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The N o r t h  A t l a n t i c  R eg iou ~ 1 W a t e r  Resources (NAR ) Stud y examined
a wide v a r ie t y  of w a t e r  and r e l a t e d  land rc~ ource s , tieed~ and devices
in formulating a broad , coordinated program to guide future resource
development and management in the North Atlantic Region . The S tud y
was authorized by the 1965 Water Resources Planning Act (FL 89—80)
and the 1965 Flood Control Act (FL 89—298), and carried out under
guidelines set by the Water Resources Council.

The recommended program and alternatives developed for the North
Atlantic Region were prepared under the direction of the NAR Stud y
Coordinating Committee , a partnership of resource planners represent-
ing some 25 Federal , regional and State agencies. The NAR Stud y
Report presents this program and the alternatives as a framework for
future action based on a planning period running through 2020 , with
bench mark planning years of 1980 and 2000,

The planning partners focused on three major objectives — — Nat-
ional Income , Regional Development and Environmental Quality —— in
developing and documenting the information which decision—makers will
need for managing water and related land resources in the interest of
the peop le of the North Atlantic Region.

In addition to the NAR Study Main Report and Annexes , there are
the following 22 Appendices:

A0 History of Study
B. E conomic Base
C , Climate , Meteorology and Hydrology
0. Geology and Ground Water
E, Flood Damage Reduction and Water

Management for Major Rivers and ~ !~u1~~_ 
__________

Coastal Areas ~us rnute £ee si
F. Upstream Flood Prevention and 
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. “. SYLLABUS

The broad objective toward which this appendix is written is to
maintain and improve the usefulness of the coastal zone to man for
now and for the future. This objective is approached from the point
of view of planning and managing the wise use of the coastal water
and related land resources. Major coastal uses are seen as the
extraction of living and non—living resources , waste disposal , rec-
reation and aesthetics , transportation , national defense and coastal
land use.

Many basic considerations justify special coastal planning and
management attention , particularly at the state level. Current and
predicted demand for coastal uses is exceptionally high. The coastal
zone’s resource base is very limited. Significan t conflicts abound
between coastal zone uses and between coastal and non—coastal uses,
especially inland uses. Non—market factors of indivisibilities ,
externalities and irreversibilities are very prominent. Important
knowledge gaps exist. Decisions must be made. Basic responsi—
bilities are split in a variety of organizational patterns .

Proceeding from this overvie~$~ Lne major problem areas are
selected for special analysis,partially on the basis of numerous
interviews throughout the region. These problem areas are living
resources , conservation of wetlands , non—living resources , water
pollution , thermal effects , solid waste d isposal, recreation , marine
transportation , and coastal erosion and tidal flooding. For each of
these problems , its nature, causes , and location and time character-
istics are outlined ; activities affected by the problem are identi-
fied and general solutions are considered in the broad context of
planning and managing the ~~gfQfl~s water and related land resources.
Interrelations of the coastal zone with its neighbors , both inland
and oceanward are given special attention . Of the nine selected
problems , water pollution and the conservation of wetlands appear at
this time to be most prominantly recognized throughout the region.

Each area of the  NAR coasta l  z one is reviewed in terms of its
p h ysical  and socio-economic c h a r a c t e r i s t i c s, i ts  m a j o r  coas ta l  uses
and problems , and its prospects and potentials. An overview of
coastal erosion and tida l flooding is given for each area , since
only selected aspects of this subject are covered in other appen- 

—

dices to the NAR Stud y. 
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INTRODUCTION

APPROACH

The “coas tal zone ” is a geographic concept. It encompasses the
oceanward flank of the North Atlantic Region (NAR) for nearly 1000
miles. As such it cuts across many boundaries——geographic , func-
tional and institutional. Geographically it includes all f ive of the
NAR ’s sub—reg ions and 19 of its 21 areas. Essentially all of the
NAR ’s functional appendices apply in substantial measure to it.
Institutionally,  almos t every Federal agency , all but two of the
region ’s 13 states and a mul titude of lower levels of governmen t are
carrying out their particular roles within it , just as they do in
other geographic sectors.

Against such a backdrop, it becomes especially impor tan t to def ine
an approach to the coastal appendix . If the appendix is not to be all

• things to all peop le——and thus lose meaningful focus——it must be
limited to an essen tial digestible core. The initial entry point
must be very broad , yet this entry point must lend itself to rapid
focus on those components where attention seems most profitable.

The coastal appendix seeks to meet these requirements by——

• Setting the stage with a broad , use—oriented objective and
examining its meaning .

• Develop ing a s t ruc tu re  of coastal uses and of inpu ts for
achieving these uses.

• Selecting some major problems in achieving these uses for
f u r t h e r  analysis.

• Defining and describing these selected pr oblems and sugges ting
possible solutions.

• Applying the foregoing analysis to del inea ted segmen ts of the
coastal zone.

12—3
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O8JECTIVE

As the initial starting point , the broad objective chosen was:

To maintain and Improve the usefulness of the coastal zone to
man for now and for the future.

Like all broad objectives , each of its terms requires reflection
and understanding. It is thus worth lingering at the outset on these
terms, for the overall purpose of this appendix is to give substance
and dep th to them in a way wh ich can facilitate decision.

- - “To maintain and improve” implies val ue judgmen ts. It is not
always clear in which direction “Improvement” lies. Current condi-
tions might be preferable. Thus a rational approach to the coastal
zone begins with the aspiration that it is possible to discern
whether improvement is des irable and in which dire ction it lies,
that people inputs will be necessary to assist in this discernment.

“Usefulness” can also vary with the point of view , again requir-
ing reflection on ways these different viewpoints can be identified ,
considered and hopefully harmonized. “Usef ulness” also introduces
the question , “what are the uses?” In response, a family of uses will
be developed later to facilitate further analysis and provide a frame-
work helpful for articulating and distinguishing human values.

“Of the coastal zone” introduces the requirement to define at the
outset the geographic span of attention. No definition of the coastal
zone can satisfy all req uiremen ts ,beca use the zone is a transi tion
from land to sea and the inf l uence of their int erf ace never en tirely
disappears anyplace on earth. However, since the intensity of this
influence does dimin ish percep tively as one moves landward or seaward
from the shoreline , it is p ossible and usef ul to sugges t limi ts which
will satisfy most requirements reasonably well. The definition
adop ted is one which sacr if ices sligh tly some environmentally desir-
able attributes in order to incorporate some important political
dimensions. As used herein the coastal zone is defined as “that
geographic area bounded on its seaward side by the outer limits of
state jurisdiction and on its landward side by the inland limits of
significant marine influences , as defined by the individual states.”
The process of defining the inland limits and the difficulty in doing
so introduces a strong reminder that the coastal zone is not an
island unto itself. Concentration on solutions to coastal zone prob-
lems must be tempered with an awareness of adjacent inland and
oceanic perspectives , if suboptimal solutions are to be avoided. Put
another way “the usefulness of the coastal zone to man” must be im-
proved within the context of a combined coastal—and—non—coastal per-
spective. One way of minimizing unintentional suboptimization is to
imbed the coastal zone analysis in a larger context , as Is being done
in the overall NAR study.

U.5
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“To man” is intended In its broadest sense. Certainly the term
does give emphasis to satisfying the most obvious physical, social
and aesthetic needs of man such as his needs to supply himself with
food and materials and to enjoy himself. However , as used herein it
is also intended to refl”t the growing awareness that Inadequate
concern for the natural etivironment as a whole can react unfavorably
and often surprisingly on man himself. Our concern for the eco-
system, for example, Is founded on the belief that it is important
to man, even though the relationship is often Indirect and poorly
understood.

“For not ’ and for  the fu tu re” provides a reminder that both per-
spectives mus t be included. It implies a pervading need to foresee
the long—term consequences of current actions and yet still make -.
“now” decisions, whether for action or postponement , when visibility
of the future is obscured. Predictive techniques need priority atten-
tion, but equally important, people input is essential to answer the
eternal question——”Do we know enough to proceed?”

U-6
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METhODOLOGY

This appendix was prepared in six phases.

In the first phase non—structured letters were sent to a number
of knowl edgeable peop le throughout the ~orth Atlantic Region. The
addressees were selected to obtain a wide v ar i€-r v of informed opin-
ion about coastal problems in the region. Thirty—three replies
were received. The study of these rep l i es was comb ined w ith s ta f f
experience to develop an initial system of coastal uses and prob-
lems along with a system of descriptors for describing the problems
and potential solutions.

The second phase was information acquisition. It was built
about personal interviews and literature research.

A list o~ interviewees was developed and screened to insure
balan ce in geograph ic areas , in major coastal uses and in institu-
tional levels to include Federal , state , local , academic and busi-
ness perspectives. Letters were sent to those selected to estab-
lish rapport and convey an initial understanding of the purpose of
the interview , the problems being considered and the tentative svs-

• tern for describing these problems and their solutions. Intervi~ w
sheets were developed to record and code the interviews systema-
tically. The response was gratifying. Deep appreciation is exten-
ded to those who contributed so graciously to this undertaking .
Table U—i is a list of 164 peop le formally interviewed. Many
others were seen or contacted by phone in the course of the work
and contributed useful information and perspectives .

Ma terial for  literature review was ob tained by the staff.
Many useful suggestions as to pertinent literature were obtained
from the interviewees. Each document was reviewed and those judged
most meaningful were summarized and coded using the interview

• sheets.

The third phase was analysis. based upon a study of the
informa tion acquired earlier , the sys tem of uses was re f ined , a
final selection of problems was made and the list of descriptors
was consolidated and simplified. Information was extracted and
syn thesized to prov ide a general problem overview and a uni f ied
description and analysis of the selected problems. Interrelation-
ships with other aspects of water and related land resources in the
region as a whole were given special attention during this analy-
sis.

O The four th phase was the problem writeup . Each problem was
described in terms of its nature and severity , its causes, its
locational and time characteristics and the parties affected by
it .  Type solutions were then identified and discussed in terms
of their direct and indirect effects and organizational imp lica—

• tions.
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In the fi f th  phase the coastal zone was div ided in to ~egmer.t~
ui~ing boundaries consistent wi th those established for t~ e ~ve ra~~.
NAB study . For eac h of’ these segments a br ief  summary wa. pr -t~ar--
dep ic t ing  i t s  c~. ief  physical  and socio—economi c charac ’ r t:

coastal si gni f icance  ar•d i ts  major coastal uses , pr r iLler • . , ;:~~ - .  —

pects and potentiaI .~. For t~ioi ie  problems ccr~~i Iere - ~~~~ -~ ~~)t r
si gnificance a bi-~~eI d i sc i~~sion was provici e~ to a pr i y  t h e -  ;ari ~~ -r
general problem analysis to the part icular  coastal ar~ a.

In the sixth or cleanup phase , drafts were reviewed by ti.e
sponsor , an r~otat ’-rJ  bibliography was developed , and the api. .-r . : i• ’:
was prepared ir ~ f~~.ai form .

• TABLE U—i
- PERSONS INTERVIEWE D

(3rganizational af f i l ia t ions  were those at the time
of the in te rv iew. )

Anthony F’ . Abar — Department of Water Resources , Marylan d
Mar k Abelson — U .S.  Department of the Interior
Richard Ackeley — New Jersey Soil Conservat ion Service ,

U . S .  Department of Agriculture
Donald Adams — Environmental Improvement Commission , Maine
Ju1~~an Alexander — Department of Conservation and Economic

Development , Virginia
Dr . Lewi s ~~~~ Alexander — University of Rhode Island
Doxiaa d D . Allen — American Association of Port Authorities
Leo Allen — Stat e Senator Moakley ’s Off ice , Massachusetts
Paul A. Amundsen — American Association of Port Authori-

ties
• Norris  C. Andrews — Regional Planning Agency of South Cen-

tral Connecticut
Dr. William I . Aron — Smithsonian Inst i tut ion
Elmore Ballard — Ballard Brothers Seafood Company
Nicholas L. Barbarossa — Department of Environmental Con—

servation , New York
Joseph Barber — Department of’ Environmental Protection ,

New Jersey
Ernest T. Bauer — Virginia Port Authority

• Fred Beck — Callahan Minipg Company
William S. Beller — Off ice  of Marine Affa i rs , Department

• of Interior
Derekson Bennett — American Littoral Society
Bruce Bj rnhack — Bureau of Sport Fisheries and Wildlife
Richard J. Bouchard — Department of Transporation
Capt . Fletcher W. Brown , Jr. — U .S .  Coast Guard , Boston
Roy L. Brown - Department of Conservation and Economi c

Development , Virgin ia

-
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TABLE U—l (cont’d)

• Arthur W . Brownell — Department of Nat ural Resources ,
Massachusetts

Thomas Bruha — U . S .  Army Corps of Engineers , Waltham
• B. Calvin Burns — Prince William Engineering Company

Robert Burn s — National Park Service
Walter E. Butler — U.S .  Army Corps of Engineers , New

York
Francis Carboine — Federal Aviation Administrat ion
Richard Carpenter — Southwest Regional Planning Agency ,

Connecticut
D. J. Cederstrom — U . S .  Geolog ical Survey
Dr. Charles J. Cicchett i  — Resources for the Future
John J.  Coffey — Chamber of Commerce of the United

- . 
States

Kenneth Coinpton — Bureau of Outdoor Recreation
Elbert Cox — Commission of Outdoor Recreation , Virginia
Dr. L.  Eugene Cronin — Chesapeake Biological Laboratory
Robert Cyphers — Department of Environmental Protectic~~,

New Jersey
David Damon — Bureau of Sport Fisheries and Wildlife
Harold Davis — Department of Shelifishing, Maryland
Dr. David Dean — University of Maine
Louis E . DeCamp — Federal Water Quality Administration
Richard S. De Turk — Tn —State Transportation Commission
Dr. John W. Devanney — Massachusetts Institute of Tech-

nology
Robert L.  Dow — Department of Sea and Shore Fisheries ,

Maine
Calvin Dunwoody — Department of Natural Resources , Rhode

Island
William J. Duddleson — The Conservation Foundation
Leslie Dyer — Maine Lobsterman ’s Association
Howard H. Eckles — Office of Marine Affairs , Department

of Interior
Commander N .  P. Ensrud — U.S .  Coast Guard , Washington
Richard B. Ericson — Southeastern Connecticut Reg ional

Planning Agency
• 

-
~ George Ferguson — U.S.  Geological Survey

Arthur Flickinger — Soil Conservation Service , U.S.
3 Department of Agri culture

Charles H.  W. Foster — New England Natural Resources
C Center

Ernest Frida y — Department of Community Affa i rs , Rhode
Island

William Gannon — U.S. Lines , Inc .
Lemuel Garrison — National Park Service
Edson B. Gerks — Connecticut Development Commission
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TABLE U—i (cont’d)

Boyd H.  Gibbons — Council on Environmental Quality
Thomas B. Glenn , Jr. — Interstate Sanitation Commission
Rear Admiral Fo~~ rt W. Goehring — Chief of Staff , U.S.

Coast Guard , Washington
• Dr. Morton Garden — Development Sciences , Inc.

