of Engineers
Custom House-2D & Chestnut Ste.
Philadelphia, Pa. 19106

Dear Sir, DISPOSAL AM - "POX POINT PARK"

I have your letter of Feb. 23rd addressed to Mr. Bocks former President

of our Council and wish to endorse the disposal area referred to in Mr.
C.D. McCombs' letter of 4/6/78. He is Supt. of Design & Development for
L,.C. County Dept. of Parks & Recreation.

in addition, I wish to give you more details and indicate there would
be a PUBLIC BEMXIT if now ground is created by fill at t~e Park area.

"FOX POINT PARK" is County owned and is on the Delaware shore between
Edgemoor and Claymont. it was acquired with State and B.0.R. funds and Is
in the process of development. It consists of three main sections:

Foot Miles
14ORTH of 3TOIIZY RUB 11,120 2!V Proposed DISPOSAL AMRA
South of " " 7,288 1.4 Filled & being developed
Entrance Corridor 1.500 Between Artic & duPont Plants

Total Length 19,908 3+

This whole riverfront has been on record for years as a disposal area.
Then the Penn.R.R.Co. filled the area South of Stoney Run, there were
major public objections because their intent was to create heavy industry
immediately adjacent to a densely populated residential area. The attached
map is marked to show the above three areas of the park. The base map
was published 25 years ago to show the residential nature of the area.
I prepared it to show the intense residential growth that was taking
place at that time. Since then, growth has continued and we are running
out of open space.

There has been stronz Dubli support for a Park along this riverfront
as evidenced by the fact that the State passed a bill to buy the entire
3.5 miles and deed it to the County for a park. Development North of
Stoney Run is contingent upon obtaining fill, and dredging* from the
ship channel has long been considered as our only hope.

People in this area enjoy the river. I have seen many oars parked
along the Printz Blvd. inland of the tracks, and a riversido drive and
park has been a long sought delight. There Is no place north of New

* ! Castle where people can legally enjoy the river.

The center of the unfilled portion North of Stoney Creek Is near the
Junction of the Bellevue & Marcus Hook Ranges, opposite the mouth of
Oldmmns Creek. I frequently have seen your dredge off-leading dr6dged
material on the Jersey side near this point, but I do not know of any
publicmnhf1 t that will result. Thus, the suggestgd area warrants alose
consieain Re epotfully* .1

8. Mar ton Pg, Chairman
B-232 Belleve & Fox Point P arksCemmittee
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DELMARVA ADVISORY COUNCIL
SUITETO00. ONE PLAZA EAST P 0. BOX 711

SALISBURY. MARYLAND 21801 PHONE 301/742-9271

April 25, 1978

Joel T. Callahan, Lieutenant Colonel
Acting District Engineer
Philadelphia District, Corps of Engineers
Custom House, 2nd & Chestnut Streets
Philadelphia, Pennsylvania 49106

Re: NAPEN - R

Dear Colonel Callahan:

Our Committee was very interested to learn that your District had initiated a
Delaware River Dredging Disposal Study, which would include the tributaries
as well as the tidal portion of Delaware Bay. An overall study such as you
described in your 23 February, 1978, letter is a much needed aspect of channel
and harbor maintenance in that area.

However, we were distressed to learn that little attention was planned for fishing
ports, particularly those located along the Delaware coastline where shoaling
can and has caused extensive problems. We believe that these ports are
integral to the local economies of the area and deserve some attention to their

, problems.

If we can be of any assistance in your consideration of this aspect of your planning,

please feel free to contact us. Thank you for your consideration.

S incerely,

John Lewis
Chairman, Seafood Advisory Committee

FO

~- FOR DESIRABLE DEVELOPMENT OF DELMARVA -



BOROUGH OF OAKLYN
BOROUGH HALL

OAKLYN, NEW JERSEY 08107

April 26, 1978

Department of tb' Army
Philsdelnhiq nistrict Corps of Engineers
Mustoms ounse - 2D & Chestnut Streets
Philadelphia, Pa. 19106

Attention: Joel T. Callahan
Lt. Col. Corps of 'rngineers
Activity District Manager

Re: NAPEN-P Borough of aklyn, N.J.

Dear :71r:

Your lester addressed to the Borough Clerk of 0aklyn has
been referred to me for an appropriate reply.

I believe it would be sopropriate for the Borouh of Oaklyn
to kAll to your attention to the project undertaken by Camden
County and the Goff Avenue inlet feeding into Newton Lake.

Presently, we are experiencing undue delay and frustration
because of thp State of New Je.rsey Department of Environ-

nenta1 Protection requirements for a reparian conveyance
for all oropertins adjoining the inlet on both sides.

Any additionql Information on this project on Colinty level
should be addressed to Mr. Thomas Sellers, Camden County
Mosquito Extermination CommIssion, 7gS Hirbor Road, Linden-
wold, New Jersey.

/
4 ±i' Mnyor and ouncil,

Thomas Platt
i, Lu rrih Vminiqtrntor

JTP:wmo
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d elaware county
economic development committee
602 East Baltimore Pike Media, Pa. 19063 215-565-3680

May 16, 1978

Joel T. Callahan
Lieutenant Colonel, Corps of Engineers
Acting District Engineer
Department of the Army
Philadelphia District Corps of Engineers
Customs House - 2D & Chestnut Streets
Philadelphia, PA 19106

Dear Lieutenant Callahan:

Reference is made to your form letter of February 23rd to the Delaware
County Surveyor, c/o Delaware County Courthouse. Your letter was
referred to my by members of the Delaware County Council.

It is our understanding that you are initiating a Delaware River dredging
disposal study. When the study is completed, I would very much appreciate
it if you would forward a copy to me at the following address:

Manuel S. Whitman
Director of Economic Development
Delaware County Economic Development Center
602 E. Baltimore Pike
Media, PA 19063

Thank you very much for your cooperation.

Very truly yours,

Manuel S. Whitman
Director of Economic Development

MSW/nrd

Enclosure

cc: Richard Erdmann
Chris van de Velde

Hon. Dennis Rochford
B2
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Betz Converse. Murdoch. Inc.

INTRODUCTION

This report presents an environmental overview of the Delaware Estuary
and thirteen adjacent counties in Pennsylvania, New Jersey and Delaware.
Features covered are climate, physiography, soils, suface water, ground-
water, wetlands, vegetation (other than wetlands), and water and shore-
based recreation. A general inventory of these features has been devel-
oped, and the potential impacts of dredging and dredge disposal activi-
ties are discussed. Projections of recreational needs and surface water
quality have been made in those counties for which information was
available. For all other features, only existing conditions were
discussed.

Several of the environmental features, such as climate, physiography,
and groundwater, lend themselves to a regional discussion. The remain-
ing features--soils, surface water, wetlands, vegetation, and recrea-
tion--are inventoried by county.
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Betz. Converse Murdoch. Inc

CLI MATE

The entire study area lies within one broad climatic zone, which is
considered subtropical, with hot summers, mild winters, and regulat
rainfall. Summer weather patterns are influenced by maritime tropical
air masses, where high pressure systems dominate and remain stable for
several days at a time. Weather systems in the winter are generally
more intense because of rapidly moving fronts and continental polar air
masses.

Flooding in areas of poor drainage is common during many thunderstorms.
Severe flooding occasionally occurs when heavy rain coincides with snow-
melt, especially when the ground is still too frozen to absorb such
significant runoff. Temporary droughts, or periods of subnormal runoff,
are not uncommon in the study area. The last protracted drought
occurred during the years 1960-1968.

Table 1 summarizes the general climatic characteristics of the region.
Figure 1 shows a wind rose for the Philadelphia area. Although extreme
temperatures, precipitation and wind conditions will potentially impact
dredging and dredged material disposal activities, these events are
largely unpredictable. A range of only six degrees in average annual
temperature over the entire study area is indicated by Table 1. The
range of average annual precipitation is eight inches per year. Other
climatic conditions are generally constant over the study area. Due to
the relative uniformity of climatic conditions in the thirteen-county
study area, climate is not considered a significant factor in the selec-
tion of disposal sites.
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TABLE 1

CLIMATIC CHARACTERISTICS

TEMPERATURE

Average annual temperature: 500 F, Upper Bucks Co.
54cF, Burlington Co.
560 F, Sussex Co.

Temperature in 90OF range: 20-30 days/year

Temperature below freezing: 100 days/year (approx.)

Frost-free growing season:* 188 days, State of Delaware
191 days, Cumberland Co.
210 days, Philadelphia Co.

PRECIPITATION

Average annual precipitation: 40 inches/year, Delaware Bay
42 inches/year, Philadelphia Co.
46 inches/year, Gloucester Co.
48 Inches/year, Sussex Co.

Average annual snowfall: 16 inches/year, Sussei Co.
23 inches/year, Salem Co..

WIND

Prevailing wind direction: Northwest, west, and southwest

Average hourly speed: 9 miles/hour (approx.)

HUMIDITY

Average humidity: 1 A.M.: 80%, Salem Co.
1 P.M.: 55%, Salem Co.

HURRICANE SEASON: June - November

" Although Philadelphia is farther north than Delaware or Cumberland
Counties, the growing season may be longer due to the fact that
temperatures around large cities are generally warmer than the
surrounding countryside.

Source: U.S. Army Corps of Engineers, Delaware Bay-Chesapeake Bay
Waterway in Delaware, Maryland, and Virginia (Delmarva Water-

v way) Draft EIS; Chester-Betz Engineers, COWAP/20 Preliminary
Draft Chapter IV: Environmental Characteristics of the Study
Area, 1975; Salem County Planning Board, A Plan for Compre-
hensive Development, 1970.
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FIGURE I

SURFACE WIND ROSE
PHILADELPHIA AREA PATTERN
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PHYSIOGRAPHY

Introduction

Physiographic -provinces are geographic areas characterized by similar
topography resulting from the action of climatic factors on geologically
related structures. Portions of three physiographic provinces have been
identified in the study area. The Reading Prong Section of the New
England Province covers a small portion of Bucks County. The second
province is the Piedmont Province, which is divided into the Triassic
Lowland Section and the Piedmont Upland Section. The Coastal Plain is
the third physiographic province. The locations of the provinces are
shown in Figure 2. The underlying geology of each province and section
will be presented first, followed by a discussion of the characteristic
topography of each section.

Geology

The physiographic provinces and sections in the study area vary greatly
in their geologic structure. The geology of the area is important as
the primary determinant of surface topography and groundwater avail-
ability. Groundwater occurrence and use will be discussed in a later
section.

New England Province - Reading Prong Section: The Reading Prong
Section is restricted in the study area to 20 square miles in extreme
northern Bucks County. It represents a large faulted mass of overturned
folded rock composed of crystalline gneisses and quartzite of Precam-
brian and Cambrian age.

Piedmont Province - Triassic Lowland Section: The Triassic Lowland
covers three-fourths of Bucks County between the Reading Prong and a
line between Langhorne and Morrisville, and extends into northern Mercer
County. It consists of interbedded sedimentary rocks deposited in a
low-lying downfaulted area of the Piedmont. These sandstones, shales
and conglomerates dip gently to the northwest, and are thought to be
erosional products of the ancient Appalachian Mountains. Some igneous
intrusions of diabase, which is much more resistant to weathering than
sedimentary rock, outcrop east of Doylestown.

Piedmont Province - Piedmont Upland Section: Most of Philadelphia
and Delaware counties lie in the Piedmont Upland, which also extends
north into lower Bucks County and south into New Castle County above
Wilmington. The Piedmont Upland is a very old structure, and is
extremely faulted and folded. It is also a geologically complex mass

1 4 6
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consisting of igneous and metamorphic crystalline rock formations of
Precambrian age. Metamorphosed Paleozoic sediments and carbonates also
occur in the Piedmont Upland.

Coastal Plain Province: The Coastal Plain is a wedge of sedimentary
deposits overlying a seaward-sloping foundation of crystalline rock.
Because of the inclination of basement rock, the Coastal Plain sediments
range in depth from a few feet where they abut the Piedmont Upland, to
7500 feet thick under Cape Henlopen, Cape May, and the mouth of Delaware
Bay. These sediments lie in an undisturbed depositional sequence and
are composed of unconsolidated and semi-consolidated sands, gravels and
clays. Some are marine sediments deposited when these areas were
covered by the sea, and some are of upland origin, including glacial
till washed down from the north by the Delaware River. Most of the
study area in New Jersey and Delaware lies in the Coastal Plain
Province.

Topography

The weathering forces of wind, precipitation and stream flow act upon
local geologic formations to produce land surface features, called
topography. Since climatic factors are relatively uniform over the
study area, each physiographic province and section is weathered into a
characteristic topography. Knowledge of local topography is important
to this study because it determines the pattern and quantity of runoff
and stream flow. Topographic features are also important when selecting
potential dredged material disposal sites.

New England Province - Reading Prong Section: The Reading Prong
portion of Bucks County is characterized by high crystalline hills and
ridges. Streams tend to flow along fault lines, and have moderately or
steeply sloping banks. Elevations range between 500-1000 feet.

Piedmont Province - Triassic Lowland Section: The Triassic Lowlands
are a region of low rolling hills interrupted by ridges representing
diabase intrusions. The rocks are less resistant than those of the
Piedmont Upland, so elevations are generally lower, ranging from
150-500 feet, while the ridge elevations are between 400-700 feet.

Piedmont Province - Piedmont Upland Section: The Piedmont Upland
is characterized by gently rolling hills, dissected by mature stream
valleys. Some outcrops of resistant rock occur, and steep slopes are
common along the upper reaches of the major creeks. Elevations in the
study area range between 150 feet at the Fall Line to 450 feet in the
north and west. The Fall Line is the linear boundary between the Pied-
mont and the Coastal Plain. Rapids or waterfalls, such as the Trenton
Falls on the Delaware and the falls of the Schuylkill, occur where
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streams drop from the resistant rocks of the Piedmont to the Coastal
Plain. Many cities, including Wilmington, Chester, Philadelphia, and
Trenton, were located on the Fall Line because it represented the limit
of navigable waters and was a prime location for water-powered mills.
The Fall Line also marks the end of tidal influence on larger streams.

Coastal Plain Province: The Coastal Plain in New Jersey is topo-
graphically divided into the Inner Coastal Plain, where all streams
drain to the Delaware River, and the Outer Coastal Plain, where all
streams drain to the Atlantic Ocean. The upland area separating the two
sections is only about 200 feet in elevation, and runs through northern
Mercer County, the middle of Burlington and Camden counties, eastern
Gloucester County and down the center of the Cape May County peninsula.
All of Salem and Cumberland counties lie in the Inner Coastal Plain.
The Inner Coastal Plain is older than the Outer, and is more highly
dissected by streams. It is a level to gently undulating surface rising
to rolling hills along the drainage divide.

The Coastal Plain of Delaware is also divided into two separate sections
which drain to the Delaware and Chesapeake bays. The divide runs
through western New Castle and Kent counties and northern Sussex County
to Cape Henlopen. Elevations range between sea level and 125 feet,
averaging about 40 feet across the state. All counties experience
local drainage problems due to the extremely flat topography and soil
characteristics.
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SOILS

Introduction

Soils are the products of the decomposition and weathering of organic
material and inorganic rock. Each soil type is characterized by its
chemical composition, structure, texture, permeability, and a variety
of other factors. General soil patterns of a geographic area are
described by soil associations. Associations are groupings of a few
major and several minor soil types usually encountered together in a
characteristic pattern, and the name of the most abundant soil type is
given first. Table 2 is a list of the dominant soil types in the study
area.

Soil characteristics are an important determinant of the suitability of
an area for dredged material disposal. Some of the important soil
features to examine when choosing disposal sites are slope, drainage,
permeability, and depth to bedrock or water table. For example, it is
impractical to deposit dredged material on sites that are steeply slop-
ing, and if the soil is extremely permeable, leachate from disposal
sites may contaminate groundwater supplies. The erodibility of soil is
also important to this study in that hundreds of thousands of cubic
yards of sediment are eroded each year from the New Jersey and Delaware
shores. Sedimentation, however, will be discussed elsewhere in the
report.

The soils of each county in the study area have been evaluated; soils
within the coastal region were given special attention.

Soil Associations by County

Bucks County: The riverfront soils below Tullytown are primarily
in the Urban Land-Howell association. These soils are either developed
or their use is limited by slow permeabilty. Between Riegelsville and
Falls Township, the riverfront soils are primarily the nearly flat,
gravelly, floodprone soils of the Alton-Pope association. The Alton-
Pope soils appear to be the most useful for dredged material disposal
in Bucks County, as most other soil types encountered along the Delaware
River have unfavorable water table and permeability characteristics.

From southeast to northwest, the major inland soil associations of Bucks
County are Urban Land-Chester, Lansdale-Lawrenceville, Abbottstown-Read-
ing-Reaville, Abbottstown-Doylestown-Reaville, and Towhee-Neshaminy-
Mount Lucas. These are all upland soils that exhibit a wide spectrum
of drainage characteristics. Due to the slope and stoniness of the most
northern association, these areas have remained in woodland. The soils
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of the Triassic Lowland portion of the county, where the middle three
associations are dominant, are best used for agriculture and livestock
production. Urban development has precluded the use of Urban Land-
Chester soils for any single large land use besides development.

Philadelphia County: Only two soil associations are found in
Philadelphia. These are the Urban Land-Howell and Urban Land-Chester
associations. Most of the soils are developed, but where they are not,
their usefulness is limited because of their slow permeability and
steepness.

Delaware County: Much of the Delaware County riverfront is inten-
sively developed. Where it is not, the predominant soil association is
Beltsville-Sassafras-Butlertown. These are deep silty or sandy soils
formed on Coastal Plain sediments. They are gently sloping and highly
suitable for farming, but most are fallow and planned for development.
The gently sloping, well-drained character of these soils makes them
potentially suitable for disposal of dredged material.

Most of the eastern two-thirds of the county's inland soils are in the
Glenelg-Manor-Chester association. These are well-drained soils suit-
able for farming and livestock production. The northwest part of the
county has Neshaminy-Glenelg soils. These lands are best used for hay
crops and pasture. Neshaminy-Chrome-Conowingo soils occupy a strip of
land in the center of the county between Wawa and Newtown Square. They
are not very fertile, and much of the open land is idle.

Mercer County: Most of the Mercer County shoreline below the
Trenton Falls is either developed or freshwater marsh. Freshwater marsh
soils are unsuitable for dredged material disposal for a number of
reasons, including potential destruction of a particularly valuable
ecosystem and aquifer recharge functions. Where non-marsh soils along
the shore remain undeveloped, they belong to the Galestown-Evesboro
association. These soils are of a sandy or silty texture, but some
areas underlain by clays are swampy due to poor drainage. Extensive
soil evaluations will be necessary before choosing potential disposal
sites in Mercer County. Above Trenton, the shoreline soils are
Birdsboro-Tioga. These are found on level stream terraces, and are deep
and well-drained. Because precipitation permeates rapidly through this
soil, there is a danger of contaminating groundwater from land disposal
of dredged material.

The predominant soil association of the Coastal Plain in Mercer County
is Sassafras-Dragston. These soils are suitable for agricultural and
urban uses. The soils of the Piedmont include Bucks-Penn-Reading,
Quakertown-Chalfont-Doylestown, and Neshaminy-Mount Lucas-Lehigh. Shal-
lowness, stoniness, and slow permeability limit the ability of these
soils to treat septic effluent. These factors have, in the past,

4. restricted residential and industrial development of the Piedmont.
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Burlington County: All three of the soil associations located
adjacent to the Delaware River in Burlington County have severe limita-
tions for sanitary landfills. These associations are Galestown-Klej,
Freehold-Holmdel-Adelphia, and Keyport-Donlonton. If the soils are
unsuitable for use as sanitary landfills, it is possible that disposal
of dredged material on these soils would degrade the environment as
well. However, soil associations are very generalized, and studies of
specific sites may indicate the presence of some soils suitable for
dredged material disposal.

There are 13 soil associations in Burlington County. In general, the
soils of the Inner Coastal Plain are finely textured, and subsoils are
dominantly fine sandy loam, sandy clay loam, clay loam and sandy clay.
Most of these soils are naturally fertile and are cleared for farming.
The Outer Coastal Plain soils consist of a very sandy surface layer and
sandy subsoils. Subsoil layers of clay occur in the Pine Barrens. The
soils in such areas are characterized by low available water capacity
and low fertility. Only specialized agriculture is possible in the Pine
Barrens, whereas the rest of the Outer Coastal Plain is suitable for
general crops.

Camden County: The Downer-Woodstown-Dragston soils which border
the Delaware River in Camden County are almost totally developed for
urban use. These soils are sandy and gravelly, and support small farms
where the land is still open.

Soils reaching two to five miles inland are in the Howell-Urban Land
association. These soils have a high runoff potential, and most areas
are developed. The rest of the soils in the county are variable in
their qualities, and some which remain undeveloped are highly fertile.
The Freehold-Holmdel-Collington association, a band of soils from two
to five miles wide, lies southeast of the Howell-Urban Land soils.
Although they are fertile soils, much of the farmland is being converted
to urban uses. A narrow band of the Marlton-Kresson association is
found east of the latter association. Marlton and Kresson soils are
fertile, hut farming is hampered by clay content and a high water
table. Westphalia-Nixonton-Barclay soils, found in a wavy band further
east, are moderately fertile but very erodible, limiting their
developability.

The southeastern half of the county is a collage of the Aura-Downer,
Downer-Woodstown-Dragston, and Muck-Alluvial associations. The latter
soil types are located along streams. Most soils in the southeast are
well-drained and suitable for farming, though not highly fertile.

Gloucester County: The dominant soil association of the non-marsh
shoreline in Gloucester County is Downer-Woodstown-Sassafras-Klej.
These soils are found on sandy flats along the Delaware River and are
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well-drained, with the water table more than 5 feet below the surface.
Areas which are not being held for industrial development have been
cleared for vegetable crops. Site studies would show if the permeabil-
ity rate of these soils is too high for use as dredged material disposal
sites. A Muck-Alluvial soil association is common along the floodplains
of streams up to two miles inland from the Delaware.

The major soil associations of the inland northern half of the county
are Freehold-Colt's Neck-Collington and Westphalia-Nixonton-Barclay.
Both are nearly level or gently sloping, and well-drained. Soils along
streams are clayey and wet, or steep. In the southern portion of the
county, Aura-Sassafras-Downer soils occupy areas between streams. They
are gravelly and well-drained, and are best used for farming or wood-
lands. Muck-Alluvial-Fallsington-Pocomoke soils occur in broad river
valleys and are prone to flooding. One-third of Gloucester County's
soils, primarily in the west, are classified as prime agricultural land.

Salem County: Along the Delaware River between Penn's Grove and a
point south of Salem City, the Mattapex-Othello-Woodstown association
is most commonly found. These soils are nearly level and silty, with
poor to moderate drainage qualities. Nearly all of this area has been
cleared for cropland. Because of drainage restrictions, these soils are
not highly suitable as disposal sites for dredged material. South of
Salem, the tidal marsh association supports wetlands that are generally
unsuitable for filling.

Seven other soil associations are distributed through Salem County. The
Sassafras-Woodstown-Fallsington association covers the largest amount
of land, 18% of the county. These soils lie in a strip between Upper
Penn's Neck Township and Elmer. They are sandy and nearly level, with
good to poor drainage. These same characteristics hold for the Aura-
Sassafras-Downer soils in Pittsgrove Township, the Sassafras-Evesboro-
Downer association in Alloway and Quinton townships, and the Galestown-
Sassafras-Berryland association along the north shore area of Oldman's
Township. Both the Mattapex-Matapeake and Chillum-Othello-Mattapex
associations, located in the center of the county and Upper Pittsgrove
Township, respectively, are silty soils. Each is usually level to
gently sloping, though the Mattapex-Matapeake soils are occasionally
found on steeper slopes. A very small amount of Keyport-Elkton soils,
which are poorly drained due to a high clay content, are found in
Alloway and Quinton townships. Most of the above associations have been

cleared for farming with the exception of Tidal Marsh and Sassafras-
Evesboro-Downer. The latter association remains primarily in native
hardwood forest vegetation. Although 45% of Salem County soils are
classified as prime agricultural soils, only 36% are available for farm-
ing because of urbanization.

16
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Cumberland County: Most of the soils of Cumberland County are well-
suited to a variety of land uses, including agriculture. The exceptions
are the Tidal Marsh and Muck-Atsion-Berryland associations. The Tidal
Marsh covers 14.8% of the county, including all of the shoreline and
areas adjacent to the Cohansey and Maurice rivers. Muck-Atsion-Berry-
land soils are found in small pockets on the inland side of the wet-
lands. These soils are very poorly drained and support Pine Barrens
forests. Most of the area immediately inland of the marsh is the
Hammonton-Fallsington-Pocomoke association. This association occupies
the terraces adjacent to wetlands which are very poor to moderately
well-drained. Although some areas are farmed, the soils are most appro-
priate for woodland cover due to drainage constraints. Aura-Downer-
Sassafras soils, located in the county's inland area, cover more than
half of the total county. These are well-drained loamy, sandy and
gravelly soils located in upland areas, and are moderately productive
farmlands with few limitations for urban use. The Matapeake-Chillum-
Mattapex association is found in the western section of the county along
the Salem County boundary. These soils occupy the highest elevations
in Cumberland County and are well-suited for agriculture. The inland
floodplain of the Maurice River is primarily the Evesboro-Klej-Lakewood
association. The low fertility and available moisture of these soils
makes them most suitable for forest cover.

Cape May County: Five soil associations are found in Cape May
County. The Delaware Bay shoreline south of the town of Villas and the
entire Atlantic coast is the Coastal Beach-Urban association, which
consists of bare beach, dune vegetation and filled tidal marshes. The
Tidal Marsh association occupies most of the Delaware Bay shoreline, the
Dennis Creek floodplain and the Atlantic coast behind the barrier
islands. The Downer-Sassafras-Fort Mott association occupies 28% of the
county along the Garden State Parkway and in scattered pockets. These
are areas of relatively high elevation and are the most productive farm-
lands in Cape May County, when irrigated. The remainder of the inland
area is either the Hammonton-Woodstown-Klej or Pocomoke-Muck associa-
tion. The latter soils are very poorly drained and support Pine Barrens
vegetation. The Hammonton-Woodstown-Klej areas also have drainage limi-
tations, though they are less severe. The fluctuating water table
limits the suitability of these soils for development.

New Castle County: North of New Castle, Delaware, the soils of the
Piedmont and the shoreline are disturbed by urbanization and difficult

V. to identify. This area includes the Matapeake, Sassafras, Othello,
Fallsington, Aldino, Keyport and Mattapex soils. South of New Castle,
the waterfront is characterized by tidal marshes. Two isolated parts
of New Castle County near Odessa and Taylor's Bridge contain Keyport-
Elkton soils. These sites are level to gently sloping, but have severe
drainage and erosion problems.
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The soils of the central inland portions of the county are primarily in
the Matapeake-Sassafras association. Matapeake soils are sandy, medium
textured and well-drained. They are adaptable to agricultural and urban
uses. Sassafras soils are also well-drained and sandy, but have some
development constraints. The soils in southern New Castle County are
Fallsington-Sassafras-Woodstown. All are permeable, sandy clay foams
over a sandy subsoil, and are nearly level. Fallsington soils are less
suitable than the others for agriculture and development due to a high
water table.

Kent County: The nearly continuous Tidal Marsh association along
the Delaware Bay is bounded on the inland side by Othello-Matapeake-
Mattapex soils. Although the latter two soil types of this association
have good drainage, permeability, and stability characteristics, they
are of limited development value when they are found with the poorly
drained, slightly permeable Othello soils. Where Matapeake and Mattapex
soils occur without Othello soils, these sites may be suitable for
disposal of dredged material.

A band of Sassafras-Fallsington soils runs north and south through the
center of Kent County. These are highly productive agricultural areas,
whose suitability for farming is limited locally only by the percentage
of poorly-drained Fallsington soils present. Soils with moderate or
severe development limitation are scattered throughout the county,
though most of the productive farmland is also suitable for development.

Sussex County: In general, the soils of Sussex County, Delaware are
very wet. The Tidal Marsh-Beach-Dune association covers the Delaware
Bay and Atlantic Ocean shorelines of the county. The soils behind the
tidal marsh along the bay, and extending two to six miles inland, are
the Sassfras-Fallsington association. These are areas of good to poor
drainage and moderate permeability. Sassafras soils are the best in the
county for farming. Most of this area is cultivated except where drain-
age is poor and woodlands remain. The Evesboro-Rumford association
covers 47% of the county land area. These excessively drained soils are
suitable for non-farming uses and farming, if irrigated. Fallsington-
Pocomoke-Woodstown soils are also common in the interior of Sussex
County, predominantly in upland, headwaters areas. Hardwood forests are
generally found in conjunction with this association, though the soils
are suitable for farming if artificially drained. The southeast corner
of the county is typically in the Pocomoke-Fallsington-Evesboro associa-
tion. These soils are either very poorly drained or excessively
drained, and impose severe constraints on non-farm uses. The soils are
only suitable for farming if artificial drainage or irrigation is pro-
vided. Fallsington-Sassafras-Woodstown soils occupy the northwest and
southwest portions of the county, and most areas remain wooded due to
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naturally wet conditions. A small area along the southern boundary
line, which suoports a cypress and cedar swamp, is in the Muck-Pocomoke-
Swamp association. This area is naturally suited only to use as a wood-
land and wildlife habitat.

V
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SURFACE WATER

Introduction

The surface water resources of the study area include the large Delaware
Estuary as well as small tributaries, man-made impoundments and canals,
natural lakes, and bays off the Atlantic Ocean. These water resources
are important for such diverse uses as public water supply, waste
assimilation, recreation, industrial cooling, wildlife habitat, and
navigation.

Many of the region's water bodies have become severely degraded in the
past 35 years, ruling out several of the above uses. In response to
national and state legislation, recent pollution control activities have
resulted in improved quality of most of the streams in the study area;
it is expected that quality will continue to improve significantly in
the coming years.

The following pages contain a discussion of the Delaware Estuary and the
water resources of the adjacent counties which are under tidal influ-
ence. Where data were available, the discussion includes some analysis
of existing water quality and the potential for improvement. Following
the inventory of water resources, Tables 6 and 7 classify and list the
significant point source dischargers in the study area.

Delaware Estuary

The Delaware Estuary is tidal for 133.4 miles, or as far north as the
falls at Trenton. The mean annual flow is greater than 12,000 cubic
feet per second (cfs) at Trenton, but during extremely dry periods,
such as the drought of the 1960s, the flow is much less. The minimum
recorded flow was 1,180 cfs in 1963. Salinity in the estuary is con-
trolled by the flow, and on the average, the salinity of the water is
too high to permit its use for drinking water (after reasonable treat-
ment) south of Camden. Chloride levels greater than 250 mg/l exceed
safe drinking water standards. However, the water supply of the City
of Philadelphia has been threatened by salinity levels as high as
95 mg/l in the river when the flow is extremely low.

The water quality in the estuary is also linked to the volume of flow.
The Delaware is unable to assimilate as large a pollution load when flow
is reduced as it can at normal volume. Even under normal flow condi-
tions, the river is highly polluted between Philadelphia and Wilmington.
Dissolved oxygen and fecal coliform standards are repeatedly violated,
precluding use of the river for human contact and healthy aquatic com-
munities. Above Philadelphia, pollution levels are moderate. Dissolved
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oxygen standards are violated in summer and fall, when flow is lowest.
Although there is occasional fecal coliform contamination above Phila-
delphia, the water is used for human contact recreation and water
supply. Water quality improves below Wilmington, with the water in the
open bay ranging from moderate to high quality. Dissolved oxygen levels
fall below normal occasionally. Coliform levels are acceptable in the
Delaware Bay.

Heavy metals contamination is a significant pollution problem in the
Delaware Estuary. High average values of mercury, manganese and lead
have been measured, and high maximum values of cadmium, chromium,
copper, iron, nickel and zinc are occasionally recorded.

Typical summer values of dissolved oxygen, pH, hardness and dissolved
solids are listed in Table 3. Table 4 shows the present and future
water uses of five segments of the Delaware Estuary. The water quality
standards in the estuary are less stringent than they are for the
rivers in the region.

Surface Water by County

Bucks County: Water quality data are available for two sub-basins
of the e aware Valley in Bucks County which are delineated in Figure 3.
Tohickon Creek is the major tributary to the Delaware River in Upper
Bucks County. Although pH, dissolved oxygen and fecal coliform are the
three parameters for which criteria have been violated, high levels of
biochemical oxygen demand (BOD), nutrients and ammonia have been
measured and are attributed to several sewage treatment plant dis-
charges. Neshaminy Creek and several smaller streams in its drainage
basin are tributary to the Dplaware below Bristol, Pennsylvania. The
water quality of the main stem of the Neshaminy is generally fair to

* poor. Dissolved oxgyen, total solids, phosphate and pH standards are
violated. High levels of the heavy metals zinc and iron are also a
problem. Municipal and industrial discharges are listed as the probable
primary causes of pollution in the Neshaminy.

Sand and gravel mining operations have created Manor Lake and Van Sciver
Lake in Falls Township. These lakes have a combined acreage of 1080
acres, and their levels are artificially maintained by pumping from the
Delaware River. Their quality, therefore, is linked to that of the
Delaware. Presently, nutrient and fecal coliform contamination is a
problem in these lakes, caused in part by malfunctioning on-lot sewage
disposal systems.

'1
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TABLE 3

TYPICAL WATER QUALITY ANALYSES FOR SUMMER STREAM FLOW
CONDITIONS ON THE DELAWARE RIVER

Total
Dissolved Dissolved
Oxygen Hardness Solids

Location (River Mile) (mg/i) pH (mg/l) (mg/i)

Riegelsville, NJ (175) 7.5 7.0 64 140

Trenton, NJ (133) 8.7 7.9 70 115

Burlington-Bristol Bridge (118) 5.0 6.8 70 185

Torresdale (110) 5.3 ---

Benjamin Franklin Bridge (100) 1.7* 6.7 100 140

Chester (82) 1.2* 6.5 207 208

Delaware Memorial Bridge (69) 3.1* 6.5 420 2,000

Reedy Island (55) 5.4 6.7 1,700 3,000

* Values do not meet water quality standards

Source: DRBC, Eleventh Water Resources Program, July 1974

Philadelphia County: The major tributaries to the Delaware River
within Philadelphia are Poquessing Creek, Pennypack Creek, Frankford
Creek and the Schuylkill River. All basins (except Frankford) are shown
in Figure 3. The overall water quality of Poquessing Creek is satis-
factory, although periodically high BOD and ammonia values are recorded
downstream. The Pennypack is badly polluted by municipal discharges
along its entire length. Although dissolved oxygen is the only stan-
dard violated, high levels of BOO, suspended solids, ammonia, nitrates,
phosphates and fecal coliform are common. Trout stocking of this stream
was halted in 1969 due to its polluted condition and it is no longer
used for public water supply. The tidal reach of Frankford Creek shows
low levels of dissolved oxgen, high nutrient values, and an increase in
coliform bacteria.
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TABLE 4: Recognized presenit and future water uses according to the
Dela ware River Hasin Commission and State of

Delaware Water Quality Standards

Zone 2 Zone 3 Zone 4 Zone 5 Zone 6 -

Trno Torresdale Big Tibr Del.-Pa.Morrisville (FIM 108.4) Creek stt ie Liston Point
Br idge to(FM 95,0) stal 78e8 lAM 48 2)

Purpose of iRM 1334)1o1M 88 to
water use t ~ Big Timber elPa Lito on

1 or rrsdaie (M9.1 state line (M4.) IM00
I RM 108 4) IR 9.0 (M 78.8) (M4.1M00

PeetFuture Present Future Present Futr Present FurePsntFue

Water supply rsnuur-.tue PentFte

(After reasonable

treatment):

A g i u t r l x x X x ..... . ------ ...... ...... ...... .. . ...

industrial x X X x X X X X X X

Public w ater . x x X x ---... ...... ...... ...... ...... ......

Wildlife........X x ? x ? x ? X X
Maintenance of ... x X ? x .? x x x X X

resident fish and

aquatic life.

Propagation of .... x x X

resident fish andI

dCq(iatic life.

Passage of...... ......... x ...... x ...... X ...... ...... X

dilldromous fishI

Recreation3  X X X X ? X X X X X
Navigation ....... X x x x X X X x X X

Maintenance and....... ........ ........... ........... .......... .......... ........... x X X

propagation of I

shellfish.

xDienotes recogniied use
7 Diiiitis marginai or questionable use.
IRM rliiiotes liver miles froin the mouth of the bay, The midpoint between Cape May and Cape Heniopen is considered

2as ri.r'r mi le 0 00 The !idal barrier at Trentoo is located 133 4 river miles from the mouth.
2FiornHM 70 0to48?2
IRecreation is defined in the Water Ouairty Standards as foiiows The streams in Delaware are generally small, shallow.
antd murky. Water contact recreation (swimming, waler skiing. etc.) is therefore, quite limited However. other
recreation, such as picnicking, hiking, fishing. erc .is feasibie in order to ensure sale usage. all municipai. drnestic.
arid industrial waste discharges contributing colilorms to the stream witi be corntrolled to the extent required

Source: College of Marine Studies, University of Delaware, 1972, The
Coastal Zone of 'elaware.
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The Schuylkill River is tidal to the Fairmount Dam. While better than
the Delaware Estuary, the Schuylkill's water quality is still considered
poor. Besides the pollution generated by municipal point sources,
industries in the lower Schuylkill basin discharge oil, heavy metals,
suspended solids, toxic materials and heated wastes into the river.
Urban runoff is also an important nonpoint pollution source. Dissolved
oxygen, pH, and copper standards are violated in the Schuylkill, and
zinc and BOD levels are also high.

Delaware County: Five major streams flow southeasterly through
Delaware County to the Delaware River. Their drainage basins are shown
in Figure 3. From east to west, they are Cobbs Creek, Darby Creek, Crum
Creek, Ridley Creek and Chester Creek. All five streams are tidal in
the Coastal Plain portion of the county. The creeks are characterized
by well-defined valleys, steep slopes, and floodplains of varying
widths. Two impoundments are located on Crum Creek, and two lagoons
were created in the tidal segment of Darby Creek by dredging for fill
for an interstate highway.

Water quality is generally good upstream, but lower reaches are degraded
by sewage treatment plant discharges. Locally, high nitrate and phos-
phate problems are traced to point source discharges, on-lot sewage
disposal, and runoff from agricultural land.

Mercer County: A ridge running northwest to southeast bisects the
county into two major drainage basins. Moore Creek, Fiddler's Creek,
Jacobs Creek, Shipetaukin Creek, Assunpink Creek, Miry Run and Cross-
wicks Creek all drain to the Delaware River. Stony Brook, Big Bear
Brook, Rocky Brook, and the Millstone River are part of the Raritan
drainage system.

In general, widespread violations of total phosphorus and fecal coliform
standards have been observed in Mercer County streams. Point sources
of pollution seem to have overwhelming effects on stream quality. All
impoundments are potentially eutrophic due to extreme nutrient
enrichment.

Burlington County: Eight streams are tributary to the Delaware
River in Burlington County. Crosswicks Creek forms part of the northern
boundary of the county. Severe total phosphorus and fecal coliform
problems are characteristic of the tidal segment, and are attributed to

.4 urban runoff, landfills, and one sewage treatment plant. Black's Creek,
Craft's Creek and Assiscunk Creek are smaller than Crosswicks, and their
drainage basins lie entirely within Burlington County. Three point
sources in the tidal portion of Black's Creek violate fecal coliform and
phosphorus standards. These same standards are violated in Craft's
Creek and Assiscunk Creek as well, though nonpoint sources play more of

9'
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a role in the degradation of these streams than they do in the Black's
Creek watershed. Assiscunk Creek also exhibits low dissolved oxygen
levels and violations of the pH standard.

Rancocas Creek is the largest stream in Burlington County, and its
346-square-mile drainage basin lies almost entirely within the county
boundaries. Moderate dissolved oxygen depletion is aggravated by the
tidal influx of water from the Delaware River. Although several sewage
treatment plants influence water quality in the tidal segment, nonpoint
sources are believed to be the major cause of total phosphorus and fecal
coliform violations. Swede's Run and Pompeston Creek are two smaller
streams for which water quality data are unavailable.

Pennsauken Creek forms the southwest boundary of Burlington County, but
75% of its watershed area is in the county. It is tidal along the main
stem and a few miles of its north and south branches. One landfill on
the main stem and several treatment plants on both branches have caused
major problems with total phosphorus, ammonia nitrogen, and dissolved
oxygen. The influence of the treatment plants is too great to reliably
assess the impacts of most nonpoint sources.

Camden County: Pennsauken Creek and Big Timber Creek form the
northern and southern boundaries of Camden County. The quality of these
streams has been discussed in the Burlington and Gloucester County sec-
tions. The two other streams in Camden County which flow to the Dela-
ware River are the Cooper River and Newton Creek. The lower three miles
of the Cooper River below Cooper River Lake dam are tidal, and highly
urbanized. Four industrial treatment plants cause violations of phos-
phorus, ammonia nitrogen and fecal coliform standards. Depressed
dissolved oxygen levels reflect the influence of the Delaware River on
the tidal reach. The same three water quality criteria that are vio-
lated in the Cooper River are also exceeded in Newton Creek. These
problems are attributed to six sewage treatment plants in the Newton
basin.

Gloucester County: Nine streams flow directly into the Delaware
River in Gloucester County. These streams are Oldman's Creek, Raccoon
Creek, Mantua Creek, Big Timber Creek, Little Timber Creek, Repaupo
Creek, Nehonsey Brook, Clonmell Creek, and Woodbury Creek. The first
four are the largest and are tidal for the last four or five miles of
their length. The smaller creeks are tidal only very close to the
Delaware River. Other small streams in the county are tributary to the
Maurice and Great Egg Harbor rivers, and exhibit no tidal fluctuation.
Several lakes fed by groundwater occur in the southern portion of the
county.

9{
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Fecal coliform and phosphate pollution are severe problems in Oldman's
Creek, Raccoon Creek, Mantua Creek and Big Timber Creek. Dissolved
oxygen depletion and pH are potential water quality problems in these
streams. Degraded conditions have been traced to point sources, land-
fills, and, possibly, runoff from agricultural land.

Salem CountX: The four major streams in Salem County are all trib-
utary to the Delaware River. These streams are Oldman's Creek, Alloway
Creek, Salem River and Maurice River. The mouth of the Maurice River
is in Cumberland County. In the interior, upland portion of their
drainage basins, the streams are narrow, but they widen into meandering
streams with broad floodplains as they fall into the nearly flat por-
tions of the Coastal Plain.

Water quality data are available for Oldman's Creek, Salem River and
Alloway Creek. Oldman's Creek exhibits possible dissolved oxygen, fecal
coliform and nutrient problems, though fecal coliform counts improve
near the Delaware River. The Salem River below Woodstown has high fecal
coliform and low dissolved oxygen values. Water quality projections
indicate that "application of effluent limited technology will be
insufficient to meet water quality standards"* in the Salem River.
Alloway Creek shows elevated fecal coliform and ammonia levels, but a
dissolved oxygen problem is improving.

Potential water quality problem areas in Salem County include low-flow
streams such as Oldman's and Alloway Creeks, the headwaters of the Salem
River near Woodstown, and Salem River in the vicinity of Mannington
Creek.

Cumberland County: There are two major rivers in Cumberland
County--the Cohansey, which flows south to southwest 27 miles, and the
Maurice River, which originates in Gloucester County but flows 33 miles
through Cumberland County. Both flow to the Delaware Bay, have a very
low gradient, and a meandering channel and abundant marshlands in the
tidal reaches. Numerous smaller streams are also tributary to the
Delaware Bay. They are characteristically short and wide, with little
variation in flow due to constant recharge from abundant groundwater
reserves.

, * NJOEP, Phase I Water Quality Management Basin Plan - Delaware River

Tributaries, Zones 5 and 6, Draft, 1976.
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Water quality analyses indicate that the Maurice and Cohansey rivers are
similar. The tidal reaches of both streams are degraded, and exhibit
low dissolved oxygen levels and fecal coliform and nutrient contamina-
tion. Computer simulation of future water quality indicates that
"application of effluent limited technology will be insufficient to meet
water quality standards" in the Cohansey and the Maurice rivers.* Water
quality data are unavailable for the smaller tributary streams.

Cape May County: The largest tributary to the Delaware Bay in Cape
May County is Dennis Creek, which discharges approximately one mile
south of the Cumberland-Cape May boundary. Dennis Creek and its tribu-
taries drain an area of 130.8 square miles in Cape May County. Water
quality data for this stream were not available.

The upland portion of the Cape May Peninsula is only three miles wide
or less. Drainage occurs primarily through the tidal marshes surround-
ing the peninsula and very short streams segments penetrating the
peninsula.

New Castle County: Naaman's Creek and Shellpot Creek discharge to
the Delaware River just below the Pennsylvania border, and both drain
the Piedmont Upland portion of New Castle County. Fecal coliform cri-
teria are violated on both streams, though this contamination will be
alleviated by sewer construction. Low dissolved oxygen values may
reflect the influence of the Delaware River water in the short tidal
reaches. The Christina River is tidal for the lower 12 miles, to the
eastern end of Smalley's Pond. The quality of the Christina has been
degraded by nonpoint pollution sources and tidal exchange with the
Delaware River. The water quality has, and will continue to, improve
following sewer renovation and improvement in the quality of the Dela-
ware River. The Appoquinimink River and Blackbird Creek are very simi-
lar to each other. They drain the Coastal Plain Province, and each is
tidal for the lower eight miles. Although they flow through undeveloped
areas, fecal coliform standards are exceeded in both streams. Nonpoint
pollution from wildlife and domestic animals is believed to be the
source of the contamination. Stream flow data for Blackbird Creek and
the Christina River are shown in Table 5.

• KJOEP, Phase I Water Quality Management Basin Plan - Delaware River
Tributaries, Zones 5 and 6, Draft, 1976.
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TABLE 5. SfreamI low data f Or the Delaware Riv'er estuary, Piedmont Plateau, arid Atl~antic

Coastal Plaint streams /t? Delaware draining to the Delaware Estuary and the A tlanItic Coast

Tveo sIa Drainage of Average Mdrrmuin Mini"mum I charge
Loain area rec~rd discharge' discharge discharge pe

in 1968 s)ir

sqar cubic cubic cubic cubic

Delawre Rier esuaryper second per second per sec.ond per sec
Delaware Rlivie Trento,-. N J 6.780 56 t11930 3900 1.220 1 16

Piedmornt Plateau streamis

Sheilpot Creek Wd-wriiqon 746 22 907 4650 I 0 10 t 12
While Clay Creek Abir,,e Newarki 66 7 1 1 72 1 4540 46 1 08
White Clay Creek Near Newark 87 8 28 104A 6 6r40 4 7 1 18
Red Clay Creek Nedr Wooddalr' 470 25 60)3 6000 450 t 29
Little Mill Creek F hsmere 6 70 899 396 Y )0 1, 34
Bi ariiywiii..e Creek Chaddis Ford Pa 27 48 315 t 200) 42 1 :jt
Brandywine Creek Wrlrrirglon 314 22 436 1 800 56 1 39

Coirdr Plain. %Irearn,

Christin Ricer
2  

Cou~ches 8ide 205 75 25 3 2,620 0 20 1 23
Blackbird Creek3 Blackbrd I 385 1 2 4 25 ,1(1 0 1 t0

Sr Jones R'eei
7  

Drier 31 9 to 300 1.900 0 091
Murierkol Ricer

2  
Nr Felton 136 t0 168 7090 080 1 24

Beaverdani Bril, hiiirti 283 1 10 347 1Ifl 0 20 1 27
"-ihrii.rWe 61ran,hiiN~ Milto, 708 12 9 76 134 1 3 1 1

L tokeVEBa, ( h SH,,kleV 5 24 25 b695 132 0 13 1 33

1 One cubic fopescndequals 646,323 gallons pPs day,
~Record good

Source Sundstrom, R W . and A D Varnin, Water supply and use in the drainage basins of the Delaware River system

and Atlantic coastal drainage basins in Delaware, 1971, page 19 Water Resources Center, University of Delaware.
Newark. Delaware

NOTE F igures from U S Geological Survey, Departmcent of Interior, Washington, D C
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Kent County: Eight streams in Kent County are tidal tributaries to
the Delaware Estuary. The Smyrna River forms part of the boundary
between New Castle and Kent counties, and is fresh above Flemings Land-
ing. Below this point, the water is brackish, but the overall quality
is good along the entire length. The Smyrna River is tidal for 11.3
miles. The Leipsic River drains Massey's Mill Pond and Garrison's Lake,
and is part of the Bombay Hook National Wildlife Refuge. At 275 feet
wide, it is the widest tributary to the estuary in Delaware. The
Leipsic is a muddy river, but overall water quality is good and improv-
ing. The 26-mile segment above the mouth has been selected for further
study for possible designation as a Wild and Scenic River. Simon's
Creek, Mahon River and Little River are all of good quality, and
brackish. The quality of the St. Jones River has historically been
poor, though it has improved since the Kent Courty regional sewage
treatment plant has been in operation. Recovery is expected to con-
tinue. The St. Jones River is tidal to river mile 10.4, and salinity
ranges from slightly brackish to very salty near Bowers Beach. The
Murderkill River drains five fresh ponds, but becomes brackish near the
bay. It is tidal for the lower 10.7 miles, and water quality is gener-
ally good. Stream flow data for the St. Jones and Murderkill rivers
are given in Table 5. The Mispillion River, which forms part of the
boun dary between Kent and Sussex counties, drains nine fresh ponds.
It is tidal to river mile 11.3, at the eastern end of Silver Lake.
Water quality is very good now, since the discharge from the Milford
sewage treatment plant has ceased.

Sussex County: Besides the Mispillion River, the Broadkill River
is the only major tidal tributary to the Delaware Bay in Sussex County.
It drains three inland ponds, and enters the bay at Roosevelt Inlet.
Water quality is poor in the sluggish upstream segment due to several
point source discharges, but tidal flushing below Milton causes the
quality to improve slightly. Overall quality remains poor, but is
expected to improve by 1980. Love Creek, Herring Creek and Guinea Creek
are all tributaries to Rehoboth Bay behind Rehoboth Beach. Water qual-
ity in Rehoboth Bay is degraded in the northeast section near Dewey
Beach and the Lewes-Rehoboth Canal. The bay is connected at its
southern end to Indian River Bay. The artificially maintained Indian
River Inlet links both bays to the Atlantic Ocean. Major tributaries
to Indian River Bay are Indian River, Pepper Creek and White Creek. All
three are fresh, though the salinity of the bay ranges from brackish to
salty at the inlet. In 1969, the Delaware State Planning Office
recorded a decrease in species diversity, recent fish kills, low levels
of pesticides, and increasing sedimentation rates in both bays. Further
evidence of water quality deterioration is the fact that prior to World
War I, 100% of Rehoboth and Indian River bays' area was open for shell-
fishing. Presently, only 84% of Rehoboth Bay and 78% of Indian River
Bay are approved for shellfishing. By 1980, wasteloads are projected
to decrease 87% from the 1975 levelis, and wastewater flow will be
halved. Water quality can be expected to improve in the future.
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Inventory of Point Source Discharges

The following tables summarize inventories from the areawide waste
treatment management plans. Table 6 classifies the discharges as
municipal, non-municipal or industrial, and Table 7 lists all point
sources discharging 3 million gallons per day (MGD) or more.
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TABLE 6

NUMBER OF POINT SOURCE DISCHARGERS

County Municipal Non-Municipal Industrial

Bucks 17 25 43
Philadelphia 3 3 35
Delaware 11 21 36
Mercer 11 6 37
Burlington 29 26 32
Camden 41 6 27
Gloucester 6 3 34
Salem 5 2 13
Cumberland 2 1 21
Cape May 1 2 1
New Castle 5 15 45
Kent 3 7 15
S u s s e x .... ... ..

TOTAL 134 117 339

Sources: 1. New Jersey Department of Environmental Protection, Phase I
Water Quality Management Basin Plan - Delaware River Trib-
utaries, Zones 5 and 6, Draft, 1976

* 2. New Castle County Areawide Waste Treatment Management Pro-
gram, 1976

3. DVRPC, 208 Water Quality Mangement Plan, Mercer County 1977

4. DVRPC, 208 Water Quality Management Plan, Burlington,
Camden and Gloucester Counties, 1977

5. DVRPC, COWAMP/208 Water Quality Management Plan, South-

eastern Pennsylvania 1978

6. BCM, Kent County Wastewater Management Facilities Plan,
Vol. I: Report, Plymouth Meeting, Pennsylvania, January
1979
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TABLE 7

POINT SOURCES DISCHARGING 3 MGD OR MORE

Facility* Average Flow MGD (Year)

Bucks County

Levittown WPCP (M) 8.70 (1975)
Warminster Township STP (M) 3.80 (1974)
Rohm & Haas Company (1) 11.63 (1977)
U.S. Steel Company (1) 294.05 (1977)

Philadelphia County

Philadelphia Northeast WPCP (M) 195.00 (1973)
Philadelphia Southeast WPCP (M) 127.00 (1973)
Philadelphia Southwest WPCP (M) 139.00 (1973)
Amstar Corp. Phila. Refinery (1) 22.785 (1977)
Atlantic Refinery (1) 6.00 (1977)
Container Corp. of America 5.184 (1977)
E. I. DuPont deNemours & Co. (1) 4.23 (1977)
Gulf Oil Refinery (1) 41.115 (1977)
National Sugar Refining Co. (1) 17.846 (1977)
Phila. Coke Co. - EAC (1) 4.875 (1977)
Phila. Elec. Richmond Sta. (1) 340.535 (1977)
Phila. Gas Works A - Passyunk (1) 7.374 (1977)
Phila. Gas Works B - Richmond (1) 12.128 (1977)
Publicker Industries (1) 52.35 (1977)
Rohm & Haas Company (1) 8.919 (1977)
Phila. Naval Shipyard (1) 38.921 (1977)
Phila. Elec. Delaware Sta. (1) 264.382 (1977)
Phila. Elec. Schuylkill Sta. (1) 212.020 (1977)
Phila. Elec. Southwark STa. (1) 269.498 (1977)

Delaware County

Central Delaware Co. Authority STP (M) 10.10 (1974)
Darby Creek Joint STP (M) 15.81 (1973)

Delcora-Chester STP (M) 10.30 (1973)
Muckinapates STP (M) 5.75 (1973)
Phila. Elec. Chester Sta. (1) 37.176 (1977)
Scott Paper Co. (I) 25.04 (1977)
Sun Ship Building Co. (1) 3.325 (1977)

• ,Phila. Elec. Eddystone Sta. (1) 1,442.098 (1977)
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TABLE 7 (Continued)

Facility* Average Flow MGD (Year)

Delaware County (Continued)

BP Oil Inc. Refinery (1) 120.720 (1977)
FMC Corporation (1) 5.609 (1977)
Sun Oil Company Refinery (1) 92.35 (1977)
Union Carbide Linde Div. (1) 30.16 (1977)
Westinghouse - Lester Plant (1) 36.023 (1977)

Mercer County

Ewing - Lawrence Sewer Authority (M) 7.8
Hamilton MUA (M) 7.9
City of Trenton (M) 19.32
Stony Brook Reg. Sewer Authority (M) 4.83

Burlington County

Willingboro STP (M) 3.60
Roebling Steel (1) 7.0

Camden County

Cherry Hill Main Plant (M) 3.38
Pennsauken Sewer Authority (M) 3.75
Camden Baldwin Run STP (M) 3.60
Camden City Main Plant (M) 33.00

Gloucester County

Gloucester County SA (M) 11.00
Mobil Oil (1) 18.00

Salem County

E. I. DuPont deNemours & Co. - Chambers (1) 159.1 (1977)
Public Service Elec. & Gas (Hope Creek) (1) 4.625 (1977)
Atlantic City Elec. Corp. (1) 311.457 (1977)

Cumberland County

None

Cape May County

None
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TABLE 7 (Continued)

Facility* Average Flow MGD (Year)

New Castle County

Getty Oil Eastern Operations, Inc. (1) 452.0
ICI United States, Inc. (1) 17.34
City of Wilmington STP (M) 90.0
Delmarva Power & Light Co. (1) 1,070.0
DuPont Co. - Edgemoor Plant (1) 24.76
Phoenix Steel Corp. (1) 8.0
Allied Chemical Corp. (1) 37.6
NVF Co. - Yorklyn (1) 3.25

Kent County

Kent County WWTP (M) 6.38 (1975)

Sussex County

(data unavailable)

* (M) indicates municipal discharger

(1) indicates industrial discharger; flow may include cooling water

Sources: 1. New Jersey Department of Environmental Protection, Phase I
Water Quality Management Basin Plan - Delaware River Trib-
utaries, Zones 5 and 6, Draft, 1976

2. New Castle County Areawide Waste Treatment Management Pro-
gram, 1976

3. DVRPC, 208 Water Quality Mangement Plan, Mercer County,
1977

4. DVRPC, 208 Water Quality Management Plan, Burlington,
Camden and Gloucester Counties, 1977

5. DVRPC, COWAMP/208 Water Quality Management Plan, South-
eastern Pennsylvania, 1978

6. 8CM, Kent County Wastewater Management Facilities Plan,
Vol. I: Report, Plymouth Meeting, Pennsylvania, January
1979
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GROUNDWATER

Introduction

Aquifers are porous geologic formations storing or transmitting ground-
water which is available for water supply. Groundwater is the source
of the base flow of streams and sustains stream flow during dry periods.
Two general types of aquifers are found in the study area. Groundwater
in areas underlain by crystalline rock and the consolidated sediments
of the Triassic Lowland is contained in fissured or weathered zones of
the rock, while Coastal Plain groundwater is found in porous unconsoli-
dated sand and gravel formations. In general, the sediments of the
Coastal Plain provide the most productive aquifers, though contamination
and salinity intrusion may limit their use in some areas. The forma-
tions in the Piedmont Upland and Reading Prong sections are generally
poor aquifers. Yields in the Triassic Lowland are variable.

Groundwater in Pennsylvania

Only a small fraction of the total water use in Bucks, Philadelphia and
Delaware counties is groundwater. Although locally high yields can be
obtained from wells in the Reading Prong and the Piedmont Province,
Coastal Plain aquifers are the most reliable. The Raritan, Cape May and
Pennsauken formations are the most significant aquifers in Pennsylvania.
Four areas of intensive groundwater pumping have been identified in the
Coastal Plain. These areas are:

1. South Philadelphia
2. Bristol Borough (Bucks County)
3. Bristol Township - Tullytown Borough (Bucks County)
4. Morrisville Borough (Bucks County)

In all of these areas, groundwater is being withdrawn at rates of
100,000 to 500,000 gallons/day/square mile. In the Bristol Township-
Tullytown Borough area, pumping rates are even higher.

Aquifer Recharge: The entire Coastal Plain Province in Pennsylvania
is a recharge zone for the Magothy-Raritan aquifer. This aquifer is
much more important in New Jersey than in Pennsylvania, though land and
water uses in the Pennsylvania portion of the recharge zone potentially
impact New Jersey's groundwater supplies. Heavy pumping of the aquifer
in Bristol Township south of Tullytown Borough is a problem in Bucks
County. Groundwater depletion in this area is causing induced recharge
of the aquifer from the Delaware River and Martin's Creek. Under low
flow conditions, other heavy pumping problems become apparent. Some

-areas where groundwater use exceeds recharge during low flow years are

ot.
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Falls Township south of Morrisville Borough and Bristol Township south-
west of Bristol Borough. In these areas, both in Bucks County, induced
recharge due to heavy pumping is affecting groundwater quality and
surface flow.

Groundwater Quality: Groundwater use in Pennsylvania is limited to
a large extent by contamination. In general, groundwater quality is
better in Bucks County than in Philadelphia and Delaware counties.
Extensive heavy metal contamination of aquifers in urban and industrial
areas is common. For example, leachate from landfilling at the Naval
Base in Philadelphia has contaminated the Magothy-Raritan aquifer with
sulfates, iron and dissolved solids. Industrial and domestic waste
disposal practices are causing groundwater contamination in the League
Island area and Five Mile Point area in Phladelphia. Locally degraded
groundwater supplies in Bucks County have been caused by leachate from
iron slag piles and landfills; the problem is particularly severe in
the overpumped area of Falls Township. These areas must be considered
permanently contaminated, due to the slow movement of groundwater in
the aquifers.

Groundwater in New Jersey

One important aquifer is found in the Piedmont Province in Mercer
County, New Jersey. The Stockton Formation provides an average yield
of 150 gallons per minute (GPM) from its weathered and fractured zone.
Reported yields range between 10-1000 GPM. The Brunswick Formation is
also fairly productive where fissures are concentrated. The sedimentary
deposits of the Coastal Plain, however, are the major source of water
supply for all users in the New Jersey counties. Those formations
composed of unconsolidated sands and gravels are the most useful aqui-
fers. Layers consisting predominantly of clay are relatively imperme-
able and often confine aquifers beneath them under pressure. These clay
formations are called aquicludes. The aquifers include the Magothy-
Raritan, Englishtown, Mount Laurel-Wenonah, Vincentown, and Kirkwood-
Cohansey formations. Two of these aquifers, the Magothy-Raritan and
Kirkwood-Cohansey formations, yield supplies greater than 500 GPM. The
three other aquifers are minor sources, yielding water at rates between
100 and 500 GPM.

The Magothy-Raritan aquifer, composed of medium to coarse sand and clay
layers, is considered the most important aquifer in the lower Delaware
Valley. For example, it provides 80% of the total water use in Burling-
ton County and 75% in Gloucester County. Rates of up to 1500 GPM are
common, and its estimated safe yield is 260,000 gallons per day
(GPD)/square mile. This is the amount of water that can safely be with-
drawn without exceeding the rate of recharge. This aquifer outcrops in
a narrow band along the Delaware River between Penn's Grove in Salem
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County and Trenton. The outcrop exends from one to six miles inland,
and the aquifer reaches all the way to the Atlantic Ocean at increasing
depth.

The contiguous beds of the Kirkwood and Cohansey formations combine to
form an aquifer potentially more valuable than the Magothy-Raritan. The
Kirkwood Formation is generally an unreliable water source, but it is
an important source of recharge for underlying aquifers. Wells in
eastern Cumberland County tap the lower Kirkwood aquifer. Yields of up
to 800 GPM have been recorded for the Kirkwood-Cohansey aquifer, but it
is at present relatively undeveloped and used only for domestic and
agricultural supply. The estimated safe yield is 1,000,000 GPD/square
mile, greater than that of all other aquifers in New Jersey combined.
The outcrop area of 2,350 square miles is also greater than the combined
areas of all other aquifers. The western edge of the outcrop is near
Artificial Island on the Delaware Bay. The outcrop covers all of
Cumberland and Cape May counties, and the southeastern portions of
Salem, Gloucester, Camden and Burlington counties. The Cumberland and
Cape May portions of the outcrop are partially covered by Pleistocene
deposits of the Quaternary period. These deposits are called the Cape
May Formation, and they serve as an extension of the Kirkwood-Cohansey
aquifer where the deposits are porous, and as an aquiclude where they
are composed of clay.

The Englishtown, Mount Laurel-Wenonah and Vincentown formations are
minor aquifers outcropping in parallel bands between the Magothy-Raritan
and Kirkwood-Cohansey aquifers. They are moderately productive, with
reported yields between 100 and 500 GPM, and estimated safe yields of
up to 200,000 GPD/square mile. They are used primarily for domestic
and agricultural supply.

Aquifer Recharge: The Stockton aquifer is recharged by infiltration
over its outcrop area and by vertical leakage from overlying formations.
Figure 4 shows the outcrop area of the Magothy-Raritan Formation, and
the high-level recharge areas in portions of Mercer and Middlesex
counties. Lines of flow of the groundwater in this formation are also
shown. Increased pumping in southern New Jersey has begun to change the
d-rection of flow, and induced recharge from the Delaware River is
becoming an important factor in the maintenance of the Magothy-Raritan
supply. Vertical leakage from overlying formations is an important
source of recharge east of the outcrop area.

Because the outcrop area of the Englishtown Formation is so narrow,
recharge occurs primarily through infiltration from overlying beds. The
same is true for the Mount Laurel-Wenonah and Vincentown formations.
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The Kirkwood-Cohansey aquifer is recharged directly from precipitation
over its outcrop area, and the water table is very close to the surface.
Recharge is inhibited in some areas by a layer of Quaternary deposits
with a high clay content.

Groundwater Quality: The quality of water from the Stockton Forma-
tion varies, but is satisfactory for most uses. Moderate hardness and
elevated concentrations of dissolved solids are common. Iron and
chloride problems are less frequent, though local nitrate concentrations
have exceeded health standards.

The interface between saltwater and freshwater in the Magothy-Raritan
aquifer is delineated in Figure 4. This line has moved westward as
groundwater withdrawal along the urbanized Delaware River waterfront
has increased. Overpumping induces saline intrusion not only from the
Atlantic Ocean, but also from the Delaware Estuary, and is a potential
source of chloride contamination in wells in Salem County. Increased
mineralization of the aquifer in Camden County has been traced to an
industrial waste dump located over a recharge area near Philadelphia.
The aquifer is basically of good quality, however, with isolated hard-
ness, iron, and manganese problems. Quality improves with distance from
the outcrop area. The quality of the Magothy-Raritan is closely linked
to the quality of the Delaware River, which flows over the outcrop and
is hydrologically connected to the aquifer.

The quality of the Englishtown, Mount Laurel-Wenonah and Vincentown
aquifers is satisfactory. Isolated iron and hardness problems are
common, and may require treatment at the well site.

The high water table of the Kirkwood-Cohansey aquifer makes it extremely
vulnerable to degradation. Its quality is determined by local surface
conditions, which have limited the use of the aquifer in some areas.
Water quality is generally good, though some pH and iron adjustment may
be necessary for industrial use. If land uses with the potential to
contaminate groundwater are carefully monitored, the Kirkwood-Cohansey
will be an extremely valuable water source for southern New Jersey in
the future.

Groundwater in Delaware

Due to the geologic similarity between New Jersey and Delaware, ground-
water resources can be expected to be abundant in Delaware. In fact,
groundwater resources represent 58% of Delaware's total available water
supply, although presently only 43% of the water used in the state comes
from groundwater sources. Surface water withdrawals are negligible
compared to groundwater use in Kent and Sussex counties. However,
surface water use in New Castle County far outweighs groundwater pump-
age. The population centers of Wilmington and Newark are located in or
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near the Piedmont Province, and as explained earlier, groundwater is far
less abundant in the crystalline rocks of the Piedmont than in Coastal
Plain sediments. Therefore, these cities take most of their water from
surface water sources.

Although several of the prominent New Jersey aquifers are found in
Delaware as well, they have different names and may be more or less
valuable as aquifers in Delaware than they are in New Jersey. For
example, the Pleistocene deposits of the Quaternary Period found only
in Cape May County and scattered along the Delaware River in New Jersey
are far more extensive and important as aquifers in Delaware. As shown
in Table 8, the Pleistocene aquifers represent 57% of the developed
water supply and 92% of the available supply in Delaware.

Figure 5 shows the extent of the important aquifers in Delaware, and
Table 8 lists the available, developed, and remaining supply, by county,
for each aquifer. For ease of comparison, the Potomac and Magothy
formations in Delaware are of the same origin as New Jersey's Magothy-
Raritan aquifer. The Monmouth and Rancocas aquifers in Delaware corre-
late with the Vincentown and Mount Laurel-Wenonah formations in New
Jersey. Delaware's Frederica and Cheswold aquifers are extensions of
the Kirkwood Formation in New Jersey, and the Cohansey sands are similar
to the Manokin aquifer of Delaware.

In summary, the Pleistocene deposits are the most important present and
future aquifer in the State of Delaware. They are and will continue to
be most valuable for water supply in Sussex and southern Kent counties.
Other productive aquifers are the Manokin, Potomac, Piney Point, Ches-
wold, and Frederica formations, all of which have extensive supplies
untapped at present.

Aquifer Recharge: Figure 6 shows the outcrop areas of aquifers in
Delaware, with the Pleistocene deposits removed. Pleistocene deposits
cover the entire Coastal Plain in Delaware, but are so porous that
underlying aquifers are recharged through them.

In two areas of the state, present groundwater withdrawals are approach-

ing or exceeding recharge rates. These are the areas surrounding New
Castle and Dover. Continued overpumping may result in saline intrusion
and surface water pollution because of reduced stream flow.

Groundwater Quality: The most widespread groundwater quality prob-
lem in Delaware is saline encroachment. A high chloride concentration
is natural within two miles of the Delaware Bay and within one mile of
tidal streams. There is some evidence of increased saline intrusion
caused by overpumping in the New Castle area. The dredging of the
Lewes-Rehoboth Canal caused the unnatural infiltration of saline water
into the normally fresh Pleistocene aquifer in the vicinity of the
canal.
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TABLE 8: Ground water available in Delaware front the dlrainage basins of the Delaware River and Say
and the A tlantic coast

Ava'Iatle 0--velcrped RemnaiingAquifers in the vicinity of spl upyspl
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per dlay per day per day
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Canal ared of New Castle Coun' V

PotomaC dquilferS.... 211 4
Southern New Castle County

POtomadC aqlulier 13 0 13

Magothyl XIg ft"I 12 .5 11 5
Other Upper CietaCeous. itifelSI 1 1 2 1.8

Rancocas aquifer ..... 12 1 111
Kent County
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Cheswolkil Ii110 i 17,1o itirifer,; 4 9,5 .4 9.1
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L Total 293 53 240
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FIGURE 6: AQUIFER OUTCROPS IN DELAWARE WITH PLEISTOCENE REMOVED
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The quality of all of Delaware's groundwater resources is generally
good, although local problems exist. The Potomac, Magothy and Rancocas
formations are usually high in iron. Nitrate contamination is a problem
near St. Georges in the Monmouth and Pleistocene deposits.

The presence of a very high water table in southwestern Kent County and
northwestern Sussex County indicates that special care must be taken in
these areas to avoid groundwater contamination.

Impacts of Dredging and Disposal Activities

Both dredging and dredged material disposal activities have the poten-
tial to adversely affect the groundwater supplies of the region. The
Magothy-Raritan, Kirkwood-Cohansey, and Pleistocene deposits are the
most important, and most vulnerable aquifers.

It has been noted that overpumping of the Magothy-Raritan Formation is
causing induced recharge of the aquifer from the Delaware River. Below
Camden, the aquifer is isolated from the river by thin deposits of silt
on the river bottom. If these deposits are breached by dredging,
induced recharge may be increased. The quality of groundwater in the
Magothy-Raritan is highly dependent on the quality of water in the river
itself. Breaching of the aquifer must be avoided where there is danger
of salinity contamination or other pollution from the Delaware River.

In places where the Magothy-Raritan outcrop is unprotected by imperme-
able deposits, the aquifer is vulnerable to pollution from dredged
material disposal. Care must be taken in the selection of disposal
sites to avoid areas where induced recharge from leachate may contami-
nate the aquifer. Sediments dredged from the Delaware River contain
heavy materials such as zinc, mercury, lead, arsenic and cadmium. The
highly porous outcrop of the valuable Kirkwood-Cohansey aquifer borders
the Delaware Estuary between Artificial Island in Salem County and Cape
May. Direct deposition of dredged material on the outcrop area should
be avoided unless this highly vulnerable aquifer is protected from
infiltration of the leachate.

The Pleistocene deposits covering most of Delaware are highly vulnerable
to dredged material disposal for many of the same reasons the Kirkwood-
Cohansey aquifer is so sensitive. It is a water table aquifer, so
leachate from disposal sites located anywhere on the aquifer's surface
can potentially contaminate groundwater locally. Several other aquifers
are recharged by infiltration through the Pleistocene deposits covering

j their outcrop area. The Potomac aquifer outcrops along the Delaware
River between Bellefonte and Red Lion. The Cheswold and Frederica
aquifers outcrop in the area of Bombay Hook National Widlife Refuge.
The Manokin outcrop is located a few miles inland and northwest of
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Lewes. The outcrop of the Pocomoke aquifer lies behind Indian River
Bay. Dredged material disposal in these sections of the shoreline may
pollute groundwater supplies. Special care must be taken near New
Castle, where overpumping conditions will hasten infiltration of leach-
ate into the Pleistocene and Potomac aquifers.
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WETLANDS

Introduction

Historically, the Delaware Estuary between Trenton and the Atlantic
Ocean, and all tidal tributaries, were abundantly fringed with lush wet-
lands. The characteristic salt marsh vegetation of the bay merged with
freshwater marshes in the vicinity of New Castle and Salem counties.
The values of these ecosystems were largely unrecognized in the past,
and most of the wetlands on both shores north of New Castle and Camden
have been eliminated by dredging or filled for development. For
example, the Philadelphia International Airport rests almost entirely
on filled wetlands. Extensive tidal wetlands in a largely natural state
are abundant south of Wilmington and Gloucester County. Their extent is
delineated in Figure 7. For a more detailed survey of wetlands from
Trenton to the sea, refer to "The Delaware Estuary System, Environmental
Impacts and Socioeconomic Effects - Delaware River Estuarine Marsh
Survey," report by T. E. Walton and R. Patrick, 1973.

Wetlands are among the most productive ecosystems in the world, and our
increased understanding of their important role in the maintenance of
water quality and supply makes their further destruction highly unde-
sirable. Wetlands vegetation provides food for a variety of wildlife,
and tidal marshes are essential nurseries for economically valuable
species such as shrimp and blue crab. Dense aquatic vegetation filters
sediment and absorbs nutrients from polluted waters passing through the
marsh. The absorbent substrate upon which wetlands grow, called peat,
steadily releases large quantities of groundwater during dry periods and
absorbs floodwaters, thereby helping to maintain water supplies. All
of these valuable functions are on-going in healthy wetlands ecosystems,
but these areas are very sensitive to environmental degradation. Some

* of the impacts of dredging and filling operations will be discussed
following the inventory of wetlands in the study area.

Both tidal and non-tidal wetlands occur in the study area. Non-tidal
marshes usually grow in freshwater along streams and jo ponds. Bogs and
swamps are also occasionally found in the study area. Tidal wetlands
are flooded twice daily by tides, and it is this tidal fluctuation that
maintains their high level of productivity. Tidal marshes thrive at all
levels of salinity, which has been found to be the primary determinant
of vegetational differences between fresh, brackish and saline marshes

4 in the Delaware Estuary. Disturbances such as filling, ditching, and
diking induce changes in vegetation. Table 9 contains a list of repre-
sentative plant species for each kind of marsh, and species character-
istics of disturbed wetlands.

Although it is very difficult to quantify the environmental values of
wetlands, it Is possible to rank the various types of wetlands by their
general ecological importance.

52

;1" -, - -



FIGURE 7: MARSHES OF DELAWARE AND SOUTHERN NEW JERSEY
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TABLE 9

WETLANDS VEGETATION

Tidal and Non-Tidal Freshwater Marsh (naturalj

Common Threesquare Scirpus americanus
Bullrush Scirpus olneyi
Dotted Smartweed Polygonum punctatum
Spikerush Eleocharis sp.
Arrowhead Sagittaria sp.
Wild Rice Zizania aquatica
Arrow Arum Peltandra virginica
Spatterdock Nuphar advena
Pickerelweed Pontederia sp.
Loosestrife Lythrum sp.

Tidal and Non-Tidal Freshwater Marsh (disturbed)

Common Reed Phragmites australis

Brackish Marsh

Wild Rice Zizania aquatica
Cattail Typha sp.

Saltwater Marsh

Cordgrass Spartina alterniflora
Salt Hay Spartina patens
Spikegrass Distichlis spicata

Saltwater Marsh (disturbed)

Common Reed Phragmites australis
Groundsel Bush Baccharis halimifolia
Marsh Elder Iva frutescens

Tidal wetlands, both fresh and saline, are the most valuable type of
wetland ecosystem in the study area because they provide nutrients for
estuarine and marine organisms. Those marine species which cannot
migrate into the estuarine marshes are sustained by the regular tidal

;- flushing of nutrients from the marshes into the estuary and the Atlantic
*4 Ocean.
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Non-tidal wetlands are also valuable wildlife habitats and feeding -

grounds, and perform the same roles as tidal marshes in maintaining
water quality and supply. Such benefits, however, are generally only
of local importance, and for this reason non-tidal marshes are of
slightly less overall value than tidal marshes.

The wetlands with the least environmental value are those which have
been disturbed. The plant species inhabiting these areas are far less
attractive to wildlife for forage than natural wetlands vegetation.
Filling and diking interrupts tidal flooding, so much of the productiv-
ity of the marsh is lost. Disturbed marshes are not without value, how-
ever. They provide shelter for wildlife if not food, and are still
important recharge areas for groundwater supplies.

Wetlands by County

Bucks County: No extensive tidal or inland wetlands are found in
Bucks County. Small freshwater tidal marshes, each less than 25 acres
in size, are growing at the mouths of Poquessing and Neshaminy creeks.
The primary vegetation is spatterdock. Another small tidal marsh
fringes part of Biles Island in Falls Township. Non-tidal marshes can
be found along Scott's Creek (an extension of Manor Lake in Falls Town-
ship) and around Silver Lake, in the vicinity of Bristol Borough. Both
of these areas are small.

Philadelphia County: Besides a small freshwater tidal wetland grow-
ing at the mouth of Pennypack Creek, the Tinicum National Environmental
Center (TNEC) is the only wetland area in Philadelphia. One hundred
forty-five acres of this wildlife preserve lie in the Eastwick area of
southwest Philadelphia, north of the Philadelphia International Airport.
This section of Tinicum Marsh is non-tidal, and is located along the
shores of a lagoon impounded for wildlife habitat. Despite the urban
nature of the area, the marsh is a valuable feeding area for wildfowl.

*Dominant species are spatterdock, loosestrife and cattail.

Delaware County: An additional 500 acres of the TNEC are located
in Delaware County near the mouth of Darby Creek. The largest fresh-
water tidal marsh in Pennsylvania (320 acres) is part of the Center.
The rest of the TNEC presently consists of diked or filled wetlands,
with radically altered vegetation. The tidal portion is characterized
by plants such as spatterdock, wild rice, and narrow-leaved cattail.
The dominant vegetation in the diked areas is common reed, while filled
areas support upland field and forest species. A 78-acre site, includ-
ing 65 acres of water surface, represents lagoons dredged for fill for
Interstate Route 95. These lagoons are fringed by tidal wetlands, and
will eventually be annexed to the TNEC.
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Mercer County: The Trenton Marsh, located at the mouths of Cross-
wicks, Doctors and Back creeks behind Duck Island, is considered the
largest freshwater tidal marsh on the East Coast. It is 470 acres in
size, and supports characteristic freshwater tidal marsh vegetation.
Like Tinicum Marsh in Delaware County, these valuable wetlands have been
extensively altered by man's activities. Trenton Marsh is the only wet-
land inventoried in Mercer County.

Burlington County: The few remaining wetlands near the Delaware
River in Burlington County support mixed freshwater tidal species of
vegetation. Marshy patches from 25 to 50 acres in size are scattered
along the lower two miles of Assiscunk Creek. Larger wetlands stands
grow along both branches and the main stem of Rancocas Creek up to 10
miles inland. The only other stand of tidal wetlands along the Delaware
is a 50-acre site located inside a lagoon at the mouth of Craft's Creek.

The extreme southeastern end of Burlington County borders the Great Bay,
a small bay of the Atlantic Ocean. Tidal saltwater marshes are abundant
in this area and along tidal reaches of the Mullica and Wading rivers,
which are tributary to Great Bay.

A large portion of southeastern Burlington County is in the Pine
Barrens--a vast forest covering most of southern New Jersey. Swamps
are common throughout the Pine Barrens in areas with extremely poor
drainage such as floodplains and other low-lying sites. The character-
istic swamp forest species is Atlantic or southern white cedar
(Chamaecyparis thyroides). With time, cedar swamps become southern
hardwood or maple-gum-magnolia swamps. Examples of both swamp types
occur in Burlington County. Cranberry bogs are also scattered through-
out southeastern Burlington County. The water level in these wetlands
is artificially maintained for agriculture.

Camden County: Wetlands adjacent to the Delaware River are also
sparse in Camden County. The only wetlands mapped during an inventory
taken in 1973 are a 50-acre freshwater marsh along the back channel

.4 behind Petty Island, and a marsh slightly greater than 100 acres located
inside a bay on the Pennsauken Township shoreline, just north of Petty
Island. Very small, isolated, freshwater wetlands are scattered along
Big Timber Creek.

White cedar and maple-gum-magnolia swamps are commonly found in lowland
areas in the Pine Barrens of southeastern Camden County.

Gloucester County: The abundance of tidal wetlands begins to
increase in New Jersey south of Camden. Wetlands occupy 13,567 acres,
or 6.5% of Gloucester County. Extensive freshwater marshes are common
along tidal reaches of Big Timber, Woodbury, Mantua, Raccoon and
Oldman's creeks. Approximately 100 acres of mixed saltwater marsh
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vegetation grows along Mantua Creek near its confluence with the Dela-
ware. The major saltwater species in this area is cordgrass. An exten-
sive mixed freshwater marsh is located along the Delaware behind Monds
Island. South of Raccoon Creek, a 500-acre tidal marsh site has been
disturbed. Common reed is the dominant plant here. White cedar and
maple-gum-magnolia swamps are found in lowland sections of the Pine
Barrens in southeasern Gloucester County.

Salem County: Due to the increasing salinity of the Delaware River
in the vicinity of Salem County, the vegetation of coastal wetlands
begins to be characterized by the presence of salt-tolerant species.
Marshes in brackish areas support saline and freshwater species tolerant
of low levels of salinity. Wetlands are sparse along the Delaware River
shoreline until below Pea Patch Island, where common reed and cordgrass
marshes become very extensive. Common reed is evidence of diked or
otherwise altered marshland. South of Artificial Island, wetlands
vegetation characteristic of brackish conditions extends over three
miles inland, and even farther along streams. Just north of the Cumber-
land County border, salt hay and spikegrass appear. The presence of
these species indicates high salinity in the Delaware Estuary.

Brackish or saline marshes merge into freshwater wetlands and extend up
to ten miles inland along tidal streams in Salem County. Freshwater
marshes are widespread along Alloway Creek, Salem River, Mannington
Creek and the Mannington Meadow above Salem City. Large stands of
valuable wild rice grow in the wetlands around Salem City. In total,
there are 28,000 acres of tidal marsh in Salem County (this figure
includes surface water area).

Approximately 25 lakes are located in Salem County, and typical fresh-
water marsh species inhabit their shores. Other inland wetlands include
the maple-gum-magnolia swamps of the Pine Barrens in the southeastern
interior portion of Salem County.

Cumberland County: The entire southern boundary of the county, in
., seven municipalities along Delaware Bay, is dominated by tidal wetlands

from one to five miles wide. Wetlands extend even farther inland along
tidal streams, reaching to Bridgeton on the Cohansey River and Millville
on the Maurice River. Approximately 20% of the total Cumberland County
acreage is tidal wetlands vegetation.