Malcolm Graff — New England River Basins Commission
Stanley V . Greiman — Connecticut River Estuary Regional

Planning Agency , Connecticut
Dr. Walter J.  Grey — NEMBIP , Universi ty of Rhode Island
Frank Grice — Department of Natural Resources ,

Massachusetts
Richard E. Gr i f f i t h  — Bureau of Sport Fisheries and Wild—

life
• Jack N .  Gunther  — Connecticut Assoc iation of Conservat ion

Commissions
Stuart 0. Hale — University of Rhode Island
Mary Louise Hancock — Stat e Planning Off ice , New Hai~Dshire
Roland Handley — Bureau of Outdoor Recreation
R. J. Handing — Department of Environmental Conservation ,

New York
Dr. William J. Hargis , Jr. — Virginia  Inst i tute  of Marine

Science
Capt . David Hart — Atlantic States Marine Fisheries Corn—

mittee
Robert B. Haslam — Humble Oil and Ref ining C ompany
Capt . Francis D. H ayward — U.S .  Coast Guard , Washington
John Healey — Southeastern Regional Planning and Economic

Development Distri ct , Massachusetts
- Jean Hennessey — New Hampshire Charitable Fund

Milton T. Hickman — Stat e Marine Res urces Commission ,
Virginia

Capt . Hollinshead — Eastern Sea Frontier , U . S .  Navy
John Holsten — Bureau of Commercial Fisheries
Joseph Ignazio — U . S .  Army Corps of Eng ineers , Waltham

• Edgar A. Imhoff — University of Maine
Willi am Jobin — Department of Natural Resources ,

Massachusetts
Dale Jones — Department of Conservation and Economic

Development , Virginia
Dr. Galen Jones — University of New Hampshire
Norman Kapka — Department of Forests and Waters , Penn—

• sylvania
Dr. Robert Kay — National Council on Marine Resources and

Engineering Development
Dr. S. Russel Keirn — National Academy of Engineering
Charles F. Kennedy — Department of Natural Resources ,

Massachusetts
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TABLE U—l (cont’d)

Harold Kimball — Stat e Planning Of f i ce , Ne w Hampshire
Dr. John A. Knauss — University of Rhode Island

- • Ralph F. Kresge — U.S. Weather Bureau
Robert Krieger — National Aeronautics and Space Adminis-

trat ion
• 

George Lamb — American Conservation Association , In c.
Edward Lane — Department of Natural Resources and

Environmental Control , Delaware
Donald E. Lawyer — Office  of the Chief of Engineers ,

U.S. Army
Major Robert Lindsay — U.S. Army Corps of Engineers , New

York
Robert B. MacKinnon — U.S .  Corps of Engineers , Waltham
Burt MacLean — Office of the Cnief of Engineers , U. S.

Army
- • Howard J. Mars don — Maritime Adminis t ra t ion

Dr. Nelson Marshall — University of Rhode Island
John B. McAleer — Off ice  of the Chief of Engineers , U . S .

Army
James T. McBroom — Bureau of Sport Fisheries and Wildlife
Frank McCann — Maine Stat e Planning Off ice
William I. McDonald — Rhode Island Water Resources Board
Frank McGowan - U.S .  Army Corps of Engineers , New York
Everett McLeman — U.S. Public Health Service
Lester McNarnara — Department of Environmental Protection ,

New Jersey
James E. McShay — Maritime Administration , New York
Roy Metzgar — Stat e Department of Planning , Marylan d
Dr. J. A. Mihursky - University of Maryland
F. W .  Montonari — Department of Environmental Conserva-

tion , New York
4 Susan Morrison — Rhode Island Statewide Planning Program

Henry F. Munroe — Rhode Island Water Resources Board
• Kenneth Murdock — U.S .  Army Corps of Engineers , Baltimore

James Murphy — U.S.  Dredging Corporation
Mr. Nelson — Eastern Sea Frontier , U.S .  Navy
Walter Ne~~~an - New England River Basins Commission
Earl Nichols — Bureau of Out door Recreation
Rear Admiral Harley D. Nygren — Environmental Science

Services Administration
Theodore Olcott — Port of New York Authority
F. S. Oldham — Department of Forests and Waters , Penn—

sylvania
Lincoln B. Page — U.S. Geological Survey
F. L. Panuzio — U.S.  Army Corps of Engineers , New York
Neil Parker — Off ice  of the Chief of Engineers , U . S .  Army
Capt. Forest Pease — Eastern Sea Frontier , U . S .  Navy
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TABLE U— i ( c o n t ’d )

Capt . Carl F. Pfe i f fer  — Maritime Adn nist ra t ior , New York
Ron Poitras — Maine State Planning O f f i c e
James Rankin — Department of Envirorun er tal  Protection , New

Jersey
Phi ip Savage — Maine State Planning Uff ce

• Thorndike Saville — Coastal Engineering Research Center ,
U.S. Army

Thomas Schrader — Bureau of Sport Fisheries and Wildl i fe
Harry Schwarz — U.S .  Army Corps of Engineers , New York
Margaret Seeley — National Asscciation of N our ties
Sidney Shapiro — Long Island Stat e Park Commission
Dr. Lois K. Sharpe — League of Women Voters of toe United 4 ~~States
John W. Sherman , III — U .S .  Naval Oceanographic O f f i c e
Paul Shore — Federal Power Commission
Fred Sieling — Maryland Natural Resources Management

Division
Joseph Smurda — Department of Health , Pennsylvania
A. J. Somerville — Department of Fore ;ts and Waters ,

- 
. Pennsylvania

Mary B. Sowchuk — Greater Bridgeport Planning Agency ,
• Connecticut

Harry A. Steel — Water Resources Council
Charles G. Stone — U.S. Army Corps of Engineers , New YorR
George S. Swarth — Department of Justice
Richard Symonds — Office  of State Planning , Connecticut
Julian Terrant — Cornxnj ssj~ n of Outdoor Recreation ,

• Virginia
Jack Thompson - Governor ’s Office , Rhode Island
Joseph Toland — Bureau of Outdoor Recreation
Joseph Truncer — Department of Environmental Protection ,

New Jersey
Robert Vandivert — Conservation Planners , Inc .
G. H. Van Gunten — U.S.  Army Corps of Engineers , New York
Damial Vain — Rhode Island Statewide Planning Program
Blai r Wakefield — Virginia Port Authority
Ian Walker — Stony Brook — Millstone Watershed Association ,

New Jersey
Davi d Wallace — Department of Environmental Conservation ,

• New York
Clint Watson — Department of Natural Resources,

Massachusetts
Eugene W . Weber — International Joint Commission , with

Canada
Mr. Weinstein — U .S.  Army Corps of Engineers , New York
James Wentz — Maritime Administration , New York
Richard Weston — New England Regional Commission
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TABLE U—l ( con t’d )

LTC Edward M. Willis — Coastal Engineering Center , U.S.

Peter Wilson — National Association of Engine and Boat
Manufacturers

-
. 

Hall Winslow — Tn —State Transportation Commission
Robert Wood — Tn —Stat e Transporation Commission

•

- i
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• COASTAL USES

As s tated ear l ier , th is  appendix is d i rec ted  toward the fulfill—
— ment of a broad object ive , “ to mainta in  and improve the usefulness of

the coastal zone to man for  now and for  the fu tu r e . ” In harmony with
the overall NAR study, planning for the preservation, use and develop-
ment of the zone ’s water and related land resources is seen as a
fundamental  means of achieving this objective .

To beg in to add substance to the objective this section provides
an answer to the quest ion—— ”What are the human uses of the coastal
zone?” A family of coastal uses is formulated , general inputs man
must contribute to better achieve these uses are outlined and the two
are organized into a framework useful for evaluating coastal problems.
Some of the market and non—market values associated with the coastal
uses are suggested . Lastly, two of the uses not explicitly developed
later in the problem analyses are discussed b r ie f ly .

Uses. As the first step in identifying coastal uses it is im—
• portant to recognize that although almost all forms of human activity
• can be found in the coastal zone, a fairly discernable few seem to be

prominently and direc tly influenced by “coas talness”—— the influence
of the land—ocean interface.

On the bas is of much structuring and res tructuring and exposure
to many people of various levels of government and non—government, it
was concluded that man uses the coastal zone generally as follows:

• He gets things he wants from it both living and non—living——
resource extraction.

• He puts things into it which he does not want——resource return ,
or more conventionally: waste disposal.

• He derives pleasure from it in the form of recreation and
aesthetic satisfaction——enjoyment.

• He uses it to facilitate the movement of things and peop le——
transportation.

It may be possible to assoc iate almost any coas tal use w ithin
these four broad classifications. However, in doing so two common

• use concepts would lose a visibility which might needlessly compli—
— ca te later analysis. These two are land use and national defense.

Purely speaking land use can probably be demons trated to be a
complex mix of the four broad uses cited earlier. But by eliminating
land use , it would become exceedingly difficult to grapple with prob-
lems such as access and zoning. For the sake of workability, then ,
the appendix sacrifices some possible analytical purity and incor-
porates land use into its structure of uses. Whenever practicable ,

U— 14
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however , one of the first four uses is preferred . Thus recreational
land use Is address ed primar ily under recreation , not land use.,

Similarly, the national defense use of the coastal zone can prob-
ably be ascribed principally to coastal transportation aspects, either
to faciliate desired military movements or obstruct undesirable
hostile movements. However imbedding national defense primarily with—
in transpor tation wou ld , like land use above , cause a cumbersome loss
of focus on a major use of the coastal zone, especially offshore.

Without belaboring the intermediate steps the above thoughts can
be translated into the following coherent system of uses:

RESOURCE EXTRACTION
Living resources

Animal
Fish——finfish , shellfish, etc.
Land animals
Other——birds , amphibians, etc.

Vegetable——kelp , eelgrass, etc.
Non—living resources

Solid materials——sand , gravel and other minerals
Liquid materials——oil , wa ter , drugs , etc.
Gaseous materials

Energy——tidal , wave forces, etc.

WASTE DISPOSAL
Solid wastes
Liquid wastes

• Thermal wastes
Other wastes, e.g., radionuclides

ENJOYMENT
Recreat ion

Primarily water—based
Water—contact sports
Sports fishing
Boating
Other

Primarily land—based——hunting , etc.
Aesthetic satisfaction

Sensually perceptible——scenic , cooling , fresh air
inhalation, etc.

Supraperceptible -—general feeling of well—being

TRANSPORTATION
Marine——harbors , channels, ports, terminals
Land——coastal highways and rail lines
Air——coastal airports - - • 

- - -

- 1
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LAND USE
Private——primarily residential
Commercial
industrial——coastally located primarily because of resource
extraction , waste disposal or transportation considerations

Other——governmental, Institutional, etc. •

NATIONAL DEFENSE

It is easy to break this system down into any desired level of
detail as indicated by the illustrative entries after the double
dashes (——).

The set of uses seems reasonably complete, but one could add if
he wished an additional category , “other uses,” to serve as a catch-
all. It was not found necessary to do so in this appendix.

Inputs. The uses outlined above may broadly be considered as
coastal outputs——what man gets out of the coastal zone. To achieve
these outputs man must——

• Ident i fy  and locate them.

• Preserve them to Insure continued availabil i ty for the f u t u r e .

olf their values are sufficiently important , increase their
plentifulness or quality over that available in nature . He might for
-example, engage in mariculture (forming of the ocean) or improve a
channel or beach. 

-

• Lastly, use, harvest or consume that which he has located, pre-
served and enhanced above.

The overall objective chosen earlier contains a reminder to con-
sider the future if coastal uses are to be perpetuated . Man can do
this only by attention to all four of the above inputs. To focus on
the last, the attractive payoff , Is shortsighted.

Framework. Integrating the above set of uses (outputs) with the
above set of activities (inputs) yields the framework of Figure U—2
shown here In condensed form without the numerous subuses developed
earlier.

With some imagination the interrelationship of many activities
and uses can be displayed on the framework. Thus, research and
coastal engineering are not shown as uses. They are means to an end
and their value lies ultimately in how they improve the coastal uses
through identification, preservation, enhancement and harvesting
these uses. They are thus brought out as useful tools which should
be handy in resolving problems later. As a further illustration,
the exercise of a certain regulatory control may be seen as a means
to preserving a certain use.

- U— 16
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COASTAL FRAMEWORK

P INPUT (ACTIVITIES)
OUTPUT (UsI - :~~) Locate , Preserve , lE n h a n c e , Use , harves t ,