The brackish Cohansey River supports large stands of cordgrass and
common reed in the tidal reach. South of the mouth of the Cohansey,
the higher salinity of the Delaware Bay allows salt hay to thrive, as
well as mixed saltwater-tolerant species. In general, cordgrass and
salt hay each account for about 45% of the tidal wetlands vegetation in
the county, with mixed species making up the other 10 percent. Inland

F along the Maurice River, freshwater conditions influence the tidal
marsh composition, and large pure stands of wild rice are abundant.
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Pine Barrens vegetation covers most of inland Cumberland County. Swamp p
communities of white cedar and maple-gum-magnolia are scattered in low-
land and floodplain areas.

Cape May County: Tidal wetlands account for 38% of the total county
land area. Most of these wetlands are in their natural state, and grow
behind the barrier islands on the Atlantic coast. Along the Delaware
Bay, wetlands grow most extensively in the first six miles of shoreline
below Cumberland County. Here, the cordgrass and salt hay marsh extends
almost five miles inland along Dennis Creek. Along the Cape May penin-
sula, wetlands narrow to widths of one mile or less. Some sections have
been extensively ditched for mosquito control, and these are dominated
by common reed vegetation. The only wetlands south of the town of North
Cape May are 250 acres of common reed along the Cape May Canal and 500
acres of common reed behind Higbee Beach.

Northern Cape May County is part of the Pine Barrens forest, so white
cedar and maple-gum-magnolia swamps are distributed throughout this
area.

New Castle County: New Castle County has 23,700 acres of tidal
wetlands, and most are situated south of the Chesapeake and Delaware
Canal. Between the Christina River and Silver Run, the only wetlands
that occur have been disturbed and are characterized by the dominance
of common reed. The only stand of common reed marsh greater than 200
acres in size is located along St. Georges Creek, immediately south of
the canal. This marsh covers approximately 600 acres. Many smaller
stands of common reed are scattered along the twelve-mile tidal reach
of the Christina River.

South of Silver Run, the marshes are much larger, and the dominant plant
species becomes cordgrass, reflecting the increasing salinity of the
tidal waters. Cordgrass marshes line Appoquinimink Creek to Odessa and
Blackbird Creek to Blackbird Landing. This vegetation merges with mixed
freshwater species as the water in tidal streams changes to brackish and
fresh in upstream reaches. South of Blackbird Creek, salt hay and
spikegrass are dominant along the Delaware Bay shoreline, with cordgrass
more commonly found on the inland side of the marshes. Salt hay and
spikegrass grow along the lower two miles of the Smyrna River, while
cordgrass is found along this tidal stream as far west as the town of
Smyrna. There are numerous shallow, groundwater-fed ponds in southern
New Castle County. Freshwater marshes are common in such ponds and
along freshwater streams.

Kent County: Nearly half of the State of Delaware's total wetland
acreage, over 50,000 acres, is located in Kent County. Wetlands vegeta-
tion extends the entire length of the county's 35-mile Delaware Bay
shoreline. Marshes are widest in the vicinity of Bombay Hook, (four
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miles), but in the south, peninsulas of stable land dissect the wet-
lands. Four marshland-oriented conservation areas, the largest of which
is Bombay Hook National Wildlife Refuge, are located in Kent County and
include 23,000 acres of wetlands. The expansive Bombay Hook wetlands
support primarily cordgrass, salt hay and spikegrass, but the vegetation
changes to mixed freshwater species eight miles inland along the Leipsic
River. At least 1,000 acres of freshwater marsh are located along the
estuary shoreline north and south of Little River. Arrow arum and
spatterdock are the dominant species in this area. Another smaller
freshwater marsh is located along the estuary north of the St. Jones
River.

The saline marshes at the mouths of the St. Jones ind Murderkill rivers
have been extensively ditched for mosquito control, so stands of common
reed, marsh elder and groundsel bL'sh are scattered throughout the wet-
lands. These are also the dominant species in a three-mile stretch
between Sandy Point and Big Stone Beach. The wetlands along the
southern shoreline are narrower than in the north of Kent County, and
are usually less than two miles deep. They reach much farther inland
along the tidal rivers, and cordgrass borders the St. Jones to Dover
Air Force Base and occurs four miles inland at Frederica on the Murder-
kill. The Milford Neck Wildlife Area north of the Mispillion River is
primarily a cordgrass marsh, though other grasses are also common.
Three miles inland along the Mispillion, freshwater species dominate
and grow extensively up to one mile south of Milford.

The extremely poor drainage of the western half of Kent County has
caused many small ponds to form. As is the case in New Castle County,
freshwater wetlands vegetation is commonly found in these swampy areas.

Sussex County: Most of Sussex County's 30,000 acres of wetlands
are found in protected lagoons behind the barrier islands along the
Atlantic coast. In general, the marshes of the Delaware Bay shoreline
segment have been extensively ditched and filled, and pure stands of
natural wetlands vegetation are infrequent. One such natural area lies
between the Mispillion River and Fowler Beach where the dominant plants
are cordgrass, salt hay and spikegrass. These wetlands are narrow,
ranging from one-quarter to one mile wide. Between Fowler Beach and
the Broadkill River, disturbance has almost eliminated natural tidal
species, and common reed, marsh elder and groundsel bush are the most
common plants found. The cordgrass marsh south of the Broadkill River
extends six miles inland to Milton.

,.

A large tidal marsh is located adjacent to the Lewes-Rehoboth Canal
throughout most of its length. The wetlands area is larger on the
northeast side of the canal. Cordgrass is the dominant species, but
the presence of some non-natural vegetation indicates disturbance has
occurred. At each end of the canal, on the northeast side, some fresh-
water wetland species can be found.
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Tidal marshes dominated by cordgrass surround the lagoon areas of Indian
River and Rehoboth bays, and merge with freshwater vegetation in the
tidal reaches of the bays' tributaries. Intense development pressure
in the area has led to the destruction of much of the wetlands vegeta-
tion. Stands of common reed mark wetlands which remain unfilled, but
have been disturbed in some way. Filling operations have disrupted the
continuity of the once expansive marshes, and most remaining stands of
wetlands vegetation are each less than 150 acres in size.

A cypress swamp is situated in southern Sussex County west of Selby-
ville. Although the cypress originally covered over 10,000 acres, most
of this species was replaced by cedar following a large storm over 100
years ago. Nevertheless, this area is unique in the study area, as
cypress is usually found growing much farther south. The high water
table is the key to the perpetuation of the cypress swamp.

Impacts of Dredging and Disposal Activities

The direct dredging of wetlands and deposition of dredged material
immediately on top of wetlands destroys this valuable habitat and alters
environmental conditions in the remaining wetlands. Dredging of marsh-
land changes the flow pattern and salinity within adjacent wetlands.
Disposal of dredged material in part of a large wetland area will also
drastically alter the hydrologic regime of the remaining area.

Not all of the wetlands inventoried are equally vulnerable to dredged
material disposal. Some of the wetlands have been described as "dis-
turbed," based on the presence of vegetation uncharacteristic of pris-
tine marshland. Such habitats are less productive than the natural
tidal marsh, and do not play as essential a role in the maintenance of
water quality. In some cases, however, pockets of disturbed vegetation
in the midst of a tidal marsh of uniform composition attract new wild-
life species because of the diversity provided by the disturbed vegeta-
tion. In general, any habitat which is locally unique should not be
destroyed, regardless of how ubiquitous it may be several miles away.

Although all tidal wetlands should be avoided when choosing disposal
sites for dredged material, a few of the wetlands inventoried are
specially important. The few remaining tidal wetlands between New
Castle and Morrisville on the western shore of the estuary and between
Camden and Trenton on the New Jersey side must be preserved. They
provide unique habitats in an otherwise urban environment which are of
immeasurable ecological and educational value. Tidal marshes have also
been virtually eliminated from the Delaware Bay shoreline of lower Cape
May County, and the remaining wetlands, though disturbed, should be
preserved.
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Preservation of tidal marshes is also especially important where water
quality is poor. Unfortunately, degradation of streams can usually be
correlated with large-scale filling of wetlands. Some of the degraded
streams which are still fringed by wetlands, however, sparse, are:

Stream Location

Delaware River New Castle to Trenton segment
Neshaminy Creek Bucks County
Pennypack Creek Philadelphia County
Darby Creek Delaware County
Crosswicks Creek Mercer County
Assiscunk Creek Burlington County
Big Timber Creek Camden and Gloucester Counties
Oldman's Creek Gloucester County
Raccoon Creek Gloucester County
Mantua Creek Gloucester County
Salem River Salem County
Alloway Creek Salem County
Cohansey River Cumberland County
Maurice River Cumberland County
Christina River New Castle County
St. Jones River Kent County
Broadkill River Sussex County
Rehoboth Bay and tributaries Sussex County
Indian River Bay and tributaries Sussex County

Creation of new tidal wetlands from strategically placed dredged
material is becoming increasingly successful as research continues.
Such activities should be encouraged in those parts of the estuary
where poor water quality conditions occur in conjunction with a lack of
tidal wetlands.
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VEGETATION

Introduction

Among the many environmental factors important in determining vegetation
patterns are soil and topography. Because these two features are quite
variable within the study area, there is a great diversity in vegetation
as well. Natural vegetation has been disturbed to a great extent by
urban development in the northern half of the study area, and by agri-
culture in the southern section. However, significantly large wooded
and open areas, as well as extensive wetlands, remain. The discussion
of wetlands is included in a separate section of this report.

The maintenance of land in natural vegetation is important for a number
of reasons. Dense root and stem structures slow runoff and conserve
valuable topsoil. By preventing erosion and absorbing precipitation,
stands of vegetation protect water quality and supply. Even small wood-
lots break the force of winds and help to moderate temperatures. Both
woodlands and open fields are important habitats for wildlife.

All of these values of natural vegetation are destroyed if such areas
are used for the deposition of dredged material. Natural vegetation is
smothered by dredged material, and wooded areas must be cleared before
they can be used for disposal sites. Therefore, it is important to know
the existing pattern of vegetation in areas being considered for dis-
posal of dredged material. In the following inventory, the general
pattern of vegetation in each county will be presented, along with a
more detailed evaluation of the vegetation of shoreline areas.

Vegetation by County

Bucks County: Woodlands are most extensive in upper Bucks County.
In the Reading Prong portion of the county, chestnut oak is the dominant
hardwood species on ridges, along with hemlock and white pine. Foothill
forests are characterized by mixed oak species. Several different hard-
wood forest associations are common in the Piedmont. Among these are
the red and black oak association, beech association, and a tulip poplar
association in moist areas. Large areas have been cleared for farming
in central Bucks County.

The drier portions of the Coastal Plain in Bucks County are populated
by pitch pine, Virginia pine, and assorted oaks and shrubs. Where more
moisture is found, red maple, sycamore and sweetgum are common. Much
of the land in the Coastal Plain has been cleared and developed.
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Approximately 40% of the Bucks County shoreline is developed for inten-
sive urban and industrial use. Another 50% of the shoreline is in open
fields vegetation, agriculture or other open space. Woodland vegetation
is limited to woodlots of 150 acres or less, and occupies less than 10%
of the shoreline area. The forest species are typical of the Coastal
Plain species listed above. In addition, some individual specimens of
valuable hardwoods such as elm and black walnut have been observed on
Biles Island in Falls Township.

Philadelphia County: Most of the Philadelphia area is urbanized and
cleared of extensive natural vegetation, except in portions of Fairmount
Park and the steep valleys of the Wissahickon, Pennypack, and Poquessing
creeks. Where large stands of trees still exist, their species composi-
tion is comparable to that found on similar topography in Bucks County.
The only large amount of open land remaining is in Fairmount Park,
though the vegetation is primarily mowed lawn, and would not occur
naturally.

The entire Philadelphia section of the Delaware River shoreline is
characterized by intensive urban development. The only exceptions are
a 25-acre woodlot on the north shore of the mouth of Pennypack Creek,
and an open field on the south side of the same creek.

Delaware County: Although Delaware County was originally densely
wooded, only scattered second and third growth stands remain. The
principle forest types, found predominantly on steep slopes, along
streams, and in woodlots, include red oak, yellow poplar, black ash,
sugar maple, pitch pine, and Virginia pine. The most extensive wood-
lands occur in the relatively undeveloped northern and western portions
of the county. Tyler and Taylor arboretums preserve some outstanding
forest specimens.

Ridley Creek State Park (2,613 acres) and large farms and estates
contribute large amounts of open space to the county's natural environ-
ment. Besides supporting large mature woodlands, such tracts also
contain abandoned fields colonized by grasses and small trees.

Virtually no open spaces interrupt the continuous urban and industrial
shoreline in Delaware County. Some open areas exist between the devel-
oped riverfront uses and Darby Creek in Tinicum Township, and on Little
Tinicum Island. These areas represent filled wetlands, and are colon-
ized by grasses, shrubs, and young trees such as willow, red maple,
white ash, sycamore and cottonwood.

Mercer County: In Mercer County, woodlands remain only on the
steeper diabase ridges of the Piedmont and swampy areas of the Coastal
Plain underlain by clay. Northern hardwood species grow in upland
areas, and species such as beech, red cedar, pin oak and sweetgum can

- be expected to grow in wet clay areas.
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The lower Piedmont valleys and sandy Coastal Plain areas have been
cleared for farming. Nearly two-thirds of Mercer County was classified
as rural in 1974 (including farmland, woodland, floodplains and open
space) and 40% of that open land was used for agriculture.

The Mercer County shoreline below the falls at Trenton is developed
south to Crosswicks Marsh. Only small pockets of open field vegetation
exist along the waterfront on portions of the marsh which have been
filled.

Burlington County: The four general types of vegetation identified
in Burlington County include:

. Pine Barrens - covering the outer Coastal Plain region

. North American Woodland - most of the undeveloped inner Coastal
Plain

. Freshwater aquatic - along freshwater streams

. Tidal Marsh

The tidal marshes of the Delaware riverfront region will he discussed
in another section. Lowlands in freshwater areas are grassy, with some
stands of river birch, wild black cherry, white elm and willow on the
flood plains. Dry, sandy areas have been colonized by grasses and
willows. Wooded upland sections support beech, hemlock, hickory, oaks
and pines. The interior of the county has a wider variety of tree
species than the coastal region.

The Pine Barrens are a unique feature of the outer Coastal Plain of New
Jersey. They consist of a uniform oak-pine forest which appears to
have been maintained in this composition by periodic fires. Several

*unique and rare plant and animal species are found in the Pine Barrens,
but due to the distance from the Delaware River (fifteen miles in
Burlington County), this area will not be discussed in greater detail.

At least three-quarters of the riverfront in Burlington County is
heavily developed. Approximately 150 acres on Burlington Island are
wooded, and smaller woodlots are scattered along the river below the
mouth of the Rancocas River and on both sides of the back channel behind
Newbold Island. Open land occurs at intervals along the shore, but is

I rarely more than one mile in length. Many of these spaces represent
dredged material disposal sites. Where vegetated, they support mixed
grasses and scrubby willows, black cherry and river birch.
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Camden County: The vegetation pattern of Camden County is similar
to that of Burlington County. The southern half of the county, corres-
ponding to the Ouier Coastal Plain, is predominantly covered by Pine
Barrens forests. The Inner Coastal Plain is extensively developed, but
hardwood forest species remain along floodplains and steep slopes.

Virtually all of the Camden waterfront is urbanized. The southern half
of Petty Island in the Delaware River is open land, with trees growing
on about 25 acres.

Gloucester County: Historically, all of Gloucester County was
forested, though now only one-third of that woodland area remains. Most
of the woodland occurs in the southern half of the county. In fact, 57%
of all woodlands are found in two townships, Franklin and Monroe. In
the northern portion of the county, woodlands are restricted to the
banks of tidal streams and tributaries.

The southern forests in the Pine Barrens are primarily coniferous,
including pitch pine and Atlantic white cedar. Most of the county's
prime woodlands (forests which are particularly extensive, dense, or
diverse) are found in the south. Prime woodlands cover more land area
in the south than any other type of land use.

The opposite is true in the northern half of Gloucester County. The
relatively small stands of trees here are primarily deciduous. Ash, red
oak, sycamore and elm are common on alluvial land. Wet inland areas
support pin oak, willow oak and sweetgum species. Mixed oaks and yellow
poplar grow on better-drained inland soils.

In contrast to the shorelines of the six counties discussed above, the
Gloucester County waterfront is largely undeveloped. Scattered decid-
uous woodlands grow on the banks of some tidal streams, on Monds Island,
and on the shoreline behind Chester Island and Monds Island. The most
extensive wooded areas along the Gloucester County shoreline are found
at the latter site. At one point the woods are over one mile deep.
Approximately half of the shoreline is open space, consisting of old-
fields, agricultural land, and low density residential areas.

Salem County: Deciduous and coniferous forests cover 51,473 acres
in Salem County. Deciduous woodlands are more abundant than coniferous,
and are concentrated in Pittsgrove, Alloway and Quinton townships.
Species composition of these forests is mixed, and includes several
types of oak, yellow poplar, sweetgum, ash, willow, magnolia, maple,
chestnut, hickory and beech. The abundance of various species within
any particular stand is linked to local environmental conditions.
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Coniferous forests cover a relatively small area of the county, and
support a variety of pines. The largest stands occur in Quinton Town-
ship; smaller stands are scattered in Alloway and Lower Alloways Creek
townships. A significant stand of Atlantic white cedar is growing in
Lower Alloways Creek Township, above Maskell's Mill. White cedar stands
are considered "endangered" by the New Jersey Department of Environ-
mental Protection. Rare forest communities such as this white cedar
stand should not be used as dredged material disposal sites.

Except for urban development in the vicinity of Penn's Grove, Deepwater
and Penn's Beach, the Salem County shoreline is generally open. Most
of the southern half is wetlands. The central portion of the waterfront
is characterized by open fields interspersed with marshes. Agriculture
is a common land use within one mile of the Delaware River. The Kill-
cohook National Wildlife Refuge (legally part of New Castle County,
Delaware) is actually a dredged material disposal area. Deciduous
woodlands occur along the waterfront only on small parcels of 50 acres
or less in Pennsville and Elsinboro townships. Species composition in
these woodlands is mixed.

Cumberland County: One-quarter of all land in the county is in
agricultural production, with most farmland concentrated in the north-
central tier of municipalities. Approximately 119,000 acres, or 4u% of
the county, is privately owned woodland. Maurice River Township alone
accounts for 32,000 acres of woodland. These forests are primarily
owned by sand mining companies, and are growing over their future sand
supplies. A large portion of the northeastern half of the county
supports Pine Barrens vegetation.

Except for one mile of urban development at Fortescue, the entire
Cumberland County segment of the Delaware Bay shoreline is tidal marsh.

Cape May County: Undeveloped woodland comprises the largest single
land use in Cape May County, covering 48% of the entire county. Most
of the forest vegetation grows on the upper and central portion of the
Cape May mainland. These woodlands have been classified as primary and
secondary, depending on their economic and wildlife value. Most large
stands of both categories are found in Upper, Dennis and Middle town-
ships. The amount of farmland in the county has declined from 64,000
acres to 10,000 acres in the past 100 years. Most agricultrual land
lies in a belt along Routes 9 and 47, above and below the canal in
Lower Township.

The only shoreline areas vegetated by non-wetland species occur in the
central and southern portions of Cape May County. North of the canal,

C. woodlands occasionally larger than 100 acres border the wetland fringe.
Agricultural fields are also common along this section of the bay
shoreline.
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The Higbee Beach-Pond Creek Meadow area between Cape May Point and the
canal in Lower Township has been designated an Area of Particular
Concern by the New Jersey Coastal Zone Management Program and has been
purchased by the state. A unique combination of dune, woodland, open
field, and wetland vegetation grows on these 440 acres. Because of its
uniqueness as a natural area, dredged material disposal would be detri-
mental to this site.

New Castle County: The hardwood forests of New Castle County are
steadily being converted to residential use. A total of 56,800 acres
remained in 1972. Oak-hickory forests are concentrated in the north and
northwest, on steeper areas of the Piedmont. Limited oak-gum-cypress
forests grow in the southwest corner of the county.

Intensive development characterizes the shoreline north of Wilmington,
though a narrow strip of land remains open along the railroad right-of-
way. Many open areas occur close to Wilmington; they represent dredged
material disposal sites. Small woodlots and fields are scattered
throughout the marshes below Delaware City. Woodlands of oak-red
maple-sweetgum composition usually occur in a transition zone between
the wetlands and open farmland or abandoned fields.

Kent County: The soils of Kent County are generally highly suitable
for woodland growth. Poor drainage over much of the county limits the
feasibility of agriculture and urban development, so forests are exten-
sive. The western side of Kent County is almost entirely covered by an
oak-hickory forest. Oak-gum-cypress woodlands are scattered throughout
the same area and the center of the county. Kent County represents a
transition zone between northern and southern forest types, and the
oak-pine forests of southern Kent County are evidence of the increasing
occurrence of southern species.

Tidal marshes along the shoreline are interrupted only by filled land
at Woodland Beach, Bombay Hook and Bowers. A narrow sand beach appears
sporadically on the bay side of the marshes.

Sussex County: Coniferous forests are very extensive in Sussex
County, covering more than 250,000 acres (1957). These forests are
predominantly composed of southern yellow pine, and they play an
important role in national timber production. Oak-pine forests are
scattered throughout the central and eastern parts of the county, and a
stand of cypress is growing in the south along the Maryland border.

The Delaware Bay shoreline is characterized by tidal marshes flanked by
a narrow beach. Urban development occurs at Slaughter Beach, Broadkill
Beach, and Lewes Beach. Beginning at Cape Henlopen, dune vegetation
takes the place of wetlands.
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WATER AND SHORE-BASED RECREATION

Introduction

The nationwide trends of increasing population, income, and leisure time
combine to create a growing demand for outdoor recreation. Swimming,
boating and fishing are among the most popular activities in the nation,
and both picnicking and sightseeing are enhanced by the proximity of
water.

The following discussion of the supply and demand for recreation demon-
strates that the need for additional recreation sites is greatest near
the population centers in New Castle County, the Pennsylvania counties
and the three most northern New Jersey counties in the study area.
Unfortunately, the waterfront is so intensively developed in these
counties that public access to the estuary has been virtually elimi-
nated. Existing and future dredged material disposal sites may prove
to be the key to providing the recreational waterfront land these
counties lack.

Recreation Analysis by County

Bucks County: A poll taken in 1970 determined that all water-
oriented sports are particularly important to Bucks County residents,
and that swimming is the most popular outdoor activity. Although the
quality of the Delaware River limits its use for primary contact recrea-
tion, the river represents an excellent resource for residents of lower
Bucks County who enjoy boating and fishing.

There is a significant deficit in the supply of swimming, boating and
fishing sites in Bucks County. Existing public boating facilities
include the Bucks County Delaware River Access Area, Neshaminy State
Park, and the Falls Township Delaware River Access Area. The Bucks
County Delaware River Access Area is an eight-acre site in Bensalem
Township. This multipurpose park provides public boat launching facil-
ities. Fishing and sightseeing are also possible. The marina and boat
launch facilities at Neshaminy State Park are very heavily used. An
estimated 18,500 visitors used the boating facility in 1976. The Falls
Township Delaware River Access Area is being developed for boat access,
fishing and picnicking. The Penn-Warner Club on Manor Lake in Falls
Township is a private facility providing camping, boating, fishing, and
picnicking opportunities.

Pennsbury Manor State Park is widely recognized for its scenic vista of
the river, and picnicking facilities are available. Another opportunity
for passive enjoyment of the river exists along Radcliffe Street in
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Bristol Borough's historic district. This area provides a combination
of historical and waterfront sightseeing unique in Bucks County. The
Pennsylvania Coastal Zone Management Program has identified a ten-mile
segment of the historic Pennsylvania Canal between Bristol and Morris-
ville boroughs as having potential for hiking, biking and fishing.

The large lake at Nockamixon State Park in upper Bucks County will
continue to satisfy much of the demand for water-oriented recreation in
Bucks County. The extensive waiting list for marina facilities at
Neshaminy State Park and heavy use of existing launching ramps indicate
continuing demand for boating access to the Delaware River. Use of
existing and potential dredged material disposal sites for public
waterfront access should be investigated to augment existing sites.
Disposal sites, however, must be given time to dry and settle before
being used for recreation.

Philadelphia County: Poor water quality once caused Philadelphia
residents to ignore the Delaware River as a potential recreational
resource. The great popularity of the waterfront promenade and boat
basin at Penn's Landing, however, indicates a recent renewal of interest
in the Delaware River. Water quality improvement has played a large
part in enhancing the attractiveness of the Delaware River to residents
and visitors. Penn's Landing does not provide marina or boat launching
facilities, and the only existing public launching ramp is at Pleasant
Hill Park, in northeast Philadephia. Seven private marinas are located
along the Delaware north of Frankford. There is a great need for addi-
tional public boat access points in Philadelphia. Both Fort Mifflin and
Penn Treaty Park are local recreational resources providing scenic
vistas of the river in historic settings. Fishing is also popular at
Penn Treaty Park. The Schuylkill River Park, presently under develop-
ment between South Street and the Philadelphia Art Museum, will be used
for sightseeing and biking. Wildlife observation and picnicking can
take place in a serene lake setting at the Tinicum National Environ-
mental Center in the Eastwick section of Philadelphia.

The demand for access to the Delaware River is expected to increase in
Philadelphia as water quality improves and public awareness of the
recreational assets of the river is heightened. However, intensive
waterfront development for commercial use continues to limit public
access to the river. The use of recreational easements on vacant
private land and development of existing dredged material disposal
sites for recreational use must be encouraged to satisfy the growing.4 demand in Philadelphia for access to the Delaware River.

Delaware County: The only existing sites for public access to the
Delaware River in Delaware County are tiny McClure Park in Marcus Hook
and Governor Printz Park in Essington. Although small, both areas
provide vantage points for observing shipping activities on the river,
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and their significance is heightened by the scarcity of public access
in Delaware County. The U.S. Fish and Wildlife Service is presently
completing plans for the development of habitat areas and recreation
facilities in the Tinicum National Environmental Center. The lagoon
areas of the TNEC are already used extensively by local residents for
fishing, boating, and even water-skiing, though bodily contact with the
Darby Creek and Delaware River waters is not recommended.

The Pennsylvania Coastal Zone Management Program has identified the
Essington waterfront, Little Tinicum Island, the Chester Creek mouth
and a vacant site adjacent to the Commodore Barry Bridge as areas with
immediate potential for recreational development. The eleven private
marinas and one seaplane base (as of 1976) along the Essington water-
front in Tinicum Township are not operating at full capacity. Shoaling
in the back channel of the Delaware behind Little Tinicum Island has
limited use of the marinas to vessels drawing less than 4 feet. Main-
tenance dredging will be necessary to restore the attractiveness of
this waterfront to boaters. Little Tinicum Island is adjacent to
Essington, and has potential for sightseeing and fishing activities.
Both the mouth of the Chester Creek and the waterfront land under the
Commodore Barry Bridge are vacant or under-utilized. They represent
potential sites for boat access and passive enjoyment of the riverfront.

Water-based recreational use , ' the river in Delaware County has been
limited by degraded water conditions and lack of public access. Resi-
dents have been forced to look outside the county for boating and fish-
ing opportunities, but can be expected to frequent any future access
areas on the Delaware River. The dredged material disposal sites on
Little Tinicum Island could be developed for recreational use and would
be used as such, if boating access was available both on shore and on
the island. Similar use of other disposal sites should be investigated.

Mercer County: New Jersey's Statewide Comprehensive Outdoor Recrea-
tion Plan SCORP) combines Mercer County with Somerset and Middlesex
counties to form the Central Corridor Region. The figures cited below
combine recreation supply, demand and deficit data from all three
counties. Rapid urban and suburban growth has led to a critical deficit
of recreational land in the Central Corridor Region. Water pollution
and lack of access in the vicinity of Mercer County generally limits the
use of the Delaware River for water-based recreation. In Mercer County

vi at the present time, the Delaware-Raritan Canal is heavily used for
canoeing, boating and fishing. The inland lakes, ponds and reservoirs
are available for boating, swimming, and fishing. However, lack of
access to these sites limits their usefulness to the general public as
well.
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Demand for swimming, boating and fishing opportunities is expected to
exceed the developed supply of the region in 1985, and will jump to
deficits of 64,100 person-days for swimming, 25,211 person-days for
boating, and 8,316 person-days for fishing by the year 2000. New access
points and launching ramps along the Delaware River would satisfy a
large portion of the boating demand, and the feasibility of using
dredged material disposal sites as access points in Mercer County should
be investigated.

Burlington: Burlington County, Camden and Gloucester counties are
combined for recreational analysis in New Jersey's SCORP. These
counties, called the Southwest Region, have an aggregate deficit of
20,000 acres of recreational land, which will increase 75% by the year
2000. The deficiency is most severe along the developed Delaware River
portion of the region. Although the present demand for swimming facil-
ities is being met, a deficiency of 25,500 person-days of swimming is
anticipated by the year 2000. A 1970 deficit of almost 2,700 person-
days of boating may increase to 20,300 person-days in the year 2000.

Several state forests in the Pine Barrens of Burlington County provide
opportunities for boating, canoeing and swimming. These areas, however,
are inaccessible to much of the county's population, concentrated along
the Delaware River. Use of the river itself for swimming is precluded
by poor water quality. Many county residents swim in local lakes, but
recreation is allowed in only half of the 61 existing lakes, ponds and
reservoirs, and only 350 acres of water are available for public use.
The Burlington County Open Space and Recreation Plan recommends that
local streams be developed for swimming. Public access to inland water
bodies must be improved to alleviate future demands for swimming.

Six of the ten marinas in Burlinton County are located on the Delaware
River. The anticipated deficit for boating in the year 2000 of 20,300
person-days indicates that additional boat access must be provided on
the Delaware. Several dredged material disposal sites exist in Burling-
ton County, and future development of these sites for water-oriented
recreation would help to satisfy the regional demand for boating. Dis-
posal sites can also provide scenic vistas of the Delaware River.
Burlington City's waterfront park currently offers an excellent vista
of the river and Bristol Borough.

Camden County: Camden County, along with Burlington and Gloucester
counties, comprise the New Jersey SCORP's Southwest Region. The

v. expected deficits for boating and swimming opportunities in the region
have been discussed above.

[he [Delaware River is largely unexploited as a recreational resource in
Cdmden County, due to its degraded water quality. The Wharton State
Forest in southeastern Camden County offers swimming, boating, and
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fishing, but the forest is too distant from much of the population of
the county to satisfy the existing or future demands for water-based
recreation. Eighteen ponds, lakes, and reservoirs with a total of 484
water acres are available for recreational use. The Cooper River Park
parallels the Cooper River through much of the urbanized area of Camden
County, and provides the opportunity for boating and passive enjoyment
of this stream. The City of Camden has planned a waterfront park and
small boat marina opposite Penn's Landing on the Delaware. Further
improvement of public access to the Delaware River waterfront would
alleviate some of the demand for active and passive recreation in
Camden County.

Gloucester County: The existing and future recreational needs of
the Southwest Region, of which Gloucester County is a part, have been
discussed above. In general, there is a regional need for swimming and
boating opportunities. Expansion of any existing access areas on the
Delaware River and creation of new sites would ease the increasing
demands for boating. The use of dredged material disposal sites as
access areas may help to satisfy future demands for recreational land.
Recreational use of 27 inland ponds, lakes and reservoirs in Gloucester
County helps to satisfy demand at this time.

Salem County: New Jersey's SCORP combines Salem and Cumberland
counties into the Delaware Bay Region for analysis of recreational
supply and demand. These counties are rural and do not generate a heavy -

demand for water-based recreation. A deficit of 2,500 person-days of
boating is expected in the year 2000. Due to the lack of locally-
generated demand, the recreational potential of the Delaware Bay shore-
line remains largely untapped at present. However, the recreational
facilities of the Atlantic shore are not expected to satisfy the future
demand for shore recreation, and development of the boating, swimmi; '14
and fishing potential of the Delaware Bay will be necessary to satisfy
the spillover of demand from the counties on the Atlantic Ocean. Sport
fishing in Delaware Bay has improved with water quality. Improving
access to the Delaware Bay in Salem County is primarily the responsi-
bility of the state, which presently owns extensive bay frontage.

Cumberland County: As discussed above, present demands for water-
based recreation in SCORP's Delaware Bay Region fall below the existing
supply. The Delaware Bay shoreline in Cumberland County remains largely
undeveloped for recreation. However, sport fishing is good on the bay
and complete marina facilities are available at Fortescue and upstream
on the Cohansey and Maurice rivers. A total of 479 water areas at 15
inland lakes, ponds and reservoirs are now available for public and
private recreational use in Cumberland County. The recreational poten-
tial of the Delaware Bay, though presently unexploited, will need to be
developed in the future when Atlantic coast resorts become unable to
satisfy constantly growing demands.
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Cape May County: The South Shore Region of New Jersey's SCORP
includes Cape May, Atlantic and portions of Burlington and Ocean
counties. Each of these areas borders the Atlantic Ocean, but the Cape
May County study area includes 95 acres of Delaware Bay waterfront as
well.

Swimming and fishing facilities in the region will be adequate through
the year 2000. The existing deficit of 6,003 person-days of boating,
however, will increase to 63,878 person-days during that period. Ample
water of excellent quality abounds in the region, but there is a great
need for many more launching ramps and marinas. The Delaware Bey shore-
line must be utilized to absorb some of the boating demand in the
future. Private boating facilities are now clustered near the mouth of
Dennis Creek on the Delaware Bay.

Sightseeing and camping are very important to Cape May County's economy.
The extensive view of wetlands from the county's roads and the proximity
to water of most campgrounds are crucial factors in maintaining the
popularity of these activities. Development of boating access on the
Delaware Bay shoreline could enhance the attractiveness of the area for
campers and at the same time detract from the enjoyment of those desir-
ing more passive recreation. Therefore, the provision of boating access
along the Delaware Bay must be carefully planned.

New Castle County: Despite the fact that the State of Delaware's
population is concentrated in New Castle County, opportunities for
water-based recreation there are relatively sparse. The Delaware River
is not generally used for sport fishing above Delaware City. However,
many tributaries offer excellent fishing and crabbing. White perch and
blue crabs are plentiful in Silver Run, Appoquinimink Creek and Black-
bird Creek. Boat access is available near the mouths of these streams,
and complete marina facilities exist at Wilmington, New Castle, and
Delaware City. The boat launch ramp at Augustine Beach is one of the
seven most heavily used ramps in the state. There has been a rapid
increase in boating participation in Delaware in the past 20 years, and
the trend is expected to continue. At present, most of New Castle
County's needs must be met by facilities in Kent and Sussex counties.
The potential use of dredged material disposal sites for boating access
to the Delaware River in New Castle County should be explored in detail
in the near future.

Dredged material disposal sites could also provide sites for passive
enjoyment of the river which would be available to the greater Wilming-
ton population center. At present, the historic waterfronts at New
Castle and Delaware City are popular areas for passive recreation, and
the Civil War fort at Fort Delaware State Park on Pea Patch Island
offers a unique sightseeing experience, as it is innediately adjacent
to the main shipping channel.
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In the interior of New Castle County, state-owned Becks Pond and Lums
Pond are heavily used for freshwater fishing and provide a total of 198
water acres for boating. Becks Pond is also used for swimming.

In general, water pollution and intensive shoreline development has
detracted from the desirability of water and shore-based recreation in
New Castle County. All presently existing sites in the county offering
water-based recreation should be maintained. In the future, as water
quality improves, dredged material disposal sites should be utilized
for access to and passive enjoyment of the Delaware River.

Kent County: The shoreline of Kent County is basically unattractive
to swimmers because the bottom is muddy, the water turbid, and biting
flies and mosquitos numerous. The coast is primarily marshy and much
of it is preserved for wildlife. Sport fishing and boating, however,
are very popular on the Delaware Bay and tributaries. Boat access is
available along several streams, and the boat launching ramps at Wood-
land Beach and Bowers Beach are among the most heavily used ramps in
the state. Most tidal streams in Kent County offer excellent crabbing
and fishing for white perch, brown bullhead, catfish, striped bass and
eels. The Mahon River is known for its sea trout and crabs, the Murder-
kill for white perch, the St. Jones for striped bass and the Mispillion
for crabs.

In Kent County, there are 29,000 acres of public parks and open space
located on the Delaware Bay shore. Over half of that area is included
in Bombay Hook National Wildlife Refuge, where sightseeing and nature
study are the primary activities. The only state wildlife area on the
Delaware Bay where fishing and boating are allowed is the Woodland Beach
Wildlife Refuge. Numerous state parks and recreation facilities on
inland ponds, however, offer excellent fishing, boating and swimming.
The largest of these areas is Killen Pond State Park, over 500 acres in
size, but a total of almost 400 additional water acres are available to
the public for inland boating and fishing.

The inland ponds satisfy a large portion of the county's demand for
water-based recreation. Facilities for coastal fishing and boating,
however, need to be expanded. The Mahon and St. Jones rivers have been
identified as having exceptional potential for development as boating
and fishing centers. Perhaps dredged material disposal sites in the
vicinity of these streams will prove suitable for the development of
boat launching facilities.

Sussex County: Sussex County is the prime area for shore-based
recreation in Delaware. The beaches of the Atlantic coast are the
county's biggest recreational asset, followed by Rehoboth, Indian River
and Asssawoman bays. The best recreational frontage on the Delaware Bay
in the State of Delaware lies between Slaughter Beach and Lewes, in
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Sussex County. Boating is one of the most popular activities in the
county, and major marina centers are located at Lewes and on Indian
River. The boat launching ramps at Milton on the Broadkill River, Lewes
on the Lewes-Rehoboth Canal, and in the vicinity of Indian River Bay and
Rehoboth Bay are among the busiest in the state.

Several important coastal state parks are located in Sussex County.
Cape Henlopen State Park, at the junction of Delaware Bay and the
Atlantic Ocean, is a beach-oriented park of regional significance.
Delaware Seashore State Park extends from Dewey Beach to the Maryland
border, and includes Indian River Inlet. The park's beaches and prox-
imity to Rehoboth and Indian River bays make this a heavily used vaca-
tion spot. Holt's Landing State Park also provides public access to
the inland bays.

Indian River and Rehoboth bays are extensively used for boating and
fishing. Over 180,000 person-days per year of boating occur on the
bays, as well as over 200,000 person-days of fishing. Winter flounder,
bluefish, striped bass and summer flounder are some of the most plenti-
ful sport fish. Crabs are also abundant in the late summer in the bays.

Sightseeing is another popular waterfront activity in Sussex County.
Primehook National Wildlife Refuge, the town of Lewes, the Rehoboth
Beach boardwalk and Fenwick Island lighthouse are popular sites for
passive recreation.

The demand for water-based recreation in Sussex County generated by
Delaware residents and out-of-state visitors is expected to increase in
the future. Residential development in the vicinity of Indian River
and Rehoboth bays is rapidly increasing and placing a greater strain on
facilities already being used at full capacity. Heightened public
interest in boating on the Delaware Bay is also anticipated, though
relatively few access facilities exist along Sussex County's Delaware
Bay waterfront. The use of dredged material to create access areas is
infeasible along much of the shoreline because of the valuable wetlands
growing there. Efforts to provide access to the bay should be concen-
trated on segments of the shoreline which have already been filled.
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CONCLUSION

The natural features of the Delaware Estuary and adjacent counties have
been inventoried, and the impacts of dredging and disposal of dredged
material were discussed. The potential impacts of dredging and disposal
activities on the resources of each county are summarized in Table 10.
The table also addresses the potential of natural features to impact
dredging and disposal activities. Both positive and negative impacts
are included, and are briefly explained in the final column of the
table. In those cases where a natural feature may affect, or be
affected by dredging and disposal, the significance of the impact has
been ranked.

The table indicates that wetlands and groundwater are two natural
resources which may be severely impacted by dredging and/or disposal of
dredged material. Groundwater quality in some counties is more likely
to be affected by disposal than in others, though the consequences are
equally as important in all counties. Wetlands may be severely dis-
turbed by dredging and disposal. Some shoreline soils in all counties
pose constraints on disposal of dredged material, but testing would be
necessary to determine the severity of the limitations. Surface water
can be affected by turbidity and heavy metals from dredging operations,
though the magnitude of the impact decreases as the distance from the
dredging site increases. The potential impacts of dredging and dredged
material disposal on recreation are both positive and negative. Turbid-
ity from dredging operations may temporarily affect existing recreation
sites in some counties. However, waterfront recreation land is so
sparse in the same counties that dredged material disposal may prove to
be beneficial if the sites are made available for recreational use. It
may be necessary to wait several years after deposition of dredged
material before a site is sufficiently stable to permit its use for
recreation.
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TABLE 10

POTENTIAL IMPACTS OF DREDGING AND DISPOSAL ACTIVITIES ON NATURAL FEATURES()

Feature(2 )
County climate Physlography "oils Surface Water groundwater Wetlands Vegetation Recreation

Sucks 3 4 2 2 1 1 3 2
Philadelphia 3 4 2 2 1 1 3 2

Delaware 3 4 2 2 2 1 3 2

Mercer 3 4 2 2 2 1 3 2
Burlington 3 4 2 2 2 1 3 2

Camden 3 4 2 2 1 1 3 2

Gloucester 3 4 2 2 2 1 3 2

Salem 3 4 2 2 1 1 4 4
Cmerland 3 4 2 3 1 1 4 4

Cape may 3 4 2 3 1 1 4 4
New Castle 3 4 2 2 1 1 4 4

Kent 3 4 2 3 1 1 4 4

Sussex 3 4 2 2 1 1 4 4

(1) Impacts are rated by significance as follows:

I - Likely to be very severe, and negative
2 - Positive and negative impacts moderately significant, probability of occurrence low
3 - Positive and negative impacts minimally significant, probability of occurrence low
4 - No significant impact foreseen

(2) Nature of Impact

Climate: Occasional storms may temporarily impact dredging activities
raphy: Steep slopes may limit availability of disposal sites; site studies needed

z.oils must be tested to identify cnstraints; many limitations can be corrected
'-race Water: Turbidity and heavy metals may impact streams very close to dredging and disposal sites

.roundwater: Kirkwood-Cohansey and Pleistocene deposits very vulnerable to spoil deposition; overpumped areas of
Magothy-Raritan vulnerable

Wetlands: Al wetlands negatively impacted by dredged material disposal, dredging of wetlands and dredging of
sites immdiately adjacent

Veatation: Disposal activities not likely to impact non-wetlands vegetation; few remaining natural areas in
urban counties should be protected

Recreation: Use of dredged material disposal sites for recreation can help satisfy demands in these counties;
turbidity temporarily Impacts existing recreation
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UNITED STATES
DEPARTMENT OF THE INTERIOR

FISH AND WILDLIFE SERVICE

1825B Virginia Street
Annapolis, MD 21401

April 25, 1979

District Engineer
Philadelphia District, Corps of Engineers
Custom House, 2nd & Chestnut Streets
Philadelphia, PA 19106

Dear Sir:

Enclosed is a planning aid report furnished under terms of the Scope of
Work Agreement for 1979 to assist in the Delaware River Dredge Disposal I
Study. This report includes the requested analysis for Delaware's Atlantic
coastal bays which were added to the study area last year.

This report provides fish and wildlife resource data for Delaware's
Atlantic coastal bays, identifies areas critical or sensitive to the
dredged disposal problem, and augments the general impacts assessment of
dredged disposal on fish and wildlife which has previously been submitted.

If you have any questions concerning the report, please do not hesitate
to contact us.

Sincerely yours,

GenKinser
Supervisor

. Annapolis Field Office

Enclosure
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I. INTRODUCTION

This planning aid report is furnished to the Philadelphia District, Corps

of Engineers, under terms of the Scope of Work Agreement for 1979, to

assist the District in preparation of the Delaware River Dredging Spoil

Disposal Study. It is submitted pursuant to the provisions of the Fish

and Wildlife Coordination Act (48 Stat. 401, as amended; 16 U.S.C. 661

et seq.).

This report includes a brief account of fish and wildlife resources in

the study area, identification of areas critical or sensitive to the

disposal problem, and augments the general impact assessment of dredged

material disposal on fish and wildlife previously provided by the Service.

The geographical scope of this report includes Delaware's Atlantic Coastal

Bays and their tributaries. The study was expanded in 1978 to include this

region as well as the Delaware River proper. The study area addressed in

this report is comprised of Delaware's Atlantic coastal bays including

Rehoboth, Indian River, and Little Assawoman Bays. Figure 1 depicts the

general study area which lies wholly within Sussex County, Delaware.

II. GENERAL ECOLOGY OF DELAWARE'S ATLANTIC COASTAL BAYS

The Atlantic coastal bays are chari,:terized by a series of barrier dunes

and beaches protecting the back bays and their wetland areas. The major

back bays Rehoboth, Indian River, and Assawoman Bays. The bays are set

in the Atlantic Coastal plain of southeastern Delaware.

I
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Rehoboth Bay, generall, is more shallow and exhibits poorer flusing charac-

teristics than Indian River Bay. Love, Herring, and Guinea Creeks are the

major tributaries to Rehoboth Bay. Indian River, Pepper, and White Creeks

are the major tributaries to Indian River Bay. Little Assawoman Bay has

three major tributaries, Assawoman Canal-Jefferson Creek, Miller and

Derickson Creeks. The western shore of the bay is included in the Assa-

woman Wildlife Area and remains largely undeveloped (Martin, 1974). These

tributaries are shown in Figure 2. Three distinct estuarine systems are

formed by Rehoboth, Indian River, and Little Assawoman Bays. Indian River

Bay developed as a drowned river valley while Rehoboth and Little Assawoman

Bays are bar-built estuaries (Jenson, et. al., 1976). In general, water

depths vary from one to fifteen feet and average six to eight feet. Tidal

amplitude varies from about 4 feet at Indian River Inlet to less than 1 foot

in the upper reaches of some of the tributaries.

Salinity varies from sea water at Indian River Inlet to nearly fresh at the

headwaters of the tributaries. Vertical stratification generally is not

a problem in these shallow bays. However, severe and rapid local changes

in water quality parameters do occur. Even though fresh water inflow is

relatively low and varies seasonally, the shallow nature of the estuaries

coupled with wind and tide generated currents produces a region which can

exhibit sharp and changing salinity patterns. Sudden cold snaps, heavy

rains, storms, hot spells, and strong winds may have a significant effect

on distribution of flora and fauna within the systems (U. S. Army Corps

of Engineers, 1977).
0A
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I 3
Ecological characteristics of each bay are quite varied reflecting th

gradients of physical conditions present and the tidal and seasonal

cycling of the environment. Man has effected considerable alteration

on the estuarine systems in the past 100 years. The most apparent al

ation has been the permanent opening of the once dynamic Indian River

inlet. Prior to 1937, the inlet was a shallow, frequently closed san

displaying typical washover and cuts characteristic of Atlantic barri

(Delmarva Power and Light Company, 1976). All the bays have experien

extensive residential development in recent years which has resulted

significant destruction of wetlands and natural shorelines. Less dra

though no less significant, alterations have been accomplished throug

heavy recreational development since about 1945 and accompanying land

changes (Jenson, et. al., 1976).

In considering the evolutionary principals of ecology, there is no re

to believe that the biota of Delaware's Atlantic coastal bays have fu

adapted to the rapid changes which have been inflicted upon the bays

past 100 years. Rather, they are more likely in a state of transitic

along an evolutionary continuim which is hidden from us save for a br

glimpse at the present. The significance of this perspective lies in

cognizing that the ecosystem is a dynamic, ever-changing complex whic

reacts, to some degree, to every external and internal action applied

III. FISH AND WILDLIFE RESOURCES

The components of the fish and wildlife resource data will be examine'I

in the following catagories: wetlands, aquatic vegetation, shellfist

finfish, plankton, benthic invertebrates, wildlife and threatened an4

Aendangered species.
" ,
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A. FISH AND WILDLIFE RESOURCES - WETLANDS

The wetland resources in Rehoboth, Indian River, and Little Assawoman Bays

are composed of extensive fringe marsh along the shoreline as well as more

extensive saltmarshes. Total wetland area is 2,661 hectares (6,573 acres).

Of this, approximately 95% (2,531 hectares) is cordgrass marsh and 5% (130

hectares) is salt bush-salt meadow marsh. These values are not precise and

do not account for transition areas and species diversity within a dominant

type marsh. The area has lost about 843 hectares (2,082 acres) of wetlands

since 1938, a reduction of 20% (Delaware Coastal Zone Management Program,

1976).

These wetlands have been classified with respect to value for recreation,

wildlife habitat, spawning and nursery area, primary productivity, hunting

and trapping potential, pest generative potential, flood buffer/erosion

control, physiographic value, historical value, development potential,

sediment trapping and other relevant factors (Delaware Coastal Zone

Management Program, 1976). This ranking process evaluated the wetlands

areas in the Rehoboth, Indian River and Little Assawoman Bay areas in

.4 relation to all of Delaware's wetlands.

A high value was assigned for primary production, hunting, avian habitat,

and washover and flood protection. Relatively high value was assigned for

spawning and nursery areas, recreation and potential industrial/commerical/

residential development. An extremely high degree of manipulation of the

system, including a tremendous wetland loss, is evident. Thompson's Island

has demonstrated archaeological values.

r
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The Assawoman Wildlife Area is an extremely valuable mammal and bird area

and supports some insect control research work. The wetland areas as a whole

are of high quality to birds, particularly ospreys, mute swans, brants,

canada geese, and many ducks. Several wetland areas support nesting ospreys

and occasional bald eagle nests. Three areas, Poplar Thicket, Blackwater

Creek Marsh and False Cape are state natural areas.

The many benefits which are derived from wetlands have been recognized

through state and federal legislation and policy changes over the years.

Wetland areas should be preserved and enhanced wherever possible.

B. FISH AND WILDLIFE RESOURCES - SUBMERGED AQUATIC VEGETATION

We are unaware of any efforts to map the submerged aquatic vegetation in

the study area. Submerged grass beds have very high value as food for

waterfowl and as shelter and feeding areas for fish. It is likely that these

shallow estuaries do support substantial beds of submerged aquatic vegetation.

Every effort should be made to avoid these areas in any dredge or fill

operation. Identification of submerged aquatic vegetation beds should be

undertaken during the planning of any area-wide dredging oe disposal

project.

C. FISH AND WILDLIFE RESOURCES - SHELLFISH

The hard clam (Mercenaria mercenaria) is the most important commercial

shellfish resource in Rehoboth, Indian River, and Little Assawoman Bays.

Virtually all of the commercial hard clam landings reported for Delaware

have come from Indian River and Rehoboth Bays.

. •... - ~64,
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Commercial landing figures compiled by the National Marine Fisheries Service

(Table 1) for the past ten years have shown a declining overall harvest of

hard clams during the past seven years. Statistical analysis of this data

by personnel of the Division of Fish and Wildlife, Delaware Department of

Natural Resource and Environmental Control indicates that a decline in hard

clam populations in Indian River Bay is apparent. It is probably due to

(1) heavy commercial fishing pressure in Indian River Bay during the late

1960's and early 1970's; and (2) the lack of optimum sediment types (oyster

shell or sand mud) to support and protect high densities (Cole, 1977).

A survey of hard clam densities was performed by Delaware to gain baseline

data to aid in formulation of a hard clam management plan. Figures 3 and 4

indicate the distribution of hard clams in Rehoboth and Indian River Bays.

Most of the commercial oyster (Crossostrea virginica) landings in Delaware

come from Delaware Bay. Delaware does lease some oyster bottom in Indian

River off Blackwater Creek. Last year only one commercial oyster fisherman

worked the area. He reported planting 1200 bushels of seed oyster during

1978 (Cole, 1979). Commercial oyster landings in Indian River Bay have

steadily declined in recent years. Figure 5 shows existing charted oyster

bottom in Indian River Bay.

Blue crabs (Callinectes sapidus) provide a substantial recreational fishery

in the three coastal bays. There is no commercial crabbing in Rehoboth or

Indian River Bays. Lobster are occasionally taken off the jetties at Indian

River Inlet.

1'.
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The commercial shellfish harvest, both in pounds and dollar value, has

consistently been greater than the finfish harvest in Delaware, and con-

tributes substantially to Delaware's economy. However, there has been an

overall decline in recent years in shellfish harvest (Table 2).

D. FISH AND WILDLIFE RESOURCES - FINFISH

The importance of Indian River Bay as a nursery area for significant

commercial marine species such as menhaden has been documented (Pacheco, 1975).

A description of the ocean fishery off Delaware Bay may be found in Reintjes

and Reithmayr (1960). Listings of resident and migrating finfish in Indian

River Bay may be found in the previously referenced environmental impact

statements and Campbell (1975). The Bays continue to support a substantial

commercial and sport fishery. Martin (1974) indicates that Little Assawoman

Bay is an important nursery area for many species including summer flounder,

spot, menhaden, eel, sea trout, white mullet and Atlantic herring.

* Historically, Indian River Bay has been the site of heavy spawning

concentrations of winter flounder (Pseudopleuronectes americanus).

Spawning begins in late January and continues through mid-March. In the

past six years spawning has been depressed in Indian River Bay presumably

resulting from reduced stock (Miller, 1979). Indian River Bay is considered

to be the southern extent of the winter flounder's range.
.4

The contribution of sport and commercial fishing to Delaware's economy is

"' significant. Table 2 shows the commercial finfish landings in terms of

'Ag,
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pounds and dollar value from 1972 to 1977. Delaware's Atlantic coastal bays

do not directly provide a large part of the Delaware commercial landing of

finfish. However, they are very important as spawning and nursery grounds

for these fish.

Miller (1978) evaluated marine recreational fishing in Delaware. Table 3

indicates the recreational fishing pressure in man-days applied to Delaware

waters. Table 4 indicates the approximate contribution of Rehoboth, Indian

River, and Little Assawoman Bays to fishing pressure in Delaware. These

areas provide virtually all (90%) recreational clamming and a large part of

the fishing (35%) and crabbing (46%) opportunities in Delaware. Based on

these data, the Atlantic Coastal Bays provide about 210,000 man-days of

small boating, 75,000 man-days of recreational clamming, and 28,000 man-days

of recreational crabbing.

E. FISH AND WILDLIFE RESOURCES - PLANKTON

, The micropelagic members of the aquatic community are not often treated in

traditional fish and wildlife resource documents. However, because of the

intricate relationships of the planktonic community to more complex

organisms through energy and nutrient cycles and the dependency of the

macrobiota on the microbiota, this report will briefly describe the

general community structure of the study area.

r Delmarva Power and Light Company (1976) has published a recent comprehensive

study of plankton in Indian River in the vicinity of the Indian River Power

Station.

°df
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Thirty-six phytoplankton species were found to contribute the majority of

algal biomass. Diatoms were dominant, followed by dinoflagellates. Green

and blue-green algal distributions have been restricted generally to

headwaters of the estuaries. The generally lower number of total taxa found

in Indian River has been attributed to the compact nature of the estuary and

the steep, rapidly changing salinity gradients which occur there. Spatial

and temporal distribution patterns, biomass production and community nutrients

are addressed in the Delmarva report. Biological indicators show that the

upper estuary is noticeably enriched in summer months creating adverse bio-

logical conditions.

A discussion of zooplankton taxa found in Indian River including their

productivity and distribution, is also contained in Delmarva Power and

Light Company (1976). Apparently the estuary possesses relatively good

species diversity and abundance.

F. FISH AND WILDLIFE RESOURCES - BENTHIC INVERTEBRATES

A listing of benthic invertebrates (excepting commercial shellfish) found in

Indian River is present in U. S. Army Corps of Engineers (1977) and Delmarva

Power and Light Company (1976). The latter contains a discussion of standing

crop, distribution and dominance. These data will not be reiterated here.

G. FISH AND WILDLIFE RESOURCES - WILDLIFE

The three coastal bays have very high value for wildlife. Assawoman Wildlife

Area provides a protected wildlife area.

I.
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Annual waterfowl census data (Whittendale, 1978) indicate that the three bays

are used by a variety of migratory waterfowl. Listings of migratory and

resident avians are found in U. S. Army Corps of Engineers (1977) and

Delmarva Power and Light (1976). There has been a decline in gull and tern

nesting habitat in recent years resulting from erosion of several small islands

in Rehoboth and Indian River Bays. Several bald eagle nests are observed

each year in southern Delaware. These nesting sites are not consistently

active from year to year and prediction of bald eagle acitivity is difficult.

Mammal, reptile, and amphibian species present in the area are listed in U. S.

Army Corps of Engineers (1977) and Delmarva Power and Light Company (1976).

Many species are directly dependent on the estuaries, adjacent wetland areas

and the remaining undeveloped shoreline area.

The water/land interface along the coastal shorelines is a critical zone

to area wildlife. This ecotone supports the nutrient and energy transfers

between the two systems. Table 5, taken from Jenson (1976), depicts the

alterations which have occurred to the area shoreline in the past 40 years.

Indian River Bay has lost almost half (44%) of its natural shoreline to develop-

ment. This has undoubtedly stressed the wildlife communities of the area.

H. FISH AND WILDLIFE RESOURCES - THREATENED AND ENDANGERED SPECIES)

A list of threatened and endangered species is found in Table 6. Any of

these species may be found in the study area. Peregrine falcons (Falco

peregrinus) transit the coastline during annual migrations. The bog turtle

(Clemmys muhlenbergi) is normally restricted to the piedmont area of Delaware

.,
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and is rarely found in the southern part of the state (Arndt, 1978). The

range of the Delmarva fox squirrel (Sciurus niger cinereus), an endangered

species, is presently thought to be confined to portions of the Delmarva

Peninsula in Maryland and Virginia. The Ipswich sparrow (Passercylus

sandwichensis princeps), a species of relative rarity, winters along the

Atlantic coastal beaches and dunes. It is not currently classified as either

rare or endangered.

Of primary concern, is the bald eagle, Haliaeetus leucocephalus. Throughout

the 1970's from one to four active nest have been identified each year. The

1978 Chesapeake Bay Bald Eagle Nest Survey reported three abandoned nests for

Delaware, one located on the north shote of Indian River (Abbott, 1978).

Another nest has been reported in the vicinity of Love Creek, a tributary

of Rehoboth Bay (U.S. Department of Agriculture, 1978).

This report does not satisfy consultation requirements of Section 7 of the

Endangered Species Act.

IV. AREAS CRITICAL OR SENSITIVE TO DREDGED DISPOSAL PROBLEMS

The following list represents some types of areas that are of critical concern

to fish and wildlife resources from the perspective of dredged disposal pro-

wblems. The list is by no means comprehensive or complete and should not be

interpreted as the only areas of concern. They are not necessarily listed in

order of priority.

g00
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A. Submerged aquatic vegetation beds. These areas should be avoided in

dredged or disposal operations because of their high food and cover value

to fish and wildlife.

B. Spawning areas/seasons. Dredging and disposal activities should be

avoided in shellfish or finfish spawning area especially during spawning

periods.

C. Nursery areas for fish should be avoided during seasons in which

dredging or disposal operations could affect juvenile fish.

D. Shellfish beds. Shellfish beds should be avoided entirely during dredging

and disposal operations. This would preclude impacts resulting from a

sediment deposition, turbidity, or degraded water quality.

E. Highly productive benthic communities. Such communities are vital to

organisms higher on the food chain and should be avoided. Recolonization

of such areas after a dredge-related disturbance rarely supports the

species diversity which existed prior to disturbance.

F. Threatened or endangered species. Direct impacts as well as indirect
.4

impacts may result from navigation project. Feeding, resting or breeding

areas for any threatened or endangered species should be avoided.

G. Water/land interface. The water/land interface (shoreline) should be

protected from extreme alteration (such as bulkheading or vegetation

,4
'.)
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removal) because of its value for terrestrial/aquatic transfers

of nutrients, energy, and organisms.

H. Wetlands. Disturbance of wetland areas should be avoided because of the

many benefits provided by such areas.

V. GENERAL IMPACT ASSESSMENT OF DREDGED MATERIAL DISPOSAL ON FISH AND WILDLIFE

A great deal of research has been conducted in the past ten years by State

and Federal development and regulatory agencies. The most intensive research

effort has been the Corps of Engineers' Dredged Material Research Program

(DMRP) carried out by the Waterways Experiment Station, Vicksburg, Mississippi.

The DMRP is currently coming to an end. The U. S. Fish and Wildlife Service

(Morton, 1978) has published a brief summary of ecological effects of dredging

and filling. The remainder of this report will rely heavily on Morton (1977).

In spite of the substantial effort which has been expended in research on

dredge and fill problems, much remains to be learned concerning the effects

of such operations. In particular, synergistic, sub-lethal effects are poorly

understood. It is necessary, therefore, to proceed on the conservative side

of impact analysis thus avoiding the assumption that if ill-effects have not

been demonstrated in a particular situation, no-ill effects exist.

Dredging and disposal effects can be divided broadly into three catagories,

each defined by the pathway or mechanism in which effects are mediated.

'1
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For the purpose of this discussion, effects will be addressed as physical

chemical, or biological in nature. This discussion is very general and

broad. Reference should be made to other sources for more detailed information.

A. PHYSICAL EFFECTS

Dredging and disposal of dredged material basically constitutes a process of

artificially induced sediment erosion, transport and deposition. The process

differs from the natural one in being much more concentrated in space and

time. The physical effects of dredging and disposal on the estuaries environ-

ment can be summarized briefly as follows: temporary increases in turbidity

at both dredge and disposal sites; changes in bottom topography with resulting

changes in water circulation patterns; and, changes in the mechanical pro-

perties of the sediments at the dredge and disposal site.

The relative significance of these effects on a given estuarine system is

a function of the ratio of the dredged area to the total bottom area and

contained water volume. Reduced inlet size and long flushing periods for

bays magnify the hydrologic effects of dredging projects. Other important

factors influencing the physical impact of dredging and disposal are type

and volume of sediment, dredging frequency, climatic conditions, and methods

employed.

Increased turbidity results in reduced light penetration, reduced photosynthesis,

and altered heat radiation patterns. Changes in bottom topography and circu-

lation patterns may be much more signficant than turbidity plumes. Circu-

w
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lation changes may result in shifts in salinity, salt wedge movement,

sediment transport patterns, erosion, acretion, and attendant impacts

such as altered flushing rates and water quality problems. The mechanical

properties of sediments, such as grain size, and porosity, can be altered

by moving material. The suspension and resuspension of sediment, especially

in hydraulic dredging, may change the physical character of the substrate in

both the dredged area and the disposal area. These changes may in turn

affect the processes controlling the flows of pollutants across the sediment-

water interface and the stribution of benthic organisms. Of particular

concern, is the production of fluid mud or mud flow often occurring in

dredging operation in high silt/clay sediment types. Concentrations of

suspended sediments exceeding 10 grams per liter have been shown to

generate fluid mud.

The long-term fate of dredged material in unconfined disposal areas is not well

studied in most diedging projects. Sediment transport away from the disposal

site may be caused by wind or tide generated currents and may affect

benthic organisms and continued maintenance of the navigational channel.

Apparently three prime factors, grain size, degree of consolidation of

bottom sediment and current characteristics control post-dredging sediment

transport.

V

B CHEMICAL EFFECTS

Dreding and spoil disposal are likel) to produce changes in the chemistry

of the water overlying the dredging and disposal sites for two reasons. First,

undisturbed estuarine sediments typically exhibit a gradient from oxidized

ii
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surface deposits to increasingly reduced sediments in the deeper layers; the

deeper, reduced sediments create an oxygen demand when they are exposed to

the aerobic environment of the overlying water body and become oxidized.

Second, it is generally assumed that the chemical constituents associated

with the surface sediments are in dynamic equilibrium with the overlying water,

whereas those associated with the deeper sediments are not. As the deeper

sediments are mixed with water during dredging and disposal, the potential for

remobilization of their chemical constituents increases.

Dissolved oxygen depletion and release of nutrients and contaminantL are

chemical changes often associated with dredging and disposal operations.

The complexity of possible chemical reactions that occur during resuspension

of sediments makes prediction of effects very difficult and highly variable

from site to site.

Dissolved oxygen (DO) concentrations in the vicinities of the dredging and

disposal sites have an important effect on the chemical form, solubility,

and mobility of chemical constituents of the dredge spoil. If the potentials

for release of plant nutrients, heavy metals, pesticides, and other organic

compounds are to be assessed, one must estimate the oxygen demand resulting

from dredging and spoil disposal. Dredging and spoil disposal often caused

F at least temporary reductions in DO concentrations in the water columns

overlying dredging and disposal sites and may cause persistent DO changes.

,4.!
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Changes in dissolved oxygen concentrations may effect the dredged or filled

area by: (1) the stimulation or inhibition of primary production, (2)

changes in physical arrangement of the sediment (deposited to suspended);

(3) redox potential of the sediment; (4) the magnitude of the organic fraction

in the sediment; (5) chemical composition of the sediment; (6) how the sedi-

ments are handled during dredging and disposal; and, (7) degree of flushing

that occurs at the dredging and disposal sites.

Concentrations of organic compounds, nutrients (primarily phosphorous and

nitrogen) and other contaminants (heavy metals, trace metals) are often

altered by disruption or sediments during dredging because of the relation-

ship of these substances to sediment.

Organics sorb to fine particulate matter and later settle out of the water

column with the particulate matter. This organic-particulate matter asso-

ciation is influenced by the type of functional groups present, surface area

of the particle, the molecular weight of the organic matter, salinity, pH, and

temperature. The amount of organic matter may increase 100,000 times its

dissolved value when adsorbed to fine inorganic particles or muds.

The processes by which heavy metals, plant nutrients, pesticides, and trace

elements transfer across the sediment-water interface are complex and not
.9

yet fully understood. However, several factors have been identified that

seem to play important roles in these processes: the clay content, organic

fraction, redox potential, and pH of the sediment; the species of bacteria

,f
present; and the sulfur and iron cycles.
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C. BIOLOGICAL EFFECTS

The biological effects of dredging and spoil disposal on fish and wildlife

are mediated through the environment by the physical and chemical alterations

previously addressed. This is the least understood of the three catagories.

In most cases, current understanding of these effects is too limited to

allow predicting with any assurance whether dredging or disposal will con-

taminate a man-ended food chain, eliminate an endangered species, or have

undesirable irreversable impacts on a biological community. The magnitude

of all biological effects is influenced by the biological cycles in which

the affected organisms participate. Therefore, analysis of biological

effects cannot be complete without considering the seasonal physiological

changes of the species in question.

Gross biological effects include total destruction of benthic communities

in areas dredged or filled. Recolonization may be almost complete or absent

altogether and may take months or years to achieve. Maintenance dredging

introduces the problem of periodic disruption of the aquatic system which

may permanently preclude recolonization. General, species diversity

is somewhat reduced in a recolonized area when compared with a natural area.

The rate of recolonization is affected primarily by changes in the physical

and chemical properties of the sediment and changes in water depth and

circulation patterns.

Turbidity generated by dredgiiLg and disposal has a wide range of biological

effects. These include smothering of benthic organisms, interference with
'-C-

digestive and metabolic processes, interference with the rate of water

transport and efficiency of filtering mechanisms in filter feeders, dis-
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ruption of organismal energy budgets, interference with reproductive capacity,

clogging of gill epithelial tissue in fish, reduction of primary productivity,

and shifts in existing food chain relations. Two general observations are

that: (1) bottom dwelling fish are most tolerant and filter feeding fish

least tolerant to high turbidity levels and, (2) juvenile forms are more

sensitive than adults.

Turbidity effects are determined by the size, shape, and chemistry of

suspended material, duration of exposure, and physiological and developmental

state of the affected organisms.

Alterations in hydrologic and circulation patterns may permanently alter a

biological community. Dredging may remove a bottom from the euphotic zone,

thus altering productivity. Conversely, shallow water deposition may raise a

bottom into the euphotic zone or intertidal zone. Circulation patterns in

estuaries influence salinity and nutrient gradients. Plankton movement

including plants, animals, and larval and juvenile forms of higher organisms,

is dominated by water currents. Changes in tidal pattern, circulation and

flushing rates can affect the distribution, size, and species composition of

plankton. In some cases, these changes could result in significant food

chain or community structure alterations.

J Changes in sediment characteristics such as grain size can alter the

composition of the entire biological community. Successful population of

shellfish require specific bottom types, especially in commercially valuable

concentrations. Fish reproductive success oftens depends on the availability

A
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of suitable substrate for attachment of demersal eggs and nest building.

Disruption of a large area of substrate, particularly in a spawning area,

could be damaging to a population.

Biological effects of dredging may be expressed through water chemistry

pathways. Low dissolved oxygen concentrations are stressful on all oxygen

dependent species. The presence of high concentrations of nutrients may

stimulate excessive phytoplankton growth to a point that oxygen consumption

through respiration exceeds photosynthetic oxygen production resulting in

depletion of dissolved oxygen. The situation is aggrevated by the oxygen

demand created by decoying vegetation.

Resuspension of sediment may release pollutants into the water column thereby

affecting aquatic life. A wide array of biological effects result from high

concentration of heavy metals, organic compounds, and other pollutants. De-

tailed analysis of contaminated sediments is necessary prior to formulating

a plan for dredging and disposal of such sediments. Bioassays and elutriate

testing are standard analytical tools. Possible synergistic effects should

be evaluated as thoroughly as possible keeping in mind the complex nature

of chemical reactions which may occur.

Non-lethal biological effects are very difficult to define and study. Long-

term chronic effects may gradually depress a population or co mmunity structure

without definition of a clear cause-effect relationship. All the dredging and

disposal impacts outlined above may be expressed in the environment at

4 concentrated lethal levels or at less concentrated sub-lethal levels.
'7
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Polluted sediments pose an especially difficult task when attempting to predict

the impacts of dredging and filling.

In summary, we have learned much regarding the effects of dredging and filling

in recent years. At the same time, we are learning how much remains to be

studied. Although direct burial and habitat destruction (e.g., a change in

the physical and chemical character of the bottom sediments) are the two

most obvious effects of dredging and spoiling on biological communities,

these effects can be minimized by careful timing of the dredging and placement

of the spoils. Exposure to toxic contaminants sorbed to sediments cause a

variety of physiological and behavioral disorders in estuarine biota. Under-

standing of how various organisms are affected by different doses of a con-

taminant is limited because of the complexity of the processes controlling

the remobilization and uptake of the various contaminants and because of the

variability in response between species and between different life stages of

the same species.

'4
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DELAWARE HARD CLAM LANDING 1964-1975

YEAR HARD CLAMS (Ibs)

1964 164,200

1965 326,500

1966 264,000

1967 299,000

1968 239,000

1969 135,000

1970 89,000

1971 113,000

1972 90,000

1973 63,400

1974 101,000

1975 34,400

FROM: Cole, 1977

TABLE I



SEAFOOD LANDINGS IN DELAWARE

FISH SHELLFISH

POUNDS DOLLARS POUNDS DOLLARS

1972 810,500 141,248 11,737,700 2,330,854

1973 1,151,700 290,561 9,508,800 1,894,868

1974 758,500 189,471 8,455,700 1,538,349

1975 797,200 205,969 6,258,100 1,510,925

1976 727,500 231,328 6,441,400 1,727,651

1977 945,500 250,042 1,511,700 632,385

TABLE 2

'I
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Estimates of fishing pressure and 95% confidence
intervals on Delaware marine waters as determined

from 29 aerial counts conducted April 1 - October 31.

Type of Fishing Man-days

Boating man-days (small fishing boats)a 436,133.0 + 158,255.7

Party boat man-daysb 163,482.5 ± 51,169.7

Man-days of shore, pier, surf fishing 226,128.5 + 33,940.0

Man-days of recreational clamming 78,407.3 + 44,485.0

Man-days of recreational crabbing 60,421.8 + 17,241.7

4aMan-days of fishing from small boats were calculated by multiplying boat
days (155,761.8) by 2.8 people/boat.

bMan-days of fishing from party boats were calculated by multiplying party-

boat days (6,146.0) by 26.6 people/boat.

TABLE 3
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UNITED STATES
DEPARTMENT OF THE INTERIOR

FISH AND WILDLIFE SERVICE
112 West Foster Avenue

State College, PA 16801

April 23, 1979

Colonel James G. Ton
Philadelphia Corps of Engineers
Custom 11ouse, 2nd 5 Chestnut Streets
Philadelphia, Pennsylvania 19106

Dear Colonel Ton:

in , .ecordance with our FY79 Scope of Work agreement for the Delaware River
Dredging Disposal Study, attached is our preliminary report "Fish and
Wildlife Inventory of the Lower Delaware River and Bay Region."
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Field Supervisor
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I, Introduction

This is a preliminary report on fish and wildlife resources of the lower
Delaware River and Bay Region, provided in response to the Philadelphia

District, Army Corps of Engineers, Delaware River Dredging Disposal
Study. The purpose of the Congressionally authorized study is to develop
a regional dredging spoil disposal plan for the tidal portions of the
Delaware Bay, extending from Trenton, New Jersey, to the sea. The study

was authorized by the United States Senate Committee on Public Works on

September 20, 1974.

This report contains brief descriptions of finfish, benthic invertebrates,

commercial and recreational fisheries, wetland wildlife and uses, and
threatened/endangered species. It also contains a short discussion
identifying areas sensitive to the disposal problem. The report addresses

the river, bay, tidal segments of tributaries to each, and adjoining
wetlands. Inland habitats are excluded from the discussion.

This repor't is submitted in accordance with provisions of the Fish and
Wildlife Coordination Act (48 Stat. 401, as amended; 16 U.S.C. 661 et
f-eq.). It has- beon coordinated with the New Jersey Division of Fish,

amoe and s;hllfis lries; the Delaware Division of Fish and Wildlife;
the Pennsylvania Game and Fish Commissions; and the National Marine
Fisheries Service.

II. Finfish

Delaware River

1oma (1978) reviewed benthic invertebrate and finfish literature for the
Delaware River between Trenton (P1133) and the Chesapeake and Delaware

Canal (RM53). His review emphasized shallow water areas while omitting
* deepwater and tributary habitats. Studies concerning the omitted

habitats are briefly discussed below.

Miller et al (137;4) conducted deepwater trawling at five stations in
the Delaware River between Trenton and the Chesapeake and Delaware Canal
liring August to December 1973. The station names and locations are

V; follows: Trenton, RM 127-131; Bristol, RM-114-118; Bridesburg,
.7_14 1-1; 'hiladelphia, P14 127-131; and Chester, RM 81-86. Eight-

:i 1,'1r,.t an! forty-three collections produced 15,043 fish of 21 species.
luebohei ring made up 42 percent of the catch. Other species were
-hit' ,',h. 41 -hQprcent; spotted shiner, 8 percent; channel catfish,

",',,':i: and white catfish, 5 percent (Table 1). In addition to these
t,,ti n'-', te,? --huylkill River, Neshaminy Creek and the main river

1! 1,-"lit tu Wilmington were periodically trawled (luring this period.
, * re iiire-! i n forty-three collections produced 3,082 fish of 16 species.

Biak h,.rring, spot, white perch and satinfin shiner made up 43,
38, and 5 percent of the catch, respectively (Table 2).

p
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In a separate study, Miller et al (1974) sampled 14 Delaware River tidal
tributaries between Trenton and Wilmington from April to November 1973.
A total of 14,410 fish of 31 species were collected by seine and trawl.

Aliadromous species were taken in all 14 tributaries. Blueback herring
accounted for 91 percent of the anadromous catch followed by white
perch (5 percent), alewife (4 percent) and American shad and striped
hass (<i percet). 5lueback herring and alewife were generally more
abundant in the tri],utaries which held the greatest variety and/or
number of fish (Table 3).

Adlitional fish sampliug was undertaken in the lower reaches of the
Christina River and Brandywine Creek in spring and summer, 1978.
Zlictrofishing by boat in the Christina River produced 12 species.
Th,- moot abundant fish were carp, silvery minnow, menhaden, alewife
and blueback herring. Similar sampling of the lower reach of Brandy-
wine Creek resulted in 28 species collected. The most abundant fish
in the Brandywine sampling were silvery minnow, carp, blueback herring,
spottai! shiner, white sucker, American Eel, alewife and white perch

(Reichard, 1978).

Fish surveys by the Pennsylvania Fish Commiss;ion confirm that Darby
Creek, Pennypack Creek and Neshaminy Creek support runs of blueback

herring and alewife. American shad are not known to spawn in any
of the Pennsylvania tributaries (MarshaLl, 1978)

The New Jersey Division of Fish, Game and Shellfisheries has surveyed
several of the New Jersey tributaries iii this reach. The results of
theio* surveys w,-re recently compiled and included in the Service's
"Planning Aid Report: Existing Fish and Wildlife Resources Related
to the Southern New Jersey Water Resources Study, Burlington, Camden
and 1oucester Counties, New Jersey" (U.S. Department of the Interior,
1978).

DelaWare Bay

't,:i; of finfish in Dcelaware Bay began in the early 1950's. Since then,
In..e:o1u studies have emphasized the variety of finfish present within
th est'ary. These include reports by Daiber (1954 a and b); Fitz (1956);

one and Peintjes (1957); Harmic (1958); Bearden (1959); Reintjes and
C-thnavo (1960); de ',ylv and Kalber (1960); de Sylva, Kalber and
i e> (l162); turawski (1966); Daiber and Abbe (1967); Daiber and

Ic:!ey (i9i( ;ane', Schuler and Denoncourt (1969); Smith (1969);
aiber and Smith (P369, 1970 and 1971 a and ); and Bason (1971).

Many ol these studies and others are briefly described in Polis (1972),
,-aurer ind Wang (19'73) and Maurer (1974).

94!
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Two hundred and eighteen species of finfish have been collected from the
Delaware Bay region (Maurer and Wang, 1973) (Table 4). Nearly half of
these are restricted to the higher salinity waters. About 40 species
occur in marine and brackish water. Another 40 species occupy marine,
brackish and freshwater. The remainder inhabit brackish and freshwater
or freshwater.

Stud i~s bv Jo Ivlva, KMlbor and Shuster (1962) and dbe (1967) indicate
that the e;ttan'y is primarily important as a breeding ground for fish
(over 60 species) and a nursery for juveniles.

Upper Estuary

FIhomas (1971) collected 90 species of finfish from the Artificial Island
, inciudniri tho river and four tidal creeks (Appoquinimink, Blackbird,

AIJowav and 17,ye Creeks) (Table 5).

,chu leo (197'1 ) c2!, cted"2,000 fish comprising 42 species in daylight
1c n V 'mplc.. Th,- 10 most abundant species, comprising 98 percent of

itotl, wic Atlantic silverside, bay anchovy, blueback herring,
0;::'-hog,, At l ~utic menhaden, stri;'ed b.iss, white perch, alewife, rough

t;ivc .side ani ti let:1tor silverside. Over 45,000 specimens were collected
. .....iylight b lttu. haul;. Of the;,e, 99 percent consisted of bay anchovy,
weikfish, white perch, hogchoker, ilewife, blueback herring, American

I , striped 1, bluefish and brown bullhead. According to Schuler,
the Artifiejil Island area is all important nursery for weakfish, white
perch striped boss and black drum, all sportfish species.

Lower Estuary

Daiber mn int,, (1971 b) conducted the most recent comprehensive survey
,finfish in the bay below Cohansey River during 1966 through 1970. A
iotal of .13t,,)19 fis<h of 6,1 species was caught. Weakfish (31 percent),
,V 1w t,<.. on 1 :.orcont), scup (13 percent), northern sea robin (4 percent)
i il windo-.m;,,. (U percont), comprized three-fourths of the catch (Table
.- pec~es I'rsity wa:; less in the upper bay than in the lower baN

and Was greatest evervwhere during the summer and fall.

DV~er (19,4 1h) eives the relative abundance ot fish taken in commercial
V ".-wl sampK . durin 1951 through 1.954. The 10 most abundant fish were

weakfish, siot, ,7cup, ho),choker, summer flounder, northern sea robin,
-t~lotic crQa3er, ,IotId hake, butterfish and white perch. Five of
DX: "1 o10, '11'1 :h ummer floundL.r, Allantic croaker, spotted hake,
buttertish and white perch, all important recreational and commercial

91
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species, do not occur in the top 10 of the 1971 study. The studies
suggest that the smooth dogfish, roughtail ray, bullnose ray and striped
sea robin are slowly becoming more abundant, while the clearnose skate,

silver hake, summer flounder and northern puffer are, in general,
declining in abundance.

Tidal Tributaries

Although the New Jersey Division of Fish, Game and Shellfisheries has
surveyed many of the streams draining into Delaware Bay, most were
surveyed in the upper non-tidal reaches. Fishery data for the tidal

segments are scarce. The Maurice River is an exception. Himchak (1978)
and McClain (1978) sampled ichthyoplankton and finfish in the lower

Maurice from October 1975 to September 1976. Planktonic forms of 23
fish species were collected. Bay anchovy, naked goby, Atlantic
croaker, spot, menhaden and American eel made up 98 percent of the
2ollection. Additional species were taken as either adults or juveniles.

M,iny streams in New Jersey support spawming runs of alewife or blueback

herring (Table 7). None are known to support spawning runs of American

shad.

Martin (1974) sampled 13 Delaware tidal streams draining into Delaware
Bay. These included Reybold Creek, Silver Run, Appoquinimink River,
Blackbird Cree0, Smyrna River, Leipsic River, Simons Creek, Mahon River,
Little River, St. Jones River, Murderkill River, Mispillion River and
Broad Creek. Indian River, Rehoboth and Little Assawoman Bays were also
sampled. The results show tidal streams are important nursery, forage
and spawning hlbitats for a variety of fishes. Species commonly present
in adult and/or juvenile stages are white perch, weakfish, spot, menhaden,
American eel, blueback herring, alewife, striped bass, bay anchovy, naked
goby, white mullet, winter flounder and silverside shiner. The less saline
segments usually contain white catfish, channel catfish, carp and yellow
perch.

Il. Benthos

The first puhli-hed ,i,-comt of benthic assemblages in Delaware Bay was
i paper on the asociated oyster fauna (Maurer and Watling, 1973). A
7sries of papers dealinp with the distribution and ecology of specific
ti xa was also completed: Amphipoda (Watling and Maurer, 1972a); Hydroids
(Watling and Maurer, 1972b); Pelecypoda (Maurer, Watling and Aprill,
L'1714); Isopoda (Wal I ing, Iind!,;ay and Miurer, 1974); and Gastropoda
(Leathem and Maurer, 1975). Additionally,Kmnner, Maurer and Leathem
(1U") described animal-sediment associations of dominant benthic

- -species.

011
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Watling, Maurer and Wethe (1976) undertook the first comprehensive
sampling of benthic invertebrates in Delaware Bay. During July and
August 1972 and June and July 1973, 207 samples were taken along 26
transects between Cape Henlopen and Stone Creek. One hundred and nine
species were obtained during 1972 and 125 during 1973 (Table 8). There
were no significant changes in relative abundance of phyla from one year

to the next. The average numer of individuals per sample for both 1972
and 1973 was 20 (200 individuals/m 2 ). At only ten stations of the
207 sampled were there more than 1,000 individuals/m 2 . The authors
suggested the low densities were due to a lack of attached benthic

macroscopic algae or vascular plants in the bay, which in turn, was
most likely related to the highly turbid conditions in the bay. The
absence of macroscopic benthic algae deprives the benthic 'omnunity of

a major source of organic material that would be used by deposit feeders.
The most widespread species were Tellina agilis, Heteromastus filiformis,
CUycera dibranchiata, Nephtys picta, Mulinia lateralis, Protohaustorius
wigleyi, Gemma gemma and Nucula proxima.

Penthic invertebrate studies for the Delaware River are described by

Homa (1978). We were unable to locate any relevant information not
covered in Homa's report.