_ _ _ _ _  ___  

i d e n t i f y  conservejimprove consume

RESOURCE EXTRACTION

Liv ing  resources

Non—living  resources  
- —- -

~~~~

Energy 
_________ __________ _________ _______________

WASTE DISPOSAL

Solid

Liquid

Thermal 
- 

O ther

ENJOYMENT

Recr eation

Water—based

Land—based

Aesthetic satisfaction

TRANSPORTATION

Marine

Land 
-

Air

~~ND USE 
- -

Private

Commercial 
_____ _________ -

Industrial
Other 

______________

NATIONAL DEFENSE

SOURCE: Adapted from (3l)i~

1/ The numbers in parentheses throughout this
appendix (APPENDIX U) refer to the annotated
b ibl iograph y found at the end of this appendix. FIGURE 1J 2
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G i N l - R~i1. N: l  ! L ’ \ l .  . ‘~~l L :  ‘ ‘ F  M A ) k i i ,  l A~ USES
- 

lii, t :.,,rv r t .-a

Estimat ed

Use ‘ °  (‘i-n et 1 - - uct li i t  i- ~~m~- l u — c r ~~- t  va lues
value

j  ($ billion)
• c~~-r Li~1 $ 0. 1 [~~ock s id i - v a l u e  - t at  • P r  c c i  i t  i n  ut way of l i f e ,

f i s h in g  F x - i ud e~ s p u r ?  l i r e .  1 r v i d i n g  sonic I man ’ s an ima l
p r o t e i n  n i-dc • i i t er n a t  lonal
b a l a n c e  ot p c t s .

- - - - -

E x t  I c t i  it $ .7  F r i  m a r  I l  v , ca l  ui - u i  n t  nfl - - J I su f f I ci onc v ,
- - 1 non— l i v i n g  l i- ic -s 

* 
i l l  l i e  and in:  e r I l i l i  n a l  b a l a n c e  of

r i -sources  p rod i~ t as i t  r -  - - c i ,  1 v a - u t  u
t l i n i . M~~~t ( $ l . o

bill io n ) j, r a d i a l  1

- ____- - - 
u 1  g a s .  

- _ ______

Was te  disposal  $ 0.~ r n:,arilv c on s t r u c t i o n  E n v i r ome - ita l q u a l i t y  f o r
and opirr tion of waste other uses , - c~- - r i i l l y  f i s h i n g

- 
tri l t iritit f : i  li n es and recreation
a L i i i  50 n j  l i i ,  of coast.
I’ r d - i b l v  pr
v tat nl . I

- R e c r e a t i o n  & S 3.9 (: -ct i t  l i i i , lodg i n g ,  Emot ional an il—b i tu g, p h y s i c a l  -
aest h e t i c  t r a n s p o r t a t i o n , m a r , f i t n e s s , h e a l t h .  

-
s a t i s f a c t i o n  e n t rul ci- fees , I Is ,

li c s - ,cus , e t C .  Inc ludes
f i s i t i t i ~r -

T r a n s p o r t a t i o n  $11.3 ~l i r  i t i  t r a u s p or t o t  i i i  P o l i t i c a l  r e l a ti o n s  w i t i t  o t h e r
only. Includes i- urn nations , national defense ,
revenues p lus freight economic well—being of major
rnr c-nhiec for ri i ‘n of population ‘at crc , inter—

I shipments which occur itt national balance of payments. -

coastal areas. Excludes
$2.2 billion in shi p—
bu ild in~~.

Nat ional $ 1.3 I N a v y :  (t u r i l  i- - . and iterna t ional relations . -

de f ense maintenance - f ~~u s t a 1
ran s p o r t  and a l it  i - n b —

m a r i n e  S u t  l i e , con—
st r u c t  in n  and Er  I at  i l l

of coas ta l  t a i l  t i e s .
Coas t  G ird: 1p c rations

plus new I i  l i t  ins and

e q u i p m e n t .  __ 4 ___________________________
Lan d use Nit  

— —  
1 . - N . tradition of land owner—

estimated 
[~

ni P and individual rights.

NOTES:

1. Data are 191 ,-i e x - -~ t I rais portatio rt which it, I 1, 1. -

2 . Detailed comparisons am in e  uses is - r i ct illi - Note that bases of the esti-
mates differ sign it icant i- . l i : , , 1’ t i e  c o s t  of the p r u re s s t 1 and distribitted
fish products were used , i - rrm ,-ri i i i  :ishing would show at about $1.1 billion .
In a somewhat s i r n i l i r  m ,ir i,- r , transp in tatio r t allows only the coastal value added.
The total value of the pr du e moved is much hi gh e r , $4 1 b i l l ion in 1 8 f o r
example .

3. Land use ;iI,in s , u i - st  i r a t e  h e rein Ni - i  m a e  of  ic ’ n i t m i i i !  problems , are
probabl y v t - r e  h i g h .  For es i t i p i . , t i m e  assessed valuat ion of new or fsh -re land
c rea t ed  b y l a n d f i l l  o f f  d owntown M i n 1 i t  tan  Is il iut $ i  b i l l i o n .

SOURCE: Econ omic values  d p I  i-O I r I - l i  I - a .  i i - in :  rtn ,i t  ion r i - p i t t  i i  i t t  ( 9
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This framework can serve as a checklis t i t t  fl:i~~~ing w~tt~~r and
related land resource actions which  can m : t i t t t a i n , impr ov i  or o t h e r —
w i sc  :~f fe c t  coastal  uses . F i t  examp le , Column 1 (Locate , I- ~t -tttl f,)
reminds the p lanner to ~v a 1 u , u t c  such t h i n g s  as when and wii :rc t h e
use occurs , its intensity, and i t - . v i s i b l e  anu l a t e n t  demand.  ( - 1—
umn 2 (Preserve , conserve) reminds the  p l anner  Lo  c - X a r f l L l i c -  what 1 - m I -

ural and human factors , c u r re nt  and p r e d i c t a b l e  tend ~o d -g r . i de  the
use and to examine what can be done about them. Column 3 (Enhance ,
improve) causes the planner to reflect on what can be done to in-
crease the level of human satisfaction if this is desired . Column
(Use, harvest , consume) causes the planner to reflect on the effi-
ciency with which the use is being captured. Sometimes he might find
tha t  the ra te  or method of capture is feeding back adversely on the
earlier input  stages , such as preservat ion of the resource base. (A
case in poin t  Is f i s h i n g  q u o t a s . )

The framework can be useful in identifying conflicts between uses.
For example , to improve transportation channel dred ging might be
necessary. The planner can then inquire systematically how this
activity could affect other uses and thus take appropriate precau—
t ions or add perspective to a t r adeo f f  decision.

Lastly, the framework can remind the planner that some of these
use requirements can be satisfied in slightly different form else-
where. For example , outdoor recreation demand , say for boating, can
also be satisfied for certain classes of boats by inland resources.
An understanding of these relationships is important to comprehensive
coas tal planning.

Values of Coastal Uses. It is not yet feasible to provide a fully
acceptable assessment of the relative values of the major coastal
uses. Before that can be done well , much greater understanding of
human values and more precise and uniform definitions will be needed .
Notwithstanding these limitations , however , some good attemp ts have

- F been made to assign order—of—magnitude values to coastal uses. It is
not hard to find in professional literature , valid obje ctions to
every one of these efforts. Figure U— 3 summarizes one study of
coastal values. It is presented not as an endorsement of its
technical purity, but in the belief that some understanding of use
values is ess ential in a study like this, despite the fact that these
values have not reached a maturity which merits a near unanimous pro—
fessional endorsement. In reviewing Figure U— 3 attention is invited
to the general basis for each estimate. Changing these bases will ,

• of course , change the estimated values.

National Defense. It is beyond the scope of the overall NAR
study and this appendix to consider problems In Improving the

I t  -
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il m’ ftttisi ve ~t tt r a cttt ri stic s of the region ’s coastal zone. However ,
the  impact  of :he na t iona l  defense  use upon o ther  coas ta l  uses is
ra the r  s i g n i f i c an t  especially in the fields of research , economic
Impact , and the use of shore f ron t  and offshore areas. Since they
are not developed elsewhere , each wi l l  be cons idered br iefly below.

The Navy supports a substant ia l  part  of the Federal research
program . I t s  por t ion  averaged more than a quar ter  of the to ta l
Federal research program in the marine sciences during the period
1968—1970 . Only the marine sciences research program of the
National  Science Foundation was larger and that by only a small
amount.  When development is added to research , the Navy ’s share
increases to about half of the Federal total ( 59). Much of the
Navy’s research has a strong actual or potential relationship to
non—defense oceanographic needs. The National Oceanographic Data
Center (NoDc) helps make available to the non—defense community
unclassified oceanographic information spun off from the Navy ’s

- 
- defense_oriented research. Until recently ,  NODC was managed by

the Navy but was jointly funded by a number of Federal customer
agencies. With the establishment of the National Oceanographic
and Atmospheric Agency in October 1970 , it was transferred to the
U.S. Department of Commerce.

Coastal economic impacts of national defense in this region
are most prominent in the Narragansett Bay and Hampton Roads
areas. It has been estimated that , of the $340 million in local
value added by marine—related activities in Narragansett Bay in
1965 , $180 million was attributed to marine military (164).

Some military—owned coastal locations have been released for
non—defense purposes in recent years. Examp les include Governors
Island in New York Harbor and Fort Totten on Long Island Sound.
This trend might continue. Historically throughout this region
coastal defense installations were developed by the Army along the
seaward approaches to major cities to protect these cities from
enemy attack. With evolution in the technology of warfare many of
these installations lost their original purp ose and wi th it the ir
need for a coastal location. Many evolved into non—coastally re-
lated administrative centers. In recent years , a strong trend has
developed to make these locations again available for non—military
Uses. Viewed historically, it may have been fortuitious that the
retention of these installations was prolonged until fairly recent
years , because it has presented some fresh options to coastal
decision_makers that possibly would not have been available had
these sites developed in a manner similar to adjacent coastal
areas. What is done with these options——preservation , use, devel-
opment for coastal or non—coastal purposes——is not a national de—
fense problem. Rather, it falls into the broad realm of coastal
zone planning and management. Although th is possibil i ty of some
f resh  optIons is uni que these days , it is important  that  the
possibility be kept in perspective.
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First , only a very small part of thc NAR ’s ocean fror - t is cur-
rently occuppied by the military——say something under one—half of
one percent . On the basis  of i ri formatiot .  i’: .’Ii or e o  in Cc:c.morlCatiotm

w i t h  the  Nat i onal Shoreline Study  (136 ) outy about 200 miles of the-
5 ,700 miles of ocean f ro - .t r h n r i — I i : ; - s  in  t h e  NAP are Federally
owned. A l l  but  al ou ’ 30 of these  200 ri are it. : - u r  sta tes ,
Massachuset ts  w i th  near ly  h a l f , V i r g i n i a , M a ine  and Mary l anic.  w i t :  —

in these four stat s ho Federal :ceau ’ro::t cwm-r r shi p consi st s  a c —
most entirely of ton—defense facilities such as Assateague , Cane Co~
and Acadia Nat i onal Seashores , the  N A SA f a c i l i t y  it: Wal lops  i slan d
and several wildlife preserves . ‘~~E I~ O al t h o ug h pr-s -sine data or.
military—owned ocean f r cnt a ~- --- are not available , the tctal is prob-
ably very small , may be under r~e—hal i” of one p e r cent .  Mcci of
remainder is for ua-.’ai az:- I ot t er  fan l it  t en  clearl y re~ ut r i n g  a
coastal location ( 136) .

• Secor aly,  t i e  dec is s: : abancist .  a i - sf e u s e  coaoto~ fasility
car . have many impci r -an t lo ca isns on the social ar~c eo~ :c rr - is -  well-
being of the peopl e who ar ’ ~poe , .’ j  ty t i~e in s t a La t  -s:. or s - n ’ - -  it
and its emplo - 1soL . J’}:ese t r an s i t i on a l  nr oL~~~~:r m i s t  ne giver :  c a r e —
ful consideration ; t h - l r  ma~r : it~~1-~ in ~~‘di~ r idu a  cases cou ll C

ably override pr imar ily c o a -t a ~ per~~ ectlves .

A subs tant ial  r o r t i - o r .  of tr .e coas ta l  water :  in  t he  NAP are
varying deg re ts reserv ’u d for mi  : sary irposes . howe -Ten , upon exam—
iniation , most of th e s e  ~ar~ e area restri c ti o n s  tort .  out to  be ver-;
minor , e . g . ,  a lar~ -; maneuver or ~~lni u~~ry area reserved for  defen se
purposes on rare oosa : io : :s , say a few Jay s a year .

like all oc: tants of tue coas t , The m i l it a r y  is automat icai ly
involved to varying degrees w i t h  most coasta l  problems such a: tr.c:e
associated wit : po ution . because pc _ ut ion f rom mi l it a r y  ruser -.ra~
tions is mucu mor— closet:,- relat ed to th e  overall  prob tom of pc l lu—

• tion than it is to to military , s u c h  p rs - i lern s are iute~ rated in t o
the overall subject of w as t e  d i s p - t  sal raTher  than broken :-ut f-o r
separate treatment w.d~-r nat i :a defense, the sane aptr:ach ap-
plies to the mi l i tary  asoect s  of oThe r coas ta l  -u s e s  ano pro Sier:: .
As a result and because  ~ure iy de fen se  problems are C ON s ide  th e
scope of t h i s  s tud y ,  no saraN -- n a t i on a l  defense pro Sier : : were
selected for  de t ai led  a: al’i:is.

Land Use. Ar: irmcr - a:i ug ru stS r of ‘-so ‘tat  p las ters  are c:nol: 1—
- ‘ ing that the key to soaot aa T h a r r i n g  ar t - I  maoagors e r: is lar,o us-:- so:—

• trols. The p~ rpos ’- to w h i c h  t ’  wan ~-r : : -  tt  is pu~ i~x~ r ’ : a d::~ r.aut
influence on the use of t o - - coastal curs e especially oceanwar of t h e -
shoreline .

Acceptance of t h i s  c o n c lu s i o n  does not r~ec--ss arti y carry wits i~
the license for - ‘oa: oau p lan t er - ar i managers t o  coot  r sl c - ‘ t : ts l  laud
uses.  In some places such a: the : t w  York M --  ropol i tan  area , ‘h e
urbanity of the situation mi~~: t 1tito F nope r i~’ overr ide i ts  “:‘-a:tal—
ness.” Furthermore , it 1:: not to r e : - — t r i l y  clear in a:l cases that
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centralized planning and man agement ought to override h i s tor ic ,
local , market place , and individual mechanisms despite their im—
perfections.

The above thoughts are sot to argo-: at this point either for
or against centralization of land use control. They are intended
to illustrate the  na-eu to guard against categorical simplifica—
t ions . The degree to which land use con trols are j u s t i f i e d  and
politically realist ic can only be dec ided after a much deeper
probe into the overall problem of coastal planning and management
probably at the level of an indiv i dual s t a te , because of the all—
purpose breadth of viewpoint for t h i s  regional :tudy it was de—
cided , wi th  the  exception of coastal erosion and flooding , not to
treat land use as a separate pr -d iets or series of problems . in—
steari it has been in t eg ra t e—u into each use pro n 1cm and into  the
over~il  need fu r  improve l p lann ing  and management .
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GENERAJI CONSIDERATiON S

COASTAL PROBLEMS

Anything which i n t e r f e re s  w i t h  the object ive  of Improving the
usefulness  of the coastal zone to man , for  now and for  the f u t u r e ,
may be considered a problem.

• Problem Types. Two of the most common type prob lems arise from
natural limiting factors and from conflicts between human uses.

Natural limiting factors may or may not be controllable. Exam-
ples include seasonality, resource availability and storms.

In conflicts between human uses, the maximum attainment of one
use might prevent or greatly diminish the attainment of another use.
Even the former case is not ipso facto “undesirab le” if the e f f e c t
is localized and the total gain in human value exceeds the losses
in uses foregone or diminished. However , it often happens that the

• dominant use excludes the other uses to the point where there is a
net loss.

To minimize use conflicts their existence must first be per-
ceived. Where the conflict cannot be eliminated , some sor t of
social tradeoff is necessary based upon indepth knowledge of the
interrelationships between all major coastal uses and of the human
values attached to these uses.

Actually both types of problems are closely related, and they
do not, be tween them , embrace all possible problems, e.g., problems
in ascertaining the real values of peoples. Nevertheless , they do
form a handy sieve in broad investigations such as this to increase

• the likelihood of getting the major difficulties to the foreground.

Problem Locations. As viewed in cross—section perpendicular to
* the coas tline , problems tend to peak on the shoreline itself and

the areas immediately adjacent to it. Here are located the spawn-
ing and nursery grounds for many species of fish, the most acces-
sible mineral assets, the areas most affected by waste disposal,

• the beaches, marinas, aesthetic focal points, ports, airfields ,
coastally—dependent defense installations and a host of residential,
commercial and industrial land values, which derive essential or
considerable values from their coastal location. Perhaps the most
significant of these many problems derive from competing land uses
along the coast and from the great sensitivity of living marine
resources to the effects of many other uses, especially land fill
and Waste disposal.

Moving farther out to sea, problems tend to. be reduced by the
dilution effects of the ocean and its relative inaccessibility .
Inland, the coastal aspects of problems tend to fade into decreas-
ing significance, and merge with and become lost in the overall
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prob lems of m an. Many coastal problems , of course , such as p o l l u -
t ion  and shoreline erosion , have sources f a r t h e r  in land  or seaward ,
but theIr coas tal impac ts are generally concentrated at or near the
coastline .

Problems along the length of the coast tend to peak at estua-
ries. Because they are mostly located at the mouths of rivers,
populations tend to peak there. Ports, land values and recrea—
tional concentrations are at their greatest there. Inflowing
rivers greatly influence the quantity and quality of their waters.
These urban related uses , although severe , are a cus tomary par t of
urban planning, inland as well as coastal. However , unique to the
coastal zone is the high weighted value of these same locations to
living resources. For the nation as a whole, it has been es timated
that about two—thirds  of the commercial f ish catch is “estuarine
dependent.” This means that they spend a significant part of their
life cycle in estuaries, whether spawning, nursing or living there
or passing through. From a strictly economic point of view , it is
hard for the commercial fishing industry , with a total national
dockside value of $450 million annually, to stand up agains t urban
demands for “front” land which goes up as high as $3 million an
acre in downtown Manhattan.

Problems Selected for Special Analysis. To focus the analys is
on a digestible number of major coastal problems in the region ,
the information acquired during the interviews and l i terature
review was evaluated under the framework. Judgments were made on
such things as: the relative severity of various problems ,
natural limi ting factors and interrelations between other water ,
and related land resource uses both coastal and inland. The base
of some problems was broadened to include several previously
delineated as individual problems . Other problems were subdivided
to provide the increased focus judged to be desirable. Thus “con—

• servation of wetlands” was broken out from “living resources” , to
wh ich it primarily relates , in order to give wetlands additional
specific attention. For similar reasons , pollution was subdivided
into three sub—problems——water pollution, thermal effects and
solid waste disposal. Upon completion of this broad analysis, a
f inal  list emerged. In the later analysis of selected problems,
therefore , the appendix will contain an extended consideration of
how to improve the usefulness of the coastal zone to man for now
and the fu ture  in the following nine selected areas:

Living resources
Conservation of wetlands
Non—living resources
Water pollution
Thermal effects
Solid waste disposal
Recreation
Marine transporation
Coastal erosion and tidal flooding
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An important influence in selecting these problems was the de-
gree of importance currently being attached to them in each of the
12 coastal states in this region. Based upon information from
many sources , especially the 164 interviews, a very general pa t t e rn
developed for  the reg ion as a whole. The Importance being at tached
to these problems could be ranked about in this order. For the
reg ion as a whole , the importance being attached to problems could
be ranked about in this order:

* Major concern: Water pollution and wetlands conservation are
being considered as the most important problems . Following a
little behind are recreation and marine transporation. IL the
racing reflected a “man on the street” reac tion, as distinguished
from the informed opinIon evaluated here , marine transportation
would drop substantially. So far it is a problem which has not
been conveyed to the public .

Si gn i f i can t  concern : At midrange on the scale are problems of
living resources and of coastal erosion and tidal flooding. If
the rank ing reflec ted a “man on the Street ” reaction , as distin-
guished from the informed opinion evaluated here , commercial fish—
ing would probably rise and coastal erosion and tidal flooding
would probably drop. Memories of losses in great tidal floods of
the past are short lived and probability predictions for the fut-
ure seem unreal. Except for shoreline property owners, the public
seems to attach little relationship to their enjoyment of the
shoreline and the effort to protect it and them.

Lesser concern : Although there are importan t local exceptions ,
for the region as a wh ole coas tal problems associated with therma l
dissipation , solid waste disposal , and the extraction ut n o n — l i v i n g
resources are cur rent ly being cons idered as less i m p o r t an t  than  the
other six problems . Depending upon resul t s  f rom i n t e n s i v e  e , i r r ~- i i t
research on the effects of thermal and solid was te disposal  on

• marine l i f e , e i ther  of these two problems could move far up the
perception scale or drop out of sight. The extra tion of i t u n —
living resources, currently the lowest on the  pr ecepti umt s alc ,
could rise si gn i f i can t ly if  oil and gas are e x t r a c t e d  u t i  M a i n e
and if the crisis some predict in the supp ly of sand an d g r a v e l  is
satisfied o f f shore .

These gradations must be approached w i t h  care . They , m r e  tn ~~
based upon polling, nor have they been referred to  the st mt -s tu r
reaction. To arrive at them , t he Impress ions  u t  t l m o s & - who did th ~
interviewing and l i t e r a t u r e  search  were recorded indepeiid *~ : t  ly .
Where these impressions d i f f er e d  tb -v were discussed j o i n t l y ,n d a
concensus was reached . Tight definitions and rating systems w ’-r *
avoided as well as sharp d i s t i n c t i o n s  between “major concern , ”

• “s i g n i f i c a n t” and “ re lat ively ins ignificant. ” Thus the r e s u l t s  t in

be considered onl y as general impressions.  Other s , ~om r t i u l.i r l v
those concentrating on specific aspects of the coastal zone w ill
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undoubtedly have different opinions of where the concensus lies.
For the region as a whole a large cross section was interviewed,
well balanced geographically, functionally, and by institutional
levels——Federal , state , private , industrial, academic. The scope
of the study, however, did not make it feasible to maintain this
balance within each and every state. For example, substantial
coverage was given to solid waste in New York and almost none in
New Hampshire.
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P LANNING AND MANAGE MENT

Although the majority of those interviewed appeared to rank
the problems generall y in the order just portrayed , the experts
the mselves almost always generalized their answer at a higher
level; they viewed the need to improve coastal p lanning and manage—

• ment as the nun~~er one coastal problem in the NARO A similar con—
clusion has apparently been reached at the national level where all
currentl y proposed bills focus principally upon improved planning
and management. Thus , the more knowled geable peop le become on
coastal matters , the more they seem to recognize the large array
of uses and interactions which must be considered. Planning and
management a t te rt pts to provide this consideration.

Need for Planning and Management. Reasons wh y significant
planning and management effort may be required include: (1) the
extent of current and predictab le demand for coastal use , (2 )
limi tations of the resource base , (3) conflicts between coastal
zone uses and between coastal zone and non—coastal zone uses, (4)
non—market factors implicit in coastal zone uses, (5) importan t
knowledge gaps, (6) the need for decisions, and (7) organizational
patterns of split or multip le responsibility. These problem roots
are by no means unique to the coastal zone , but individually and
Collectively they seem to take on special importance when placed
in a coastal context.

Demand. Althoug h the tidewater counties in the NAR contain
only a small portion of the region ’s land, they contain the major-
ity of the region’s people. Their proportion of the region’s in-
come is probably even higher ; nationwide, 40% of the manufacturing
plants are in oceanic counties. In the first half of this century,
the leisure part of the Nation ’s time budget has been estimated to
have grown about 25% on a per capita basis and about 300% in total
(26). An even greater increase is estimated to have occurred in
outdoor recreation. Partially because of its proximity to popula—
tion centers, the coastal part of outdoor recreation has probably
grown even faster. Other major uses, especially waste disposal
and transportation, have also grown rapidly.

- - The region’s total population and per capita income are pro—
- ‘ 

~ected to double and quadruple respectively by 2020, thus produc-
ing an eightfold increase in personal income (Appendix B——Economic
Base). The coastal zone should maintain or even increase its pre—

• sent proportion of these increases.

Limitiations on the Resource Base. The physical dimensions of
the coastal zone——its shoreline and its seaward and land ward areas——
are generally fixed, Only limited parts of the zone are suitable

• for certain uses. Locations suitable for major ports, for example,
are generally fixed. As vessel drafts Increase, fewer locations
will be able to accomeodate them. Only about 27% of the region’s
8600 miles of shoreline, including bays and estuaries in addition
to ocean frontage, are currently suitable for beaches, and public
access
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is current ly  l imi ted  to about 17% of the coast (136) . The use of the -

coastal zone for recreation is severely l imi ted by seasonal tempera-
tures with virtually all bathing having to be accommodated In the
three sunurer months . Social factors tend to concentrate this summer
use mainly on weekends. The regj on~ 5 acreage of important estuarine
biological habitat has diminished physically by about 3% In the last
20 years primarily to accommodate urban and navigation needs (153).
Its usefulness for habitat has diminished even further due to changes
in water quality.

Conflicts Between Coastal Zone Uses. As might be expected , the
heavy growth of demand cited earlier has produced an increasing nun—
ber of conflicts between alternative uses of the coastal zone . In
itself , this is not necessarily bad , as competition often serves to
determine the use—priority giving favor to those upon which society
places a higher value. However, unless non—market values and external
effects are given proper weight , competition can produce solutions
which do not adequately represent the best overall, long—range inter-
ests of man.

Fi gure U— 4 outlines some of the conflicts which can occur between
different uses of the coastal zone. Three preliminary notes are in
order:

First, the list is intended to be reasonably comprehensive, but
It is not complete. Its purpose is to illustrate the variety of use
conflicts coastal planning and management might consider. Detailed
development of each conflict is not feasible in this study.

Second , no judgments are intended as to who is the “guilty party ”
and who is the “vict im. ” Neither prior use , nor economic value , nor
non—market values nor any other -scheme, is by itself a complete basis
f or jud gment. Thus the prior utilization of an area for fishing (or
commercial development) and the environmental characteristics asso-
ciated with that use do not automatically put it in the preferred

• pos i t ion .  Uses can and should change as society ’s values change. To
perceive and reflect these changing values is a major role of plan-
ning and management .

Third , the word “can” is used in describing each conflict to
imp ly that there are ways of minimizing or neutralizing the conflict
or even turning it about to produce a complementary effect. It is

• beyond the scope of this analysis to present detailed means of doing
this , but some illustrative examples are suggested here and in the
analysis of other problems. In general, such solutions are brought
about by new knowledge and methodology produced by research ; and
alternatively, by studied tradeoffs based upon an awareness of broad
human value systems.

To simplif y presentation the numerical entries in Figure U—4 are
indexed to the following sub—paragrap hr which briefly describe the
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conf l ic t s :

(1) Among its internal conflicts , commercial fishing is affected
by cverfishing.

(2) Runoff from insecticides , herbicides and agriculture and
industrial chemicals can affect fishing.

(3) Oil wells can become hazards to fishing fleets particularly
dur ing  periods of low v is ib i l i ty .  This is especially true
if , as some maintain, fish concentrate about the wells.

(4) Extraction of mineral resources such as phosphates , sand
and gravel can diminish biological ac tivity in the extrac-
tion areas.

(5) Fishing access can be limited in areas used for non—living
resource ex trac tion and navigation.

(6) Large oil spills i’ncident to oil extrac tion and navigation
can limit fishing, \~ecreation and aesthetic satisfaction.

(7) Deposition of dredgi’pg acquired during non—living resource
extraction or navigation improvements or for fill for air-
ports and other land uses can destroy important wetlands.
In some p la ces, however , th e spoil is being used to provide
new wetlands or extend or improve those now in existence
(31 ) .

(8) Liquid, thermal , rad iolog ical and solid waste  disposal can
harm or dest roy f i sh  or make them inedible ; however , in
some cases controlled disposal of wastes might benefit fish.

(9) Uncontrolled or artificially—induced changes in sediment
loads can affect fish. For examp le, too much sediment can
smother benthic life. In other places it can build up wet—
lands or provide desirable bottom conditions .

(10) Excess phosphorus and nitrogen, frequently a produc t of
was te disposal , can accelerate natural geological aging
processes (eutrophication), with fishing being a prominent
victim

(11) Mass recreation can adversely a f f e c t  f i sh ing  hab i t a t s  or ,
in the case of sports fishing, result in overfishing.

(12) Diking of f  salt water areas to create freshwater  reserves
for water fow l can destroy salt water f i sh  habi ta ts .

— U— 30

•?~~~~~~~~~~~~~~~~ •
~~~~~

—
~

— -- —

.4



(13) Mosquito control pr ojec ts employ ing insecticides can harm
or kill fish or render them inedible . Drainage and diking
methods can have t~ixed results.

(14) The construction and operation of marinas in wetlands can
affec t fish habitat.

(15) Pollution from boats can make shellfish inedible and can
limit recreation and aesthetic satisfaction.

(16) Hurricane protection and shoreline erosion works——developed
to protect life and recreational and land use values——can
produce undesirable ecological changes. However , it is
possible in many instances to minimize , eliminate or re-
verse these ecological side effects.

(17) Temporary , intermittant or permanent restricted defense
areas—— imposed for reasons of safety , security or militar—
operations——can interfere with fishing, non—living resources
extraction , recreation and navigation . (Other byproducts
of national defense use such as waste disposal from coastal
installations and vessels can signi f icantly affect coastal
uses. However , these conflicts are coded under the more
generic uses such as waste disposal and navigation.)

(18) The sensitivity of fish to environmental change in general
can impose significant inhibitions on land use in coastal
areas.

(19) Almost all uses can destroy undisturbed areas required as
base points for ecological ressarch.

(20) The extraction of non—living resources such as oil, sand
and gravel can adversely affect shoreline aesthetics.

(21) Waste disposal can limit recreational use of the coastal
zone. If the disposal is signif ican tly in tense , it can
also affect aesthetic satisfaction to the extent that its
presence is perceived.

(22) The more severe forms of pollution, to the extent that they
affect other potential uses, can have varying adverse
e f f e c t s  on land use.

(23) High density recreation can destroy low density recreation
and aes the t i c  sa t i s fac t ion .

(24) P r iva t e  uses of the shoreline , especially residential  use ,
limit public access f 9 r recreational and aesthetiq purposes.