IV. Commercial Fisheries

The National Marine Fisheries Service, Department of Commerce records
commercial finfish and shellfish catches within the Delaware River and
Bay. The mean values for catches recorded from 1960 through 1977 and
from 1973 through 1977 are approximately $1.7 and $3.1 million tespectively
(Table 9).

"Decies composition, poundage and value of 1977 commercial finfish and

shellfish catches for Delaware Bay and River, are given in Table 10.
Oysters comprised 70.0 percent of the total harvest value. Blue crabs

were a distant second at 19.1 percent followed by sea trout 4.0 percent,
eel 2.5 percent, and striped bass 1.5 percent Together these five
species made up 97.1 percent of the total 1977 harvest value.

Analysis of catches landed from the New Jersey side of Delaware Bay,

1948 through 1975, reveals that oysters comprised 85.6 percent of the
v harvest value (Table 11). Other species comprising the top 5 were blue

crab (7.9 peicent), menhaden (2.5 percent), hard clam (1.0 percent) and

striped basc (0.7 percent). Together these 5 species comprised 97.7
percent of the 1948-1975 harvest value (New Jersey side only).

N
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The paramount importance of the oyster to commercial fisheries in
Delaware Bay, both in the past and present, is evident from the catch
data. A description of the oyster industry is found in the Service's
planning aid report: "The Effect of Salinity Change on the American
Oyster in Delaware Bay (1979)."

Second in importance is the blue crab. It occurs from the vicinity of
Philadelphia to the mouth of the bay, and is commonly found in tidal
tributaries. Harvesting is by potting and dredging. Potting occurs
,-uring non-winter months, while dredging is a winter time activity
r,est victed to deepwater sediments. Approximately 3,000 acres of bay
hottom in New Jersey are leased for dredging crabs. In Delaware leasing
is; not a requirement, but fisherman may not dredge in leased oyster
grounds. Most dredging occurs in the lower bay.

In the past and occassionally in recent years (e.g., 1974) the Atlantic
menhaden has been an important species. According to Homa (1978) menhaden
probably spawn in the deeper areas of Delaware Bay. They use the shore
zones and tidal creeks of the lower estuary as nursery areas. Menhaden
are processed for fish meal and oil.

Besides being an important sportfish, the weakfish is also a valuable
commercial species. Weakfish enter the bay in early May. Spawning
occurs from late May to early August along the shoals and in the
Delaware River. Juveniles are found in upper tidal tributaries such
as Silver Run, Appoquinimink, Blackbird, Smyrna and Mahon Creeks in
Delaware (Martin 1974) and Alloway, Hope (Smith 1971); Dividing and
Oranoaken Creeks (McClain 1978), New Jersey. In late September, the
large weakfish begin leaving the bay, followed by the smaller fish and
eventually the young of year (Martin 1974).

The striped bass is another fish with both commercial and recreational
importance. Formerly a common migrant in the Delaware River, it now
spawns primarily in the vicinity of Artificial Island and in the
Chesapeake and Delaware Canal. The juveniles inhabit tidal streams
until their third year when they travel to the ocean (Martin 1974).

The American eel is a catadromous species. It spawns in the Atlantic
Ocean, but migrates to brackish or freshwater to spend most of its
juvenile and adult life. The eel prefers muddy bottom streams and is
present throughout the lower Delaware drainage.

V. The hard clam is widely distributed throughout lower Delaware Bay, but
is not present in commercial densities. A 1972 survey of the west side

ot the bay discloed two areas with potential as commercial clam beds:
Toe Flogger and Old Bare Shoals (Keck, Watling and Maurer, 1972).

1 4
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V. Recreational Fisheries

In 1961, the Fish and Wildlife Service estimated that approximately
130,000 saltwater sportfishermen annually devote 900,000 man-days to
fishing within Delaware Bay. Most of these were finfishermen. However,
an uncounted number also engaged in clamming and crabbing. The six
finfish species that accounted for the largest annual harvests by sport-
fishermen were bluefish, scup, weakfish, summer flounder, sea bass and
croaker (U.S. Fish and Wildlife Service, 1962).

Martin (1973) reported 330,935 man-days of sportfishing from boats in
western Delaware Bay in 1973, with an average number of 2.8 anglers per
private boat, 8.0 per charter boat and 38.5 per head boat. Weakfish
comprised 90 percent of the 1971-73 sport catch.

Using Martin's data, Smith (1975) estimated that boat fishing contributes
$4.5 million to the west bay economy. He also determined from use surveys
that boat fishing was concentrated in the lower bay, especially in areas
associated with the navigation channel running through the Ship Anchorage
or lightering area; that weakfish, summer flounder, black sea bass, and
black drum were the primary species sought by Delaware head boats; and
that the mean number of sportfishing boats in western Delaware Bay on
weekdays and Sundays was 180.4 + 6.9 and 447.6 + 162.3, respectively.

The most recent (1976) survey of sportfishing in Delaware by Miller (1977)
showed no appreciable change in sportfishing effort by boaters since 1973.
However, shore fishing effort had appreciably increased from 128,512 man-
days in 1973 to 225,129 man-days in 1976. The author cautioned that any
real differences in fishing pressure could have been masked by differences
in survey compilation techniques. Future studies on sportfishing in
Delaware, occuring at approximately three year intervals, should avoid
this problem.

For eastern Delaware Bay (Salem, Cumberland and Cape May Counties) an
estimated 300,000 to 650,000 man-days of sportfishing effort are expended
annually from April through November. Boat fisherman account for 75 to
80 percent of the effort and about 95 percent of the catch. At least 85
percent of the fish landed by boat fisherman are weakfish. Boat fisherman
also catch summer flounder, bluefish, spot, striped bass, black sea bass,
white perch, kingfish, winter flounder, black drum, shark, carp, catfishes,
and American eel. White perch make up from a third to a half of the catch
of shore fisherman, with summer flounder, bluefish, striped bass, spot,
winter flounder, catfishes, carp and American eel making up the remainder
('.S. Fish and Wildlife Service, 1975).

The Pennsylvania Fish Commission (1975) estimates that the Delaware River
in Philadelphia and Delaware Counties provides approximately 56,000 man-days

V" of fishing annually for alewife, blueback herring, shad, bullhead, sucker,
sunfishes, carp and eel. The Schuylkill River in Philadelphia County
provides approximately 43,000 man-days for identical species, including
muskellunge.
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F isherman use er:t imat-s for the New Jersey side of the river are not
av 1l I ble. However, we would expect an amount similar to that occurring
ilom Pennsylvania.

l'ivsheman use data lot the tidal tributaries is generally lacking. Martin
(107';) provide," cuidance to fishermen on where and how to catch fish in
tne Delaware tribitari, s, but doe, not indicate a current level of use.
F' ;-le, (1978, condo, te, a year-long use survey of the Maurice River
*:t',ir' b-twcri rct o'ir 1175 and September L976. Part of the survey

l ,,<t ion of Del.aware Bay (Haurice River Cove). As might be
.'xP-'cted, 1,(crerrat oiiL use peciked during summer (August) and reached
,I low point in w~iitcr (JAnuarv). Bank and boat fishing amounted to 15,986
and 15,179 man-dlays respectively.

based on the survey information available, fisherman use of the lower
Delaware River, Delaware Bay and tidal tributaries is at least 1.2 million
min-days per year. Wo estimate that 90 percent of the use is by saltwater
inglers and 10 percent y; I; warmwater fishermen. Since saltwater
fishermen spend an averag,,- $15.65 per man-day of angling (U.S. Department
of the Interior, 1977), saltwater fishermen annually contribute an estimated
,8.0 million to the regional economy. The average man-day expenditure by
warmwater fishermon is $8.48. Therefore, the annual contribution from
warmwater fishcrvmen is $1.0 mi lion. We regard these as conservative
estimates. Additional fisherman use surveys, particularily on the tidal
tributaries, might increase these estimates.

VI. Wetland Wildlife and Uses

A 1973 survey by the Academy of Natural Sciences disclosed that the
Delaware River, estuary and tributaries between Trenton, New Jersey and
Cap, May - }lenlopen drain approximately 176,000 acres of freshwater and
brackish water wetland; (i). Approximately 10,000 acres are of the
freshwater type and occur between Trenton, New Jersey and Wilmington,
Delaware. The remaining 166,000 acres are mainly brackish and occur
between Wilmiiigtn and Cape May - lienlopen. The more comydon freshwater
wetland plants are Scirpus americanus, S. olneyi, Polygonum punctatur,
various species of Eleocharis and Sagittaria, Zizania aquatica, Peltandra
vlr,'nica, Nu~ hay alvena and species of Pontederia and Lythrum. Where
-hannelization, litching or filling has occurred, Phragmites commiun::

often dominant. IrackiFsh water vegetation is characterized by blrtina
a terniflora, 11. patens and Distichlis spicata (The Academy of Natural
- :,nces, 1973).

(i) A 1961 survey by the Service disclosed approximately 206,000 acres
of wetlands within the Coastal Plain physiographic section. The 1961
[:urvey encompass;.ed i slightly larger area than did the Academy of Natural
,'riences survey, in,[ this largely accounts for the disparity between the
two survey estimaten.

A
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The freshwater and brackish water wetlands and adjoining upland provide
essential habitat for a variety of vertebrates collectively identified
as wetland wildlife. As least 144 species of birds, including 30 species
of waterfowl, 39 species of shore and wading birds, 16 birds of prey and
59 others, occur in or near wetlands. Added to these are 22 amphibians,
22 reptiles and 17 mammals, all occurring in or near wetlands.

An estimated 300,000 ducks and geese overwinter in these wetlands. About
225,000 (76 percent) inhabit the Delaware marshes. Of these, 150,000 are
Canada geese (Graham, R. 1979). Approximately 55,000 waterfowl (18
percent) overwinter in New Jersey (U.S. Fish and Wildlife Service, 1975).
Wetlands in Pennsylvania, principally Tinicum Marsh, overwinter the
remaining 20,000 (7 percent). Over 75 percent of the Pennsylvania
waterfowl are diving ducks (W. Drasher 1979). Although most of the
300,000 waterfowl leave the basin wetlands after winter, a substantial
number, mainly puddle ducks, remain to breed.

A 1977-78 survey of waterfowl hunting in the Delaware portion of the
basin disclosed that 22,200 hunters expended 183,600 man-days hunting
ducks, geese and rails (Florio 1979). A similar survey of the New
Jersey portion in 1974-75 disclosed 17,800 hunters and 115,400 man-days
(New Jersey Division of Fish, Gamc and Shellfisheries, undated).UJ Such
surveys have not been conducted in Pennsylvania. However, the Pennsyl-
vania Game Commission indicates that hunting pressure there is substan-
tially less than in New Jersey (Drasher 1979). Based on the two surveys
and a conservative guess in Pennsylvania, we estimate that the basin below
Trenton annually provides 43,000 hunters 320,000 man-days of waterfowl
hunting. Since migratory bird hunters spend an average $10.82 per man-
day of hunting (U.S. Department ol Interior, 1977), waterfowl hunters
annually contribute an estimated $3.5 million to the regional economy.

The basin wetlands also support a valuable fur industry. Muskrat and
raccoon are most important. Other less important species are red and
gray fox, opposum, mink, weasel and skunk.

A 1977 survey of trapping in New Jersey revealed that 1,369 trapping
licenses were sold in counties comprising the New Jersey side of the
basin (1). Trappers expended approximately 77,000 man-days trapping
within these counties. The harvest was valued at $1.4 million (New
Jersey Divisioni of Fish, Game and Shellfisheries, 1977). In Delaware,
a 1977-78 survey revealed that 2,000 trapper/hunters expended 41,000

Vran-day trapping muskrat and trapping/hunting raccoon. The total

furbearer harvest from the Delaware side of the basin was valued at
_w million. 2urveys of furbearer harvests in Pennsylvania have not been

undertaken. Because Pennsylvania has the least amount of wetland and is

(i) Burlington, Camden, Cape May, Cumberland, Gloucester and Salem.

A
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the nost developed of the three states, it is reasonable to expect that
it produces the lowest furbearer harvest. Considering the two surveys
and a conservative guess of the Pennsylvania harvest, we estimate the
annual value of the furbearer resource below Trenton at $2.1 million.

According to the "1975 National Survey of Hunting, Fishing and Wildlife -

Associated Recreation," 27 percent of the U.S. population 9 years or
older in 1975 participated in wildlife observation and 8 percent engaged
in wildlife photography. Wildlife observation amounted to 1.6 billion
man-days or 33 man-days per wildlife observer. Wildlife photography
totaled 156.7 million man-days or 10 man-days per wildlife photographer
(U.S. Department of Interior, 1977).

The Delaware River Basin Commission estimates that 1.8 million people
reside in the Coastal Plain section of the basin (Kausch 1979).
According to the national average, 86 percent or approximately 1.5
million of these people are 9 years of age or older. Using the referenced
population percentages for wildlife observer (27 percent) and wildlife
photographer (8 percent), we estimate the numbers of wildlife observers
and wildlife photographers in the Coastal Plain are 405,000 and 120,000
respectively. The estimated numbers of man-days expended on wildlife
observation and wildlife photography are 13.4 million and 1.2 million,
respectively. The 1975 national survey did not indicate average expen-
ditures for wildlife observers or wildlife photographers. However, if
each wildlife observer and photographer spent only $10 annually, the
contribution to the economy would be $5.3 million. The actual value is
probably higher.

V1I. Threatened/Endangered Species

The lower Delaware River and Bay Region is within the historic range of
17 federally designed threatened or endangered species (Table 12): seven
whales, five m.irinii turtles, four birds and one fi:-h. The whales and
turtles are primirily oceanic, but occassionally venture into Delaware
Bay. Three of the birds are raptorial and migrate through the area. The
other bird, the brown pelican, is a rare visitor. The shortnose sturgeon
inhabits the river and possibly the upper bay.

Information on the specific distribution of these species and their life
requirements is often fragmentary. This is particularily true of the
shortnose sturgeon, a bottom dwelling fish potentially most likely to be
attected by dredging/filling. The little information known about the
7hortnose is mainly the result of research conducted from the St. John
River, New Brunswick. This work and other relevant studies were recently
summarized in the Fish and Wildlife Service publication "Development of
Fishes of the Mid-Atlantic Bight" (1978). A copy of the summary is
included at the end of this report. Also included is a summary of recent
';hortnose collections from the Dlaware River made by biologists from the
Delaware River Ba sin Anadromous F'ishery Project, Rosemont, New Jersey
(Table 13).

k
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No federally designated or proposed threatened or endangered plants occur
within the project area. However, four indigenous plants are being consi-
dered for addition to the threatened species list (Federal Register,
Volume 40, No. 127, July 1, 1975). These are Nuttall's micranthemum,
purple fringeless orchis, Long's bulrush and Pine Barren's reedgrass.
It should be emphasized that none of these species have been officially
proposed for addition to the threatened list. Therefore, they are not
currently subject to the protection afforded by the Endangered Species
Act, as amended in 1978. We mention them simply because they could be
officially proposed during project planning, which would then make them
subject to the Act.

Nuttall's micranthemum, Micranthemum micranthemoides, a member of the
figwort family, is normally found on tidal mudflats. Collectors have
taken specimens adjacent to the Delaware River in Bucks and Philadelphia
Counties, Pennsylvania and Camden and Burlington Counties, New Jersey.
It has also been recorded from similar habitat in Delaware.

Purple fringeless orchis, Habenaria peramoena, a member of the orchid
family, occurs in meadows, bogs, alluvial thickets and low woods. It
may also be found along saltmarsh margins. Collectors have taken speci-
mens in Camden and Cape May Counties, New Jersey and Chester County,
Pennsylvania. It has also been taken in Delaware.

Long's bulrush, Scirpus longii, occurs in freshwater marshes and swamps
in Burlington County, New Jersey.

Pine Barren's reedgrass, Calamovilfa brevipilis var. brevipilis, occurs
in swamps and bogs of Burlington and Cape May Counties, New Jersey.

Species designated as threatened or endangered by the individual basin
states are shown in Tables 14 and 15. The Delaware list (not shown) is
the same as the Federal list. Pennsylvania currently does not have a
list of threatened or endangered birds and mammals.

This section does not fulfill requirements in accordance with Section 7
of the Endangered Species Act, as amended in 1978. For specific guidance
on formal consultation procedures, we recommend the Corps review the
Federal Register, Volume 43, No. 2, dated January 4, 1978.

VIII. Areas Sensitive To The

Disposal Problem

Our current knowledge of fish and wildlife resources in the lower Delaware
River Basin is largely the result of a long succession of proposals to
modify the environment. This is not an unusual situation and commonly
occurs elsewhere in the United States. Unfortunately, the value of
sporadic biological study is quite limited. This is particularily true

'I
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for the study of estuarine biota, which depend upon or are subject to a
myriad of natural or artificial regulations, including temperature, flow,
salinity, water quality, substrate, food, season, cover, etc. Any one of
these factors and certainly many more individually or synergistically
determine species presence, abundance, activity and human use. Despite
such variables, certain generalizations are valid and have long been
noted in our correspondence to the Army Corps of Engineers.

Wetland plants, including emergent, submergent and floating leaf hydrophytes,
nearly always provide valuable habitat for fish and wildlife. They pro-
vide food and cover for many species and also serve as sites for repro-
duction and early growth. The study area still has a significant wetland
acreage. Unfortunately over 90 percent of the wetlands occur south of
Wilmington. Therefore, remaining wetlands north of this city take on
added importance. The Service is committed to protection of all wetlands
and generally seeks opportunities to create additional wetland areas.
We particularily would like to see new wetlands created between Trenton
and Philadelphia.

Non-vegetated shallow water areas also provide food, cover and nursery
and spawning habitat. Although it is not well-documented, the current
biological opinion is that non-vegetated shallows can be made more pro-
ductive by establishing wetland plants. This generalization is not
necessarily true for all shallows, or for that matter, all species. For
example, smallmouth bass seek out gravel bottom shallows for spawning.

The Service is generally protective of shallow water areas, particularily
where water quality is good or is likely to improve. We occassionally
approve conversion of deepwater areas into shallow water habitats, but
prefer that the shallows, once created, also be planted with wetland
vegetation. These proposals must be reviewed on a case by case basis.

Vegetated wetlands and shallow water areas, are not the only sites sensitive
to the disposal problem. Other sensitive areas include oyster seed beds
and leased areas, blue crab dredging areas, hard clam beds, spawning and
nursery grounds for important commercial/recreational finfish and islands.
Islands serve as natural refuges for migrating waterfowl and other bird
life and are sometimes heavily used for nesting (e.g., Pea Patch Island).

In general, the body of biological information available suggests that
developed areas are least valuable for fish and wildlife. A good example
of this is the Philadelphia - Wilmington corridor which has a limited

A fish population for about half the year. The problem is due mainly to
_J poor water quality. Even if water quality significantly improved, it

is likely that fish productivity there would still be lower than in other
less developed areas where habitat is more diverse. Improved water quality
would, however, significantly benefit migratory species (e.g., American
shad).

'1

0.

t9



13.

IX. Literature Cited

Abbe, G. 1967. An Evaluation of the Distribution of Fish Populations
of the Delaware Estuary. Master's Thesis. University of Delaware,
64 p.

Bason, W.H. 1971. Ecological Study of the Delaware River in the Vicinity
of Artificial Island: Ecology and Early Life History of Striped
Bass, Morone saxatilis, in the Delaware Estuary. Ichthyological
Associates, Bulletin 4.

Bearden, C. 1959. A Life History of the Eagle Ray, Myliobatis freminvillii,
Lesueur 1824, in Delaware Bay. Master's Thesis, University of
Delaware.

Daiber, F.C. 1954a. Fisheries Statistical Program. University of
Delaware Marine Lab., Biennial Report No. 2, p. 32-49

Daiber, F.C. 1954b. Fisheries Research Program. University of Delaware
Marine Lab., Biennial Report, p. 50-64.

Daiber, F.C. and G.R. Abbe, 1967. An Analysis of the Fish Populations
in Delaware Bay Area. 1966-67 Annual Dingell-Johnson Report to
Delaware Board of Game and Fish Commissioners, Project F-13-R-9,
Job No. 1 and 3.

Daiber, F.C. and R.W. Smith. 1969. An Analysis of the Fish Populations
in the Delaware Bey Area. 1968-1969 Annual Dingell-Johnson Report
to Delaware Board of Came and Fish Commissioners, Project F-13-R-
Ii, Job Nos. 3 and 4.

Daiber, F.C. and R.W. Smith. 1970. An Analysis of the Fish Populations
in the Delaware Bay Area. 1969-1970 Annual Dingell-Johnson Report
to Pelaware Board of Game and Fish Commissioners, Project F-13-R-
12, Job No. I-1.

Daiber, r.C. and R.W. Smith 1971a. An Analysis of the Weakfish Population
in Delaware Bay. 1970-1971 Annual Dingell-Johnson Report to Delaware
Division of Fish and Wildlife, Department of Natural Resources and
Environmental Control, Project F-13-R-13, Job No. 1-8.

Daiber, F.C. and R.W. Smith. 1971b. An Analysis of the Weskfish Population
in Delaware Bay. 1970-1971 Annual Dingell-Johnson Report to Delaware
Division of Fish and Wildlife, Department of Natural Resources and
Environmental Control, Project F-13-R-13, Job No. 1-1.

__ I el I 1



14.

Daiber, F. C. and R. C. Wockley 1968. An analysis of the Fish Popula-
tions in the Delaware Bay Area. 1967-68 Annual Dingell-Johnson
Report to Delaware Board Game and Fish Commissioners, Project F-13-
R-l0, Job Nos. 3 and 5.

De Sylva, D. P. 1969. University of Delaware Marine Sport Fishing In-
vestigations. 1958-1959 Annual Dingell-Johnson Report, Reference
59-11.

De Sylva, D. P., F. A. Kalber and C. N. Shuster 1962. Fishes and Eco-
logical Conditions in the Shore Zone of the Delaware River Estuary,
with Notes on Other Species Collected in Deeper Water, University
of Delaware, Marine Lab. Information Service Pub1. 5, 164 p.

De Sylva, D. P. and F. A. Kalber 1960. Investigations of the Fishes
Captured by Trawls in the Delaware Bay Area. Marine Sport Fishing
Investigation, Federal Aid to Fish and Wildlife Restoration, Dela-
ware, Project F-13-R-3, University of Delaware Marine Lab., Refer-
ence No. 60-7.

Drasher, W. 1979. Personal Communication, Pennsylvania Game Commission.

Figley, W. 1978. Use Servey In: Studies of Maurice River and Cove Sys-
tem (Draft). Final Report for Project 3-223-R-2. Misc. Report No.
40M., p. 294-308.

Fitz, E. S. 1956. An Introduction to the Biology of Raja eglanteria
Bosc. 1802 and Raja erinacca Mitchell 1825 as They Occur in Dela-
ware Bay. Master's Thesis, University of Delaware.

Florio, A. 1979. Personal Communication, Delaware Division of Fish
and Wildlife.

Graham, R. 1979. Personal Communication, Delaware Division of Fish
and Wildlife.

Harmic, J. L. 1958. Some Aspects of the Development and the Ecology
of the Pelagic Phase of the Gray Squeteague, Cynoscion regalis
(Bloch and Schneider) in the Delaware Estuary. Ph.D. Dissertation,
University of Delaware.

Hess, P. W. 1959. The Biology of Two Sting Rays, Dasyatis centroura
Mitchell 1815 and Pasyatis say Lesueru 1817, in Delaware Bay.

. Master's Thesis, University of Delaware.

Ilimchak, P. 1978. Ichthyoplankton Study In: Studies of Maurice River
and Cove System (Draft). New Jersey Department of Environmental

-Protection, Division of Fish, Game and Shellfisheries, Bureau of
Fisheries. Final Report for Project 3-233-R-2. Misc. Report No.
40M, pp. 81-158.

-*$

1I



15.

Homa, J., Jr. 1978. A Study of he Delaware River from Reedy Point,
Delaware to Trenton, New Jersey with Special Reference to the
Shallows. Final Ecological Report to Philadelphia District, Corps
of Engineers, Ichthyological Associates Inc. 469 p.

June, F.C. and J.W. Reintjes. 1957. Survey of the Ocean Fisheries off
Delaware Bay. U.S. Fish and Wildlife Service Special Scientific
Report on Fish, No. 222.

Kausch, R. 1979. Personal Communication. Delaware River Basin Commission.

Keck, R.T., L. Watling, and D. Maurer, 1972. Survey of Delaware's Hard
Clam Resources. 1971-72 Annual Report to Nat. Mar. Fish. Service,
103 p.

Kinner, P., D. Maurer and W. Leathem. 1974. Benthic Invertebrates in

Delaware Bay: Animal-Sediment Associations of the Dominant Species.
Int. Rev. ges Hydrobiol. 59: 685-701.

Leathem, W. and D. Maurer, 1975. The Distribution and Ecology of Common
Marine and Estuarine Gastropods in the Delaware Bay Area. Nautilus
89: 73-79.

Marshall, R. 1979. Personal Communication, Pennsylvania Fish Commission.

Martin, C. 1973. Sport Fishing Survey of the Delaware Estuary. Delaware
Department of Natural Resources and Environmental Control, Division
of Fish and Wildlife. Project: F24-R 15 p.

Martin, C. 1974. Delaware's Tidal Streams, Department of Natural Resources
and Environmental Control, Division of Fish and Wildlife. Dingell-
Johnson Report No. F-22-R.

Maurer, D. 19714. Impacts of a Deepwater Terminal. Vol. 1 Environmental
Problems Associated with a Deepwater Port in the Delaware Bay Area.
Report to the National Science Foundation RANN Program. College of
Marine Studies, University of Delaware.

Maurer, D. and H. Wang. 1973. Environmental Vulnerability of the Delaware
Bay Area to &upertanker Accommodation. Report submitted to CEQ, Vol.
1: Summary and Vol. IV: Biology Appendix. College of Marine
Studies and College of Engineering, University of Delaware.

Maurer, D. and L. Watling. 1973. Studies on the Oyster Community in Delaware:
The Effects of the Estuarine Environment on the Associated Fauna. Int.
Rev. ges. Hydrobiol. 58: 161-201.

Maurer, D., L. Watling and G. Aprill. 1974. The Distribution and Ecology
of Common Marine and Estuarine Pelecypods in the Delaware Bay Area.
Nautilus 88: 38-45.

McClain, J. 1978. Finfish Study In: Studies of Maurice River and Cove
System (Draft). New Jersey Department of Environmental Protection,
Division of Fish, Came and Shellfisheries, Bureau of Fisheries.
Final Report for Project 3-233-R-2. Misc. Report No. 40 M.

4

L * " I l . .I . . . . . i



16.

Miller, R.W. 1977. Marine Recreational Fishing in Delaware. Delaware
Division of Fish and Wildlife. Project No. F-29-R. 2 8-p.

Miller, J.P., J. Friedersdorff, H. Mears, J. Hofmann, F. Griffiths, R.
Reichard and C. Billingsley. 1975. Annual Progress Report, Delaware
River Basin Anadromous Fish Project, January, 1973 to January, 1974.
AFS-2-6. 223 p.

Nurawski, W.S. 1966. Marine Fisheries Investigations, Fluke Investigations,
Job Completion Report, Research Project Segment. State of New Jersey,
Project No. 15-R-7, Job No. 3

New Jersey Division of Fish, Game and Shellfisheries, undated. An Estimate
of the Wildlife Harvest in New Jersey, 1974-1975. Unpublished Report.

New Jersey Division of Fish, Game and Shellfisheries, undated. The New

Jersey Furbearer Resource 1977. Unpublished Report.

Pennsylvania Fish Commission, 1975. 1975 Fishing and Boating Inventory.

Perlmutter, A. 1959. Changes in the Populations of Fishes and Their
Fisheries in the Middle Atlantic and Chesapeake Regions, 1930-1955,
Transactions of N.Y. Academy Science Series II, 21 (6): 484-496.

Polis, D.F. 1972. Inventory and Evaluation of Information on Delaware
Bay. Prepared by College of Marine Studies, University of Delaware
for the Delaware River Basin Commission, Vol. 1, 217 p.

Raney, F.C., V.J. Schuler and R.F. Denoncourt. 1969. An Ecological Study
of the Delaware River in the Vicinity of Artificial Island: A
Progress Report for the Period of June - December 1968, Ichthyological
Associates Report for the Public Service Electric and Gas of New
Jersey, 291 p.

*Reichard, R. 1979. Personal Communication, Delaware River Basin Anadromous
Fish Project.

Keintjes, J.W. and C.M. Roithmays. 1960. Survey of the Ocean Fisheries
off Delaware Bay. Supplemental Report, 1954-1957. U.S. Fish and
Wildlife Service, Special Scientific Report on Fish (347): 1-18.

Schuler, V.J. 1971. An Ecological Study of the Delaware River in the
Vicinity of Artificial Island. Part I, Ichthyological Associates

Smith, R. 1969. An Analysis of the Summer Flounder, Paralichthys dentatus,
Linnaeus Population in the Delaware Bay, Master's Thesis, University
of Delaware, 72 p.

- Smith, R. 1975. 'Vportfishing in Western Delaware Bay: Assessment of
C 'Critical Areas. College of Marine Studies, University of Delaware,

22 p.
'1

4

IM



17.

Smith, B. A. 1971. An Ecological Study of the Delaware River in the
Vicinity of Artificial Island: The Fishes of Four Low Salinity
Tidal Tributaries of the Delaware River Estuary, Ichthyological
Associates, Bull S.

The Academy of Natural Sciencies, 1973. The Delaware Estuary System,
Environmental Impacts and Socio-Economic Effects, Delaware River
Estuarine Marsh Survey. A Report to the National Science Founda-
tion. RANN Program.

Thomas, D. L. 1971. An Ecological Study of the Delaware River in the
Vicinity of Artificial Island: The Early Life History and Ecology
of Six Species of Drum (Sciaenidae) in the Lower Delaware River, a
Brackish Tidal Estuary, Ichthyological Associates, Bull. 3.

I). S. Department of the Interior, Fish and Wildlife Service, 1977.
1975 National Survey of Hunting, Fishing and Wildlife--Associated
Recreation. 91 p. and Appendices.

U. S. Department of the Interior, Fish and Wildlife Service, 1978. Plan-
ning Aid Report: Existing Fish and Wildlife Resources Related to
the Southern New Jersey Water Resources Study, Burlington, Camden
and Gloucester Counties, New Jersey. Phase I Report to the Philadel-
phia District, Corps of Engineers, 265 p.

U. S. Department of the Interior, Fish and Wildlife Service, 1978.
Development of Fishes of the Mid-Atlantic Bight Vol. 1. Acipenseri-
dae through ictaluridae. 366 p.

U. S. Fish and Wildlife Service, 1962. Appendix J., Fish and Wildlife
Resources In: Report on the Comprehensive Survey of the Water Re-
sources of the Delaware River Basin. Report to the Philadelphia
District, Army Corps of Engineers. House Document No. S22, 87th
Congress, 2nd Session.

U. S. Fish and Wildlife Service, 1975. Preliminary Report on Fish and
Wildlife Aspects Related to the Delaware Bay Shore Study, Salem,
Cumberland and Cape May Counties, New Jersey. Report to the Phila-
delphia District, Army Corps of Engineers.

11. S. Fish and Wildlife Service, 1979. The Effect of Salinity Change
on the American Oyster in Delaware Bay (Draft). Report to the
Philadelphia District, Army Corps of Engineers.

Watling, L.. and D. Maurer 1972a. Marine Shallow Water Amphipods of the
Delaware Bay Area, U.S.A, Crustaccana, Suppl. 3: 251-266.

Watling, L. and 1. Maurer 1972h. Shallow Water Hydroids of the Dela-
ware Bay Region: J. Nat. list. 6:643-649.

1

-(-~-

#0

p '



18.

Watling, L., J. Lindsay and D. Maurer 1974. The Distribution of Iso-
poda in the Delaware Bay Region. Int. Rev. ges Hydrobiol. 59:
343-351.

Watling L., 1). Maurer and C. Wethe 1976. V. Delaware Bay Benthic Inver-
tebrate Assemblages In: Fcological Studies on Benthic and Planktonic
Assemblages in Lower Delaware Bay. College of Marine Studies, Univ-

ersity of Delaware, pp. 229-358.

'I

-dA

e*



X. Tables and Supplement

V.

'1

$ ~ . -

I



.~ j -1 -3 IA 0 0, r\ O -X r- IA H I Y C
t'\ 1.0 (_H -401

-4

41

C3 V) -:3 r- c- H r- -

(D 10 -

4)~

a,4 O rJ 10 C'- IA -0 1^ Go

0 ~ ~ ~ ~ i \0 HH0 uO-CC .0 C'r- 0 0f- ~IOO O 0.OO CLO
w N4 r-4 (IN

0 ' % 000% OC' V% - -1 00'H AOk,-4 V 0H0 0

0 40 r-4I %0 %A H U C'('LJ

L/~~~% I-o n COH \LA
c A r4 413lf- n ^ 8H f

.0

\0 9- 0 - 3A 01-wd o 1

c. C4 tU -4ta..

0 u 6. - . - 1 t -
rq 0 9 84£ - .1 rIa -1 A bav-4
a u r-4 v' Iv dO-4 IV0 H o 00: b.d 0. C V t

H u A...-4H14L) 4~~5 m- edV X V) 'a 0 WL

0 14 4 .. 'V* ga H-4

C 4 to d 4to W 44 4

u)c -

0 ~ ~ ~ ' 4' 0 -Ir> S ) Ul9 0 tor4 1
a' ) 4 4 . 4 C 1

0 -4 CX C r-j -A 1 0.1-)



________ ______________ 20. _________

C-)

H
%0Ny' a, ' 'oCYr4~r

H~ ~ Ho coO
0 H f ;i HH

rl H

H

C4 
4 

>. U4 H

HA m ^V y H0o

co )

) 
00 .4 0 o0 i Ax al 0 N-rA00C-O r-4OH 0H

In

'O0'4J~~~0 AJ0 0 % OH H 0-4

*654

:43

1-44
14 0 4

.4-

v 4 0. -4*~ .4 c 4 Vt

UrH Mf *C d H-4. S.. 0

la~ 3M U) . I U ~ d



'P-9

21.

0 'A0 NO~0 :1 H %A %0 0

14H Hq H- (n H- H- -4H

U,
X'% m~ oH 'A% H r4 w~ w, %0 -zl %A r4

0, L) H4 H H- H- H- H H- H e

(I- a U)

N I~Ht- 0 A 0 w t- 0% co 0 .. d co
. 3 0-4 ' 0 -1 Ch H4 t- Go t.A in~ co (- XA r-

N C C "N en en V\ _:I . H 1- HN
C) (DI +'. Hi % 0

%nA ON NO N- IA w V% C-- 0 0 r- rn rn co

C. C rI)0 0 0 0 0 0 0 0 H 0 0 0 0 0 H

oto

11 0 0.21 --1 H 0 rn 0 m% 0 co

cCH G O rAi 0 W t- -I f w4 '0
A3. .1 C I - \0 0 -- Is % - I'-~) t4N Nc-i - 00' j(0 NY

14 r-4 HO)C-

&40 0 0 0 0 0 0 0 0 0. HMr H 0

w H r4 H C-HA0 0c
>. t - - (0 co 0% 0~

x) 4)

0) 0) 0) lbi t4~S. 54u0)p

4 0 ) 4) X
0) 54 1. ) ) 0 0C

0 0 0 tk 0

.04 1 . ~ j 4 0 W1 5WI ~ o m o . . . m u get it' *

rA .4 VI ' " ~ H Z



/ 22.

L44

cc >cc c U n U

S4 .4
4A

14

0.10

A -. 4

0 U)

o Ok.

41

co '. at

0 . f0
cd U)

a 0

.0
010

As V

zoo 9 (

4J -4
cc0 14 bo

to .M 4 (A 40 ) W1r 4 ( -4 0 0..
V4 .4 v A v

0 V-4 .- 0 (a

cd~~~. es 01 OI -U)Q41 9 3 l I d i
U) $If A " - Ul 4 (A 095, 14 V 0 4

(3 t40-4c I in
w 4 vqtaU

S311 t4 U) 04 , d

.4 to 4 d I

04 0 4 cl U, f4 . .A a14 0.4 4

441

U.- H I0 d



23.

4

E-4

UA

V44

.4o
0

I4j41u 0

0 3 0 4 4 0 0 :% U

4

1 .12 bi

01 .4 '-cod44 V-

" 4 r .12 41 14
04 z 0

4W 0 04 0 .4 N

142 A .12 .4 .4 A oil oi0i

p a

4.' 0 011



co9

24.

.13

-A 02

4
4 N

to
0

.4

0

0

£4 Ll

S. 0 A1 k4 d 4

.4 %.4 %4 0

to 0 04 >b r.04'
k 4 93 d4 (
0D r-4 k4 .14

.4 >' 4.' b1 0 4 41'
(4 4 >. 41 r4 r-4 1 . (

U) 41' ka (4 3 %4 4 0 10) Id(4(
w .0 b(4 14 A0 k. 0 0 .4 r4 0
.rf bb C0b 4 1" 93 404 4' 0.
v :3 .4 03 b% 41' 41'

* 0 4.' v4 03 4' 1 14 0
.0.(I 4.' .4 :.4 to 0W to 14

0 f-4 tI
F-4 00 c0

.- 4 94 :

C3 0 0. I) 9 39CIS a 0 -4 ) O W :N 14 1 - I
04 (4 4J r4 -4 0 1 dP 4 = to 1 4 1 3 "$4 .4<1 4 0 cd 41' . 4 U3 94k

93 ~ ~~ r4% 1 -

bJ 14 0 '40IX 4 0

4. " . U) I ;a A .

w4 04 N4 U -Z4 N 4

'13

ad il 0 61 2, 11a, al 4 04 .

*10



25.

>.~U 93U)
I- N ) U

54.4 ~ - I-' '.to

.4 W 9 0 0

4'~ '-o"

ob

Cld

.44

41 :3 V4a 0~

U) 0 41 1-

N3 r4 N4 N N: N . N N N N

0 m 0 r.4 U J v

a 05i40
0 0 3 d 1.4 54

0 z -1 ' U 5 4 11 1
.4 f 0 0 54 v e 0 01o

41~4 84A1 
0 1a r?A' u. A q c 0 .4 U)

1 14 54 = 14u r-
be 0 1 54 41

Vil 0 . 0 a1 54
U) 41 4.'0 14 .0. 

14 #4.4 04 r0 'C 4 1 M0 U '. 0 41 A 0 14C
S4 1 .o 0 i 1 4 5 14 14 1 '

U)0 '4 5 05 14 0 C4 A4 04 0: 4

U) U U) 041 -4 U 4' 4Of



26. E

;4 445
>4C

N4 FA r . 3) )

14 0)U
4J 0 0

.4 4 a

U) 3d t U 0 v 4

9x1. 15 H 1. p. *4 4 1. :14 0 :. wa 01

U)U

0 94 .

0 03 es4 0,

c Ca Cs '.C -I
.4 Is U to 0

54 9 0. a0I
El~ P-4 t A .4 1 C M

X1 .3 .C 0 0 ka ul o ) 1. A m a U , 4

IQ 0 0 N 0 4 &4
8 . .4 "~ b4 X Ca .4. '

Ca 5



-~ -' 27.

to viU
-. 4 4J

>

04 
i en m

4

C6

to 0

0 r

V u

00

CA di 4.

vi %4 e .go.
0 4 4J 0)'CU 4 0 F-

0 V r U 0 0 r 4 4

0. 4 . l 0 .0V4 c 0o
1 o 4 a 04

I114a a .1- ON 6
* 4 0U a to4 of ol* I V

u o 0' 1 4 l 3 0 -4
U) w/ v0 0 1 1 4 P- VU 0 .

( 0 4 .5 9: 1 ) r I CIA - 4 2 V o
.4 V A .0 U U 0

.0 10 z4 VU k4 CU 12 w4 .0 .
IIl e 14 4i A toU . % 4 V -

C:c t o C 0 go b '4 to 0 4 c p
a4 3d -4-4 "U V 0 03 10 0o 0 MCU U) t. 01 U1 CU C ue ( 4 ~

U 0 C) 0 . 50 0 U i u - i Ca.4 11 4. - 0 4 .3 - 4 0 IN CU
400 I6e~~ ]1 100

U0. 0 14 gd .0 .
d0 $a 7 mU1 x4(2 I .



F~ T-

28.

.04

C,

.r.

ca 44 .0d 4 22
44 020 00 %4

93140W4 .4 *

004

-C 03 0 X 0 4r 4 G

04 1 .a 0 " m
4 V ) 4- a-

U) 0 I
0 U ) r4 P- 4 .4 4J0 .

6 d ul .)d d d Ud :3 0 - 6
%4 " 0 :3 %44 r4

.J &4 P01 0 a1 m1$4
02 W.4 m0 00 *A .

(34 4a U .40 '4'
NJ W U) 1 > 0 4.

V4 v .4 . -
A A I 0. 0 .0 U 4

0 k 1 4 -4 t S 14 N 4 4
a 0 0 a I C. z 0.: 3 bA..4 . 0 0

P -4 I a 0 . 4 a4H

U) 0 Q0 Go -4 a k, C) '4 .
a C6 "E 94 a .p ) q 4 e

P4 P 4 z .0 4J 0 .4~~V 54 . (4 I 4 '.
u S0 m 0 O 9

II MI



29.

U2 0.0 

U)tot U

U) a: a:U U

.4 d dd

0

.4-

.0.4
Ci)a FA --

U)r- U). CU U) (AU)U
0 0 V) k

'4-4 W 0
4J P6 0 U0
wI .4 :14

.; 4 to 0 4 04
V0 4 k- i 0 k a

>0 0 A IA m
IA .4 - 4 A4 0.00

14 .0 4' k 0 0 U) 0. IA "4 V
U3 14 0: I- Do = 0 0. 04 4

I- 14 IA0 W 0 m A 0 4'
U 4 0 3 b4 L) 1494A14 0 0

IAI ' w0 .4 ~ ' 4 1 0 4 .
*4 1 41 C.) ui 0. 4) q 0 0 v0 0 0.

c4 .0 r -4 c 4 0 A k 1 .0 m I0 V) 0
v4 9-0 4 9. 4 04. .40 L

0. CO) 0.4 1 4 0 V n I 0 IA .4 U) I4

-IA a~ 0 m C A .4

AI) 0 a.c#A0+

.4 4' m .4 aA IA 0U
CS Z4 -4 V I ol

C 1 of U) r

0.4

-1 w ill



Cd 30.

.4 4J14

14)

4.1

u

C')6

0.

14 C.- o -
0 =

ol
be $40

9444I FA C 4 t

0 4 * 0 = .
V) IAa c P 4 b

MA FIA0

Lo V .0 14 *a .4 v U
0 w d 4 0 IA

w t . A A 0 04 4 V4
N 0. 41 0 >A k IN.4 v

IA >A 0 41

W e 14 44 U) a40 u 0 1 . 41
0 44 be0 0 4, 14 0

I O -~ U ) .4 1, 0 .11, 0 "a44 .1 41 0 1
04 4 044 N4 41 u V 4-A 0 d 0 .

U~~ 0 1 a) 4 . 4 4

r4 0, a ~ A 0 1 0 IA d 4.
0. k 6.4 Ia C3 8I

t.1 ) U 4, O 4 0 4 .

M4J4 -ImpI. ~ O O~

ai0r . ) 4 4 4 0 3. . 4.



31.

£4

4J
u

U)'I- -

£4 i

IAx 0.0

%4 £0 14 £

,4no4 14

C6 4 0. $4 41 4J
A4 "d a) 1.04 a~ 54 r

I WA (0 >0 4.. W 0 £0
* 0. 4 0. '4 c> -A 0 z V-4

.44 .-4 IC , ~4 "4 0
0 3 r. 0 - .4 .4 U) I -C

* 4 .4 ul to 93
04 co c v I IA I~ .I £ 0 I ~ .9) In I 41 £ l4 W£ I OF .4

to w I x V .0 cn 1 1 4 41

a ) . f U) I 4 £ 4 £4 4 4

.v 0 1v £

0-4 £4 VI 4 0~)
V. 9 1. Z0 -A U 4 tcc 0a I V) 4 0) U) 14 U)z

4A £0 4.0 41 FA A

.4Q 4 1 4 U, 04 w ) 4 .. 0

0£ .4v o a 4 0 0 V) -4 0

4. 0 4 0. c 4O !) U)'.4 U, 0£ C4 9, - U

0d



32-

45i
41

U4f.

.Cf
*d' 01

OH.t.%4'
04 > r

v 0 e 14 LU, U3

X 4) m 4 a I0 ) -
Q ix 0 - -k -l 0 A1 C

22 fs ul *4 1 a 'a 2 2 .4 f2 0 -C2

I1 4 J

b., ow.

0 1 41 - 1

14 0 0 '.o 0 Ot
U) a 5 4 a '.4 ,4

14 c4 -4 p-4 0 MI of n
S ) C 4 .,3 0) e.4 : 14 $4 4.

4' cs -V N, 0, a Z141
bF 14 qU IA CA S. 0) =14> n

0-4 06 = .4 0.
OU 2, 0 c 4 1"4 Vol p.4 5. 0

93 a 03 02

Apr-*l



r~~N 33. '

ul

14.4 Ca

4

00

00 £05

0
Lo a o c

(0) 0

C6 1.4 =1 0
143 w 1 CA t -.4

0 A

to~~" U) v4 m be
09 .0 H 4 0.4 i

m Yr 0 =' .0 0 0 U
a, 0 0 A3 og U) U) 044

C-) .04 w %- 0. 0 Al w i
-C '.4 Md U 0 3 v 14 0 v

0 0) to 0 L) 04
0 r -4 " ) )40 0 0 .4 o ) a b

U) Q0.% 0 0 10 0

6-4 6.4 (ft "4 hA hA I1
0. '- I * ~In ~ 4

dl 0 h U 0 )0

0. 0a "



-i 34.

.-4 4-'

.4

4-

LiLa

ci .4 . %4 0t

"-44

04 L) rd 0 -W4
-l z mE v"4 d %0

d) '4 W s " M t 0 'U 0V) .4 4- 4 .4 A 0
CE 0 4 . UL

A4 14 14 0 ba 14

IA IA w~ 06 tD - 4 1 1 4 L

Ub U) " ) .- 1 0A 0

0 .4 0 4

Ci . o C,

U) I. Ii' w t 0 u r
14 -4 C

.100 4 v V) r

0 U4cc

U U) 301a
'7u



35.

Cd

Cd (AEa U

El

A

0.

o 14

14

0 1

%-4 k4 $4 i "4 V ,-
-4 01 W :1 0 9 -

V a 0 C 1Ot

0 O 0 d Ld 4
:4 1 4 -N5 4. 19 M 44 %4 4) -0 1

0 -4 0 ' ' C

01 0 Cd 0

r. ~ ~ 0. 4- -4141

9' a I A-



1 36.

94

.4

4

4.'

LIl

04
4)1

0 4 d

a 41

04 1 0 c 0 .4

bo ( 4 :% 4! t E
Q.. 0I z1 41 m U

4)~~4 0 .. 0 0
C 0 ) 9) w4 c01 :J

t4 6.4 k0 -4 w 4' 40 9
4.' to I 0 =I to e 41' .4

In0 0 VI 1 ) v4 4 C 4
w E4 1.. 04 0

.1 cd FA D ~ 06 0 0 u' w

0 4 0 r cc 0
0.0. 0 .. C. 4 a1 . .a 4

1-1 C/ A$q I0 43 >) c 01 " 4 : u

0 r- Q ~ -.4 J3 0 t .0 .
410 " 0 v c .. 41.= 1 1 B a

Im -1 CdC 0 ) =. 0 0 1
m j u C) . 0

o ) u I '"I

U) taU)U

-.00-J



37.

C4=4 E- - d .
44.

.V4

-4 C

W) U) I U) )
'4 A 0. C

k) 0 J V)1
4 93k V

Cl .4 V4 34
U) or t4IU) C 0 0: P r

:jtw U) V- 4 -4 '4 0. 1 kIn l " 1 4 
r 1 41w440

-4'-1 4 -) 4 Z 4 t 0. P 0. 0
m " w 44 4) aU 0) :3 cc ul

U) L U) 0 4 .to 34 .0
8 4 r 4) - 0 c -4 C

U) 0 v4 .4 .0 0 .0 -1
13 19 34 C 0 w 4- th 94 V4 mz

U) .0 V- 4 0 v) %4 4 a ) 4p 04 4 A
93 0 e I U* 0 C 0. V0 U) 4

04 .4 " 1 a & c
U .4 a) cU CU 0. to be "

$. 41C w 1 -4 x t
.t 0 ) U) U 0 u) U)il F

93 0 1r l 0z U
U-) =- -.J %:0b C

cn O4 --. 3o a I U CU 9
1 19 *.l=-

. ~~X 94C U -

0 C) ) .' .0 .4 -4 CU0 07 C



a 4 4) 4 0

41 G

0. 
c

> 04 04 04

4 to

fn
41

%44
0 P

V4

O.S

*00

341
.to

r-4

CC1 -4

a0 034

.0

0 0. 0- 0 L4 0 .4 .' U

19 14 0~ al 0. g
-A -Au m k : C 0 8 -a in4

0: wj hi 0 "U~ ~~~~ Ga. 
3 

i 4 y* ~ a -4 I . a ~ ' - 0 ' ~ t o



39.*

V4-

A; o..

S41* b

U o-
44' -I U *u>o

00 0 a ~ 14 %A
a' CL 01 (6

a S~ . 0

.40

': a I C -3 z
. 04 10 . a

fr 
4

X v
'.i0 A gs .

o I v% 3
0 > w 0 m 1100110. A~ u.a

41,IA&

>1 O 1

im . a

o a -v

U40 40 w a
so 14 1002

u C6

a 4 0 ta u u A~ s 0 9P-

I w 0 WIS A " u i 104 0
0 v i.. .. .- CI12

.4. k a1 AA .0 !2 .a > u 0.J OB la 1. Gi V4 "4iniiN .I

0 -14 4 !Z416 1 "11 .4

S.o

Aj I t



40.

GD IA

U U u

CL A.. P.A 0 1. C.. 0.

A.1 0. 00.0. P C 0 0

z 4..

uu

tu .0 -4

-A84>t . 4 4
U3 uC60-40G-- 4 .. ".j

9- .$4 4 4 0 o a34 W -
w83 .4 :K."- -4 1 G L ) p wo g

0 W 0 1 '4 1 0 u 010
0oU 1- 0. '.4W4 W 0U (a .I s

@iam I ad0m0PW o *
Ia -r4 w I a 0tx0 " a ~ .0 UWI a 0

.1 0 U3 2 G 0~, 0 r~J v G
0 - v .- C li O4 0 0 .0 r.

to u I .@ a *a14 & .-4 ) U a a GD a
1. &A4 I 4 0 .. WGa I, A 0 i

,.4 4U 0 "CWI 4 0 0 14J

01 :3 0~J 14 4104 W
13:1 to tU 0 ~uUr

16~.~ a I ~ ~ UG



41.

* p4

.4

a).04.

MA A4 Z 1,4
0.~~ 44 44 UA w4 vs (

2. u b.1e. 0..S.. 1
VU 4 4 4 4 1 44 b0 a 4 vP4 0

.4 to ~

u ' mu -r
=I . 41 4#4 .

GM to . .

V4 a v't v4 .4 -of* au44  t . 1 4
14 0. u .l44A 0V

U ~ ~ ~ S. . 4.

4A

'vii q4 .4 ij 1201



K--

42.

14WA 411 -

1414

4941

00

:3 %- V- S.-

w '64-0W 4 4 9 6 W% a 0

C5-. %-!. * o.

$4 to1 v 0 4

a: 41 A4 N 0

EqO a E'& oU

A16,4 Imp-1~ ~a



43.

usW

'44

14 >-..-. p.1 0. r .-4.
1441 vZ4 Z 4 14 54 0.

it 0 . 1.b 1 Z'

Wnnn~~~ m n In I In I

v to (11 9& I1' 4z 4
II to CX U)%

61 0 oDr
1 u. tj 0~ rto a w90§

a 1.0

I. Is 0
aU A go1 10 C, 0 A

.4 0 o, 004 000
% 0 w. w S.4 8 a

2
0I A 14cuV- CA F r 4V

41g4~ q * g t u 0, 01.414



44.

4

M.4

1" I.0 1n -A

44

23

L. 1 t

o o I n.

.. 4I. ri0 1

(.ZM4 
'o tr 4

0Q ~ .'
*0 vi V

U b 8

40 mll~



*45.

o

* . ~~4 C4V~- . C 4 ~ ,
V cjc' .-- 4V oC) 41nv r~v- NM4 wW' to - t t

o 4k C', 'C-i in~ v -4 N4 F-4 V-4 M
.14 01-HH N r

.4r4N r0r-~O 4 - MH W H W 0Mr-4 t-0 m )~ w 0MO~ 00

06 00C40000000-V 00 1100,00 1 000 0 l 04 00-4

0Cl ~ t -4 00 00 00-4 0c
4.,

-4 031 WIV U-W.-4Cq tfl- m00 HVt- t-4 flV
0R o0r 0rIt 0 lw C4 1 1 0V I I.4 1) I I rII I M .4 C.)Ir4

Q)4 C; CC1 .4 C

$4C4 C v to 0 y,-4o'0 00t .- 4 NC4Ul C4 C4- 4 Ov Mr0CH'VQIo
0 l O)10 o 14 14 inocc'ooco I IC' I I Oo- m .00 Nr40~

r4 t Mc r-c 4 t00 H 0 N 00 C4ooO.4ooo0 Oc)OcOHO

M $4 0 0 00C.1 4 0t N0i 0 OmC' 0 0 If 14-tV4 I4 W.-400 10Hw-4 0 0m
4) .1 . 'If . u. . . . ~ . . C CI

n.0 Go O M O.O 0r ;II C

1d4)

r- -m v 4 -

C. 0 H .4i V 00W2 w V- t
>.m .4l -4 v

I.0.OM C' V'fl NQ0 r-4f N cWc 4r( 0 v 0 ~ICf) m4C'i

O** 0 0-400 0 00W 0 NF40 C. 0 0 00 000 00 P IO

.4 -40 C C C 1 4V

4.1. 01

C: .4ifWNC N1'- H - I o 601 1 0 1 0 1000 IVU)V N .1 4
00 G* 0'C 0C ; ;

a
0*

A 0 k il .0

41~ IA ca* Cd PC c .0

dV 4 .0 b ob.~ 41 be b 0 x)

v 0 o bb--4 a VC3 4 .1.
1-44 l~44 J~L~ 41 a9 ' - 14 Id C140.> 4 -4U

w A A (404)c H 1 U k. 0W.Je It4U 0-40* a
?A .s - - (a .b box 4)* W + 4 0w t' & v 93 4 Atf -~0r 4 4 x eta

o Ch 0 -,4 0 41 " 0 04J 0 U) *0dI W 00 u&I.. 0

0. t64V 0 t6 AA U)'4U) :j g.1 00 U)C u.- 4c0 b4d*0a
C6f) 0 MWC14- MM.4 06 U(0.Ux 044UC MW =000" 0

.0 4J. :-% C: $4 r-4 0 4 4 4J ;P 0 0 .0 0 -A C C M6 %XQ6 0 0.0 14-J 0) A 0
-0 0 0C d 06J4.boo 0C-4 cc 0 x 0 *6*6a "I bC .4 - 4) U 4j

d U 0Q6 0 4 - 40 U a 0 V1- 4-4 A.4M iJC 0 W4~ g14 A.
3. I VI mU w O44 )UU) .4u i mmp



46.

1- ~ -400000 "4' 0M t- £11 0 0 ' I 0 0 M 000 P4' -4 NO 0M 0 4 0

cl if) I rC- o c~ioo c,4) c,,3 l 00 NC% 9 ID ID W N m P4-4P
lb1 rq N to v -4 to 00 v' OD P4$a 0000

N Mq N'C t- 9) P4 Cq r-4 (D 0
r4 'U'

(D (D 4C4 i 0i N .-0 ' 4.r4 V W 4I 4i 1
tR 01 01 00 Q cfl0D0cl0D I Ov 1 10 ,t- 0 14 cl 0 to a

0 0 0 0-0 0'00)0tI4 0-4 0; ; 00O0U'OC

'-4 r-4 r-4 C00 OU W r4 K - 0C r41HN tV M0
it HI NW 0 tV-4 mD 0'' N 1' 0 O 4 N(D C -C

CD4 10 Um04oco t

0Or. 4~ -4 4(0 0 r4 L ) tn U)4 N40 0 m W t 14 V-4 to,.4C4 to0 0
b~ o0oo0 1 Na N WCDzDIa 0001- I 100000 a 000 DommCCooo

ImI
00000 l)I - 1U)0 0-0 0NLO00-1Cl 4000t ft- 0000CV4 M0000-

00) COr4 0 9)r

tWCcO "4ilw0 4 0 1H N 0 to ( t-I' MvCq 10K-
uq m o 0 - i 404 1 tU U) r- 140 0K-1O wIc~)O o

C4 a V I I C) M t 1 0 1 MP- (3) 0 1 tnP4 1 0 C) r
4 1 Ng00 000 -iI 4

U o P-400 r-4 4 0) 01 k( ') F4 H t- OD0C .4CC0)o r4 C) 0 V4 m' to) -40-d
CD w-4 P-I P4 -la

0) N WCv -4 rr4 mCto Na%0 0 '4 r-4 00 14 qeqON

1- 0 00 0W1-)0NN0 0)0 t 0 1 '-4 1 V 00 t- 0
OR eq . . . . . . . . . .4

N-N4-

00 t-11N 04'4C4 ' 4 0 '0 m c ~n ell 4 t) 04 U') 0 £-mCv'- N

tn -4 tD NIIV) IV r4 .4 to0110t
0 0) 1 N~ P 4 'U

-V4P-

0 1-4 0 Mt- ) t r 00 (oC- 0--K0 W 4 IDf C4 Nw.4CD.O4 I
I 0-0 IOC ) C) cqIK-AnC'0 11 01 -1 0000U INr4C 0

~~o' 0 0- 00U) NCCI W 04 M O '0 In

, C4. 4 r~f 

Cl 0

-49 H 4 )-

4-4 0H .9C'O O4 C')) D 0 be $4 0 r 0)m)-fl w 4)
C: A d~I k4l'C)U 01 14 1 0 C V 2 V 0

0 0 0 K-0 ed 0-4 of x q 0
U - 0. 1 0 .4 k. Q) vs U 4 -4 :0 ph

-m 0) 9: 40 o4 3 0 C: P4 14 -4
kv 1 3 cI $4 u, .w. Q) r4 9: 0 1 a N 0 N
0~ (4z01 4  C3-A k 0 k d. %e a a ~ OI V 10 0C 0j

0 41 - -4 41 be 4 0t 09 ) 0)' p I 0 u 6 '0 0
" )% 0 1 )I 3 W= J3M94 00AV :0 .b J 4 w 0O toC o

'C' at 1 Q) td :0 A 4J 4- Q V-ia 004b+A o 4 a q 4j . 4 ~(U~ a- 4 v " = .i

m k V0U2 U 0 Qbo-4a 0 aF4=z 4kaVa4V 14'0 4jIU 0.'0 %.='0_ OO 1* 0 -

0. .. 3 -4 O4$w4 0 QV4'-UC 4eJ 40 W OW 0 0 4 4A =0 -4414 P4



tD N M -4 07
OD U0 130 0 0

0

4J C'4 Cl
OD to 0 )UM

0'Cl)c0rl 00
LOO v T

0 0 1
0 ~ -1- N 09

C!4

to4 Cl C) t

Uv)0v00 0
(n r0coo 0

0

-4

0 Cl4 4 -4 0

C 0 00 0

14 C)
C9

r4 -0 0 0 0

-4

SCi C4
b n Cl 4

P; C;

Ch r4

C- 4IM)II1-4

10 to
C, 0 q

00 IN 0

M000



48.

TABIE 7 Streams Known to Have Anadromous Clupeid Spawning Runs in

Salem, Cumberland and Cape May Counties, New Jersey

Gloucester and Salem Counties - Delaware River Drainage

Oldmans Creek-alewife

Salem County-Delaware River Drainage

Beaver Creek-alewife - Oldmans Creek Drainage
Fenwick Creek-alewife - Salem River Drainage
Mannington Creek-alewife -. Salem River Drainage
Salem River-alewife
Deep Run-alewife - Alloway Creek Drainage
Buckshutem Creek-alewife - Maurice River Drainage
Menantico CreeX-alewife - Maurice River Drainage

Greenies Sandwash-alewife - Maurice River Drainage
Hiankins Brook-alewife - Maurice River Drainage
White Marsh Pun-alewife - Maurice River Drainage
Maurice River-blueback
Plceway-dlewiFe - Maurice River Drainage
Maurice River-alewife

Cumberland an.] Cape May Counties-Delaware Bay Drainage

We%,st Creek-alewife - Delaware Bay Drainage
Alloway Creek-alewife

Salem and Cumberland Counties-Delaware River Drive

P[iccoon Ditch-alewife - Stow Creek Drainage
.,tow Creek-alewife
Mill Creek-Llueback - Cohansey River Drainage
Mill Creek-alewife - Cohansey River Drainage
('ohansey River-I .ueback

o0ehansey River-ilewife
('dar Creek-b I ui!iacl

*C(, bar Creel -i o- Ii f
flti, kee Creek-a ',.1.ie Maurice River Drainage
Manumuskin Rivr-ilewife - Maurice River Drainage

'7

- -., - - j '

1



Table 8

List of species obtained from transect samples
in Delaware Bay during 1972 and 1973

Feeding* Transects,
Type 1-13 14-26

Phylum Cnidaria
Class Hydrozoa

Order Hydroida
Family llylractiniidae

Hydractinia echinata (Fleming 1828) SF x
Fam n y Lalla 'I r~ (I C

Hartlduibella yjelitinosa (Pallas 1766) SF x
Faiiifly Sert.Ulari ulace

SertLuidrica ar~jente a Linne 1758 SF x
Family PlumuiuIriidae

Schizotricha tenella (Verrill 1874) SF x
Class A~oo

Order Actinaria
Family Diadumenidaie

Diadumene leucolena (Verrill 1B66) SF x

Phylum Rhynchocoela
Class Anopld

Order Ileteroneiterti ni
Family Lineidae

CerbrAtu-lus, lact-eus (Leidy 1851) C x x
[licrura- Iuidyi- C x

Class U'nknow-n
tlei'iertea- sp. C x x

* Phyl um AnnelI i da
Fdln I y Amipha re t i da e

Asabellides oculotus (Webster 1879) OF x x
Me I i n nd ~,j cf.- tVi. 'iculata OF x

Aaejide , jsp. cf, A. oculatus OF x
? Aabt 1i~Is F x

Ami~har etidae Sp. 1 OF x
Famiily Arabellidatc

rabe I Ia 1? ic or (M'ontagu 1804) 0 x
Driloneri $ lolj~i Webster 1879 0 x x
D r j er is hldgJia Webster and Benedict 1887 0

Faui y i p i toeIl i da
Caijte )_a capitoata (Fabricius 1780) DF x x
Hecteromastus li Ii fornmis, (Cl aparede 1864) OF x x

'IA



Feeding Transects
Type 1-13 14-26

Family Cirratulidae
Caijleriella sp. 2 OF x
-1--1-aryx- sp. _2 OF x x
C-iriformia sp. cf. C. 9_randis OF x
? 0-iaetoz-one OF x

Family Eunicidac
Kf phy-s-a sdoniyulflea (Montagu 1815) OF x

Family Glyceridae
Glycera americana Leidy 1855 C x x
G Ilycera_ cajtata Oersted 1843 C x
G I y-c e I--a- dibranchia-ta Ehlers 1868 C x x
Glycera robusta Ehfiers 1868 C x ,

FamilIy (ioni ad idae
Famiy~j~d soli taria (Webster 1880) C x x

Fai l lsionidae
MNicrophit-halmus- abce'rans (Webster and Benedict

1887) C x
Fa:ily Lumhrineridae

Lumnbri ner is dcu La (Verrill1 1875) OF x
Luinrineris -t-einujs (Verrill 1873) OF x x
L -um b r iner is s p. c -f. L. tenuis (Verrill

1873) OF x
Family Majelonidae

?'iaqe loena sp . I OF x
fl~ieoona sp. 2 OF x
Injle -1 orw sp . 4 OF x

Fam i I yMa Ida n idae

-Clynienel la sp. cf. C. torquta (Leidy 1855) OF x
FNMI ly tleph tyidae

lieplitys L'J(era El1er's 1 8F8 0
He~h-tys picta Ehlers 1868 0 x x

Family rereidae
riereis (Neanthes) succinea Frey and Leuckart

1847 0 x x
Faini ly Ophol i idae

Ophe 1 biC01,11i S Sav i (Py 1818 OF x
Iravii-a cartica Verrill 1873 OF x

fi ai 1y Orb in I ldae-
I~~Oc~~ISacu tus (Ver-ril1l 1873) OF x.4 1,1plUsCfI0lopl frdajIi i-, (Verrill 1873) OF x x

flaploscoloplos, robustus (Verrill1 1873) OF x x
Or bin a or1na, tu. Vr l 1873) OF x
SColop Ir; sp OF x

Fam i IY Paraonidae
Aricidcai sp. OF x
Aric idea cerruti Lauhier 19t)7 OF x

a n (Paraoinides) lyra Southern 1914 OF x

- * T
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Tabl (I (Cont.

Feeding Transects
Type 1-13 14-26

Fw ily I'fIt F~ina idae
Po(Liiario yjouldi -i Verrill 1873 OF x

1311 ly I Y Py I I (IdOC 1 tae
I L on Ie tAoroyo0da flartnian 1951 0 x x
f- t eow kvI toa Claparede 1868 0 x

L oo I lngoy (labricius 1 780) 0 x
U11 dai ,a inrjuinea (Qersted 1843) 0 x

~'r~ii skosterienisis (Malm9ren 1867) C x
Phyl l oom- dlunode Webster 1880 C x

FaI I y Po I ynI o Idj -

iiiW p. cf. 11. extenuata (Grube 1840) C x
*,Irl')f oo (tiSCa) e-xteniuat - (Grube 1840) C xx
F Cji(Ioni(ttl- siludi'latus (LEinnaeus 1756) C x
Lepidolh'Wj sublevis Verrill 1873 C x x

[amii ly ')jI 1o I I ar dite
ahc11loria vuljdris Verrill 1873 SF x x

Fawli 1,y Sahol 1 idae
Putirm Ia 1,i i formis (Leuchart 1849) SF x

Ilydr-oidwe dianithus. (Verrill1 1873) SF x
fami ly Sioaia 1 131(1

thenelkuis (denticulatuni) C x
JDiJ( io. l sp. C x

Family Spionidae
Polydova Ii yri Webs ter 1879 OF x x
lPolIydorai loc idais (Scimla rda 1861) OF x
Pol ydor i wels ten i Hlartmuan 1943 OF x
See Ieco epides v irt-dis (Verril11 1873) OF x x

'-c~loepiS sUa~ut d(0. F. Muller 1806) O
sr oio p fh _., ePs boinbyx (Cl aparede 1870) OF x
>Lrehlospin) bonedicti Webster 1879 OF x x

Fai l Iy ,y1 I Ijdo c
xo'jr-ne vorulJera (Cl apa rede 1868) 0

PanaPionosylljs lang)icirra ta Webs ter and
Prceac crntaBenedict 1884) 0 x

Prc-aac---ta(Agassiz 1863) 0 x
Faily Ter'bel 1 jdae

Polycinio S eX1imius (Leidy 1855) OF x
Class o1i j(lochdeta

01 igochaeta OF X
Phylumfl Mo 11usci

Class (,astrciiodaI
Order Mesouqas t uodd

Faiily E[pi tnidoo
Ep1iAiu rupILcoa (Kurtz 1860) C x

FamilIy Ca Iyp tra oi dae
C rmep-idu. Ia fon-nic-tal (Linne 1758) S
Crepiduloa convexad Say 1822 SF x x
Crepidula pildna Say 1822 Sr x



Table 8 (Cont.)

Feeding Transects

FaiyNtccaType 
1-13 14-26

Lu-natia heros (Say 1822) C x
Order Ne6oga-,str-o-poda

Fami ly Melongenidae
lBusyc;on carica (Gmelin 1791) C x

Family Nassari idae
Nassarius trivittatus (Say 1822) C x x
iYanassa- osoletus -(Say 1822) C x x

Fam~ily Maryi-nellidace
Mar inella roscida Redfield 1860 C xFOrde-r Tectibra TC hia

Family Pyraimidell idae
Sayejla fusca (GIL. Adams 1839) ectopara-

sitic x

Order Nud ibra nchi ia
Family Corambell1a

D)orodella obscura Verrill 1870 1C x x
Class liv-alvia

Order Protobranchia
Family Nucul idae

Nucula proxuna Say 1822 OF x x
Y-6 d1 a- limIatIUlla Say 1831 OF x x

Order H libranchia-
Family Arcidae

Anaidara oval is (Bruguiere 1789) SF x
Fami ly Mytilidae

Geukensia demissa_(Diliwyn 1817) SF x
M I'iu s edu iis Linne 1758 SF x

Fai ily Ostroidae
Crissostrea vinica (Ginelin 1791) SF x x

Order Eu ael 1 branchia
Family Carditidae

Cyclocardia borealis (Conrad 1831) SF x
Faiii I Iy Lep t on i da v

My s ef1la plarol atLa (Stimpson 1857) SF x
Faiii 1/ Veri .... kdi

mer enor a muruenaria (Linne 1758) SF x x
Gw(jery~~j~n (Iott~n 1834) SF x x

Fam'ily Tll" iidae

Mu1lii lgitls Smsn 15 F x x
Fai iiil ly Sloyaei dda

Soarenaa Linneim 1758 yn187 SF K x

Mulinla L t- l-- ]s'-(ay 182 )5
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Table s (cont.)

Feeding Transects
Type 1-13 14-26

Family Coirbulidae
Corbula contracta Say 1822 SF x

Faiily Ly'onsi idace
Lyonsia hyalina Conrad 1831 SF x

Famtily Pcandoridde
Pandora youldiaa Dali 1886 SF x

Phylum Arthropoda
Class Merostomata

L imu -I-us po -lyphemius (Linne 1758) C K

Class Pycnojonida
Family Vallenidae

Td-rystylum orbiculare Wilson 1878 OF X x
Class Crustacea
Subclass Cirripedia
Order Thoracica

Family Balanidae
Balan-us (lBulanus-) improvisus Darwin 1854 SF K
Bailais (Semibalanus) balanoides (Linne) SF x

Subclass Malacostraca
Order Mysidacea

Family Mysidae
Neony ,s amnericana (S.I. Smith 1873) SF x

Order Cunkicea
Family Diastylidae

Q yu ro sty is smithi Calman 1912 OF x
Order Isopoda

Family Anthtridae
Cyahura polita (Stimpson 1855) 0 x x
Ptilant-hura -tenu-i-s Harger 1878 0 x
CyAthur-a butr-ba -nck -i Frankenberg 1965 0 x

FaMily Idoteidae
Cliridotea, nigrescens Wigley 1961 DF x
Ldot2ea -t- i I ba TSay 1818) OF x

Order- Amphipoda
Fanily Anpeliscidae

Apei, SCA abdita Mills 1964 1F x x
*AIm~eliscda ver-r-i iii Mills 1961 OF x x>1 Far iily Amp ithoidae

Ampi thoidae sp. DF x
Famiily Aoridae

Lembo s sm ith i (Holmes 1905) OF x
Fammi y Batei dae

Ba tea cath:,rinensis Fr. Muller 1865 OF x
Family Corophiidae

Corophium insidiosum Crawford 1937 OF x x
C Orojhiunm ICUstr Vanhoffen 1911 OF x
Corophiium tuberculatum Shoemaker 1934 OF x x
Er i-chthioniusb-ra-si-liefisis Dana 1853 OF x

.. ..... "
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Table 8 (cont.)

Feeding Transects
Type 1-13 14-26

Fam ilIy Coroph ii dae (cont.)
Unciola irrorata Say 1818 OF x
0Utc io Ia s erra ta -Shoema ker 1945 OF x x
Unciola dissimilis Shoemaker 1945 OF x
Corophiuim siii e hoemaker 1934 OF x x

Family Gammaridae
Ganutiarus mucronatus Say 1818 OF x x
Eami--p ui --, la ev i s (Si t h 18 71) OF x
Melita nitida Smith 1873 OF x x

Fanily ilaustoriidae
Parahaustorius attenuatus Bousfield 1965 OF x
Parahaustorius----------usBousfield 1965 OF x
Pfrotoha ustorius wigei Bousfield 1965 OF x x
!rotoiaustorius deichmannae Bousfield 1965 OF X
Acanthohaustorius n ilsi Bousfield 1965 OF x x
Acanrthohaustorius intermedius Bousfield 1965 OF x

Family Lysianassidae
IsI)-opis- alba Holmes 1905 OF x

Faiily Phoxoccphalidae
~Prajjo!I- spjnosus- Holmes 1903 OF x
Trichqp oxus qepj tomus (Shoemaker 1938) OF X

1 4; z Family Pletustidae
Parapleustes aestuarius Watling and Maurer

1973 OF x x
Family Steno thoidae

Paramnetopella cypris (Holmes 1905) OF x
FamilIy Capre 1 lidae

Paracaprella tenuis Mayer 1903 SF x x
Order Occa poda

Family Cranyonidae
Crailgon sejptinsj~lflosa (Say 1818) OF x x
Fa1ii y C alhIi a-nas s idae
Calliarhlssa sp. cf. C. atlantica OF

Faily Paguridae
PdyJUrIus I longica rpus Say 1817 OF x x

Fami ly Cancridae
Cancer i rrora tus Say 1817 C x x

Family- Xanthi-dae
Xan1thid sp. isx
CU ryp-npeu de*p (~ressus (Smith 1869) C x x

.4 r-opannjpe texana. sciyi (Smithu 1869) C x x
Rhith o ail(0 ____i (o ld 141

Family P innotheridae
Pinnotheres uaculatus Say 1818 coiiiiiensal

V" inx j say-a n-a-Stiomp-son 1860 OF x x
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Table 8 (cont.)

Feeding Transects
Type 1-13 14-26

Phylum Ectoproctd
Class Gymnolaemiata

Order C tenostoinata
Family Alcyonidiidae

Alcygnidiui polyom (liassall 1841) SF x x
Alcyonidiuin verrilli Osburn 1912 SF x

Family Nolelidae
Aajjui~nefla palmata Van Beneden 1844 SF x

Family Flustrellidae
Flustrellidra hispida (Fabricius 1780) SF x

Family-V-esicuilariidae
iBowerbankia yraci is Leidy 1855 SF x

Family Triticellidae
Triticella elongata (Osburn 1912) SF x

Order Cheilos toma ta
Family Meribraniporidae
Membranipora tenuis Desor 1848 SF x x
Memb ra nipgra tu berculata (Bosc 1802) SF x

jCem tenuV~iiVTuanu 1908) SF x x
Family Electridae

Electra ha -stigsae Marcus 1938 SF x x
Family Schizoporel dae

Schizoporella errata (Watess 1878) SF x
Family Microporel-li-dae

Microporella ciliata (Pallas 1766) SF X

Phylum Echinoderinata
Class Echinoidea

Order Diadematoida
Family Echinarachnidae
Echinarachnius Parma (Lamark 1816) SF x

Source: Watling, Maurer and Wethe, 1976

T7Suspension Feeder
DF Deposit Feeder
C =Carnivore
0 = Omnivore
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Table 9 Commercial Fish and Shellfish Landings in Delaware Bay and
River, 1955-1977*

New Jersey Delaware Total
Year Pounds Dollars Pounds Dollars Pounds Dollars

1955 6,027,125 2,611,829 6,359,700 1,290,374 12,386,825 3,902,203
1956 6,229,300 2,963,116 6,280,700 1,182,417 12,510,000 4,145,533
1957 4,364,100 1,874,694 10,035,500 3,890,741 14,399,600 5,765,435
1958 2,437,200 664,939 N/A N/A - _
1959 1,507,040 277,194 N/A N/A - _
1960 2,076,700 294,928 2,622,250 383,940 4,698,950 678,868
1961 3,267,200 967,519 1,511,400 257,001 4,778,600 1,224,520
1962 3,109,000 1,545,010 2,647,800 317,431 5,756,800 1,862,441
1963 2,188,100 658,494 1,036,900 161,243 2,846,594 819,737
1964 2,489,700 1,087,365 911,400 183,972 3,401,100 1,271,337
1965 2,133,700 76"7,541 994,400 122,468 3,128,100 890,009
1q66 1,858,500 839,873 841,500 89,593 2,700,000 929,466
1967 2,444,300 1,080,500 449,800 82,798 2,893,800 1,163,298
1968 1,934,100 1,091,083 396,300 98,147 2,330,400 1,189,230
iE%3 1,874,100 889,716 675,800 112,587 2,549,900 788,387
1970 1,686,900 624,945 1,066,200 281,036 2,753,100 905,981
197.1 2,173,800 842,036 1,723,200 514,964 3,897,000 1,357,000
1972 3,390,500 1,694,665 3,822,800 1,249,739 7,213,300 2,944,404
1973 4,178,600 1,912,128 3,638,700 1,264,597 7,817,300 3,176,725

1) 1974 45,948,900 2,716,1q6 2,930,300 751,270 48,879,200 3,467,466
1175 5,234,200 1,551,321 4,230,200 1,160,831 9,464,400 2,712,152
1976 2,384,700 2,111,317 6,321,900 1,683,187 8,706,600 3,794,504
1977 2,008,300 1,577,672 2,045,300 704,206 4,053,600 2,281,878

N/A - Not available

1) - Menhaden landings for this year were 42,186,800 pounds valued
at $1,060,861.

- Source: National Marine Fisheries Service, Department of Commerce

it ,

~wI~ -.
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Table 10 Commercial Fish and Shellfish Landings in Delaware Bay and River, 1977*

New Jersey D)elaware Total
Species Pounds Dollars Pounds Dollars Pounds Dollars

Alewives 1,000 66 - - 1,000 66
Bluefish 33,200 3,252 31,100 3,081 64,300 6,333
Butterfish - 100 24 100 24
Carp 34,700 3,431 28,000 2,520 62,700 5,951
Catfish 3,600 542 10,100 1,414 13,700 1,956
Croaker 3,300 514 8,900 1,841 12,200 2,355
Drum, red - - 200 13 200 13
Drum, black 11,000 1,649 - - 11,000 1,649
Eels, common 17,800 6,671 95,900 49,281 113,700 55,952
Fluke 300 124 4,500 2,111 4,800 2,235
Herring, sea 1,100 41 - - 1,100 41
Mackerel, Atlantic - - 500 77 500 77
Menhaden 41,900 2,016 24,600 984 66,500 3,000
Sea trout, gray 148,600 26,850 296,000 63,403 444,600 90,253
Shad 38,200 7,013 64,200 13,428 102,400 20,441
Sharks, grayfish - - 300 16 300 16
Spot 8,600 1,495 3,700 934 12,300 2,429
Striped bass 5,100 2,283 45,400 32,557 50,500 34,840
Sturgeon 200 31 - 200 31
White perch 17,000 3,539 21,000 6,907 38,000 10,446
Unclassified for food 400 71 1,300 185 1,700 256
Crabs, blue 296,800 112,716 878,200 322,560 1,175,000 435,276
Horseshoe crabs - - 400,000 4,000 400,000 4,000

Lobster, American - - 700 1,750 700 1,750
Oysters 1,218,200 1,400,372 127,500 196,190 1,345,700 1,596,562
Turtles, snapper 22,400 4,996 3,100 930 25,500 5,926

TOTAL 2,008,300 1,577,672 2,045,300 704,206 4,053,600 2,281,878

Source: U.S. Department of Commerce, National Oceanic and Atmospheric
Administration, National Marine Fisheries Service

I
.4
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Table 1i Ten most valuable commercial species landed in New Jersey
from Delaware Bay, 1948 - 1977"'

% of Total % of Total
Species Value Landings Pounds Landings

Oyster 41,827,373 85.6 77,277,515 45.0

Blue crab 3,875,049 7.9 24,263,860 14.1

Menhaden 1,209,176 2.5 47,040,198 27.4

Hard clam 504,973 1.0 1,591,860 0.9

Striped bass 319,452 0.7 1,349,391 0.8

Eel 265,535 0.5 844,100 0.5

Shad 241,342 0.5 1,710,995 1.0

Weakfish 238,204 0.5 1,521,852 0.9

White perch 108,265 0.2 689,805 0.4

Carp 79,541 0.2 1,189,608 0.7

99.6 91.7

Source: PrrFpared from data supplied by the National Marine Fisheries
Sotcvice, Department of Commerce

:4
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Table 12 U.S. Department of the Interior Designated Threatened/Endangered Species
in the Lower Delaware River and Bay Region

Species Delaware New Jersey Pennsylvania

Blue whale, Balaenuptera musculus (E) x
Bowhead whale, Balaena mysticetus (E) x x
Fir,ick whale, Balaenoptera physalus (E) x x

Humpback whale, Megaptera novaeangliae (E) x x
Right whale, Eub lena spp. (E) X X
;ei whale, Balaenoptera borealis (E) x x
Sperm 'whalf, Physeter catodon CE) x x
Bald ea)igle, llaliaeetus leucocephalus WL X x
American peregrine falcon, Falco peregrinus anatum CE) x x x
Arct ic pere~rine Fatcon, Falc-o peregrinus tundrius CE) x x x
PBrowr pelii-1n, Pelecanus occidentalis CE) X x
ricn siturtle, Chelonia mYdas CT) x X

lidwKshill s-ed turtle, Eretmochelys imbricata CE) x x
Atlmiti,: Ridlev sea turtle, l1epidochelys kempi CE) X x

[,i~1e~Icksea turtle, Derniorhelys corfa-ceaTE) X X
Logerhoa sa turtlIc, Cairet ta caret ta CT) X x

Shos-trioso st.urgeon, Acipenser brevirostrum CE) X x

( E ndlangered
(T) -Threatened

Porc:Federal Register -January 17, 1979
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TABjl: 14 - State of New Jersey, Department of Environmental Protection
Designated Threatened/Endangered Species in the Lower Dela-
ware River and Bay Region*

Shortnose sturgeon Acipenser brevirostrum (E)

Atlantic sturgeon Acipenser oxyrhynchus, (T)

American shad Alosa sapidissima (T)

Southern gray treefrog Hyla chrysoscelis (E)

Eastern Tnud salamander Pseudotriton montanus (T)

Bog turtle Clemmys muhienbergi. (E)

t'ood turtle Clemmys inscuipta (T)

Indiana hat Olyotis sodalis CE)

Enidang~ered CE) -A species whose prospects for survival in
the state are in immediate danger due to one
or many factors.

Threatened CT) flMay become endangered if conditions surround-
ing the species begin to or continue to

deteriorate.

"Source: New Jersey Department of Environmental Protection,
Division of Fish Game and Shelifisheries.

VS



62.