13—31

:~: ~~~~~ -



- ~~~-~~~~~~~~~~~~~~~~ - --- - -- --~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

(25)  P1easure c r a f t  can co l l ide  w i t h  shi pping esp ec iall y during
periods of low visibility and heavy traffic.

(26) Industrial and sometimes commercial uses of waterfront
property can limit recreational , aesthetic and residential
potential in the vicinity.

(27) Piers and adjacent port areas can present aesthetic blem-
ishes espec ially in locations of high public visibility.

(28) Some defense uses of coastal areas can affect or deny other
land use values. Currently, Some defense installations
which no longer depend upon their coastal locations are
locating elsewhere. However , the social and economic im-
pacts of the relocation on coastal localities must be con-
sidered.

(29) Urban expansion often requires land which could be used for
coastally related uses. An example is wetland filling on
the outskirts of New York City.

(30) Port facilities can occupy waterfront of extremely high
value for other purposes. An example is in Downtown
Manhattan .

Conflicts Between Coastal and Inland Uses. These conflicts can
be even more significant than the internal coastal conflicts. As :
mentioned earlier, perhaps the most significant conflict stems from
considerations of the quantity , quality, time distribution and——in
the case of diversions——locational aspects of river and stream waters
as they enter the coastal zone. The legitimate requirements of
coastal users can differ significai~tly from the legitimate require-
ments of inland users. For example , fishermen in an estuary will
have a different idea of what the quantity and quality of an incoming
river ’s waters should be than people in an inland metropolis which
has l imited funds for waste treatment and needs to withdraw waters
for many purposes. To minimize this problem there is a great need
for priority research to define more accurately the requirements of
coas tal uses , especially fishing , and the incremental effects of
deviations from the ideal. Unless this knowledge is gained , major
costs in losses incurred or benefits foregone will continue to be
felt. The need for knowledgeable remedial actions and tradeoffs is
inescapable.

h owever, even without well defined requirements , the p o t e n t i a l
interaction between inland and coastal activities must be explicitl y
included in any planning process. The interactions can be evaluated
in terms of:

o Competitiveness——when an activity uses a resource and changes
i ts value for  another  use; such as waste disposal in a river which
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in tur n poli  ct e:: ~i! ’- -J~uary arid d i n i r i ~~~rs— n i t~ r~o~ eri :~~aa for  r~-c—
reation or f i sh  and d U f ~- .

• Coc~p lem~~ tar~ t v— --wh ~-: one use in - s r - u : - .. t ne  a Ya ~ r iment of
anot her  u: e ; ::-o-h a us s-n t: -:r:-:a~ ai :c: ar~~-- s f: - 

~~
- . pouo-r a: - are

used to !mp r ov- :  oyster or lobster fishing.

• ~uL :st ito~ ah-i i i  t:1- — — s n - - t .  a use ca: be so~ f~ - - - i  f ror. one r •- —
source to ai~ot : e r ;  soon ~~~~~~~~~ r . tre - ---oa::ta sat - - c: ar-- u t i Uz e u
for power cool ing in olace c-f :r .  a : i  f r - - . w a te r .

Using this c nc-~-t it - i v• _r -:- .~~ or ’’~ oLst~~ ar ::- - sc nec. 1~ ,
general rI~ L a - o n s : . ns L~~tWoe: .  - 

- a:. an - a:~ :t us’-: of wat -:- r
= and re-tat : t a .  : r : :oI~rces sa. ne ~r~:e s t - -  f ~li slgn l f icr e ~

of these t c r — r e i at 1 c c~--n i a s  :~-: S ra1o er -m.ied 4 0 0 n t i f i -o a —
t ion and the  cocci n e - r o t  oc of sj t - - — . - c - - o i f i c  c-on c t : o n s  r~e-yond the --
scope of t h i s  o ut l i n e  —— ~e : s o c e s~ c. 1-yon c toe  c r r en t  stas e cf
the  art . As a reminder th at  t O e - s e  r n - l u t  l o n s h ip s  are only s ugges-
t ive and not un = t ahL :o , the  sc-s-i c-a :. ” w i l l be ic-ed fr - - : i i e - : tl-; to
connote “ ur,Ic~-r  soro~- con i t  : 5 .

1 To f- -i r l J 5 - a t e  co r s a f  ib i l i t;  ~i - -

terminology em or e ’i t nrc - :g: o= :t t h i s  u~ p -- o Ils , t oe  f s l l c w in ~ so rt —
ments will be cas t w i t h i n  t~~e gensra ~ u. e— c a o a g o r i z a t i o n  f r a n e - w o : — s
previously adopted for t h i s  appendix.

Extraction of l iving r e sour ce s  (agr i  r u o t  or ’— , fi s h i n g ,  for e o r . r : ) .
If these i r i l~~ .u uses lr i t rod ucse c i gr . l  f l c a n t  j u o n t l t i - :s of s-est~ —

cides , h-~rb ic iae~ , and uu-1-anted -or s pe -r f ::~o nu t r i en t s  i n t o
streams and r ivers or if they divert  sign i f ic an t  Quant i t i e s  of
water to evapotranspiration and infiltration “losses ,” ti.-y  can
affect estuarmne marine life adversely and thereby be classi-
fied as comLet i t iv o  to coastal  uses.  Ac t i- i i t ie s  nc ie r ta ru-n  in-
land to imrr ovn - f i sh abw ; canoe in r i v c r —  t ha t  feed c ot u a r i

• are generally cor = .~~lu m e n ta ry  to similar efforts in estuaries.
Increases in ir:~ and protein production , pa r t i cu lar ly  animal
protein , can diroic sh the  press :r - for tne extraction of marine
food f i s h  and ther - sby  be classified as subst i tutable .

• Extraction of non—living resources (mine-rat ani petroleum min-
ing , consumptive use of surface and ground water for  a va r i e ty
of purposes). When these activities pollute waters entering-
estuaries throu~-i- . ac id mine drainage and toe introduction of
other unwanted  onemica ls  , t ney  can be comre~ itive with the-
extraction of l iv i n g r- -;ococrces from estuaries . Whe n san d ,

- gravel , petroleum and other non—living resources are ext racted
inland , they can re-b ce pressures on the same resources a. u:o,
the coast and t :.er e i v be considered su i = st i t u ta i ~~e.

• Waste disposal (liquid , soli d , thermal and other wastes).
When these wastes are deposite-J into water bodies which f eet

b estuaries , they can at’foct a number of coast-al uses , especi—
all’1- tne extraction of liv: ng reso :r~~ r , in a number  cf wa:-os
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t r u u g nt  out more :~~~iy i n  one -  later a: al:.~~e: of water pollu-
t i o n , t : e rmai : - ~ l .~~t ion and s ol id  sa; t :~~= c mi. , anu t :~_

~: be
consi i-.-r- -u us: .: - I t ; s  - u - -i - c , s o - - : ;  t he .: --  ua: t - -: ar trns. . —

m it t -~-d to uca:sa. sa~ er. i n  a c : ot ro l  : 1  ~~~ , t i e ,  car. some —
t ir  ien ~~f~ t u .-ant a .  u~- - - ~- - , Ja r 1-: sa:-~~. -~e- ex ca tic:. of
living 5 , an.  toss  L~~- 50n5 - i - . :- -~~~~~ . - : t . o O ’~~~~~~~ In
lad ca: ~o . es m c i ; : - -  t:.-.-r:-.a -n:n .::r. - . t 1 r rIsh
culturn- al.u LO~~ n lI,lV re-u : a:.i on , an-I  t o - - ad-sit icr .  of  - c - - ;  ir e :  

1 - ::t~~ -
” - : :~L ua.. tes art- u _ o j  c e - U  ut  or . _ a: . I ,

t he cra-~~ lc~ car. :e cc-:. . l u  rn - ;  r o  oa - 1- - -  a - m : t toto;~~~
-: se~~at . on —

SL I P  tO  n_ la ta: =i u c p o - = a _ . : 5 - s - l I e - S  a:- -- s a l _ t a : - - f l _ c , c o . l i o u
po nds , az.u toe d i sp o . a n  of i~~~l u-an t - - . on trie la:.-c a.. a :. —

r l e nt .

• kecre-atlur (uaoer ss:tacs spor -.: , o a t io g , spcrtc f i sh .n g ,
ou n t l ; g anu passive p . .r c u t n _ n01 c :.g Lc s~asu r~ ir iw  n~
ing , p i c n i c k i n g ,  an~ a ns e-r of a c t i v sies  g e- o n— i- a 
flable as ae.~t:etic appr- -0 a lu:.). i n_- W sf t :.ese in~ an- : -n ’-: - f
water and re la ted  ~w .d r e - u  u -c e- s  irsp an c o us fav -or a : - l~ cope :. c a. —

tat  uses. lhe  roaIr~ re-tat: o- o i p  o - r - — is c z e -  0: - : . t o r  - u .
these  forms of in lan : re-uru -ati or, gene-rant’. reduce recreut - - -
pressures on toe co a s t .  1h ss:se cases , t h e  iru an :— co a .  tao r-- —
la t ioo :oiu  is a su - - - : tars on-: . sxanruec  are :.e re at I o n —
sh ip  cetwe-u~ :ua. t an wat ch - ar- -a. a l - I  :n ~~ao-: cr- .-:e rve. a:. :
the move -men’. .~i plea: O S -  cr a f t  b~ t w s ’ ::. inian r an -I coas ta l
waters .

• Transportation (water , air an;~ land—cased). Here in san a—
coastal re la tiorisoi p.: ac- - especial ly  complex.  For exanple ,
whey ; inlan d waoe -r u a’n~ ar-s improv-:d for nay  l oa t ion , toe ant i - i : —

ties generally somp .. -:mnu.t marIon: transuoracion uses ; cit to--
Same ac t iv i t i e s  cal 5- - n a variety of e f f e c t s  on otoer coastal
uses depending cr lmari ly ~po :. wo tn er  toe ::.augss in n v-sr
regimen advers-n_ n_y or beneficially impact upon mar ine lit- aos
coastal erosion . Whey ai rpo r t: , roads an -c rall-says ar-s loca-
ted inland instead of along the  coast , or when p i p e - I ices are
used to t ranspor t  petrol- :ur. p:’o iu-or s i n  lieu of snipping , ‘~ce
inland—coastal relationship is t r i m a r ily  one of -- s t i t -o t a ;  I -
Railroad nets are often loca ted  to somp 1. e-mer: t  m a c - i n -  tr an :~
tation . An example is the system j o i n i n g  he Wes t Vi r g~ :;ia c a _
fields and the coal handling f a c i l i t i e s  at i ienrt o ; .  Road s ,
1lr g i r i ia .

• Land use (resid- .u.tial , commercial , industrial and defense d-:ve—
lopment s , open pac’ and activities such as flood control al
erosion control whi ol--. are significantly re ; ate: to lam b protec—
tiori and e n h a n c e-m e -n t ) .  An especial ly impor ant m l  a- o:—coa:tal
relationship here- is substit~f a b i l i t y.  Estuarinc- and ocean
waterfront is in gr~1a i . d’.-m ar ;d for a variety of coastal purposes
In coactan ~a1- nu u. e p l ann ing  of trie f  ~tur~1 , i n c r e a sin g  emp o asis
will nave to be pu aced  upon roo ’~ r ig development not functi -sca: ly
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10- la t n .-d to a coc: tat  location to itI 
- - - r : . ct t l v - -  010- .— ; ir;i i i i  1 .

bIllS CO 1 . s n it  ccl apply even in i r d - c  j5j i-:v- - . : e-nt : : .
parking lot: and power pl ant:; can : - e  - - u n - o s - s d  i n i an d ar e: t n -
l imited s c or e -  ao ;o cc; : -  - rvn -U icr In - . - j ~~~

- j  n_ —n -I ta~ cur ; - s e . .  u s .
as oat: .  ng beac ;:es ao~ ocean—c o: : c ’ - - - 1  o oe~ Ir e- ; : . ~ i — u :  cc:. —
trol ar -u low flow :t gm- - : tar :. a-::.. ~i I  t, Ic . ;  Icier::  w ; .j ~~:. en--; ’ -

o ut e--xtr :me kiign a l - I  .~ow f low . car1 a f f - —-: cc-ac t~~. in- - .- . in a
variety of benef cial and adv i -r .c -  way . ;  c - L i - f l - l i  rig upcr .  wl .e -te .e ;~
toese environmental  cxt . r n ;rn n: ; :  are j. ;  i c l :u tu - .av a c: ’. ;c1 ’tar~—
tageou: or harmful e f fec t  ucun coa. :tal mer l i n -  l i fe- - , : : :ne
and se -dime -nt—tra n sport , tu r t - i d i  :.y and ~: o I j .  ; : r ~~; .  h -  ~~ - - -

s h i p  between river regimen and cor:s- cue - t a .  U ;; ’ :S or:
in further detail later in t ; ;e- dj scuss io:,  of d h s s a ~ --o ~. - soy al- - ;

Jos~~uehamna River.

in summary , it bears repeating that the above outline is entire-ic
illustrative . It Is by no me-asi c “ cor:nn le-te” and every one of on .-
lliustratior;o contain numerous special c~u al i fic a t  ~uns beyor. to-:
scope of this framework study .

hcr. —mar -:so Factors .  As toe term i rrnj i ies , m e  c c c’s Ice - -o r.
w o i s h  mus t be included in any borad asses:::-: :nt of :. soar. values , :00
wh i cn  cannot be adequately expressed in t -rr = .: 0: :0; .P.~y an’J u- man s
t; r0ogo the economi c workings of ti,c rsarae -tp ia .s-s . These ron— ::ar~~ t
factors are very prominent in the coastal zone , but oney are by no
mean: exclusive to th is  zone . t hey  inc lude  i nc i lv i s i bi li t i e s ,
externaL ties and. irrevercibilities.

Am exampI’: of an indivisibility is commercial fishing as
currently or~ amized. Most of the commercial fishing resources are
common property . It would not greatly reward an individual to ex-
pand effort to improve or maintain any part of the re-source . It
must be manage- : as a wuole.

Pollution is a prominent example of an externality , usually a
negative one . From the disposer ’s point of view , little economic
reward and considerable expense can be incurred by extensive treat-
ment. Others have to bear the cost through decreased usage of the
water resource. There are also external benefits. An innovator ,
say in coastal m i m i n g ,  may have patent protection but he often does
not reap the full vat-un: of his innovat ion .

An example of an irreveroltility is toe filling of a wetland.

• It is highly unlikely that a fi lled wetland will ever revert to its
former stat e of biological p roduc t iv i ty .

A primary role of government is to r - - c o g n i s e  these types of
• non-market values and see t :.at t hey  are adequately represented in

the competition of coastal u se s .

Knowled&e Gaps. There are many importan t gaps in our cu r rent
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n5.OW~~n:Uf n 01 to ’s eoas a1 SOn’s • 1 ru -carnlj t u e  nest s ign i V i c a r ’, in
a-S ri s _  . : .uw - :cog-: -o f  t;~e requ.r- - r:ie:;1~;- for the  i iv : n g  rnn ; :os ro  of

In ’s -a .  fin-. t:~ey b~ mad .- nor .- or less p~ c-r. t i t . ;  ty poteno ;~
-:ou rig .-S w loin ::a:. ‘ coot rot—— er c i S  On . - : r e - ; : - -  c t  re-~~. c- ic , or a
Ous t Or. nc , .d l l; to be O l i n :  n o t  I-a -a: . s i n  11’ t:.ls i.s ru1uW n
surl -:. t coos r ug.- Is .:til I r~au .-q oat.: to n -v an sate- to ’s incr ’srrl ’sl.tC.1
ef:’sct of  o. cn- ;g- - an-s t :ie to ta l  ( market a:i : ri o r i —r sa r ~ ct )  cost s can -s
o c r i e f i t o  assoc~ ated wi t : .  toes.: incrementa l  snar~g-- - s .  W it ; oa~ s-un n
r.S ;Ow . .Cuf’s , soc iety  cann ot  nope to arrive a: a for cy matur e-  tract. - —
off be-twn-e -r; landward ano seaward demands .

lb’s - :n:c i  for bricis: or~ cannot be escaped. LV-sYi the aeclsi or.
to postpone dec is ior.  is a dec is ion . In the  Imterva. .  unt i l  a u-so- I —

:10:. is final ly r€- ache-c . , it may be toot valuable resources  ar e
• p ro tecocu.  It may eouul ly  be- toat  val uable os p o rt u n it i e s  ace

foregone. Perhaps the best formula is :  toe i i ig oe r  t~n- . unc ’sr t a lr.o I ,
the i r reversibi l i ty amu toe- ircr ortance of the  values cor 1r ;€nct ed w lt n
toe decision , the bet tcr  the case for a decision to postpone dcc i —
sion . sve-ntual decision , however , does not have to wait or. comp - I s t :
re-solution of uocertai:;ty . Wbe-r: priority researcr; cc:. e.:tabiis};
upper and lower limits of the conceting values , assuming the  be: .:
and worst of the uncertair ;t ies , ore: se-c. of values can often clearly
dominat e the other and a reasonable decision can be made .

Elements of Planning and Mamag~ r erit. Important aspee ’-s of plan-
ning and management are deciding what we want ( g o a l s) ,  what to do to
attain this , and how to put it into action . There are a number of
management devices such as land acquis i tion , zoning , subs id i za t i on ,
permits and other authority delegations . these are , however , riot
specific to the coastal zone . For the purpose of this report we
will concentrate on the organizational considerations necessary to
carry out the management functions in the coastal zone .

Organizational Consideration -. A number of organ iza t i onal cci i ;—
siderations have been incorporated with related aspects of the  pre-
vious discussion . This section will provide some general thoughts
and suam;~rize organizational aspects first at the state level and
then at the Federal , regional and local levels which will probably

- - participate with the state in varying degrees during the state ’s
planning and management of its coastal zone .

• Regardless of its level , a coastal p lanning and management
organization might reflect the following considerations :

Integrate landward and seaward perspectives. Enough has been
said previously of the reed to reconcile the different requi re-
ments of these two areas . An authority primarily oriented either
landward or seawar d may not be in the best position to make
balanced judgments .

Maintain a multi—agency character. Since the coastal zone is
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a geographic concept , one should not be surprised or consider it
unsound to see most agencies carry ing out their assi gned respon—
sibilities there . An authority should be oriented both landward
and seaward to be in the best position to make balanced jud~ nents.
For example , it might be better to keep outdoor re-creation under
one a~ency statewide than to separate out the coastal aspects of
outdoor recr~at ion and place them under a coastal zone authority .
It would thu s  seem that some sort of interagency mechanism is re—

~uired. Such mechanisms are particularly appropriate to compre-
hensive plarn;ing where a breadth of representation is desirable .
rrteragency solutions are not so quickly produced or as adminis-

tratively eff icient as single agency solutions . However , when
important long-range , lasting results are needed on complex matters ,
the shor t—term appearance of action can often be sacrif iced.

~a in ta in  a strong research capability . Whether it be provided
ir. — t ouse or wi th  con t rac t  assistance, the foundation of compre—
hensive coastal planning and managers-nt is knowledge . The planner
should have a capability to influence a s ignif icant part of the
research priori t ies .

Maintain a balanced approach . A comprehensive treatment of
the coastal zone should consider preservation and use and develop—
xnent ——not place any one of these above the others——of each major
use of the coastal zone . This need to view comprehensive planning
simultaneously from a number of different perspectives also augers
for an interagency mechanism.

Consider existing mechanisms. It may be desirable to build
upon existing mechanisms rather than to re Wurfle too deeply for
the coastal zone . A new mechanism can produce a very desirable
burst of initial enthusiasm, but th i s  often momentary advantage
must ‘be wei ghted against the sustained confusion possible through
a proliferation of mechanisms.

The logical focal point for comprehensive planning and manage-
ment of the coastal zone is at the state level. In keeping with
the principle of delegation of authority , this function should be
conducted at a level which is broad enough to comprehend most of
the significant aspects. Along the coast , the ocean tends to dam-
pen out e f fec t s .  Thus , water related problems are comparatively
much more transmissible along a river from stat e to state than
they are along the coast from state to state . It is easy to think
of some exceptions——ocean fishing , interstate estuaries , sand
transport in the vicini ty of state boundaries , e tc . ——but in general ,
the most appropriate coastal spar of control is at the state level.

A description of the current coastal organization of the 12
coastal states in this region would be unweildy (5b). Furthermore ,

- ‘ many states are currently in a state of organizational flux inso—
far as their coastal zone is concerned.
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Within the U.S. Government many organizations have responsi-
bilities which relat e significantly to the coastal zone.

The Water Resources Council is the exist ing focal point for
comprehensive , long—range interagency planning for the nation ’s
water and related land resources. It too is composed of most of
the coastally active Federal agencies. At regional level , it is
involved in many “Type 1” studies , such as the current NAB study ,
on a joint Federal interagency state basis. Its three river basin
commissions in coastal areas include lI~ of the Nation ’s 30 coastal
states. One commission is located in the NAB——The New England
River Basins Commission ( NER B C) .  NERBC also consists of the
Federal agencies and the states. Geographically , the scope of the

• Water Resources Council’s planning authority includes the coastal
water:;. However , the Council does not have management authority .
That authority resides individually in its members and the states
who implement the plans.

The Department of the Army , acting through its Corps of En-
gineers , has broad authority for the planning and constructio:- of
navigation , flood control , beach erosion , recreat ion, and other
facilities. It is charged with issuing permits for all offshore
facilities on the basis of navigation , fish and wildl ife , ecolo~~r
and public welfare considerations. It leads several major Federal—
state comprehensive water and related land resource studies in
this region .

The Department of Commerce provides socio—economi c projections ,
navigation services through. its Maritime Administration (MARAD) and
environmental services through ite National Oceanic and Atmospheric
Administration (NOAA ) which includes groups formerly known as the
Environmental Sciences Services Administration and the U . S .  Coast
and Geodetic Survey . NOA A has also absorbed a number of agencies
from other departments including the Bureau of Commercial Fishing ,
the marine part of the Bureau of Sport Fisheries and Wildlife and
the Marine Minerals Technology Center of the Bureau of Mines from
the Department of the Interior ; the U.S. Lake Survey from the Army
Corps of Engineers ; the National Oceanographic Data Center and the
National Oceanographic Instrumentation Center from the Navy; and

- 
S the Sea Grant Program from the National Science Foundation. Pre—

- . cisely what NOAA ’s coastal responsibilities are to be , have not yet
been announced , but they may be substantial.

The Department of the Interior , through several of its bureaus ,
has important coastal responsibi l i t ies .  Among these bureaus are
the U.S .  Geological Survey , the Nat ional Park Service , the Bureau
of Outdoor Recreation , the Buieau of Mines , the Bureau of Land
Management , the Office of Saline Water, and the Off i ce of Water
Resources Research.

The Department of Transportation focuses on the Nation ’s
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overa~~ transportation sys tem ~n oCn  , r ;t . r a ct s  1 ::s~urtantl~,’ s. t:.
coastal por ;s . The Coast Guard is r e spons ib le  for searcn . r
cue , ai ds to navigation , law enforce-rn-nt, anu o~ ia pollution ce-j r - -

measures .

the- recently formed or;v~ ror r : - : r ; t a j  - r(; L-c t i on  A gency r~a.: ar ,; i~ —

bed the Federal Water ~uality Admini .:trationr , the ~cst-u; at Ai r
Pollution Control Auinirdstration , th~ Bureau of’ lou d Waste Manage—
ment and several others . EPA has broad responsibility for inte-
grated. management of all aspec-ts of pollution .

The Council on unvironmental Quality has substantial overvle—:
authority on important environmental issues.

Within this region there are several significant interstate
estuaries where interstate planning and management should be con-
sidered.

• Narragansett Bay is primarily in Rhode Island, but part of
its northeast shorelines includi~s Massachusetts . The inters  ate-
problems of the Bay do not seej i to have a magnitude suf f ic ien t  to
require the creation of a new h i—stat e author i ty  Apparently
coordinated. effor ts  on a less formal basis is proving adequat e to
the two states.  Both states , of course , are part of the ILR~ C
which is managing and coordinating a comprehensive study in the
smme area.

• In Long Island Sound there is increasing awareness that an
interstate approach is required to adequately plan and p. to ill1
manage this large densely populated emba yment . A study of t h i s
area under the leadership of NER BC has been funded and work w i l l
start in the near future .

• The Hudson Estuary is one of the most intensively used estu-
aries in the world. Several existing interstate mechanisms have
subdivided between them most of the functions necessary for coas—
tal planning and management. These mechanisms include : The In-
State Transportation Commission (N ew York — New Jersey — Connec—

- 
- ticut ) with general planning authority , the Interstate Sanitation

Commission (New York — New Jersey — Connecticut ) with responsibil—
• ity for water and air quality and waste disposal , the Port of he-U

York Authority (New York — New Jersey ) with general t ranspor ta t ion
authority, and the Interstate Palisades Park Commission ( I e w  York —

New Jersey ) with limited authority for recreation and aestoetics.
In recent years there has also been talk of a Hudson Compact
modeled somewhat after the Delaware Compact . The precise reluce~on—
shi p between these authorities and their  appropriate role in c o —  -

ordinated coastal zone planning and management is a matter  for t~- .e
affected states to decide .

‘ In Delaware Bay coastal planning and man agement is a
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respons ibi l i ty of t r i - .~ l- uwar~ siv-r Ban s Commission . ~t i s  a
Federal interstate commission or~- - ro  -sod uriu e-r ~ coupa-:  wn i  on y e.

it very broad powers of r-Jannini ~: aid rn;rt1;a~~-men~~. It is e~~rr - r t i y
the only example of i ts  typo in th b i t e - i  II a~ - ; , but several more
are being cousidereu—— ;;un:on , lusq so i arir a and i- ,tor:rnic .

- 
- In Chesapeake Bay , one of Lne large;t estuaries in tne wort-i ,

no interstate planning an-s management mechanism exi st;; . A plan of
study has been developed by a Federal interagency state team ur;aer
the leadership of the Army Corns of drw, ineers  to conduct a long—
range comprehensive s tusy of tno  hay . A be-nt half of the study ’s
proposed $15 million cost is for a iar~e-: hy d r a u l i c  model. If tr io

• affected states of Mary~ ana a n i ’L i  r~~i n ia  conclude during , or as a
• consequence of th i s  stony , snas a rei;ic-: a1 mecr;anism is sce nt s ,

several organization problem;; will have to be faced. UnliKe the
Delaware , which is unified from its neadwaters to its estuary, or
1ong Island Sound which is alrea-iy under ~u .e area jurisdiction of
the Sew Snglam River nasir,: Corsrsission——C;iesapeake day mi~;nt still
remain fragmented. It appears clear , for example, that effect -

- 

- 
planning and management of the Bay must embrace its major tribu-
taries. Two of these major tributaries , the Susquehanna which pro-
vides about 50% of its freshwater inflow and the Potomac , are al-
ready being seriously considered for a Delaware—type compact . One
possible integrating approach , although unprecidented , would be
the creation of a Chesapeake River Basin Commission ~cssc ) unde r
the Water Resources Council. Ihe CRBC would provide for integra-
ted , Federal—state comprehensive planning for the whole area. Its
members would be Federal agencies , all the states in the area ansi
the Potomac and Susquehanna Compact Commissions. All of the mem-
bers , including the two c ompacts , wouio plan together. They would
execute (manage) separately , but under the influence of the overall
plan they jointly develop -~d. If t h i s  approach is not acceptable ,
two other alternatives are : a Maryland-Virginia mechanism only
for the Bay itself with the need to establish cooperative , infor-
mal , interrelationships with its t r ibutary compacts; and a con-
tinuation of current informal coordination .

• At the county level , a major example of a coastal planning
study is the current Nassau—Suffolk study . This study is iden ti—
f’ying the principal coastal problems , determining what information
is needed to resolve them and the sta te—of—the—art  with respec t to

• this needed knowledge . It will then formulate a priority—oriented
* research and data collection effort and employ the results to con-

struct a management information system. The system will store,
analyze and retrieve data, knowledge and decision processes rela-
tive to marine needs in hi—county area (20), ( 14 2 ) .

Legal  aspects. See Appendix S — Legal and ins t i tu t iona l  un—
vironment for a definitive treatment of the legal aspects of water
and related land resources in the North Atlantic Region . Coastal
law has recently been receiving considerable attention , sparked
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prominently by the Sea Grant program of the National Oceanic and
Atmospheric Administration. Two of the- m~ny broad c lasses of
issues addressed by this emerging discip line are boundary de ter—
uhinations and the legal aspects of land use- management in the
coastal zone.

Boundary determinations are especially importan t along the
coast because a number of jurisdictional authorities of inter-
national, federal—state , interstate and public—pr ivate importance
are tied to them. This is particularly pertinent to fishery regu-
lation, mineral extrac tion, defense use of the seabed , and public
versus private rights along the shoreline. Even when jurisdiction
is defined in terms such as a three— or twelve— mile limit ,
difficulties can arise because of some uncertainties as to the
location of the baseline from which these limits are to be measured ,
particularly where offshore islands and emb ayments present diffi-
cult tethnical problems of interpretation. Some states , Maine for
example , feel that they have certain rights far  out to sea dat ing
back to their rights when they entered the Union. Even when a base—
line is legally established it may change in some circums tances by
natural and even man—influenced accretion and erosion. The inter—
f ace between private and public ownership along the coast is gener-
ally tied to some tidal datum —— frequently mean high water —— but
it varies somewhat from state to state. Infrequent ly inundated
wetlands often pose special ownership problems.

In land use p lanning and management along the coas t , govern-
ments can use a variety of management tools all with important
legal implications. The basis for governmental decision—making
varies with the part of the coast being considered. In the fore—
shore —— that part of the shore generally held in trust  by the
state for the public welfare —— decisions are based on what is
judged best for the public good. However , along the backshore ——
the land just inland from the foreshore —— decision—making must
take into account both the public welfare and the rights of the
individual property owners. Since nearly 85% of the backshore in
the North Atlantic Region is privately owned , the legal aspec ts of
various land use management tools are particularly important to
government coas tal planning in this region. Governments can in-
fluence the use of coastal lands in four general ways: (1) by
agreements such as voluntary acquisition and desirable private
agreements; (2) by public policy inducements such as those rela—
ting to property taxes, cost sharing, planning maps and protection
of private property ; (3) by regulatory controls such as zoning,
subdivision regulation, building codes, ordinances , permits and
orders ; and (4) by compulsory taking such as condemnation and in-
verse condemnation. Each of these tools is discussed in Shore
Management Guidelines, a part of the current National Shoreline
Study of the U.S. Army Corps of Engineers. Problems of “taking”
are currently receiving much attention in the effort to preserve

b wetlands. Just how far government can legally go to res tric t an
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owner of coastal wetlands in the use of nis property is reeeivin~- 
increasing attention by the courts.
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SELECTED PROBLEMS

“Nature of the Problem. The living resources of the coastal zone
can be considered from a number of points of view. Among these
are:

o Recreational. Man y consider utilization of coastal living re-
sources for recreation to have a human value equal to or greater
than the other two aspects listed below. In states such as New
Jersey, the catch of the recreational f ishery is high ly signifi-
can t and so is the value of this act ivi ty  in those areas that cater
to it. (See discussion of recreation , page 116 .)

o Relationship to other uses. Living resources have a relation—
ship to almost all other major uses of the coastal zone . These re-
lationships may be viewed either as detriments or assets . In
Chesapeake Bay, the presence of the stinging sea nettle is con-
sidered a severe drawback by recreationists and fishermen. Also in
this area , as well as in Long Island Sound , the presence of dense
weed beds of species such as Eurasian milfoil and eelgrass are
classified as “nuisances” by boaters. However, the value of these
latter biota as wildfowl habitat is also recognized.

o Commercial exp loitation. This point of view is chosen as the
focus of the discussion in this section of the report.”

Currently, the commercial exploitation of the living resources
of the coastal zone centers on fishing and the har vesting of both
wild and cultivated stocks of shellfish. Other activities, which
are carried on to a lesser extent, concern the harvesting of
marine worms (Maine) and seaweed,!! (Maine and Massachusetts).

Indications are that the future could see not only a greater
return from these various harvesting activities, but also the
development of new methods of exploitation. In general, the
United States fishing effort is aimed largely at those species
readily marketable to the American consumer. However, it should
be noted that some other countries have found it profitable to
harvest species not otherwise desirable for use in fish meal pre-
paration. These include the undertaking of various forms of marl—
culture, as well as the development of new products from the sea,
i.e., drugs. However, s ince the finfish and shellfish of the
coastal areas will continue to be the main focus of attention , the
following discussion is undertaken with these species in mind.

!/ Irish Moss, a seaweed found off the northern coast of North
America, is the source of carragreen, a gel used in a wide van —
ety of products. Its harvesting is currently low, but its poten-
tial is estimated at $15 million annually. (76)
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Accordingly , the problem to be deai t w~ t ; -  r~-~~r is dt -~~~~~~ , e I
“how to increase the yield of the living r e n n u r :~~: tne  c a t a~
zone to advance the goal s of increased fe -- s up p i y  an - 1 -ca f -Cc -

n omi c development ,“ This problem def :. i  ti e-n is a-ed or. the as-
sumption that th e  e x i s t en c e  of a -ii an l~- is nn~ tr; Df S t Jj ~e is e
regional goal . The fol lowing d i sc  L : s in n  - n n c c - r n , s  surnmore~ a~ f i sh - -
ing as an industry in terms of the d e f i n i tI o n  of the prc - r len giv*
above . For further  discussion of t h i s  i s—1u tr ;i , see- Ap r on l i x  U —

Fish and Wildlife .

The rap idly exp anding world population has a great need for r.ew
sources of animal protein , and many ~e-ople are looking to the sea
as an important source . This drive is reflected in the increasing
effort devoted to the harvesting of fish in recent years . Between
19148 and 1968 the world harvest tripled from 18 million to 614
million short tons . (19) - The domestic U.S. market for these pro-
ducts has also experienced a fairly steady increase with a record
consumption at 8.7 million tons in 1968. (156) A projection in
that year showed a continually growing domestic market reaching
some 15 million tons by the year 2000. (60)

In contrast to this rising demand , the fishing industry in the
United States has remained fairly static. The United States has
dropped from second to sixth place among the major fishing coun—
tr es of the world since 1956. In 1968, it harvested only 3.8% of
the world catch . (60) In the 1959—1969 period , the domestic catch
varied between 2.0 and 2. 7 million tons . The difference in domes-
tic market and supply has been filled with an increasing number of
imports which in 1968 , a record year, totaled 6.6 million tons .
(156 ) Yet , it has been estimated that the known resources adjacent
to the United States coast are capable of yielding 22 million tons
per year on a sustained basis. (19) These resour•ces are currently
being exploited to a great extent by other countries .

This inability of the fishing industry to expand to meet a
growing demand in face of, at least in certain areas , extensive
resources constitutes the nature of the problem. This phenomenon
is even more pronounced in the North Atlantic Region than it is on
the national level .

Major Causes. The causes of this problem can be classified
into three major categories——institutional constraints , knowledge
gaps , and environmental conditions .

Exam~les of ins t i tutional constraints :

‘ The sum of the sections of Title 146 of the United States
Code virtually require American fishermen to use vessels built in
American shipyards. This prevents them from taking advantage of
less expensive vessels of more advanced design built overseas .
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• The Costs of l ia Li l it y  insurance are extremely high . In
par t , t h i s  is a res~~i t  of toe  Jones Act wh ich  states that  an owr.c~
is liable even , if seaman, negl igence is invoived in an accident .
ihese  n igh  costs cot deeply in t O  p r o f i t s .

• In boto she~~ ~~, r  f i n  f i  n . es , r— ~golat ions  on f i s n i n g
t-s cn i r i iqo es  say -- b - ce -n ,  st a r  I I  srreu to uro ’eo t  the stock from over—
f i sh ing . h owever , ~ :~~- c - -  r e-g~r i a t i on s  hay - in s teas  ten-ied merely to
decrease e f f i c i e n c y  ca-i. - in g  nor - f i s h i n g  ef fo r t  i -or  un i t  catch ar~~
ti~ereby se r vin g  to for ~ n-: r ’ 1~- ’ ress ne economic pon-itio :~ of ba r—
vestors . ib i s  has oe-en true for many f i sher ies  off  the hew Eng-
land coast a. - well as toe oy st e r  m Iss try in Llar land.

• Although t her e  ar-: many i : .t e rna~ Io: ,a ,L agreements regulat i ng
the eaten t echn i -dues  is of f shore  r~a ter s , no mechanisms exist to
enforce Onese a~reem--nts. Ibis 5,- S l it s  in over f i sh ing  to the
point w5ere valuc:r stocks are on-oar,~ ered.

Examples of knowledge gaps :

• Lack of knowledge concerning the extor t and rec ru i tm~ ra~ e
of mos t species caught by the industry in the borth  Atlantic Reg io n .
results in an i n ab i l i t y  to gauge the level of sustained yield .
This i s  evidenced by estimates of potent ia l  sustained increas e
widely ranging between one and t en fo ld .  If toe lat ter  estimat e is
correct , a serious underu t i l i za t ion  of valued species ex i s t s .

• Not enough information is available on the life cycle of
most species and the ir sens itivity to environmental changes and
man—made influences sues, as pesticides. This makes the effective
management and protection of these living resources impossible .

• Of the body of knowledge toat is currently available , little
f i n ds its way into practical use at toe harvesting level .

Examples of environmental cond i t ions :

• The destruction of wetland areas has reduced the required
habitat of many valuable species , i.e., menhaden striped bass.
This subject is considered in more depth in the next special prob-
lem , conservation of wetlands.

The pol lut ion of coastal waters has had a severe impact on
the commercial shellfish industry . Even when these specie:- have
survived , the i r  harves t ing  is limited by health considerations.
This  is true of both  clams and oysters in several areas of the

— b or th  A t l an t i c  Region .

The combination of these many factors has resrilte~ in an in—
e f f i c i e n t , fragmented industry una t t r ac t ive  to new employees and
incapable of expanding to take advantage of a growing rn~ rkc ± .
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location. This problem is found in all parts of the :~ortr~ At-
l a n t i c  Reg ion , s ince  -: ‘;e- r. s t a te  engages in some form of flssir.g
aCtiv:t,’ . (iabt-s i—I ) ~articular~~; affected are the offshore
f :ntishir:g a c t i v i t i e s  in Ma ssacn-sse ts , wO re toe volume landed

~ecr a u j o i~~~ JU ~e~~~~ C ) t W  1 90  The rr
T i r g~ ni ia  :.ac ai  - ext- -rl-:nce d a severe rerLstioo . The e f f — o t s  of
pollution : on the shellfish resources have a~ co L - -er. universa l  in
the hAi~, wits toe most coy- -re occurrences near the heavliy ponu~ a—
ted area: .

~me I,arac~ e-r: s t i es ,  In ternat ional ly  th e  commeru-i al f i sh
can,si, na,: i - c e - i -. i n c r e a s i n g  much faster than population over toe

g 5 t  seve r a~ de cades . U s - s l it e  this evidence of woat is possible
and the expanding d-oro-s-stic deman d , the commercial f i s h i n g  ins~ s-try
in this region: Sac not yet demonstrated an ability to become eco—
:, 05,1 _-a lo~ v i a i - ., -

I~arties A f f e c t e .~~ R~ ’sond the consume r , the  individuals m o : t
affected by this nroi t en - , are those involved in the direct harvest—
i n g  and pr o c e s s i n g  of finfish aol shel i f iss.  It is c~ ar ac~ eri st i c

TABLE U — 2

COMMERCIAL FISH CATCH BY STATES

Volume in Thousand Short  Tons Value in Mil l ion $
Sta te  1966 j 1967 1968 I 1969 1966 1967 ] 1968 1969

Maine 100 99 109 96 2 4 . 3  23 .0  25 .6  2 7 . 5

New Hampshire 1 1 1 1 .7 .7 .8 .9

Massachuset ts  205 173 169 140 4 6 .2  39.1 41.6  41.9

Connecticut 2 - 2 3 2 1.8 1.8 1.8 1.8

Rhode Island 34 38 35 dl 5.3 5.7 6.0 5 .2

New York* 32 19 30 20 11.5 12.7 14.4 13.6

New Jersey 49 62 62 46 9 .9  10 .7  10.2 10.9 -

Delaware 3 0 0 0 .3 .3 .3 .2

Mary land - ‘4 2  37 27 36 14.3 17.4 15.3 17.9

Virginia ~ 209 174 ~~~194 139 
— 

21.0 18.1 20.6 17.8

Total 
L 

677 
[_
605 630 521 135.3 129.5 136.6 137.7]

*These figures include a small c o n t r i b u t i o n  by inland fisheries.

SOURCES: Ad apteh and rounded from (155), (156), (157)
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of  In c  m ug!:,- ‘LitU t iOfl f ,‘ 1 14 thi s i n  iu : :  t ry  th a t_  , u l  ‘ t r o u g h the-
j~r-nuuc -r l’s ‘ 1- 1 ha . - n ’  n - u i r i - - I n t t ~~’ j e  , t n, - pros ‘n:; i ng rtr -I r’ - a - I i m g
1~’ve i . :  nay- - ~hr i i -- n a: i s p u r t ,: !, rt v ’ -  1 1 1 c r - n i .  - - I .

, Iol r u !  o n : .  A t r r - - - —~ r -ng- ’-i a bu rl : on t h i s  p r o : )  1 -rn : w o n !  I i t : —

c l n u - ’ a as ic c; u n r g - in  p n i i l u : u i : y  r’ g!ir: i inig trie - ‘51 101 ta ’. r u n  of
tho~: ’ -  l i v i ng  r - , : )Ln r c f ’ n i  , flew t -c lni i o lo g ical  urn- I  b i o l o g i c a l  r- - - - - a r c h ,
an - A an.  utS U a c I ,  011 bi ts cl1vmrurrr:r ’r1~ n i :  d fr’Ii Itit , n o i i  W h .  ti  t i m i  ts  he

ut:v-’lo pn :: :iit of pr oIie ’ m y -  n p c  L en .

lIre - fir: t ,; t op 10 W i  ir id u :;  Cr ’ ,’ r evit a l i  zat b r :  :;he 110 5:5 ’, ’ -

a n ,rj : ic  i ,n i i l o s o p t r Y  shw g- - toward th e p r i n c i p le of I i m i  t : m
21:e- e r r o r - n t view of thi’ living resources of the- )nna :t- tI

so n e  urn a cOmmoli pos rne : : s i  on to r e -  harvested at will Ir a ::  led to a
‘ i f I don ‘ t t u b ;  i t  sorn eut i  - el se  wi ll ” a t t i tu d e-  win i ci :  , a i t i r o u g :  -

u r : d . ’n ’ :Uand a b l’ - , do’ .: not beget an: optimum u t i l iz a b i o t ,  of t I r e  r - —
sources b l r ~/ ’ j  :ved .  11:- r e - su it, is an i n c rea se d  strain on tue- ‘j u l
sto ol-, ai u , a: mor n urvestors b’ sun’ -: invo lved , a ge-n ’s — i l L )w ’:r ~ !o,~
of the  p r o f i t .  Loss and less becomes divided ar- mn ,g mor- - u n - n  triO s-

‘ tir e I l i m i t e d  ‘s i tr ,’ p r in c i ple 15 See-li as a p it: tnt I ni l - ~ eft’-;ct iv -  -

way of combat, I i g  t h i s  problem. ‘Ibis evaluation is I!: l ist - a - t b
o~ t h e  experience of Virginia and Maryland a: r e gum -  I. : t h e ir  :;he -li  —

I lii: r e s o u r ce - s .  t ine i n i t i a t i o n  in V i r g in i a  of a lin: , i  ted en ’ s’-’
t m n i I o - ~oi~ny to p a r t  of its oyster industry has resulted in higher
yields aid  greater per capi ta  income for n a r ’ z -- : t c - u ’ ,; t l , an  t ire -ce in
al’fLanO where stock protection is w - i - ’r o ar nn n t L r , - i : ~n .  l i r i  Cu ’ j o I ns

on nurvooting effici ency .

In ~n t e -r’niat ionat  i nt e rp re t a t ion of t In - l i m i t’ ’ - o C r ’ : :  pr  r:’ip . e-
would be the extension of the t e r r i t o r i al  w a te r :  of t i e  U n i t - - i
Utates as nun-h a: ,: -veral hundred mi l e - rn  as r ome - U - i b m  Us -rica: .
countries nay- : done . ”

notbier factor in the solution of t h i s  n - r i 1 - rn 15: 1 vu .; ‘ r e -
cu r ren t  r e s t r i c t i o ns on boat purc hase , which shonid i- c

evaluated. The present regulations fu n c t i o n  n i :  a n ; t’~~ -~ t r  - f
the chip bui ld ing  indust ry  which , although pe- rh aps i r ’-ce : :ar s  a ’
the t in t :  of en actm en t , has become super f lune -u - . i-i n ’ - I s~ ei r f i ’

ascrut-:: to t i n - :  f i s h i n g  industry t sar : benef i t n - c  t n ’: s:rIpbn:

~-~ore research is needed to provide a g reat e r  on 1- - s t an -ni r ig of
t Oe  I I I .- cycles of valued species wit: :  a view Oe t -r m:~,- .a ’-- —
rnent . Ce-rub l in ed Wi t I n  t h i s  must come a re-cog ; t iort  of the cross
juri::dictiorial management needs required for ei’f’-ar ’ lye control of
migrating species. An effective agency with ‘rnl ’or - -m -r. t i :wn r:
w i l l  be ;~‘ - n ded to implement the cross j u r i s d i c t io n a l  a c tiv i t i
needed to manage migra t ing  stock .

b Research must also be directed toward u n c ~ v n ’r i  ri g new methods
of increas ing  f i s h e r y  y ie lds . This should be both in tern: of n r c ;
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harvesting methods of natural stocks as well a: ; t,he in t c r r : ; i vo cul—
- 

- t i va t i on  of certain species .

t i n e  -pact  of environmental degradation on the ire-lu : try rn u:- t
be minimi zed , pri marily by wetland cenr :ervat ion and jul ,tS ion Ce-li—
trol . The loss of wetlands should be arr’-n;t -d and t ir e  we -bias- i :
should be managed to improve the i r  natural cc - r . t r i  i ut ion S  to f I
abundance . Aspects of pollution control part I s-darly i - n e - f l  cial
to n-uru:,ere i a fishing are ( 1) the control of human fe - c a l  wa ste -n  in
she l l f i sh  areas , ( 2 )  the control of toxic materials such a. mer cury ,
and (3) the controlled application of “pollutan ts ” for nutrients ar e
habitat improvement . Examples of the latter aspect are- tie- crea-
tion of a r t i f i c i a l  reefs through selective disposal of solid wao t ’- : :
and the inducement of artificial upwellings at points of thermal
discharge . Barring unexpected. major breakthroughs in pollution
abatement techniques , the yield of edible shellf ish can probably
be increased much more rapidly arid ef fectively by puri f icat i on
methods than by reducing pollution enough to meet the very high
standards of water quality required for shellfish harvest.
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CONSERVATION OF WETLANDS

Nature of the Problem. The problem to be dealt wi t h  in this
iscussion concern s the destruction of the coastal wetlands of the

~orth Atlantic Reg ion and how and to what extent they can be con—
se~ved.

The term “wetlands” has been subject to many definitions , both
broad and na rrow , b y the political structures , private agencies,
and researchers concerned with their existence. For this discus-
sion , a delination was chosen which is patterned af ter  that used
by the U.S. Bureau of Sport FisherIes and Wildl i fe  in their surveys.
This delineation includes the marshes bordering tidal lands and the
Intertidal region.

The preservation of wetland areas in their pristine state is the
goal of many preservationists. However, in many areas , the pressure
of other activities does not allow for the complete setting—aside of
areas to be untouched by man. Also throughout most of the WAR it
would be difficult to find lands as yet unmodified. For these rea-
sons the term “conservation” Is used to reflect the broader goal of
maintaining these wetlands in some degree of functional integrity .
In this framework, the preservation of wetlands becomes one of the
alternatives of their conservation.

The nature of the wetland problem can be explained in terms of
the natural function of wetlands and their desirability as a site
for other of man’s activities. Superficially, this conflict seems
to be the standardd one of economics versus aesthetics and conser-
vation. However, a closer look at the natural function of these
areas also brings to light many secondary economic considerations
of considerable magnitude .

There are five basic functions of wetlands in their natural
state.

* 
° Nutrient recycling. Organic matter contained in the run-

off from upland areas and that brought in as part of tidal surges
is broken down by the microbial population of the wetlands or used
as food by higher life forms. Tties is formed the basis of a coin—
plex food web , many portions of which are harvestable for the bene-
fit of man.

Nursery area. The nutrient rich waters of coastal wetlands
provide the background for a rapid rate of photosynthetic activity.
In addition, the shallow waters of these areas allow for rapid
warming by the sun. This combination of a plentiful food supply
and moderate temperatures provides an environment conducive to the
survival and rapid growth of the fry of species impor tant to the
food supply of man.
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• W i l d l i fe -  habitat . The biot a  rich waters of tIn : wetlands  at-
tract many species of waterf~~l arid ma~~ als which are a source of
economic benefit and recreational satisfaction to man .

• Flood plain funct ion . W n i e - n i  they are- inundate ’I , wetlands ab-
sorb large volumes of water ( valley storagi-  in  flood plain ter-
minology ) and thereby help mit igate the potential damage of floods .
Wetlands , with their  boglike substrate and dense grasses , can also
serve in a limited way as a buffer in absorbing the force of storm
tides and waves.  This is discussed later under coastal erosion an’I
tidal flooding.

Erosion control . the same physical characteristics which
serve to protect upland areas also nerve to prevent the filling in
of adjacent waters by silt running off from these land areas . The
removal of this mode of natural sediment control results in more
dredging of adjacent waterways to maintain their  navi gabil i ty .

The relationships between wetlands and fish abundance needs
better quant i f icat ion. Two of ten—used  gross indicators are ( 1)
annual production of vegetation in tons dry weight per acre and
( 2 )  the estuar ine—relat ionship of the commercial fish catch.
Under the first approach it appears that total productivity de-
creases markedly northward because of shorter growing seasons.
For example , the annual production of smooth cordgrass in tons
dry weight per acre has been reported as between i 4 l ~ and 10 tons
in Georgia , 2.9 in North Carolina , 2 .2  in Virgin ia, 2.0 in Dela-
ware and 1.3 in New Jersey (161). Under the second approach ,
Table U—3 depicts the part of the commercial fish catch represen-
ted by “estuarine—related” species , those species which spend any
significant part of their  l i fe  cycles in or passing through es-
tuaries. Although not all estuarine—relateci species are neces-
sarily dependent upon wetlends , the information in Table tJ—3 does
provide a general first order approximation better than any broad
index now in use. Using Maine for illustration , it appears that
something under 19% of its commercial fish catch is significantly
and directly related to Maine ’s wetlands.

Because of their location at the land—sea in terface , wetlands
are seen as ideal sites for many act iv i t ies  which jeopardize , to a
greater or lesser extent , these natural functions . For many of
these activities, a location at thi s juncture  of land and water is
a necessity , i .e .  port faci l i t ies. However , for the majori ty of
act iv i t ies  being located on wetland areas may be desi rable or
economically beneficial , but it is not essential . The use of wet-
land areas for sol id waste disposal , dredging spoil disposal, re-
sident ial development and most industr ial  developments fall  into
the latter category .

Major Causes. The traditional view of wetlands a:— “wasteland”
t~ be “improved” has been a basic cause of the dest ruct ion of many
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TABLE ;—3

l-:~~1LAkIN [— RI - ; I AFl-!i 1-ISH CATCH

— — I n  Sun ill ion docks ide Vii inc of 1968 commercial fish cni tc li — ’-
r 

N . h LISHIRJ CO U I IT  N . Y . 1  N . J  )i- l ~~~~~ _ _ _ _

F i nf i sh :  
[

Es tuar inc
r e l a t e d  .2  — 9.5 1.9 .2 2.4 2.9 — 1.7 6 . 5  25.4

Total 5 . 6  — 2 5 . 6  2 . 8  .3 3 .0  3 . 4  — 1.7 6.6 49.0

7. estuarine
r e l a t e d  3 — 37 68 71 81 87 l0( 100 ~~) 5 1 . 7

S h e l l f i s h ,
et c:

Estuar m e
related 4.7 — 3.0 .8 .1 - 8.3 5.7 — 14.3  11.6  4~~,0

T o t a l  20 .0  .6 16.0 3 .5  1 . 2  11.4 7 . 3  .2 14.3 14.0 88.4

7. e s tu n i r i n e
r e l a t e d  2 3  3 19 2 31 75 78 10( 100 83 55 .4

Tota l

Estuarine
r e l a t e d  4 .8  — 12.5 2.7 .6  1 0 . 7  8 . 6  . 2  16 .0  1 8 . 2  7 4 . 4

Total 25.6 .7 41.6 6.3 1.5 14.3 7.3 .2 16.0 20.6 1 3 4 . 1

7. estuaririe’
related 19 3 30 43 40 74 85 95 100 88 54.2

~iinor d i f f e r e n c e s  in s u b t o t a l s  and pe rcen t ages  due to r o u n d i n g .

SOURCE: Data  computed  f r o m  (156) .  L i s t  of e s t u a r i n e — r e l a t e d
species from (170).

U-SI

~ 
~~~t’ -~~~~ - ~~~~~~~~~ ~~~~ . .~~-- . — - . - .~~.