TABLE 15 - Pennsylva3nia Fish Commission Designated Endangered/
Threatened Fishes, Amphih'ians and Reptiles in the

Lower Delaware River Region*

Shortnose sturgeon Acipenser brevirostrun (E)

Threespine sticklIeback Gasterosteous oculeatus (E)

Eastern tiger salamander Ambystoma tigrinum (E)

New Jersey c-horuls fropg Pseudacris triseriata (E)

Coastit plain leopard frog Rana utricularia()

Li.-tcrn muid turtle Kinosternon subrubrum ()

Pecl--bell.,ed turtle Chrysemys rubriventris (E)

Bog. turtle Clernmys muhienbergi (E)

(E) =Endangered

(T) = Threatened

*'2ource: Pennsylvania Fish Commission
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S~iPPLLMN [Acipenser brevirostruin Lesueur, Shortnose sturgeon

ADULTS inl eshiarine lakes at depths exceeding 10 m.1' and
deepecr regions of the lower estuiary in salinities up to
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Fig. 3. Acipenser brevirostrum. Spawning female 580 mm TL. (Viadykov, V. D., and I R Greeley, 1963: fig.
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I. Introduction

This is a preliminary report on fish and wildlife resources of the lower
Delaware River and Bay Region, provided in response to the Philadelphia
District, Army Corps of Engineers, Delaware River Dredging Disposal
Study. The purpose of the Congressionally authorized study is to develop
a regional dredging spoil disposal plan for the tidal portions of the
Delaware Bay, extending from Trenton, New Jersey, to the sea. The study
was authorized by the United States Senate Committee on Public Works on
September 20, 1974.

This report contains brief descriptions of finfish, benthic invertebrates,
commercial and recreational fisheries, wetland wildlife and uses, and
threatened/endangered species. It also contains a short discussion
itentifying areas sensitive to the disposal problem. The report addresses
the river, bay, tidal segments of tributaries to each, and adjoining
wetlands. Inland habitats are excluded from the discussion.

This report is submitted in accordance with provisions of the Fish and
Wildlife Coordination Act (48 Stat. 401, as amended; 16 U.S.C. 661 et
:if.). It his befn coordinated with the New Jersey Division of Fish,
oTe md 5hi litisheries; the Delaware Division of Fish and Wildlife;
the Pennolmvania Game and Fish Commissions; and the National Marine
Fisheries Service.

II. Finfish

Delaware River

11oma (1978) reviewed benthic invertebrate and finfish literature for the
Delaware River between Trenton (R14133) and the Chesapeake and Delaware
Canal (RM53). His review emphasized shallow water areas while omitting
deepwater and tributary habitats. Studies concerning the omitted
habitats are briefly discussed below.

Miller et al (137:4) conducted deepwater trawling at five stations in
the Delaware River between Trenton and the Chesapeake and Delaware Canal
luring August to December 1973. The station names and locations are
as follows: Trenton, R 127-131; Bristol, RM-114-118; Bridesburg,
iPM 114-118; Philadelphia, P14 127-131; and Chester, RM 81-86. Eight-
hun-Jr,:1 and forty-three collections produced 15,043 fish of 21 species.

Vi >lueb-ack herring made up 42 percent of the catch. Other species were
whit.o perch, 1 percent; spotted shiner, 8 percent; channel catfish,

;ercort; and white catfish, 5 percent (Table i). In addition to these
Ltjt)1)us, the Srhuylkill River, Nechaminy Creek and the main river
dia cent to Wilmington were periodically trawled luring this period.

One inundred and forty-three collections produced 3,082 fish of 16 species.
Bluehiack herring, spot, white perch and natinfin shiner made up 43,

91 38, 5 and 5 percent of the catch, respectively (Table 2).

'1
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In a separate study, Miller et al (1974) sampled 14 Delaware River tidal
tributaries between Trenton and Wilmington from April to November 1973.
A total of 14,410 fish of 31 species were collected by seine and trawl.
Anadromous species were taken in all 14 tributaries. Blueback herring
accounted for 91 percent of the anadromous catch followed by white
.perch (5 percent), alewife (4 percent) and American shad and striped
!ass (<1 percent). Blueback herring and alewife were generally more
abundant in the tributaries which held the greatest variety and/or
number of fish (Table 3).

A.1itional fish sampling was undertaken in the lower reaches of the
Christina River and Brandywine Creek in spring and summer, 1978.
Electrofishing by boat in the Christina River produced 12 species.
The most abundant fish were carp, silvery minnow, menhaden, alewife

and Ullueback herring. Similar sampling of the lower reach of Brandy-
wine Creek resulted in 28 species collected. The most abundant fish
in the Brandywine sampling were silvery minnow, carp, blueback herring,
spottail shiner, white sucker, American Eel, alewife and white perch
(Reichard, 1978).

Fish surveys by the Pennsylvania Fish Commission confirm that Darby
Crcek, Pennypack Creek and Neshaminy Creek support runs of blueback
herring and alewife. American shad are not known to spawn in any
of the Pennsylvania tributaries (MarshaLl, 1978)

The New Jersey I)[vision of Fish, Game and Shellfisheries has surveyed
several of the New Jersey tributaries ii this reach. The results of
their surveys w,'re recently compiled and included in the Service's
"Planning Aid Report: Existing Fish and Wildlife Resources Related
to the Southern New Jersey Water Resources Study, Burlington, Camden
and ;loucester Counties, New Jersey" (U.S. Department of the Interior,
1978).

ibeliw,iv bay

1%,of finfish il Delaware Bay began in the early 1950's. Since then,
)J§ studies have emphasized the variety of finfish present within

the estuary. Thuse include re ,orts by Daiber (1954 a and b); Fitz (1956);
inc and Feintlcs (1957); Harmic (1958); Bearden (1959); Reintjes and

Prithmav: (1960); le ylva and Kalber (1960); de Sylva, Kalber and
... .. (1162); turdwski (1966); Daiber and Abbe (1967); Daiber and

-. I >, iey (19 C 8); kaney, Schuler and Denoncourt (1969); Smith (1969);
Ll 1.er arnd f1miti (11369, 1970 and 1971 a and b); and Bason (1971).
V7 i of these studies and others are briefly described in Polis (1972),
t*aurer and Wang (1973) and Maurer (1974).

'I
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Two hundred and eighteen species of finfish have been collected from the
Delaware Bay region (Maurer and Wang, 1973) (Table 4). Nearly half of
these are restricted to the higher salinity waters. About 40 species
occur in marine and brackish water. Another 40 species occupy marine,
brackish and freshwater. The remainder inhabit brackish and freshwater
or freshwater.

'tudies by de 'ylvai, Kalber and Shuster (1962) and Abbe (1967) indicate
that the eztuary is primarily important as a breeding ground for fish
(over 60 species) and a nursery for juveniles.

Upper Estuary

Thomas (1971) collected 90 species of finfish from the Artificial Island
area, including tho river and four tidal creeks (Appoquinimink, Blackbird,
Alloway and rope Creeks) (Table 5).

Schuler (1971) collected 142,000 fish comprising 42 species in daylight
-2ine sampie-. Tho 10 most abundant species, comprising 98 percent of
the total, were Atlantic silverside, bay anchovy, blueback herring,
muixmrichog, Atlantic menhaden, striped brss, white perch, alewife, rough
silverside and tidewater silverside. Over 45,000 specimens were collected
iii daylight bottom hauls. Of these, 99 percent consisted of bay anchovy,
weakfish, white perch, hogchoker, 3lewife, blueback herring, American
eel, striped barr, bluefish and brown bullhead. According to Schuler,
the Artificial Island area is an important nursery for weakfish, white
perch striped bass and black drum, all sportfish species.

Lower Estuary

Daiber and dimith (1971 b) conducted the most recent comprehensive survey
rof finfish in the bay below Cohansey River during 1966 through 1970. A
7utai of i.!6,D93 fish of 69 species was caught. Weakfish (31 percent),

o (2 percent), sup (13 percent), northern sea robin (4 percent)
Sal w ndowpan, (4 percent), comprised three-fourths of the catch (Table
K). Species diversity war; less in the upper bay than in the lower bay
and was greatest everywhere during the summer and fall.

DilIer, (1954 b) gives the relative abundance of fish taken in commercial
*! "rawI samples during i951 through 1.954. The 10 most abundant fish were
weakfish, spot, scup, hot'choker, summer flounder, northern sea robin,
,..tlatvc croa-er, s'!t-ed hake, butterfish and white perch. Five of
Pa 1e,' to i 10, 'th summer floundv-r, Atlantic croaker, spotted hake,
lutterfish and white perch, all important recreational and commercial

.'
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species, do not occur in the top 10 of the 1971 study. The studies
suggest that the smooth dogfish, roughtail ray, bullnose ray and striped

sea robin are slowly becoming more abundant, while the clearnose skate,
silver hake, summer flounder and northern puffer are, in general,
declining in abundance.

iidal Tributaries

Although the New Jersey Division of Fish, Game and Shelifisheries has
surveyed many of the streams draining into Delaware Bay, most were

surveyed in the upper non-tidal reaches. Fishery data for the tidal
segments are scarce. The Maurice River is an exception. Himchak (1978)
and McClain (1978) sampled ichthyoplankton and finfish in the lower
Maurice from October 1975 to September 1976. Planktonic forms of 23
fish species were collected. Bay anchovy, naked goby, Atlantic

croaker, spot, menhaden and American eel made up 98 percent of the
collection. Additional species were taken as either adults or juveniles.

M iny streams in New Jersey support spawning runs of alewife or blueback
herring (Table 7). None are known to support spawning runs of American

shad.

Martin (1974) sampled 13 Delaware tidal streams draining into Delaware
Bay. These included Reybold Creek, Silver Run, Appoquinimink River,

Blackbird Creek, Smyrna River, Leipsic River, Simons Creek, Mahon River,
Little River, St. Jones River, Murderkill River, Mispillion River and
broad Creek. Indian River, Rehoboth and Little Assawoman Bays were also
sampled. The results show tidal streams are important nursery, forage
and spawning hibitats for a variety of fishes. Species commonly present

in adult and/or juvenile stages are white perch, weakfish, spot, menhaden,

American eel, blueback herring, alewife, striped bass, bay anchovy, naked
:ohy, white mullet, winter flounder and silverside shiner. The less saline
segments usually C(ontdin white catfish, channel catfish, carp and yellow

perch.

III. Benthos

Th" first publirhed ,iccoumt of benthic assemblages in Delaware Bay was
ia prper on the asissociated oyster fauna (Maurer and Watling, 1973). A
series of 1.-pers dealing with the distribution and ecology of specific
ta!a was also completed: Amphipoda (Watling and Maurer, 1972a); Hydroids
(Wat ing and Maurer, 1972b); Pelecypoda (Maurer, Watling and Aprill,
1'Th); Tsopoda (Watling, Iind;3y and Miurer, 1974); and Gastropoda
(Mcthem and Maurer, 1975). Additionally, K(nner, Maurer and Leathem
( 1 1/r') described animal-sediment associations of dominant benthic
species.

!, &



Witling, Maurer and Wethe (1976) undertook the first comprehensive
sampling of benthic invertebrates in Delaware Bay. During July and
August 1972 and June and July 1973, 207 samples were taken along 26
trdnsects between Cape Henlopen and Stone Creek. One hundred and nine
species were obtained duing 1972 and 125 during 1973 (Table 8). There
were no significant changes in relative abundance of phyla from one year
to the next. The average numer of individuals per sample for both 1972
and 19/3 was 20 (200 individuals/m 2 ). At only ten stations of the
207 sampled were there more than 1,000 individuals/m 2 . The authors
suggested the low densities were due to a lack of attached benthic
macroscopic algae or vascular plants in the bay, which in turn, was
most likely related to the highly turbid conditions in the bay. The
absence of macroscopic benthic algae deprives the benthic community of
a major source of organic material that would be used by deposit feeders.
The most widespread species were Tellina agilis, Heteromastus filiformis,
Clycer'a dbranchiata, Nephtys picta, Mulinia lateralis, Protohaustorius
wigleyi, Gemma gemma and Nucula proxima.

Benthic invertebrate studies for the Delaware River are described by
Homa (1978). We were unable to locate any relevant information not
covered in Homa's report.

1V. Commercial Fisheries

The National Marine Fisheries Service, Department of Commerce records
commercial finfish and shellfish catches within the Delaware River and
Bay. The mean values for catches recorded from 1960 through 1977 and
from 1973 through 1977 are approximately $1.7 and $3.1 million respectively

(Table 9).

[pecies composition, poundage and value of 1977 commercial finfish and
shellfish catches for Delaware Bay and River, are given in Table 10.
Oysters comprised 70.0 percent of the total harvest value. Blue crabs
were a distant second at 19.1 percent followed by sea trout 4.0 percent,
eel 2.5 percent, and striped bass 1.5 percent. Together these five
species made up 97.1 percent of the total 1977 harvest value.

Analysis of catches landed from the New Jersey side of Delaware Bay,
1148 through 1975, reveals that oysters comprised 85.6 percent of the
harvest value (Table 11). Other species comprising the top 5 were blue
crab (7.9 percent), menhaden (2.5 percent), hard clam (1.0 percent) and

striped bass (0.7 percent). Together these 5 species comprised 97.7
percent of the 19148-1975 harvest value (New Jersey side only).

'I

!

JI



6.

The para-lufnt importance of the oyster to commercial fisheries in
Deldware Bay, both in the past and present, is evident from the catch

data. A description of the oyster industry is found in the Service's

planning aid report: "The Effect of Salinity Change on the American
Oyster in Delaware Pay (1979)."

Second in importance is the blue crab. It occurs from the vicinity of
Fhiladlphia to the mouth of the bay, and is commonly found in tidal
tributaries. Harvesting is by potting and dredging. Potting occurs
dur np, non-winter months, while dredging is a winter time activity
re,stricted to deepwater sediments. Approximately 3,000 acres of bay
bottom in New Jersey are leased for dredging crabs. In Delaware leasing

i ' s not a requiremei- , but fisherman may not dredge in leased oyster
,,rounds. Most dr iing occurs in the lower bay.

In the past and occassionally in recent years (e.g., 1974) the Atlantic
menhaden has been an important species. According to Homa (1978) menhaden
probably spawl in the deeper areas of Delaware Bay. They use the shore
:_oneS and tidal creeks of the lower estuary as nursery areas. Menhaden
are processed for fish meal and oil.

besides being an important sportfish, the weakfish is also a valuable
commercial species. Weakfish enter the bay in early May. Spawning

r:curs from late May to early August along the shoals and in the
Pelaiware River. Juveniles are found in upper tidal tributaries such

Silver Run, Appoquinimink, Blackbird, Smyrna and Mahon Creeks in

1)elaware (Martin .74) and Alloway, H-ope (Smith 1971); Dividing and
Oranoaken Creeks (McClain 1978), New Jersey. In late September, the

large weakfish begin leaving the bay, followed by the smaller fish and
eventually the young of year (Martin 1974).

The striped bass is another fish with both commercial and recreational
importance. Formerly a common migrant in the Delaware River, it now

spawns primarily in the vicinity of Artificial Island and in the
Chesapeake and Delaware Canal. The juveniles inhabit tidal streams

until their third year when they travel to the ocean (Martin 1974).

The American eeL is a catadromous species. It spawns in the Atlantic
Ocean, but migrates to brackish or freshwater to spend most of its
juvenile and adult life. The eel prefers muddy bottom streams and is

V present throughout the lower Delaware drainage.

The hard clam is widely distributed throughout lower Delaware Bay, but

is; not present in commercial densitie:;. A 1972 survey of the west side

c the bay djsclo;ed two areas with potential as commercial clam beds:

Aoe Flogger and Old Bare Shoals (Keck, Watling and Maurer, 1972).

'I
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V. Recreational Fisheries

In 1961, the Fish and Wildlife Service estimated that approximately
130,000 saltwater sportfishermen annually devote 900,000 man-days to
fishing within Delaware Bay. Most of these were finfishermen. However,
an uncounted number also engaged in clamming and crabbing. The six
finfish species that accounted for the largest annual harvests by sport-
fishermen were bluefish, scup, weakfish, summer flounder, sea bass and
croaker (U.S. Fish and Wildlife Service, 1962).

Martin (1973) reported 330,935 man-lays of sportfishing from boats in
western Delaware Bay in 1973, with an average number of 2.8 anglers per
private boat, 8.0 per charter boat and 38.5 per head boat. Weakfish
comprised 90 percent of the 1971-73 sport catch.

Using Martin's data, Smith (1975) estimated that boat fishing contributes
$4.5 million to the west bay economy. He also determined from use surveys
that boat fishing was concentrated in the lower bay, especially in areas
associated with the navigation channel running through the Ship Anchorage
or lightering area; that weakfish, summer flounder, black sea bass, and
black drum were the primary species sought by Delaware head >oats; and
that the mean number of sportfishing boats in western Delaware Bay on
weekdays and Sundays was 180.4 - 6.9 and 447.6 - 162.3, respectively.

The most recent (1976) survey of sportfishing in Delaware by Miller (1977)
showed no appreciable change in sportfishing effort by boaters since 1973.
However, shore fishing effort had appreciably increased from 128,512 man-
days in 1973 to 225,129 man-days in 1976. The author cautioned that any
real differences in fishing pressure could have been masked by differences
in survey compilation techniques. Future studies on sportfishing in
Delaware, occuring at approximately three year intervals, should avoid
this problem.

For eastern Delaware Bay (Salem, Cumberland and Cape May Counties) an
estimated 300,000 to 650,000 man-days of sportfishing effort are expended
annually from April through November. Boat fisherman account for 75 to
80 percent of the effort and about 95 percent of the catch. At least 85
percent of the fish landed by boat fisherman are weakfish. Boat fisherman
also catch summer flounder, bluefish, spot, striped bass, black sea bass,
white perch, kingfish, winter flounder, black drum, shark, carp, catfishes,
and American eel. White perch make up from a third to a half of the catch

v. of shore fisherman, with summer flounder, bluefish, striped bass, spot,
winter flounder, catfishes, carp and American eel making up the remainder
(U.S. Fish and Wildlife Service, 1975).

The Pennsylvania Fish Commission (1975) estimates that the Delaware River
in Philadelphia and Delaware Counties provides approximately 56,000 man-days
of fishing annually for alewife, blueback herring, shad, bullhead, sucker,
sunfishes, carp and eel. The Schuylkill River in Philadelphia County
provides approximately 43,000 man-days for identical species, including
muskellunge.

A
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1:i.hemanr use eSt rlmatOe, for the New Jersey side of the river are not
,v Ililable. However, we would expect an amount similar to that occurring
iroum iennsylvnia.

1ish,,r1n use data t the tidal tributaries is generally lacking. Martin
(1)'T) provide-' uidance to fishermen on where and how to catch fish in

tr~e eliare tr lut,,'ios, but doe,, not indicate a current level of use.
SL-v (1978) coyilurted a year-long use survey of the Maurice River
. :i~r, L, tw'LU rctA)er 1975 and September 1976. Part of the survey
[::i ld. It ..,u Ii n oi Delaware Bay (Haurice River Cove). As might be

''V t'ted , PeC1,a1 B ,iL use peaked during summer (August) and reached
.i iuw point in wntc'r (Jiuary). Bank and boat fishing amounted to 15,986

and ,179 man -days respectively.

aisel on the survey information available, fisherman use of the lower
Delawire River, Delaware Bay and tidal tributaries is at least 1.2 million
Tin-days vor year. We estimate that 90 percent of the use is by saltwater
ingler:s and 10 percent 1:; by warmwater fishermen. Since saltwater

:'shermen spend an averae $16.65 per man-day of angling (U.S. Department
of the Interior, 1977), saltwater fishermen annually contribute an estimated
'..8.0 million to the regional economy. The average man-day expenditure by
;r.iArmwater fishernmn is $8.48. Therefore, the annual contribution from
w irmwater fish,rnen is $1.0 million. We regard these as conservative

e,';timatcs. Additional fisherman use surveys, particularily on the tidal
tributaries, might increase these estimates.

VT. Wetland Wildlife and Uses

A 1973 survey by the Academy of Natural Sciences disclosed that the
Delaware River, estuary and tributaries between Trenton, New Jersey and

Cap, May - ilenlopen drain approximately 176,000 acres of freshwater and
brackish water wetlands (1). Approximately 10,000 acres are of the
freshwater type 3rd occur between Trenton, New Jersey and Wilmington,
Dlawaire. The remaining 166,000 acre:; are mainly brackish and occur
Ictween Wilmington and Cape May - lenlopen. The more common freshwater
wetland plants are Ccirpus americanus, S. olneyi, Polygonum punctatuTr.
various species of Eleocharis and Sagittaria, Zizania aquatica, Peltandra
virvinica, Nulpha'r alvena and species of Pontederia and Lythrum. Where

v. channelization, ditching or filling has occurred, P'hragmites coiimin:
-often dominant. vrackish water vegetation is characteriz:ed by j',;,,art na

.terniflora, . patens and Distichlis spicata (The Academy of Natural
ciences, 1973).

(1) A 1961 survey by the Service disclosed approximately 206,000 acres
of wetlands within the Coastal Plain physiographic section. The 1961

survey encompas:el i slightly larger area than did the Academy of Natural
c iences survey, ,And this largely accounts for the disparity between the

two survey estiml'tes.
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The freshwater and brackish water wetlands and adjoining upland provide
essential habitat for a variety of vertebrates collectiiely identified
as wetland wildlife. As least 144 species of birds, including 30 species
of waterfowl, 39 species of shore and wading birds, 16 birds of prey and
59 others, occur in or near wetlands. Added to these are 22 amphibians,
22 reptiles and 17 mammals, all occurring in or near wetlands.

An estimated 300,000 ducks and geese overwinter in these wetlands. About
225,000 (76 percent) inhabit the Delaware marshes. Of these, 150,000 are
Canada geese (Graham, R. 1979). Approximately 55,000 waterfowl (18
percent) overwinter in New Jersey (U.S. Fish and Wildlife Service, 1975).
Wetlands in Kiinylvania, principally Tinicum Marsh, overwinter the
remaining 20,000 (7 percent). Over, 75 percent of the Pennsylvania
waterfowl are diving ducks (W. Drasher 1979). Although most of the
300,000 waterfowl leave the basin wetlands after winter., a substantial
number, mainly puddle ducks, remain to breed.

A 1977-78 survey of waterfowl hunting in the Delaware portion of the
basin disclosed that 22,200 hunters expended 183,600 man-days hunting
ducks, geese and rails (Florio 1979). A similar survey of the New
Jersey portion in 1974-75 disclosed 17,800 hunters and 115,400 nn-days
(New Jersey Division of Fish, Garm and Shellfisheries, undated)?.f)Such
surveys have not been conducted in Pennsylvania. However, the Pennsyl-
vania Game Commission indicates that hunting pressure there is substan-
tially less than in New Jersey (Di.asher 1979). Based on the two surveys
and a conservative guess in Pennsylvania, we estimate that the basin below
Trenton annually provides 43,000 hunters 320,000 man-days of waterfowl
hunting. Since migratory bird hunters spend an average $10.82 per man-
day of hunting (U.S. Department ol Interior, 1977), waterfowl hunters
annually contribute an estimated $3.5 million to the regional economy.

The basin wetlands also support a valuable fur industry. Muskrat and
raccoon are most important. Other less important species are red and

gray fox, opposum, mink, weasel and skunk.

A 1977 survey of trapping in New Jersey revealed that 1,369 trapping
licenses were ,old in counties comprising the New Jersey side of the
basin (1). Tr,,ipers expended approximately 77,000 man-days trapping
within these .-ounties. The harvest was valued at $1.4 million (New

Jersey Division of Fish, Game and Shellfisheries, 1977). In Delaware,
--1 1977-78 survcv revealed that 2,000 trapper/hunters expended 41,000
ruan-Jay, trapping muskrat and trapping/hunting raccoon. The total
fulbeilrer harve:t from the Delaware side of the basin was valued at
I.: million. urveys of furbearer harvests in Pennsylvania have not been
undertaken. Because Pennsylvania has the least amount of wetland and is

- .------------------------ --------------

(1) Burlington, Camden, Cape May, Cumberland, Gloucester and Salem.

A
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the most developed of the three states, it is reasonable to expect that
it produces the lowest furbearer harvest. Considering the two surveys
and a conservative guess of the Pennsylvania harvest, we estimate the
annual value of the furbearer resource below Trenton at $2.1 million.

According to the "1975 National Survey of Hunting, Fishing and Wildlife -

As:;ociated Recreation," 27 percent of the U.S. population 9 years or
older in 1975 participated in wildlife observation and 8 percent engaged
in wildlife photography. Wildlife observation amounted to 1.6 billion
min-days or 33 man-days per wildlife observer. Wildlife photography
totaled 156.7 million man-days or 10 man-days per wildlife photographer
(U.S. Department of Interior, 1977).

The Delaware River Basin Commission estimates that 1.8 million people
reside in the Coastal Plain section of the basin (Kausch 1979).
According to the national average, 86 percent or approximately 1.5
million of these people are 9 years of age or older. Using the referenced
population percentages for wildlife observer (27 percent) and wildlife
photographer (8 percent), we estimate the numbers of wildlife observers
and wildlife photographers in the Coastal Plain are 405,000 and 120,000
respectively, The estimated numbers of man-days expended on wildlife
observation and wildlife photography are 13.4 million and 1.2 million,
respectively. The 1975 national survey did not indicate average expen-
ditures for wildlife observers or wildlife photographers. However, if
each wildlife observer and photographer spent only $10 annually, the
contribution to the economy would be $5.3 million. The actual value is
probably higher.

VII. Threatened/Endangered Species

The lower Delaware River and Bay Region is within the historic range of
17 federally designed threatened or endangered species (Table 12): seven
wha~ies, five m n-n,' turtlos, four birds and one fjish. The whales and
,urtle; are ;rimirilv oceanic, but occassionally venture into Delaware
Bay. Three of the birds are raptorial and migrate through the area. The
other, bird, the brown pelican, is a rare visitor. The shortnose sturgeon
inhabits the river and possibly the upper bay.

Information on the i;secific distribution of these species and their life
requirements is often fragmentary. This is particularily true of the

V. s'3ovtnose stur,,eon, a bottom dwelling fish potentially most likely to be

a'tected by drelring/filling. The little information known about the
-hortnose i:; rIiminly the result of research conducted from the St. John
River, New Brun wiclk. This work and other relevant studies were recently
summarized in th. Fish and Wildlife Service publication "Development of
Fishes of the Mid-Atlantic Bight" (1978). A copy of the summary is
included at tho end of this report. Also included is a summary of recent
1;hnrtnose cOl le't ions from the Delaware River made by biologists from the
Delaware River Ba;in Anadromous Fishery Project, Rosemont, New Jersey
(Table 13).

'S
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No federally designated or proposed threatened or endangered plants occur
within the project area. However, four indigenous plants are being consi-
dered for addition to the threatened species list (Federal Register,
Volume 40, No. 127, July 1, 1975). These are Nuttall's micranthemum,
purple fringeless orchis, Long's bulrush and Pine Barren's reedgrass.
It should be emphasized that none of these species have been officially
proposed for addition to the threatened list. Therefore, they are not
currently subject to the protection afforded by the Endangered Species
Act, as amended in 1978. We mention them simply because they could be
officially proposed during project planning, which would then make them
subject to the Act.

Nuttall's micranthemum, Micranthemum micranthemoides, a member of the
figwort family, is normally found on tidal mudflats. Collectors have
taken specimens adjacent to the Delaware River in Bucks and Philadelphia
Counties, Pennsylvania and Camden and Burlington Counties, New Jersey.
It has also been recorded from similar habitat in Delaware.

Purple fringeless orchis, Ilabenaria peramoena, a member of the orchid
family, occurs in meadows, bogs, alluvial thickets and low woods. It
may also be found along saltmarsh margins. Collectors have taken speci-
mens in Camden and Cape May Counties, New Jersey and Chester County,
Pennsylvania. It has also been taken in Delaware.

Long's bulrush, Scirpus longii, occurs in freshwater marshes and swamps
in Burlington County, New Jersey.

Pine Barren's reedgrass, Calamovilfa brevipilis var. brevipilis, occurs
in swamps and bogs of Burlington and Cape May Counties, New Jersey.

Species designated as threatened or endangered by the individual basin
states are shown in Tables 14 and 15. The Delaware list (not shown) is
the same as the Federal list. Pennsylvania currently does not have a
list of threatened or endangered birds and mammals.

This section does not fulfill requirements in accordance with Section 7
of the Endangered Species Act, as amended in 1978. For specific guidance
on formal consultation procedures, we recommend the Corps review the
Federal Register, Volume 43, No. 2, dated January 4, 1978.

VIII. Areas Sensitive To The
Disposal Problem

Our current knowledge of fish and wildlife resources in the lower Delaware
River Basin is largely the result of a long succession of proposals to
modify the environment. This is not an unusual situation and commonly
occurs elsewhere in the United States. Unfortunately, the value of
sporadic biological study is quite limited. This is particularily true

r
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for the study of estuarine biota, which depend upon or are subject to a
myriad of natural or artificial regulations, including temperature, flow,
salinity, water quality, substrate, food, season, cover, etc. Any one of
these factors and certainly many more individually or synergistically
determine species presence, abundance, activity and human use. Despite
such variables, certain generalizations are valid and have long been
noted in our correspondence to the Army Corps of Engineers.

Wetland plants, including emergent, submergent and floating leaf hydrophytes,
nearly always provide valuable habitat for fish and wildlife. They pro-
vide food and cover for many species and also serve as sites for repro-
duction and early growth. The study area still has a significant wetland
acreage. Unfortunately over 90 percent of the wetlands occur south of
Wilmington. Therefore, remaining wetlands north of this city take on
added importance. The Service is committed to protection of all wetlands
and generally seeks opportunities to create additional wetland areas.
We particularily would like to see new wetlands created between Trenton
and Philadelphia.

Non-vegetated shallow water areas also provide food, cover and nursery
and spawning habitat. Although it is not well-documented, the current
biological opinion is that non-vegetated shallows can be made more pro-
ductive by establishing wetland plants. This generalization is not
necessarily true for all shallows, or for that matter, all species. For
example, smallmouth bass seek out gravel bottom shallows for spawning.

The Service is generally protective of shallow water areas, particularily
where water quality is good or is likely to improve. We occassionally
approve conversion of deepwater areas into shallow water habitats, but
prefer that the shallows, once created, also be planted with wetland
vegetation. These proposals must be reviewed on a case by case basis.

Vegetated wetlands and shallow water areas, are not the only sites sensitive
to the disposal problem. Other sensitive areas include oyster seed beds
and leased areas, blue crab dredging areas, hard clam beds, spawning and
nursery grounds for important commercial/recreational finfish and islands.
Islands serve as natural refuges for migrating waterfowl and other bird
life and are sometimes heavily used for nesting (e.g., Pea Patch Island).

in general, tho body of biological information available suggests that
developed areas iie least valuable for fish and wildlife. A good example
of this is the Philadelphia - Wilmington corridor which has a limited
tish population tor about half the year. The problem is due mainly to
poor water quality. Even if water quality significantly improved, it
is li1ely that fish productivity there would still be lower than in other
less developed areas where habitat is more diverse. Improved water quality
would, however, significantly benefit migratory species (e.g., American
shad).

eI
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TABLE 71 Streams Known to Have Anadromous Clupeid Spawning Runs in

Salem, Cumberland and Cape May Counties, New Jersey

Gloucester and.Salem Counties - Delaware River Drainage

Cidmans Creek-alewife

Salem County-Delaware River Drainage

Beaver Creek-alewife -Oldmans Creek Drainage
Fenwick Creek-alewife - Salem River Drainage

Mannington Creek-alewife - Salem River Drainage
Salem River-alewife
Deep Pun-alewife - Alloway Creek Drainage
Buckshutem Creek-ale.4ife -Maurice River Drainage

Menantico Creek-alewife -Maurice River Drainage
Creenies SandWdsh-alewife - Maurice River Drainage
Hankins BrooY-flewi!'e - Maurice Fiver Drainage
White Marsh Pun-alewife - Maurice River Drainage
Maurice R iv,,r-bhiueback
Paiceway-a 1ewi Fe - Maurice River Drainage
Maurice River-alewife

Cumberland aridI Cape May Couities-Delaware Bay Drainage

Wost Creek-alewife - Delaware Bay Drainage
Al loway Creek-alewife

Salem and Cumberland Count iocs-Delaware River Drive

iceoon N) tch-al (owife - Stow Creek Drainage

'tow Creek-alfwife
Mill Cree.-iluolacik -Cohansey River Drainage
M.iIL Cr'eek-ilevi Fe -Cohansey River Drainage
'ohansey River-iI luelhatk

CohIiuscy P1 ver-'Il1ewi Fe
- ,dar Creek-i N u aek-J
CI -1, r CI -( 4e - -10 1
l1ii-kee Cr('e-ali e Maurice River Drainage
PMtimjEskin Fivor-alewi fe -Maurice River Drainage
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Table 8

List. of' species obtained from transect samples
in Delaware Bay during 1972 and 1973

Feeding* Transects
Type 1-13 14-26

Phylum Cnidaria
Clas dS ydrozoa

Order Fydroida
Famtily Hlydrac tiii dae

Il)(ric t~ nia cchi-nAta (Fl eming 1828) SF x
Fail y Campinu Ian iia (l

Ila r tlAubei la gel atinosa (Pallas 1766) S
Fd11J ly ertu 1 an- i dde

SerLuldriL atjcntea Linne 1758 SF x
Faily P imu Ir ii (Jae

Sc h izotri Old ten ella (Verrill 1874) SF x
Class Arn~ioa

Order Ac t ino ri
Fail i )Iadimen idace

DUutene leuoL0ena (Verrill 1866) SF x

Phyl1umn Rhyrnc rococ 1
Class Anop1a

Order Ilieteronen r t i n
Family Lineidde

Cerobrotulus lacteus (Leidy 1851) C x x
II (rui' Ul-Ie idy i C x

Class Unknown
Newertea- sp. C x x

Phyl1um Anne I i da
Fd!~i ly Ainpliret ide

Asabel 1ides oculatus (Webster 1879) OF x x
Me 1 nna ,I) Cf. 1-. 11CU~Idtd of- x
Aso ite Ij de,, ; 1. c f. A'. ocu la tus- DF x

? ~aeliis OF x
Ainpharet Li da e sp. 1 DF x

Fa;ilily Arahel 1id')v
Arahella iricolor (Mlontagu 1804) 0 x
Drn Ionelis 1 otiq Webster 1819 0 x x
Dr On ow-e sMa yrro WebstLer and Benedict 1887 0 x

Fami ly Capi U.el I i(ilL
Cap i Le Ia I c'ap i La a (Fabriciuls 1780) DF x x
Ileterolniatw LI'ii I rnis (Cl aparede 1864) DF x x



Fable R (Cant.)

Feeding Transects
Type 1-13 14-26

Eauui ly C irra tu Iidae
Cmil loriela sp. 2 OF x

ikry s.OF x x
Cirri for-ihh sp. cf. C, (Arandis OF x

,hCietozOne OF x
Fami ly Eunicidac

flarphys3 Sdny(JLf-l ea (Montagu 1815) OF x
Family Glyceridac

Glycera ameri-cana Leidy 1855 C x x
G Iycera capi tt Ours ted 1843 C x
;iycera dihi'anchiiat-a Ehlers 1868 C x x

Glycera ralbusta Ehlers 1868 C x
Faily (;oiiadidae

Glyc inde s olitaria (Webster 1880) C x x
Fmly I"i'sin idae
M icrptais vberrans (Webster and Benedict

_11th msa 1887) C x
rdi l 1y L umIr i nerid(ae

Luinbr i neis Oitntd (Verri 11 1875) OF x
Lomnbrnnr is teriui s (Verril1l 1873) OF x x
Lumibrineris sp. cf. L. tenuis (Verrill

Family Magelonidae 17)O

NajlenSp. 1 OF x
mii 1~i 2OF x

Itj (J('1 nI1a 4 OF x
Fam i Ily K) 1da n idae

Clynienellai sp. cf. C. torquata (Leidy 1855) OF x
Fami ly !lcphtyidie

!i hwv;[Jera Lh ers I 8,68 0 x
Nepjh tys- pitta Ehlers 1868 0 x x

Fai ly Neri dac
?Jp-eei!s (Neanthes) succinead Frey and Leuckart

1847 0 x x
Favi iI Wh UI lii d ie

Uphel I a b i coynni s Savigny 1818 OF x
I 1v lsij cirnei' Verri 11 1873 OF x

I i l Y orbL i n i idae
hiplolcoloplos acatus (Verrill1 1873) OF x

Lal's'lplsfraqii i (Verrill 1873) OF x x
FIap1 1o,;(,olIflo , robustus (Verrill 1873) OF x x
Orb in ia ama tIuSi--Verrill 1873) OF x
Scolupin> sp. OF x

lami ly Paraonidae
Aricidei sp. DF
Ar ici I CerIU t i Laub ier 1()1)7 OF x

*Paradoieis(Pardoiniides) f Southern 1914 OF x



51.

Table 8(tt.

Feeding Transects
Type 1-13 14-26

Faii1y Per Litwri idae
Pec L -iiiar io yould ii Verril1l 1873 OF x

Fail iy Phyll1 i cdae
I'Leone lie teropo-da Hiartmian 1951 0 x x
E tcrie at Claparede 1868 0 x
L tCceIi ni a --(Fabricius 1780) 0 x
I-U1 i ida san-iyuinea- (Oersted 1843) 0 x
arariis ko-ste-rielisis (Malmyren 1867) C x
PhI~ -ce arenrlae Webster 1880 C x

Faily Polynoidae
liadiin)hoe sp. cf. H. -extenuata (Grube 1840) C x
HariotiOl (Layisca) extenuata (Grube 1840) C x x

LedonotLus_ squiaiia us (innaeus 76 x
Lepidoniitus sublevis Verrill 1873 C x X

Sabellarici vuhjlaris Verrill 1873 SF x x
Fawiily S abol I i-da

Potaii reniformis (Leuchart 1849) SF x
Fa'lli 1 YI-l 1 ida

Ilydvuide, di icuLius (Verrill 1873) SF x
F am i Iy S i(a 1 i oi idi e

thenelois (denticulatuni) C x
3_jaliii spi. C X

Fa Ii lySp ion idae
Po lydora I iygii Webster 1879 OF x x
Pc 1 rr tioc i alIi s (Schinarda 1861) OF x
In I0 ydo t web,,tori liIcirtna n 1 943 OF x

colt npids viidis (Verrill 1873) O
)r~rC Ss'~aiat~. .Muller 1806) OF x

Spi)1ophaio~s bomibyx (Cl aparede 1870) DF x x
treb Io .plio benedicti Webster 1879 OF x x

Fxujone veru(jerdi (Claparede 1868) 0 x
PdainoSli lcnajcirrata Webster and

Benedict 1884) 0 x
Proceraea cornuta (Agassiz 1863) 0 x

Faily lTer-ebe 1 1 jdac
Polyc irrus eximius (Leidy 1855) DF x

Class G1I (iticL
'4 Oigjochdcta DF x

P hy1 umn fl, I Iu s ci
Class Gastriiiodi

Order Mesuqja, Li )Iidd
Family : or ~(1

'1Epitoniumi rupicula (Kurtz 1860) C x
Family LadIvptrlrei dae

Crepiduin fornicata (Linne 1758) SF x
Crep idtlir convexa -Say 1822 SF x x
Crepjduld pidna- SdY 1822 SF x



Table 8 (con t.)

Feeding Transects
Type 1-13 14-26

Family Naticacea
Lunlatia heros (Say 1822) C x

Order Neogas tropo da
Famnily Mel ongen idae

Busycon carica (Gmelin 1791) C x
Fami ly Nassar-i-idae

Nassarius trivittatus (Say 18I22) C x x
flya-nas-saI obso-Ie-t-U~K(Say 1822) C x x

Family Marginellidae
Marjinella roscida Redfield 1860 C x

Ordo'r ecti Iwanchi a
Family Pyramidell idae

Sayel1a fusrca (C.B. Adams 1839) ectopara-

OdrNdbaihasitic 
x

Famtil1y Corainu1h 1 a
Dorodella obscura Verrill 1870 C

class ulvalvia-
Order Protobranchia

FamilIy Nucul1 i dae
Nucula proxiina Say 1822 OF x x
Y 61la -iiatLu-la_ Say 1831 OF x x

Order Il ibr-avcia
Family Arcidae

Anikdara ovalI is (Bruguiere 1789) SF x
Family Myt il i dae

Geukensia denmissa (Diliwyn 1817) SF x
Myt i lus edw Ilis -Linne 1758 SF x

* Fami ly Os tro i(lae
CraIssostrea v ir i nica (Ginelin 1791) SF x x

Order Eu lamel I ibranchia
* Family Cardi Lidae

*Cyclocardia borealis (Conrad 1831) SF x
Fai I y- LeptI oil (]a(,-

flyseflad p linula ta ( St irpson 1857) SF x
Fail1y Verwm(I

Merceniwr ai ella rid (Li one 1758) SF x x
GolilaPim)hId (10 tten 1834) SF x x

Famiily TellIinidt]C
To]lIi no )qilis SLimpson 1M57 of x x

:4Mlcoma haltii a (Linne 1 758) OF x x

L ns is d irec tus Conrad 1843 SF x
Family [lactridae

Spistila so] idissima (Dillwyn 1817) SF x x
Mu fIr i -ni larlis(Say 1822) SF x x

_YA ij!ar21 Linne 1758 SF x
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Table 8 (cont.)

Feeding Transects
Type 1-13 14-26

Faily Cot-bul idae
Corbula contracta Say 1822 SF x

L-yops id hyd Ii na Conrad 1831 SF x x
F amni I l [ndori da-e

Pandora oouldiana Dal] 1886 SF x

Phylum Arthropola
Class Merostoinata

Lifllus polypliemus (Linne 1758) C x
Class Py~n-ogonid-a

Family Pall enidae
Ta_ ystyjyur orbiculare Wilson 1878 OF X x

Class Crustacea
Subclass Cirripedia
Order Thoracica

Family [alanidae
Balan1US (Balanus) irn rovisus Darwin 1854 SF X
Ba lanus (Srialnsbalanoides (Linne) SF X

Subclass Malacostraca
Order- Mysidacea

Family Iysidae
Neomysi air.riana (5.1. Smith 1873) SF x

Order Cuncea
Family Diastylidae

Qxyj~ tOtyj smithi Cairnan 1912 DF x
Order Isopoda

Faiily Anthuridae
y~hui _ p9JJita (Stimpson 1855) 0 x x
Ptilanthura tenuis [larger 1878 0 x
Cya4 thura burbanck i F ra nk e nb erg 1965 0 x

Family ldotpidae
Chiridotea nigrescens Wigley 1961 OF X
Ldoteda tri 1obaj7Sa 18B18) OF x

Order Ainphi poda
Family Aipeliscidae
Nqpelisca ab-di-ta Mills 1964 OF x x
A mpeIi s ca verril_1i Mills 1967 DF x x

Arpitlieidae sp. OF xI4 Family Aoridae
Lenibos smiithi (11olmes 1905) OF x

F amiiil y -IatLcei d a 0
iBatea ca-thirinensis Fr. Muller 1865 OF x

a Family Corophi idae
Corqphiuin insidiosum Crawford 1937 OF x x
Corqjpl urnt ldcustre Vanhoffen 1911 OF x
Coroqph Iliuin tuberc ul aturn Shoema ker 1934 DF x x

Erichthoniu brslensis Dana 1853 DF x x
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Table 8 (cont.)

Feeding Transects
Type 1-13 14-26

Famiily Coropiidae (cont.
Llnciola irrorata Say 1818 OF x

Un~Iaserrata Shoemaker 1945 OF x x
Urnciola dissinillis Shoemaker 1945 OF x
Coro2phium similii Shoemaker 1934 OF x x

Family Gammaridae
Gammarus mucronatus Say 1818 OF x x

Elsqps!evs(Sih1871) OF x
Melita nitida Smith 1873 OF x x

Fail-y-lla-ustori idae
Parahaustorius attenuatus Bousfield 1965 OF x
Parahaustori-us lonqinierus Bousfield 1965 OF x
Pr otoia-ustori-us -wi-glc-qyi ousfield 1965 OF x x
r rot ohaustorius de ich mnannae Bousfield 1965 OF x
Acanthohlaustorius milisi FBousfield 1965 OF x x
Kairithiohaiius-to-rlu-s in-6te-rmedius Bousfield 1965 OF x

Family Lysi anass idae
Lysianops-is, al-ba Holmes 1905 OF x

Fami ly Phoxocephalidae
ParaphoxuS spinoss Holmes 1903 OF x
Tti-Tchojphoxus epj~stomus (Shoemaker 1938) OF x

Family Plnwstidae
Parapleustes aestuarius Watling and Maurer

1973 OF x x
Faily Sterothoidae

Parametopolla cypris (Holmes 1905) OF x
Fa:'i 1y CaprelI lidae

ParadCaPrel la tenuis Mayer 1903 SF x x
Order Decapoda

Family Crarinjoridrae
Cramlgon scptemsjnnosa (Say 1818) OF x x

Familly Callianassidac tatiaO
Callianaissa sp. cf. C. _________OF

Fami ly Paguridae
Pdurs o-ncicarpus Say 1817 OF x x

Fandm ly Cancridae
jfCancer irr-oratus Say 1817 C x x

Fam~i lyXanthidae
Xan11tlImIid )p C x

Elirya nopelfs depressus (Smi th 11869) c x
fi~cepallpe texana- sayi (Smit 1869) x x
Rhi throjanopvus harrisi (Gould 1841 ) C x

FamilI y P) i tino Lher idae
Pinnotheres maculatus Say 11318 coiiiiiensal x

inix y ndStilpsol 1860 OF x x



55.

Table 8 (cont.

Feeding Transects
Type 1-13 14-26

Phylum Ectoprocta
Class Gymnolaena ta

Order Ctenostomata
Family Alcytoniidae

A_]cypnidiui~i pq)you (flassal 1 1841) SF x x
Alcyon diUIn verrilli Osburn 1912 SF x

Family Nolell1idae
AnMn mlla palma ta Van Beneden 1844 SF x

Family Flus-trellidae
Fl -ustrellidra hispida (Fabricius 1780) SF x

-Bowerbankia 9racijjs Leidy 1855 SF x
Family Triticellidae

Triticel Ia elonpadta (Osburn 1912) SF x
Order~e otmt

Family Membraniporidae
Membranjjpora tennis Desor 1848 SF x x
Jembranipora- tubercula ta (Bosc 1802) SF x
.C -!{ 6em fe-nus-sii-mur i nu 1908) SF x x

Family Electridae
[lectra hastiiigsae Marcus 1938 SF x x

Family Schizoporellfdae
Schizop -o rella 'errata (Watess 1878) SF x

Family Microporellidae
MiiSrorefla ciliata (Pallas 1766) SF X

Phylum Echinodermata
Class Echinoidea

Order Diadematoida
* Family Lchinrachnidae
*Echinarachnius pdrma (Lamark 1816) SF x

Source: Watling, Maurer and Wethe, 1976

.. T u11pension Feeder

F Dpoi F~r eeder

P Omnivore

01
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Table 9 Commercial Fish and Shellfish Landings in Delaware Bay and
River, 1955-1977*

New Jersey Delaware Total

Year Pounds Dollars Pounds Dollars Pounds Dollars

1955 6,027,125 2,611,829 6,359,700 1,290,374 12,386,825 3,902,203
1956 6,229,300 2,963,116 6,280,700 1,182,417 12,510,000 4,145,533

1957 4,364,100 1,874,694 10,035,500 3,890,741 14,399,600 5,765,435
1958 2,437,200 664,939 N/A N/A - _
1959 1,507,040 277,194 N/A N/A - _
1960 2,076,700 294,928 2,622,250 383,940 4,698,950 678,868
1961 3,267,200 967,519 1,511,400 257,001 4,778,600 1,224,520
1962 3,109,000 1,545,010 2,647,800 317,431 5,756,800 1,862,441
1963 2,188,100 658,494 1,036,900 161,243 2,846,594 819,737
1964 2,489,700 1,087,365 911,400 183,972 3,401,100 1,271,337
1965 2,133,700 767,541 994,400 122,468 3,128,100 890,009

1966 1,858,500 839,873 841,500 89,593 2,700,000 929,466
1967 2,444,300 1,080,500 449,800 82,798 2,893,800 1,163,298
1969 1,934,100 1,091,083 396,300 98,147 2,330,400 1,189,230
19( 3,874,100 889,716 675,800 112,587 2,549,900 788,387
1979 1,686,900 624,945 1,066,200 281,036 2,753,100 905,981

1971 2,173,900 842,036 1,723,200 514,964 3,897,000 1,357,000
1912 3,390,500 1,694 665 3,822,800 1,249,739 7,213,300 2,944,404
1973 4,178,600 1,912,128 3,638,700 1,264,597 7,817,300 3,176,725

1) 1074 45,9148,900 2,716,196 2,930,300 751,270 48,879,200 3,467,466
]T15 5,234,200 1,551,321 4,230,200 1,160,831 9,464,400 2,712,152
1976 2,384,•700 2,111.,317 6,321,900 1,683,187 8,706,600 3,794,504

1977 2,008,300 1,577,672 2,045,300 704,206 4,053,600 2,281,878

N/A - Not available

1) - Menhaden landings for this year were 42,186,800 pounds valued

at $1,060,861.

- Source: National Marine Fisheries Service, Department of Commerce

.4

'I'
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Table 10 Commercial Fish and Shellfish Landings in Delaware Bay and River, 1977*

New Jersey Deliware Total
Species Pounds Dollars Pounds Dollars Pounds Dollars

Alewives 1,000 66 - 1,000 66
Bluefish 33,200 3,252 31,100 3,081 64,300 6,333
Butterfish - 100 24 100 24
Carp 34,700 3,431 28,000 2,520 62,700 5,951
Catfish 3,600 542 10,100 1,414 13,700 1,956
Croaker 3,300 514 8,900 1,841 12,200 2,355
Drum, red - 200 13 200 13
Drum, black 11,000 1,649 - - 11,000 1,649
Eels, common 17,800 6,671 95,900 49,281 113,700 55,952
Fluke 300 124 4,500 2,111 4,800 2,235
Herring, sea 1,100 41 - - 1,100 41
Mackerel, Atlantic - - 500 77 500 77
Menhaden 41,900 2,016 24,600 984 66,500 3,000
Sea trout, gray 148,600 26,850 296,000 63,403 444,600 90,253
Shad 38,200 7,013 64,200 13,428 102,400 20,441
Sharks, grayfish - - 300 16 300 16
Spot 8,600 1,495 3,700 934 12,300 2,429
Striped bass 5,100 2,283 45,400 32,557 50,500 34,840
Sturgeon 200 31 - - 200 31
White perch 17,000 3,539 21,000 6,907 38,000 10,446
Unclassified for food 400 71 1,300 185 1,700 256
Crabs, blue 296,800 112,716 878,200 322,560 1,175,000 435,276
Horseshoe crabs - - 400,000 4,000 400,000 4,000
Lobster, American - - 700 1,750 700 1,750
(0sters 1,218,200 1,400,372 127,500 196,190 1,345,700 1,596,562
T"rtles, snapper 22,400 4,996 3,100 930 25,500 5,926

TOTAL 2,008,300 1,577,672 2,045,300 704,206 4,053,600 2,281,878

Source: U.S. Department of Commerce, National Oceanic and Atmospheric
Administration, National Marine Fisheries Service

.4
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Table 1I Ten most valuable commercial species landed in New Jersey
from Delaware Bay, 1i148 - 1977

% of Total % of Total
_jpecies Value Landings Pounds Landings

Oyster 41,827,373 85.6 77,277,515 145.0

Blue crab 3,875,049 7.9 24,263,860 14.1

Menhaden 1,20q,176 2.5 47,040,198 27.4

Hard clam 504,973 1.0 1,591,860 0.9

Striped bass 319,452 0.7 1,349,391 0.8

Eel 265,535 0.5 844,100 0.5

Shad 241,342 0.5 1,710,995 1.0

4eakfish 238,204 0.5 1,521,852 0.9

White perch 108,265 0.2 689,805 0.4

ar|p 79,5141 0.2 1,189,608 0.7

99.6 91.7

source: Pire-;,ared from data supplied by the National Marine Fisheries
.1 Service, Department of Commerce

I.
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Table 12 U.S. Department of the Interior Designated Threatened/Endangered Species
in the Lower, Delaware River and Bay Region

Species Delaware New Jersey Pennsylvania

Blue whale, Balaenoptera musculus (E) x x
Bowhead whale, Balaena mysticetus (E) x x
Finbick whale, Balaenoptera physalus (E) x x
Humpback whale, Megaptera novaeangliae (E) x x
Right whale, Eubalaena spp. (E) X X
Sei whale, Balaenoptera borealis (E) x x
Cper'm while, Phyeter catodon (E) x x
Bald eagle, Haliaeetu; leucocephalus (E) x x
American peregrine falcon, Falco peregrinus anatum (E) x x x
Arct ic peregrine Falcon, Falco peregrinus tundrius (E) x x x
Br -)Wf1 i, an , Pelecanus 0cc identalis (E) x X
* , eii a turtle, Chelonia mydas (T) x x
Hawksbilt sea turtle, Eretmochelys imbricata E) x x
Atlanti Ridlev sea turtle, Lepidochelys kempi (E) X X
le& Ii ack sea turtle, Dermochelys coriaceaTE) x x
Lo.-cr'hoAd !;dea turtle, Caretta caretta (T) X X
Shor'triuoi sturgeon, Acipenser brevirostrum (E) X X

C! ) - Lndangered
(T) Threatened

,:2urcc: Federal Register - January 17, 1979

'4
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TABLY 14 -'tt of New Jersey, Department of Environmental Protection
liE's ignatod Threatened/1Endangered Species in the Lower Dela-
wairo River anil Bay Region".

2h'lortnose stUrgetOn Acipenser brevirostrumn (E)

Atlantic stur'cocn Acipenser oxyrhynchus (T)

American shad Alosa sapidissima (T)

ouhengray treefrog ilyla chrysoscelis (E)

Ea~stern mud -,ilamander Pseudotriton montanus (T)

Rog turtle Clemmys muhienbergi. CE)

1:ood turtle Clemmys insculpta CT)

Indiana bat Olyotis sodalis (E)

Endangerod C11 - A ,;pecios whose prospects for survival in
the state are in immediate danger due to one
or many factorsi.

Threatenced (T) - 11ay become endangered if conditions surround-
inp the species begain to or continue to
deteriorate.

F Ource: New~ lerscy Depairtment of Fmvi ro-nmentsal Protection,
Division of Fish Came and Shellfisheries.

4'1
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TABLE 15 - Pennsylvania Fish Commission Designated Endangered/
Threatenod Fishes, Amphib.i-ans and Reptiles in the
Lower Delaware River Region*

EShortnose sturgeon Acipenser brevirostrun (E)

Threospine stickleback Gasterosteous oculeatus (E)

Fastern tiger salamander Ambystoma tigrinun (E)

New Jersey chorus frog Pseudacris tris.% riata (E)

Coastal plain leopard frog Rana utricularia (E)

L.astern mud turtle Kinosternon subrubrum (I.)

P*ed-bei lied turtle Chrysemys rubriventris CE)

Bog turtle Clernmys muhlenbergi (E)

(E) = Endangered

(T) = Threatened

~2oucc:Penns;ylvania Fish Commission

.4V
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So 1111 1 ,% NI Acipenscr brevirost ritin Lesueur, Shurtnose sturgeon

ADULTS ilk est1arine lakes at depths exceeding 10 in,' "I and
depcr regions of the lower estuarv in salinities up to

[D .33 1742 A. 18-24; it C. 60t) V. 3a-31;,N1, 17-21; " 20) ppt and temperatures of 4-8 C. During April move
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Fig. 3. Acipenser brevirostrum. Spawning female 580 mm TL. (Vladykov, V. D., and I R. Creeley, 1963: fig.
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I. Introduction

This is a preliminary report on fish and wildlife resources of the lower

Delaware River and Bay Region, provided in response to the Philadelphia

District, Army Corps of Engineers, Delaware River Dredging Disposal

Study. The purpose of the Congressionally authorized study is to develop

a regional dredging spoil disposal plan for the tidal portions of the

Delaware Bay, extending from Trenton, New Jersey, to the sea. The study

was authorized by the United States Senate Committee on Public Works on

September 20, 1974.

This report contains brief descriptions of finfish, benthic invertebrates,

commercial and recreational fisheries, wetland wildlife and uses, and

threatened/endangered species. It also contains a short discussion

identifying areas sensitive to the disposal problem. The report addresses

the river, bay, tidal segments of tributaries to each, and adjoining

wetlands. Inland habitats are excluded from the discussion.

This report is submitted in accordance with provisions of the Fish and

Wildlife Coordination Act (48 Stat. 401, as amended; 16 U.S.C. 661 et

'eq.). It his ben coordinated with the New Jersey Division of Fish,

Game and :;hcllfisheries; the Delaware Division of Fish and Wildlife;

the Pennsylvainia Game and Fish Commissions; and the National Marine
Fisheries Service.

II. Finfish

Delaware River

Homa (1978) reviewed benthic invertebrate and finfish literature for the

Delaware River between Trenton (RM133) and the Chesapeake and Delaware

Canal (R153). His review emphasized shallow water areas while omitting

deepwater and tributary habitats. Studies concerning the omitted

habitats are briefly discussed below.

Miller et al (1974) conducted deepwater trawling at five stations in
the Delaware River between Trenton and the Chesapeake and Delaware Canal
during August to December 1973. The station names and locations are
.s follows: Trenton, R4 127-131; Bristol, RM-IIl1-ll8; Bridesburg,
,1M 114-118; Fhiladelphia, R4 127-131; and Chester, RM 81-86. Eight-
hundred and forty-three collections produced 15,043 fish of 21 species.
;,lueback herring made up 142 percent of the catch. Other species were
whit.o perch, 31 percent; spotted shiner, 8 percent; channel catfish,

:percent; and white catfish, 5 percent (Table 1). In addition to these
stations, the Schuylkill River, Neshaminy Creek and the main river

adjacent to Wilmington were periodically trawled during this period.

Dne hundred and forty-three collections produced 3,082 fish of 16 species.
Blueback herring, spot, white perch and satinfin shiner made up 43,
38, 5 and 5 percent of the catch, respectively (Table 2).

4"V
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In a separate study, Miller et al (1974) sampled 14 Delaware River tidal
tributaries between Trenton and Wilmington from April to November 1973.
A total of 14,410 fish of 31 species were collected by seine and trawl.
Ajadromous species were taken in all 14 tributaries. Blueback herring
accounted for 91 percent of the anadromous catch followed by white
perch (5 percent), alewife (4 percent) and American shad and striped
bass K(l percent). Blueback herring and alewife were generally more
abundant in the tributaries which held the greatest variety and/or
number of fish (Table 3).

Additional fish sampling was undertaken in the lower reaches of the
Christina River and Brandywine Creek in spring and summer, 1978.
Llect-ofishing by boat in the Christina River produced 12 species.
"'he most abundant fish were carp, silvery minnow, menhaden, alewife
and Llueback herring. Similar sampling of the lower reach of Brandy-
wine Creek resulted in 28 species collected. The most abundant fish
in the Brandywine sampling were silvery minnow, carp, blueback herring,
spottail shiner, white sucker, American Eel, alewife and white perch
(Reichard, 1978).

Fish surveys by the Pennsylvania Fish Commission confirm that Darby
Creek, Pennypack Creek and Neshaminy Creek support runs of blueback
herring and alewife. American shad are not known to spawn in any
of the Pennsylvania tributaries (Marshall, 1978)

The New Jersey Division of Fish, Came and Shellfisheries has surveyed
several of the New Jersey tributaries in this reach. The results of
their surveys were recently compiled and included in the Service's
"Planning Aid Report: Existing Fish and Wildlife Resources Related
to the Southern New Jersey Water Resources Study, Burlington, Camden
and Gloucester Counties, New Jersey" (U.S. Department of the Interior,
1978).

Delaware Bay

Study of finfish in Delaware Bay began in the early 1950's. Since then,
numtrous studies have emphasized the variety of finfish present within
the estuary. These include reports by Daiber (1954 a and b); Fitz (1956);
June and Reintjes (1957); Harmic (1958); Bearden (1959); Reintjes and
Poithmayr (1960); de Sylva and Kalber (1960); de Sylva, Kalber and
?huster (1162); Murawski (1966); Daiber and Abbe (1967); Daiber and
I.ocley (1968); Raney, Schuler and Denoncourt (1969); Smith (1969);
Daiber and Smith (1969, 1970 and 1971 a and b); and Bason (1971).
Many of these studies and others are briefly described in Polis (1972),
Maurer and Wang (1973) and Maurer (1974).

4'
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Two hundred and eighteen species of finfish have been collected from the

Delaware Bay region (Maurer and Wang, 1973) (Table 4). Nearly half of

these are restricted to the higher salinity waters. About 40 species
occur in marine and brackish water. Another 40 species occupy marine,
brackish and freshwater. The remainder inhabit brackish and freshwater

or freshwater.

Studies by do Sylva, Kalber and Shuster (1962) and Abbe (1967) indicate
that the estuary is primarily important as a breeding ground for fish
(over 60 species) and a nursery for juveniles.

Upper Estuary

Thomas (197]) collected 90 species of finfish from the Artificial Island
area, including the river and four tidal creeks (Appoquinimink, Blackbird,
Alloway and Hope Creeks) (Table 5).

Schuler (1971) collected 42,000 fish comprising 42 species in daylight
seine samples. The 10 most abundant species, comprising 98 percent of
the total, were Atlantic silverside, bay anchovy, blueback herring,
mummichog, Atlantic menhaden, striped b:sss, white perch, alewife, rough
silverside and tidewater silverside. Over 45,000 specimens were collected
in daylight bottom hauls. Of these, 99 percent consisted of bay anchovy,
weakfish, white perch, hogchoker, ilewife, blueback herring, American
eel, striped bass, bluefish and brown bullhead. According to Schuler,

the Artificial Island area is an important nursery for weakfish, white
perch striped bass and black drum, all sportfish species.

Lower Estuary

Daiber and Smith (1971 b) conducted the most recent comprehensive survey
of finfish in the bay below Cohansey River during 1966 through 1970. A
total of 136,093 fish of 69 species was caught. Weakfish (31 percent),
hoigchokers (23 percent), scup (13 percent), northern sea robin (4 percent)
and windowpane (4 percent), comprised three-fourths of the catch (Table

E). Species diversity was less in the upper bay than in the lower bay
and was greatest everywhere during the summer and fall.

Daiber (1954 b) gives the relative abundance of fish taken in commercial
trawl samples during 1951 through 1.954. The 10 most abundant fish were
weakfish, spot, scup, hogchoker, summer flounder, northern sea robin,
lantic croaker, spotted hake, butterfish and white perch. Five of

Daiber'-7 top 10, the summer flounder, Atlantic croaker, spotted hake,
butterfish and white perch, all important recreational and commercial

9I
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species, do not occur in the top 10 of the 1971 study. The studies
suggest that the smooth dogfish, roughtail ray, bulinose ray and striped
sea robin are slowly becoming more abundant, while the clearnose skate,
silver hake, summer flounder and northern puffer are, in general,
declining in abundance.

Tidal Tributaries

Although the New Jersey Division of Fish, Game and Shellfisheries has
surveyed many of the streams draining into Delaware Bay, most were
surveyed in the upper non-tidal reaches. Fishery data for the tidal
segments are scarce. The Maurice River is an exception. Himchak (1978)
and McClain (1978) sampled ichthyoplankton and finfish in the lower
Maurice from October 1975 to September 1976. Planktonic forms of 23
fish species were collected. Bay anchovy, naked goby, Atlantic
croaker, spot, menhaden and American eel made up 98 percent of the
collection. Additional species were taken as either adults or juveniles.

Many streams in New Jersey support spawning runs of alewife or blueback
herring (Table 7). None are known to support spawning runs of American
shad.

Martin (1974) sampled 13 Delaware tidal streams draining into Delaware
Bay. These included Reybold Creek, Silver Run, Appoquinimink River,
Blackbird Creek, Smyrna River, Leipsic River, Simons Creek, Mahon River,
Little River, St. Jones River, Murderkill River, Mispillion River and
Broad Creek. Indian River, Rehoboth and Little Assawoman Bays were also
sampled. The results show tidal streams are important nursery, forage
and spawning habitats for a variety of fishes. Species commonly present
in adult and/or juvenile stages are white perch, weakfish, spot, menhaden,
American eel, blueback herring, alewife, striped bass, bay anchovy, naked
goby, white mullet, winter flounder and silverside shiner. The less saline
segments usually contain white catfish, channel catfish, carp and yellow
perch.

III. Benthos

The first published account of benthic assemblages in Delaware Bay was
a paper on the associated oyster fauna (Maurer and Watling, 1973). A
series of papers dealing with the distribution and ecology of specific
taxa was also completed: Amphipoda (Watling and Maurer, 1972a); Hydroids
(Watling and Maurer, 1972b); Pelecypoda (Maurer, Watling and Aprill,
lrV,1); Isopoda (Watling, Lindsay and Maurer, 1974); and Gastropoda
(Leathem and Maurer, 1975). Additionally,KEnner, Maurer and Leathem
(1975) described animal-sediment associations of dominant benthic
species.

'7
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Watling, Maurer and Wethe (1976) undertook the first comprehensive
sampling of benthic invertebrates in Delaware Bay. During July and
August 1972 and June and July 1973, 207 samples were taken along 26
transects between Cape Henlopen and Stone Creek. One hundred and nine
species were obtained during 1972 and 125 during 1973 (Table 8). There
were no significant changes in relative abundance of phyla from one year
to the next. The average numer of individuals per sample for both 1972
and 1973 was 20 (200 individuals/m 2). At only ten stations of the
207 sampled were there more than 1,000 individuals/m 2. The authors
suggested the low densities were due to a lack of attached benthic
macroscopic algae or vascular plants in the bay, which in turn, was
most likely related to the highly turbid conditions in the bay. The
absence of macroscopic benthic algae deprives the benthic commnunity of
a major source of organic material that would be used by deposit feeders.
The most widespread species were Tellina agilis, Heteromastus filiformis,
C'lycera dibranchiata, Nephtys picta, Mulinia lateralis, Protohaustorius
wigleyi, Gemma gemma and Nucula proxima.

Benthic invertebrate studies for the Delaware River are described by
Homa (1978). We were unable to locate any relevant information not
covered in Homa's report.

IV. Commercial Fisheries

The National Marine Fisheries Service, Department of Commerce records
commercial finfish and shellfish catches within the Delaware River and
Bay. The mean values for catches recorded from 1960 through 1977 and
from 1973 through 1977 are approximately $1.7 and $3.1 million respectively
(Table 9).

Species composition, poundage and value of 1977 commercial finfish and
shellfish catches for Delaware Bay and River, are given in Table 10.
Oysters comprised 70.0 percent of the total harvest value. Blue crabs
were a distant second at 19.1 percent followed by sea trout 4.0 percent,
eel 2.5 percent, and striped bass 1.5 percent. Together these five
species made up 97.1 percent of the total 1977 harvest value.

Analysis of catches landed from the New Jersey side of Delaware Bay,
1948 through 1975, reveals that oysters comprised 85.6 percent of the
harvest value (Table 11). Other species comprising the top 5 were blue
crab (7.9 percent), menhaden (2.5 percent), hard clam (1.0 percent) and
striped bass (0.7 percent). Together these 5 species comprised 97.7
percent of the 1948-1975 harvest value (New Jersey side only).

'1t
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The paramount importance of the oyster to commercial fisheries in
Delaware Bay, both in the past and present, is evident from the catch
data. A description of the oyster industry is found in the Service's
planning aid report: "The Effect of Salinity Change on the American
Oyster in Delaware Bay (1979)."

Second in importance is the blue crab. It occurs from the vicinity of
Philadelphia to the mouth of the bay, and is commonly found in tidal
tributaries. Harvesting is by potting and dredging. Potting occurs
during non-winter months, while dredging is a winter time activity
restricted to deepwater sediments. Approximately 3,000 acres of bay
bottom in New Jersey are leased for dredging crabs. In Delaware leasing
is not a requirement, but fisherman may not dredge in leased oyster
grounds. Most dredging occurs in the lower bay.

In the past and occassionally in recent years (e.g., 1974) the Atlantic
menhaden has been an important species. According to Homa (1978) menhaden
probably spawn in the deeper areas of Delaware Bay. They use the shore
zones and tidal creeks of the lower estuary as nursery areas. Menhaden
are processed for fish meal and oil.

Besides being an important sportfish, the weakfish is also a valuable
commercial species. Weakfish enter the bay in early May. Spawning
occurs from late May to early August along the shoals and in the
Delaware River. Juveniles are found in upper tidal tributaries such
as Silver Run, Appoquinimink, Blackbird, Smyrna and Mahon Creeks in
Delaware (Martin 1974) and Alloway, Hope (Smith 1971); Dividing and
Oranoaken Creeks (McClain 19"ib), New Jersey. In late September, the
large weakfish begin leaving the bay, followed by the smaller fish and
eventually the young of year (Martin 1974).

The striped bass is another fish with both commercial and recreational
importance. Formerly a common migrant in the Delaware River, it now
spawns primarily in the vicinity of Artificial Island and in the
Chesapeake and Delaware Canal. The juveniles inhabit tidal streams
until their third vear when they travel to the ocean (Martin 1974).

The American eel is a catadromous species. It spawns in the Atlantic
Ocean, but migrates to brackish or freshwater to spend most of its
juvenile and adult life. The eel prefers muddy bottom streams and is
present throughout the lower Delaware drainage.

The hard clam is widely distributed throughout lower Delaware Bay, but

is not present in commercial densities. A 1972 survey of the west side
ot the bay disclosdJ two areas with potential as commercial clam beds:
,oe Flogger and Old Bare Shoals (Keck, Watling and Maurer, 1972).

r
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V. Recreational Fisheries

In 1961, the Fish and Wildlife Service estimated that approximately
130,000 saltwater sportfishermen annually devote 900,000 man-days to
fishing within Delaware Bay. Most of these were finfishermen. However,
an uncounted number also engaged in clamming and crabbing. The six
finfish species that accounted for the largest annual harvests by sport-
fishermen were bluefish, scup, weakfish, summer flounder, sea bass and
croaker (U.S. Fish and Wildlife Service, 1962).

Martin (1973) reported 330,935 man-days of sportfishing from boats in
western Delaware Bay in 1973, with an average number of 2.8 anglers per
private boat, 8.0 per charter boat and 38.5 per head boat. Weakfish
comprised 90 percent of the 1971-73 sport catch.

Using Martin's data, Smith (1975) estimated that boat fishing contributes
$4.5 million to the west bay economy. He also determined from use surveys
that boat fishing was concentrated in the lower bay, especially in areas
associated with the navigation channel running through the Ship Anchorage
or lightering area; that weakfish, summer flounder, black sea bass, and
black drum were the primary species sought by Delaware head boats; and

that the mean number of sportfishing boats in western Delaware Bay on
weekdays and Sundays was 180.4 + 6.9 and 447.6 + 162.3, respectively.

The most recent (1976) survey of sportfishing in Delaware by Miller (1977)
showed no appreciable change in sportfishing effort by boaters since 1973.
However, shore fishing effort had appreciably increased from 128,512 man-
days in 1973 to 225,129 man-days in 1976. The author cautioned that any
real differences in fishing pressure could have been masked by differences
in survey compilation techniques. Future studies on sportfishing in
Delaware, occuring at approximately three year intervals, should avoid
this problem.

For eastern Delaware Bay (Salem, Cumberland and Cape May Counties) an
estimated 300,.000 to 650,000 man-days of sportfishing effort are expended
annually from April throug h November. Boat fisherman account for 75 to
80 percent of the effort and about 95 percent of the catch. At least 85
percent of the fish landed by boat fisherman are weakfish. Boat fisherman
,also catch summer flounder, bluefish, spot, striped bass, black sea bass,
white perch, kingfish, winter flounder, black drum, shark, carp, catfishes,
ind AT'.erican el. White rerch make up from a third to a half of the catch
of shore fisherman, with summer flounder, bluefish, striped bass, spot,
winter flrun~er, catfishes, carp and American eel making up the remainder
k... Fiih and 'Wildlife Service, 1975).

The }'ennsylvinia Fish Commission (1975) estimates that the Delaware River
in Philadelphia and Delaware Counties provides approximately 56,000 man-days
)f fishing annually for alewife, blueback herring, shad, bullhead, sucker,
sunfishes, carp and eel. The Schuylkill River in Philadelphia County
provides approximately 43,000 man-days for identical species, including
muskellunge.

4
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Fisherman use estimates for the New Jersey side of the river are not
av.ilable. However, we would expect an amount similar to that occurring
i ra. Pennsylvania.

Fisherman use data lo. the tidal tributaries is generally lacking. Martin
(1974) provides ruidance to fishermen on where and how to catch fish in
t~e Delaware tributaries, but does not indicate a current level of use.
iI-ey (1978) conducted a year-long use survey of the Maurice River
-tuary btweon ()ctor l97) and September 1976. Part of the survey

::i i. a !,-ct ien c[ Delaware Bay (Maurice River Cove). As might be
'xpected, recreationil use peaked during summer (August) and reached
,. low point in .inter (January). Bank and boat fishing amounted to 15,986
and 15,179 man-days respectively.

based on the survey information available, fisherman use of the lower
Delaware River, Delaware Bay and tidal tributaries is at least 1.2 million
man-days per year. We estimate that 90 percent of the use is by saltwater
inglers and 10 percent is by warmwater fishermen. Since saltwater
fishermen spend an average $16.65 per man-day of angling (U.S. Department
of the Interior, 1977), saltwater fishermen annually contribute an estimated
18.0 million to the regional economy. The average man-day expenditure by
warMwater fisherm-n is $8.48. Therefore, the annual contribution from
warmwater fish fimen is $1.0 million. We regard these as conservative
estimates. Additional fisherman use survey,-, particularily on the tidal
tributaries, might increase these estimates.

VI. Wetland Wildlife and Uses

A 1973 survey by the Academy of Natural Sciences disclosed that the
Delaware River, estuory and t.ributarics between Trenton, New Jersey o,
Cape May - }{enlopen drain approximately 176,000 acres of freshwater and
brackish water wetlands (1). Approximately 10,000 acres are of the
freshwater type ani occur between Trenton, New Jersey and Wilmington,
Delaware. The remaining 166,000 acres are mainly brackish and occur
-etween Wilmington andI Cape May - Henlopen. The more common freshwater
wetland plants are Scirpus americanus, S. olneyi, Polygonum punctatuir,
various species of Eleocharis and Sagittaria, Zizania aquatica, Peltandra
vircinica, Nupiia alvena and species of Pontederia and Lythrum. Where
,hannelization, ditching or filling has occurred, Phrapnites conimuni .

often dominant. Pr-ickish water vegetation is characterized by ajLptina
tern-!flora, C. patens and Distichlis spicata (The Academy of Natural
;'nces, 1973).

1961 survey by the Service disclosed approximately 206,000 acres
*n L si within the Coastal Plain physiographic section. The 1961

'5 " o" u ;eflI i slightly larger a-ea than did the Academy of Natural
, ,urvv, nVI this largely accounts for the disparity between the
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The freshwater and brackish water wetlands and adjoining upland provide
essential habitat for a variety of vertebrates collectively identified
as wetland wildlife. As least 144 species of birds, including 30 species
of waterfowl, 39 species of shore and wading birds, 16 birds of prey and
59 others, occur in or near wetlands. Added to these are 22 amphibians,
22 reptiles and 17 mammals, all occurring in or near wetlands.

An estimated 300,000 ducks and geese overwinter in these wetlands. About
225,000 (76 percent) inhabit the Delaware marshes. Of these, 150,000 are
Canada geese (Graham, R. 1979). Approximately 55,000 waterfowl (18
percent) overwinter in New Jersey (U.S. Fish and Wildlife Service, 1975).
Wetlands in Pennsylvania, principally Tinicum Marsh, overwinter the
remaining 20,000 (7 percent). Over 75 percent of the Pennsylvania
waterfowl are diving ducks (W. Drasher 1979). Although most of the

300,000 waterfowl leave the basin wetlands after winter., a substantial
number, mainly puddle ducks, remain to breed.

A 1977-78 survey of waterfowl hunting in the Delaware portion of the
basin disclosed that 22,200 hunters expended 183,600 man-days hunting
ducks, geese and rails (Florio 1979). A similar survey of the New
Jersey portion in 1974-75 disclosed 17,800 hunters and 115,400 tn-days
(New Jersey Division of Fish, Game and Shellfisheries, undated)w.) Such
surveys have not been conducted in Pennsylvania. However, the Pennsyl-
vania Game Commission indicates that hunting pressure there is substan-
tially less than in New Jersey (D'ashe' 1979). Based on the two surveys

and a conservative guess in Pennsylvania, we estimate that the basin below
Trenton annually provides 43,000 hunters 320,000 man-days of waterfowl
hunting. Since migratory bird hunters spend an average $10.82 per man-
day of hunting (U.S. Department ot Interior, 1977), waterfowl hunters
annually contribute an estimated $3.5 million to the regional economy.

The basin wetlands also support a valuable fur industry. Muskrat and
raccoon are most important. Other less important species are red and

gray fox, opposum, mink, weasel and skunk.

A 1977 survey of trapping in New Jersey revealed that 1,369 trapping
licenses were sold in counties comprising the New Jersey side of the
basin (1). Trappers expended approximately 77,000 man-days trapping
within these counties. The harvest was valued at $1.4 million (New
Jersey Divisi o of Fish, Game and Shelifisheries, 1977). In Delaware,
a 1977-78 survv revealed that 2,000 trapper/hunters expended 41,000

V4 mn-dayvs trapping muskrat and trapping/hunting raccoon. The total
Sfurbeirer harvQ; t from the Delaware side of the basin was valued at

million. :;urveys of furbearer harvests in Pennsylvania have not been
undertaken. Because Pennsylvania has the least amount of wetland and is

(I) Burlington, Camden, Cape May, Cumberland, Gloucester and Salem.
'I
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the nost developed of the three states, it is reasonable to expect that
it produces the lowest furbearer harvest. Considering the two surveys
uid a conservative guess of the Pennsylvania harvest, we estimate the
annual value of the furbearer resource below Trenton at $2.1 million.

A-('erding to the "1975 National Survey of Hunting, Fishing and Wildlife -

As ;ociated Recreation," 27 percent of the U.S. population 9 years or
older in 1975 participated in wildlife observation and 8 percent engaged
in wildlife photography. Wildlife observation amounted to 1.6 billion
man-days or 33 man-days per wildlife observer. Wildlife photography
totaled 156.7 million man-days or 10 man-days per wildlife photographer
(U.S. Department of Interior, 1977).

The Delaware River Basin Commission estimates that 1.8 million people
reside in the Coastal Plain section of the basin (Kausch 1979).
According to the national average, 86 percent or approximately 1.5
million of these people are 9 years of age or older. Using the referenced
population percentages for wildlife observer (27 percent) and wildlife
photographer (8 percent), we estimate the numbers of wildlife observers
and wildlife photographers in the Coastal Plain are 405,000 and 120,000
respectively. The estimated numbers of man-days expended on wildlife
rbservation and wildlife photography are 13.4 million and 1.2 million,
respectively. The 1975 national survey did not indicate average expen-
ditures for wildlife observers or wildlife photographers. However, if
each wildlife observer and photographer spent only $10 annually, the
contribution to the economy would be $5.3 million. The actual value is
probably higher.

VII. Threatened/Endangered Species

The lower Delaware River- and Bay Region is within the historic range of
17 federally designed threatened or endangered species (Table 12): seven
whales, five m.irinu , turtles, four birds and one fish. The whales and
turtles are primarily oceanic, but occassionally venture into Delaware
Day. Three of the birds are raptorial and migrate through the area. The
other bird, the brown pelican, is a rare visitor. The shortnose sturgeon
inhabits the river and possibly the upper bay.

Information on the specific distribution of these species and their life
requirements is often fragmentary. This is particularily true of the
shortnose sturgeon, a bottom dwelling fish potentially most likely to be
atfected by dredging/filling. The little information known about the
2hortnose is matinly the result of research conducted from the St. John
River, New Brunswick. This work and other relevant studies were recently
summarized in the Tish and Wildlife '8ervice publication "Development of
fishes of the Mid-Atlantic Bight" (1978). A copy of the summary is
included at the end of this repert. Also included is a summary of recent
;hortnose collec tiorns from the Delaware River made by biologists from the
Delaware River Bisin Anadromous Fishery Project, Rosemont, New Jersey
(Table 13).

.,S



No federally designated or proposed threatened or endangered plants occur
within the project area. However, four indigenous plants are being consi-
dered for addition to the threatened species list (Federal Register,
Volume 40, No. 127, July 1, 1975). These are Nuttall's micranthemum,
purple fringeless orchis, Long's bulrush and Pine Barren's reedgrass.
It should be emphasized that none of these species have been officially
proposed for addition to the threatened list. Therefore, they are not
currently subject to the protection afforded by the Endangered Species
Act, as amended in 1978. We mention them simply because they could be
officially proposed during project planning, which would then make them
subject to the Act.

Nuttall's micranthemum, Micranthemum micranthemoides, a member of the
figwort family, is normally found on tidal mudflats. Collectors have
taken specimens adjacent to the Delaware River in Bucks and Philadelphia
Counties, Pennsylvania and Camden and Burlington Counties, New Jersey.
It has also been recorded from similar habitat in Delaware.

Purple fringeless orchis, Habenaria peramoena, a member of the orchid
family, occurs in meadows, bogs, alluvial thickets and low woods. It
may also be found along saltmarsh margins. Collectors have taken speci-
mens in Camden and Cape May Counties, New Jersey and Chester County,
Pennsylvania. It has also been taken in Delaware.

Long's bulrush, Scirpus longii, occurs in freshwater marshes and swamps
in Burlington County, New Jersey.

Pine Barren's reedgrass, Calamovilfa brevipilis var. brevipilis, occurs
in swamps and bogs of Burlington and Cape May Counties, New Jersey.

Species designated as threatened or endangered by the individual basin
states are shown in Tables 14 and 15. The Delaware list (not shown) is
the same as the Federal list. Pennsylvania currently does not have a
list of threatened or endangered birds and mammals.

This section does not fulfill requirements in accordance with Section 7
of the Endangered Species Act, as amended in 1978. For specific guidance
on formal consultation procedures, we recommend the Corps review the
Federal Register, Volume 43, No. 2, dated January 4, 1978.

VIII. Areas Sensitive To The
4 Disposal Problem

Our current knowledge of fish and wildlife resources in the lower Delaware
River Basin is largely the result of a long succession of proposals to
modify the environment. This is not an unusual situation and commonly
occurs elsewhere in the United States. Unfortunately, the value of
sporadic biological study is quite limited. This is particularily true

A _ _ _ _ _ _ _ _
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for the study of estuarine biota, which depend upon or are subject to a
myriad of natural or artificial regulations, including temperature, flow,
salinity, water quality, substrate, food, season, cover, etc. Any one of
these factors and certainly many more individually or synergistically
determine species presence, abundance, activity and human use. Despite
such variables, certain generalizations are valid and have long been
noted in our correspondence to the Army Corps of Engineers.

Wetland plants, including emergent, submergent and floating leaf hydrophytes,
nearly always provide valuable habitat for fish and wildlife. They pro-
vide food and cover for many species and also serve as sites for repro-
duction and early g-owth. The study area still has a significant wetland
acreage. Unfortunately over 90 percent of the wetlands occur south of
Wilmington. Therefore, remaining wetlands north of this city take on
added importance. The Service is committed to protection of all wetlands
and generally seeks opportunities to create additional wetland areas.
We particularily would like to see new wetlands created between Trenton
and Philadelphia.