— — --.-------- - -.-- --~~~~~~~~ ———- — ---- ---. -—- _ _ .___. _ ___. __ r_______ __ _ _
.

____ ___ _ _ _  - —.—.-—I ~~~~~~~~~~~~~~~~~~ .—----— —----- .. - - ~~~~~~ — -- — .--—--— - ~~~~~~~~~~~~~~~~~~



- ~—-_L~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

of these areas . Lacking in the spectacular beauty  of a mountai n
peak or a waterfall , they have seldom bee :: prized for themsel-je::.
A lack of understanding of t h e  importan t natural funct ions  w i l d .
they serve has also contributed to thi s misconception . Even when
these a t t r ibu tes  become apparent , the inabi l i ty  to put a dollar
value on them becomes a stumbling block in combating the economic
pressures for wetland modification .

‘this phenomenon is particularly apparent at the municipal
level. Present patterns of land ownershi p and zoning prerogat i ve-n :
leave the management of a major portion of wetland areas in the
hands of these local governments. These agencies are constantly
faced with  the necessity of increasing their tax base in order to
supply the costly services demanded by their citizens. The de-
struction of wetlands by filling to make room for new industry or
better  housing is ar-n often chosen pat h for s a t i s fy ing  th i s  need.

Other demands of local residents are also sa t i s f ied  tLrough t l .e-
modification of wetlands . For reasons of both health and comfort ,
extensive dredging is often undertaken in wetland areas in an at-
tempt to eliminate the shallow water breeding areas of mosquitoes.
Th is is oft en done in conjunction with  the extensive appl icat ion
of pesticides which also destroy other biota of the area. In ad-
dition , wetlands have been used extensively as dumps for the wastes
generated by urban areas . This not only results in the destruction
of the wetlands but has serious impacts on offshore areas.

Near major ports , such as New York and N orfolk , large areas of
wetlands have been lost through the dredging and associated spoil
deposition associated with navigation improvements . Such major
urban areas also indirectly impact on wetland areas via their
general water pollution problems and the resultant e f fec t  on tLe
biological productivity of these areas .