Non-vegetated shallow water areas also provide food, cover and nursery
and spawning habitat. Although it is not well-documented, the current
biological opinion is that non-vegetated shallows can be made more pro-
ductive by establishing wetland plants. This generalization is not
necessarily true for all shallows, or for that matter, all species. For
example, smallmouth bass seek out gravel bottom shallows for spawning.

The Service is generally protective of shallow water areas, particularily
where water quality is good or is likely to improve. We occassionally
approve conversion of deepwater areas into shallow water habitats, but
prefer that the shallows, once created, also be planted with wetland
vegetation. These proposals must be reviewed on a case by case basis.

Vegetated wetlands and shallow water areas, are not the only sites sensitive
to the disposal problem. Other sensitive areas include oyster seed beds
and leased areas, blue crab dredging areas, hard clam beds, spawning and
nursery grounds for important commercial/recreational finfish and islands.
Islands serve as natural refuges for migrating waterfowl and other bird
life and are sometimes heavily used for nesting (e.g., Pea Patch Island).

In general, the body of biological information available suggests that
developed areas are least valuable for fish and wildlife. A good example
of this is the Philadelphia - Wilmington corridor which has a limited
fish population for about half the year. The problem is due mainly to

.4 poor water quality. Even if water quality significantly improved, it
is likely that fish productivity there would still be lower than in other
less developed areas where habitat is more diverse. Improved water quality
would, however, significantly benefit migratory species (e.g., American
shad).

.1
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TABIE 7 Streams Known to Have Anadromous Clupeid Spawning Runs in
Salem, Cumberland and Cape May Counties, New Jersey

Gloucester and Salem Counties - Delaware River Drainage

Oldmans Creek-alewife

Salem County-Delaware River Drainage

Beaver Creek-alewife - Oldmans Creek Drainage
Fenwick Creek-alewife - Salem River Drainage
Mannington Creek-alewife - Salem River Drainage
,-1alem River-alewife

Deep Run-alewife - Alloway Creek Drainage
Buckshutem Creek-alewife - Maurice River Drainage
Menantico Creelk-alewife - Maurice River Drainage
Creenies Sandwash-alewife - Maurice River Drainage
fi,-nkins Brook-alewife - Maurice River Drainage
White Marsh Pun-alewife - Maurice River Drainage
Yaurice River-blueback
Piceway-alewife - 11arurice River Drainage
Maurice River-alewife

Cumberland aTrl Cape May Couiities-Delaware Bay Drainage

West Creek-alewife - Delaware Bay Drainage
Alioway Creek-alewife

Salem aid Cumlerland Count if s-Delaware River Drive

Piccoon P itch-alo'wife - Stow Creek Drainage
,w Creek-,tlowifo
,"1 .I reek-,uoh,wk - Cohansey River Drainaf

':il! Croek-aiewilo - Cohansey River Drainie
C' hansey River-I sba -k

_!1oA,-Sey PivPT-,, 1 PW £

C- I r (r -1 iV (?,,fr Cred -.1!, "!

tl14,ee Cr-eQ-a! -.. i fe Maurice Fiver Drainage
.. I,Jmuskin P iv,-i -ilewife - Maurice Fivor Drainage

4

I''



Table 8

List. of species obtained from transect samples
in Oelaware Bay during 1972 and 1973

Feeding* Transects
Type 1-13 14-26

Phyl um Cnidari a
ClaSS ilydrOZOd

Order Ilydr'nida
Family Ilydraicti ni idae

HNydrac tiniA ecChin it a (Fleming 1828) SF x
Fami ly Campnw I ari idae

I'lartlaiihella yjelatinosa (Pallas 1766) SF
FdMii11 y ertul1ar idae

Ser *Lu-1dri.1 ar-jntea-Linne 1758 SF x
Falmlyf 1umu I iri idae

SC hi ZOtri Lhd ten11ella (Verrill 1874) SF
Class ANthozoa -

Order Actinaria
Famil I / iaduinonidoic

Ujadumene leucolena (Verrill 1866) SF

Phyl umn hynchocoel a
Class Anopla

Order ie terwonerti
Fadii 1Y L ine idae

Cerobratulw, lacteus (Leidy 1851) C x
Ui (.r U a ILi C x

Class U0,3nown1
lemertea sp. C X x

Phyl um Annel ida
Fi i ly AmhiJt ret id ( Webte 189 M

Asabel 1idos JCUIJLtUS (Wbtr17)Y
Me Ci nina Cf N. ma1,CU1 a x

Asol1i idc, ;p. c f .A. -oculatus UJF x
? A ,,I - 11I i des- OF x
Avqphanetidae sp. I of x

FailIy Arabe Iiidme
Ara( hIIa i r i c o Ior (Montaqu 18041) 0 x
Dri ien is 1 Qn~J Webster 1879 0 x x
olcionernts niaynna Webster and Benedict 1887 0 x

Family Ca pi tol i (Lie
ap iLe lac capiLia (Fabri ciUS 1 780) OF x x

Hie eronnasu fu' Iiliformi s (Cl aparede 1864) oF x x



Table R (Con t.

Feeding Transects

Family CirratulidaeTye13142
Ca ulle rieila sp. 2 OF x
Iharyx ;p. 2 OF x x
-C irri f orm ia sp. cf. C.- grandis OF x
? chaetozoiic OF x

Family Eunicidac
Ibrpysas~juinea (Montagu 1815) O

Fami ly Glyceridae
Gl(caamei calla Leidy 1855 C x x

CIyc -erd Ca I) tatai Oers ted 1843 C x
Glycerat dibr-anchidta Ehlers 1868 C x x
G ly -c 'e ra ru-brsta Ehlers 1868 C x

Fam i Ily Gon iad idae
Giycind~e solitaria (Webster 1880) C x x

Farii ly lhc ion idae
Miruophthalmus abet'rans (Webster and Benedict

1887) C x
Fa:rii ly LUmbr i ne-i dae

Lumbri ner is acuta (Verrill 1 1875) OF x
Luibrineris -t-e-nus (Verrill 1873) OF x x
Lumrbieris sp. cf. L. tenuis (Verrill

1873) OF x
Family Mayolunidae

MI(YIof u sp. I OF x
flirjel ora sp. 2 OF x
8-I~lelofla "p. 4 OF x

Fairii y -Mal da n i(ae
Clymellel la sp. cf. C. to rquata (Leidy 1855) OF x

Fami ly tNephtyidae
hwbtvsbuera El1er's 1868 0 x

Nllcjtys picta Ehlers 1868 0 x x
Fanri ly Nereidac

* !lreis (Neanthes) succinea Frey and Leuckart
___ _1847 0 x x

Eaiii 1y Uphel i idae
Oiphe I a b icorn is Sov i gny 18 18 OF x
fravi',ial carrica Verrill 1873 OF x

1-a i 1 yOrb in I Idae
A Haplocvcolnplos acutus (Verrill 1873) OF

lP'loscliloplos, fra- ji1is (Verrill 1873) OF x x
iid pI r .sceloplor, I--obus -tus (Verrill 1873) OF x x
Urbini a 0I'll') tus ( Ve r' 1-1 1873) OF x
Sc ni0o -;s11. OF x

Fami ly Paraonidae -x
Aricideai sp. O
ArYijrlea cer-ruti Laubier 191,7 OF x
Paradoei(araoini des) lyaSouthern 1914 OFxdune__ ___
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Feeding Transects

F'll IYh.' 1,1.i deType 
1-13 14-26

11c( t it I (!(' JII ~i i Verrill 18/3 OF x
I aw I ly Illy' I I (&oc id

i.f~l hoh'ropflj)'1 Hadrtmanf I 95 0 x x
ftcale hV to C arede 186,1 0 x

[ tellf I ir .(Jo ( ibr ic ius 1780) 0 x
l-ull i a I'd11nji Yj (Urs ted 18343) 0 x
Iliraii w i ! s koSLerieiisis (Malmyren 1867) C x

iih~ C'Idmtl irle. Webster 1880 C x
I 11 y Pul ylo ldae
tdia iio'eo 11). cf. 11 exte nudu ta (Grube 1840) C x

e L~:sa x tentia ta (Grube 1840) C x x
L c pid(miatls Spj~unitus'(Ri-nnaeus 1756) C x
Lepidu:i t~ subievis Verrill 1873 C x x

FJIl aI Y I I (Ii r1 dl &I e-
-)dhO I I I ~iV Iu qliS Verri 11 1873 SF x x

Fawi I" o t,~l II i d(2
Po L'1;li I Ifr i iu form i s (Leuchart 1849) SF x

[aoi 1 I0 I 1Ii(1,10
flydroiI( d: (Iatt-us0 (Verrill1 1873) SF x

lai 1y Oa ljd11(dae

"thol'flJois (de nt i cula tum:) C x
i (13 1loll SI). C X

Fa~ii ly Spionidae
Po lybt~oa I1 pjni Webs ter 1879 OF x x
1,c lydori SOii I i s ( Schnmarda 1861) OF x
i0 I vd('oi L ett'i I lartuifal 1943 OF x

~1~~i~isviridis (Verrill 1873) OF x x
Ill)1 elop:i' jiain td (0 .Muller 1806) [)F x

0 hom e'hyx-(Cl alarede 1870) OF x x
Arbl pli lwnedicti Webster 1879 OF x x

xoljrlfl \vl'l 0901 (C1apai de 1868) 0
1, a 11)1011 ) 11 l1onygicirrata Webs ter and

Benedict 1884) 0 x
It Cccl d I t tilnta- (Agassiz 1863) 0 x

Fai: :1y Iet- bel idde
1:: (Jtt OX ehitu-s (Leidy 1855) DF x

Class ol i uo l( tIl

0 1 i qo II, ~ita OF x

P1:'1 1l Mrn 11 usco
class Ga.5 rpo'

fOrder M(25ld iw)jLodd

Ep) Lon 1 U lull 'J)IIC0la (Kulrtz 1860) C x
Fa::i I yCa I vp tra e i dae

Crepidl f(1 ort:i ca ta (Li one 1758) Sr
CleP IMIl I CCI)Vt Xd Say 1822 SF x x

A repi)dula, pldtln Say P322 Sy



Tabl 8 cnt
Feeding Transects
Type 1-13 14-26

Family Naticacca
Lumitia heos (Say 1822) C x

Order Neogas Lropoda
Larni I y Me Iongion idie

BUSyc01n cdrica (Grnelin 1791) C x
Famly ar assri i dae
Na ssati us triv ittatus (Say 1822) C x x
I lyar ass,. obsoletus (Say 1822) C x x

Fawci Ily M rrji nel I Ii dae
M~arainel Ihi t-oscida Redfield 1860 C x

Ordery Tec ti bra flhi a
Fami 1 y Pyrmunid IelI idae

Sayella fusca (C.3. Adams 1839) ectopara-
sitic K

0 rder Nudib it) r 11(i
Fail) ii Iy Corm11111 d

DorodellaI obscura Verrill 1870 C x x
Class 1valvi~a

Order- Protebrarcid a
Family Nuculidae

tNuc ila proxiai Sdy 1822 OF x x
Yoldia I iniaula Say 1831 OF x x

Or d e r Fi I i b)ra tch i a-
FamilIy Arc i da v

Amidara ova I is (Bruguiere 1789) SF x
Famr i I y My t. ii I i a e-

Geukensia demisso (illwyn 1817) SF x
Mytlus eul isLinne 1758 SF x

Fanri ly Ostroidae
C ra s s -o .tro virylmnca (Ginel in 1791) SF x x

Order' LV 1ane 1 libra tch ia
Famni I,, Ca rd i Lido e

Cyc Ioca rd ia borealIi s (Co nrad 1831) SFK
Fall] I y_ Lept onidaor

Iysell a p larmla -La -(St impson 1 857) SF x
Fai1y Veocr dai-
Mereona ria Imert endiara (Linne 1?758) SFr x
(Inva 9iIIwoh (lotter{ 1834) SF x x

Faily To IIi n i dac18e
Ic lii a~ a I is SLimpson M7of x
Mac oma- bla I tH)ica (L in ne 17 758) OF x x

Fami I y Solen idap
4 Lsis direc~us Conirad 1843 SF x x

Spistla_ solidissima (Oillwyn 1817) SF x x
mu ii-in i I ,1, a I s -Say 1822) SF x x

F I am ilIy Mya r ida e'1 renaria Linne 1758 5F x
(#V_ y'
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Table q (cont.

Feeding Transects
Type 1-13 14-26

Family Corbu 1idac
corb)Uld contracta, Say 1822 SF x x

Faii y Lyonisi idae
Lyo)-n -sia hyalina -Conrad 1831 SF x x

Fanti ly Pdfldoridde
Pandora !LQ yudiana Dali1 1886 SF x

PhylIumn Arthropoda
Class Merostomata

Li w-ulus- pulypheus (Linne 1758) C x
Class Pycnogornida

Family Pallenidae
Tatny sty Ium orbiculare Wilson 1878 DF x x

Class CrYustacrca
Subclass Cirripedia
Order Thoracica

FamIil l ' alainidae
Balanlus (13alanIus) imprvisu -s Darwin 1854 SF x
Balais (Scmibalanus )balanoides (Linne) SF x

Subclass MaldCOStraca
Order Mys i (dice

F ami Ily My s ida f
Neisis51 americana (S.I. Smith 1873) SF x x

Order Cuithicea
Family Diastylidae

O0Ji1ro-st.Yl is -smithi Calman 1912 OF x
Order 1 sopoda

Family Anthuridae
Cyathu-rd polita- (Stimpson 1855) 0 x x
Ptilanthura teiiuis Harger 1;878 0 x
Cyathur-a bur-ba-tcki Frankenberg 1965 0 x

Family Idoteidae
Chiridotea nigrescens Wigley 1961 OF x
Ldo t _ea trilIobaJSay 1818) DF x

O rd(IerV, Ai phIi 1) (da-I
F-ami ly AmpelI i sc idae

A;Tyel j s(., a 1)-d i -ta Mills 1964 DF x x
~mipel-isca verril11i Mills 1967 OF x x

1 Jly Aimpi th-o-id-ae-
Ampi thimedae sp. OF x

Fail y Aor idae
Lem1)o s sm ith j (Holnmes 1905) OF x

Famil i a Lei daev
Batea catiutrinensis Fr. Muller 1865 OF x

Famiily Corophiidae
Cgophiim -ins-id-iosum Crawford 1937 OF x x
Corj)iLI Iu d !U~r. Vanhoffen 1911 OF x
Cor -oph iu m tube -rcu -latui Shoema ke r 1934 OF x x
Erichthonius brasiliensis Dana 1853 OF x x
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Table 8 (Cont. )I

Feeding Transects
Type 1-13 14-26

Family Corophiidae (cont.)
LUriciola irrorata Say 1818 OF x
UI1nci ohi serra6t Shoemaker 1 945 OF x x
Unciola diss-imi-lis Shoemaker 1945 OF x
cqrophiti simile Shoemaker 1934 OF x x

Fami ly Gaminaridae
Gaminarus mucronatus Say 1818 OF x x

E1sous1~i~~ih1871) OF x
Melita nitida Smith 1873 OF x x

Famiil-y Fauis-t-oriidae
rarahatistorius attenuatus Bousfield 1965 OF x
Parahaustorius lonclimerus iBousfield 1965 OF x
Pr o-t-oh aust-o-rius w-i- ile yjBousfield 1965 OF x x

*Protohiaustorius deichmannae Bousfield 1965 OF x
AcnhlAus-ius-- -Ils -- Bo6us f iel1d 1965 OF X X

Acanthohaustorius inter-iiedius Bousfield 1965 OF x
Family Lysianassidae

Lysi-anops-is. alba. Holmes 1905 O
Fami ly Phoxocephalidae

Parapho1XuLS. Spinosus_ Holmies 1903 OF x
Trichophoxus. epistonus (Shoemaker 1938) OF x

Family Pleustidae
Parapleustes aestuarius Watling and Maurer

1973 OF x x
Fami ly Steno thoi dae

Param et *opella cypris (Holmes 1905) OF
Family Caprellidac

Pdt'acaprulla tenuis Mayer 1903 SF x x
Order Decapoda

* Fami ly Cranniclae
*Crailqon septemspitiosa (Say 1818) OF x x

Famiily Callidnassidae
*CaIIi atwssa sp. cf. C. atlantica OF x

* Faiily Paguridac
Pay -juus longicarpus Say 1817 OF x x

* Fami ly Cancridae
Cincer 1 rrora tus Say 1817 C x x

jilFaily Xanthidae

j uypnpesdepressus (Smith 1869) C x x
ficopanope texana. sayi (Smi th 1869) C x x
Rh i thropainopvus harris i (Gould 1841) C x

Fam i 1 y 1 n no thoier i d'3C
CP in nothere s m1ac iii atUS Say 11318 conitensa 1 x

9Pin n i xa sayana Stiim pson 1860 OF x x

10
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Table 8 (cont.

Feeding Transects
Type 1-13 14-26

Phylumi Ectoprocta
Class Gyinnolaema~ta

Order Ctenostomata
Family Alcyonidlidae

Alf:Ionidjim polyo um (Ilassall1 1841) SF x x
Alcyonidjum verrilli Osburn 1912 SF x

Family Noleflidac
Anquinell palmata Van Beneden 1844 SF x

Family Flustrellida-e
F -I-us trelIl -idva -hijpida (Fabricius 1780) SF x

Family Vesiculariidae
Bowerbankia gracilis Leidy 1855 SF x

Faiiy -Triticellifdae
Tr iticella elongata (Osburn 1912) SF x

Order Chei l1ostfom11a
Family Membraniporidae

Meiibranipora tenuis Desor 1848 SF x X
ien branip -ora tubercul1a ta (Bosc 1802) S

Cqoqooeum _______ uiF(Cnu 1908) SF x x
Family Electridae

[lectra hdStingsae Marcus 1938 SF x x
Family Schizoporellfdae

Sc h izop -orellI -a errata -(Watess 1878) SF x
Family Microporellidae
Microporella ciliata (Pallas 1766) SF x

Phylum Echinodermata
Class Echinoidea

Order Diadematoida
Family Echinarachnidae

Echinarachnius prina- (Lamark 1816) SF x

Soiirce: Watlinp, M~aurer and Wethe, 1q)76

I-:;2:;peflsion Feeder
DE Depo,;il- Feeder

C7 Ctrnivnre
0 7 Omnivore

of



56.

Table 9 Commercial Fish and Shellfish Landings in Delaware Bay and
River, 1955-1977'

New Jersey Delaware Total
Year Pounds Dollars Pounds Dollars Pounds Dollars

1955 6,027,125 2,611,829 6,359,700 1,290,374 12,386,825 3,902,203
1956 6,229,300 2,963,116 6,280,700 1,182,417 12,510,000 4,145,533
1957 4,364,100 1,874,694 10,035,500 3,890,741 14,399,600 5,765,435
1958 2,437,200 664,939 N/A N/A -

1959 1,507,040 277,194 N/A N/A -

1960 2,076,700 294,928 2,622,250 383,940 4,698,950 678,868
1q61 3,267,200 q67,519 1,511,400 257,001 4,778,600 1,224,520
1962 .3,10I,000 1,545,010 2,647,800 317,431 5,756,800 1,862,441

1(%3 2,188,100 658,4q4 1,036,900 161,243 2,846,594 819,737
19hL 2,48l),700 1,087,365 ( 911,400 183,972 3,401,100 1,271,337
196') 2,133,700 767,941 994,400 122,468 3,128,100 890,009
lqb 1,858,00 839,873 841,500 89,593 2,700,000 929,466
196' ',444,300 1,080,500 449,800 82,798 2,893,800 1,163,298
I'V, 1,934,100 1,0q1,083 396,300 98,147 2,330,400 1,189,230
jIl 1,,74,100 889,716 675,800 112,587 2,549,900 788,387
l(-,; 1,596,900 624,945 1,066,200 281,036 2,753,100 905,981
]9-1.1 2,173,00 842,036 1,723,200 514,964 3,897,000 1,357,000
14/2 3,390,5100 1,694,665 3,822,800 1,249,739 7,213,300 2,944,404
ji73 4,178,16,00 L,912,128 3,638,700 1,264,597 7,817,300 3,176,725

1) ln74 45,948,900 2,716,19F 2,930,300 751,270 48,879,200 3,467,466

1'7 5 5,234,200 1,551,121 4,230,200 1,160,831 9,464,400 2,712,152
1976 2,384,100 2,111,317 6,321,900 1,683,187 8,706,600 3,794,504
1977 2,008,300 1,577,672 2,045,300 704,206 4,053,600 2,281,878

N/A - Not available

1) - Menhaden landings for this year were 42,186,800 pounds valued
at :$1,060,861.

- 'ource: National Marine Fisheries Service, Department of Commerce

.4

.1
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Table 10 Commercial Fish and Shellfish Landings in Delaware Bay and River, 1977" C

New Jersey TX.liware Total
Species Pounds Dollars Pounds Dollars Pounds Dollars

Alewives 1,000 66 - 1,000 66
Bluefish 33,200 3,252 31,100 3,081 64,300 6,333
Butterfish - 100 24 100 24
Carp 34,700 3,431 28,000 2,520 62,700 5,951
Catfish 3,600 542 10,100 1,414 13,700 1,956
Croaker 3,300 514 8,900 1,841 12,200 2,355
Drum, red - 200 13 200 13
Drum, black 11,000 1,649 - 11,000 1,649
Eels, common 17,800 6,671 95,900 49,281 113,700 55,952
Fluke 300 124 4,500 2,111 4,800 2,235
Herring, sea 1,100 41 - 1,100 41
Mackerel, Atlantic - 500 77 500 77
Menhaden 41,900 2,016 24,600 984 66,500 3,000
Sea trout, gray 148,bO0 26,850 296,000 63,403 444,600 90,253
Shad 38,200 7,013 64,200 13,428 102,400 20,441
Sharks, grayfish - - 300 16 300 16
Spot 8,600 1,495 3,700 934 12,300 2,429
Striped bass 5,100 2,283 45,400 32,557 50,500 34,840
Sturgeon 200 31 - - 200 31
White perch 17,000 3,539 21,000 6,907 38,000 10,446
Unclassified for food 400 71 1,300 185 1,700 256
Crabs, blue 296,800 112,716 878,200 322,560 1,175,000 435,276
Horseshoe crabs - - 400,000 4,000 400,000 4,000
Lobster, American - - 700 1,750 700 1,750
Oysters 1,218,200 1,400,372 127,500 196,190 1,345,700 1,596,562
Turtles, snapper 22,400 4,996 3,100 930 25,500 5,926

TOTAL 2,008,300 1,577,672 2,045,300 704,206 4,053,600 2,281,878

r ource: U.S. Department of Commerce, National Oceanic and Atmospheric

Administration, National Marine Fisheries Service

j ''
6 ,, -€ 9

-I. - I --- : T ' -- " " 
J

' .... . -
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Table T nen most valuable commercial species landed in New Jersey
from Delaware Bay, lq48 - 1977"

% of Total % of Total

species Value Landings Pounds Landings

Oyster 41,827,373 85.6 77,277,515 45.0

Blue crab 3,875,049 7.9 24,263,860 14.1

Menhaden 1,20q,176 2.5 47,040,198 27.4

Hard clam 504,973 1.0 1,591,860 0.9

Striped bass 319,452 0.7 1,349,391 0.8

Eel 265,535 0.5 844,100 0.5

Shad 241,342 0.5 1,710,995 1.0

Weakfish 238,204 0.5 1,521,852 0.9

White perch 108,265 0.2 689,805 0.4

'arp 79,541 0.2 1,189,608 0.7

99.6 91.7

Source: Prpared from data supplied by the National Marine Fisneries
Srvice, Department of Commerce

i],

OI

q.1
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Table 12 U.S. Department of the Interior Designated Threatcned/Endangered Species
in the Lower Delaware River and Bay Region

Species Delaware New Jersey Pennsylvania

Blue whale, Balaenoptera musculus (E) x x
Bowhead whale, Balaena mysticetus (E) x x
'irnback whale, Balaenoptera physalus (E) x x

Hupbckwhale, Megaptera novaeanglide (E) x x
Right whale, Euhalaena spp. (E) x x

ei while, Balaenoptera borealis (E) x x
.;)ermnWi ' Phy.,e tier catodon ( E) Y x
Bald ealHaliaeetu:s loucocephalus WL X x
Amer icdn perecrine tidcon, F-alco peregrinus anatum (E) x x x
Arc t ic 1 ere, iine falcon, Falco peregrinus tundrius (E) x x x

Ben c~icnPelocanus. occidentalis CE) x x
a c-n rAturtlIc, Chelon ia mydas (T ) x x

fiwkhjlsea turtle, Eretmochelys imbricdta (E) x X
Atan idleIcy rca turtle, Lepidochelys k(empi CE) x X

-,Alh(tk sea tur'tle, Dermochelys coriacea (E) XX
!-,(,i ra turtle, (a iret Ia caret ta (T'V) x X

~hot1;h rurveon, Ac ipenser brevirostrum (E) X XX

(V Lrang-red
(1) -Thre:atened

* ceurce: Fedleral Register January 17, 1979

Vin
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TABLE 14 - State, of New Jersey, Department of Environmental Protection
Designated Threatened/Endangered Species in the Lower Dela-
ware- Rivor and Bay Region'

Shortnose sturgaeon Acipenser brevirostrum (E)

Atlantic sturgeon Acipenser oxyrhynchus (T)

American shad Alosa sapidissimna (T)

Southern gray treefrog Hyla chrysoscelis (E)

Eastern mud salamander Pseudotriton montanus (T)

Bog turtle Clemmys muhienbergi (E)

Wood turtle Clemmys inscuipta (T)

Indiana bat Olyotis sodalis (E)

Endangered ()-A fspeciers whose prospects for survival in
thf- state are in immediate dang7er due to one
or many factors-

Thre atened (T) M Iay become endangered if conditions surround-
ing the species beg'in to or continue to
deteriorate.

C~ouce:New Jersey Department Of EnIvironmental Protection,
Division of Fish Game and Shelifisheries.
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TABLE IS Pennsylvania Fish Commission Designated Endangered/
Threatened Fishes, Amphibians and Reptiles in the
Lower Delaware River Region*

fhortnose sturgeon Acipenser brevirostrun (E)

Threespine stickleback Gasterosteous oculeatus (E)

Eastern tiger salamander Ambystoma tigrinum (E)

New Jersey horus frog Pseudacris triseriata (E)

Cok ;tal plain leopard frog Rana utricularia (E)

ELstern mud turtle Kinosternon subrubrum (r)

Ped-be Ied turt le Chrysemys rubriventris (E)

Bog turtle Clemmys muhlenbergi (E)

(:) = Endangered

(T) = Threatened

:' %ource: Pennsylvania Fish Commission
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INTRODUCTION

£ In 1978 Gilbert/Commonwealth contracted with the

Department of the, Army, Philadelphia District, Corps of

Engineers to conduct Historical Resources Reconnaissance

Services and Investigations in the Philadelphia District

Area. Work Order 0005 called for a cultural resources over-

view and sensitivity analysis of data for shoreline areas

bordering Rehoboth Bay and Lete and Rehoboth Canal in

Delaware and Delaware Bay and River from the Atlantic Ocean to

Trenton, New Jersey.

The Work Order 0005 cultural resources study is being

conducted in conjunction with the Philadelphia District, Corps

of Engineers' Delaware River and Bay Dredging Disposal Study.

Authorized by the United States Senate Committee on Public

Works in October 1974, and initiated in February 1978, the

study is intended to develop a regionrl spoil disposal plan

for the tidal portions of the Delaware River, its tidal trib-

" - utaries, and Delaware Bay. The Delaware River is tidal up-

stream to Trenton, New Jersey; the tidal tributaries and other

project sites have been defined as follows: Neshaminy State

Park Harbor, Pennsylvania; Schuylkill River, Pennsylvania, mouth

to University Avenue, 6.5 miles; Wilmington Harbor, Christina

River, Delaware, 9.9 miles; Smyrna River, Delaware, 9.5

rmiles; Little River, Delaware, 3 miles; Murderkill River,

Delaware, 8.5 miles; Mispillion River, Delaware, mouth to

4'
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Milford, approximately 11 miles; Broadkill River, Delaware

10.3 miles; Harbor of Refuge, Delaware; Cooper River, New

Jersey, 1.8 miles; Big Timber Creek, New Jersey, 5.5 miles;

Mantua Creek, New Jersey, 7 miles; Racoon Creek, New Jersey,

9.8 miles; Salem River, New Jersey, 5 miles; Cohansey River,

New Jersey, 19.5 miles; and the Maurice River, New Jersey,

24 miles (COE 1978).

Gilbert/Commonwealth has undertaken Work Order

0005 to provide the following services for the Delaware

River and Bay dredging disposal study.

I. Literature and records background search

a. with attention to archeological sensitivity
analysis based upon

1) environmental factors which have influ-
enced human occupation;

2) review of regional literature and
State Historic Preservation Office
archeological site files;

b. with attention to historic sites based
upon

I) a comprehensive review of State His-
toric Preservation Office historic
site inventories;

2) preparation of abstracts and locational
mapping for protected historic sites.

Literature and records research was conducted in

Pennsylvania at the Office of Historic Preservation, Pennsylvania

Historical and Museum Commission in Harrisburg between

'7
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December 4 and 6, 1978. Commonwealth project archeologist

Stephen R. Claggett conferred with Curator of Archeology

Barry C. Kent, and Archeologist Ira F. Smith, III. Project

historian John R. Kern worked with Curator and Environmental

Review Specialist William 0. Hickok and Curator and National

Register Coordinator Susan M. Zacher. At the advice of Mr.

Hickok, Kern subsequently corresponded with Kathryn Ann

Auerbach, Historical Programs Coordinator for the Bucks

County Conservancy? Richard Tyler, Historian for the Philadelphia

Historical Commission; and Martha Wolfe of the Brandywine

Conservancy; (Ms. Auerbach reported January 1979 that the

Bucks County Conservancy has not yet surveyed the lower

part of Bucks County; see Appendix for response from Richard

Tyler received February 12, 1979).

Literature and records research was conducted

in Trenton, New Jersey at the Office of Historic Preservation,

New Jersey Department of Environmental Protection, where

Kern worked primarily with Architectural Historian William

McCrea; the Office of Environmental Review, New Jersey

Department of Environmental Protection where Claggett con-

ferred primarily with Archeologist Olga Chesler; and the New

Jersey State Museum where Claggett consulted with State Arche-

ologist Lorrain Williams and Staff Archeologist Karen Flinn.

The records and literature search in Trenton, New Jersey was

carried out December 6 to 8, and 11, 1978.

4
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Literature and records review was conducted in

Delaware at the Department of State, Division of Historical

and Cultural Affairs, Bureau of Archeology and Historic

Preservation at the Hall of Records in Dover between December

12, and 14, 1978. Claggett and Kern worked with Historical

Archeologist Cara L. Wise, and Kern conferred with Historian

Dean E. Nelson.

Minor site verification was carried out at Cape

May by Claggett and Kern on December 9 and 10, 1978. On

December 10, project staff members were accompanied by Robert

Logan, President of the Greater Cape May Historical Society.

Additional site verification was made at the Island Field

Site in Kent County, Delaware by Claggett on December 13 and

14, 1978. On December 13, Claggett was accompanied by His-

torical Archeologist Cara Wise. No additional on-the-ground

archeological investigations were carried out during the

reconnaissance.

Vof
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ENVIRONmENTAL BACKGROUND

Discussion of the environmental factors that have

influenced human occupation of the Delaware Bay margins

must recognize the time depth involved and the climatic, geo-

logic and hydrologic changes that have occurred. A large

body of current research concerns regional questions of

natural/cultural interactions or has a direct bearing on

investigations of archeological manifestations in the coastal

zone (J. Kraft 1977; Kraft and John 1978; Fairbridge 1977;

Sirkin 1977; Edwards and Emery 1977; Edwards and Merrill

1977; Thomas et al. 1975; Griffin 1976). Man has occupied

the area for at least 10,000 years, and perhaps as much as

40,000 years before present (B.P.) (J. Kraft 1977: 44; Thomas

1974; Mason 1971;H. Kraft 1974; 3-7, 1977). Dramatic fluctuations

in climate,sea level and floral/faunal patterns during even the

last 5-6,000 years have influenced, and will continue to in-

fluence, human settlement along Delaware Bay.

The geomorphic setting of Delaware Bay is that of

a drowned river valley or estuary. The present coastal plain

and offshore continental shelf are formed of cretaceous and

Miocene-Pliocene(?) age sediments, covered in most places

with Quaternary age sands, gravels and clays (J. Kraft 1977;

Johnson 1950; Widmer 1964). Lowering of world sea levels ca.

40,000 years B.P. resulted in exposure of the continental
9I

shelf for a distance of 75-100 km from the present shore-

line, coupled with entrenchment of the ancestral Delaware

t
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River and formation of a series of river terraces. Melting

of glacial ice masses during the last 10,000 years has re-

versed the process, resulting in gradual,vet variable, rates

of coastal submergence (J. Kraft 1977; Thomas et al. 1975).

Rising ocean levels and resultant encroachment

of salt water tolerant species and formation of tidal marshes

have placed dynamic strictures on human settlement of the bay

margin. Boreal forest communities typified the region during

the Pleistocene, but were gradually renlaced by deciduous

(oak, hickory) climax species during the early Holocene, and

black gum and cypress in some areas by 5-6000 B.C. (Whitehead,

1973) coincidental, with coastal submergence and resultant

establishment of estuarine plant and animal communities. Fossil

pollen samples, wood and peat species and extinct megafaunal

remains (mammoth, mastodon, walrus, ground sloth) have been

recovered from various onshore and offshore contexts and at-

test to this long-term series of climatological and floral/

faunal changes (J. Kraft 1977; Edwards and Merrill 1977;

Sirkin 1977; Kraft and John 1978). Aboriginal exploitation

of these changing environments consisted of hunting and

gathering of extinct and modern game, forest products and

littoral resources (especially fish and shellfish) (H. Kraft

1974; Thomas 1974). Yet, little direct evidence remains of

early occupational sites, due to their probable orientation
ai
along the drowned river and bay margins.

'1
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The gradual shift to modern conditions has been

completed only within the last 2-3,000 years (J. Kraft 1977;

Thomas et al. 1975; Griffith 1976; Robichand and Buell 1964).

Geological and archtological data indicate an essentially

modern climate and floral/faunal communities since that time.

Prehistoric sites have yielded evidence for exploitation of

white-tail deer, elk, black bear, turkey, raccoon, muskrat,

various birds and waterfowl, fishes, turtles and several

types of shellfish. Plant remains are less common, but sites

were evidently situated to maximize access to marsh and up-

land varieties of nuts, seeds, roots, reeds and "greens"

(Thomas et. al. 1975; Griffith 1976; H. Kraft 1974; Cross

1941). Tropical cultigens (maize, beans, squash) were added

to this list some time around A.D. 1000, and whaling was

oracticed by at least the seventeenth century (Dickinson

1972).

In general terms, Delaware Bay microenvironments

encomoass several interfacing habitats: coastal beaches and

dunes; shallow lagoons and tidal marshes;coastal plain up-

lands; tributary streams; and dissected piedmont uplands.

Most of the study area is within the Atlantic Coastal Plain

province,with predominantly sandv soils and habitats com-

bining shorelines, lagoons, marshes, tidal estuaries and

adjacent uplands. Tidal estuaries and marshes dominate

the lower half of the Bay margins, while a relatively flat

'"
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floodplain is present along the Delaware up to the fall

line (Johnson 1950; Widmer 1966). The upstream portion

of the study area includes the Delaware floodplain, low

river terraces, uplands and their draining tributary streams,

all of which are part of the Piedmont Crystalline Province

J. Kraft 1977). Natural communities have been virtually

eliminated along portions of the drainage, particularly as

the result of urban and industrial developments during the

twentieth century.

,4

1*



9

ARCHEOLOGICAL BACKGROUND

A review of regional literature and state site

files indicates that variable data are available on prehistoric

archeological sites along the margins of Delaware Bay.

Centralized files in the three states of Delaware, Pennsylvania

and New Jersey contain site data based on information de-

rived from sources as variable as recent systematic surveys

and amateur collector's reports from the turn of the century.

In general, site information from Delaware is rather com-

olete, due to efforts in the last decade to systematically sur-

vey coastal and drainage areas throughout the state. The

Pennsylvania portion of our study area lacks all but the

most rudimentary site data, largely due to heavy urbanization

and industrialization of the Philadelphia area. New Jersey

files contain site records from selected drainaqes, largely

derived frcm intuitive surveys conducted during the first three

decades of this century (Skinner and Schrabisch 1913; Cross

1941).

Comparisons of data from the three-state region

are understandably difficult. A general discussion of the

prehistoric background of the Bay area can be offered, never-

theless, based in part on published sources from the larger

Middle Atlantic Coast region.

t AO
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The major cultural/historical traditions identified

for eastern North America are the Paleo-Indian (15,000-8,000

B.C.), Archaic (8000-1,000 B.C.), Woodland (1,000 B.C.-A.D.

1,000) and Mississippian (A.D. 900-1,500) stages or traditions

(Griffin 1967; Dragoo 1976). Evidence exists for only the

first three traditions in the Delaware Bay region; Algonquian

groups present at the time of white contact were living basic-

ally Woodland lifeways and did not participate in the social,

religious and political systems that identify Mississippian

culture groups (Thomas 1974; H. Kraft 1974; Goddard 1978; Snow

1978).

Paleo-Indian

Paleo-Indian sites in the greater Bay region consist

mainly of isolated finds of fluted projectile points,

occasionally associated with less diagnostic knives, scrapers

or other implements. In keeping with current interpretations,

it can be argued that Paleo-Indian settlement/subsistence

patterrs involved hunting of Pleistocene nregafauna and certain

northern Holocene forms (caribou, musk ox) and gathering of

available plant foods. No evidence exists for direct exploi-

tation of littoral resources. Relative scarcity of sites and

artifacts is taken as an indicator of low population density

and a nomadic lifestyle, but a general lack of data is at-

tributable to the presumed destruction of many sites by coastal

" ubmergence over the last 12,000 years (J. Kraft 1977; H. Kraft

1974, 1977; Edwards and Emery 1977; Mason 1971; Bryan 1977).

11 IN



Archaic

A similar situation obtains for at least the early

portion of the Archaic stage (8000-4000 B.C.). Holocene

climate changes resulted in modified biotic patterns as well

as rising sea levels. Changes in artifact styles are viewed

elsewhere as indicative of a gradual transition from Paleo-

Indian to increasingly regionalized Archaic traditions (Adovasio

et al. 1977; Morse 1973; Coe 1964; Broyles 1971; Gardner

et al. 1977). This transition either did not occur in the

Delaware Bay region or has not been recoginzed (Thomas

1964; H. Kraft 1974). Early Archaic sites are known for the

upper Delaware and the lack of information from the Bay area

again reflects site destruction due to flooding.

Middle and Late Archaic settlement patterns also

are poorly understood, but increased populations are inferred

and recognizable tool forms reflect participation in extra-

regional traditions termed Piedmont Archaic and Laurentian

(Thomas 1974; H. Kraft 1974; Kensey et al. 1972).

Archaic settlement/subsistence patterns were pre-

dicated on coalescence or dispersal of kin-based groups for

exploitation of seasonally available foods or other re-

sources (Caldwell 1958; Kent 1970). It has been argued

that this "diffuse" economic pattern reached a level of

refinement called Primary Forest Efficiency (Caldwell 1958;

Cleland 1976) during the Late Archaic period, but recent

. .1
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research indicates that hiahly scheduled and efficient

patterns existed during the Early Archaic (Chapman 1977)

and continued to function into the historic period (Thomas

et al. 1975; Mounier 1974; Griffith 1976; Snow 1978).

Transitional

A transitional phase has been defined for the

Middle Atlantic region during the period from 1800-1000

B.C. Increased sedentism is implied, based on more sub-

stantial village remains and the presence of soapstone

cooking vessels, which would have limited, to some extent,

the transhumance patterns typical of earlier Archaic groups.

-ertain lithic tool forms also are typical of this period, which,

as the name implies, is "transitional" between the Late

Archaic and early Woodland cultural/historical periods (H.

Kraft 1974; Witthoft 1974).

Woodland

Woodland period groups in the Delaware Bay region

are identified basically by the use of ceramics and peripheral

participation in rather flamboyant Early and Middle Woodland

traditions termed Adena and Hopewell elsewhere (Dragoo 1976;

Pollak n.d.; DeValinger 1970; Cross 1956). Design elements

found on ceramic sherds allow distinctions to be made be-
95

tween localized Woodland groups (Lopez 1961) as well as allowinq

fairly precise analyses of external relationships (H. Kraft

i!1
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1974;Cross 1941). Larger populations wer- concentrated in

Woodland villages and increased status differentation is

inferred for burial details. Increased sedentism is at-

tributable to the introduction of tropical cultigens,

especially maize, some time around A.D. 1000, but Woodland

groups continued to participate in seasonal rounds of food-

gathering and, possibly, social contacts.

Archeological investigations in the area bordering

Delaware Bay historically have concentrated on Woodland

period sites, evidently because of their visibility and

large size(DeValinger 1970; Thomas and Warren 1970a, 1970b).

Amateur and professional attentions have focused on ceramic

period sites due to their potentially well-preserved artifact

and featural contents of burials, storage pits, hearths,

middens and house patterns. As discussed previousl v , older

Paleo-Indian and Archaic sites usually offer a less complete array

of specimens, and represent only a small remnant of the pos-

sible variations in site size and content. Most analyses

of prehistoric life in the Bay region are based on data from

large Woodland period sites such as Mispillion, Island Field,

Hughes-Willis, Poplar Thicket, Cape Henlopen and Townsend in

.J Delaware. Woodland sites in southeastern Pennsylvania re-

main undiscovered or are destroyed.

1 .1
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New Jersey sites have not been rigorously explored

or reported in the literature, except along the upper Delaware

or inland from the river and bay (Snow 1978; 11. Kraft 1974;

Thomas 1974; Thomas et. al. 1975; Cross 1941; Skinner and

Schrahish 1913; Kinsey 1972). Recorded sites in southern

New Jersey and southeastern Pennsylvania are either poorly

documented or do not otherwise lend themselves to ready

cultural/historical identification or processual interpre-

tation (cf. Cook 1960, 1969). Basic Late Archaic and

Woodland relationships have been defined, however, at sites

in the Maurice River drainage of southern New Jersey (Mounier

1974).

Late Woodland groups occupied large base camps

on the central portions of Delaware Bay tributaries but

continued to fragment into seasonally smaller units for the

seasonal exploitation of various estuarine and upland re-

sources (Thomas et al. 1975; Griffith 1976; Mcunie'r 1974).

Maize production was an important part of Late Woodland

economics, but never to the extent of late prehistoric

(esoecially Mississippian) groups elsewhere in eastern North

America.

Contact
9i

Contact period aborigina' groups inhabiting the

Delaware Bay region are ident.fiec as Alonquian- speaking

i I iI l ii i iII ii i • i . . l i i
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Delaware, or Lenape (Snow 1978; Goddard 1978; Hunter 1974;

Weslager 1953; Thomas and Lewis 1966). Some evidence sug-

gests, however, that the Late Woodland Slaughter Creek phase

in the lower reaches of the Bay (Lewes-Rehobeth area) was

more closely related to historic Aloonquian, Nanticokes,

Assateague. Choptank and Pocamoke groups of the Chesoeake

Bay region (Thomas 1974; 17). Townsend series ceramics

found on sites in southern Delaware are definiens for the

Slaughter Creek phase (Snow 1978; 63; Thomas and Lewis 1966).

Less intensive research has been devoted to late

sites in southern New Jersey, but early documents indicate that

Lenape groups were historic inhabitants (Cross 1941; Skinner

andSchrabish 1913; H. Kraft 1974; Weslager 1972). Sources

tend to indicate that the east side of the Bay was more in-

tensely occupied than the west side (Goddard 1978; 215; cf.

Johnson 1925). Investigations by Mounier(1974)demonstrate

gross similarities between the Late Woodland Fralinger site

on the Maurice River and larger Middle Atlantic cultural

traditions, but "...social organization and the relationship

between archeological cultures and ethnohistoricallv de-

scribed groups in this area await elucidation"(Mounier 1974:

-J 54).

.°.
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Historic

Goddard (1978:214) identifies several historic

Delaware groups in the Bay area -- Unami speakers whose

settlements were aligned along major stream drainages. The

groups and their locations listed by Goddard are as follows:

Sewapois (Cohansey River); Little Siconese (Salem River);

Naranticonck (Raccoon Creek); Mantaes (Mantua Creek); Armawamex

(Biq and Little Timber Creeks) ; Remkokes (Rancocas Creek);

Atsayonck (Crosswicks Creek); and Sankhikans (near the falls

at Trenton). Settlements or groups mapped for Pennsylvania

include Minquannan (White Clay Creek), Quineomessinque

(Brandywine Creek), and by the late seventeenth century,

Okehocking (Ridley and Crum Creeks) and Playwicky (upper

Neshaminy Creek). Rapid depopulation and political dis-

ruption of eastern Pennsylvania during this period has

been attributed to conflicts with Susquehannocks from further

north along the Delaware (Goddard 1978:215).

Southern Unami groups were apparently involved in

close trans-Bay contacts; the sole group recorded by Goddard

for Delaware (Lewes- Cape Henlopen area) is the Bia Siconese,

an apparent "tribal variant of the Little Siconese in New

Jersey (see above; Goddard 1978; 215). Relationships between

the Big Siconese and the Late Woodland Slaughter Creek phase

9 are unclear.

4~ . . -  -
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Subsistence/settlement patterns of early historic

Delaware groups varied little from precedents established

during prehistoric Archaic and Woodland periods. Permanent

base camps or villages, usually situated at mid-drainages,

were abandoned during winter and summer for satellite camps

where activities involved hunting, gathering or fishing.

Warfare also has been cited as an impetus for periodic dis-

persals(Goddard 1978:216-217). These ancient patterns were

seriously and rapidly disrupted in the seventeenth century,

as trade with the Dutch reoriented the Delaware economy.

Settlements were consolidated as the result of land sales,with

period group fragmentation for fur-hunting or trading ac-

tivities. European trade goods and introduced food-stuffs also

contributed to disruption of traditional patterns.

Delaware occupation of the Bay region was ended

effectively by the late seventeenth century, reflected in

a gradual westward movement of local groups into Pennsvlvania.

Claims of certain southern Unamis (in New Jersey) ended with

their relocation to the Brotherton reservation in 1758.

Later history involves various consolidations with Shawnee,

Iroquois, Wyandot and other native groups in New York, Ohio,

'Pennsylvania and,eventually, Oklahoma (Goddard 1978; Weslager

1972).

gi

4
t ,.

*12

1 • -. _ .. II I . . .. II .. *,' .. ..-- Z. .. .2 2 . .



S

18

HISTORIC OVERVIEW

Historic Background

The first Europeans to reach Delaware Bay were

explorers who sailed for the Dutch. Henry Hudson put into the

Bay in 1609 while under the employ of the Dutch East India

Company. In the early 1620s Cornelius Jacobsen May headed a

Dutch West India Company colonizing expedition which sailed up

the Delaware Bay. Around 1624 several Dutch families estab-

lished Fort Nassau, now Glocester, New Jersey. In 1631 another

qroup of Dutchmen formed a trading company headed by David

Pieterssen deVries. An expedition financed by their company

created a settlement near the present town of Lewes, Delaware

in 1631, but when deVries reached the outpost in 1632, he

found that all its inhabitants had been killed by Indians

(Ward 1930; Hawke 1960).

During the 1630s Dutch control of Delaware Bay

was contested by the Swedish West India Company. Commanded bv

Peter Minuit, the first Swedish expedition in 1638 founded

Fort Christina, now Wilmington, Delaware. Subsequently

4 headed by Johan Prinz, the Swedish colony expanded during

the 1640s to encompass both shores of the Delaware River and
-4

Bay from the Schuylkill River to Cape Henlopen on the western

shore and from the mouth of Assunpink Creek, now Trenton, to

Cape May on the eastern shore (Ward 1930; Billington 1960).

4
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The struggle fcr control of the region's profitable

fur trade became three cornered in the 1640s when a group

of New England merchants organized as the Delaware Company and,

led by George Lamberton, built a post at the site of Philadelphia.

This and a second attempt at settlement were thwarted by both

Swedish and Dutch forces (Dunway 1948).

Having eliminated the New Englanders, Dutch and

Swedes opposed one another for control of the Delaware. The

rivalry focused on the present site of New Castle, Delaware,

where in 1651 the Dutch built a post named Fort Casimir.

Swedes seized the fort in 1654. But the next year, Dutch troops

commanded by Peter Stnyvesant captured all Swedish strongholds

and forever ended Sweden's claims to the region (Hawke 1966;

Ward 1930). The Dutch immediately consolidated their

Delaware Bay holdings by reorganizing the Fort Casimir set-

tlement as New Amstel. Headed by Alexander d'Hinoyossa in

1659, the outpost secured possession of all lands on the

west bank of the Delaware and a strip three miles wide along

the east bank. During this period the trading post near

the present town of Lewes was reestablished (Scharf 1888).

.4

England saw Dutch settlement along the Hudson and

the Delaware as a threat to British colonial expansion and an

obstacle to enforcement of the newly instituted Navigation

Acts. Consequently, in 1664 Charles II, wishing to reward the

4
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commerical classes who had supported his restoration, ordered

the capture of all Dutch possessions in America. Four frigates

reached New Amsterdam in September 1664 where Struyvesant

captivated. Delaware did not fall until the following

month when Sir Robert Carr stormed Fort Casinis (Hawke 1966;

Billington 1960).

After the British conquest of Dutch possessions in

America, Charles II granted those lands to his younger brother,

the Duke of York. York in turn presented that portion be-

tween the Hudson and Delaware Rivers as the Colony of New Jersey

to his friends Lord John Berkeley and Sir George Carteret. In

1674 Berkeley sold his share to two Quakers, John Fenwick and

Edward Byllynge. When Fenwick and Byllynge began to feud over

their purchase, William Penn was asked to arbitrate the dis-

pute. Penn became a trustee of the lands relinquished by

Byllynge, and in 1676 succeeded in obtaining a division of

New Jersey whereby Carteret kept East Jersey and the Quakers

West Jersey which bordered on the Delaware River and Bay.

The Quakers began to govern West Jersey with a progressive

consitution drafted by William Penn; Fenwick attempted, how-

ever, to develop his land as though it were a separate colony.

East Jersey held its own assembly. Political matters were

further complicated when the Governor of New York refused to

recognize New Jersey's sovereignty. Litigation over land

titles continued throughout the colonial period, and differences

'4
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between East and West Jersey were unresolved, even after the

colony possession from proprietary to royal political control

in 1702 (Newberry 1977; Hawkes 1966).

English settlement of West Jersey began during the

politically turbulent years of the late seventeenth century.

When Edward Byllvnge died in 1687, his right of government

passed to the Anglican Dr. Daniel Cox, who apparently built

a residence more than four miles north of Cape May Point on

the Delaware Bay side near Town Bank (Nash 1968). Cox sold

his share of West Jersey in 1692 to a joint stock company of

English merchants intent upon the promotion of ship building

and whaling. Residents of the southern portion of West Jersey

were primarily occupied with cattle grazing and farming during

the 1700s, though they occasionally fished, whaled, and provided

other boating services as ferrymen and pilots.

Because of its strategic location between New York

City and Philadelphia, New Jersey was an important theatre

of war during the American Revolution. Washington's victories

lv. at Trenton and Princeton during the winter of 1776-77 marked

a turning point in America's battle for independence. State-

hood was attained in 1787, the same year that New Jersey

ratified the constitution (Alden 1954; Newberry 1977).
'I
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William Penn relinquished his trusteeship of

West Jersey in 1681, the year that he received the charter

to Pennsylvania from Charles II in return for debts which the

King owned Penn's father. Penn issued a Frame of Government,

publicized his colonizing venture in the British Isles and

on the Continent, and set sail for his proprietary in 1682.

That fall he landed in Upland, now Chester, Pennsylvania and

called a general court which passed a declaration of liberty

of conscience. Within two years 7,000 Welshman, German Quakers

and Irish had emigrated to Pennsylvania. Nearly one third of

them settled in Philadelphia, a city designed by Penn with

a checkerboard layout so that the "streets may be uniform down

to the water "o' the Delaware" where it is most navigable."

Penn had chosen his capital well; located on a major water-

way it prospered, first from the fur trade, and later from

agricultural produce which reached it from the rich lands

along the Delaware. As early as 1700, Philadelphia rivaled

Boston in commerce, and on the eve of the Revolution, Penn's

, capital had become the second largest city in the British

empire (Nash 1968; Hawke 1966).

To protect Pennsylvania's avenue of commerce to the

sea, Penn in 1682 received from the Duke of York a grant of

land along the western shore of Delaware Bay from the southern

boundary of Pennsylvania to Cape Henlopen. These three lower

counties, as Delaware was called throughout the colonial era,

4
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were governed as part of Pennsylvania until 1704. At that

time, discontent over lack of military protection and lack of

responsive representation led to the creation of a separate

assembly at New Castle. The Lower Counties profited from

the production of tobacco until around 1730 and thereafter

from the cultivation of wheat. After fighting in the American

Revolution as a separate political entity, Delaware became the

first state to ratify tne Constitution (Scharf 1888; Wise

1978). The prosperity of the Delaware River and Bay has con-

tinued to expand since the close of the American Revolution.

Wilmington became a major center for milling flour in the

1780s after the development of new mill machinery by Oliver

Evans. The earliest paved roads extended from Philadelphia to

Lancaster in 1794. The Du Pont powder mills were established

on the Brandywine south of Wilmington in 1802. The Chesapeake

and Delaware Canal was begun in 1803. The Schuylkill Canal

linked Philadelphia and Reading in 1825,by which time steam

boats had begun to ply the Delaware. A railroad network was

begun during the following decades, and the concentration

of economic infrastructure has been such that century land

use along the Delaware from Trenton to Wilmington has become

almost entirely urban (Hoffecker 1976; Taylor 1951; Newberry

1977).

I.
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Inventory of Protected Historic Sites

The following inventory has been based upon an ex-

tensive examination of the Historic Sites Inventories at the

Pennsylvania, Delaware, and New Jersey State Historic Pre-

servation Offices. At each state Preservation Office the Common-

wealth project team mapped and prepared an abstracted state-

ment of significance for each National Register status site or

district which was located within one mile of the Delaware

River and its tidal tributaries as specified in the regional

spoil disposal plan. Additional sites were recorded at the

suggestion of the respective Preservation Office staffs. The

sites recorded were those listed in the National Register of

Historic Places and those nominations which have been approved

by the State Historic Preservation Review Boards as of December

1978 but whose designation is pending approval by the U.S.

Department of the Interior. New Jersey State Register of His-

toric Places sites have also been recorded because the New

Jersey Register law of 1970 protects those sites from publicly

funded undertakings; Pennsylvania and Delaware do not have

comparable legislation (New Jersey Register n.d.).

In Pennsylvania and Delaware the State Preservation

Office site designation numbers were utilized, as were the

Inventory site abstracts. The Commonwealth project team

arbitrarily assigned site numbers for the New Jersey sites

because that state has no mapping system for register pro-

perties. The abstracts of significance for all New Jersey

.0
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sites were prepared directly from the historic site nomination

files; the same procedure was followed in Pennsylvania and

Delaware for the more recently designated sites which have not

yet been abstracted in their respective Inventories.

The Inventory of Protected Historic Sites presents

information on each registered property in the following format:

1. Site Letters and Numbers

a. the first letter identifies the state in
which the site is located

P = Pennsylvania

D - Delaware

N = New Jersey

b. the second letter identifies the countv
in which the site is located

Pennsylvania:

B = Bucks County

P = Philadelphia County

D = Delaware County

Delaware:

N = New Castle County

K = Kent County

S = Sussex County

New Jersey

M = Mercer County

B - Burlington County

A,
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Ca = Camden County

G = Gloucester County

S = Salem County

Cu = Cumberland County

Cy = Cape May County

c. site numbers have been assigned to each
within a given county. As stated above,
the Pennsylvania and Delaware site numbers
are those used in their respective reg-
istered site mapping systems; the Common-
wealth project team has arbitrarily as-
signed site numbers to the New Jersey
registered properties

2. Site Name

3. Site Address

4. Date of Construction

a succession of dates indicates times of struc-
tural alteration; events of associational sig-
nificance; or periods of construction for his-
toric districts

5. Abstract of Significance

6. Designation

a. Nat Reg = listed in National Register of His-
, toric Places

b. Nat Reg pending = approved by State Historic
*Preservation Review Board but not yet approved

by U.S. Department of Interior

c. NHL = listed as a National Historic Land-
mark; all such oroperties are automatically
listed in the National Register of
Historic Places

d. HABS = recorded by the Historic American
Buildings Survey

e. HAER = documented by the Historic American
Engineering Record

f. State Register = listed in the New Jersey
Register of Historic Places.

"' - . . . . II I I
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Sites are grouped by state and county and are listed

from north to south in order of their location along the

Delaware River and Bay and its tidal tributaries. The site

letters and numbers are portrayed in the same sequence on the

margins of the three maps in Figure 2; Pennsylvania and

Delaware sites are placed on the left side map margins, and

New Jersey sites are placed on the right side map margins.

Actual site locations are also shown by site letters and

numbers in Figure 2.

I,
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Pennsylvania

Bucks County

PB 20 Delaware Canal

Parallels west bank of Delaware River from Easton

to Bristol (1837). Completed in 1837, the 60 mile

Delaware Canal ran from Bristol to Easton. It had

23 lift locks and nine aquaducts. The canal served

as a major shipping route for the northeastern coal

fields. It also comprises a portion of Theodore

Roosevelt State Park. NHL.

PB 22 Calhoun Street Bridge

Bridge across the Delaware between Morrisville,

Pennsylvania and Trenton, New Jersey (1885). Well

preserved "Phoenix Iron Bridge" at Morrisville. Con-

structed in Phoenixville Pennsylvania, it is one of

the longest bridges of this type extant in the state.

* Seven spans of 180', constructed of wrought iron

rolled in semi-circular sections and riveted together-

subsequently known as the Phoenix Column. This column

was designed and patented by Wendell Bollman. Nat. Reg.,

HAER.

PB 11 Summerseat

Clymer Street at Morris Avenue, Mo 'risvi.lle (c.

1770) two and a half story brick, gable roof

. . .. . . . . . . ....... ... I I -- - --
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Georgian structure, the home of George Clymer, a

signer of the Declaration of Independence. Five bays

across, two rooms deep with a pent eave. NHL.

PB 10 Pennsbury Manor

South of Bordentown, near USI and 13, Falls

Township (1682 and 1939). A one and a half story,

brick reconstruction of William Penn's home. This

reconstruction, based on Penn's correspondence, was

constructed in 1939. Nat. Reg.

PB 01 Andalusia (Nicholas Biddle Estate)

Pa32 1.4 miles north of Philadelphia, Bensalem

Township (late eighteenth century). Two and a half

story Greek Revival building constructed at site of

an earlier structure. Nicholas Biddle politician and

financier of the Revolution designed the classical

motif and lived here. NHL.

PB 28 St. Elizabeth's Convent (Sisters of the Blessed Scarament)

Bristol Pike, Bensalem Township (late nineteenth

century). Designed by Charles Burns in the late

nineteenth century, these gray stone, tile roofed

buildings were constructed for Katherine Drexel who

founded the "Sisters of the Blessed Sacrament for

o Indians and Colored People." The order has grown and

by 1955 had placed teachers in 22 states. Nat. Reg.

7.WA~I
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Philadelphia County

PP 32 Frankford Arsenal

Tacony and Bridge Streets, Philadelphia (1830).

Initiated in 1816 as a munitions depot, the complex

originally contained six stone buildings and two small

workshops. It has been greatly expanded and still

serves as a major center for the development of

military weapons. Nat Reg.

PP 63 USS Olympia

Pier 40 at foot of Chestnut Street, Philadelphia

(1888). The cruiser Olympia is the oldest steel-

hulled American warship afloat. Seved as Commodore

George Dewey's flagship in the Battle of Manila Bay

during the Spanish American War. NHL.

PP 130 USS Becuna

Perris Landing, Delaware and Spruce, Philadelphia

(1944). A World War II fleet submarine commissioned

in 1944, served as submarine flagship of the Pacific

fleet under command of General Douglas MacArthur. Used

by the Navy from 1944 to 1969. Ship is 309 feet long,

27 feet wide with a weight of 1,526 tons. Nat. Reg.

PP 40 Woodlands (William Hamilton House)

40th Street and Woodland Avenue, Philadelphia

(c. 1742, 1770). Two and a half story stone, hip
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roofed, late Georgian house with round head and

Palledian window and a six column portico. The

Country house of William Hamilton, son of Andrew

Hamilton who defended Peter Zengen William lived

there until his death in 1813 and took an active

interest in landscaping the grounds. In 1839 the

house and 91 acres of land were incorporated into

the Woodland's Cemetery; the property still serves

this function. NHL; HABS.

PP 75 Society Hill Historical District

Walnut Street to Lombard Street to Delaware

River to 8th Street Philadelphia (eighteenth- nine-

teenth century). The oldest portion of Philadelphia

contains more than 575 eighteenth and nineteenth

and commercial residential, and religious structures.

Most of the early residences are brick with wood trim,

and belt courses. Nat. Reg., HABS.

PP 77 Southwark District (Wiaco)

5th Street tc Washington Street to Delaware

River to Lombard Street, Philadelphia (eighteenth and

nineteenth century). Originally an independent borough

called Wicaco by the Swedes who lived there, South-

ward was the center of Philadelphia maritime activity

during the eighteenth century and served as a home

for mariners. Houses of brick, two and a half stories

high, with gable roofs, chimneys, and dormers. Nat.

'1__ I I I . .. . . . . .. _ . I . . . . .. .
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pp 38 Gloria Dei Church (Old Swedes Church)

Swanson Street, between Christian, and Water

Streets, Philadelphia (1698-1700). Gloria Dei was

built for the Swedish Lutheran congregation at Wicaco.

Philadelphia's oldest church, constructed of brick

with a steep roof, several gables, square belfry, and

a small spire. Nat. Reg., HABS.

PP 06 John Bartram House and Gardens

54th Street and Elmwood on the Schurylkill River,

Philadelphia (1731). Two and a half story stone

house built in 1731 by noted botanist John Bartram.

Located on 26 acres of land which comprise Bartram's

botanical gardens. NHL, HABS.

IP 72 Commandant's Quarters (Quarters "A")

U.S. Naval Base, Philadelphia (1875). Three-

story brick building with slate roof, constructed

on League Tsland which was deeded to the United

States by the City of Philadelphia in 1868. Quarters

A is slated for conversion into a permanent Naval

Historical Museum which will depict the development

of the U.S. Navy. Nat. Reg.

.1
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PP 109 Marine Barracks

U.S. Naval Base, Philadelphia (c. 1900). Located

on League Island (see Commandant's Quarters), the

first permanent building was constructed in 1901 at

a cost of $95,000. Unmodified since its construction,

the Barracks is a four story building of red brick

and gypsum block construction. Nat. Reg.

PP 30 Ft. Mufflin (Old Fort Mufflin)

Southwest corner of 5th and Chestnut Streets,

Philadelphia (pre 1777). Laid out in 1771 by

Englishman John Montressor, the fort's completion

was interrupted by the American Revolution. Captured

by the British the fort was reconstructed of stone

in 1798 by Pierre Charles l'Eufaut. NHL, HABS.

PP 31 Ft. Mifflin Hospital (Old Fort Mifflin Hospital)

Marine and Penrose Ferry Roads, Philadelphia (nine-

teenth century). The hospital was built after the

Battle of Fort Mifflin. It served as a hospital and

prison for Confederate troops captured during the

Civil War. Nat. Reg.,HABS.

-4

Delaware County

PD 37 Old Drain and the Chemistry Building

14th Street between Melrose Avenue and Walnut

Street, Chester (1867). Designed by John Crump for a

.4.
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military institute of 350 cadets; subsequently known

as Pennsylvania Military Academy and the Pennsylvania

Military College, now known as Widener College. Four

and a half story structure of stucco with a stone

ground story and gable dormers. Central bay topped by

a sixth story pediment. Pending Nat. Reg.

PD 27 Old Main

21st Street and Upland Avenue, Upland (1858).

A large three story building with three connected,

pedimented pavilions. Begun as a boys school, the

building served as a hospital for Union and Confederate

wounded during the Civil War. Nat. Reg.

PD 17 Chester Courthouse

Market Street below 5th Street, Chester (1724-44).

A two and a half story building with a small square

cupola. A three-sided bay addition with large windows

was added in 1744. One of the oldest public buildings

in the nation. Nat. Reg.

V. PD 19 Penn Landing Site

Penn and Front Streets, Chester (1682). A granite

stone with inscriptions which marks the spot where

William Penn landed, October 1682. Nat. Reg.

tA
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PD 21 Printzhof

Taylor Avenue and 2nd Street, Essington (c. 1643).

Site of earliest permanent European settlement in

Pennsylvania. Excavations of the Swedish settlement

of New Gothenburg have uncovered foundations of

Governor Johan Printz, house as well as numerous

artifacts. NHL.

PD 11 Lazaretto

Wanamaker Avenue at 2nd Street, Essington (nine-

teenth century). Three-story, hipped rocf,

Georgian structure with cupola and long flanking

wings. Built as a quarantine station for sick im-

migrants; served as hospital until 1880. Nat. Reg.

PD 28 Crozer Manison

6th Street, Upland (1867). Large two-story stone

house designed in Italinate Style with three-story

tower and elaborate interiors; the home of a wealthy

textile manufacturing family. Nat. Reg.

PD 22 Pusey House

15 Race Street and Landingford Plantation, Upland

(1683, 1696) Originally a one and a half story gambrel

roof stone house with one ground floor room. A gable

roof extension was constructed C.1696. One of the

earliest English built houses in America. Nat. Reg.; HABS.
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PD 30 Pusey-Crozier Mill Historical District

Race Street, Upland (seventeenth - nineteenth

century). A district along Chester Creek which en-

compasses the Pusey House and a three-story, plastered

stone textile mill. Nat. Reg.

Delaware

New Castle County

DN 450 Robinson House (Naaman's)

Naaman's Corner, Claymont (c. 1770). An additive

residence consisting of a frame and masonry portion and

a stone wing to the rear constructed by General Thomas

Robinson, aide to Anthony Wayne during the Revolutionary

War. Nat. Reg.; HABS.

DN 157 Mendenhall House

205 East Front Street, Wilmington (c. 1780).

A large residence built prior to 1790 by Thomas

Mendenhall who sailed in the Caribbean and to the

British Isles. He prospered by this trade and served

as an assistant burgess in 1795 and a commissioner of

the Levy Court in 1801 and 1818. Nat. Reg., HABS.

DN 874 Friends Meeting House

4th and West Streets, Wilmington (1817). Built

in 1817 on the site of an 1748 meeting house, the

W.
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present structure remains in religious ownership and

in its cemetery are buried Governors John Dickinson,

and Caleb Prew Bennett, abolitionist Thomas Garrett,

and journalist Hezekiah Niles. Nat. Reg.

DN 340 Holy Trinity (Old Swedes) Church

Between Church Street, 7th Street, and Church Lane,

Wilmington (1699). A stone church with brick trim

begun in 1698 and dedicated in 1699. Built by the

Swedish Lutherans at the site of a burial place in use

since 1638, repaired in 1842, and restored in 1898,

this is thought to be one of America's oldest

churches which is still used for services. NHL;

HABS.

DN 388 Fort Christina

Foot of 7th Street, Wilmington (1638). Site of

the landing of a Swedish expedition commanded by Peter

Minuit. The Swedes established their settlement in

1638, and built a fort which they called Christina in

honor of the Queen of Sweden. This became the first

permanent settlement in the Delaware River Valley.

NHL.
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DN 174 Old Ashbury Methodist Church

3rd and Walnut Streets, Wilimington (1789).

Thirty-five feet square when completed in 1789, the

church has since undergone extensive alterations.

Nat. Reg.; HABS.

DN 051 St. Mary's Church

6th and Pine Streets, Wilmington (1858). A brick

church constructed in 1858, the only catholic church

in Delaware erected during the espicopate of Bishop

John H. Neumann. The central tower was added in 1881.

Nat. Reg.

DN 3637 Harland and Hollingsworth Office Building

Foot of West Street, Wilmington.(c. 1900).

A three-story brick flemish bond structure built in

Georgian Revival style for one of the oldest and most

important shipbuilding companies in the country.

Pending Nat. Reg.

DN 4018 "State of Pennsylvania"

Partially submerged Christiana River at foot of

Madison Street, Wilmington (1923). A ship 219' long,
49' beam, 10 1/2' draft; built in 1923, modified 1944;

one of the largest single screw river steamers; foundered

in 1970. Pending Nat. Reg.

12
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DN 1423 Woodstock

102 Middleboro Road, Wilmington (eighteenth

Century). The only remaining plantation property

along the Christina River. Owned by Swede Andries

Andriessen in the mid seventeenth century, the land

passed into the hands of John Richardson in 1687;

Richardson's son, John II, leved there after 1704

and built a home at the present site of Woodstock.

Nat. Reg.

DN 246 Hale-Byrnes House

Corner DE 7 and 4, Stanton vicinity (1750).

A structure whose brick wing dates from 1750 and

was built for Samuel Hale, a potter; Daniel Byrnes,

a miller, added the north wing after his purchase of

the property in 1772. In 1772 General George Washington

held a council of war in the house. Nat Reg.; HABS.

DN 403 Swanwyck

65 Landers Lane, Swanwyck (c. 1850). An excellent example

*1 of Regency architecture designed prior to the Civil

War by Peter Bandy who also prepared the plans for

Wilmington's Town Hall. Nat. Reg., HABS.

'V
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DN 386 Glebe House

Del #9, near New Castle (c. 1825). A brick house

built in three sections and occupied by the rector

of Immanuel Church. Nat. Reg.; HABS.

DN 399 The Hermitage

Del. #273, near New Castle (1801-1818). Built

between 1801 and 1818 by Nicholas Van Dyke who served

in the Delaware House of Representatives and in the

U.S. Senate. Nat. Reg.;HABS.

DN 362 Stonum

9th and Washington Streets, New Castle (1730,

1750. Built in 1730 and 1750, this house was owned by

George Read I, a signer of the Declaration of Indepen-

dence, and Kensey Johns, Chief Justice of Delaware.

NHL; HABS.

oL
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DN 1475 Christina Historic District

Junction of DE 7 and 273 (1760s-1820s). Located

at the head of navigation on the Christina River and

on the main highway between Philadelphia and Baltimore,

Christina prospered during the Revolutionary Era.

The village became an important grain shipping port

and contained 36 structures by 1816. The town's

economic decline began with completion of Chesapeake

and Delaware Canal in 1829. Nat. Reg.

DN 385 Lesley-Travers Mansion

112 West 6th Street, New Castle (1855). A

_brick house with pine structural members; designed

in Gothic style by Baltimore architects Thomas and

James Dixon for Dr. Allen Voorhees Lesley. Nat.

Reg.

DN 1290 Old New Castle Court House

Delaware Avenue at the Green, New Castle (1732,

1765, 1845). Built in four sections, the central

part was completed in 1732; two wings were added in

1765; one of these was replaced in 1845, and the en-

tire structure was restored in the 1950's. The

structure housed the Delaware General Assembly until

1777, and the Declaration of Independence was ap-

proved there in 1776. NHL; HABS.

j_4
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DN 349 New Castle Historic District

The Strand, Delaware Avenue, 3rd Avenue, Harmony

Street, New Castle (1651-nineteenth century).

Founded by the Dutch in 1651, New Castle was Delaware's

first town, the meeting place of all colonial assemblies

and the first state capital. NHL; HABS.

DN 1306 Amstel House

4th and Delaware Streets, New Castle (1730).

The present structure, built for Dr. John Finney,

around 1730, probably incorporates portion of an

earlier structure. The house was subsequently

occupied in the eighteenth century by Delaware

Governor Nicholas Van Dyke. Nat. Reg.; HABS.

DN 219 Buena Vista

U.S. #13, south of Wilmington (1845-1847). A

five-bay, two-story brick structure with six Doric

columns and cast iron balustrade, built c. 1845 in

the Greek Revivial style for John M. Clayton, U.S.

Senator and Secretary of State under President

Zackary Taylor. Nat. Reg.; HABS.

7t
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DN 145 Fort Delaware

On Pea Patch Island in Delaware River, Delaware

City vicinity (c. 1850). A pre-Civil Ware five-

sided fort with walls of solid granite 7 to 30 feet

thick surrounded by a moat 30 feet wide. Nat. Reg.;

HABS.

DN 1559 Eastern Lock of the Chesapeake and Delaware Canal

Buttery Park, Delaware City (c. 1829). The

stone walled lock provided access for ships between

the river and the canal, near the lock is an iron

diving bell used to make repairs on the lock gates.

Nat. Reg.

DN 144 Sutton House

Broad and Delaware Streets, St. Georges (1792, 1815).

A brick townhouse built for John Sutton, one of

St. George's earliest residents and for many years

her only merchant. Nat. Reg.

DN 3935 Biddle House

East of U.S. 13, 2 miles south of C and D Canal

(c. 1790-c. 1850). Begun as a late nineteenth century

one room dwelling of sawn plank; early nineteenth

century federal two-story, three bay expansion; ad-

ditions in mid-nineteenth century with later Victorian

wings. The resident of two intermarried farm families,
the Vandergrifts and Biddles. Nat.Reg. pending.
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DN 3932 Ashton Historic District

Approximately 1 mile north of Port Penn (c. 1750).

A complex comprised of three mid-eighteenth century

residences of Georgian style; the structures were

associated with Robert Ashton who was a significant

figure in the early development of New Castle County.

Nat. Reg.

DN 1623 Liston Range Rear Light Station

One half mile east of U.S. 13; approximately 2

miles south of C and D Canal (c. 1880). A light

station with all appurtenances. Built of wrought

iron, this light tower has been in continuous use

since the last quarter of the nineteenth century.

Nat. Reg.; HAER.

DN 3928 Port Penn Historic District

Port Penn (c. 1850). Port Penn was a center for

Delaware's peach industry which prospered during the

nineteenth century. The district contains approximate-

ly 75 properties, ost of which are well preserved

k nineteenth century residences. Nat. Reg. pending.

'4

DN 147 Dilworth House
Port Penn (c. 1680; eighteenth century, late

'I

nineteenth century). A three-Bay wide west section
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built in brick after 1679 when property was con-

veyed to Olla Jansen; three-bay east portion of

brick added during eighteenth century; frame section

added late in the nineteenth century. Nat. Reg.

DN 148 Hazel Glen

Approximately 2 miles east of Port Penn (1845).

-House with narrow main block, one room deep, designed

in Italianate style with Greek Revival details.

Nat. Reg.

DN 150 Augustine Beach Hotel

Port Penn vicinity, south on DE 9 (1814). Built

in 1814, and named for Augustine Herrman, this hotel

catered to vacationers who arrived via steamboat

from Wilmington. Nat. Reg.

DN 424 Macdonough House

McDonough and U.S. 13 (c. 1800). The home of

Commodore Thomas Macdonough who defeated the

British on Lake Champlain during the War of 1812.

Nat. Reg. pending.

DN 154 Old Drawyers Church

U.S. Route 13, Odessa (c. 1770). A Presbyterian

Church built around 1770 and renowned as an out-

standing example of Georgian ecclesiastical

i.1
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architecture; one of several rural Delaware churches

preserved after their congregations built town churches

during the mid-nineteenth century. Nat. Reg.;HABS.

DN 416 Appoquinimink Friends Meeting House

Main Street Odessa (1785). A small religious

structure used by the Society of Friends from its

construction in 1785 until around 1881; since 1951

the meeting house has been used by a group of local

friends. Nat. Reg., HABS.

DN 126 Odessa Historic District

Appoguinimink Creek, High Street, 4th Street,

Main Street, Odessa (eighteenth and nineteenth

century). The district contains well preserved

eighteenth century houses and nineteenth century

commercial buildings. Nat. Reg.

DN 125 Corbit-Sharp House

Main Street, Odessa (1772-4). A five-bay, two-

story brick dwelling with hipped roof and unusual

cornice, built in 1772-74 by Robert May for William

Corbit, a Tanner Georgian Style. Nat. Reg.,HABS.

et
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DN 152 Hart House

East of Taylors Bridge on DE 453 (1725). A

simple three-bay house of brick laid in Flemish

bond; the structure was looted by Spanish forces

during the War of Jenkins' Ear, 1739-1742. Nat.

Reg.

DN 151 Liston House

East of Taylors Bridge on DE 453 (1739). A

gambrel roof brick house located near the water's

edge on Thoroughfare Neck. Like the Hart House,it

was plundered during the 1740s. Nat. Reg.

DN 419 Hugenot House

Del #9 Taylor's Bridge (c. 1730). Originally

a three-bay, side-hall brick dwelling, another

bay and a smaller brick and frame wing were added

after the initial construction. House still in

possession of descendants from original owner Elias

Naudain. Nat. Reg., HABS.

DN 423 Old Union Methodist Church

North of Blackbird Crossroads on U.S. 13 (1847).

An unornamente.A brick church built in 1847 by a

4 congregation which had worshipped there since 1789.

Nat. Reg.

A
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Kent County

DK 133 Sutton House

Woodland Beach vicinity, DE 79 (eighteenth

century). A two-story three-bay, hall and parlor house

whose eighteenth century interior detail has been

well preserved. Nat. Reg.

DK 101 Allee House

Dutch Neck crossroads vicinity off Del. 9. (c.

1765). A two-story, three-bay center hall, brick

structure typical of rural Delaware architecture for

the period. Nat. Reg.

DK 131 Ruth Mansion House

Main Street, Leipsic (c. 1780). A five-bay

two-story, brick house of Flemish bond, the home

of William Ruth who served as one of the trustees for

the Kent County free school established by the 1796

charity school law. Nat. Reg.; HABS.

DK 132 Snowland

Leipsic DE 42 (Late eighteenth century). Originally

a three-bay two-story brick house, later enlarged to

five bays with an aymmetrical facade. The home of

Andrew Naudain whose son, Arnold was a major in the

War of 1812, Dover postmaster, Delaware and U. S.

Senator, and twice president of the Delaware Medical

Society. Nat. Reg.; HABS.
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DK 136 Wheel of Fortune

DE 9 South of Leipsic (Late eighteenth century).

A center hall plan house, one room deep, constructed

of brick with a Flemish bond facade which is spanned

by a box cornice with molded trim. Nat. Reg.; HABS.

DK 114 Octagonal Schoolhouse

Del #9, south of Cowgill's Corner (c. 1830).

An octagonal stone structure built soon after

passage of the first free school law in Delaware in

1829. Nat. Reg., HABS.

DK 321 Macomb Farm

South side of Long Point Road, Dover (late

eighteenth century). A brick two-story structure

with a glazed header Flemish bond facade. Built

by Judge Thomas Irons whose son occupied the house

and farmed its land untilhis death in the nineteenth

century. Nat. Reg.

DK 130 Old Stone Tavern

Main Street, Little Creek (c. 1825). Built

of unusual materials for a county devoid of native

stone, the structure was reportedly designed by

Manlove Hayes, Sr; interior details reflect the in-
.1

fluence of Asher Benjamin. Nat. Reg.

i7
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DK 149 Tyn Head Court

East of Dover on South Little Creek Road (eighteen-

th century). A three-bay, gambrel roof structure

owned by James Sykes, a delegate to the Continental

Congress, and a member of the Delaware Constitutional

Convention of 1792. Nat Reg.

DK 862 Cherbourg Round Barn

West of Little River, South of DE 8 (1918).

Unique to Delaware, a round barn with wooden timber-

ing and a poured concrete foundation and walls.

Nat. Reg. pending.

DK 108 Dickinson Mansion

Kitt Hummock Road (1740). A two-story bind

mansion with main section completed in 1740; the

childhood home of John Dickinson who presided over

the Annapolis Convention which called for the

* Federal Constitutional Convention. Nat. Reg.

HABS.

DK 117 Town Point (Kingston-Upon-Hull)

Kitts Hummock Road Dover vicinity (c. 1675).

A two-story residence with brick ground story and

frame upper story. Originally a one-story structure,

the Flemish bond edifice was the dwelling of Edward

A
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Pack. Sometime after 1687 Pack sold the house to

William Darvall; both men were magistrates, and in

this structure were held the first courts for what

would become Kent County. Nat. Reg.

DK 113 Lowber House

East of Main Street, USII3A, Magnolia (1774).

A two-story brick, hall and parlor structure built

in 1774 with later frame wings. The brick work

features a Flemish bond facade and ornamental brick

lintels. Nat. Reg.

DK 137 Reed House

U.S. 113 and DE 8, Little Heaven (1771, 1868).

Originally a three-bay, two-story house featuring

Flemish bond brick work, built in 1771; enlarged

in 1868 to its present fiverbay, three dimensions

by John Reed who was among the earliest Kent County

farmers to introduce budded peach trees. Nat. Reg.

DK 121 Barratt Hall

* East of U.S. 113, Frederica vicinity (c. 1750).
.4

A brick farm house constructed in the mid-eighteenth

century, the home of Philip Barratt where in

1784 Bishops Coke and Asbury met with 11 ministers

to plan the separate establishment of the Methodist

Episcopal Church. Nat. Reg.

T - !I
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DK 103 Barratt's Chapel

North of Frederica on U.S. 113 (1780). A large

brick meeting place which housed gatherings that led

to the establishment of the Methodist Church as a

separate denomination in America. HABS; Nat. Reg.

DK 123 Bonwell House

North of Frederica on DE 380 (late eighteenth

century). A two story, hall and parlor, brick house

with a dentil cornice and stone lintel blocks. Nat.

Reg.

DK 322 Frederica Historic District -

Market, Front and Davids Streets, Frederica

(eighteenth-nineteenth century). A district with

121 residential and commercial structures dating from

the mid-eighteenth to late nineteenth century.

Frederica began as a crossroads settlement and a small

shipping center for southern Kent County. Nat. Reg.

DK 129 Mordington

i iSouth of Frederica on Canterbury Road (c. 1790). A two

story brick dwelling with side hall plan, built in

late Georgian style for Walter Douglas, ironmaster

and miller. Nat. Reg.; HABS.

,4
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DK 360 Wilkerson and Son Brick works

Approximately one mile East of Milford (c. 1900).

An early twentieth century brick works in use until

1950; virtually all phases of this industrial operation

are still intact. Nat. Reg.; HAER.

DK 244 Christ Church

3rd and Church Streets, Milford (1791, 1835,

1863, 1894). Begun in 1791, completed in 1835,

altered in 1863 and 1894 to its present Gothic

appearance. Nat. Reg.

DK 167 Bank House

119 North Walnut Street, Milford (1850). Con-

verted from a bank building to a private residence,

this brick structure survives as an example of Greek

Revival architecture. Nat. Reg.

DK 116 Thorne Mansion

501 Northwest Front Street, Milford (mid- eighteenth

century) a two-story brick dwelling with 1 1/2 story

wings connected by covered walkways, the home of

Sydenham Thorne, an Anglican minister and co-founder

of Milford, A.William Burton, Governor of Delaware and

John M. Clayton, Secretary of State under President

Zachary Taylor. Nat. Reg.

4
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DK 171 Golden Mine

Southeast of Houston, West of Milford (c. 1763).

A three-bay, two door frame structure with cypress

shingles built on land held by a succession of land

companies. Nat. Reg.

Sussex County

DS 177 Abbott's Mill

West of Milford (1860s). Constructed of wood

with iron turbines and shafts; one of Delaware's

water powered grist mills. Nat. Reg.

DS 186 Delaware Breakwaters and Lewes Harbor

East of Lewes at Cape Herrlopen (1828-1835).

The first breakwater of Brandywine granite was designed

by William Strickland and constructed between 1828 and

1835. The breakwater forms a harbor of refuge where

many ships have taken shelter from storms. Nat. Reg.;

HAER.

DS 160 Russell Farmhouse

410 Pilot Town Road, Lewes (c. 1803). A three-

bay, 1 1/2 story frame house buiLlt around 1803

for Wm. Russell, a tanner and large land holder. Nat. Reg.

06
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DS 174 DeVries Palisade

Pilottown Road, Lewes (1631). The site of a

Dutch stockade built in 1631 to protect a trading

expedition backed by Captain David DeVries. When

DeVries visited the colony in 1632 he discovered that

the settlers had been killed by Indians. Nat. Reg.

DS 175 Maull House

Pilottown Road, Lewes (c. 1750). A gambrel roofed

two-story, cypress shingled dwelling built around

1750; the house has recently been restored by the

local DAR chapter. Nat. Reg.; HABS.

DS 140 Fisher's Paradise

624 Pilottown Road, Lewes (c. 1790). A three-

bay, 2 1/2 story house built shortly after the

Revolution by Major Henry Fisher who defended Cape

Henlopen and the entrance to the Delaware Bay.

DS 314 Pagan Creek Dike

Pagan Creek near New Road, Lewes (seventeenth

century). Abandoned since the eighteenth century,

Ithe dike was built by Dutch settlers to connect the

West Indian Company fort with areas beyond Pagan

Creek. The 700 foot long causeway, 9 to 10 feet

wide, has changed little since its construction

prior to 1670. Nat. Reg.; HAER.
A
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DS 190 Hazzard House

Union Street, Milton (1790). A late eighteenth

century hall and parlor house of frame construction

built by John Hazzard, a son of Coard Hazzard who

settled in the Broadkill Hundred in 1700. John's

son, David, was a grain merchant who served as

Governor of Delaware, 1830-3. Nat. Reg.

DS 139 Hall House

107 King's Highway, Lewes (1790). A three-bay,

2 1/2 story dwelling with cypress shingles built in

1790 by David Hall, a colonel in the Revolution and

later Governor of Delaware. Nat. Reg.; HABS.

DS 142 Coleman House

422 King's Highway, Lewes (c.1780). A 2 1/2 story

frame and cypress shingled residence erected around

1780 and characteristic of Sussex County's oldest

surviving domestic architecture. Nat. Reg.; HABS.

DS 290 Lewes Historic District

Lewes (Late seventeenth-nineteenth century). The

district contains the town plan laid out before 1680

but is presently distinguished primarily for its well

preserved Victorian residences. Nat. Reg.; HAER.

kipA
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DS 145 Lewes Presbyterian Church

King's Highway, Lewes (1832, 1887). A frame

edifice topped by a spire, the church was completed

in 1832 and remodeled in 1887. It is on the site of

one of lower Delaware's first Presbyterian churches,

erected in 1707. In its churchyard cemetery are

buried two nineteenth century Delaware governors.

Nat. Reg.

DS 291 Governor Ponder House

416 Federal Street, Milton (1871-1875). A five-

bay, three-story frame and clapboard house with a

slate covered Mansard roof built 1871-75 by James

Ponder during his term as Governor of Delaware.

Nat. Reg.

DS 292 Draper-Adkins House

204 Federal Street, Milton (c. 1840). A 2 1/2
'4

story five-bay frame and clapboard residence built

circa 1840 in the Greek Revival style for Captain

Joseph Adkins who engaged in Delaware's maritime

trade. Nat. Reg.

DS 137 Fisher House
I1

Near Cool Spring (c. 1720). A frame dwelling

built between 1700 and 1736 on a tract owned by

4
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Thomas Fisher; Thomas' son Joshua, a merchant, sold

the house and land to James Martin in 1736. Nat.

Reg.; HABS.

DS 155 Marsh House

10 Dood's Lane, Rehoboth Beach (1742). A two-

story frame dwelling with cypress shingles built

by yeoman Peter Marsh in 1742. Nat. Reg.; HABS.

DS 152 St. George's Chapel

Chapel Branch North of Hollymount (1794). A

brick church erected in Georgian style as an

Episcopalian house of worship; extensively restored.

Nat. Reg.

New Jersey

Mercer County

NM 01 Mansion House (McCall House)

Cadwalader Park, Trenton (1846). A two-story

itliinate Villa with a three-story tower, built of

brick and covered with stucco scored to resemble stone.

Originally the home of Henry McCall,a wealthy

Philadelphia merchant with Trenton business interests.

Nat. Reg.
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NM 02 Dickinson House (Hermitage)

46 Colonial Avenue, Trenton (1784). A large two-

story house with low hipped roof and stone walls

covered with stucco, built in 1784 as the home of

Philemon Dickinson, Commander of the New Jersey

Militia during the Revolution.

NM 03 Trenton Battle Monument

Warren and Broad Streets, Trenton (1894). A 150

foot granite column topped by a statue carved by R.

0. Donovan. Erected between 1891 and 1893, the monu-

ment commemorates Washington's triumph at the Battle

of Trenton. Nat. Reg.

NM 04 Trenton City Hall

309 East State Street, Trenton (1907). A three-

story structure faced with white Vermont marble,

designed by Spencer Roberts; the building features a

second floor mural painted by Everett Shinn, one of the

five original "Ashcan School" painters. Nat. Reg.

NM 05 Old Barracks

South Willow Street, Trenton (1758). Erected in

v. 1758-1759, Hessian troops were quartered in the 2-1/2

story U-plan stone structure when Washington captured the

1000-man garrison in the first battle of Trenton. NHL.

9 NM 06 State House Historic District

State and Willow Streets, Trenton (nineteenth cen-

tury). District consists of late Federal clapboard
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houses, Greek Revival and later nineteenth century

row houses and the State House, begun in 1792, with

additions in 1848, 1889, 1891, 1902, 1906. Nat. Reg.; HABS.

NM 07 Mercer Street Friends Center

151 Mercer Street, Trenton (1858). A three-bay

1-1/2 story structure with gable and chimneys, built

of brick in 1858 as a meeting house for the Society

of Friends Nat. Reg.

NM 08 Mill Hill Historic District

East Front Street, Clay Street, Greenwood Street,

S. Broad Street and Jackson Street, Trenton (nineteenth

century). A mixture of nineteenth century commercial

and residential buildings and open parkland. Nat. Reg.

NM 09 Douglass House (Bright House)

Front and Montgomery Streets, Trenton (1766). A

2-1/2 story frame building with beaded siding where

General Washington held a council of war prior to the

second Battle of Trenton; moved. Nat. Reg.

NM 10 Trent House

539 South Warren Street, Trenton (1719). A five-

bay, two-story brick residence with a central main

facade entrance and a central cupola; constructed

in 1719 for William Trent who became Chief Justice

09 of New Jersey. The house subsequently served as the

residence for several state governors. NHL.

,_, . - • - . -
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NM 11 Eagle Tavern

431-3 South Broad Street and Ferry, Trenton

(c. 1765, 1817). 2-1/2 story brick structure with

gable roof dormers, probably first served as resi-

dence for manager of nearby grist mills; by 1817 re-

corded as the Eagle Hotel. Trenton's oldest com-

mercial structure. Nat. Reg.

NM 12 Abbott Farm Archeological Site and Historic District

South of Trenton, north of Bordentown. A 1.rge

archeological site where Charles Conrad Abbott, M.D.

in 1872 reported finding man-made implements in the

Trenton glacial qravels on his farm. Dr. Abbott's

report initiated a major controversy over the

existence of glacial man in the New World which con-

tinued for 40 years. NHL.

NM 13 Bow Hill (DeKlyn House)

Jeremiah Avenue off Labor Street, Trenton (eighteen-

th century). A five-bay, 2 1/2 story, brick residence

of Federal style, built in 1790 by the deKlyn family.

Barnt deKlyn was a French Hugenot merchant who made a

fortune during the Revolutionary War. Nat. Reg.

'I
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NM 14 Watson, Issac House

151 Westcott Avenue, Hamilton Township (c. 1710).

A two story stone house with steeply pitched roof,

small window openings and pent eaves; built around

1710 by Isaac Watson, a farmer, surveyor, constable,

and Overseer of Highways. The house features

a heavy bowed timer A-frame construction. Nat. Req.

NM 15 Abbot-DeCore Mansion

58 Soloff Drive, Trenton Vicinity (1797). A

two-story, five-bay, brick residence of Georgian

design, built by Samuel Abbott and purchased in 1888

by the DeCou family. Nat. Reg.

Burlington County

NB 01 Point Breeze Historic District

Route 206 and Park Street, Bordentown (nine-

teenth century). A 165-acre estate which con-

tains the site of Joseph Bonapart mansion built in

1817, and an extant two-story three-bay hid roofed

house, and a large Italianate mansion constructed

in 1850. Nat. Reg.

NB 02 Hopkinson, Francis House

101 Farnsworth Avenue, Bordentown (1750). A

two and a half story L-plan brick residence built

A
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in 1750 for merchant John Imlay and subsequently

the residence of Francis Hopkinson, lawyer, judge,

poet and signer of the Declaration of Independence.

NHL, HABS.

NB 03 Bordentown Historic District

Portions of 2nd and 3rd Streets, Bordentown (1800-

1900). A mixed residential and commercial district

which encompasses much of the town and includes

buildings dating from the late eighteenth century

to the present. State Register.

NB 04 Roebling Historic District

Riverside and Hornberger Avenues 2nd and 8th

Streets, Roebling (1905). A residential and com-

mercial district contiguous to the Roebling Steel

Mill and wire rope factory. Roebling was founded

in 1904 and built the following year. Nat. Reg.

NB 05 Quaker School

York and Penn Streets, Burlington (c. 1792).

A 1-1/2 story brick structure built to house the

Society of Friends school whose first classes were

recorded in 1705. Nat. Reg.

*
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NB 06 Burlington Historic District

West Delaware, Wood, and Broad Streets, Burlington

(seventeenth-nineteenth century). The district con-

tains residential, religious and educational buildings,

two of late seventeenth century-early eighteenth

century construction. Most structures date from the

late eighteenth through the nineteenth century.

Nat. Reg.; HABS. 4
NB 07 St. Mary's Episcopal Church

West Broad and Wood Streets, Burlington (1846).

Designed by Richard Upjohn, in Gothic style. Con-

structed of stone, cruciform in plan with a tower

and spire, begun in 1846 and completed in 1854.

Nat. Reg.; HABS.

NB 08 Pearson-How, Cooper, Lawrence Houses

453-9 High Street, Burlington (eighteenth

century). These well preserved residences are ex-

amples of eighteenth century two-story, gable roofed

structures whose long, main facades front on Lawrence

v. Street. Their colonial residents were members of

the General Assembly; judges and lawyers. James

Fenimore Cooper was born in one of these houses in

9' 1789. Nat. Reg.; HABS.
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NB 09 Coopertown Meetinghouse

Cooper Street at Route 130, Edgewater Park

(1806). A one-story, threE-bay structure of brick

on a fieldstone foundation, used as a meeting house

by Methodists, Episcopalians, Baptists, Friends and

Mormons. Nat. Reg.

NB 10 Philadelphia Watch Case Co~rany Building

Pavillion and Lafayette Avenues, Riverside

(1852, 1907). A large three-story hotel con-

structed in 1852, and a seven story trapezordol

office structure completed in 1907. The buildings

are associated with what was once the world's largest

watch case factory. Nat. Reg.

Camden County
NCa 01 Cooper House

7th Street in Pyne Point Park, Camden (eighteenth

-* century). A one and a half story structure of sand-

stone constructed around 1700; adjoined to a 2-1/2

story brick structure built c. 1785. Known as Cooper's

Ferry, the structures remained in Cooper family pos-
.4 session until 1825. Nat. Reg.; HABS.

'1
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NCa 02 Taylor House and Office

305 Cooper Street, Camden (1885). A 3-1/2 story

stone and brick residence with arched entrance,

elaborate bay and Flemish Renaissance gable, de-

signed by Wilson Eyre, Jr. of Philadelphia for Dr.

Henry Genet Taylor. Nat. Reg.; HABS.

NCa 03 Newton Friends Meeting House

722 Cooper Street, Camden (1824, 1885). A one-

story frame structure on limestone footings built in

1824 and enlarged in 1885 to house the Friends Meeting

founded in Camden in 1679. Nat. Reg.; HABS.

NCa 04 Whitman, Walt Historic District

Hinckle Street, 3rd and 4th Avenues, Camden

(nineteenth century). This district contains 15

two-three story row houses, including a residence

occupied by Walt Whitman from 1884 until 1892.

Nat. Reg.; HABS; NHL.

NCa 05 Fairview Historic District

Hill and Olympia Roads, Mt. Eaphrim Avenue,

Cresent Boulevard and North-South Freeway Camden

(1917). Designed by Alexis Litchfield, the district

contains 1000 residences, stores, offices, a library,

church, and school, built during WWI to house workers

at the Emergency Fleet Corporation shipyard. Nat.
I,

4 Reg.
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Gloucester County

NG 01 Red Bank Battlefield

East bank of Delaware River and west end of

Hessian Avenue National Park (1777). Fort Mercer,

built by the Continentals in 1777, kept the British

fleet from supplying the city of Philadelphia which

they had occupied in September 1777. In October

1777 British and Hessians attacked the fort but

were repulsed with heavy losses. The fort was

abandoned in November 1777. One 2-12 story brick

structure within the park dates from 1748. HABS;

NHL.

NG 02 Whitall House

100 Grove Avenue, National Park (1766). A

2-1/2 story brick house with paired gable end

chimneys built by James Whitall, Jr., a prominent

Friend. Nat. Reg.; HABS.

etI
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NG 03 Fort Billings

Riverfront at Third Street Paulsboro (1777).

Site of Revolutionary era fortification; exact

location in some doubt. State Register.

NG 04 Vanleer Cabin

South side of US. 322, 2.5 miles west of Swedesboro

(c. 1760). A squared log outbuilding with dovetailing,

line motar chinking and wood shingles; twice moved.

State Register.

NG 05 Stratton House

King's Highway, Swedesboro vicinity (1791-

1794). A brick five-bay 2-1/2 story residence

with gable dormers and paired gable end chimneys

built c. 1794 by Dr. James Stratton. Born here,

Charles Stratton, son of James, was first governor

to be elected directly by the people of New Jersey.

Nat. Reg.; HABS.

NG 06 Trinity Church

Church Street and Kings Highway, Swedesboro

(1786, 1838). A red brick structure with two courses

of round arched, multi-paned windows, designed and

built by Swedish Lutheran minister Reverand Nicholas
0i

Collin in 1784; two years thereafter the church was

deeded to the Episcopal Church. Nat. Reg.; HABS.
4
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3alem County

NS 01 Finn's Point Rear Range Light

Fort Mott and Lighthouse Roads, Pennsville

(1876). A wrought iron, riveted tower 100' high,

formerly topped by light apparatus, erected in

1876-7 by the Kellogg Bridge Company of Buffalo

N.Y. for the U.S. Lighthouse Establishment; in use

until c. 1930 when the lenses were removed. Nat.

Reg.; HAER.

NS 02 Fort Mott and Finns Point National Cemetery Historic

District

Fort Mott, Pennsville (c. 1865). A 146 acre

state park, the site of an early coastal defense

built to protect the mouth of the Delaware River.

The fort was used as a prison for Confederate soliders;

more than 2000 died there and were interred at the

Finns Point National Cemetery. Nat. Reg.

NS 03 Market Street Historic District

9-119 Market Street and East Broadway, Salem

(eighteenth-nineteenth century). The district

contains a preponderance of 2-1/2 and 3 story

brick houses built in a variety of architectural

styles. Market Street served as the headquarters

of both colonial and post-Revolutionary governing

bodies for the city and county. Nat. Reg.; HABS.

pNO
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NS 04 Nicholson House

Amwellbury Road near Featherbed Land Elsinboro

Township (1752). A 2-1/2 story, two level brick

home with a recent one-story addition; the house

was built in 1752 by Samuel Nicholson, son and grand-

son of two of the earliest settlers in Salem County.

Nat. Reg.

NS 05 Homeland (Holme House)

Fort Elfsborg-Hancock's Bridge Road, Elsinboro

Township (1784). A two and a half story brick,

three-bay-by-two-bay residence; built in 1784 to

replace a structure burned in a British raid.

Benjamin Holmes, owner of the 1784 house had been

a member of the Committee of Correspondence, legislator

and member of the Salem County militia. Nat. Reg; HABS.

NS 06 Hancock House

Handcocke Bridge (1734). A two and a half story

brick structure with gable dormers built around

1734. The house was the site of a British raid in

1778 in which several Patriots were killed. Nat.

Reg.; HABS.

'1

-. - -.!

g. .



71

Cumberland County

NCu 01 Giles House

143 West Broad Street, Bridgeton (1791). A

2-1/2 story T-plan frame and clapboard structure

with hip roof; built in 1791 for General James

Giles who had served as a military officer during

the American Revolution. Nat. Reg.; HABS.

NCu 02 Broad Street Presbyterian Church

Broad and Lawrence Streets, Bridgeton (1792).

A brick structure with gable roof, 3 bays on the

gable ends and five bays on the main long facades;

built in 1792 on land deeded to the Presbyterians

by Mark Miller. Nat. Reg; HABS.

NCu 03 Potter's Tavern

49-51 Broad Street, Bridgeton (eighteenth century)

A two and a half story frame and clapboard structure

on a stone foundation built c. 1775, a popular hotel

because of its proximity to the Cumberland County

Courthouse. Nat. Reg.

NCu 04 Seeley House

274 East Conuerce Street, Bridgeton (c. 1799-

1815). A two-story, three-bay brick structure with

a gable end chimney; built in 1799 by S. W. Seeley

and altered in 1815 by Robert McGee. Nat. Reg; HABS.

4
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NCu 05 Buck House

297 East Commerce Street, Bridgeton (1808).

A two and a half story Federal style structure of

brick; built by Jeremiah Buck, the owner of a grist

mill and sawmill; subsequently owned by the Elmer

Family whose members were active in local politics

for fifty years. Nat. Reg.

NCu 06 Maskell House

Bacon's Neck Road, Greenwich vicinity (1698,

1725). A colonial farm residence with a two-

story gable roof; frame portion built c. 1698;

two-story flemish bond brick addition built c.

1725. The Maskels held local executive office;

one was county sheriff; they were active Patriots

during the Revolution. Nat. Reg.; HABS.

NCu 07 Greenwich Historic District

Main Street, Greenwich (eighteenth to nineteenth

century). Approximately 20 houses, stores, and places

of worship constructed primarily during the eighteenth

and nineteenth centuries; one of the last changed

V. colonial towns on the eastern seaboard. Nat. Reg.;

HABS.

.14
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NCu 08 Millville's First Bank

Second and East Main Streets, Millville (1857).

A two-story Italianate structure built in 1857 to

house Millville's first bank. Refurbished in 1883,

the building served as the Millville Public Library

from 1908 to 1963. State Register.

NCu 09 Old Stone Church

Fairton-Cedarville and Sayres Neck Roads, Fair-

field Township (1780). A one story stone structure

with two courses of rectangular 12 over 12 windows,

gable roof; built in 1780 by the founding fathers of

the Presbyterian Society. Nat. Reg.; HABS.

Cape May County

NCv 01 Dennisville Historic District

Dennisonville ( nineteenth century)

The district contains a number of additive homes,

a township hall, and a church--all of frame construc-

tion. The structures range in date from the mid-

eighteenth century to the 1890's, with the majority

falling in the era between 1800 and 1850. State

Register.

A '
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NCy 02 Cape May Lighthouse

Cape May Point (1859). The brick lighthouse

is 175' high and can be seen for 19 miles. The

third Cape May Point lighthouse, this structure was

built in 1859. Nat. Reg.

NCv 03 Cape May Historic District

Cape May City (c 1850-1910). Cape May

historic district contains one of America's largest

assemblages of late nineteenth century frame buildings.

It encompasses over 600 summer houses, Victorian

hotels and commercial structures. NHL; HABS.

V.
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CONCLUSIONS

Archeological Sensitivity

Development of an archeological sensitivity model

for the margins of Delaware Bay was a central task of this

study. Basic research toward that end involved examination

of state site files, perusal of relevant literature and con-

sultation with professional and amateur archeologists -- all

of which was directed toward ascertaining the location, nature

and expected variability in prehistoric archeological sites

in the region. Exact site locations, where known, were not

recorded and will not be presented here, at the request of

the state officials charged with maintaining site data con-

fidentiality. Instead, a generalized graphic presentation

is offered which takes into consideration the variability

(and, by the same token, predictive strength) inherent in

the archeological data base of each state.

A summary of current archeological knowledge for

the Bay region has been presented in another report section.

Central to modern archeological research is a recognition

of the interrelatedness of cultural and natural systems,

particularly in pre-agricultural periods. Recent investi-

gations in coastal Delaware and New Jersey have involved

reconstruction of paleoenvironments and emphasize the influ-

ence different micro-environmental factors had on the lo-.1

cation, size, content and economic orientation of prehistoric

sites. Most intensive research has centered on Woodland or

N,
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later period sites; the reasons for this and the lack of

data on Archaic and Paleo-Indian sites have been discussed

elsewhere. A general settlement system can be hypothesized,

however, that should characterize most prehistoric periods.

Aboriginal inhabitants of the coastal and riverine environ-

ments of Delaware, New Jersey and Pennsylvania engaged in

seasonal exploitation of certain key resources, scheduling

group movements to coincide with availability of those

items and with other factors such as weather conditions.

Optimal location of permanent and transient camps involved

considerations of distance to resources, available storage

technologies, carrying capacity of the exploited micro-

environments and, possibly, external socio-political re-

staints on group movement within larger geographic ter-

ritories. This basic Eastern Woodlands economic pattern of

scheduled seasonality has been discussed in some detail by

Caldwell (1958), Cleland (1976) and others.

A fairly detailed analysis of those factors which

effected prehistoric settlement in the Bay area has been pre-

sented by Thomas et al. (1975). Additional comment and

corroborative evidence also has been provided by Griffith

(1976), J. Kraft (1977) and Kraft and John (1978). The

basic settlement model is based on information gained

through analysis of site placement in relation to key re-
s,sources like white-tail deer, nuts, shellfish, anadromous

A

-'4



77

fish, waterfowl, potable water and less obvious factors like

soil type. Recovery of floral and faunal remains from

archeological contexts, comparative data from other sites

ir eastern North America, analyses of tool forms and ethno-

graphic data are presented as evidence for utilization of those

resources.

Five distinct settlement patterns are offered

as explanatory models for differential site distributions

in the Delaware coastal and estuarine zone. Each involves

various combinations of base, transient and seasonal camps

oriented in fairly linear patterns or within drainage, as

opposed to across-drainage,bases. Sites are identified as

to size, cultural/temporal components and season(s) of

occupancy (based on recovery of season-specific floral and

faunal remains). With minor variations, the postulated

models involve larger base camps at mid or upper portions of

tributary streams and smaller, seasonably-occupied extractive

sites on headwaters and near coastal marshes.

Examination of detailed site location maps at the

*! Island Field Museum indicates that recorded sites tend to cluster

within drainages on a tri-partite basis of upper,middle and

lower drainage. Similar patterns obtain from site data avail-

able at the New Jersey State Museum, although specific models
I as proposed by Thomas et. al. have been tested only on a

*.. .,__.'
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casual basis for the eastern shore of Delaware Bay. Mounier's

(1974) excavations in the Maurice River drainage appear to con-

firm the existence of analogous site patternings for New

Jersey. Data from Pennsylvania are lacking, but identical ec-

onomic patterns are not expected to obtain for the geographical

portions of our study area where resources like shellfish and

resource areas like coastal marshes are absent. As pre-

viously discussed, many of the archeological sites once

present in the Philadelphia environs have probably been

destroyed or obscured by urban and industrial expansion.

A series of site density overlay maps has been

produced by staff members of the New Jersey State Museum

in connection with a study of the Passaic River basin

(Williams et al. 1978). The maps are based on available,

non-systematic survey data and indicate that the highest

density of sites for our study area occurs in the vicinity

of towns like Millville, Bridgeton, Salem, Camden and

Trenton -- sites of historic population concentration here in-

creased land clearing and subsequent collector activity have

led to disproportionate site discovery rates. Lower site

densities calculated for the remainina oortions of New Jersey

along the Bay are attributable to lack of knowledge rather than

actual absence of archeological sites, a fact recognized by

the researchers (Williams et al. 1978:71).

OII
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Site files and maps of the Island Field Museum,

New Jersey State Museum and William Penn Memorial Museum

indicate that approximately 420 prehistoric archeological

sites have been recorded for the coastal areas and mid and

lower reaches of tributary streams along Delaware Bay.

Temporal constraints prevented a systematic breakdown of those

sites by cultural-historical period, size, land form or soil

type, but a general series of notes was made concerning

relative site densities and distributions. Literature re-

views and interviews with state officials indicate that the

majority of temporally identifiable sites are assignable to

the Woodland period. Archaic and older sites are under-

represented in the records, or at least have not been rec-

ognized. As many as 50 percent of the sites in any one drain-

age lack cultural/temporal identification, although ad-

ditional research conceivably could reduce that figure by

a substantial margin.

Figures 1A, lB and IC of this report indicate our

appraisal of relative site densities and potential archeological

sensitivity for areas along Delaware Bay. Zones of high,

medium and low sensitivity are depicted, based on our re-

search in the various state offices and on a projection of

systematically derived data from certain areas to the

larger Bay region. The sensitivity zones are based on ac-

tual and expected site occurrences. Lack of systematic

'7
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archeological surveys in the 9ay area and a resultant in-

complete data base cannot be emphasized too strongly. Any

areas selected as dredge spoil dumping sites will require

intensive archeological survey to determine the possible

location and nature of cultural resources at each site.

Evaluation of project impacts on each identified cultural

resource should follow, with recommendations for mitigation

of adverse impacts. Site significance analysis should be

predicated, minimally, on criteria established by the

Advisory Council on Historic Preservation, as embodied in

the National Register of Historic Places.

High, medium and low sensitivity zones all con-

tain archeological sites. Areas of the greatest sensitivity

are known to have concentrations of prehistoric sites and

should be completely avoided. Future construction or dump-

ing activities that involve these areas should be coordinated

*with monitoring by a professional archeologist, in addition

to preliminary surveys and evaluations. Medium sensitivity

zones contain relatively fewer sites, or are expected to

contain fewer significant sites than the areas of high sen-

sitivity. They include landforms and drainage patterns

that did not lend themselves to prehistoric settlement, as

currently understood, a situation that is magnified for the

low sensitivity zones. Sites do exist in this third zone,

but are of low archeological visibility and will only
77
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infrequently be encountered. Marshes typify the low sensitivity

area; sites located in and around marshes, according to

current models, are expected to be seasonal extractive

camps which lack complex stratigraphy or substantial material

remains. Low archeological sensitivity can also be projected

for many areas of modern urban and industrial expansion. Our

research constraints and mapping scales permit only gross

definition of such areas.

To summarize,our limited research allows certain

subjective statements to be made concerning prehistoric site

density and distributions in the Delaware Bay region. Based

on data available through published and unpublished sources,

the following statements can be offered:

1. Prehistoric archeological sites occur on

certain landforms, including stream terraces

and elevations within and bordering marshes.

, 2. Sites are situated along streams, especailly

near confluences. Freshwater and brackish

streams served both as resource procurement

loci and transportation routes.

3. In a manner similar to statements 2 and 3

above, sites are located in and near the

extensive marshes typical of the Bay, primarily

*for reasons of resource availability.
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4. Prehistoric sites tend to concentrate near

modern population centers. Land clearing for

construction and agriculture has exposed sites,

increasing the likelihood of their discovery

by amateur and professional archeologists.

Modern settlements also tend to be situated in

proximity to streams and critical resources which

also were attractants for prehistoric peoples.

Historic Sites

A review of the Inventory of Protected Sites pre-

sented earlier indicates that as of December 1978 the Delaware

River and Bay Dredging Disposal studv area contains 162 his-

toric sites and districts which have been officially determined

to possess cultural significance. A total of 157 of these

sites and districts have been listed in, or judged eligible

for listing in, the National Register of Historic Places.

, Section 106 of the National Historic Preservation Act of

1966 requires federal review of any federally funded under-

taking which might have an adverse effect upon any property

listed in the National Register. The New Jersey Register

Law of 1970 requires similar review of publicly funded pro-

jects which might encroach upon or destroy any property

listed in the New Jersey Register. Therefore, it is strongly

recommended that the Philadelphia District COE Regional

Spoil Disposal Plan avoid negative impact upon the 162

historic sites and districts which have been inventoried

.and mapped in this report.
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It should also be noted that these 162 inventoried

historic sites do not comprise a complete listing of all

properties of historic significance which might be adversely

affected by the dredge spoil disposal plan. Comprehensive

historic structure surveys have only been conducted in two

of the thirteen counties in the project study area: Sussex

County, Delaware and Burlington County, New Jersey. Even in

these two counties, determinations of eligibility have not been

made for all surveyed sites. Thus, it must be concluded that.

the study area contains numerous historically significant

sites and structures which have not yet been surveyed and

nominated to protected historic register status.

In the absence of comprehensive structure survey and

designation, it is difficult to create a satisfactory project

area model for zones of historic site potential. The inventor-

ied historic property data can be discussed: included in the

list of 162 designated sites are 22 historic districts which

contain properties dating from different periods; 6 individual

structures were built prior to 1700; and 73 individual structures

were built between 1700 and 1800. Though this compilation of

numbers and dates provides statistics on the progress of his-

toric designation along the Delaware River and Bay, it reveals

nothing about potentially significant properties which have

not yet received historic designation. Likewise, the Figure

2 maps show the location of designated historic structures,

but they do not locate eligible structures.

'
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Two attempts have recently been made to develop pre-

dictive models for historic settlement patterns along portions

of the Delaware Bay. Carol Wise, Historical Archeologist for

the Delaware Bureau of Archeology and Historic Preservation,

has recently presented two excellent papers which state that

Delaware's early historic settlement pattern involved dispersed

single family farmsteads located close to the edge of well

drained soils. The earliest settlements were near the stream

mouths on the Delaware, while later settlements were located

farther inland. Wise notes that by around 1730 the location

of farmsteads began to shift away from creek beds to roads which

were located at drainage divides. She correlates this change

in settlement from drainage edge to drainage divide and from

river access to road traffic with a change in agricultural

production from tobacco to wheat (Wise 1978; Wise October 1978).

The settlement model presented by Wise suggests

that the well drained site of the transition zone between

well and poorly drained soils should be carefully examined

for evidence of early European settlement. She further sug-

gests that later eighteenth century structures tend to be

located along mid-drainage roads. These important generalizations,

however, are based primarily upon extensive survey in Sussex

County,Delaware, an area little characterized by colonial

urbanization. Different geological drainage patterns and
0'
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different patterns of urban settlement may render her con-

clusions inapplicable to other regions of the Delaware

River and Bay (Historic Resources of St. Jones Neck 1979).

Barbara Liggett has compiled a Historical Gazetter

of New Jersey which dates the use of place names for all

political subdivisions of New Jersey government: counties,

townships, boroughs, and cities. Then,by cross-referencing

current road map place names with the place names found

in the Historical Gazetter, Liggett has prepared sensitivity

maps of projected and known areas of historic importance

for Cape May County and the Maurice River drainage in New

Jersey. But such mapping only indicates that a political

subdivision has preserved its historic name, not that it

has preserved its historic structures. Thus, in the opinion

of the Commonwealth project historian, such mapping is of

little value unless it is substantiated by comprehensive

on-site historic structure survey (Liggett 1977; Bartlett

1978).

Because the Delaware River and Bay have not been

subjected to comprehensive historic structure survey and

evaluation of significance and because no predictive models

of historic site sensitivity have been developed which

can apply to all portions of the River and Bay, the Common-

wealth project team recommends that additional site-specific

historic survey and evaluation be conducted prior to the

4final selection of each location chosen for spoil disposal.

o1



-~~~ -7, i oool

BAE APSORE: U :OS 250,000 TOPOGRAPHIC QUADRANGLES b' , 0

PB 20 -y - ,0

__ ~POTTSTOWN'I\ oeN

to'

Nor
P8 22 4 / -

r '..<I~r~n 0 - '- ,.ler

PB 10r4 WN-

P8 28 ~

PP 130

PP 75
PP 77
PP 38 A

PP 06 4ep~p,~

PD 37 '.

PD017 N Gi~0--9, I -1

PD 19 p *"~

PD021 B- I 0 ~

PD 28
PD022d

PS 30 Ol~-
ON 450 SCALE 1:312500

ON 174 STATUTE MILES 0

ON 340713to 
1111

DN 338 1 7 1?, G

ON 651 - ~- W~J
DN 3637 TO, -

ON 40 18



'rrob

NM 02

00. -NM 04

AA

NM 12

-1 NM- 13

No NM 15t NI

Mop NO NC03

A 3.Mb 19 Ef &S Na

- HisoricDistictsNO 01
- -l NG 02

SIWAG, 
NO 10d~

"t-g

jl ,,

9'IN 002

4.~N 03 0

NA.'0

NG 0



ON 246

0N 403 sbo

ON 386 -

DNI99 246(-,
ON 362N38
ON 1475 C.I

ON 3856NI' W-loQ
ON 1290 36e\IZ

ON 1306 K6,
ON 219 1

ON 144 N1r v

ON 1623

ON 147 l ,
ONN 148...

ON 416 O 33

ON 39251 0 0

ON 4623

ON 133 4

ON 132

0N 416 N _ _ _ _ _ _ _ _ _

ON 1262

ON 108258 A ON~ iSGSi25,0 OORPI UOAGE

/N15



NCU 04

NSu 07

*TATUTEN 06ES 0

vi' -



Ietl117 Vi P, L A v

/K 117d3 4 ~ 2

DK1 13

DK 1360

DK 1163

DS 123 
22 

.

OK 322yP14

ID S129EILS

l, while DEL0KLOETR&g35
SOI.CE:U.SG.S 1:50 00 OPORAP9C UAOANGS~2

DK 360

DK 244



\/ . "
P, L A+ +

'W 1 NCy 02

I)ELA W4RE \ 3AY . 3.

DS 186

"- . . " f -+ l+.l,

" , "J/ " ~'--.+ .... ,, +!

292 1.2,

A.75

S 6 13 0

" :- A T L

SCLE : o 'FIGURE 2C

S152

•,• STATUTE -t-S S "HISTORIC SITES

5 0 KILOMETERSMA

M - I"

- A?" Hitrc ie



0I"

*i

L~. *



PHILADELPHIA HISTORICAL COMMS:ON
1313 City Hall Ann x

Phdtadelphio. Pennsylvanio 19107
MU 6.45A3 and MU 6-4A53

F. OTTO HA,. Ph.D., Ojiru ian

JANET S. KLEIN, Vice C4oinoft
MRS. JAMES C. CRUMLISH, JR.

C..LLL 03F .tEt1 AD EJ h -r HON. JOHN B. KELLY, JR., Coufaldmn-atLargo
EDWARD PINKOWSKI
JOHN TAXIN
ROBERT SILVER

Camnisaoner of Public Property
IRVIN R. DAVIS. Director of Fim, once
HERBERT W. LEVY, A.I.A.

Architectural Advisor to the Commisson,
BARBARA LIGGETT, Ph.D.

Archaeological Cnsultont to the Coruro n
RIO iARD TYLER, Ph.D.. Hi, toion
PATRICIA SIEMIONTKOWSKIExecuve 10 n t e CJ ezl

8 February 1979 rj'4

John R. Kern, Ph.D4"
Historic Preservation Planner
Gilbert/Commoniwealth
Commonwealth Associates Inc.
209 E. Washington Avenue
Jackson, XI 49201

RE: 62-0131-005

Dear Dr. Kern:

I have reviewed the list of historic sites in your letter of 29 December 1978
and should like to add three more. They are the Old City National Historic
District and Fairmount Park and the Spring Garden National Historic District.

The first of these is bounded on the north by Wood Street, on the west
variously by Fifth Street and Fourth Street, on the south by Independence
National Historic Park and the Society Hill National Historic District, and
on the east by Front Street.

Fairnount Park is on the National Register as a National Historic Landmark.
It extends along both banks of the Schuylkill River from Spring Garden Street
to the Wissahickon Creek and along both banks of that stream to Northwestern
Avenue.

The Spring Garden National Historic District is bounded on the north
variously by Fairmount Avenue and Green Street, on the east variously by Nineteenth
Street and Fifteen Street, on the south by Spring Garden Street and on the west
by Twenty-fourth Street.

In addition you may wish to consider any impacts on the Thirtieth Street
Station and College Hall, both National Register properties, as well as the
academic campus of the University of Pennsylvania which has been nalnated
to the Register.

Is
'1

A

- .Y

:' I * I r



John R. Kern, Ph.D
8 February 1979
Page Two

The significance for each of these additions may be determined by consulting

the National Register nomination forms.

I hope that this proves of acme assistance to you.

Yours truly,

Richard Tyler
Historian
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INTRODUCTION

In 1978 Gilbert/Commonwealth contracted with the

Department of the Army, Philadelphia District, Corps of

Engineers to conduct Historical Resources Reconnaissance

Services and Investigations in the Philadelphia District

Area. Work Order 0005 called for a cultural resources over-

view and sensitivity analysis of data for shoreline areas

bordering Rehoboth Bay and Le-.,e and Rehoboth Canal in

Delaware and Delaware Bay and River from the Atlantic Ocean to

Trenton, New Jersey.

The Work Order 0005 cultural resources study is being

conducted in conjunction with the Philadelphia District, Corps

of Engineers' Delaware River and Bay Dredging Disposal Study.

Authorized by the United States Senate Committee on Public

Works in October 1974, and initiated in February 1978, the

study is intended to develop a regional spoil disposal plan

for the tidal portions of the Delaware River, its tidal trib-

utaries, and Delaware Bay. The Delaware River is tidal up-

stream to Trenton, New Jersey; the tidal tributaries and other

project sites have been defined as follows: Neshaminy State

V Park Harbor, Pennsylvania; Schuylkill River, Pennsylvania, mouth

to University Avenue, 6.5 miles; Wilmington Harbor, Christina

River, Delaware, 9.9 miles; Smyrna River, Delaware, 9.5

miles; Little River, Delaware, 3 miles; Murderkill River,
D 4

q Delaware, 8.5 miles; Mispillion River, Delaware, mouth to

4

•I



2

Milford, approximately 11 miles; Broadkill River, Delaware

10.3 miles; Harbor of Refuge, Delaware; Cooper River, New

Jersey, 1.8 miles; Big Timber Creek, New Jersey, 5.5 miles;

Mantua Creek, New Jersey, 7 miles; Racoon Creek, New Jersey,

9.8 miles; Salem River, New Jersey, 5 miles; Cohansey River,

New Jersey, 19.5 miles; and the Maurice River, New Jersey,

24 miles (COE 1978).

Gilbert/Commonwealth has undertaken Work Order

0005 to provide the following services for the Delaware

River and Bay dredging disposal study.

I. Literature and records background search

a. with attention to archeological sensitivity
analysis based upon

1) environmental factors which have influ-
enced human occupation;

2) review of regional literature and
State Historic Preservation Office
archeological site files;

b. with attention to historic sites based
upon

1) a comprehensive review of State His-
toric Preservation Office historic
site inventories;

2) preparation of abstracts and locational
mapping for protected historic sites.

Literature and recores research was conducted in

Pennsylvania at the Office of Historic Preservation, Pennsylvania
.1

Historical and Museum Commission in Harrisburg between
10

$ . .. . . .
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December 4 and 6, 1978. Commonwealth project archeologist

Stephen R. Claggett conferred with Curator of Archeology

Barry C. Kent, and Archeologist Ira F. Smith, III. Project

historian John R. Kern worked with Curator and Environmental

Review Specialist William 0. Hickok and Curator and National

Register Coordinator Susan M. Zacher. At the advice of Mr.

Hickok, Kern subsequently corresponded with Kathryn Ann

Auerbach, Historical Programs Coordinator for the Bucks

County Conservancy- Richard Tyler, Historian for the Philadelphia

historical Commission; and Martha Wolfe of the Brandywine

Conservancy; (Ms. Auerbach reported January 1979 that the

Bucks County Conservancy has not yet surveyed the lower

part of Bucks County; see Appendix for response from Richard

Tyler received February 12, 1979).

Literature and records research was conducted

in Trenton, New Jersey at the Office of Historic Preservation,

New Jersey Department of Environmental Protection, where

Kern worked primarily with Architectural Historian William

McCrea; the Office of Environmental Review, New Jersey

Department of Environmental Protection where Claggett con-

ferred primarily with Archeologist Olga Chesler; and the New

Jersey State Museum where Claggett consulted with State Arche-

ologist Lorrain Williams and Staff Archeologist Karen Flinn.

The records and literature search in Trenton, New Jersey was

carried out December 6 to 8, and 11, 1978.

'1
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Literature and records review was conducted in

Delaware at the Department of State, Division of Historical

and Cultural Affairs, Bureau of Archeology and Historic

Preservation at the Hall of Records in Dover between December

12, and 14, 1978. Claggett and Kern worked with Historical

Archeologist Cara L. Wise, and Kern conferred with Historian

Dean E. Nelson.

Minor site verification was carried out at Cape

May by Claggett and Kern on December 9 and 10, 1978. On

December 10, project staff members were accompanied by Robert

Logan, President of the Greater Cape May Historical Society.

Additional site verification was made at the Island Field

Site in Kent County, Delaware by Claggett on December 13 and

14, 1978. On December 13, Claggett was accompanied by His-

torical Archeologist Cara Wise. No additional on-the-ground

archeological investigations were carried out during the

reconnaissance.

'I
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ENVIRONMENTAL BACKGROUND

Discussion of the environmental factors that have

influenced human occupation of the Delaware Bay margins

must recognize the time depth involved and the climatic, geo-

logic and hydrologic changes that have occurred. A large

body of current research concerns regional questions of

natural/cultural interactions or has a direct bearing on

investigations of archeological manifestations in the coastal

zone (J. Kraft 1977; Kraft and John 1978; Fairbridge 1977;

Sirkin 1977; Edwards and Emery 1977; Edwards and Merrill

1977; Thomas et al. 1975; Griffin 1976). Man has occupied

the area for at least 10,000 years, and perhaps as much ea

40,000 years before present (B.P.) (J. Kraft 1977: 44; Thomas

1974; Mason 1971;H. Kraft 1974; 3-7, 1977). Dramatic fluctuations

in climate,sea level and floral/faunal patterns during even the

last 5-6,000 years have influenced, and will continue to in-

fluence, human settlement along Delaware Bay.

The geomorphic setting of Delaware Bay is that of

* a drowned river valley or estuary. The present coastal plain

and offshore continental shelf are formed of cretaceous and

Miocene-Pliocene(?) age sediments, covered in most places
V.

with Quaternarv age sands, gravels and clays (J. Kraft 1977;

Johnson 1950; Widmer 1964). Lowering of world sea levels ca.

40,000 years B.P. resulted in exposure of the continental

S4. shelf for a distance of 75-100 km from the present shore-

line, coupled with entrenchment of the ancestral Delaware

4
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River and formation of a series of river terraces. Melting

of glacial ice masses during the last 10,000 years has re-

versed the process, resulting in gradual,vet variable, rates

of coastal submergence (J. Kraft 1977; Thomas et al. 1975).

Rising ocean levels and resultant encroachment

of salt water tolerant species and formation of tidal marshes

have placed dynamic strictures on human settlement of the bay

margin. Boreal forest communities typified the region during

the Pleistocene, but were gradually renlaced by deciduous

(oak, hickory) climax species during the early Holocene, and

black qum and cypress in some areas by 5-6000 B.C. (Whitehead,

1973) coincidental, with coastal submergence and resultant

establishment of estuarine plant and animal communities. Fossil

pollen samples, wood and peat species and extinct megafaunal

remains (mammoth, mastodon, walrus, ground sloth) have been

rec-vered from various onshore and offshore contexts and at-

test to this long-term series of climatological and floral/

faunal changes (J. Kraft 1977; Edwards and Merrill 1977;

Sirkin 1977; Kraft and John 1978). Aboriginal exploitation

of these changing environments consisted of hunting and

gathering of extinct and modern game, forest products and

littoral resources (especially fish and shellfish) (H. Kraft

1974; Thomas 1974). Yet, little direct evidence remains of

early occupational sites, due to their probable orientation

along the drowned river and bay margins.

A
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I.

The gradual shift to modern conditions has been

comoleted only within the last 2-3,000 years (J. Kraft 1977;

Thomas et al. 1975; Griffith 1976; Robichand and Buell 1964).

Geological and archeological data indicate an essentially

modern climate and floral/faunal communities since that time.

Prehistoric sites have yielded evidence for exploitation of

white-tail deer, elk, black bear, turkey, raccoon, muskrat,

various birds and waterfowl, fishes, turtles and several

types of shellfish. Plant remains are less common, but sites

were evidently situated to maximize access to marsh and up-

land varieties of nuts, seeds, roots, reeds and "jreens"

(Thomas et. al. 1975; Griffith 1976; H. Kraft 1974; Cross

1941). Tropical cultigens (maize, beans, squash) were added

to this list some time around A.D. 1000, and whaling was

oracticed by at least the seventeenth century (Dickinson

1972).

In general terms, Delaware Bay microenvironments

encomoass several interfacing habitats: coastal beaches and

dunes; shallow lagoons and tidal marshes;coastal plain up-

lands; tributary streams; and dissected piedmont uplands.

Most of the study area is within the Atlantic Coastal Plain

province,with predominantly sandy soils and habitats com-

bining shorelines, lagoons, marshes, tidal estuaries and

adjacent uplands. Tidal estuaries and marshes dominate

the lower half of the Bay margins, while a relatively flat

I
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floodplain is present along the Delaware up to the fall

line (Johnson 1950; Widmer 1966). The upstream portion

of the study area includes the Delaware floodplain, low

river terraces, uplands and their draining tributary streams,

all of which are part of the Piedmont Crystalline Province

(J. Kraft 1977). Natural communities have been virtuallv

eliminated along portions of the drainage, particularly as

the result of urban and industrial developments during the

twentieth century.

-'
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ARCHEOLOGICAL BACKGROUND

A review of regional literature and state site

files indicates that variable data are available on prehistoric

archeological sites along the margins of Delaware Bay.

Centralized files in the three states of Delaware, Pennsylvania

and New Jersey contain site data based on information de-

rived from sources as variable as recent systematic surveys

and amateur collector's reports from the turn of the century.

In general, site information from Delaware is rather com-

plete, due to efforts in the last decade to systematically sur-

vey coastal and drainage areas throughout the state. The

Pennsylvania portion of our study area lacks all but the

most rudimentary site data, largely due to heavy urbanization

and industrialization of the Philadelphia area. New Jersey

files contain site records from selected drainaqes, largely

derived frcm intuitive surveys conducted during the first three

decades of this century (Skinner and Schrabisch 1913; Cross

1941).

Comparisons of data from the three-state region

are understandably difficult. A general discussion of the

prehistoric background of the Bay area can be offered, never-

theless, based in part on published sources from the larger

Middle Atlantic Coast region.
'I
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The major cultural/historical traditions identified

for eastern North America are the Paleo-Indian (15,000-8,000

B.C.), Archaic (8000-1,000 B.C.), Woodland (1,000 B.C.-A.D.

1,000) and Mississippian (A.D. 900-1,500) stages or traditions

(Griffin 1967; Dragoo 1976). Evidence exists for only the

first three traditions in the Delaware Bay region; Algonquian

groups present at the time of white contact were living basic-

ally Woodland lifeways and did not participate in the social,

religious and political systems that identify Mississippian

culture groups (Thomas 1974; H. Kraft 1974; Goddard 1978; Snow

1978).

Paleo-Indian

Paleo-Indian sites in the greater Bay region consist

mainly of isolated finds of fluted projectile points,

occasionally associated with less diagnostic knives, scrapers

or other implements. In keeping with current interpretations,

it can be argued that Paleo-Indian settlement/subsistence

* patterrs involved hunting of Pleistocene megafauna and certain

northern Holocene forms (caribou, musk ox) and gathering of

available plant foods. No evidence exists for direct exploi-

tation of littoral resources. Relative scarcity of sites and

artifacts is taken as an indicator of low population density

and a nomadic lifestyle, but a general lack of data is at-

tributable to the presumed destruction of many sites by coastal

submergence over the last 12,000 years (J. Kraft 1977; H. Kraft

1974, 1977; Edwards and Emery 1977; Mason 1971; Bryan 1977).
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Archaic

A similar situation obtains for at least the early

portion of the Archaic stage (8000-4000 B.C.). Holocene

climate changes resulted in modified biotic patterns as well

as rising sea levels. Changes in artifact styles are viewed

elsewhere as indicative of a gradual transition from Paleo-

Indian to increasingly regionalized Archaic traditions (Adovasio

et al. 1977; Morse 1973; Coe 1964; Broyles 1971; Gardner

et al. 1977). This transition either did not occur in the

Delaware Bay region or has not been recoginzed (Thomas

1964; H. Kraft 1974). Early Archaic sites are known for the

upper Delaware and the lack of information from the Bay area

again reflects site destruction due to flooding.

Middle and Late Archaic settlement patterns also

are poorly understood, but increased populations are inferred

and recognizable tool forms reflect participation in extra-

regional traditions termed Piedmont Archaic and Laurentian

(Thomas 1974; H. Kraft 1974; Kensey et al. 1972).

Archaic settlement/subsistence patterns were pre-

dicated on coalescence or dispersal of kin-based groups for

exploitation of seasonally available foods or other re-

sources (Caldwell 1958; Kent 1970). It has been argued

that this "diffuse" economic pattern reached a level of

refinement called Primary Forest Efficiency (Caldwell 1958;

Cleland 1976) during the Late Archaic period, but recent

°yj,,
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research indicates that highly scheduled and efficient

patterns existed during the Early Archaic (Chapman 1977)

and continued to function into the historic period (Thomas

et al. 1975; Mounier 1974; Griffith 1976; Snow 1978).

Transitional

A transitional phase has been defined for the

Middle Atlantic region during the period from 1800-1000

B.C. Increased sedentism is implied, based on more sub-

stantial village remains and the presence of soapstone

cooking vessels, which would have limited, to some extent,

the transhumance patterns typical of earlier Archaic groups.

rertain lithic tool forms also are tvoical of this period, which,

as the name implies, is "transitional" between the Late

Archaic andearly Woodland cultural/historical periods (H.

Kraft 1974; Witthoft 1974).

Woodland

Woodland period groups in the Delaware Bay region

are identified basically by the use of ceramics and peripheral

participation in rather flamboyant Early and Middle Woodland

traditions termed Adena and Hopewell elsewhere (Dragoo 1976;

Pollak n.d.; DeValinger 1970; Cross 1956). Design elements

found on ceramic sherds allow distinctions to be made be-

tween localized Woodland groups (Lopez 1961) as well as allowin

fairly precise analyses of external relationships (H. Kraft
'1
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1974;Cross 1941). Larger populations were concentrated in

Woodland villages and increased status differentation is

inferred for burial details. Increased sedentism is at-

tributable to the introduction of tropical cultigens,

especially maize, some time around A.D. 1000, but Woodland

groups continued to participate in seasonal rounds of food-

gathering and, possibly, social contacts.

Archeological investigations in the area bordering

Delaware Bay historically have concentrated on Woodland

period sites, evidently because of their visibility and

large size(DeValinger 1970; Thomas and Warren 1970a, 1970b).

Amateur and professional attentions have focused on ceramic

period sites due to their potentially well-preserved artifact

and featural contents of burials, storage pits, hearths,

middens and house patterns. As discussed previously, older

Paleo-Indian and Archaic sites usually offer a less complete array

of specimens, and represent only a small remnant of the pos-

sible variations in site size and content. Most analyses

of prehistoric life in the Bay region are based on data from

large Woodland period sites such as Mispillion, Island Field,

Hughes-Willis, Poplar Thicket, Cape Henlopen and Townsend in

Delaware. Woodland sites in southeastern Pennsylvania re-

main undiscovered or are destroyed.

.. . .... I II I__ _ _ _ _ _ I_ _ _ I-II I
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New Jersey sites have not been rigorously explored

or reported in the literature, except along the upper Delaware

or inland from the river and bay (Snow 1978; H. Kraft 1974;

Thomas 1974; Thomas et. al. 1975; Cross 1941; Skinner and

Schrahish 1913; Kinsey 1972). Recorded sites in southern

New Jersey and southeastern Pennsylvania are either poorly

documented or do not otherwise lend themselves to ready

cultural/historical identification or processual interpre-

tation (cf. Cook 1960, 1969). Basic Late Archaic and

Woodland relationships have been defined, however, at sites

in the Maurice River drainage of southern New Jersey (Mounier

1974).

Late Woodland groups occupied large base camps

on the central portions of Delaware Bay tributaries but

continued to fragment into seasonally smaller units for the

seasonal exploitation of various estuarine and upland re-

sources (Thomas et al. 1975; Griffith 1976; Mcun'i-r 1974).

Maize production was an important part of Late Woodland

economics, but never to the extent of late prehistoric

(especially Mississippian) groups elsewhere in eastern North

America.

Contact

Contact period aborigina' groups inhabiting the

Delaware Bay region are ident- fiec as Alaonauian- speaking

'0
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Delaware, or Lenape (Snow 1978; Goddard 1978; Hunter 1974;

Weslager 1953; Thomas and Lewis 1966). Some evidence sug-

gests, however, that the Late Woodland Slaughter Creek phase

in the lower reaches of the Bay (Lewes-Rehobeth area) was

more closely related to historic Alaonquian, Nanticokes,

Assateague. Choptank and Pocamoke groups of the Chesoeake

Bay region (Thomas 1974; 17). Townsend series ceramics

found on sites in southern Delaware are definiens for the

Slaughter Creek phase (Snow 1978; 63; Thomas and Lewis 1966).

Less intensive research has been devoted to late

sites in southern New Jersey, but early documents indicate that

- Lenape groups were historic inhabitants (Cross 1941; Skinner

andSchrabish 1913; H. Kraft 1974; Weslager 1972). Sources

tend to indicate that the east side of the Bay was more in-

tensely occupied than the west side (Goddard 1978; 215; cf.

Johnson 1925). Investigations by Mounier(1974)demonstrate

gross similarities between the Late Woodland Fralinger site

on the Maurice River and larger Middle Atlantic cultural

traditions, but "...social organization and the relationship

between archeological cultures and ethnohistoricallv de-

scribed groups in this area await eiucidation"(Mounier 1974:

54).

'1i
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Historic

Goddard (1978:214) identifies several historic

Delaware groups in the Bay area -- Unami speakers whose

settlements were aligned along major stream drainages. The

groups and their locations listed by Goddard are as follows:

Sewapois (Cohansey River); Little Siconese (Salem River);

Naranticonck (Raccoon Creek); Mantaes (Mantua Creek); Armawamex

(Biq and Little Timber Creeks); Remkokes (Rancocas Creek);

Atsayonck (Crosswicks Creek); and Sankhikans (near the falls

at Trenton). Settlements or groups mapped for Pennsylvania

include Minquannan (White Clay Creek), Quineomessinque

(Brandywine Creek), and by the late seventeenth century,

Okehocking (Ridley and Crum Creeks) and Playwicky (upper

Neshaminy Creek). Rapid depopulation and political dis-

ruption of eastern Pennsylvania during this period has

been attributed to conflicts with Susquehannocks from further

* north along the Delaware (Goddard 1978:215).

Southern Unami groups were apparently involved in

close trans-Bay contacts; the sole group recorded by Goddard

for Delaware (Lewes- Cape Henlopen area) is the Big Siconese,

an apparent "tribal variant of the Little Siconese in New

Jersey (see above; Goddard 1978; 215). Relationships between

the Big Siconese and the Late Woodland Slaughter Creek phase

are unclear.

'I
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Subsistence/settlement patterns of early historic

Delaware groups varied little from precedents established

during prehistoric Archaic and Woodland periods. Permanent

base camps or villages, usually situated at mid-drainages,

were abandoned during winter and summer for satellite camps

where activities involved hunting, gathering or fishing.

Warfare also has been cited as an impetus for periodic dis-

persals(Goddard 1978:216-217). These ancient patterns were

seriously and rapidly disrupted in the seventeenth century,

as trade with the Dutch reoriented the Delaware economy.

Settlements were consolidated as the result of land sales,with

period group fragmentation for fur-hunting or trading ac-

tivities. European trade goods and introduced food-stuffs also

contributed to disruption of traditional patterns.

Delaware occupation of the Bay region was ended

effectively by the late seventeenth century, reflected in

a gradual westward movement of local groups into Pennsylvania.

Claims of certain southern Unamis (in New Jersey) ended with

their relocation to the Brotherton reservation in 1758.

Later history involves various consolidations with Shawnee,

Iroquois, Wyandot and other native groups in New York, Ohio,

Pennsylvania and,eventually, Oklahoma (Goddard 1978; Weslager

1972).

r4
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HISTORIC OVERVIEW

Historic Background

The first Europeans to reach Delaware Bay were

explorers who sailed for the Dutch. Henry Hudson put into the

Bay in 1609 while under the employ of the Dutch East India

Company. In the early 1620s Cornelius Jacobsen May headed a

Dutch West India Company colonizing expedition which sailed up C,

the Delaware Bay. Around 1624 several Dutch families estab-

lished Fort Nassau, now Glocester, New Jersey. In 1631 another

group of Dutchmen formed a trading company headed by David

Pieterssen deVries. An expedition financed by their comoany

created a settlement near the present town of Lewes, Delaware

in 1631, but when deVries reached the outpost in 1632, he

found that all its inhabitants had been killed by Indians

(Ward 1930; Hawke 1960).

During the lu30s Dutch control of Delaware Bay

was contested by the Swedish West India Company. Commanded by

Peter Minuit, the first Swedish expedition in 1638 founded

Fort Christina, now Wilmington, Delaware. Subsequently

i 1  headed by Johan Prinz, the Swedish colony expanded during

the 1640s to encompass both shores of the Delaware River and

Bay from the Schuylkill River to Cape Henlopen on the western

shore and from the mouth of Assunpink Creek, now Trenton, to

Cape May on the eastern shore (Ward 19307 Billington 1960).

'C
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The struggle fcr control of the region's profitable

fur trade became three cornered in the 1640s when a group

of New England merchants organized as the Delaware Company and,

led by George Lamberton, built a post at the site of Philadelphia.

This and a second attempt at settlement were thwarted by both

Swedish and Dutch forces (Dunway 1948.

Having eliminated the New Englanders, Dutch and

Swedes opposed one another for control of the Delaware. The

rivalry focused on the present site of New Castle, Delaware,

where in 1651 the Dutch built a post named Fort Casimir.

Swedes seized the fort in 1654. But the next year, Dutch troops

commanded by Peter Stnyvesant captured all Swedish strongholds

and forever ended Sweden's claims to the region (Hawke 1966;

Ward 1930). The Dutch immediately consolidated their

Delaware Bay holdings by reorganizing the Fort Casimir set-

tlement as New Amstel. Headed by Alexander d'Hinoyossa in

1659. the outpost secured possession of all lands on the

west bank of the Delaware and a strip three miles wide along

the east bank. During this period the trading post near

the present town of Lewes was reestablished (Scharf 1888).

England saw Dutch settlement along the Hudson and

the Delaware as a threat to British colonial expansion and an

obstacle to enforcement of the newly instituted Navigation

AaActs. Consequently, in 1664 Charles II, wishing to reward the

-' •



20

commerical classes who had supported his restoration, ordered

the capture of all Dutch possessions in America. Four frigates

reached New Amsterdam in September 1664 where Struyvesant

caotivated. Delaware did not fall until the following

month when Sir Robert Carr stormed Fort Casinis (Hawke 1966;

Billington 1960).

After the British conquest of Dutch possessions in

America, Charles II granted those lands to his younger brother,

the Duke of York. York in turn presented that portion be-

tween the Hudson and Delaware Rivers as the Colony of New Jersey

to his friends Lord John Berkeley and Sir George Carteret. In

1674 Berkeley sold his share to two Quakers, John Fenwick and

Edward Byllynge. When Fenwick and Byllynge began to feud over

their purchase, William Penn was asked to arbitrate the dis-

pute. Penn became a trustee of the lands relinquished by

Byllynge, and in 1676 succeeded in obtaining a division of

New Jersey whereby Carteret kept East Jersey and the Quakers

West Jersey which bordered on the Delaware River and Bay.

The Quakers began to govern West Jersey with a progressive

consitution drafted by William Penn; Fenwick attempted, how-

ever, to develop his land as though it were a separate colony.

:-st Jersey held its own assembly. Political matters were

' rther complicated when the Governor of New York refused to

..1-mnize New Jersey's sovereignty. Litigation over land

-rntinuei throughout the colonial period, and differences
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between East and West Jersey were unresolved, even after the

colony possession from proprietary to royal political control

in 1702 (Newberry 1977; Hawkes 1966).

English settlement of West Jersey began duriny the

politically turbulent years of the late seventeenth century.

When Edward Byllvnge died in 1687, his right of government

passed to the Anglican Dr. Daniel Cox, who apparently built

a residence more than four miles north of Cape May Point on

the Delaware Bay side near Town Bank (Nash 1968). Cox sold

his share of West Jersey in 1692 to a joint stock company of

English merchants intent upon the promotion of ship building

and whaling. Residents of the southern portion of West Jersey

were primarily occupied with cattle grazing and farming during

the 1700s, though they occasionally fished, whaled, and provided

other boating services as ferrymen and pilots.

Because of its strategic location between New York

City and Philadelphia, New Jersey was an important theatre

of war during the American Revolution. Washington's victories

V! at Trenton and Princeton during the winter of 1776-77 marked

a turning point in America's battle for independence. State-

hood was attained in 1787, the same year that New Jersey

ratified the constitution (Alden 1954; Newberry 1977).

4|
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William Penn relinquished his trusteeship of

West Jersey in 1681, the year that he received the charter

to Pennsylvania from Charles II in return for debts which the

King owned Penn's father. Penn issued a Frame of Government,

publicized his colonizing venture in the British Isles and

on the Continent, and set sail for his proprietary in 1682.

That fall he landed in Upland, now Chester, Pennsylvania and

called a general court which passed a declaration of liberty

of conscience. Within two years 7,000 Welshman, German Quakers

and Irish had emigrated to Pennsylvania. Nearly one third of

them settled in Philadelphia, a city designed by Penn with

a checkerboard layout so that the "streets may be uniform down

to the water "of the Delaware" where it is most navigable."

Penn had chosen his capital well; located on a major water-

way it prospered, first from the fur trade, and later from

agricultural produce which reached it from the rich lands

along the Delaware. As early as 1700, Philadelphia rivaled

Boston in commerce, and on the eve of the Revolution, Penn's

capital had become the second largest city in the British

empire (Nash 1968; Hawke 1966).

To protect Pennsylvania's avenue of commerce to the
.4

sea, Penn in 1682 received from the Duke of York a grant of

land along the western shore of Delaware Bay from the southern

boundary of Pennsylvania to Cape Henlopen. These three lower

counties, as Delaware was called throughout the colonial era,

.'
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were governed as part of Pennsylvania until 1704. At that

time, discontent over lack of military protection and lack of

responsive representation led to the creation of a separate

assembly at New Castle. The Lower Counties profited from

the production of tobacco until around 1730 and thereafter

from the cultivation of wheat. After fighting in the American

Revolution as a separate political entity, Delaware became the

first state to ratify tne Constitution (Scharf 1888; Wise

1978). The prosperity of the Delaware River and Bay has con-

tinued to expand since the close of the American Revolution.

Wilmington became a major center for milling flour in the

1780s after the development of new mill machinery by Oliver

Evans. The earliest paved roads extended from Philadelphia to

Lancaster in 1794. The Du Pont powder mills were established

on the Brandywine south of Wilmington in 1802. The Chesapeake

and Delaware Canal was begun in 1803. The Schuylkill Canal

linked Philadelphia and Reading in 1825,by which time steam

boats had begun to ply the Delaware. A railroad network was

begun during the following decades, and the concentration

* of economic infrastructure has been such that century land

use along the Delaware from Trenton to Wilmington has become

almost entirely urban (Hoffecker 1976; Taylor 1951; Newberry

1977).

1~ *1
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Inventory of Protected Historic Sites

The following inventory has been based upon an ex-

tensive examination of the Historic Sites Inventories at the

Pennsylvania, Delaware, and New Jersey State Historic Pre-

servation Offices. At each state Preservation Office the Common-

wealth project team mapped and prepared an abstracted state-

ment of significance for each National Register status site or

district which was located within one mile of the Delaware

River and its tidal tributaries as specified in the regional

spoil disposal plan. Additional sites were recorded at the

suggestion of the respective Preservation Office staffs. The

sites recorded were those listed in the National Register of

Historic Places and those nominations which have been approved -

by the State Historic Preservation Review Boards as of December

1978 but whose designation is pending approval by the U.S.

Department of the Interior. New Jersey State Register of His-

toric Places sites have also been recorded because the New

Jersey Register law of 1970 protects those sites from publicly

funded undertakings; Pennsylvania and Delaware do not have

comparable legislation (New Jersey Register n.d.).

In Pennsylvania and Delaware the State Preservation

.4 Office site designation numbers were utilized, as were the

Inventory site abstracts. The Commonwealth project team

arbitrarily assigned site numbers for the New Jersey sites

because that state has no mapping system for register pro-

perties. The abstracts of significance for all New Jersey

4
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sites were prepared directly from the historic site nomination

files; the same procedure was followed in Pennsylvania and

Delaware for the more recently designated sites which have not

yet been abstracted in their respective Inventories.

The Inventory of Protected Historic Sites presents

information on each registered property in the following format:

1. Site Letters and Numbers

a. the first letter identifies the state in
which the site is located

P = Pennsylvania

D - Delaware

N = New Jersey

b. the second letter identifies the countv
in which the site is located

Pennsylvania:

B = Bucks County

P = Philadelphia County

D = Delaware County

Delaware:

N = New Castle County

K = Kent County

S = Sussex County
.4

New Jersey

M = Mercer County

B = Burlington County

'1
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Ca = Camden County

G = Gloucester County

S = Salem County

Cu = Cumberland County

Cy = Cape May County

c. site numbers have been assigned to each
within a given county. As stated above,
the Pennsylvania and Delaware site numbers
are those used in their respective reg-
istered site mapping systems; the Common-
wealth project team has arbitrarily as-
signed site numbers to the New Jersey
registered properties

2. Site Name

3. Site Address

4. Date of Construction

a succession of dates indicates times of struc-
tural alteration; events of associational sig-
nificance; or periods of construction for his-
toric districts

5. Abstract of Significance

6. Designation

a. Nat Reg = listed in National Register of His-
toric Places

b. Nat Reg pending = approved by State Historic
Preservation Review Board but not yet approved
by U.S. Department of Interior

c. NHL = listed as a National Historic Land-
mark; all such properties are automatically
listed in the National Register of
Historic Places

• d. HABS = recorded by the Historic American
Buildings Survey

e. HAER = documented by the Historic American
Engineering Record9t

f. State Register = listed in the New Jersey
Register of Historic Places.

).j ,
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Sites are grouped by state and county and are listed

from north to south in order of their location along the

Delaware River and Bay and its tidal tributaries. The site

letters and numbers are portrayed in the same sequence on the

margins of the three maps in Figure 2; Pennsylvania and

Delaware sites are placed on the left side map margins, and

New Jersey sites are placed on the right side map margins.

Actual site locations are also shown by site letters and

numbers in Figure 2.

L
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Pennsylvania

Bucks County

PB 20 Delaware Canal

Parallels west bank of Delaware River from Easton

to Bristol (1837). Completed in 1837, the 60 mile

Delaware Canal ran from Bristol to Easton. It had

23 lift locks and nine aquaducts. The canal served

as a major shipping route for the northeastern coal

fields. It also comprises a portion of Theodore

Roosevelt State Park. NHL.

PB 22 Calhoun Street Bridge

Bridge across the Delaware between Morrisville,

Pennsylvania and Trenton, New Jersey (1885). Well

preserved "Phoenix Iron Bridge" at Morrisville. Con-

structed in Phoenixville Pennsylvania, it is one of

* the longest bridges of this type extant in the state.

Seven spans of 180', constructed of wrought iron

rolled in semi-circular sections and riveted together-

subsequently known as the Phoenix Column. This column

was designed and patented by Wendell Bollman. Nat. Reg.,

4 HAER.

PB 11 Summerseat

9' Clymer Street at Morris Avenue, Mo,'risvi.lle (c.

1770) two and a half story brick, gable roof

{ I I
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Georgian structure, the home of George Clymer, a

signer of the Declaration of Independence. Five bays

across, two rooms deep with a pent eave. NHL.

PB 10 Pennsbury Manor

South of Bordentown, near USI and 13, Falls

Township (1682 and 1939). A one and a half story,

brick reconstruction of William Penn's home. This

reconstruction, based on Penn's correspondence, was

constructed in 1939. Nat. Reg.

PB 01 Andalusia (Nicholas Biddle Estate)

Pa32 1.4 miles north of Philadelphia, Bensalem

Township (late eighteenth century). Two and a half

story Greek Revival building constructed at site of

an earlier structure. Nicholas Biddle politician and

financier of the Revolution designed the classical

motif and lived here. NHL.

PB 28 St. Elizabeth's Convent (Sisters of the Blessed Scarament)

Bristol Pike, Bensalem Township (late nineteenth

century). Designed by Charles Burns in the late

nineteenth century, these gray stone, tile roofed

buildings were constructed for Katherine Drexel who

founded the "Sisters of the Blessed Sacrament for
.1

Indians and Colored People." The order has grown and

by 1955 had placed teachers in 22 states. Nat. Reg.
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Philadelphia County

PP 32 Frankford Arsenal

Tacony and Bridge Streets, Philadelphia (1830).

Initiated in 1816 as a munitions depot, the complex

originally contained six stone buildings and two small

workshops. It has been greatly expanded and still

serves as a major center for the development of

military weapons. Nat Reg.

PP 63 USS Olympia

Pier 40 at foot of Chestnut Street, Philadelphia

(1888). The cruiser Olympia is the oldest steel-

i.ulled American warship afloat. Seved as Commodore

George Dewey's flagship in the Battle of Manila Bay

during the Spanish American War. NHL.

PP 130 USS Becuna

Perris Landing, Delaware and Spruce, Philadelphia

(1944). A World War II fleet submarine commissioned

in 1944, served as submarine flagship of the Pacific

fleet under command of General Douglas MacArthur. Used

by the Navy from 1944 to 1969. Ship is 309 feet long,

.4 27 feet wide with a weight of 1,526 tons. Nat. Reg.

PP 40 Woodlands (William Hamilton House)

40th Street and Woodland Avenue, Philadelphia

( (c. 1742, 1770). Two and a half story stone, hip

-V'
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roofed, late Georgian house with round head and

Palledian window and a six column portico. The

Country house of William Hamilton, son of Andrew

Hamilton who defended Peter Zengen William lived

there until his death in 1813 and took an active

interest in landscapingthe grounds. In 1839 the

house and 91 acres of land were incorporated into

the Woodland's Cemetery; the property still serves

this function. NHL; HABS.

PP 75 Society Hill Historical District

Walnut Street to Lombard Street to Delaware

River to 8th Street Philadelphia (eighteenth- nine-

teenth century). The oldest portion of Philadelphia

contains more than 575 eighteenth and nineteenth

and commercial residential, and religious structures.

Most of the early residences are brick with wood trim,

and belt courses. Nat. Reg., HABS.

PP 77 Southwark District (Wiaco)

5th Street tc Washington Street to Delaware

River to Lombard Street, Philadelphia (eighteenth and

nineteenth century). Originally an independent borough

called Wicaco by the Swedes who lived there, South-

ward was the center of Philadelphia maritime activity

during the eighteenth century and served as a home

for mariners. Houses of brick, two and a half stories

4 high, with gable roofs, chimneys, and dormers. Nat.

*
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PP 38 Gloria Dei Church (Old Swedes Church)

Swanson Street, between Christian, and Water

Streets, Philadelphia (1698-1700). Gloria Dei was

built for the Swedish Lutheran congregation at Wicaco.

Philadelphia's oldest church, constructed of brick

with a steep roof, several gables, square belfry, and

a small spire. Nat. Reg., HABS.

PP 06 John Bartram House and Gardens

54th Street and Elmwood on the Schurylkill River,

Philadelphia (1731). Two and a half story stone

house built in 1731 by noted botanist John Bartram.

Located on 26 acres of land which comprise Bartram's

botanical gardens. NHL, HABS.

3P 72 Commandant's Quarters (Quarters "A")

U.S. Naval Base, Philadelphia (1875). Three-

story brick building with slate roof, constructed

on League Tsland which was deeded to the United

States by the City of Philadelphia in 1868. Quarters

A is slated for conversi jn into a permanent Naval

Historical Museum which will depict the development

of the U.S. Navy. Nat. Reg.

9I
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PP 109 Marine Barracks

U.S. Naval Base, Philadelphia (c. 1900). Located

on League Island (see Commandant's Quarters), the

first permanent building was constructed in 1901 at

a cost of $95,000. Unmodified since its construction,

the Barracks is a four story building of red brick

and gypsum block construction. Nat. Reg.

PP 30 Ft. Mufflin (Old Fort Mufflin)

Southwest corner of 5th and Chestnut Streets,

Philadelphia (pre 1777). Laid out in 1771 by

Englishman John Montressor, the fort's completion

was interrupted by the American Revolution. Captured

by the British the fort was reconstructed of stone

in 1798 by Pierre Charles 1'Eufaut. NHL, HABS.

PP 31 Ft. Mifflin Hospital (Old Fort Mifflin Hospital)

Marine and Penrose Ferry Roads, Philadelphia (nine-

teenth century). The hospital was built after the

*Battle of Fort Mifflin. It served as a hospital and

prison for Confederate troops captured during the

Civil War. Nat. Reg.,HABS.

* Delaware County

PD 37 Old Drain and the Chemistry Building

* 14th Street between Melrose Avenue and Walnut

Street, Chester (1867). Designed by John Crump for a

i 4r
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military institute of 350 cadets; subsequently known

as Pennsylvania Military Academy and the Pennsylvania

Military College, now known as Widener College. Four

and a half story structure of stucco with a stone

ground story and gable dormers. Central bay topped by

a sixth story pediment. Pending Nat. Reg.

PD 27 Old Main

21st Street and Upland Avenue, Upland (1858).

A large three story building with three connected,

pedimented pavilions. Begun as a boys school, the

building served as a hospital for Union and Confederate

wounded during the Civil War. Nat. Reg.

PD 17 Chester Courthouse

Market Street below 5th Street, Chester (1724-44).

A two and a half story building with a small square

cupola. A three-sided bay addition with large windows

* was added in 1744. One of the oldest public buildings

in the nation. Nat. Reg.

PD 19 Penn Landing Site

Penn and Front St.:eets, Chester (1682). A granite

stone with inscriptions which marks the spot where

William Penn landed, October 1682. Nat. Reg.
'1
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PD 21 Printzhof

Taylor Avenue and 2nd Street, Essington (c. 1643).

Site of earliest permanent European settlement in

Pennsylvania. Excavations of the Swedish settlement

of New Gothenburg have uncovered foundations of

Governor Johan Printz, house as well as numerous

artifacts. NHL.

PD 11 Lazaretto

Wanamaker Avenue at 2nd Street, Essington (nine-

teenth century). Three-story, hipped rocf,

Georgian structure with cupola and long flanking

wings. Built as a quarantine station for sick im-

migrants; served as hospital until 1880. Nat. Reg.

PD 28 Crozer Manison

6th Street, Upland (1867). Large two-story stone

,, house designed in Italinate Style with three-story

tower and elaborate interiors; the home of a wealthy

textile manufacturing family. Nat. Reg.

PD 22 Pusey House

15 Race Street and Landingford Plantation, Upland

9I (1683, 1696) Originally a one and a half story gambrel

roof stone house with one ground floor room. A gable

roof extension was constructed C.1696. One of the

)earliest English built houses in America. Nat. Reg.; HABS.
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PD 30 Pusey-Crozier Mill Historical District

Race Street, Upland (seventeenth - nineteenth

century). A district along Chester Creek which en-

compasses the Pusey House and a three-story, plastered

stone textile mill. Nat. Reg.

Delaware

New Castle County

DN 450 Robinson House (Naaman's)

Naaman's Corner, Claymont (c. 1770). An additive

residence consisting of a frame and masonry portion and

a stone wing to the rear constructed by General Thomas

Robinson, aide to Anthony Wayne during the Revolutionary

War. Nat. Reg.; HABS.

DN 157 Mendenhall House

205 East Front Street, Wilmington (c. 1780).

A large residence built prior to 1790 by Thomas

Mendenhall who sailed in the Caribbean and to the

British Isles. He prospered by this trade and served

as an assistant burgess in 1795 and a commissioner of

the Levy Court in 1801 and 1818. Nat. Reg., HABS.

DN 874 Friends Meeting House

4th and West Streets, Wilmington (1817) . Built

in 1817 on the site of an 1748 meeting house, the

A



37

present structure remains in religious ownership and

in its cemetery are buried Governors John Dickinson,

and Caleb Prew Bennett, abolitionist Thomas Garrett,

and journalist Hezekiah Niles. Nat. Reg.

DN 340 Holy Trinity (Old Swedes) Cnurch

Between Church Street, 7th Street, and Church Lane,

Wilmington (1699). A stone church with brick trim

begun in 1698 and dedicated in 1699. Built by the

Swedish Lutherans at the site of a burial place in use

since 1638, repaired in 1842, and restored in 1898,

this is thought to be one of America's oldest

churches which is still used for services. NHL;

HABS.

DN 388 Fort Christina

* Foot of 7th Street, Wilmington (1638). Site of

the landing of a Swedish expedition commanded by Peter

Minuit. The Swedes established their settlement in

1638, and built a fort which they called Christina in

honor of the Queen of Sweden. This became the first

permanent settlement in the Delaware River Valley.

NHL.

'I
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DN 174 Old Ashbury Methodist Church

3rd and Walnut Streets, Wilimington (1789).

Thirty-five feet square when completed in 1789, the

church has since undergone extensive alterations.

Nat. Reg.; HABS.

DN 051 St. Mary's Church

6th and Pine Streets, Wilmington (1858). A brick

church constructed in 1858, the only catholic church

in Delaware erected during the espicopate of Bishop

John H. Neumann. The central tower was added in 1881.

Nat. Reg.

DN 3637 Harland and Hollingsworth Office Building

Foot of West Street, Wilmington.(c. 1900).

A three-story brick flemish bond structure built in

Georgian Revival style for one of the oldest and most

important shipbuilding companies in the country.

Pending Nat. Reg.

DN 4018 "State of Pennsylvania"

Partially submerged Christiana River at foot of

Madison Street, Wilmington (1923). A ship 219' long,

49' beam, 10 1/2' draft; built in 1923, modified 1944;

one of the largest single screw river steamers; foundered

in 1970. Pending Nat. Reg.
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DN 1423 Woodstock

102 Middleboro Road, Wilmington (eighteenth

Century). The only remaining plantation property

along the Christina River. Owned by Swede Andries

Andriessen in the mid seventeenth century, the land

passed into the hands of John Richardson in 1687;

Richardson's son, John II, leved there after 1704

and built a home at the present site of Woodstock.

Nat. Reg.

DN 246 Hale-Byrnes House

Corner DE 7 and 4, Stanton vicinity (1750).

A structure whose brick wing dates from 1750 and

was built for Samuel Hale, a potter; Daniel Byrnes,

a miller, added the north wing after his purchase of

the property in 1772. In 1772 General George Washington

held a council of war in the house. Nat Reg.; HABS.

DN 403 Swanwyck

65 Landers Lane, Swanwyck (c. 1850). An excellent example!

of Regency architecture designed prior to the Civil

War by Peter Bandy who also prepared the plans for

Wilmington's Town Hall. Nat. Reg., HABS.

'1
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DN 386 Glebe House

Del #9, near New Castle (c. 1825). A brick house

built in three sections and occupied by the rector

of Immanuel Church. Nat. Reg.; HABS.

DN 399 The Hermitage

Del. #273, near New Castle (1801-1818). Built

between 1801 and 1818 by Nicholas Van Dyke who served

in the Delaware House of Representatives and in the

U.S. Senate. Nat. Reg.;HABS.

ON 362 Stonum

9th and Washington Streets, New Castle (1730,

1750. Built in 1730 and 1750, this house was owned by

, George Read I, a signer of the Declaration of Indepen-

dence, and Kensey Johns, Chief Justice of Delaware.

NHL; HABS.

-4
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DN 1475 Christina Historic District

Junction of DE 7 and 273 (1760s-1820s). Located

at the head of navigation on the Christina River and

on the main highway between Philadelphia and Baltimore,

Christina prospered during the Revolutionary Era.

The village became an important grain shipping port

and contained 36 structures by 1816. The town's

economic decline began with completion of Chesapeake

and Delaware Canal in 1829. Nat. Reg.

DN 385 Lesley-Travers Mansion

112 West 6th Street, New Castle (1855). A

brick house with pine structural members; designed

in Gothic style by Baltimore architects Thomas and

James Dixon for Dr. Allen Voorhees Lesley. Nat.

Reg.

DN 1290 Old New Castle Court House

Delaware Avenue at the Green, New Castle (1732,

1765, 1845). Built in four sections, the central

part was completed in 1732; two wings were added in

1765; one of these was replaced in 1845, and the en-

tire structure was restored in the 1950's. The

structure housed the Delaware General Assembly until

1777, and the Declaration of Independence was ap-

proved there in 1776. NHL; HABS.

A
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DN 349 New Castle Historic District

The Strand, Delaware Avenue, 3rd Avenue, Harmony

Street, New Castle (1651-nineteenth century).

Founded by the Dutch in 1651, New Castle was Delaware's

first town, the meeting place of all colonial assemblies

and the first state capital. NHL; HABS.

DN 1306 Amstel House

4th and Delaware Streets, New Castle (1730).

The present structure, built for Dr. John Finney,

around 1730, probably incorporates portion of an

earlier structure. The house was subsequently

occupied in the eighteenth century by Delaware

Governor Nicholas Van Dyke. Nat. Reg.; HABS.

DN 219 Buena Vista

U.S. #13, south of Wilmington (1845-1847). A

five-bay, two-story brick structure with six Doric

columns and cast iron balustrade, built c. 1845 in

the Greek Revivial stvle for John M. Clayton, U.S.

Senator and Secretary of State under President

Zackary Taylor. Nat. Reg.; HABS.

A,
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DN 145 Fort Delaware

On Pea Patch Island in Delaware River, Delaware

City vicinity (c. 1850). A pre-Civil Ware five-

sided fort with walls of solid granite 7 to 30 feet

thick surrounded by a moat 30 feet wide. Nat. Reg.;

HABS.

DN 1559 Eastern Lock of the Chesapeake and Delaware Canal

Buttery Park, Delaware City (c. 1829). The

stone walled lock provided access for ships between

the river and the canal, near the lock is an iron

diving bell used to make repairs on the lock gates.

Nat. Reg.

DN 144 Sutton House

Broad and Delaware Streets, St. Georges (1792, 1815).

A brick townhouse built for John Sutton, one of

St. George'Searliest residents and for many years

her only merchant. Nat. Reg.

DN 3935 Biddle House

WI East of U.S. 13, 2 miles south of C and D Canal

(c. 1790-c. 1850). Begun as a late nineteenth century

one room dwelling of sawn plank; early nineteenth

century federal two-story, three bay expansion; ad-

ditions in mid-nineteenth century with later Victorian

wings. The resident of two intermarried farm families,

the Vandergrifts and Biddles. Nat.Reg. pending.

I-,=j
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DN 3932 Ashton Historic District

Approximately 1 mile north of Port Penn (c. 1750).

A complex comprised of three mid-eighteenth century

residences of Georgian style; the structures were

associated with Robert Ashton who was a significant

figure in the early development of New Castle County.

Nat. Reg.

DN 1623 Liston Range Rear Light Station

One half mile east of U.S. 13; approximately 2

miles south of C and D Canal (c. 1880). A light

station with all appurtenances. Built of wrought

iron, this light tower has been in continuous use

since the last quarter of the nineteenth century.

Nat. Reg.; HAER.

DN 3928 Port Penn Historic District

Port Penn (c. 1850). Port Penn was a center for

Delaware's peach industry which prospered during the

nineteenth century. The district contains approximate-

ly 75 properties,'nost of which are well preserved

V. nineteenth century residences. Nat. Reg. pending.

DN 147 Dilworth House

Port Penn (c. 1680; eighteenth century, late
1

nineteenth century) . A three-Bay wide west section

'1
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built in brick after 1679 when property was con-

veyed to Olla Jansen; three-bay east portion of

brick added during eighteenth century; frame section

added late in the nineteenth century. Nat. Reg.

DN 148 Hazel Glen

Approximately 2 miles east of Port Penn (1845).

House with narrow main block, one room deep, designed

in Italianate style with Greek Revival details.

Nat. Reg.

DN 150 Augustine Beach Hotel

Port Penn vicinity, south on DE 9 (1814). Built

in 1814, and named for Augustine Herrman, this hotel

catered to vacationers who arrived via steamboat

from Wilmington. Nat. Reg.

DN 424 Macdonough House

McDonough and U.S. 13 (c. 1800). The home of

Commodore Thomas Macdonough who defeated the

British on Lake Champlain during the War of 1812.

Nat. Reg. pending.

DN 154 Old Drawyers Church

U.S. Route 13, Odessa (c. 1770). A Presbyterian
'I

Church built around 1770 and renowned as an out-

standing example of Georgian ecclesiastical

!t,
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architecture; one of several rural Delaware churches

preserved after their congregations built town churches

during the mid-nineteenth century. Nat. Reg.;HABS.

DN 416 Appoquinimink Friends Meeting House

Main Street Odessa (1785). A small religious

structuye used by the Society of Friends from its

construction in 1785 until around 1881; since 1951

the meeting house has been used by a group of local

friends. Nat. Reg., HABS.

DN 126 Odessa Historic District

Appoguinimink Creek, High Street, 4th Street,

Main Street, Odessa (eighteenth and nineteenth

century). The district contains well preserved

eighteenth century houses and nineteenth century

con mercial buildings. Nat. Reg.

DN 125 Corbit-Sharp House

Main Street, Odessa (1772-4). A five-bay, two-

story brick dwelling with hipped roof and unusual

cornice, built in 1772-74 bv Robert May for William

Corbit, a Tanner Georgian Style. Nat. Reg.,HABS.

94
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DN 152 Hart House

East of Taylors Bridge on DE 453 (1725). A

simple three-bay house of brick laid in Flemish

bond; the structure was looted by Spanish forces

during the War of Jenkins' Ear, 1739-1742. Nat.

Reg.

DN 151 Liston House

East of Taylors Bridge on DE 453 (1739). A

gambrel roof brick house located near the water's

edge on Thoroughfare Neck. Like the Hart House,it

was plundered during the 1740s. Nat. Reg.

DN 419 Hugenot House

Del #9 Taylor's Bridge (c. 1730). Originally

a three-bay, side-hall brick dwelling, another

bay and a smaller brick and frame wing were added

after the initial construction. House still in

possession of descendants from original owner Elias

Naudain. Nat. Reg., HABS.

V

DN 423 Old Union Methodist Church

North of Blackbird Crossroads on U.S. 13 (1847).

An unornamented brick church built in 1847 by a
'I

congregation which had worshipped there since 1789.

Nat. Reg.
)
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Kent County

DK 133 Sutton House

Woodland Beach vicinity, DE 79 (eighteenth

century). A two-story three-bay, hall and parlor house

whose eighteenth century interior detail has been

well preserved. Nat. Reg.

DK 101 Allee House

Dutch Neck crossroads vicinity off Del. 9. (c.

1765). A two-story, three-bay center hall, brick

structure typical of rural Delaware architecture for

the period. Nat. Reg.

DK 131 Ruth Mansion House

Main Street, Leipsic (c. 1780). A five-bay

two-story, brick house of Flemish bond, the home

of William Ruth who served as one of the trustees for

the Kent County free school established by the 1796

charity school law. Nat. Reg.; HABS.

DK 132 Snowland

Leipsic DE 42 (Late eighteenth century). Originally

. a three-bay two-story brick house, later enlarged to

five bays with an aymmetrical facade. The home of

Andrew Naudain whose son, Arnold was a major in the

* War of 1812, Dover postmaster, Delaware and U. S.
94

Senator, and twice president of the Delaware Medical

Society. Nat. Reg.; HABS.

* " -* --.-. li* . j- a
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DK 136 Wheel of Fortune

DE 9 South of Leipsic (Late eighteenth century).

A center hall plan house, one room deep, constructed

of brick with a Flemish bond facade which is spanned

by a box cornice with molded trim. Nat. Reg.; HABS.

DK 114 Octagonal Schoolhouse

Del #9, south of Cowgill's Corner (c. 1830).

An octagonal stone structure built soon after

passage of the first free school law in Delaware in

1829. Nat. Reg., HABS.

DK 321 Macomb Farm

South side of Long Point Road, Dover (late

eighteenth century). A brick two-story structure

with a glazed header Flemish bond facade. Built

by Judge Thomas Irons whose son occupied the house

and farmed its land until his death in the nineteenth

century. Nat. Reg.

DK 130 Old Stone Tavern

Main Street, Little Creek (c. 1825). Built

of unusual materials for a county devoid of native

stone, the structure was reportedly designed by

Manlove Hayes, Sr; interior details reflect the in-
.1

fluence of Asher Benjamin. Nat. Reg.

NOT;
A
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DK 149 Tyn Head Court

East of Dover on South Little Creek Road (eighteen-

th century). A three-bay, gambrel roof structure

owned by James Sykes, a delegate to the Continental

Congress, and a member of the Delaware Constitutional

Convention of 1792. Nat Reg.

DK 862 Cherbourg Round Barn

West of Little River, South of DE 8 (1918).

Unique to Delaware, a round barn with wooden timber-

ing and a poured concrete foundation and walls.

Nat. Reg. pending.

DK 108 Dickinson Mansion

Kitt Hummock Road (1740). A two-story bind

mansion with main section completed in 1740; the

childhood home of John Dickinson who presided over

the Annapolis Convention which called for the

Federal Constitutional Convention. Nat. Reg.

HABS.

DK 117 Town Point (Kingston-Upon-Hull)

Kitts Hummock Road Dover vicinity (c. 1675).

A two-story residence with brick ground story and

frame upper story. Originally a one-story structure,

the Flemish bond edifice was the dwelling of Edward

'1
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Pack. Sometime after 1687 Pack sold the house to

William Darvall; both men were magistrates, and in

this structure were held the first courts for what

would become Kent County. Nat. Reg.

DK 113 Lowber House

East of Main Street, USII3A, Magnolia (1774).

A two-story brick, hall and parlor structure built

in 1774 with later frame wings. The brick work

features a Flemish bond facade and ornamental brick

lintels. Nat. Reg.

DK 137 Reed House

U.S. 113 and DE 8, Little Heaven (1771, 1868).

Originally a three-bay, two-story house featuring

Flemish bond brick work, built in 1771; enlarged

in 1868 to its present fiverbay, three dimensions

by John Reed who was among the earliest Kent County

farmers to introduce budded peach trees. Nat. Reg.

DK 121 Barratt Hall

East of U.S. 113, Frederica vicinity (c. 1750).

A brick farm house constructed in the mid-eighteenth

century, the home of Philip Barratt where in

V' 1784 Bishops Coke and Asbury met with 11 ministers9I

to plan the separate establishment of the Methodist

Episcopal Church. Nat. Reg.

- . .. . . . .
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DK 103 Barratt's Chapel

North of Frederica on U.S. 113 (1780). A large

brick meeting place which housed gatherings that led

to the establishment of the Methodist Church as a

separate denomination in America. HABS; Nat. Reg.

DK 123 Bonwell House

North of Frederica on DE 380 (late eighteenth

century). A two story, hall and parlor, brick house

with a dentil cornice and stone lintel blocks. Nat.

Reg.

DK 322 Frederica Historic District

Market, Front and Davids Streets, Frederica

(eighteenth-nineteenth century). A district with

121 residential and commercial structures dating from

the mid-eighteenth to late nineteenth century.

Frederica began as a crossroads settlement and a small

shipping center for southern Kent County. Nat. Reg.

W DK 129 Mordington

South of Frederica on Canterbury Road (c. 1790). A two

story brick dwelling with side hall plan, built in

late Georgian style for Walter Douglas, ironmaster

and miller. Nat. Reg.; HABS.

A, -
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DK 360 Wilkerson and Son Brick works

Approximately one mile East of Milford (c. 1900).

An early twentieth century brick works in use until

1950; virtually all phases of this industrial operation

are still intact. Nat. Reg.; HAER.

DK 244 Christ Church

3rd and Church Streets, Milford (1791, 1835,

1863, 1894). Begun in 1791, completed in 1835,

altered in 1863 and 1894 to its present Gothic

appearance. Nat. Reg.

DK 167 Bank House

119 North Walnut Street, Milford (1850). Con-

verted from a bank building to a private residence,

this brick structure survives as an example of Greek

Revival architecture. Nat. Reg.

DK 116 Thorne Mansion

501 Northwest Front Street, Milford (mid- eighteenth

century) a two-story brick dwelling with 1 1/2 story

wings connected by covered walkways, the home of

*I Sydenham Thorne, an Anglican minister and co-founder

of Milford, A.William Burton, Governor of Delaware and

John M. Clayton, Secretary of State under President
ZoZachary Taylor. Nat. Reg.

'I
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DK 171 Golden Mine

Southeast of Houston, West of Milford (c. 1763).

A three-bay, two door frame structure with cypress

shingles built on land held by a succession of land

companies. Nat. Reg.

Sussex County

DS 177 Abbott's Mill

West of Milford (1860s). Constructed of wood

with iron turbines and shafts; one of Delaware's

water powered grist mills. Nat. Reg.

DS 186 Delaware Breakwaters and Lewes Harbor

East of Lewes at Cape Herrlopen (1828-1835).

The first breakwater of Brandywine granite was designed

by William Strickland and constructed between 1828 and

1835. The breakwater forms a harbor of refuge where

many ships have taken shelter from storms. Nat. Reg.;

HAER.

DS 160 Russell Farmhouse

410 Pilot Town Road, Lewes (c. 1803). A three-

bay, 1 1/2 story frame house built around 1803
'f

for Win. Russell, a tanner and large land holder. Nat. Req.

iII
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DS 174 DeVries Palisade

Pilottown Road, Lewes (1631). The site of a

Dutch stockade built in 1631 to protect a trading

expedition backed by Captain David DeVries. When

DeVries visited the colony in 1632 he discovered that

the settlers had been killed by Indians. Nat. Reg.

DS 175 Maull House

Pilottown Road, Lewes (c. 1750). A gambrel roofed

two-story, cypress shingled dwelling built around

1750; the house has recently been restored by the

local DAR chapter. Nat. Reg.; HABS.

DS 140 Fisher's Paradise

624 Pilottown Road, Lewes (c. 1790). A three-

bay, 2 1/2 story house built shortly after the

Revolution by Major Henry Fisher who defended Cape

Henlopen and the entrance to the Delaware Bay.

DS 314 Pagan Creek Dike

Pagan Creek near New Road, Lewes (seventeenth

century). Abandoned since the eighteenth century,

the dike was built by Dutch settlers to connect the

West Indian Company fort with areas beyond Pagan

Creek. The 700 foot long causeway, 9 to 10 feet

wide, has changed little since its construction
'I

prior to 1670. Nat. Reg.; HAER.

0
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DS 190 Hazzard House

Union Street, Milton (1790). A late eighteenth

century hall and parlor house of frame construction

built by John Hazzard, a son of Coard Hazzard who

settled in the Broadkill Hundred in 1700. John's

son, David, was a grain merchant who served as

Governor of Delaware, 1830-3. Nat. Reg.

DS 139 Hall House

107 King's Highway, Lewes (1790). A three-bay,

2 1/2 story dwelling with cypress shingles built in

1790 by David Hall, a colonel in the Revolution and

later Governor of Delaware. Nat. Reg.; HABS.

DS 142 Coleman House

422 King's Highway, Lewes (c.1780). A 2 1/2 story

frame and cypress shingled residence erected around

1780 and characteristic of Sussex County's oldest

surviving domestic architecture. Nat. Reg.; HABS.

DS 290 Lewes Historic District

Lewes (Late seventeenth-nineteenth century). The

district contains the town plan laid out before 1680

but is presently distinguished primarily for its well

preserved Victorian residences. Nat. Reg.; HAER.

1IN
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DS 145 Lewes Presbyterian Church

King's Highway, Lewes (1832, 1887). A frame

edifice topped by a spire, the church was completed

in 1832 and remodeled in 1887. It is on the site of

one of lower Delaware's first Presbyterian churches,

erected in 1707. In its churchyard cemetery are

buried two nineteenth century Delaware governors.

Nat. Reg.

DS 291 Governor Ponder House

416 Federal Street, Milton (1871-1875). A five-

bay, three-story frame and clapboard house with a

slate covered Mansard roof built 1871-75 by James

Ponder during his term as Governor of Delaware.

Nat. Reg.

DS 292 Draper-Adkins House

204 Federal Street, Milton (c. 1840). A 2 1/2

story five-bay frame and clapboard residence built

circa 1840 in the Greek Revival style for Captain

Joseph Adkins who engaged in Delaware's maritime

trade. Nat. Reg.

DS 137 Fisher House

Near Cool Spring (c. 1720). A frame dwelling

built between 1700 and 1736 on a tract owned by

-'
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Thomas Fisher; Thomas' son Joshua, a merchant, sold

the house and land to James Martin in 1736. Nat.

Reg.; HABS.

DS 155 Marsh House

10 Dood's Lane, Rehoboth Beach (1742). A two-

story frame dwelling with cypress shingles built

by yeoman Peter Marsh in 1742. Nat. Reg.; HABS.

DS 152 St. George's Chapel

Chapel Branch North of Hollymount (1794). A

brick church erected in Georgian style as an

Episccpalian house of worship; extensively restored.

Nat. Reg.

New Jersey

Mercer County

NM 01 Mansion House (McCall House)

Cadwalader Park, Trenton (1846). A two-story

Itlianate Villa with a three-story tower, built of

brick and covered with stucco scored to resemble stone.

Originally the home of Henry McCall,a wealthy

Philadelphia merchant with Trenton business interests.

Nat. Reg.

9n
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NM 02 Dickinson House (Hermitage)

46 Colonial Avenue, Trenton (1784). A large two-

story house with low hipped roof and stone walls

covered with stucco, built in 1784 as the home of

Philemon Dickinson, Commander of the New Jersey

Militia during the Revolution.

NM 03 Trenton Battle Monument

Warren and Broad Streets, Trenton (1894). A 150

foot granite column topped by a statue carved by R.

0. Donovan. Erected between 1891 and 1893, the monu-

ment commemorates Washington's triumph at the Battle

of Trenton. Nat. Reg.

NM 04 Trenton City Hall

309 East State Street, Trenton (1907). A three-

story structure faced with white Vermont marble,

designed by Spencer Roberts; the building features a

second floor mural painted by Everett Shinn, one of the

five original "Ashcan School" painters. Nat. Reg.

NM 05 Old Barracks

South Willow Street, Trenton (1758). Erected in

1758-1759, Hessian troops were quartered in the 2-1/2

story U-plan stone structure when Washington captured the

1000-man garrison in the first battle of Trenton. NHL.
*1

NM 06 State House Historic District

State and Willow Streets, Trenton (nineteenth cen-

Atury). District consists of late Federal clapboard

I/
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houses, Greek Revival and later nineteenth century

row houses and the State House, begun in 1792, with

additions in 1848, 1889, 1891, 1902, 1906. Nat. Reg.; HABS.

NM 07 Mercer Street Friends Center

151 Mercer Street, Trenton (1858). A three-bay

1-1/2 story structure with gable and chimneys, built

of brick in 1858 as a meeting house for the Society

of Friends. Nat. Reg.

NM 08 Mill Hill Historic District

East Front Street, Clay Street, Greenwood Street,

S. Broad Street and Jackson Street, Trenton (nineteenth

century). A mixture of nineteenth century commercial

and residential buildings and open parkland. Nat. Reg.

NM 09 Douglass House (Bright House)

Front and Montgomery Streets, Trenton (1766). A

2-1/2 story frame building with beaded siding where

General Washington held a council of war prior to the

second Battle of Trenton; moved. Nat. Reg.

NM 10 Trent House

v' 539 South Warren Street, Trenton (1719). A five-

bay, two-story brick residence with a central main

facade entrance and a central cupola; constructed

in 1719 for William Trent who became Chief Justice
'I

of New Jersey. The house subsequently served as the

residence for several state governors. NHL.

PI
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NM 11 Eagle Tavern

431-3 South Broad Street and Ferry, Trenton

(c. 1765, 1817). 2-1/2 story brick structure with

gable roof dormers, probably first served as resi-

dence for manager of nearby grist mills; by 1817 re-

corded as the Eagle Hotel. Trenton's oldest com-

mercial structure. Nat. Reg.

NM 12 Abbott Farm Archeological Site and Historic District

South of Trenton, north of Bordentown. A large

archeological site where Charles Conrad Abbott, M.D.

in 1872 reported finding man-made implements in the

Trenton glacial qravels on his farm. Dr. Abbott's

report initiated a major controversy over the

existence of glacial man in the New World which con-

tinued for 40 years. NHL.

NM 13 Bow Hill (DeKlyn House)

Jeremiah Avenue off Labor Street, Trenton (eighteen-

th century). A five-bay, 2 1/2 story, brick residence

of Federal style, built in 1790 by the deKlyn family.

Barnt deKlyn was a French Hugenot merchant who made a

fortune during the Revolutionary War. Nat. Reg.

.1
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NM 14 Watson, Issac House

151 Westcott Avenue, Hamilton Township (c. 1710).

A two story stone house with steeply pitched roof,

small window openings and pent eaves; built around

1710 by Isaac Watson, a farmer, surveyor, constable,

and Overseer of Highways. The house features

a heavy bowed timer A-frame construction. Nat. Reg.

NM 15 Abbot-DeCore Mansion

58 Soloff Drive, Trenton Vicinity (1797). A

two-story, five-bay, brick residence of Georgian

design, built by Samuel Abbott and purchased in 1888

by the DeCou family. Nat. Reg.

Burlington County

NB 01 Point Breeze Historic District

Route 206 and Park Street, Bordentown (nine-

teenth century). A 165-acre estate which con-

tains the site of Joseph Bonapart mansion built in

1817, and an extant two-story three-bay hip roofed

4 house, and a large Italianate mansion constructed

in 1850. Nat. Reg.

NB 02 Hopkinson, Francis House

101 Farnsworth Avenue, Bordentown (1750). A

two and a half story L-plan brick residence built
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in 1750 for merchant John Imlay and subsequently

the residence of Francis Hopkinson, lawyer, judge,

poet and signer of the Declaration of Independence.

NHL, HABS.

NB 03 Bordentown Historic District

Portions of 2nd and 3rd Streets, Bordentown (1800-

1900). A mixed residential and commercial district

which encompasses much of the town and includes

buildings dating from the late eighteenth century

to the present. State Register.

NB 04 Roebling Historic District

Riverside and Hornberger Avenues 2nd and 8th

Streets, Roebling (1905). A residential and com-

mercial district contiguous to the Roebling Steel

Mill and wire rope factory. Roebling was founded

in 1904 and built the following year. Nat. Reg.

NB 05 Quaker School

York and Penn Streets, Burlington (c. 1792).

A 1-1/2 story brick structure built to house the

Society of Friends school whose first classes were

recorded in 1705. Nat. Reg.

911
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NB 06 Burlington Historic District

West Delaware, Wood, and Broad Streets, Burlington

(seventeenth-nineteenth century). The district con-

tains residential, religious and educational buildings,

two of late seventeenth century-early eighteenth

century construction. Most structures date from the

late eighteenth through the nineteenth century.

Nat. Reg.; HABS.

NB 07 St. Mary's Episcopal Church

West Broad and Wood Streets, Burlington (1846).

Designed by Richard Upjohn, in Gothic style. Con-

structed of stone, cruciform in plan with a tower

and spire, begun in 1846 and completed in 1854.

Nat. Reg.; HABS.

NB 08 Pearson-How, Cooper, Lawrence Houses

453-9 High Street, Burlington (eighteenth

century). These well preserved residences are ex-

amples of eighteenth century two-story, gable roofed

structures whose long, main facades front on Lawrence

Street. Their colonial residents were members of

the General Assembly; judges and lawyers. James

Fenimore Cooper was born in one of these houses in

1789. Nat. Reg.; HABS.

, -
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NB 09 Coopertown Meetinghouse

Cooper Street at Route 130, Edgewater Park

(1806). A one-story, threE-bay structure of brick

on a fieldstone foundation, used as a meeting house

by Methodists, Episcopalians, Baptists, Friends and

Mormons. Nat. Reg.

NB 10 Philadelphia Watch Case Company Building

Pavillion and Lafayette Avenues, Riverside

(1852, 1907). A large three-story hotel con-

structed in 1852, and a seven story trapezordol

office structure completed in 1907. The buildings

are associated with what was once the world's largest

watch case factory. Nat. Reg.

Camden County

NCa 01 Cooper House

7th Street in Pyne Point Park, Camden (eighteenth

century). A one and a half story structure of sand-

stone constructed around 1700; adjoined to a 2-1/2

story brick structure built c. 1785. Known as Cooper's

Ferry, the structures remained in Cooper family pos-

session until 1825. Nat. Reg.; HABS.

'.
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NCa 02 Taylor House and Office

305 Cooper Street, Camden (1885). A 3-1/2 story

stone and brick residence with arched entrance,

elaborate bay and Flemish Renaissance gable, de-

signed by Wilson Eyre, Jr. of Philadelphia for Dr.

Henry Genet Taylor. Nat. Reg.; HABS.

NCa 03 Newton Friends Meeting House

722 Cooper Street, Camden (1824, 1885). A one-

story frame structure on limestone footings built in

1824 and enlarged in 1885 to house the Friends Meeting

founded in Camden in 1679. Nat. Reg.; HABS.

NCa 04 Whitman, Walt Historic District

Hinckle Street, 3rd and 4th Avenues, Camden

(nineteenth century). This district contains 15

two-three story row houses, including a residence

occupied by Walt Whitman from 1884 until 1892.

Nat. Reg.; HABS; NHL.

NCa 05 Fairview Historic District

Hill and Olympia Roads, Mt. Eaphrim Avenue,

Cresent Boulevard and North-South Freeway Camden

(1917). Designed by Alexis Litchfield, the district

contains 1000 residences, stores, offices, a library,

'church, and school, built during WWI to house workers

at the Emergency Fleet Corporation shipyard. Nat.

Reg.

'1 '
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Gloucester County

NG 01 Red Bank Battlefield

East bank of Delaware River and west end of

Hessian Avenue National Park (1777). Fort Mercer,

built by the Continentals in 1777, kept the British

fleet from supplying the city of Philadelphia which

they had occupied in September 1777. In October

1777 British and Hessians attacked the fort but

were repulsed with heavy losses. The fort was

abandoned in November 1777. One 2-12 story brick

structure within the park dates from 1748. HABS;

NHL.

NG 02 Whitall House

100 Grove Avenue, National Park (1766). A

2-1/2 story brick house with paired gable end

chimneys built by James Whitall, Jr., a prominent

Friend. Nat. Reg.; HABS.

V
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NG 03 Fort Billings

Riverfront at Third Street Paulsboro (1777).

Site of Revolutionary era fortification; exact

location in some doubt. State Register.

NG 04 Vanleer Cabin

South side of US. 322, 2.5 miles west of Swedesboro

(c. 1760). A squared log outbuilding with dovetailing,

line motar chinking and wood shingles; twice moved.

State Register.

NG 05 Stratton House

King's Highway, Swedesboro vicinity (1791-

1794). A brick five-bay 2-1/2 story residence

with gable dormers and paired gable end chimneys

built c. 1794 by Dr. James Stratton. Born here,

Charles Stratton, son of James, was first governor

to be elected directly by the people of New Jersey.

Nat. Reg.; HABS.

NG 06 Trinity Church

Church Street and Kings Highway, Swedesboro

(1786, 1838). A red brick structure with two courses

of round arched, multi-paned windows, designed and

built by Swedish Lutheran minister Reverand Nicholas

Collin in 1784; two years thereafter the church was

deeded to the Episcopal Church. Nat. Reg.; HABS.

,4L
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3alem County

NS 01 Finn's Point Rear Range Light

Fort Mott and Lighthouse Roads, Pennsville

(1876). A wrought iron, riveted tower 100' high,

formerly topped by light apparatus, erected in

1876-7 by the Kellogg Bridge Company of Buffalo

N.Y. for the U.S. Lighthouse Establishment; in use

until c. 1930 when the lenses were removed. Nat.

Reg.; HAER.

NS 02 Fort Mott and Finns Point National Cemetery Historic

District

Fort Mott, Pennsville (c. 1865). A 146 acre

state park, the site of an early coastal defense

built to protect the mouth of the Delaware River.

The fort was used as a prison for Confederate soliders;

more than 2000 died there and were interred at the

Finns Point National Cemetery. Nat. Reg.

NS 03 Market Street Historic District

9-119 Market Street and East Broadway, Salem

(eighteenth-nineteenth century). The district

contains a preponderance of 2-1/2 and 3 story

brick houses built in a variety of architectural

styles. Market Street served as the headquarters

of both colonial and post-Revolutionary governing

bodies for the city and county. Nat. Reg.; HABS.

A
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NS 04 Nicholson House

Amwellbury Road near Featherbed Land Elsinboro

Township (1752). A 2-1/2 story, two level brick

home with a recent one-story addition; the house

was built in 1752 by Samuel Nicholson, son and grand-

son of two of the earliest settlers in Salem County.

Nat. Reg.

NS 05 Homeland (Holme House)

Fort Elfsborg-Hancock's Bridge Road, Elsinboro

Township (1784). A two and a half story brick,

three-bay-by-two-bay residence; built in 1784 to

replace a structure burned in a British raid.

Benjamin Holmes, owner of the 1784 house had been

a member of the Committee of Correspondence, legislator

and member of the Salem County militia. Nat. Reg; HABS.

NS 06 Hancock House

Handcocke Bridge (1734). A two and a half story

brick structure with gable dormers built around

1734. The house was the site of a British raid in

1778 in which several Patriots were killed. Nat.

Reg.; HABS.

II
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Cumberland County

NCu 01 Giles House

143 West Broad Street, Bridgeton (1791). A

2-1/2 story T-plan frame and clapboard structure

with hip roof; built in 1791 for General James

Giles who had served as a military officer during

the American Revolution. Nat. Reg.; HABS.

NCu 02 Broad Street Presbyterian Church

Broad and Lawrence Streets, Bridgeton (1792).

A brick structure with gable roof, 3 bays on the

gable ends and five bays on the main long facades;

built in 1792 on land deeded to the Presbyterians

by Mark Miller. Nat. Reg; HABS.

NCu 03 Potter's Tavern

49-51 Broad Street, Bridgeton (eighteenth century)

A two and a half story frame and clapboard structure

on a stone foundation built c. 1775, a popular hotel

because of its proximity to the Cumberland County

Courthouse. Nat. Reg.

NCu 04 Seeley House

274 East Commerce Street, Bridgeton (c. 1799-

1815). A two-story, three-bay brick structure with

a gable end chimney; built in 1799 by S. W. Seeley

Aand altered in 1815 by Robert McGee. Nat. Reg; HABS.
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NCu 05 Buck House 4

297 East Commerce Street, Bridgeton (1808).

A two and a half story Federal style structure of

brick; built by Jeremiah Buck, the owner of a grist

mill and sawmill; subsequently owned by the Elmer

Family whose members were active in local politics

for fifty years. Nat. Reg.

NCu 06 Maskell House

Bacon's Neck Road, Greenwich vicinity (1698,

1725). A colonial farm residence with a two-

story gable roof; frame portion built c. 1698;

two-story flemish bond brick addition built c.

1725. The Maskels held local executive office;

one was county sheriff; they were active Patriots

during the Revolution. Nat. Reg.; HABS.

NCu 07 Greenwich Historic District

Main Street, Greenwich (eighteenth to nineteenth

century). Approximately 20 houses, stores, and places

of worship constructed primarily during the eighteenth

and nineteenth centuries; one of the last changed

colonial towns on the eastern seaboard. Nat. Reg.;

HABS.
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NCu 08 Millville's First Bank

Second and East Main Streets, Millville (1857).

A two-story Italianate structure built in 1857 to

house Millville's first bank. Refurbished in 1883,

the building served as the Millville Public Library

from 1908 to 1963. State Register.

NCu 09 Old Stone Church

Fairton-Cedarville and Sayres Neck Roads, Fair-

field Township (1780). A one story stone structure

with two courses of rectangular 12 over 12 windows,

gable roof; built in 1780 by the founding fathers of

the Presbyterian Society. Nat. Reg.; HABS.

Cape May County

NCvi 01 Dennisville Historic District

Dennisonville ( nineteenth century)

The district contains a number of additive homes,

a township hall, and a church--all of frame construc-

tion. The structures range in date from the mid-

eighteenth century to the 1890's, with the majority

falling in the era between 1800 and 1850. State

Register.

Vt
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NCy 02 Cape May Lighthouse

Cape May Point (1859). The brick lighthouse

is 175' high and can be seen for 19 miles. The

third Cape May Point lighthouse, this structure was

built in 1859. Nat. Reg.

NCv 03 Cape May Historic District

Cape May City (c 1850-1910). Cape May

historic district contains one of America's largest

assemblages of late nineteenth century frame buildings.

It encompasses over 600 summer houses, Victorian

hotels and commercial structures. NHL; HABS.
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CONCLUSIONS

Archeological Sensitivity

Development of an archeological sensitivity model

for the margins of Delaware Bay was a central task of this

study. Basic research toward that end involved examination

of state site files, perusal of relevant literature and con-

sultation with professional and amateur archeologists -- all

of which was directed toward ascertaining the location, nature

and expected variability in prehistoric archeoloqical sites

in the region. Exact site locations, where known, were not

recorded and will not be presented here, at the request of

the state officials charged with maintaining site data con-

fidentiality. Instead, a generalized graphic presentation

is offered which takes into consideration the variability

(and, by the same token, predictive strength)inherent in

the archeological data base of each state.

A summary of current archeological knowledge for

the Bay region has been presented in another report section.

Central to modern archeological research is a recognition

of the interrelatedness of cultural and natural svstems,

particularly in pre-agricultural periods. Recent investi-

gations in coastal Delaware and New Jersey have involved

reconstruction of paleoenvironments and emphasize the influ-

ence different micro-environmental factors had on the lo-

cation, size, content and economic orientation of prehistoric

sites. Most intensive research has centered on Woodland or

."t.,4
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later period sites; the reasons for this and the lack of

data on Archaic and Paleo-Indian sites have been discussed

elsewhere. A general settlement system can be hypothesized,

however, that should characterize most prehistoric periods.

Aboriginal inhabitants of the coastal and riverine environ-

ments of Delaware, New Jersey and Pennsylvania engaged in

seasonal exploitation of certain key resources, scheduling

group movements to coincide with availability of those

items and with other factors such as weather conditions.

Optimal location of permanent and transient camps involved

considerations of distance to resources, available storage

technologies, carrying capacity of the exploited micro-

environments and, possibly, external socio-political re-

staints on group movement within larger geographic ter-

ritories. This basic Eastern Woodlands economic pattern of

scheduled seasonality has been discussed in some detail by

Caldwell (1958), Cleland (1976) and others.

A fairly detailed analysis of those factors which

effected prehistoric settlement in the Bay area has been pre-

sented by Thomas et al. (1975). Additional comment and

corroborative evidence also has been provided by Griffith

(1976), J. Kraft (1977) and Kraft and John (1978). The

basic settlement model is based on information gained

through analysis of site placement in relation to key re-
0V

sources like white-tail deer, nuts, shellfish, anadromous

A
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fish, waterfowl, potable water and less obvious factors like

soil type. Recovery of floral and faunal remains from

archeological contexts, comparative data from other sites

ir eastern North America, analyses of tool forms and ethno-

3raphic data are presented as evidence for utilization of those

resources.

Five distinct settlement patterns are offered

as explanatory models for differential site distributions

in the Delaware coastal and estuarine zone. Each involves

various combinations of base, transient and seasonal camps

oriented in fairly linear patterns or within drainage, as

opposed to across-drainage,bases. Sites are identified as

to size, cultural/temporal components and season(s) of

occupancy (based on recovery of season-specific floral and

faunal remains). With minor variations, the postulated

models involve larger base camps at mid or upper portions of

tributary streams and smaller, seasonably-occupied extractive

sites on headwaters and near coastal marshes.

Examination of detailed site location maos at the

Island Field Museum indicates that recorded sites tend to cluster

within drainages on a tri-partite basis of uoper,middle and

lower drainage. Similar patterns obtain from site data avail-

able at the New Jersey State Museum, although specific models
a.
as proposed by Thomas et. al. have been tested only on a

A
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casual basis for the eastern shore of Delaware Bay. Mounier's

(1974) excavations in the Maurice River drainage appear to con-

firm the existence of analogous site patternings for New

Jersey. Data from PennsYlvania are lacking, but identical ec-

onomic patterns are not expected to obtain for the geographical

portions of our study area where resources like shellfish and

resource areas like coastal marshes are absent. As pre-

viously discussed, many of the archeological sites once

present in the Philadelphia environs have probably been

destroyed or obscured by urban and industrial expansion.

A series of site density overlay maps has been

produced by staff members of the New Jersey State Museum

in connection with a study of the Passaic River basin

(Williams et al. 1978). The maps are based on available,

non-systematic survey data and indicate that the highest

densit-' of sites for our study area occurs in the vicinity

of towns like Millville, Bridgeton, Salem, Camden and

Trenton -- sites of historic population concentration here in-

creased land clearing and subsequent collector activity have

led to disproportionate site discovery rates. Lower site

densities calculated for the remainina nortions of New Jersey

along the Bay are attributable to lack of knowledge rather than

actual absence of archeological sites, a fact recognized by

the researchers (Williams et al. 1978:71).

0I
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Site files and maps of the Island Field Museum,

New Jersey State Museum and William Penn Memorial Museum

indicate that approximately 420 prehistoric archeological

sites have been recorded for the coastal areas and mid and

lower reaches of tributary streams along Delaware Bay.

Temporal constraints prevented a systematic breakdown of those

sites by cultural-historical period, size, land form or soil

type, but a general series of notes was made concerning

relative site densities and distributions. Literature re-

views and interviews with state officials indicate that the

majority of temporally identifiable sites are assignable to

the Woodland period. Archaic and older sites are under-

represented in the records, or at least have not been rec-

ognized. As many as 50 percent of the sites in any one drain-

ace lack cultural/temporal identification, although ad-

ditional research conceivably could reduce that figure by

a substantial margin.

Figures 1A, lB and 1C of this report indicate our

appraisal of relative site densities and potential archeological

sensitivity for areas along Delaware Bay. Zones of high,

medium and low sensitivity are depicted, based on our re-

search in the various state offices and on a projection of

systematically derived data from certain areas to the

larger Bay region. The sensitivity zones are based on ac-

tual and expected site occurrences. Lack of systematic

'1
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archeological surveys in the lay area and a resultant in-

complete data base cannot be emphasized too strongly. Any

areas selected as dredge spoil dumping sites will require

intensive archeological survey to determine the possible

location and nature of cultural resources at each site.

Evaluation of project impacts on each identified cultural

resource should follow, with recommendations for mitigation

of adverse impacts. Site significance analysis should be

predicated, minimally, on criteria established by the

Advisory Council on Historic Preservation, as embodied in

the National Register of Historic Places.

High, medium and low sensitivity zones all con-

tain archeological sites. Areas of the greatest sensitivity

are known to have concentrations of prehistoric sites and

should be completely avoided. Future construction or dump-

ing activities that involve these areas should be coordinated

with monitoring by a professional archeologist, in addition

to preliminary surveys and evaluations. Medium sensitivity

zones contain relatively fewer sites, or are expected to

contain fewer significant sites than the areas of high sen-

sitivity. They include landforms and drainage patterns

that did not lend themselves to prehistoric settlement, as

currently understood, a situation that is magnified for the

low sensitivity zones. Sites do exist in this third zone,

but are of low archeoloaical visibility and will only

,4
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infrequently be encountered. Marshes typify the low sensitivity

area; sites located in and around marshes, according to

current models, are expected to be seasonal extractive

camps which lack complex stratigraphy or substantial material

remains. Low archeological sensitivity can also be projected

for many areas of modern urban and industrial expansion. Our

research constraints and mapping scales permit only gross

definition of such areas.

To summarize,our limited research allows certain

subjective statements to be made concerning prehistoric site

density and distributions in the Delaware Bay region. Based

on data available through published and unpublished sources,

the following statements can be offered:

1. Prehistoric archeological sites occur on

certain landforms, including stream terraces

and elevations within and bordering marshes.

2. Sites are situated along streams, especailly

near confluences. Freshwater and brackish

streams served both as resource procurement

loci and transportation routes.

3. In a manner similar to statements 2 and 3

above, sites are located in and near the

extensive marshes typical of the Bay, primarily

for reasons of resource availability.

•-. -
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4. Prehistoric sites tend to concentrate near

modern population centers. Land clearing for

construction and agriculture has exposed sites,

increasing the likelihood of their discovery

by amateur and professional archeologists.

Modern settlements also tend to be situated in

proximity to streams and critical resources which

also were attractants for prehistoric peoples.

Historic Sites

A review of the Inventory of Protected Sites pre-

sented earlier indicates that as of December 1978 the Delaware

River and Bay Dredging Disposal studv area contains 162 his-

toric sites and districts which have been officially determined

to possess cultural significance. A total of 157 of these

sites and districts have been listed in, or judged eligible

for listing in, the National Register of Historic Places.

Section 106 of the National Historic Preservation Act of

1966 requires federal review of any federally funded under-

taking which might have an adverse effect upon any property

listed in the National Register. The New Jersey Register

V Law of 1970 requires similar review of publicly funded pro-

.4 jects which might encroach upon or destroy any property

listed in the New Jersey Register. Therefore, it is strongly

recommended that the Philadelphia District COE Regional

Spoil Disposal Plan avoid negative impact upon the 162

historic sites and districts which have been inventoried

and mapped in this report.
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It should also be noted that these 162 inventoried

historic sites do not comprise a complete listing of all

properties of historic significance which might be adversely

affected by the dredge spoil disposal plan. Comprehensive

historic structure surveys have only been conducted in two

of the thirteen counties in the project study area: Sussex

County, Delaware and Burlington County, New Jersey. Even in

these two counties, determinations of eligibility have not been

made for all surveyed sites. Thus, it must be concluded that.

the study area contains numerous historically significant

sites and structures which have not yet been surveyed and

nominated to protected historic register status.

In the absence of comprehensive structure survey and

designation, it is difficult to create a satisfactory project

area model for zones of historic site potential. The inventor-

ied historic property data can be discussed: included in the

list of 162 designated sites are 22 historic districts which

contain properties dating from different periods; 6 individual

structures were built prior to 1700; and 73 individual structures

were built between 1700 and 1800. Though this compilation of

numbers and dates provides statistics on the progress of his-

toric designation along the Delaware River and Bay, it reveals
"4

nothing about potentially significant properties which have

not yet received historic designation. Likewise, the Figure

9 2 maps show the location of desianated historic structures,

but they do not locate eligible structures.

A
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Two attempts have recently been made to develop pre-

dictive models for historic settlement patterns along portions

of the Delaware Bay. Carol Wise, Historical Archeologist for

the Delaware Bureau of Archeology and Historic Preservation,

has recently presented two excellent papers which state that

Delaware's early historic settlement pattern involved dispersed

single family farmsteads located close to the edge of well

drained soils. The earliest settlements were near the stream

mouths on the Delaware, while later settlements were located

farther inland. Wise notes that by around 1730 the location

of farmsteads began to shift away from creek beds to roads which

were located at drainage divides. She correlates this change

in settlement from drainage edge to drainage divide and from

river access to road traffic with a change in agricultural

production from tobacco to wheat (Wise 1978; Wise October 1978).

The settlement model presented by Wise suggests

that the well drained site of the transition zone between

well and poorly drained soils should be carefully examined

for evidence of early European settlement. She further sug-

gests that later eighteenth century structures tend to be

located along mid-drainage roads. These important generalizations,

however, are based primarily upon extensive survey in Sussex

County,Delaware, an area little characterized by colonial

urbanization. Different geological drainage patterns and

A
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different patterns of urban settlement may render her con-

clusions inapplicable to other regions of the Delaware

River and Bay (Historic Resources of St. Jones Neck 1979).

Barbara Liggett has compiled a Historical Gazetter

of New Jersey which dates the use of place names for all

political subdivisions of New Jersey government: counties,

townships, boroughs, and cities. Then,by cross-referencing

current road map place names with the place names found

in the Historical Gazetter, Liggett has prepared sensitivity

maps of projected and known areas of historic importance

for Cape May County and the Maurice River drainage in New

Jersey. But such mapping only indicates that a political

subdivision has preserved its historic name, not that it

has preserved its historic structures. Thus, in the opinion

of the Commonwealth project historian, such mapping is of

little value unless it is substantiated by comprehensive

* on-site historic structure survey (Liggett 1977; Bartlett

1978).

Because the Delaware River and Bay have not been

subjected to comprehensive historic structure survey and

evaluation of significance and because no predictive models

of historic site sensitivity have been developed which

can apply to all portions of the River and Bay, the Common-

wealth project team recommends that additional site-specific

historic survey and evaluation be conducted prior to the

final selection of each location chosen for spoil disposal.

-
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MU 6.4543 and MU 6-4583

F. OTTO HAAS. PhO. Chainn
JANET S. KLEIN. Vice Choimron

OF MRS. JAMES C. CRUMLISH, JR.
Cill OF LPI-1A ON JO+4N 8. KELLY. JR., Cowwtiman-at-Largst

EDWARD PINKOWSKI
JOHN TAXIN
ROBERT SILVER

Comnssioner of Public Properly
IRVIN R. DAVIS, Director of Firnance
HERBERT W. LEVY. A-[A.
Architecturl Advisor to the Commisson

BARBARA LIGGETT. Ph.D.

Archaeological Consuitant to the Cor U s
RIQARD TYLER, Ph.D.. Historion
PATRICIA SIEMIONTKOWSKI

hExwAN@ ton * If' Ci*me*L

8 F e b r u a r y 1 9 7 9 " 0 4&-

John R. Kern, Ph.D
Historic Preservation Planner
Gilbert/Canonwealth
Coznonwealth Associates Inc.
209 E. Washington Avenue
Jackson, MI 49201

M : 62-0131-C05

Dear Dr. Kern:

I have reviewed the list of historic sites in your letter of 29 December 1978
and should like to add three more. They are the Old City National Historic
District and Fairmount Park and the Spring Garden National Historic District.

The first of these is bounded on the north by Wood Street, on the west
variously by Fifth Street and Fourth Street, on the south by Independence
National Historic Park and the Society Hill National Historic District, and
on the east by Front Street.

Fairmowit Park is on the National Register as a National Historic Landmark.
It extends along both banks of the Schuylkill River from Spring Garden Street
to the Wissahickon Creek and along both banks of that stream to Northwestern
Avenue.

The Spring Garden National Historic District is bounded on the north
variously by Fairmount Avenue and Green Street, on the east variously by Nineteenth
Street and Fifteen Street, on the south by Spring Garden Street and on the west
by Twenty-fourth Street.

In addition you may wish to consider any impacts on the Thirtieth Street
Station and College Hall, both National Register properties, as well as the
academic campus of the University of Pennsylvania which has been nominated
to the Register.
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John R. Kern, Ph.D
8 February 1979
Page Two

The significance for each of these additions may be determined by consulting

the National Register nomination forms.

I hope that this proves of sme assistance to you.

Yours truly,

Richard Tyler
Historian
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INTRODUCTION

Gilbert/Commonwealth was contracted by the

Department of the Army, Philadelphia District, Corps of

Engineers to conduct various cultural resources investi-

gations within the Philadelphia District. Task No. 3 under

the contract was to provide a cultural resources overview

of the Indian River and Bay area in southern Delaware. This

investigation was designed to provide the following services:

1. An historical and archeological literature

and background search, including the National Register of

Historic Places and site files of the State Historic Preser-

vation Office.

2. Determination of probable sensitive areas

to the possible location of prehistoric and historic

resources.

Archival and literature search for this project

was conducted at the Delaware Department of State, Division

of Historical and Cultural Affairs, Bureau of Archeology

and Historical Preservation; the Island Field Museum; and

the Sussex County Planning and Zoning Department on October

31, and November 1 and 2, 1978 by Jeffrey C. Kimball and

John G. Albers. Indian River and Bay reconnaissance was

undertaken November 1 and 2 by Albers and Kimball.

'1
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This reconnaissance was restricted to an extensive "drive

through" of the area. The field team undertook a recon-

naissance evaluation of the architectural resources of the

area and acquainted itself with the environmental conditions

present. No actual on-the-ground archeological survey was

undertaken during the reconnaissance.

The archive and literature search resulted in the

location of 31 prehistoric sites and four historic sites

within the Indian River and Bay area. (See Table 1 for a

complete listing of these sites and Figure 1 for the loca-

tions of these sites.) Of these sites, the following are

listed on the National Register of Historic Places.

PREHISTORIC SITES

1. S-638, 75-F-13, Townsend Island Site

2. S-639, 75-F-Il, Possum Point Site

3. S-640, 75-F-12, Swan Creek No. 2 Site

4. S-649, 75-G-22, Poplar Thicket Site

Sites No. S-638, 639 and 640 comprise the Indian

River Middle Woodland Archeological Complex.

HISTORIC SITES

1. Isaac Harmon Farm

2. White House Farm

3. Prince George Chapel

4. Indian River Life Saving Service Station

2



TABLE 1

ARCHEOLOGICAL AND HISTORIC RESOURCES
*NATIONAL REGISTER

Map CRS State Site Description

1 S-634 75-F-6 Millsboro Site 1
2 S-635 75-F-7 Millsboro Site 2
3 S-636 75-F-I Indian River Site 1
4 S-637 75-F-8 Millsboro Site 3

*5 S-638 75-F-13 Townsend Island Site

*6 S-639 75-F-I Possum Point Site
*7 S-640 75-F-12 Swan Creek Site 2
8 S-641 75-G-10 A Middle Woodland Site
9 S-642 75-G-41 Delmarva Power and Light Burton's

Island Site 1
10 S-643 75-G-42 Delmarva Power and Light Burton's

Island Site 2

11 S-644 75-G-19 Downs Landing Site
12 S-645 75-G-39 Warwick Cove

*13 S-751 - Isaac Harmon Farm

14 S-761 75-G-71
*15 S-648 - White House Farm

*16 S-649 75-G-22 Poplar Thicket Site

17 S-650 75-G-1 Long Neck (Massey's Landing) Site
18 S-727 75-G-58
19 S-646 75-G-8
20 S-647 75-G-21 Walter's Point Site

*21 S-453 Indian River Life Saving

Service Station
22 S-651 75-G-11 Quillen's Point Site
23 S-676 75-J-7 Humes Site
24 S-678 75-K-3 Pooles Point
25 S-679 75-K-1 Revel Site

26 S-684 75-K-15
27 S-683 75-K-6
28 S-682 75-K-5 Harmon Site
29 S-687 75-K-13
30 - 75-F-17 Middle and Late Woodland

31 - 75-G-62 Middle Woodland
32 - 75-G-63 Middle Woodland
33 - 75-G-75 Early Middle Woodland
34 - 75-K-21 Middle and Late Woodland

*35 - - Prince George Chapel

3I_______________
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ENVIRONMENTAL SETTING

The Indian River and Bay area is located in the

eastern part of the Delmarva Peninsula of the Atlantic

Coastal Plain. The area is formed of mesozoic and cenozoic

sediments that have been deposited in a linear trough or

geosycline, parallel to the eastern margin of the North

American Continent (Kraft 1977). For the last 1.5 million

years, sea levels have risen and fallen over ten times across

this coastal plain area. As a result, this coastal plain has

been covered by Pleistocene Epoch and Holocene Epoch sediments

that have been continuously reworked by the constant rising

and falling of the sea level. Since approximately 14,000

years ago, sea levels have been rising as a consequence of

the melting of the world's ice caps. The present geography

of the Delaware Coastal Plain is a direct result of the

changing geologic history of the Atlantic Continental margin

through recent geologic time (Kraft and John 1978).

In addition to the various geological changes

that have affected the area of Indian River and Bay, numerous

environmental changes have taken place over the past 15,000

years. Approximately 10-15,000 years ago, the area was

dominated by forests consisting of spruce, pine, fir and

birch (Whitehead 1965 and Thomas et al. 1975). During

this period, sea levels were approximately 100m lower than

at present. The Atlantic coastal zone lay along the outer
CI
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edge of the continental shelf at this time (Kraft 1977).

With the waning of the Wisconsin glaciation, the climax

forests shifted to an association that included pine, spruce,

birch and alder. By, 10,000 BP oak and hickory became the

dominant association. Between 10,000 BP and 8,000 BP, the

rate of sea level rises remained greater than several feet

per century, causing rapid flooding of coastal areas (Kraft

1971, 1977). After 7,000 BP, the oak-hickory forest asso-

ciation was gradually replaced by black gum and cypress.

By about 3,700 BP, the rising sea level had leveled off to

about a foot per century, and has decreased since then

(Thomas et al. 1975). Today, the Indian River Bay area is

dominated with an oak-pine association.

6
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ARCHEOLOGICAL BACKGROUND
P

The prehistoric resources of the Indian River and

Bay can best be understood against the background of what

is known about the rest of the Delmarva Peninsula and the

entire eastern portion of North America. It has long been

the custom of archeologists to divide the 12,000 or more

years of human occupation in eastern North America into

four basic cultural-chronological periods. These include

Paleo-Indian, Archaic, Woodland and Historic periods. It

is usual to define the Paleo-Indian period as the time bet-

ween man's first settlement of the area until approximately

8,000 B.C., the Archaic period as lasting from 8,000 B.C.

to approximately 1,000 B.C. and the Woodland period as

lasting from 1,000 B.C. until either the time of the first

historic settlement for the area or the first appearance

of trade items of European manufacture. Within this cultural-

chronological scheme, the Paleo-Indian period is often divided

into early and late units; the Archaic into early, middle,

late and, sometimes "Transitional" units; and the Woodland

into its early, middle and late stages.

C
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THE PALEO-INDIAN PERIOD

The term Paleo-Indian traditionally refers to

the initial phase of occupation which took place in the

region. Currently, there is a great deal of disagreement

as to when this earliest occupation took place. There is

a growing body of evidence that may indicate that man was

in the new world as early as 30,000 B.C., and perhaps as

early as 40,000 B.C. Krieger (1964), and others, have

argued for the existence of a "Preprojectile Point" stage

for North America where occupation is represented by crude

chipped stone artifacts.

One such find comes from the State of Delaware

north of the Indian River area. Human bone and a fragment

of shell, with what has been interpreted as a mammoth or

American mastodon incised on it, were found in salt marsh

peats along the fringe of the tidal Delaware River near

Holly Oak, Delaware River north of Wilmington (Thomas 1974

and Kraft and John 1978). Recent studies by Kraft and

Thomas (1976) analyzed the potential for the Holly Oak
.4

discovery to be authentic. A series of borings was made

across the narrow coastal plain of the tidal Delaware River.

The results of this study did little to resolve the Holly

Oak controversy. Until further work is done in this area,

this find, like so many others, cannot be taken as an ade-

quate documentation of an early preprojectile point occupation.

8
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Approximately 11,000 years ago, there appears to

have been a very widespread and uniform early Paleo-occupa-

tion throughout North America. This occupation is marked

by the appearance of fluted points: lanceolate concave

based spear or dart points with a flute or thinning flake

removed from one or both faces of the point. The close

similarity of radiocarbon dates on this horizon across North

America (Haynes 1964) suggests that this occupation was

a result of a very rapid migration of hunting people into

eastern North America. This fluted point horizon has long

been known and is well represented in the Delaware area

(Mason 1959, Williams and Stoltman 1965, Thomas 1974).

Thomas (1974) has suggested that the distribution

of fluted points finds and possible sites in Delaware

relates to the location of suitable raw materials for

chipping artifacts and to the most favorable locations for

hunting inland game around freshwater sources.

In many parts of the eastern United States, it

is possible to recognize what Mason (1962) has referred to

as Late Paleo-Indian complexes: prehistoric cultures marked

by straight based stemmed lanceolate points similar to the

-4 Scottsbluff types of the plains region and "unfluted points"

similar to the Midland and Hi-Lo point types. Late Paleo-

F Indian artifacts do not seem to have been reported in the

Delmarva Peninsula and there seems to have been a very

9
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rapid transition from early Paleo-Indian styles to those of

the Archaic period similar to those reported in the Carolina

Piedmont (Coe 1964) and from along the Kanawha in West

Virginia (Broyles 1971).

THE ARCHAIC PERIOD

The Archaic Period in eastern North America

is marked by notched, stemmed and bifurcate stemmed projec-

tile points, the appearance of ground stone tools and, in

its latter or "transitional" stage, vessels carved from

steatite. Throughout the region, the Archaic has been

interpreted as more likely to have been based on a localized

mixed economy including both hunting and gathering than that

of Paleo-Indian peoples, which appears to have been more

specifically oriented to hunting large late Pleistocene

and early Holocene mammals.

While there are many surface finds of Archaic

artifacts in the Delmarva Peninsula, few have been found

in excavations and where they have been found, it has often

been in generalized context where later materials are also

present.

Toward the end of the Archaic, during the

"Transitional" phase, there is an intensification of

occupation marked by larger sites with more diversified

.1

l10

I'-



t0

chipped and ground stone tool inventories. The Transi-

tional Archaic is marked by the "broad spear" projectile

point types and carved steatite vessqls (Wise 1971).

THE WOODLAND PERIOD

The Woodland cultures in eastern North America

are marked by the appearance of pottery vessels. An arbitrary

date of 1,000 B.C. has been used for the beginning of the

Woodland Period, although there is a great deal of variation

in the first appearance of ceramics which seem to have

diffused from south to north. The.earliest fiber tempered

pottery in the southeastern United States has been dated

prior to 2,000 B.C. Ceramics from the Rais shelter in Ohio

and the Webber site in Illinois appear to be older than 1,000

B.C., but the majority of early ceramic dates in the north-

east and Canada seem to be between 600 B.C. and 1000 B.C.

An Early Woodland complex was discovered in

, Delaware in 1973 at the Clyde Farm site near Stanton

.*~(Thomas 1974). It was marked by ovate knives of a non-local

quartzite and a flat bottomed ceramic vessel, similar in

shape to the Late Archaic steatite vessels, which were

!tempered with crushed steatite.

I I
'2

"11

'1 ,



Another Early Woodland complex in the Delmarva

Peninsula is a very rich eastern representative of the

Adena burial complex which was first identified in the Ohio

Valley (Ritchie and Dragoo 1960, Thomas 1971). Delmarva

Adena burials contain red ochre, tubular pipes, gorgets,

copper and shell beads, and caches of exotic trade arti-

facts. Very little is known about the village sites of

these people since most excavation has been carried out in

mortuary areas.

Middle Woodland in the eastern United States is

generally marked by the Hopewellian mortuary and village

complex which is better represented in areas to the west

of the Allegheny Mountains than it is in the mid-Atlantic

region. Griffin (1967) has considered all complexes that

are known to be contemporary with Hopewell as being a part

of the Middle Woodland horizon. In the Delmarva Peninsula,

the poorly known Carey and Oxford complexes (Thomas 1974)

represent the main part of this time period.

The latter part of the Middle Woodland period

is represented by the Webb Phase (ca. 700 A.D.) which is

Ii best known from the Island Field site near South Bowers

(Thomas and Warren 1970). This site, situated on a low

lying rise surrounded by tidal salt marsh, contains a major

• , Amerinds cemetery (Kraft 1978).

12

.1



The ceramic pipes, stone platform pipes, ground

and polished stone tools and ornaments, the chipped stone

tools and a small amount of pottery all indicate that it

is Middle Woodland.

The Late Woodland occupation in Delaware is

known primarily from larger coastal occupations and there

are several clearly defined manifestations. These include

the Milford Neck Complex, known primarily from the Millman

Site (Thomas and Lewis 1966), which is marked by fabric im-

pressed quartz tempered pottery; and the Townsend Complex,

known from the Townsend (Omwake and Stewart, editors, 1963)

and the Mispillion (Omwake 1962) sites, marked by shell

tempered pottery. Thomas (1974) has grouped Townsend,

Mispillion, and other sites into the Slaughter Creek Phase

which he estimates to begin around 1200 A.D. and last until

the period of European contact. He has suggested that the

Slaughter Creek Phase may relate to the historic Nanticoke,

Choptank, Assateague and Pocomoke Indians.

Europeans are known to have been in the Delaware

area by 1632 and there should be early historic contact

sites of aboriginal peoples dating to this time period. However,

to date, none seem to have been discovered and reported

in the archeological literature.

13
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PREHISTORIC ADAPTATION IN THE DELMARVA PENINSULA -

The existing land use patterns of the Indian

River and Bay, and the entire Delmarva Peninsula, have

changed radically during the past several centuries of inten-

sive Euroamerican occupation. The prehistoric occupations

likely to be found in the Indian River and Bay area should

be interpreted in light of what the environmental variables

and environmental potential were under aboriginal conditions.

An excellent study of this resource base has been prepared by

Thomas and his associates (Thomas et al. 1975). Their work

needs to be summarized here since it has a direct bearing on

the nature and extent of the prehistoric occupations which

are likely to be encountered in the Indian River and Bay

area. "

This study is generalized in the sense that it is

based on the immediate precontact conditions as developed

from the contemporary environmental variables. It does not

take into account the microenvironmental variations caused

by sea level and climatic changes of the past 12,000 years.

A recent study by Kraft and John (1978) has attempted to

assess in detail various coastal settings in Delaware.
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MICROENVIRONMENTAL POTENTIAL

Thomas and his colleagues recognize three major

environmental types within the Delmarva Peninsula. These

are a) poorly-drained to swampy woodlands, b) well-drained

woodlands, and c) tidal marshes, coast and open salt-water

areas.

The wet woodland areas are the optimal areas for

exploitation of cottontails, deer, beaver, green plant

foods, wild fruits, and edible roots. The dry woodlands

are the optimal areas for the exploitation of grey-

squirrel, wild turkey and mast. The tidal marshes are the

optimal areas for muskrats, waterfowl, shellfish and seed

food plants. In addition to these resources, anadromous

fish are seasonally available in the major river systems.

For the late prehistoric period, corn-bean-squash agricul-

ture was also important.

In the same way that these resources are not

equally distributed over the landscape, they are not

equally available throughout the year. Some resources may be

exploited only on a seasonal basis. Because of this varia-

bility in availability, Thomas and his associates have

generated an optional scheduling model for resource

exploitation in the Delmarva Peninsula that involves movement

between habitats to maximize the return on all resources.

15
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In a generalized sense, this can be characterized -

in the following manner. During the late summer, crops,

seeds and shellfish, all available in or near coastal

areas, would provide the major resource base. In early

fall, deer, and edible roots would provide the

greatest extractive return. Deer and edible roots could

be harvested through mid-winter when waterfowl and shell-

fish would provide the subsistence base during the weakest

link in the seasonal food chain. By mid-March, anadromous

fish would be readily available and would continue to be

available until mid-June. This basic model would provide

for a maximum exploitation of the interior poorly drained

woodlands in the winter months, a maximum exploitation of

the coastal areas in the summer and utilization of inter-

vening areas, dry woodlands and transitional areas, inten-

sively in the spring and fall and less intensively during

other seasons.

REGIONAL SETTLEMENT MODELS

Thomas and his colleagues have developed five

theoretical models for human settlement which could be

used to make efficient use of the areal and seasonal

variation in resources. These involve base camps, seasonal

camps and special purpose extractive sites. Model One

postulates a series of seasonal camps located in poorly

drained woodlands in the winter, along tidal marshes in
'I
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the summer and in the well drained woodlands in

the spring and fall. Model Two involves the establishment

of a base camp in the ecotone between the well drained and

poorly drained woodlands with an emphasis on winter activities

and seasonal camps located within the tidal marsh/well

drained woodland ecotone for spring activities and within

the tidal marsh area for summer activities.

Model Three involves two sets of base camps, one

located in the wet woodland/dry woodland ecotone for

winter activities and a second located in the tidal marsh

area but utilizing the resources of the dry woodlands when

they are most available. Model Four is less complicated and

involves a single base camp, located in an area of well

drained woodlands along a major river, with a summer season

camp established in the coastal region and seasonal (winter)

forays into the interior. Model Five is a further simpli-

fication with a single base camp similar to that postulated

in Model Four and seasonal forays into both the wet woodland

and tidal marsh areas.

These models were tested at two archeological

sites in Delaware. The Hughes-Willes site, located in an

area surrounded by 53 percent dry woodland, 32 percent

poorly drained woodland, 12 percent transitional areas

and only two percent tidal marsh, was interpreted as a
.1
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semipermanent fall to winter settlement within the Model Two

or Model Three pattern. This was contrasted with the Indian

Landing Site (75-G-1) located near Massey's Landing on

the south shore of Long Neck which separates Rehoboth Bay

from Indian River Bay (Figure 1 ). The surrounding area

was 67 percent salt water bay, 23 percent tidal marsh, eight

percent dry woodland, one percent wet woodland and one per-

cent classified as transitional. The material recovered

from Indian Landing indicated that it was a summer to early

fall occupation seasonal camp in a tidal marsh area, which

would be expected with either the Model Two or Model Four

settlement patterns.

It is clear that the above study provides an

important framework for the interpretation of Delmarva

prehistory. It is of particular importance to the under-

standing of the cultural resourcesof the Indian River and

Bay area.

PREHISTORIC LAND USE POTENTIAL IN THE INDIAN BAY AND RIVER

According to the generalized environmental map

represented by Thomas and his colleagues (1975: Figure 3),

the Indian River and Bay would appear to be primarily

tidal marsh, coast and open salt water with minor areas of

well-drained woodlands. A good example of the type

of microenvironmental conditions existing in the Indian

.1
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River and Bay area can be found at the Indian Landing Site

(75-G-1). This site is located near Massey's Landing on the

south shore of Long Neck (Figure 1 ). Kraft (1975) has

reported that a survey of the ten square mile area en-

circling the Indian Landing Site indicates the following

microenvironments in order of decreasing size:

1. Salt Water Bay - 67 percent

2. Tidal Marsh - 23 percent

3. Well-drained Woodlands - 8 percent

4. Poorly-drained Woodlands- 1 percent

5. Transitional Area - 1 percent

While these percentages cannot be generalized

over the entire Indian River and Bay area, they are use-

ful in viewing the general characteristics of the surround-

ing environment. According to Kraft (1978), this general

mix of microenvironmental setting would indicate that pre-

historic settlement in the area would most likely be in

the summer and early fall with primary activities being

the gathering of shellfish and reeds, as well as some

fishing.

Of importance for site location in the area is

the distribution of: 1) well-drained woodland, 2) poorly-

drained woodland, and 3) transitional zones.
'I
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The well-drained woodlands are areas that have

good to extremely good natural drainage. In certain areas,

some of these soils tend to be excessively drained and

droughty. The main soil types are the Evesboro Series,

Rumford Series, and Sassafras Series. These types of soils,

which provide both a dry environment for settlement and a

multiple of available microenvironmental resources, would

be most likely utilized by groups of prehistoric people.

A recent survey of existing sites in the Rahoboth Bay

area indicated that most prehistoric sites are found on

these well-drained woodland soils within approximately 300

feet of a body of water (Wise, 1978a). For this reason,

we have outlined in Figure 1 those areas near Indian River

and Bay which contain well-drained Woodland soil. These

outlined areas should be considered as high potential zones,

or areas likely to contain remains of prehistoric sites.

Zonal mapping was limited to within approximately one half

mile of the Bay and River. This half-mile limit was an

arbitrary figure determined as a useful tool for future

project planning purposes.

Poorly drained woods and swamps in the area are

characterized by areas of poor to extremely poor natural

drainage and, in the natural state, would have varying

120
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amounts of water standing on, or just below, the surface

for the entire year (Kraft et al. 1975). Major soil types

included are Fallsington, Johnston Series, and Osier Series.

Major vegetation is almost exclusively water-tolerant plant

species such as swamp maple, red maple, gum, cypress, holly,

sweetbay, pond pine, willows, alders, and oaks. While these

soils provide optimal areas for such animal inhabitants as

insects, turtles, snakes, ducks, deer, bear, squirrel, mink,

otter, muskrat, turkey and beaver, they usually make unsuitable

areas for human habitation. These areas have been outlined .

on Figure 1 as areas with a low potential for containing

remains of prehistoric occupation. Again, this zone has

been highlighted only within a half mile of the Indian River

and Bay.

Transitional areas in the Indian River and Bay

are characterized as having water near the surface during

the winter and early spring. These areas are not generally

as wet as the poorly-drained woodlands and do not have the

good natural drainage of the well-drained woodland areas.

Major soil types include Woodstown Series, and Kelis Series.

The native vegetation consists of mixed oaks, sweet gum,

red maple and scattered pine, but oak is predominant (Kraft

et al. 1975). Transitional areas occur between tidal marsh

21
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and well drained woodlands and between well-drained and

poorly-drained woodlands.

These areas are not likely to contain a high

concentration of prehistoric sites, but it is likely that

they may contain sites associated with the exploitation

of the edge area between existing zones. For this reason,

these areas have been outlined as zones of medium poten-

tial on Figure 1

22
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HISTORICAL BACKGROUND

Initial contact with Europeans in Delaware probably

occurred in 1609 by Henry Hudson as he searched for a passage

west. Other contact occurred quickly by Swedish, English and

other Dutch explorer/traders. By 1631, a Dutch colony had

been established along Delaware Bay.

Possession of parts of Delaware passed between

Sweden, Holland and England, depending upon wars in Europe.

In 1674, England finally assumed control. Questions were

still to occur for the next 100 years over ownership, however,

with both the Calverts of Maryland and the Penns of Pennsylvania

having claims.

Several boundaries have been established for the

southern part of the state. Indian River was frequently

used because of the natural boundary it forms. This division

is also reflected in the early colonization of the area. Many

settlers in southern Sussex County were originally from

Virginia or Maryland. Settlers in the north were from

Pennsylvania, but considerable overlap occurred. The even-

tual boundary line dates from 1732, when the Penn heirs seem

to have gained the upper hand. The Transpeninsular line,

running west from Cape Henlopen, was surveyed in 1751. The

north-south boundary, the Mason-Dixon line, was surveyed in

23
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1760. By 1775, the boundaries were fixed and implemented,

just prior to the revolution.

Settlement in the Indian River area dates from

1667, when Cruders Neck was patented to Nathaniel Carr.

In 1677, Long Neck was patented to William Burton, whose

heirs would be influential in the area for generations.

By 1692, the Warwick ferry had been established. It ran

between Warwick and Piney Neck, south across Indian River.

The start of the eighteenth century saw the beginnings of

communities in the area such as Dagsboro, Millsboro and

Ocean View. Growth and development continued at a slow

pace in the Indian River Bay area up to the present.

HISTORIC RESOURCES

The area of Indian River and Bay contains several

small agriculturally based communities and a variety of

rural residential structures. Settled in the late seven-

teenth century, it has provided a modest subsistence for

its residents. Economic changes brought about in the 1920s,

such as chicken farming, now dominate the area. Corn and

soybeans are major crops. Early twentieth century cottages

along the bay are still in use.

24
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Recent changes in the area are obvious. Summer

cottages are now year-round residences. Trailer park

developments have occurred in several places. While the

marginal farming nature of the area remains, retirement

and recreation development is quickly becoming a factor in

the area.

Four recognized historic sites are located in the

general area: White House Farm, an early eighteenth century

brick plantation house on the north side of the bay oriented

to the river; Prince George Chapel, a mid-eighteenth century

wood frame public structure in the community of Dagsboro;

Isaac Harmon Farm, a mid-nineteenth century vernacular struc-

ture on the Nanticoke Indian community north of the river

slightly inland; and Indian River Life Saving Service Station,

a late nineteenth century wood frame structure of Victorian

design located north of the bay inlet on the Atlantic. Each

of these structures is recognized as historically important

and adds to the general evaluation of the area by its proto-

typical nature (see Figure 2 and the Appendix).

In general, the initial settlement in the area

related to waterways, since these were the major form of

transportation in the area in the seventeenth and early

eighteenth century. Plantations appear to be located on

raised ground near inlets and the bay. Communities developed

25
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inland from the Indian River and Bay. They were still close

to the water during the eighteenth century. As farming

developed, small settlements occurred further inland. Road

systems were developing and of major importance by the

nineteenth century. Toward the end of the nineteenth

century, resort development occurred along the ocean and

went inward along the bay by the early twentieth century.

Present growth is intensifying along the bay and ocean in

previously undeve oped areas.

Structures in the area are vernacular in design

and traditional in use. The plan is generally I- or L-shaped

with cypress shingles on wood frame. Stylistic variations

are relegated to details and trim, and in all likelihood do

not date from when the full style was in vogue.
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CONCLUSIONS AND RECOMMENDATIONS

The Indian River and Bay area has retained many

elements of its past through economic necessity and tradition.

Its history is varied and of importance to the region. Its

architecture is restrained and subtle.

Because of field time, property access and the

historical nature of some structures which are not easily

recognizable in an overview study, it is possible that

some sites have been missed in the course of this investiga-

tion. Sensitivity mapping has been conducted to show high

potential locations of these sites (Figure 2), but this does

not imply that nonsensitive mapped areas contain no sites.

It is strongly recommended that if a project is expected to

impact an area, site-specific reconnaissance of a more in-

tense nature be undertaken.

This overview study of the area's archeological

resources, as outlined in the previous sections of this

report, shows a distribution of potentially significant sites

throughout the entire area. In addition, sensitivity mapping

(Figure 1 ) has identified specific areas that are likely

to contain additional sites. While the sensitivity maps

show areas of high, low and medium potential, this informa-

tion should be used for project planning purposes only, and

28
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not as an absolute distribution of archeological resources.

It would be necessary to subject each of these zones to

rigorous scientific testing in order to test the validity

of the distribution mapping.

It is therefore recommended that, when specific

project limits in the area have been determined, additional

archeological studies be taken beyond the reconnaissance

level to determine project impacts and to recommend appro-

priate mitigation measures.
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DELAWARE RIVER DREDGING SPOIL DISPOSAL STUDY

EXISTING INSTITUTIONAL ROLES

Public institutions represented in the study area which affect or

will be affected by the implementation of a regional dredging spoil

disposal plan, are identified in this task. This involved Federal,

regional, state and local agencies, their legal authority, spatial

coverage, functional role, and program responsibilities. The study

area for this task is considered to stretch from Trenton to Cape

May, on both sides of the Delaware River and Indian River Inlet and

Bay. It comprises 13 counties, representing the states of New

Jersey, Delaware, and Pennsylvania.

The agencies described are characterized by their respective roles

in implementing a number of Federal, as well as state, policies in

order to protect the environment from any adverse impact from the

dredged spoil-disposal-related activities.
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FEDERAL AGENCIES

The major Federal institutions which are directly affected, or

will affect the dredging spoil disposal plan are:

1. U.S. Environmental Protection Agency

2. U.S. Army Corps of Engineers

3. U.S. Department of the Interior

a. U.S. Fish and Wildlife Service

b. National Park Service

c. Bureau of Land Management

d. Heritage Conservation and Recreation Service

e. Bureau of Mines

f. U.S. Geological Survey

4. U.S. Department of Commerce

a. Maritime Administration

b. National Oceanic and Atmospheric Administration

c. National Marine Fisheries Service

5. U.S. Department of Health, Education, and Welfare, Public

Health Service, Center for Disease Control

6. U.S. Department of Housing and Urban Development, Federal

Insurance Administration

7. U.S. Department of Transportation

a. United States Coast Guard

b. Federal Railroad Administration

c. Materials Transportation Bureau

8. U.S. Department of Agriculture, Soil Conservation Service
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U.S. ENVIRONMENTAL PROTECTION AGENCY (EPA)

The U.S. EPA was established in the Executive Branch as an inde-

pendent agency on 2 December 1970, through a Presidential Order

(Reorganization Plan No. 3 of 1970), reflecting a public commitment

to the control and abatement of pollution. The agency is charged

with the basic mission of monitoring an integrated, coordinated

attack on the environmental problems of air and water pollution,

solid waste management, pesticides, radiation, and noise. The

agency is further responsible for: 1) conducting research and

demonstration, 2) establishing and enforcing standards, 3) moni-

toring pollution in the environment, and 4) assisting state and

local governments in their efforts to control and abate pollution.

The U.S. EPA is a regulatory agency with powers authorized through

a number of statues enacted by the Congress. The major ones are

discussed in the following paragraphs.

National Environmental Policy Act (NEPA) of 1969

The Act and Executive Order No. 11514 which followed specifically

state that the Federal government shall provide leadership in pro-

tecting and enhancing the quality of the Nation's environment to

sustain and enrich human life. NEPA's national environmental

policy requires all Federal agencies and officials to use all practi-

cable means and measures to enhance, preserve, and protect the quality

of the environment to the fullest extent possible. Early and
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continuing coordination is required to develop a full interchange

of views with the Corps of Engineers and appropriate local,

state, and Federal agencies and the interested public.

Federal Water Pollution Control Act (PL 92-500)

Section 404 of PL 92-500 concerns the discharge of dredged or fill

materials into waters of the United States. The Secretary of the

Army and the Administrator of EPA, in conjunction, were to develop

guidelines for application. In addition, the Administrator is

authorized to prohibit the specification of a disposal site when-

ever he determines that the discharge of these materials into such

areas will have an unacceptable adverse effect on municipal water

supplies, shellfish beds and fishing areas, wildlife, or recrea-

tional areas. EPA regulations 40 CFR 230.la(2) have been developed

accordingly.

Marine Protection, Research and Sanctuaries Act of 1972

Section 102 of the Act requires that criteria for the issuance of

ocean disposal permits be promulgated after consideration of:

1) the environmental effect of the proposed dumping operation,

2) the need for ocean dumping, 3) alternatives to ocean dumping,

and 4) the effect of the proposed action on aesthetic, recreational,

and economic values, and on other uses of the ocean.
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The Act requires the Corps of Engineers to make the same evaluation

that is required to the EPA Administrator for ocean dumping of other

materials; to make this evaluation by using the open dumping cri-

teria developed by the Administrator. The Act also requires the

Corps to utilize ocean dumping sites, that have been designated by

the EPA Administrator, to the maximum extent feasible. If the EPA

criteria prohibit ocean dumping, the Act requires the Corps to make

an independent determination of the need for the proposed dumping

based upon an evaluation of the potential effect that would occur

to navigation, economic and industrial development, and foreign and

domestic commerce of the United States if a permit were denied. No

permit may be issued to dump dredged material in the oceans if the

dumping does not comply with the EPA criteria, unless the Secretary

of the Army seeks a waiver of the criteria from the Administrator

after certifying that tnere is no economically-feasible method or

site available other than the site under consideration. The Act

requires the Administrator to grant this waiver unless he finds that

the proposed dumping will result in an unacceptable adverse impact

on municipal water supplies, shellfish beds, wildlife, fisheries, or

recreational areas.

Protection of Wetlands, Executive Order No. 11990

Vo Through this Executive Order, the President declared wetlands im-

portant national resources, warranting specific measures for their

-5-
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preservation. Prior to issuance of the Executive Order, both the

Chief of Engineers and the EPA Administrator had promulgated similar

policies and guidelines concerning wetlands in water resource de-

velopment activities. Guidelines established by EPA are applicable

only to those projects and activities involving the discharge of

dredged or fill material into waters of the United States. Reviews

of activities in wetlands to assess the cumulative effect of activi-

ties should be a multiagency effort.

Safe Drinking Water Act of 1974

The Act, which is an amendment to the Public Health Service Act, in-

creases the Agency's authority and responsibility to improve the

quality of drinking water and to protect the public health and wel-

fare. EPA is responsible for setting minimum national drinking

water regulations to ensure that drinking water is safe. Each state

can assume primary enforcement authority over the regulations. If

a state does not have primary enforcement authority, EPA will have

that authority. The Act also requires EPA to establish regulations

for state underground injection control programs in order to pro-

tect underground sources of drinking water from contamination.

Other Pertinent Statutes

The dredging spoil disposal study will be indirectly affected by the

Clean Air Act Amendments of 1970 which designate EPA as the respon-

sible agency for enforcing standards on emissions which may be

-6-
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affected by increased traffic and earth-moving activities at pro-

posed sites. Also, the Resource Conservation and Recovery Act of

1976, which supersedes and augments the Solid Waste Disposal Act

of 1965 and the Resource Recovery Act of 1970, involves EPA in the

dredging spoil disposal through development of alternatives for

using spoil material at landfill sites or strip mines. The Act

requires a comprehensive Federal-state-local approach to all aspects

of waste management, including resource conservation and recovery,

land disposal of municipal and industrial wastes, and authorizes a

new regulatory program for hazardous wastes.

The Federal Insecticide, Fungicide, and Rodenticide Act of 1947,

as amended in 1972 and 1975, which grants EPA the authority to

regulate all pesticides, may affect the dredge spoil disposal

activities if a proposed site is currently in agricultural use, and

there is the potential for runoff to be carried into area streams.

The study area is included within two of the 10 EPA regional offices,

namely, Region I I for the New Jersey portion of the study area, and

Region III covering portions of the study area in Delaware and

Pennsylvania.

U.S. ARMY CORPS OF ENGINEERS (CORPS)

As the principal Federal water resource agency, the Corps has been

responsible for development and management of the Nation's water

resources.
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The Federal concern with natural resources is founded on the

fact that they are the basis of our national wealth and future

well-being. The fundamental goal of Federal participation in

resource development is to insure that an optimum contribution

is made to the welfare of all the people. The Federal concern

regarding water resources is shown by the many legislative enact-

ments by the Congress under the Commerce and Welfare clauses of

the Constitution. A developing body of law has established varying

degrees of national concern in such areas as navigation, erosion

control, flood control, drainage, hydroelectric power generation,

irrigation, water supply and water quality. Broad policies related

to such objectives as environmental quality, national and regional

economic development and social well-being have been developed.

The Department of the Army and the Corps of Engineers are charged

by Congress with the major Federal program of water resources

development. This has been the outgrowth of legislative and admin-

istrative activity over many years. The term "civil works program"

is usually applied to these non-military Corps activities. This

civil works program involves activities in the following areas of

water resource need:

1. Navigation.

2. Flood control.

3. Beach erosion and hurricane protection.

4. Stream bank erosion control.
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5. Hydroelectric power.

6. Recreation.

7. Water supply and quality management.

8. Wastewater management.

9. Urban studies.

10. Fish and wildlife.

11. Wetlands conservation.

12. Aquatic plant control.

13. Regulatory functions.

14. Civil works research and development.

15. Activities related to programs administered by

other Federal agencies.

Through a variety of nonstructural and structural measures, the

Civil Works Program of the Corps of Engineers is the Nation's largest

activity for the development, utilization and conservation of its

water resources in these areas.

Dams, levees, harbors, waterways and locks provide flood protection,

reduce the cost of transportation, supply water for municipal and

industrial use, generate hydroelectric power, provide recreational

opportunities, regulate the rivers for many purposes, including

improvement of water quality and the enhancement of fish and wildlife

and protect the shores of oceans and lakes. In addition to designing

and constructing these works, the Corps of Engineers is responsible

.1 for their operation and maintenance.
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The Corps of Engineers addresses the Nation's water resources manage-

ment problems with full consideration for the environmental impli-

cations of its activities. From planning, where it seeks possible

nonstructural solutions and least disruptive measures, through

construction, where care is taken to prevent or repair any

damage to the operation of a project to minimize adverse environ-

mental impact, the Corps seeks to manage the water resources for

the benefit of the public while preserving the value of this and

related resources.

National goals in water resources management are long-range in

nature. Their achievement is of Federal concern, particularly in

those aspects of our free enterprise system where effective incen-

tives are lacking. Federal policy seeks to maintain a reasonable

balance between the powers and responsibilities assumed by the

Federal government and those with the states, local governmental

entities, and private enterprise. The civil works program of

the Corps emphasizes the need to solve the most pressing problems

facing the entire nation as well as those of particular concern to

a specific region or locality. The energy crisis precipitated the

need to place greater emphasis on hydropower projects as well as

transportation and other project functions which contribute to

solving energy problems. Urban flood control, municipal and indus-

trial water supply, and commercial navigation are among the high

priority functions. Projects emphasizing recreation and those with
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unresolved political, environmental or social problems are among

the lower priorities. Flood protection for agricultural lands has

been among the lower priorities in recent years.

The Corps' activities pertaining to dredging spoil disposal

activities is based, or impacted primarily on various sections

of the following Acts and regulations:

River and Harbor Act of 1899

It was enacted to protect navigation and the navigable capacity

of the nation's waters. Section 10 of the Act, in addition to

others, requires permits for various types of work performed in

navigable waters, including dredging and stream channelization,

excavation, and filling. Any work that is performed outside

the limits of a navigable water which affects its navigable

capacity may also require a Section 10 permit. On 18 December

1968, the Department of the Army revised its policy with respect

to the review of permit applications under Sections 9 and 10 of the

1899 Act, and published in the Federal Register a list of

additional factors besides navigation that would be considered in

the review of these applications. These factors included; fish

and wildlife, conservation, pollution, aesthetics, ecology, and

V the general public interest.
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National Environmental Policy Act (NEPA) of 1969

NEPA's national environmental policy requires all Federal agencies

and officials to use all practicable means and measures to enhance,

preserve and protect the quality of the environment to the fullest

extent possible. Early and continuing coordination is required

so as to develop a full interchange of views between the Corps

of Engineers and appropriate local, state, and Federal agencies

and the interested public. As a result, District engineers will

develop, analyze, study, and utilize or adopt all practicable

means and measures, including the "no action" alternative and

other alternatives to the proposed action, which will enhance,

protect, and preserve the quality of the environment, restore

environmental quality previously lost, and minimize the mitigate

unavoidable adverse effects. In addition, the environment will

be analyzed and studied together with engineering, economic,

social, and other considerations to insure balanced decision

making in the total public interest. In accordance with Section

102(2)(c) of NEPA, environmental statements are required. This

document serves as a summation and evaluation of the effects that

each alternative action would have on the environment.

Section 1501.7 of the Council on Environmental Quality's imple-

mentation of procedural provisions and final regulations to NEPA,

as published in the Federal Register on 29 November 1978 (Part VI),

established a formal mechanism for agencies in consultation with

12
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affected parties to conduct public scoping meetings to identify

the significant issues which must be discussed in detail in an

EIS, to identify the issues that do not require detailed study,

and to allocate responsibilities for preparation of the docu-

ment.

Federal Water Pollution Control Act
(PL 92-500) Amendments of 1972

Section 404 of PL 92-'500 concerns the discharge of dredged or fill

material into waters of the United States. The Secretary of the

Army, acting through the Chief of Engineers, may issue permits,

after notice and opportunity for public hearings for the discharge

of dredged or fill material into the navigable waters at specified

disposal sites. The Secretary of the Army and the Administrator

of EPA, in conjunction, developed guidelines for application. In

addition, the Administrator is authorized to prohibit the specifi-

cation of a disposal site whenever he determines that the discharge

of these materials into such an area will have an unacceptable ad-

verse effect on municipal water supplies, shellfish beds and fishing

areas, wildlife, or recreational areas. Corps' regulations on the

regulatory program 33 CFR 323.4 and 323.5 which are applicable to

private projects, state that if EPA guidelines prohibit designation

of a proposed disposal, the economic impact on navigation and

anchorage of the failure to authorize the use of the proposed dis-

posal site will also be considered in evaluating whether or not the

proposed discharge is in the public interest.

13-13-
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Section 313 of PL 92-500 requires each agency of the Federal

government engaged in any activity resulting or which may

result in the discharge or runoff of pollutants to comply with

Federal, state, interstate, and local requirements respecting

control and abatement of pollution to the same extent that any

person is subject to such requirements. Regulations prescribing

policy, practice, and procedure to be followed by Corps of

Engineers installations in connection with disposal of dredged

material in navigable waters, or transportation of dredged material

for the purpose of dumping it on ocean waters are contained in

33 CFR 209.145.

Clean Water Act of 1977 (PL 95-217)

Section 67 modifies Section 404 of PL 92-500 concerning permits

for dredged or fill material. The modification specifically sub-

jects Corps dredging projects to state controls in two ways.

First, projects involving the discharge of dredged material into

water may need state water quality certificates. Second, the

law gives states authority to impose their own permit programs

and other requirements on Corps of Engineers navigation mainten-

ance dredging projects. It is intended that the Corps will apply

for a state permit where one is required, and will make every

reasonable effort to comply with state requirements. However,

where these requirements cannot reasonably be met, the Corps of

Engineers has the authority to proceed with measures necessary

-14-

'I

=°- . . .--

.. , &



to maintain navigation. The Corps can seek an exemption under

Section 404 (r) by submitting an EIS or EIS supplement to

Congress in the event a state denies the issuance of a water

quality certificate, or EPA exercises a veto under Section

4 04 (c).

Marine Protection, Research, and Sanctuaries

Act of 1972

Section 102 of the Act requires that criteria for the issuance of

ocean disposal permits be promulgated after consideration of the

environmental effect of the proposed dumping operation, the need

for ocean dumping, alternatives to ocean dumping, and the effect

of the proposed action on aesthetic, recreational and economic

values and on other uses of the ocean. The disposal of dredged

materials into ocean waters is regulated by the Corps in accord-

dance with Section 103. The Act requires the Corps of Engineers

to make the same evaluation that is required of the EPA Admin-

istrator for ocean dumping of other materials, and to make this

evaluation, by using the ocean dumping criteria developed by

the Administrator. The Act also requires the Corps to utilize

ocean dumping sites, that have been designated by the EPA Admin-

istrator, to the maximum extent feasible.

V
4

If the EPA criteria prohibit ocean dumping, the Act requires tile

Corps to make an independent determination as to theneed for

.1 the proposed dumping based upon an evaluation of the potential
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effect that would occur to navigation, economic and industrial

development, and foreign and domestic commerce of the United

States if a permit were denied. An independent determination

as to other proposed methods of disposal of dredged materials

and appropriate locations for ocean dumping must also be made

by the Corps in review of applications for ocean dumping.

No permit may be issued to dump dredged material in the oceans

if the dumping does not comply with the EPA criteria unless the

Secretary of the Army seeks a waiver of the criteria from the

Administrator after certifying that there is no economically-

feasible method or site available other than the proposed site.

The Act requires the Administrator to grant this waiver unless he

finds that the proposed dumping will result in an unacceptable

adverse impact on municipal water supplies, shellfish beds, wild-

life, fisheries, or recreational areas.

Coastal Zone Management Act of 1972 (PL 92-583)

The Act establishes a national policy to preserve, protect, develop,

and, where possible, restore or enhance the resources of the coastal

zone of the United States. It provides for monetary assistance

to the states to facilitate utilization of coastal zone resources,

coupled with adequate protection of the coastal zone environment,

through development and implementation of state-wide comprehensive

Coastal Zone Management (CZM) programs. Section 307 mandates

Federal interagency coordination and cooperation in concert with

-16-
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state coastal zone management programs. Federal agencies must

cooperate and actively participate with state and local govern-

ments and regional agencies towards achieving integrated policy

and action proposals at all levels of government. Future Corps

actions should be consistent, to the maximum extent feasible, with

the state's approved CZM programs and plans. The Corps' tradi-

tional area of regulatory jurisdiction overlaps and interacts with

state CZM agency policies. Close and continuing coordination is

required between the Corps and state CZM agencie- to insure that

issuance of permits is in conformity with the state CZM plans.

Fish and Wildlife Coordination Act of 1958

The Act states the general policy that fish and wildlife con-

servation shall receive equal consideration with other project

purposes and be coordinated with other features of water resources

development programs. Adverse effects on fish and wildlife

resources and opportunities for improvement of fish ani wildlife

shall be examined along with other purposes which might be served

by water resource developments. All pre-authorization and post-

authorization planning on project development is to be coordinated

with the U.S. Fish and Wildlife Service, the National Marine

Fisheries Service, and the agencies administering the fish and

wildlife resources of the State where construction is contemplated.

As a result, each District Engineer must include in reports an

account of the steps taken to coordinate with the Federal and

i ! -17-
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state fish and wildlife agencies, and specifically accept, modify,

or reject each recommendation. In cases where differences cannot

be reconciled, clearly state reasons why and present analyses to

support the District's position. Accordingly, the advice and

recommendations of the fish and wildlife agencies will be requested

and adopted to the fullest extent practicable in project evaluation.

Protection of Wetlands, Executive Order No. 11990

In Executive Order 11990, the President declared wetlands important

national resources warranting specific measures for their preserva-

tion. Prior to issuance of the Executive Order, both the Chief of

Engineers and the EPA Administrator had promulgated similar policies

and guidelines concerning wetlands in water resource development

uctivities. The Chief of Engineer's policies are applicable to

all Corps projects, or proposed projects, impacting on wetlands.

Basically this policy states that unnecessary alteration or

destruction of wetlands should be discouraged as contrary to the

public interest. Reviews of activities in wetlands to assess the

cumulative effect of activities should be a multiagency effort.

Proposed activities in wetlands must demonstrate that benefits

outweigh the damages to wetland resources. Also, evaluations of

the availability of feasible alternative sites must be shown.Vo

Coupled with Section 404 guidelines and the Fish and Wildlife

Coordination Act, the Executive Order all but eliminates use of

anything but a very small marsh fringe within a disposal area.
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The Corps could be required to provide protective surrounding

dikes for the marsh area and special drainage emphasis which

could raise construction costs and reduce disposal capacity.

As an idditional item, Section 150 of the Water Resources

Development Act of 1976 authorizes the Chief of Engineers to

plan and establish wetland areas as part of authorized water

resources develipment projects under his jurisdiction. The

costs for such wetlands is not to exceed $400,000, and the

benefits are assumed to at least equal the costs. All future

water resource development project reports are to include con-

sideration of the establishment of wetlands.

Flood Plain Management, Executive Order No. 11988

This Order is based, in part, on NEPA and adds new prominence to

the environmental aspects of flood plains. Federal agencies are

required, during the decision-making process, to recognize signi-

ficant public values of flood plains and to consider the public

benefits that will be derived from their restoration and pre-

servation. The objective is to avoid, to the extent possible,

the long- and short-term adverse impacts associated with occu-

pancy and modification of flood plains, and to avoid direct and

indirect support of flood plain development wherever there is a

practicable alternative.

-19-
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if there is no practicable alternative to locating an action in

a flood plain, Section 2(a)(2) of the Order requires the agency

to prepare a public notice and circulate it to the general pub-

lic with: 1) a description of why the action must be located

in the flood plain; 2) significant facts considered in making

the determination to locate in the flood plain, including alter-

native sites and actions considered and any tradeoffs that were

made; and 3) a statement indicating whether the proposal con-

forms to applicable state or local flood plain protection

standards. Section 2(a)(3) requires the submission of a notice

to state and areawide A-95 clearinghouse for the geographic area

affected, when an action is to be located in a flood plain.

If the proposed Corps' action is located in a flood plain,

Section 2b of the Order requires the Corps, in their transmittal

to the Office of Management and Budget for new authorizations

or new appropriations for the action, to include: 1) statements

on whether the action affects the natural and beneficial values

of the flood plains; 2) steps taken to minimize potential harm

to or within the flood plain caused by the action; and 3) steps

taken to restore and preserve the natural and beneficial flood

plain values of the flood plain area.

Water Resources Development Act of 1976

Section 148 of the Act states that the Corps shall utilize appro-

priate management practices to extend the capacity and useful life
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of dredged material disposal areas such that the need for new

dredged material disposal areas is kept to a minimum. The

management practices are to include construction of dikes,

consolidation and dewatering of dredged material, and con-

struction of drainage and outflow facilities.

Local Cooperation in Corps Projects

Section 2 of the Flood Control Act of 1936 (PL 738) prescribed

anng other things, "that, hereafter, Federal investigations and

improvements of rivers and other waterways for flood control and

allied purposes shall be under the jurisdiction of and shall be

prosecuted by the Army Department under direction of the Secretary

of Army and supervision of the Chief of Engineers." Section 3

of the Act stipulated that local interests should: 1) provide

without cost to the United States all lands, easements and rights-

of-way necessary for the construction of the project, except as

otherwise provided herein; 2) hold and save the United States

free from damages due to the construction works; and 3) main-

tain and operate all the works after completion in accordance

with regulations prescribed by the Secretary of the Army.

The local cooperation by the Act also requires the local interests

to provide, without cost to the United States, relocations necessary

for the construction, and subsequent operation and maintenance of

the project, including suitable areas determined by the Chief of

-21-
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Engineers to be required in the general public interest for

initial and subsequent disposal of spoil and necessary retaining

dikes, bulkheads, and embankments therefore, or the costs of

such retaining works. Also to accomplish without cost to the

United States, all alterations and relocations of highway bridges,

buildings, streets, storm drains, utilities, and other structures

and improvements.

On 17 July 1978, the Director of Civil Works issued EC 1130-2-161,

a blanket policy statement concerning diking. The statement pre-

sented the view that the provision of disposal areas by the local

sponsor implied the requirement of suitability. The definition of

suitability has been interpreted to mean being utilized adversely,

affecting the environment of the surrounding waterway. With this

interpretation it is the position of OCE that all diking costs

are the responsibility of the local sponsor.

Disposal Area Acquisition

As the areas in the vicinity of repetitive shoal areas were consumed,

and as real estate values rose, fulfilling the requirement for new

disposal areas for maintenance dredging by no-cost easement became

impossible. In view of this, and in order to avai! 1he Federal

4 government the return from land enhancement which euently occjt-

from filling marginal lands, the Philadelphia Did. ict Engineer it.

1965 proposed fee . .:uisition of two disposal areas required in

- 2
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order to insure that dredging could be accomplished at the

most economical cost. However, because of public resentment,

and official (state and local) opposition, the District Engineer

was instructed to abandon the proposed fee acquisition. In

1966, the Office of the Chief of Engineers acknowledged that

proposed disposal areas must have maximum public acceptability,

and the right of the Federal government to use "eminent domain"

would not be relied on. The policy necessitates obtaining

disposal areas by other than fee acquisition.

U.S. DEPARTMENT OF THE INTERIOR

Various offices under this Department will be involved in the

Corps' navigation maintenance dredging projects, the major ones

being the U.S. Fish and Wildlife Service, National Park Service,

Bureau of Land Management, Bureau of Outdoor Recreation, Bureau

of Mines, and Geological Survey. The Department of Interior was

created by act on 3 March 1849, and being the Nation's principal

conservation agency, it has responsibility for most of the

nationally-owned public lands and natural resources. This includes

fostering the wisest use of the land and water resources, protecting

the fish and wildlife, preserving the environmental and cultural

values of national parks and historical places, and providing

enjoyment of life through outdoor recreation.

In fulfilling these duties, the Department offices execute varying

roles in implementing the various Federal regulations such as:

-23-
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the Fish and Wildlife Coordination Act of 1958, National Environ-

mental Policy Act of 1969, the Federal Water Pollution Control

Act (PL 92-500), and the Marine Protection, Research and Sanc-

tuaries Act of 1972. (These Acts are explained under the pre-

vious section, "U.S. Army Corps of Engineers," towards their

effect on the Corps' dredging projects.)

U.S. Fish and Wildlife Service

Reorganized by the Fish and Wildlife Act, and renamed by Congress

in April 1974, the Service is responsible for wild birds, mammals,

inland sport fisheries, and specific fishery research activities.

The Service provides leadership for the protection and improvement

of land and water environments (habitat preservation) which

directly benefits the living natural resources. The various

activities include: biological monitoring, environmental impact

assessment through river basin studies, including stream channel-

ization, dredge and fill permits, and environmental impact statement

review; and area planning and preservation. The Service is one of

the key Federal agencies involved in the implementation of the Fish

and Wildlife Coordination Act of 1958.

National Park Service

Established in the Department of Interior on 25 August 1916, the

Service administers an extensive system of national parks, monuments,

historic sites, and recreation areas. It assists states, local

I
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governments, and citizen groups in the development of park areas,

the protection of the natural environment, and the preservation

of historic properties. The effect of the dredging spoil disposal

plan on these environmentally-sensitive elements will be reviewed

by the National Park Service, and its findings submitted to the

Corps for protecting these sensitive elements of nature.

Bureau of Land Management (BLM)

Established on 16 July 1946 by the consolidation of the General

LanO Office and the Grazing Service by provisions of Presidential

Reorganizational Plan 3 of 1946, the Bureau is responsible for the

total management of 473 million acres of public lands located

primarily in the Far West and Alaska. The Federal Land Policy and

Management Act of 1976 establishes policy guidelines and criteria

for the management of public lands and resources. The basic re-

sources which may be affected by the Corps' project, and over which

the Bureau has resources management authority include timber,

minerals, wildlife habitat, endangered plant and animal species,

livestock forage, recreation and cultural values, designated con-

servation and wilderness areas, and scenic rivers. Bureau programs

provide protection, orderly development, and use of the national

lands and resources under principles of land use planning, public

participation, multiple use, and sustained yield. In the public

interest the Bureau makes land available for Federal agencies

under certain conditions.
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Heritage Conservation and Recreation Service

This Service, originally called the Bureau of Outdoor Recreation,

was created on 2 April 1962, and is responsible, by the Act of

May 1963, for promoting coordination and development of effective

programs relating to outdoor recreation. Under the Land and Water

Conservation Fund Act of 1965, the Bureau participates directly in

the planning, coordination, and establishment of uniform policies

relating to recreation and fish and wildlife benefits and costs of

Federal water resource projects. Under the Department of Trans-

portation Act, the possible adverse effects of transportation

projects and programs on parks, recreation areas, and wildlife and

waterfowl refuges are reviewed. Another important role of the

Bureau, under the National Environmental Policy Act of 1969, is to

review Federal actions having an impact on outdoor recreation.

Bureau of Mines

This Bureau was established in the Department of Interior on I July

1910 by the Organic Act of 16 May 1910. Although not directly

affected, the Bureau can participate in the review of alternative

plans for using the dredge spoil in used-up mines. The Bureau's

activities, including the applied and basic research to develop

the technology for the extraction, processing, use, and recycling

of the mineral resources at reasonable cost without harm to the

environment or the workers involved, may help in deciding alter-

lative plans for handling and dredged spoil.
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U.S. Geological Survey

The U.S. Geological Survey was established by the Act of 3 March

1879, which provided for "the classification of the public lands

and the examination of the geological structure, mineral resources,

and products of the national domain." Congressional and Executive

direction later expanded the Survey's authority and responsibilities

to include topographic mapping; chemical and physical research,

stream-gauging, and water supply assessments; supervision of mineral

explorations and development activities on Federal and Indian lands;

engineering supervision of water power projects; and administration

of a minerals exploration program. For the Corps' navigation main-

tenance dredging proposals, the Survey can provide basic data and

services with regard to establishing existing conditions.

U.S. DEPARTMENT OF COMMERCE

The Department was designated as such by the Act of 4 March 1913,

reorganizing the Department of Commerce and Labor. The Department

encourages, serves, and promotes the Nation's economic development

and technological advancement. It provides: I) social and economic

statistics and analyses (through Bureau of the Census, etc.), 2)

assists in the development and maintenance of the U.S. Merchant

Marine (by Maritime Administration), 3) provides research for and

promotes the increased use of science and technology in the develop-

ment of the economy, and 4) seeks to improve the understanding of

the Earth's physical environment and oceanic life (through the

National Oceanic and Atmospheric Administration, etc.).
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taritime Administration

The Maritime Administration was established by Reorganization

Plan 21 of 1950. It administers programs to aid in the develop-

ment, promotion, and operation of the U.S. Merchant Marine. It

is also charged with organizing and directing emergency merchant

ship operations. Among many programs administered by the Maritime

Administration toward helping the operation of merchant ships, the

Administration conducts programs to develop ports, facilities, and

intermodal transport, and to promote domestic shipping.

National Oceanic and Atmospheric Administration (NOAA)

The NOAA was formed by the Reorganization Plan 4 of 1970. The

mission of NOAA is to: 1) explore, map, and chart the global

ocean and its living resources, 2) manage, use, and conserve

those resources, 3) predict conditions in the atmosphere, ocean,

sun, and space environment, 4) issue warnings against impending

destructive natural events, 5) develop beneficial methods of

environmental modification, and 6) assess the consequences of

inadvertent environmental modification.

The function of NOAA in the dredge spoil disposal activities is

mainly from its principal functions of providing weather forecasts;
V

issuing warnings against such destructive natural events as hurri-

canes, tornadoes, and floods; and providing special services in

support of marine activities, urban air-quality control, and other

weather-sensitive activities. NOAA prepares and issues nautical
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and aeronautical charts, provides precise geodetic surveys, and

predicts tides, currents, and the state of the oceans. NOAA also

analyzes economic aspects of fisheries operations, conducts re-

search and development aimed at providing alternatives to ocean

dumping, and provides Federal leacership in promoting wise and

balanced management of the Nation's coastal zone, including award-

ing grants to states for developing and carrying out plans for the

management of their coastal zones. The Coastal Zone Management Act

of 1972 (PL 92-583) involves NOAA as the lead agency in the coor-

dinating and cooperating effort in the state-wide coastal zone

management programs. (The discussion of the Act is included in

the section, "U.S. Army Corps of Engineers.")

The National Marine Fisheries Service (NMFS) is one of the field

organizations under NOAA, which conducts biological research and

surveys of the living resources of the sea, analyzes economic

aspects of fisheries operations with an eye to improving man's

ability to use and conserve those resources, and protects marine

mammals. The National Marine Fisheries Service is one of the key

Federal agencies involved in the implementation of the Fish and

Wildlife Coordination Act of 1958. All pre- and post-authorization

planning on project development (navigation maintenance dredging

projects) is to be coordinated with the U.S. Fish and Wildlife

Service, the NMFS, and the agencies administering the fish and

wildlife resources of the state where construction is contemplated.
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Also, the Federal Water Pollution Control Act involves this

agency in the process of identifying adverse effects on the

shellfish beds and commercial fishing areas from the Corps'

project development.

u.S. DEPARTMENT OF HEALTH, EDUCATION, AND WELFARE (HEW)

PUBLIC HEALTH SERVICE, CENTER FOR DISEASE CONTROL

The Public Health Service was created in 1798, and the Public

Health Service Act of I July 1944 consolidated and revised sub-

stantially the previous legislation creating the Service. The

various responsibilities of the Service include providing national

leadership for the prevention and control of communicable and

other diseases. This function is carried out by the Center for

Disease Control which was established as an operating health

agency within the Public health Service on I July 1973. The

Center administers national programs for the prevention and control

of comntrunicable and vector-borne diseases and other preventable

conditions, including urban rat control and childhood lead-based

paint poisoning.

U.S. DEPARTMENT OF HOUSING AND URBAN
DEVELOPMENT (HUD), FEDERAL INSURANCE

W ADMINISTRATION (FIA)

HUD was created by the Department of Housing and Urban Development

Act of 9 September 1965, and is the principal agency responsible

for programs concerned with housing needs and improving and de-

veloping the Nation's communities. The FIA is one of the agencies
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under HUD, responsible for adninistering three Congressionally-

mandated property insurance programs, namely, flood insurance,

riot reinsurance, and crime insurance. The National Flood

Insurance Program is designed to provide Federally-subsidized flood

insurance at affordable rates to property owners in flood,

mudslide (mudflow), or flood-related erosion-prone areas. In

conjunction with other Federal agencies, state and local govern-

ments, and the private insurance industry, the FIA also studies

insurance availability problems and makes recommendations regarding

various options for resolving such problems.

The FIA has adopted the 100-year flood as the standard for the

identification of special flood hazard areas and as the base flood

elevation for the adoption of local land use controls. FIA

delineates the 100-year flood line in communities joining the Flood

Insurance Program, and also those potentially endangered (flood

prone) communities which may not have entered the program on their

own initiative. The regulations pertinent to FIA programs are dis-

cussed in the fol lowing paragraphs.

Flood Plain Management, Executive Order No. 11988

Federal agencies are required, during the decision-making process,

to recognize significant public values of flood plains and to avoid,

to the extent possible, the long- and short-term adverse impacts

associated with occupancy and modification of flood plains and to
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avoid direct and indirect support of flood plain development

wherever there is a practicable alternative.

Flood Disaster Protection Act of 1973

The Act requires that Federal or Federally-related financial

assistance (including disaster assistance, FHA or VA insurance

loans, and mortgage loans from Federally-supervised lending

institutions) for acquisition or construction purposes in areas

of special flood hazard in participating communities be protected

by flood insurance. Section 202(a) of the Act stipulates that no

Federal officer or agency shall approve any financial assistance

for acquisition or construction purposes on and after 1 July 1975,

for use in any area that has been identified by the Secretary

(of HUD) as an area having special flood hazards unless the com-

munity in which such area is situated is then participating in

the national flood insurance program.

National Flood Insurance Act of 1968

Although parts of this Act have been revised or repealed by sec-

tions of the Flood Disaster Protection Act of 1973, Section 1316

does have direct effect on the dredge spoil disposal activities.

Section 1315 states that "no new flood insurance coverage shall be

provided under this title for any property which the Secretary

finds has been declared by a duly constituted state or local zoning

authority, or other authorized public body, to be in violation of
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state or local laws, regulations, or ordinances which are intended /

to discourage or otherwise restrict land development or occupancy

in flood-prone areas.''

The FIA responsibilities for the study area are administered by

FIA Region I (New Jersey portion of the study area) and FIA

Region III (Delaware and Pennsylvania portions of the study area).

U.S. DEPARTMENT OF TRANSPORTATION (DOT)

The U.S. DOT was established by the Act of 15 October 1966 "to

assure the coordinated, effective administration of the transpor-

tation programs of the Federal Government," and to develop

"national transportation policies and programs conducive to the

provision of fast, safe, efficient, and convenient transportation

at the lowest cost consistent therewith." The navigation projects

directly or indirectly involve a number of operating administrations

under this Department, namely the U.S. Coast Guard, Federal Highway

Administration, Federal Railroad Administration, and the Materials

Transportation Bureau.

U.S. Coast Guard

Established by the Act of 28 January 1915, it became a component of

the U.S. DOT pursuant to the Department of Transportation Act of

1966. The Coast Guard is a branch of the Armed Forces of the United

States at all times, and is a service within the Department of
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Transportation except when operating as part of the Navy in

time of work or as directed by the President. Under its functions

of saving life and property in and over the high seas and the

navigable waters of the U.S., it is involved in flood relief, and

removing hazards to navigation.

It is responsible for enforcing Federal laws governing navigation,

vessel inspection, port safety and security, marine environmental

protection, and resource conservation. It cooperates with other

agencies in the execution of their law enforcement responsibilities,

in its capacity as the primary maritime law enforcement agency for

the United States. The Coast Guard is involved in navigation through

its programs such as the marine environmental protection, and aids

to navigation.

Federal Railroad Administration (FRA)

The FRA consolidates Federal government support of rail transporta-

tion activities. It exercises jurisdiction over all areas of rail

safety under the Rail Safety Act of 1970, such as track maintenance

and inspection standards. The Administration may be involved in

the Corps' dredge spoil disposal program if the project requires

hauling equipment and dredge spoil materials by railroad, and the

transportation route (by road) or if the proposed disposal sites

interfere with the existing or proposed railroad system in the area.
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Materials Transportation Bureau

The Bureau was established in July 1975, to coordinate U.S DOT's

increasing overall operational responsibilities concerning hazardous

materials transportation and pipeline safety. Responsibilities of

the Bureau include all operational pipeline safety functions and

those hazardous materials operational functions pertaining to

regulation and exemptions, and those functions of an intermodal

nature. One of the alternatives of transporting the dredge spoil

material is through pipelines; also based on the safety character-

istics of the dredged material, the Bureau may become involved in

its safe handling from the dredging area to the disposal site.

U.S. DEPARTMENT OF AGRICULTURE, SOIL

CONSERVATION SERVICE (SCS)

The SCS was established in the U.S. Department of Agriculture by

the Congress under the authority of the Soil Conservation Act of

1935, to plan and carry out a national program to conserve and

develop the nation's soil and water resources. Among the many

responsibilities and functions of SCS are: 1) to develop and

carry out a national soil and water conservation program through

conservation districts; 2) watershed protection and flood pre-

vention projects and river basin investigations with other

agencies; 3) help local sponsors develop and carry out multicounty

resource conservation and development projects; 4) help develop

USDA's conservation cost-sharing programs; 5) primary responsi-

bility for the national cooperative soil survey; 6) implement
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the national land inventory and monitoring activity; 7) appraise

potential for outdoor recreation development, and 8) help establish

recreation areas on privately-owned land and in public water-based

recreation and fish and wildlife areas in watershed protection

and resource conservation and development projects; 9) technical

assistance to land users participating in the conservation credit

program of the Farmer's Home Administration; and 10) technical

assistance to communities and units of government on land use

planning, and help them in obtaining the needed technical data on

land, water, and related resources.

SCS programs requiring knowledge and use of many engineering dis-

ciplines inclUde: 1) planning and site selection; 2) designing

and constructing systems and structures to control erosion and

runoff; 3) reducing flooding and sedimentation; 4) providing

water supply for municipal, industrial, agricultural, and recrea-

tional uses; 5) removing excess water; 6) applying irrigation water;

7) disposing of, and recycling agricultural wastes; and 8) abating

pollution.

SCS helps individuals and groups mainly through conservation dis-

tricts organized under state law. These districts are legally

responsible for soil and water conservation work within its bound-

aries (usually a county). The dredge spoil disposal plans will

I
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involve SCS and its state counterparts through land treatment

programs to reduce sedimentation, and if the use of any site

generates the potential for soil erosion and transporting of

sediments into area streams.
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REGIONAL AGENCIES

The major regional agencies, of multicounty and multistate struc-

ture, which will play a role in the dredging spoil disposal

study are:

1. Delaware River Basin Commission (DRBC).

2. Delaware Valley Regional Planning Commission (DVRPC).

3. Wilrington Metropolitan Area Planning and Coordinating

CoLinci I (WI LMAPCO).

*4. Delaware River and Bay Authority (DRBA).

5. Delaware River Port Authority (DRPA).

DELAWARE RIVER BASIN COMMISSION (DRBC)

The DRBC is the mechanism that was created by interstate-Federal

compact in 1961 to establish coordinated multipurpose regional

planning, management, and protection of the four-state valley's

abundant water resources. The river basin encompasses portions

of the states of Delaware, New Jersey, New York, and Pennsylvania.

tinder the provisions of the DRBC Compact, the Commission is

charged with planning, developing, managing, and protecting the

13,000-snuare mile valley's water resources from Cape May and

Cape Henlopen to the Catskill Mountains. Its multipurpose scope

encompasses pollution control, water supply, flood control, water-

based recreation, fish and wildlife protection, and other phases

of water management, except navigation.

I|
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The Commission's role in recent years is toward a more coordinat-

ing and service role in water resource management-and pollution

control, coordinating and reformulating water quality standards,

developing better monitoring programs with the Compact parties,

and on occasion, sitting as a board of arbitration when interstate

concerns are involved in specific pollution programs.

The Commission retains general review authority over major projects

within the basin. Article 11 of the Compact requires that the

planning of all projects related to powers delegated to the Com-

mission be undertaken in consultation with the Commission. DRBC

works with the U.S. Department of Housing and Urban Development's

flood insurance program, promulgating flood plain regulations to

forestall undesirable flood plain development in the future. It

assumes an active role of environmental analysis, including con-

tinuous cooperation with Federal agencies, and with the states.

DRBC prepares detailed critiques of draft environmental impact

statements of other lead agencies, and in some instances, its own

EIS's in compliance with NEPA.

Section 11.1 of the Compact specifies that all projects related

to powers delegated to the Commission by this Compact shall be

undertaken in consultation with the Commission. Thus, in the

dredging and filling projects DRBC will be involved as a review

agency on a number of issues associated with the project activities

4,
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and involving Federal regulations, such as the National Environ-

mental Policy Act of 1969, the-Federal Water Pollution Control

Act, Clean Water Act of 1977, Fish and Wildlife Coordination Act

of 1958, and the Flood Plain Management - Executive Order No.

11988. In fact, DRBC is the sponsoring agency for this dredging

spoil disposal study. Previously, water quality certificates

for maintenance dredging were issued by DRBC; this authority now

rests with the states.

Through the adoption of the Wetlands Protection Policy as part of

the Comprehensive Plan, DRBC's policy will be to support the pres-

ervation and protection of wetlands and to minimize alterations in

the quantity or quality of the underlying soils and natural flow

of waters that nourish wetlands. DRBC will also safeguard against

adverse draining, dredging or filling practices, solid waste manage-

ment practices, siltation, or the addition of pesticides, salts or

toxic materials arising from nonpoint source wastes, and through

destructive construction activities. The Commission will under-

take review and action on projects affecting 25 or more acres of

wetlands; projects affecting less than 25 acres may be subject to

Commission review and action: 1) where no state or Federal level

review and permit system is in effect; 2) where the Executive

Director (DRBC) determines that the project is of major regional

or interstate significance requiring action by the Commission;

or 3) when a Commissioner or the Executive Director determines that
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the final action of a state or Federal permitting agency may not

adequately reflect the Commission's policy as to wetlands of the

Basin.

DELAWARE VALLEY REGIONAL PLANNING COMMISSION (DVRPC)

First established as a regional planning agency in June 1965, DVRPC

achieved full legal status in 1967 by virtue of an interstate com-

pact approved by the legislatures of Pennsylvania and New Jersey.

The region includes: the Pennsylvania counties of Bucks, Chester,

Delaware, and Montgomery; the New Jersey counties of Burlington,

Camden, Gloucester, and Mercer; and the cities of Philadelphia,

Chester, Camden, and Trenton. The purpose of the agency is to

develop and promote comprehensive plans for the region to guide the

Federal, state, and local governments investing funds in public

facilities so that these funds will be used wisely, duplications

avoided, and agreement sought on points of conflict.

DVRPC is an areawide (metropolitan) clea-ringhouse through the

Federal OMB Circular No. A-95 (Revised). Under Section 204 of

the Demonstration Cities and Metropolitan Development Act of

1966, the agency has to review and comment upon applications from

local and state governments for Federal grants to finance their

capital improvement projects, such as highways, mass transit,

sewers, water recreation, health, and airport facilities. DVRPC

V serves as an advisory agency to local and state governments in the

- -
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region, while the actual authority for carrying out its plans con-

tinues to rest in the governing bodies of the states and local

agencies.

DVRPC's work program involves: 1) the preparation, updating,

and refinement of regional plans for highways, mass transit, land

use, open space, water facilities, and housing; 2) study of re-

gional problems related to the economy, energy, airports, etc.;

3) review of applications for grants-in-aid for local development

projects; and 4) the collection, coding, and storage of a wide

variety of regional data and maps.

Any Federal plans and projects will be reviewed by the Commission

pursuant to Section 102(2)(c) of the National Environmental Policy

Act of 1969, and any agency comments will accompany the EIS sub-

mitted by the Federal agency.

WILMINTON METROPOLITAN AREA PLANNING

AND COORDINATING COUNCIL (WILMAPCO)

WILMAPCO was established in 1968 to comply with a Federal require-

mert for future grants-in-aid which are channelled through the U.S.

,epartment of Housing and Urban Development. It is a compact con-

sisting of voting members representing the counties of New Castle,

Delaware; Salem, New Jersey; and Cecil, Maryland; and the cities

of Wilmington and Newark in Delaware.
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The objective of the Council is to prepare and update a compre-

hensive land use plan for the metropolitan area. Such a plan is

required before local governments and counties are eligible to re-

ceive Federal assistance for water and sewer systems, open space

programs, etc. It helps to coordinate the various city and county

land use plans to insure compatibility, especially along border

areas. The Council combines the County Land Use Plans into a

Regional Land Use Plan, and updates changes annually.

WILMAPCO acts as the regional clearinghouse for Federally-funded

projects which could have a significant impact on area and com-

munity development. It reviews each project for its environmental

impact and its consistency with regional plans and policies. In

addition, it acts as a clearinghouse for comments from local govern-

ment and planning agencies. The agency will be involved in pro-

tecting the environment through its reviewing authority resulting

from Federal as well as state regulations relating to any Federally-

funded project.

DELAWARE RIVER AND BAY AUTHORITY (DRBA)

The Delaware River and Bay Authority was organized in 1963 by

enabling legislation in the states of Delaware and New Jersey,

V4
and the Federal government, for purposes of planning, financing,

developing, construction, purchase, lease, maintenance, improve-

ment, and operation of crossings between the states of Delaware

I
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and New Jersey across the Delaware River and Bay. The agency

is involved in conducting a long-range study of economic and

transportation development programs that may help the future

development of the Delaware River and Bay.

DELAWARE RIVER PORT AUTHORITY (DRPA)

DRPA was created in 1951 as successor to the Delaware River Joint

Commission by compact legislation between New Jersey and Pennsyl-

vania, and approved by the U.S. Congress in 1952. It owns and

operates four bridges which are vital highway links connecting

southeastern Pennsylvania and southern New ,Jersey. It owns, and

through its subsidiary, PATCO (Port Authority Transit Corporation),

operates a new modern transit system (the 14 .5-mile Lindenwold

High Speed Line) serving suburban Camden County and center-city

Philadelphia, and it conducts an aggressive program of port promo-

tion to expand maritime commerce and boost regional employment.

Promoting the growth of maritime trade is one of the responsibil-

ities assigned to DRPA in the Compact; this responsibility is

carried out by the Authority's World Trade Division.

The Authority's Regional Planning Office works closely with DVRPC

to coordinate aqency programs and participates in DVRPC's techni-
V

cal planning activities in the field of regional transportation.
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STATES r

The states representing the study area are the states of New

Jersey, Delaware, and the Commonwealth of Pennsylvania. The major

agencies which may directly or indirectly be involved or affected

by the dredging spoil disposal plans are as follows:

1. New Jersey

a. Department of Environmental Protection

b. Department of Agriculture

c. Department of Community Affairs

d. Department of Transportation

e. State Budget Office

2. Delaware

a. Department of Natural Resources and Environmental Control

b. Department of Health and Social Services, Division of

Public Health

c. Department of Transportation, Division of Highways

d. Department of Community Affairs and Economic Development

e. Solid Waste Authority

f. Office of Management, Budget and Planning

3. Pennsylvania

a. Department of Envi ronmental Resources

V b. Pennsylvania Fish Commission

c. Department of Transportation

d. Department of Commerce, Navigation Commission
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e. Department of Community Affairs

f. Office of the Budget

NEW JERSEY

New Jersey--Department of Environmental Protection (DEP)

The N.J. DEP was created in 1970 to conserve, restore, and en-

hance the physical environment of the state. It is responsible

for the protection of the state's forests, water, land, air, wild-

life, and shellfish resources, and outdoor recreational opportun-

ities. DEP is the branch of the New Jersey state government di-

rectly responsible for ensuring the maintenance of a quality en-

vironment in New Jersey, similar to EPA at the Federal level.

The Department, through its various divisions and bureaus, is

responsible for administering various Federal laws and state

policies that regulate certain types of activities within the state.

Some of these regulations are discussed in the following paragraphs.

Federal Policies

I. National Environmental Policy Act of 1969

The Act and Executive Order No. 11514 specifically state that

early and continuing coordination is required between the Corps

and the appropriate state agencies, to develop a full interchange

of views on protecting and enhancing the quality of the Nation's

environment to sustain and enrich human I1fe.

1
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2. Clean Water Act of 1977 (PL 95-217)

Section 67 modifies Section 404 of PL 92-500 (Federal Water Pol-

lution Control Act) concerning permits for dredged or fill material.

The modification specifically subjects Corps maintenance dredging

projects to state controls in two ways. First, projects involving

the discharge of dredged material into water will need state water

quality certificates. Second, the law gives states the authority

to impose their own permit programs and other requirements on

Corps' navigation maintenance dredging projects. It is intended

that the Corps will apply for a state permit where one is required,

and will make every reasonable effort to comply with state require-

ments. Thus, the Act stipulates the requirement for a state water

quality permit for each disposal site, and possible requirement

for a discharge permit from the state.

3. Coastal Zone Management Act of 1972 (PL 92-583)

Salient features of the Act in relation to the state are given

in the section, "U.S. Army Corps of Engineers." In addition, a

number of state policies are also implemented through the divisions

of DEP, the prominent ones being: the Wetlands Act of 1970,

Coastal Area Facility Review Act (CAFRA), and the Riparian Statutes.

State Policies

The Wetlands Act of 1970 requires that anyone wishing to dredge,

remove fill, or otherwise alter or pollute the coastal wetlands

must first obtain a permit from the DEP. The Coastal Area Facility
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Review Act (CAFRA) of 1973 contains a long list of types of

facilities for which application to the DEP must be made before

they can be constructed within the statutorily-defined "Coastal

Area." The list includes among others, roads, parking facilities,

sanitary landfills, housing, marine terminals and cargo-handling

facilities, storage facilities, and electric power generation.

The Riparian Statutes address riparian lands defined as lands now

or formerly flowed by the tides. Under the doctrine of riparian

rights, these lands belong to the state. An individual or munici-

pality wishing to develop or improve these lands in any way must

receive the approval of the Natural Resource Council to buy or

lease the tidelands from the state. If the Natural Resource

Council makes a real estate decision inconsistent with the Coastal

Program, the Commissioner of DEP will block the Council decision.

DEP has the authority to approve, condition, or deny the Water-

front Development Permit applications.

The following divisions within the DEP are directly or indirectly

involved with the dredge spoil disposal activities.

Division of Marine Services

This division is responsible for maintaining and improving the

state's inland freshwater lakes; streams, bays, ocean front and

nontidal waterways; installing navigational aids; and operating

a number of marinas. The Division's Office of Riparian Lands
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Management administers the waterfront development permit and

riparian real estate programs, and the Office of Wetlands Manage-

ment administers the wetlands permit program.

Division of Water Resources

This Division is responsible for water quality planning and main-

tenance, and flood plain management. The Division is the desig-

nated water quality planning agency under Section 208 of the

Federal Water Pollution Control Act, and under the New Jersey

Water Pollution Control Act. It has the authority to administer

the National Pollution Discharge Elimination System (NPDES) per-

mits once the U.S. EPA delegates this responsibility to DEP. The

Division has the authority to regulate the building or alteration

of structures within stream areas under the Stream Encroachment

Act, and to regulate development and land use in designated flood-

ways under the Flood Hazard Areas Act of the state. The Division

is also responsible for supervising the development of public

water supply schemes. The Division issues the water quality

certification for any project that may affect the state water

qual ity.

Division of Environmental Quality

This Division is responsible for air quality planning and moni-

toring, and is the designated agency to administer the Federal

Clean Air Act in the state. Among others, it is also responsible

for the pesticide control program.
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Division of Parks and Forestry

This Division reviews CAFRA permit applications in addition to

coordinating with OCZM on park and recreation policies.

Division of Fish, Game and Shellfisheries

This Division is responsible for managing the fish and wildlife

resources of the state. It administers the Federal Endangered

Species Act of 1973 within the state.

Solid Waste Administration (SWA)

The Resource, Conservation and Recovery Act of 1976 placed

primary responsibility for planning and regulation of solid

waste management on state governments, and in New Jersey, it is

administered by the SWA. The agency is empowered to promulgate

and enforce regulations pertaining to the design, operation, and

maintenance of all solid waste collection and disposal systems,

and operation of waste lagoons. The SWA develops a statewide

waste management plan and provides guidance for district plans

under the State Solid Waste Management Act, PL 1975, Chapter 326.

Any waste material, including dredge spoil, when contaminated,

is considered as solid waste under this Act.

New Jersey--Office of Coastal Zone Management (OCZM)

4The state OCZM is under the Division of Marine Services of the

Department of Environmental Protection. The OCZM is the lead

agency for coastal planning in the state. The policy of this
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office is established by the Federal Coastal Zone Management Act

of 1972 (PL 92-583) which establishes a national policy to pre-

serve, protect, develop, and where possible, restore or enhance

the resources of the coastal zone of the United States. It pro-

vides for monetary assistance to the states to facilitate utiliza-

tion of coastal zone resources, coupled with adequate protection

of the coastal zone environment, through development and imple-

mentation of state-wide comprehensive Coastal Zone Management

(CZM) programs. Section 307 mandates Federal interagency coordin-

ation and cooperation in concert with state coastal zone manage-

ment programs. Federal agencies must cooperate and actively

participate with state and local governments and regional agencies

towards achieving integrated policy and action proposals at all

levels of government. Future Corps actions should be consistent,

to the maximum extent feasible, with the state's approved CZM

programs and plans. The Corps' traditional area of regulatory

jurisdiction overlaps and interacts with state CZM agency policies.

Close and continuing coordination is required between the Corps

and state CZM agencies to insure that issuance of permits is in

conformity with the state CZM plans. The OCZM also administers

the CAFRA permit program.

New Jersey--Department of Agriculture

The Pepartment was established in 1916, and is directed by the

state Board of Agriculture. The Board is empowered to establish
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rules and regulations concerning livestock and plant disease con-

trol, and the marketing of agricultural products. The activities

of the Department can, and frequently do, affect environmental

quality, and thus become part of the agencies involved in environ-

mental quality assessment.

The Department shares with the N.J. DEP the regulatory responsi-

bility of the Soil Erosion and Sedimentation Control Act which is

administered by the state Soil Conservation Committee. The law

controls erosion and sediment during the construction phase of

development.

New Jersey--Department of Community Affairs (DCA)

This Department oversees the municipal planning function in New

Jersey, providing valuable technical and financial assistance to

local governments. Created in 1966, the Department provides a

state-led attack on the various problems stemming directly from

the state's rapid urbanization. Among the various divisions and

bureaus under this department, the Division of State and Regional

Planning, and the Division of Housing and Urban Renewal are the

ones which are directly involved in the local planning and renewal

efforts. Although not required by law, DCA participates in the

review of CAFRA permit applications. It is responsible for the

development of a State Development Guide Plan under Section 701

of the Federal Housing and Community Development Act. New Jersey

DCA is the designated state clearinghouse.

-2
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New Jersey--Department of Transportation (DOT)

The DOT was created in December 1966. It is authorized to design,

construct, and maintain state highways and bridges. It is empowered

to enter onto adjacent lands to preserve stream banks or construct

other facilities as may be necessary. The DOT administers permit

programs for transportation facilities, as well as having grants

for transportation projects and eminent domain powers. The DOT

has a working relationship with the N.J. DEP to meet the transpor-

tation needs of coastal areas. For any road, highway or airport

construction, DOT is required to obtain a permit if the con-

struction is within the coastal area and administered under the

CAFRA permit program. Projects crossing wetlands or riparian

lands require the appropriate additional permits.

New Jersey--State Budget Office

The departments of state government formulate their budget plans

working with the Budget Office and determining their projected

financial needs. The Budget Director conducts public hearings

on each department's budget for the following year, before it

is recommended to the governor for approval.

DELAWARE

Delaware -- Department of Natural Resources
and Environmental Control (DNREC)

Title 29 of the Delaware Code, Chapter 80, established the Depart-

ment of Natural Resources and Environmental Control (DNREC).
I

~-53-

)

- . S.YIst-



r° 

l

DNREC is charged with the primary responsibility of preservation

and protection of the environment and natural resources. The

Department is authorized, under Title 7, Chapter 68 of the Code,

to enhance, preserve, and protect public and private beaches in

Delaware. This Beach Preservation Act (6 May 1974) requires

DNREC to prevent and repair damage from erosion of public beaches

and in emergency situations, the private beaches. All structures

constructed to prevent erosion such as groins, jetties, banks,

dikes, dunes, bulkheads, sea walls, and breakwaters may need a

permit from DNREC.

Title 7, Chapter 61, authorizes DNREC to regulate the use of

public submerged lands throughout the state by the Subaqueous

Lands Act (14 July 1969). Among the various activities regulated

by this Act are: dredging or filling; excavation of any channel,

lagoon, basin or ditch on public or private lands which will make

connection with public subaqueous lands and wetlands. Any activ-

ity requires a permit from DNREC.

-4 The Department is authorized to regulate specific activities

related to air and water pollution within the state through the

Environmental Protection Act, Title 7, Chapter 60. Specific

regulations include: the regulations governing the control of

water pollution; water quality standards for streams; solid waste

disposal regulations; regulations governing the control of air
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pollution and implementation plans; and regulations governing the

installation and operation of septic tank sewage systems.

Title 7, Chapter 66, of the Delaware Code authorizes DNREC to

regulate wetlands in Delaware through the Wetlands Act. Any

activity such as dredging, draining, filling, or construction of

any kind in the wetlands requires a permit from the Department.

Division of Environmental Control

Title 7, Chapter 60, of the Delaware Code, provides for the Division

of Environmental Control. The Division is responsible for the

regulation of public, private, and industrial developments with

regard to their impact on air, water, and land resources of the

state, and to their suitability for human habitation. Chapter 60

requires that a permit be obtained from DNREC for the discharge

of pollutants into the air or water in the state, for the with-

drawal of ground- or surfacewater, for the processing and disposal

of solid waste, or for the construction of any water facility or

highway. Furthermore, it has the authority to seal noncomplying

equipment and stop hazardous operations. A license is required

for the transportation of any liquid or solid waste.

Division of Soil and Water Conservation

The Division of Soil and Water Conservation administers the state

programs for beach erosion control, tax ditching (for drainage),

and dredging. The state program operates through countywide Con-

servation Districts.
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Division of Parks and Recreation

This Division is charged with providing land for natural resource

preservation and for active recreational use by the general public.

It is also responsible for carrying out statewide recreational

planning as authorized by the Heritage Conservation and Recreation

Service of the U.S. Department of the Interior.

Division of Fish and Wildlife

This Division is responsible for acquiring, protecting and improv-

ing suitable lands and water for game propagation and protection.

Most of these lands provide hunting and fishing areas for the

general public.

Delaware--Department of Health and Social

Services, Division of Public Health

The principal objectives of this agency are the prevention of

disease or injury, the protection of all public water supplies,

and the general protection of public health. The Division is

* responsible for monitoring potable water supplies and for deter-

mining the suitability of waters for recreation, shellfishing,

and fin fishing. The regulations and health standards established

by the agency supersede those set forth by local jurisdictions.

In addition, the agency is empowered to preserve the public

health within all incorporated towns, and within a one-mile radius

of any town's water supply. Local health boards at the county

level administer the Division's rules and regulations.

.1(
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Delaware--Department of Transportation,
Divi sion of Highways

This agency is responsible for providing, maintaining, and over-

seeing safe and adequate modes of transportation throughout the

state. The Division of Highways is charged solely with the plan-

ning, design, and construction of highways. In fulfilling this

function, the Division participates in many land development

decisions that could affect dredge spoil disposal site selections

within the state.

Delaware--Department of Community Affairs

and Economic Development

The Department of Community Affairs and Economic Development was

established through Title 29, Chapter 86, of the Delaware Code.

This department is given the responsibility for attracting industry

to the state, but with a view to preserving existing agricultural,

commercial, and recreational opportunities, as well as conserving

the state's natural resources and wildlife.

Delaware--Solid Waste Authority

Title 7, Chapter 64 of the Delaware Code establishes the state-

wide authority for solid waste management. The functional role of

this Authority includes the operation of solid waste disposal,

resource recovery, general support facilities, the provision of

solid waste management services to contracted public or private

entities, coordination of recycling efforts, assistance in the
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development of waste recovery industries in the state, and li-

censing of solid waste transporters. The Solid Waste Authority

is also empowered to make planning studies, to design facilities,

and to inspect lands. The Authority must also develop and imple-

ment a statewide waste management plan.

Delaware--Office of Management, Budget,

and Planning (OMB&P)

The Office of Management, Budget, and Planning, formerly known as

the State Planning Office, is primarily an advisory, consulting,

and coordinating body responsible for setting growth and develop-

ment policies in the state through the integration of Federal,

regional, and local programs. The OMB&P is, therefore, quite in-

fluential in establishing the overall growth pattern in Delaware.

It is the designated state clearinghouse in Delaware. This

Office also administers Delaware's Coastal Zone Act (Title 7,

Chapter 70 of the Delaware Code) through the Office of Coastal

Zone Management (OCZM).

The Office of Coastal Zone Management is concerned with the non-

point source pollution problem in the state, especially in con-

sideration of the protection and preservation of the coastal zone.

Water pollution attributed to agricultural practices, septic-

tank leachate, construction runoff, and urban storm runoff are

specific concerns. The Federal Coastal Zone Management Act of

1972 (PL 92-583) authorizes the development and implementation
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of the statewide comprehensive Coastal Zone Management Program.

The Act provides that certain Federal projects, permits and

licenses, Outer Continental Shelf (OCS) exploration plans, and

grants-in-aid must, to the maximum extent practicable, be con-

sistent with the state's approved Coastal Management Program.

The consistency review requirements contained in Delaware's

Coastal Management Program will be an important benefit of an

approved program. Federal agencies must notify the Office of

Manaqement, Budget and PlannThg (OMB&P) at the earliest practi-

cable time of existing or proposed Federally-conducted or supported

activities directly affecting the coastal management area. The

Federal agencies must ensure that their activities and develop-

ment projects are consistent to the maximum extent practicable

with the enforceable policies of the management program.

PENNSYLVAN I A

Pennsylvania--Department of Environmental Resources (DER)

The Department of Environmental Resources was created by Act 275

of 1970. The Department provides for the development of a balanced

environment, encompassing the social, cultural, and economic needs

of the people through the development of environmental resources.

DER is responsible for the state's land and water management

proqrams, all aspects of environmental control, including the

regulation of mining operations. More specifically, the Depart-

ment is active in the areas of permits, monitoring and surveil-

lance, enforcement, certification and training, planning, financial
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assistance, and legal authority. Some of the programs are based

on provisions of Pennsylvania's Clean Streams Law and the Federal

Water Pollution Control Act Amendments of 1972.

DER also controls the construction and maintenance of dams,

bridges, culverts, dikes and other obstructions through the Water

Obstructions Act (PL 555) as amended and subsequent regulations,

25, of the Pennsylvania Code. The Water Obstructions Act pertains

to fill operations, and also to dredging, because of its applica-

tion to "all changes in the course, current or cross-section of

any stream or body of water, whether such change be temporary or

permanent." However, it should be noted that the tidal waters of

the Delaware River and its navigable tributaries are exempt from

the Water Obstructions Act.

Under the powers of the Water Obstructions Act, the Commonwealth

may regulate filling in wetlands. The Commonwealth is empowered

to acquire wetlands under the general language of the Open Space

Lands Act, 32 PS; it may maintain a development right or easement

for the property. The bureaus within DER, discussed in the

following paragraphs, may directly or indirectly affect dredge

spoil disposal activities.

The Bureau of Water Quality Management plans, directs, coordinates,

jrnd enforces the state's Water Quality Management Programs, through

onl.urcernent of the Clean Streams Act, the Federal Water Pollution
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Act (PL 92-500), and other Federal and state legislation. This

agency is responsible for public water supply and sewerage, water

pollution control activities, establishment of water quality

standards, industrial wastes, erosion regulation, and dams and

encroachments.

The Bureau of Community Environmental Control administers the

provisions of the Pennsylvania Sewage Facilities Act, including

review and approval of official municipal sewage plans, and ad-

ministration of grants for sewage facilities planning. This

Bureau also conducts surveys to determine the extent of indivi-

dual water supply problems, and promotes public water supply in

areas having groundwater contamination problems. It also directs,

plans, and coordinates planning and enforcement programs for state

and local recreational facilities.

The Bureau of Land Protection, which encompasses the Division of

Solid Waste Management, regulates land-based waste disposal activ-

ities. The Bureau also administers grant and loan programs for

solid waste management planning and resource recovery projects.

Act 241, the Solid Waste Management Act of 1968 is intended to

regulate the storage, collection, transportation, processing,

and disposal of solid waste in a way which will prevent the pol-

lution of water and land resources. The Act mandates that DER

establish standards for planning and the criteria for determining

I
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whether a particular disposal site or processing facility could

be issued a permit. DER continues to monitor and observe facil-

ities to insure against future pollution dangers.

The Bureau of Soil and Water Conservation implements responsibil-

ities mandated in the Soil Conservation Law. The Bureau also im-

plements Environmental Quality Board rules and regulations on

erosion and sediment control. It provides administrative, advis-

ory, and financial assistance to the 66 Conservation Districts

in the state.

The Bureau of Forestry, prepares and maintains a Forest Resource

Management Plan. The Bureau protects water resources, facilitates

flood prevention and soil erosion control, and assists in pro-

viding recreational opportunities in the state.

The Pennsylvania Coastal Zone Management Program, which is now in

its draft form, is handled by the Bureau of Resources Programming

of the Office of Resources Management under the Department of

Environmental Resources. DER hired DVRPC as a consultant to

assist them in the preparation of this draft, which is now (April

1979) in circulation among the review agencies and coastal area

0$ municipalities for their comments. The draft Coastal Zone Policy

Framework, Part II summarizes problems, policies, and legal author-

ities for dredging spoil disposal activities, and Part IV refers

- 2
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to the authorities concerning wetlands. According to this Frame- ,

work, sites identified as "areas of significant natural values"

(GAPC) and wetlands shall not be filled with dredged spoil.

Permits will be granted to allow dredging and spoil disposal in

conjunction with port-related and harbor facilities. Dredging,

filling, placing structures upon, and removing materials from

the bed of navigable waters shall not be allowed if it adversely

affects the public interest, or is specifically harmful to fish

or game habitat, materially obstructs navigation, or reduces

effective flood flow capacity.

Projects involving the placement of dredged or fill materials in

wetlands will be denied if the project is not primarily dependent

on being located in, or in close proximity to the aquatic environ-

ment, or if alternative sites are available.

Pennsylvania Fish Commission

The Pennsylvania Fish Commission was created by the Act of 25

April 1949. The Commission shall make, administer, and enforce

rules and regulations relating to boating and the protection,

propagation, and distribution of fish, and for the angling,

catching or removal of fish in or from any waters, wholly within,

* or in waters lying between the Commonwealth and any other state.

It also controls and manages all hatching stations and fish culture

establishments, including the distribution or planting of fish in
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designated waters. The Commission is also authorized to enter

into cooperative agreements with agencies of the U.S. government,

interstate compact agencies, and other agencies, including author-

ities and soil conservation agencies for impounding, managing,

using, maintaining and operating waters for public fishing.

Pennsylvania--Department of Transportation (PennDOT)

PennDOT was created on 6 May 1970 by Act No. 120. The Depart-

ment's primary duties include the following: develop and maintain

a comprehensive and coordinated transportation planning process

(including rail and bus activities), and construction, repair, and

maintenance of state-designated highways and transportation facil-

ities and rights of way.

The Department is required to consider erosion, sedimentation,

water pollution, recreation, and public health factors and effects

of any transportation route or program. The possibility of using

the dredged spoil in road construction would bring the Department

in contact with the disposal study.

WPennsylvania--Department of Commerce,
Navigation Commission

V The Navigation Commission for the Delaware River and its navigable

tributaries is a departmental commission of the Department of

Commerce. The commission is authorized to prescribe rules and

,
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regulations for the government with respect to the activities in,

and uses of the Delaware River and the tidal portions of its

navigable tributaries, namely, portions of the Schuylkill River,

and Chester, Crum, Darby, Neshaminy, Pennypack, and Ridley Creeks.

Section 203.11 of the Commission's regulations prohibit anyone

constructing on, into, or over the River without first obtaining

a construction permit from the Commission. If dredging or dump-

ing is proposed, the construction plan should include the exact

location of the work, the depth to which the dredging is to be

carried, the appropriate amount of material to be removed, and

explanation as to how and where the dredged material is to be

deposited. Section 4 of the Act of 8 June 1907 (PL 496, No. 322)

authorizes the Commissioners to make rules for regulating, station-

ing, and anchoring ships, vessels, and boats in the River and

its navigable tributaries.

Pennsylvania--Department of Community Affairs (DCA)

The Department of Community Affairs was created by the General

Assembly in 1966. This Department, through its various bureaus,

is responsible for urban renewal, and housing and community develop-

ment. The agency provides technical assistance for recreation,

conservation, and various planning programs. Through the Bureau

of Community Planning, the Department gives detailed technical

assistance on planning, zoning, subdivision regulations, and
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flood land controls. It administers the Federal Flood Insurance

program in Pennsylvania. The Department also directs programs for

social and economic development within the state.

Pennsylvania--Office of the Budget

This Office is authorized by the Administrative Code of 1929. It

is the designated state clearinghouse in Pennsylvania, and is

under the direct supervision of the Budget Secretary, who reports

to the Governor. The Office of the Budget has the responsibility

for preparing the Governor's budgets, coordinating capital improve-

ments, implementing the planning/programming/budgeting system, and

maintaining liaison between the Governoras Office and the several

state authorities. It maintains a continuing evaluation of the

progress and effectiveness of state programs in meeting program

objectives.
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LOCAL AGENCIES

There are 13 counties which lie partially or wholly within the

study area. They are:

1. New Jersey

a. Burlington

b. Camden

c. Cape May

d. Cumberland

e. Gloucester

f. Mercer

g. Salem

2. Delaware

a. Kent

b. New Castle

c. Sussex

3. Pennsylvania

a. Bucks

b. Delaware

c. Philadelphia

There are a number of agencies in each of these counties which

will directly or indirectly be affected or will affect the dredge

spoil disposal activities through their authority or reviewing

process.
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The major agencies in the counties of concern, which may have a

role in the dredging spoil disposal activities are discussed in

the following paragraphs.

NEW JERSEY

New Jersey--Burlington County

There are a number of agencies in the county which may affect or

be affected by the selection of a dredge spoil disposal site.

One of these departments, the County Planning Board, is required

to make and adopt a master plan for the physical development of

the county. The board is the reviewing agency of all subdivision

plans, and approves all zoning changes.

The County Health Department monitors solid waste disposal

practices in the county, as the agent of local Boards of Health.

The Health Department routinely inspects landfills in the county

and responds to any complaints concerning their operation. The

Department's Office of Waste Management Programs is the lead

agency in developing a District (i.e., county) Solid Waste Manage-

ment Plan, and administers and coordinates all county refuse

management studies, such as the recent Energy Market Survey and

current Source Separation Feasibility Project.

4 The Solid Waste Advisory Committee, empowered by the Solid Waste

Authorities Law (N.J. SA 40:66A-32, et sq.) is charged with the

acquisition, financing, and operation of systems for the collection

and disposal of garbage and solid waste.
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The County Conservation District, which functions under the New

Jersey Revised Statutes Title 4, Chapter 24, investigates erosion

and natural resource problems, and carries out control measures

to preserve these resources. In regard to dredge spoil studies,

the District analyzes drainage, erosion, and sedimentation prob-

lems and solutions.

Finally, the County Highway Department maintains and improves the

county road system, while the County Engineering Department

designs and constructs the county's road and bridge system.

New Jersey--Camden County

The agencies in Camden County that might affect or be affected

by dredge disposal activities include the County Planning Board,

the County Health Department, the Solid Waste Advisory Council,

the County Soil Conservation District, and the Engineering

Department.

The Camden County Planning Board is required to prepare and adopt

a comprehensive plan for development, and advises the freeholders

on the formulation of development programs and budgets for capital

expenditures. It also reviews all subdivisions of land, and

withholds approval of subdivisions that adversely affect county

road or drainage facilities.
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The County Health Department is concerned not only with public

health and sanitation laws, but with the environmental health

field also. Local Boards of Health adopt rules concerning gar-

bage, sewers and dumps, and water supply.

The Solid Waste Advisory Council, as empowered by the Solid

Waste Authorities Law, is responsible for the operational and

financial aspects of collection and disposal of garbage and

solid waste.

The Soil Conservation District is generally responsible for the

conservation of soil resources, the control and prevention of

erosion, prevention of damage by flooding, and the conservation

of water for agricultural purposes.

The Engineering Department and Highway Department, together,

function to design, construct, and maintain the county's roads

and bridges.

New Jersey--Cape May County

One of the agencies in Cape May County that may be involved with

dredge spoil disposal activities is the County Planning Board

(established under enabling state legislation adopted in 1935)

which is required to develop and adopt a master plan for the

physical development of the county. The County Planning Board
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is the designated areawide clearinghouse, and as such is the

responsible review agency for the county. The Board reviews any

EIS, site plan, subdivision change, or zoning change in regard

to the selection of a dredge disposal site. It also advises the

freeholders on the development of such plans and budgets for 4
capital expenditures.

The Solid Waste Management Council is one of the newest agencies

in the Cape May county government. Its responsibilities include

the collection and disposal of garbage, solid waste, and other

refuse materials. "

The Cape May County Conservation District monitors erosion and

sedimentation problems within the county. The District advises

landowners in practices of soil and water conservation, especially

with regard to agricultural needs. The District is empowered to

carry out control measures where needed.

The County Health Department is required to enforce public health

laws and the state Sanitary Code. Working with the local Boards

of Health, the Department monitors water supply, sanitation in

public places, garbage, sewers, and dumps.

The County Engineering Department would be involved with a dredge

spoil site selection only if it involves county roads and/or

bridges, as the Department is responsible for their design and

construction.

i, -71-

.I



New Jersey--Cumberland County

The Cumberland County agencies discussed in the following para-

graphs may be directly or indirectly involved with dredge spoil

disposal activities.

The County Planning Board is the designated areawide clearinghouse

for the county and as the responsible reviewing agency, it develops

a master plan for the physical development of the county. The

Board reviews all subdivision and zoning regulations and actions.

The County Soil Conservation District is a review body, primarily

involved with erosion and sedimentation control. The District is

also concerned with flooding and drainage problems.

The Department of Health is responsible for providing a safe

public water supply, and enforcing the state Sanitary Code. In

order to carry out these responsibilities, the Department has

the power to conduct inspections and investigations, and approve

permits of on-site sewer systems.

C

The Engineering Department has limited involvement in dredging

disposal site selection, as its primary role is design and con-
vi

struction of county roads and bridges.
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The county is now in the process of setting up a Solid Waste

Advisory Council, as authorized by the Solid Waste Management

Law of the early 1970's. The Council will be primarily re-

sponsible for the collection and disposal of garbage and solid

waste.

New Jersey--Gloucester County

One of the agencies in Gloucester County involved in dredging

spoil disposal site selection is the County Planning Board which

reviews any disposal site selected. The Board also reviews

zoning changes required to be adopted in order to accommodate

such a disposal site. The board develops the land use and

development plan, and reviews all subdivision plans for the

county.

The County Solid Waste Advisory Council authorizes the acquisi-

tion, financing, and operation of systems for the collection

and disposal of garbage, solid waste, and refuse matter. The

Council is currently working on a Solid Waste Management Plan.

The Gloucester County Conservation District provides guidance in

the areas of erosion and sedimentation control. The District

offers assistance to landowners, and is empowered to investigate

resource problems and to carry out the appropriate control measures.
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The Conservation District also monitors damage from flooding and

water resources used for agricultural purposes.

The County Health Department works very closely with the local

Boards of Health. The Department's duties include the adoption

of ordinances and rules in the areas of water supply, sanitation

in eating places, garbage, sewers, and dumps. Local boards also

have broad powers to conduct inspections and investigations.

The Engineering Department has limited involvement in a dredg-

ing spoil study, except in a situation where the selected site

involves a county road or bridge.

New Jersey--Mercer County

The Mercer County government is organized under the provisions of

the County Executive Plan of the Optional County Charter Law

(N.J. SA 40:41A-1 et. seq.). The departments discussed in the

following paragraphs may be indirectly involved with dredge spoil

studies. The County Planning Division is responsible for coordi-

nating land use, and economic and environmental planning activities

in the county. The Improvement Authority presently has three

major responsibilities: supervision of the public transportation

service aoency, the Mercer Metro Division; direction of the

countywide Solid Waste Plan; and coordination with various state

and local governments in helping to develop various improvement

projects.
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The Department of Public Works is responsible for the construction

and maintenance of county roads, bridges, and culverts; the ad-

ministration of shade tree programs; installation of traffic

signals; and operation of the county airport.

The Mercer County Health Department monitors such areas as water

supply, sewers, and dumps. The county works closely with local

Boards of Health in adopting rules and ordinances in these areas.

They enforce public health laws and the state Sanitary Code.

The County Soil Conservation District provides for conservation

of soil resources, and control and prevention of erosion. It

is also concerned with the prevention of damage by floodwaters.

New Jersey--Salem County

The public institutions under the Salem County government which

will directly or indirectly be affected by the dredging spoil

disposal activities are discussed in the following paragraphs.

The County Planning Board is the reviewing authority on any sub-

division development, especially that which affects county drain-

age facilities and county roads; revTews site plans which impact

directly on county roads; prepares county land use plans; and,

reviews municipal plans.

- 5
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The Solid Waste Advisory Council is presently in charge of pre-

paring the Solid Waste Management Plan for the county, working

directly under the Board of Freeholders. The Council may become

an authority or will work under the County Improvement Authority

once the plan is adopted.

The Department of Health conducts inspections on buildings, and

issues permits for buildings at sites where septic capability is

an issue. The Department reviews any study proposals which may

affect the county.

The Soil Conservation District is a review body providing guidance

to control erosion and sedimentation. On a voluntary basis, it

prepares soil conservation plans for farmers, and reviews any

development plan which disturbs more than 5,000 square feet of

land area. The District develops stream sedimentation control

proposals.

The County Engineer's Office is involved with county roads and

structures, and drainage facilities.

The County Mosquito Commission is involved in drainage effectiveness,

and construction of dikes and other measures to eliminate stagnant

water problems.
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The County Improvement Authority is interested in reclaiming

some of the existing dredging spoil disposal sites for industrial I
development activities.

r

DELAWARE

Delaware--Kent County

There are only a few institutions in the county which may be

affected by or affect dredging spoil disposal site selection.

Two of these are the Kent County Regional Planning Commission

and the County Engineer's Office. They make recommendations to

the Kent County Levy Court, which is the county governing body

composed of elected officials.

The Regional Planning Commission reviews any EIS prepared in

relation to a proposed dredging spoil disposal site, as well as

any zoning ordinance change required. The County Engineer's Office

would technically cover any public health responsibilities and any

responsibilities with respect to building permits or county build-

ings. The County Engineer is also responsible for the drainage

code and its administration.

There is no county landfill office in Kent County, unlike the

other two counties of the state, but such matters would be

monitored by the County Engineer's Office. Kent County has two

County Agricultural Agents working for the University of Delaware

I



Cooperative Extension Service. They provide technical and ed-

ucational expertise in various areas of land management. The

Kent County Conservation District works very closely with the

Soil Conservation Service, and is primarily charged with the

protection of soil and water resources, with special emphasis

on soil erosion.

Delaware--New Castle County

There is very little direct involvement for the New Castle County

agencies regarding dredge spoil disposal plans. Proposed disposal

sites are considered as nonpoint pollution sources from a water

quality standpoint. The authority for developing processes to

control such practices is contained in Section 208 (2)(K) of

PL 92-500, of the Federal Water Pollution Control Act. The Water

Resources Agency for New Castle County reviews all plans concern-

ing dredge spoil disposal studies, as they pertain to water quality.

Other agencies that may be indirectly affected by the dredge spoil

plan are: 1) the County Council, which is the primary legislative

and administrative agency in the county; 2) the Department of

Planning, which prepares land use, subdivision, and zoning plans;

3) the County Landfill Office, responsible for the operation and

maintenance of the county's landfill; 4) the New Castle County

Conservation District, which serves to control and prevent soil

erosion and to conserve, protect, and manage soil and water

resources; and 5) the Cooperative Extension Service, which
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provides technical and educational information to the public, p
particularly in regard to agricultural and land management

practices.

Delaware--Sussex County

Sussex County is unique in the fact that one department, the

County Administrator's Office, directly reviews all dredging

spoil disposal matters. The Public Works Engineer in this

agency acts as the liaison between the county and state, reviews

all plans concerning site selection for dredge spoils disposal,

and sometimes prepares EIS's in conjunction with the selection

of a site.

The Sussex County Council is the primary legislative and adminis-

trative agency in the county. The agency has the authority to

review (approve/disapprove) plans regarding zoning, subdivision

regulations, and sewerage and water facility plans; enact legis-

lation; and appropriate funds for all programs.

The County Planning and Zoning Commission conducts land use planning,

and subdivision and development proposal review. It also enforces

the county zoning ordinance, which was adopted in 1972, and pro-

vides the general framework for growth and development within the

county.

4
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The County Landfill Office has the primary responsibility for

planning and maintaining solid waste disposal facilities.

The Sussex Conservation District has the responsibility to con-

trol and prevent soil erosion, and to conserve and protect soil

and water resources. Along with this, the District develops con-

servation plans and programs directed toward local needs.

The Cooperative Extension Service is an agency which operates

from the Land Grant College System through the University of

Delaware. The Extension Service provides technical consultation

and educational information to the public, especially in regard

to land management practices.

PENNSYLVANIA

Pennsylvania--Bucks County

There are a number of institutions in the county which may be

affected or will affect the selection of any site in Bucks County

for dredging spoil disposal. The county Planning Commission and

the county Department of Health, both of which work for the County

Commissioners, are the primary agencies in Bucks County which may

be involved in such a site selection. The Planning Commission

will review any EIS prepared in conjunction with the selection of

a site within the county. It will also review zoning changes

required to be adopted in urder to accommodate such a disposal
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site within an area zoned for other uses. The County Planning

Commission has the subdivision control responsibility for seven

out of the 54 municipalities in the county, through the powers

delegated to the county by Act 247, the Pennsylvania Munici-

palities Planning Code.

I

The Department of Health is involved with approving permits for

on-site sewer systems, water supply projects, etc. so as to be

able to monitor and abate public health hazards in the county.

The Department of Health inspects development works under the

state erosion and sedimentation control authority, and the Bureau

of Environmental Health handles the enforcement aspect of the

program for the State Department of Environmental Resources, in

conjunction with the County Conservation District.

The Solid Waste Advisory Board of the county is presently inactive.

The Solid Waste Management Plan of the county adopted in 1971 was

prepared by a division under the County Planning Commission.

Pennsy Ivan ia--De laware County

The agencies of the county involved in dredging spoil disposal

site selection include the County Planning Department, and the

Department of Solid Wastes. However, the final authority for

issuance of permits rests with the state Department of Environ-

mental Resources. The County Planning Department reviews any

'I
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site selected, and, depending on its effect on the county environ-

ment and the facilities, the plan will be referred to the Depart-

ment of Solid Wastes or the County Conservation District for their

comments. The Planning Department has authority over subdivision

regulations for 27 municipalities in the county, while all munici-

palities have their own zoning regulations and authority, as per

the Pennsylvania Municipalities Planning Code, Act 247.

The county has jurisdiction over the solid waste management activi-

ties through Act 241, the Pennsylvania Solid Waste Management Act.

The Solid Waste Management Plan for the county was developed by

the Planning Department and is being implemented by the Department

of Solid Wastes. The public health aspects of the county are

directly handled by the State Department of Health.

The County Conservation District handles the soil erosion and

sedimentation control aspects of the county. The District is

also involved in the drainage system. The County Engineering

Department has limited involvement in a dredging spoil disposal

,, site selection process, except in case the site selected involves

any of the county bridges or buildings.

The ultimate authority in the county is with the municipalities

.4which have powers to handle any site development or zoning changes

necessitated by the selection of any site for dredging spoil dis-

posal.

I
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Pennsylvania--City of Philadelphia

The agencies within the City of Philadelphia (which is also a

county) which will directly or indirectly be affected by the

dredging spoil disposal activities are discussed in the following

paragraphs.

The City Planning Commission prepares and reviews comprehensive

plans and long-range development plans. The Commission will review

any EIS prepared in relation to a dredge disposal site within

the city. It also reviews zoning plans and reports directly to I

the City Council.

The Department of Public Health is charged with the prevention of

disease and mental, physical, and social well-being of the residents

of the city. The Department also deals with communicable disease

and the quality of water (specifically, fluoridation and bacteri-

ological levels). Well specifications must also be approved by

this Department.

The Water Department of the City of Philadelphia is responsible

for more specific water quality measures through the Department's

four divisions: 1) the Water Pollution Control Division, 2) the
V

Water Treatment Division, 3) the Construction Division, and 4) the

Research and Development Division. The Departments include con-

veyance and treatment of wastewater and sludge, providing an

acceptable water supply for the city, and the design and con-
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struction of new facilities for wastewater treatment and

management.

The Department most directly involved with dredging activities

in the city, is the Department of Commerce. It is in this

department that applications and site plans for any dredging

activity in Philadelphia must be filed, and upon acceptance,

permits issued. The Department of Commerce controls water

obstructions related to wharves, piers, bulkheads, docks, ships,

and basins within the city limits, but it has no power over

changes in the current, course or cross-section of the stream.

MUNICIPALITIES

The changes in development patterns or zoning ordinances due to

a disposal plan could have a more direct impact on the local

municipalities than the counties they are part of. However,

since this review does not involve the impacts on site specific

locations, and since the number of municipalities within the study

area counties is in the hundreds, the agencies of these munici-

palities and their responsibilities are not discussed here. In

general, most of these municipalities have: 1) a planning commission

(or department) which is in charge of preparing planning studies
V

and monitoring the growth of the municipality with respect to its

comprehensive plan, if any; 2) a zoning board (or department) which

is empowered to review any project that involves the municipality

land area, for their compliance with the current zoning designation;
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and, 3) departments of recreation, health, safety and finance

(or budget).

The municipalities in each of the 13 counties of the study area

are listed on the following pages.

-
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NEW JERSEY

Burlington County

Burlinton County (continued) Camden County

Bass River Twp. Medford Lakes Boro Audubon Boro

Beverly City Moorestown Twp. Audubon Park Boro

Bordentown City Mt. Holly Twp. Barrington Boro

Bordentown Twp. Mt. Laurel Twp. Bellmawr Boro

Burlington City New Hanover Twp. Berlin Boro

Burlington Twp. North Hanover Twp. Berlin Twp.

Chesterfie I Twp. Palmyra Boro Brooklawn Boro

Cinnaminson Twp. Pemberton Boro Camden City

Delanco Twp. Pemberton Twp. Cherry Hill Twp.

Deiran Twp. Riverside Twp. Chesilhurst Boro

Eastampton Twp. Riverton Boro Clementon Boro

Edgewater Park Twp. Shamong Twp. Collingswood Boro

Evesham Twp. Southampton Twp. Gibbsboro Boro

Fieldsboro Bore Springfield Twp. Gloucester City

Florence Twp. Tabernacle Twp. Gloucester Twp.

Hainesport Twp. Washington Twp. Haddon Twp.

Lumberton Twp. Westampton Twp. Haddonfield Boro

, Mansfield Twp. Wlllingboro Twp. Haddon Heights Boro

Maple Shade Twp. Woodland Twp. Hi-Neila Boro

Medford Twp. Wrlghtstown Boro Laurel Springs Boro

i6
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NEW JERSEY

Camden County
(continued) Cape May County Cumberland County

Lawnside Boro Avalon Boro Bridgeton City

Lindenwold Boro Cape May City Commercial Twp.

Magnolia Boro Cape May Point Boro Deerfield Twp.

Merchantville Boro Dennis Twp. Downe Twp.

Mt. Ephraim Boro Lower Twp. Fairfield Twp.

Oaklyn Boro Middle Twp. Greenwich Twp.

Pennsauken Twp. North Wildwood City Hopewell Twp.

Pine Hill Boro Ocean City Lawrence Twp.

Pine Valley Boro Sea Isle City Maurice River Twp.

Runnemede Boro Stone Harbor City Miliville City

Somerdale Boro Upper Twp. Shi'loh Boro

Stratford Boro West Cape M1ay Boro Stow Creek Twp.

Tavistock Boro West Wildwood Boro Upper Deerfield Twp.

Voorhees Twp. Wildwood City Vineland City

Waterford Twp. Wildwood Crest Boro

Winslow Twp. Woodbine Boro

Wood-Lynne Boro
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NEW JERSEY

Gloucester County

Gloucester Co un ty (continued) Salem County

Clayton Boro Westville Boro Alloway Twp.

Deptford Twp. Woodbury City Carneys Point Twp. 1

East Greenwich Twp. Woodbury Heights Boro Elmer Boro

Elk Twp. Woolwich Twp. Elsinboro rwp.

Franklin Twp. Mercer County Lower Alloways Creek Twp.

Glassboro Boro East Windsor Twp. Mannington Twp.

Greenwich Twp. Ewing Twp. Oldmans Twp.

Harrison Twp. Hamilton Twp. Penns Grove Twp.

Logan Twp. Hightstown Boro Pennsville Twp.

Mantua Twp. Hopewell Boro, Pilesgrove Twp.

Monroe Twp. Hopewell Twp. Pittsgrove Twp.

National Park Boro Lawrence Twp. Quinton Twp.

Newfield Boro Pennington Boro Salem City

Paulsboro Boro Princeton Boro Upper Pittsgrove Twp.

Pitman 8oro, Princeton Twp. Woodstown Boro

South Harrison Twp. Trenton City

Swedesboro Boro Washington Twp.

Washington Twp. West Windsor Twp.

Wenonah Boro

west Deptford 7wp.

1 Originally called Upper Penns Neck Township until
10 November 1975.
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DELAWARE

Kent County New Castle County (continued)

Camden Ardentown Fenwick Island

Cheswold Bellefonte Frankford

Clayton Delaware City Georgetown

Dover Elsmere Greenwood

Farmington Middletown Henlopen Acres

Felton Newark Laurel

Frederica New Castle Lewes

Harrington Newport Milford (Part)

Hartly Odessa Millsboro

Houston Smyrna (Part) Miliville

Kenton Townsend Milton

Lelpsic Wilmington Ocean View

Little Creek Sussex County Rehoboth Beach

Magnolia Bethany Beach Seaford

Milford (Part) Bethel Selbyville

Smyrna (Part) Blades Slaughter Beach

Viola Bridgeville South Bethany

Woodside Dagsboro

Wyoming Delmar
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PENNSYLVANIA

Bucks County Bucks County

Bucks County (continued)- (continued)

Bedminster Twp. Lower Southampton Twp. Solebury Twp.

Bensalem Twp. Middletown Twp. Springfield Twp.

Bridgeton Twp. Mil ford Twp. Telford Boro (Part)

Bristol Boro Morrisvlille Boro Tinicum Twp.

Bristol Twp. New Britain Boro, Trumbauersville Boro

Buckingham Twp. New Britain Twp. Tuilytown Boro

Chalfont Boro New Hope Boro Upper Makefield Twp.

Doylestown Boro Newtown Boro Upper Southampton Twp.

Doylestown Twp. Newtown Twp. Warminster Twp.

Dublin Boro Nockamixon Twp. Warrington Twp.

Durham Twp. Northampton Twp. Warwick Twp.

East Rockhil) Twp. Penndel Boro West Rockhill Twp.

Falls Twp. Perkasie Boro Wrightstown Twp.

Haycock Twp. Plumstead Twp. Yardley Boro

Hilitown Twp. Quakertown Boro Delaware County

Huirneville Boro Richiandtown Boro Aldan Boro

ivyland Boro Richland Twp. Aston Twp.

Langhorne Boro Riegelsville Boro Bethel Twp.

Langhorne Manor Boro Sellersville Boro Birmingham Twp.

Lower Makefield Twp. Silverdale Boro Brookhaven Boro
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PENNSYLVANIA

Delaware County Delaware County
(continued) (continued) Philadelphia County

Chester City Morton Boro Philadelphia City

Chester Heights Boro Nether Prov. Twp.

Chester Twp. Newtown Twp.

Clifton Heights Boro Norwood Boro

Collingdale Boro Parkside Boro

Colwyn Boro Prospect Park Boro

Concord Twp. Radnor Twp.

Darby Boro Ridley Park Boro

Darby Twp. Ridley Twp.

East Lansdowne Boro Rose Valley Boro

Eddystone Boro Rutledge Boro

Edgemont Twp. Sharon Hill Boro

Folcroft Boro Springfield Twp.

Glenolden Boro Swarthmore Boro

Haverford Twp. Thornbury Twp.

Lansdowne Boro Tinicum Twp.

Lower Chichester Twp. Trainer Boro

Marcus Hook Boro Upland Boro

Marple Twp. Upper Chichester Twp.

Media Boro Upper Darby Twp.

Middletown Twp. Upper Providence Twp.

Millbourne Boro Yeadon Boro
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