Thus , the destruction or modification of wetlands has been oc-
casioned by a lack of understanding , the economic pressure exerted
by bot h requisi te and non—requis i te  ac t iv i t ies , and the short—
range planning of local governments.

Location. The destruction and deterioration of wetland areas
and related shoal water and shell habitat , has emerged as one of
the major coastal problems of the North Atlantic Region . Although
cr i t e r ia  for def in i t ion  of wetland areas are not uniform and dat a
from different sources vary , Table U—li , adapted from the work by
Spinner (115), serves to indicate the location and, in part , the
ce-ver i ty  of the problem . The states having the greatest percent
loss of wetland areas are New York , Connecticut , and New Jersey .
W i t h i n  these states , the problem is particularly acute near the
major population centers .

I 
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~rABLE U — 4

EXTEN’! OF COASTAL WETLANDS I N  THE NORTH ATLANTIC REGION

ESTIMATED
COASTAL WET LANDS ACRES DESTROYED PERCENT

STATE TOTALS — 1954 1954—1968 LOSS

29,182 300 1.0
N . H .  6,060 150 2.5

~lniss . 45,895 1,200 2.6
R.I . 2,200 150 6.8
Conn. 14,744 3,200 21 .7
N . Y .  45 , 395 13, 000 28.6
N.J. 241,060 25,300 10.5
Del. 114,048 4,600 4.0
Md. 204 , 060 20 , 200 9 .9
Va. 210,250 13,000 6.2

Totals 912,894 81,100 9.4

T h e  acreage  of w e t l a n d  enumera ted  in Table U-4 only partially
reflects the severity of this problem . A comprehensive picture must
i n c l u d e  susie measure of the extent of wetland deterioration in terms
of reduced productivit y or loss of functional integrity. Although
this information is not currently available , in many areas the amount
of wetlands thus affected is felt to be considerable.

Time C h a r a c t e r i s t i c s .  The c u r r e n t  popula r  recognition of this
problem has served to retard , to some degree , the destruction of
these areas. Most states have , within the past three years, either en—
acted legislation to prevent  the f i l l i n g  and dred ging of we tland
areas or reinforced legislation already on the books . h owever , the
deterioration of many of these areas through the impact of other
activities associated with urban expansion , such as wa ter poll ut ion
created by waste disposal , is accelerating as population concentra-
tions increase.

Parties Affected . Marty individuals are affected both directly

• and indi rec t ly  by the des t ruc t ion  of these wetland areas. As implied
above , net economic benef i t s  usuall y accrue to municipal i t ies  bordering
these areas as well as to the industries and commercial activities
which are sited on these f i l l e d  areas.  Althoug h these benef i t s  tend

• to filter throughout the municipalities , some segments of the community
will experience art economic set—back , such as those engaging in corn—
mercial shell and finfishing activities .
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~L~- destruction of wetlan d areas also impacts or-i many r f - e r - a —
t ioinal  a c t i v i t i e s  which  depend in some I:n , asure on t h e i r  ex i s tenc e .

~u:io:ng these are hunting , f i s h in g ,  and passive activities such a.:
i i k i n g  and bird watching .

Sollutions. Two mechanisms exist for the conservation of wet-
land areas — acquisit ion and legislation.

The acquisi t ion of wetlan d areas by both publ ic  and private
agencies for the purpose of preservation has accelerated in recent
years . All the states in the North Atlantic Hegion have active
programs for wetland acquisition . Most of these are based on
voluntary purchase , but two states also possess the authority to
acquire land by eminent domain , e.g., Massachusetts and Connec-
ticut. This acquisition of wetland areas for preservation or

• limited recreational activity is certainly the most effective way
of combating the problem of wetlan d des t ruct ion . However , the
constraints of a lack of su f f i c i en t  funding combin ed wi th  an in—

• crease in the price of these areas has proved to be a stumbling
block in a t ta in ing the land desired.

A potential solution to this difficulty could be found in a
system of cost sharing wi th  the federal government as part of ,
perhaps, a National Estuary System . This dual level cooperation
has already been applied to the acquisition of wetlands in New
York (75/2 5 State—County sharing ) with some measure of success
(50). No generally applicable figure can be developed for the
cost of such an undertaking since price is so dependent on local
conditions .

Public acquisi t ion through the dedica t ion  of privately owned
wetlands to public agencies h a s  occurred and should be encouraged.
This mi ght be done through the development of better tax reduction
incentives . Similar favors could be granted to indivi duals g iv ing
land to p~’ivate agencies for the sole purpose of preservation .

Legislative controls geared toward the conservation of wetlands
relate primarily to dredging and filling activities . At the
federal level, this power is administered by the Corps of Engineers .
At the stat e level , th is  authority resides in a variety of agencies ,
and some states do not possess such controls .  This lat ter  level
is one at which a great deal more effor t is required to obtain
stronger legislat ion with a view to area planning.  In addition ,

• legislation should be developed to res t r ic t  wet land deter iorat ing
activities on valuable areas which cannot be acquired. Such
measures have been established in Massachuset ts , and have thus far
been used for the protection of over 12,000 acres of wetland. Thi s
legislation has established l imited  case precedents in recent
litigations and may well become an inexpensive method of protecti ng
these areas. In fact , due to the funding problems encountered by
the acquis i t ion  programs , r e s t r i c t i ons  upon wetland ac t iv i t ies  are
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l ikely to be more i n s t r um en t al  inn upgrading t:c: general 4~~~i i ty  of
— the wetland areas of the .ortin At lan t i c  hc~~i o r .

- Lastly , it must be noted that w- -tla dc do riot exist in  a
vacuum ie~u often suf fe r  deteriorat i or from the  indirect  impact of
oti er activities , i.e ., via water poilution dcc- to ups ’~rean. activ:—
t i e s .  TLuc a part of the sotut ior 1 to t~~e w e t l a n u  problem must be
in terms of a reduction of other environmental problems .
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NON—LIVING RESOURCES

Nationally, the extraction and utilizaLiorL of non—living rcsourct- :~
has one of the highest growth rates of the many uses of the conjstui
zone. In the North Atlantic Region this exp loitation and its ~issoci—
ated problems are currently limited both -n in ‘cnnc ’,n i t u de  and locale- .
The probability exists, however , that both aill si:,aificantiy increase-
in the near future. This increase will b~ associated with the inten—
sification of current extractive activities , as well as the utiliza-
tion of yet untapped resources such as oil and gas. The probable im-
pact of these activities upon the economy- of the coastal area , as well
as the quality and use of its land and waters , warrents its inclusion
in this appendix.

Some freedom of structure was taken in the writing of the follow—
ing discussion. A f t e r  a br ief  sec t ion  on the  na tu re  of the problem ,
each of the major sections concerns itself with a selected category
of non—living resources —— (sand and gravel , oil and gas, metals ,
and water). Within each of these sections , the problem dimensions
delineated in the table of contents are generally followed.

Nature  of the Problem. In the not very d i s t an t  past , the extrac-
t ion of non—living coastal resources was considered a problem onl y in
terms of the technology of extraction and the economics of recovery
and processing. Although some conflicts with other uses of land area
might occur , the value of the extracted prod uct was usual ly the over—
r iding argument in any decision made in an indust r ia l ly—oriented  and
rapidly expanding economy . The damage done to other ac t iv i t ies  and
resources was merely part of the price paid.

Although the • above philosophy is still in limited existence , in
recent years the picture has changed. The incompatibility of most
extractive operations with  other uses of an area has led to a consid-
eration of the value foregone in choosing resource exp loitation.
Conservationists have expressed concern over the impact of these ex—
tractive activities upon the biota of an area and the extent to which
these effects were unavoidable . Private individuals have begun to
vocalize their discontent as these exploitive operations offend their
eyes , ears , nose , and general aesthetic sense. Yet , all of these
changes have taken place against a background of increasing demands
for the prod ucts of this ~-~p loitation .

W ithin this framework of opposing values, two questions must be
considered both in terms of the goals of the NAR study and in terms
of the goals of the various political subdivisions involved:

• Should exploitation take place? This may not be an absolute
quesd cu~ but only one relat ive to time and place.

• I~ exploitation takes place , how can it be controlled for the
pro tection of the other legitimate activities in this area and still
maintain its viability ?
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Involved in  an s w e r i n g  these u e st i u : s  ar c  ~on s i c cr a t n ns 01 t l I C
h e a l i t v  and q u a n t i t y  of the resource , the  c 1st of recovery , the re—
cional  and n a t i o n a l  “need ” , the  a v a i l a b i l i t y  of a l t e r n a t i v e  r e - s o u r c e - s,
the impact of the exp loitation upon o t h e r  a c t i v i t i e s  in the  are-a , •I nd
t h ~ ec on omi~ - and socia l  va lue  of these  a ct i v it  i L s . n’~i - ~ -e questions
and c o n s i d e r a t i o n s  c o n s t i t u t e  the  b a s i c  “p r o b i t - m ” of n o n — l i v i n g  re—
s our c e  e x t ra c t i o n  in the coas ta ’  zone .

~ cd and t r L iv c l .  Cu r r en t l y t he  m i n i n~; of s c d  nod cruet-i from on—
s:nc -re and o f f s h o r e  sit e s  is the major  minera l  e x t rac t  ive a c t i v i ty  in
the coastal zone of the  North Atlantic i~egion. Associatt-d problems
are econom ic and environmental.

A s i g n i f ic a n t  pa r t  ~ f’ the cost of t Ls  aggrega te  is ~ts t r anspor -
t a t i o n .  To m i n i m i z e  t h i s  cost , e i ther  supply must  be located near
demand or very inexpensive large bulk  movements  must  be f eas ib le .  De—
ncn;d psa~~. 1 call y near developing urban areas with extensive highway
and b u i l d in -~ p rograms , and along beaches which are per iod ica l ly re—
plenished wi th  sand. For supply ing urban needs nearb y onshore sites
are f r e q u e n t ly exhausted , bu i l t  over or closed fo r  environmental  rea—
sons discussed later . The National Sand and Gravel Association pre-
d icts a generally critical supp ly situation near most urban areas
within the decade. The farther the source from demand the greater tue
need for very inexpensive bulk transportation. Thenc factors combined
with findings of Large quantities of sand and , occasionally, gravel
iii coastal waters  have made the following two alternatives , both of
coastal signif icance , increa singly attractive:

• For urban areas:  dred ging to barges and barge movement to de—
mand centers . Sand and gravel movements arc •-~1ready second only to
petroleum products in annual tonnage for most of th~ small ports near
urban centers , such as those along Long Islanc. Sound and Chesapeake
Bay .

• For beach renourishment : dredging and pumping d i rec t ly onto
beaches from either the backbay or ocean site.

The extractive activity can impact adversely on the environment .
Onshore sites can present a bleak picture of dust covered buildings
and wast eland .~like stretches.  Improper slope maintenance can cause
erosion of surrounding lands , and washing of the e x t r a c t s  can deposit
silt into surrounding waterways. Abandoned excavation sites can be-
come stagnant pools or open dumps. Trucking the mate r ia l  f rom i ts
source can be noisy,  dusty and hard on local roads. These conditions
have led many mun icipalities to restrict onshore extraction severely
or prohibit it completely.

O f f s h ore , material can be dred ged from the shallow backbays or
from d-eper open waters farther offshore . Environmental effects in

t h e la tter areas do not appear to be major although continuing

stud y is required especially of before and after conditions.
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i f  not s i t e d  an d  t X c ~~ U t C J  s - i t h  •a e , ured g i n i e  in sha l low c1ck b av
areas  can cause rica or cliv I r o n n : n L e n l t a I  U~1.~ O~4c . It is possible for such
d r e d c i i i~ to a l t e r  water e u r r e : t . ~ and t h e r e b y  t r i ~ , c - e r  subsequen t
cnn iti~ es in iocal eros i o n — a c e  re -t cfl e n t  te ron . If d~ e~ holes arc left
in the w ake  of e x t r — t c t i v e  ~~e t j V i t V , th e  o h- s  will tend to c on c en t r a t t -
the no rnra l hot torn d~-t ru u- - f o u n e  in t L i t -  vi A i t  y . A lack of water ci r—
c ula t i on  in hese oreas results in no -rob ~ ueco .ple it i o n  of this
m a t e r i a l  w i t h  t i l e  p r o d u c t i o n  ot  vuro -en sulfid e . These a reas  can
t hus  become i n i m i c a l  h a b i t a t s  f o r  most l i f e  :0mm-n . Silt suspended dur-
ing the dredg ing process increases the turb i dity o’ :e ir rounding w a t e r s
and thus reduces photosynthetic activity. As the silt slowly settles
out , it covers adi~~cent areas and be-conk-s a substrate which may not
be conducive to rapid recolonization by berithic life. In the worst
locations , where the bottom is actuall y removed or covered wit h spo il ,
it has been reported that it frequently takes a year or two for ben—
thic life to reestablish itself. (ill)

Many activities in the coastal zone are affected by the extraction
of sand and grav el , both positively and negatively. Foremost among
the beneficiaries of an extensive supply of aggregate is the construc-
tion industry which seeks to serve the demands for facilities by a di—
v e r s ity  of interests. Via this route , all residents of the coastal
zone are affected.

Recreational interests benefit in certain areas , like New Jer sey ,
from use of sand dredged by the U . S .  Army Corps of Engineers in the i r
beach rep len i shment  a c t i v i t i e s .  Navi ga t ion  and por t  development  ac-
tivities are aided by such extraction as part of channel dredging
projects .

Many of the diverse interests which can n enefit from a cheap one
ready source of sand and gravel can also be ad ver:;ely affected if the
environmental abuses cited earlier are alionct-d . Adlacent land values
can be lowered by the aesthetic impacts , shellfish areas can be harmed ,
and the attractiveness of the sites for finfish can be substantiall y
diminished.

There is little probability of developing economical substitutes
for construction and beach sand and gravel. Therefore solution de—
vices developed for these problems must be oriented toward mitigating
environmental effects.

In the on—shore excavation , more foresi g~it is needed in p lann ing
for the utilization of the land when mining is comp leted. The con-
stantly rising value of land near urban areas should permit a signi-
ficant amount of expenditure for land rehabilitation without the fear
of long—range financial loss to the private investor. An alternative
plan might call for the purchase by the municipality of areas suitable
for land and gravel extraction. Such areas could then he leased for
mining activities and later rehabilitated for public use. (88 ) This
planned reuse of mined—out areas will add new values to area commun—
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i t ie S  and ci iminate ti nt- “lost land ” ar~-u nm~- nt which often now bars ex-
ploitation in promising on—shore  s i t e s . I-’or example s  on Long I s land ,
see the l a t e r  d iscuss ion of Ar e -ni  13.

Some t ioug ht sicould also be g iven L O th e  impact  of the  m i n in g
a c t i v i t y  wh i l e  it is in operation . Physical structures can be cam-
ouflaged to improve their aesthetic impact . Settling ponds or some
screening mechanism could bc developed to  eliminate the silt deposi-
ted in nearby waterways. As extraction in specific areas is comp leted ,
rehabilitation of the land should be undertaken immediately so that
undesirable uses are not allowed to take hold.

As the technology advances , dredging for sand and gr avel will be
able to take place farther offshore . This further removal of the
activity will help to mitigate the impact on other area uses such as
sheilfishing. Regardless of depth , however , more care will need to
be exercised with regard to the bottom topograp hy. Dredging permits
should specify in detail the degree of leveling required or the net-
work to be dredged to eliminate the development of isolated p its. In
addition , more enforcement will be needed to ensure compliance with
the specifications of the permit. Such care may result in an indirect
beneficial effect to sportfishermen in areas where dred ging activities
result in deep interconnecting trenches. These areas , when properly
constructed to maintain circulation , provide wintering habi tats for
valued sport fish. Also , as on land , some innovative technique s need
to be developed to combat the dispersal of silt and its consequent
deleterious effects.

Considerable additional treatment of dred ging and sand and gravel
may be found later under the special problems of marine transportation
and of coastal erosion and tidal flooding.

Oil and Gas. The national demand for oil and gas is constantly
increasing. To meet this demand and to safeguard our economy against
a slowdown in oil imports , new reserves need to be constantl y searched
out and proven. Increasingly,  companies have turned to offshore areas
for these supplies. In this move , they have been faced with public
concern regarding the impact of the drilling activity on the living
resources of the area , as well as a fear that the extractive activity
and the movement of the petroleum to refineries will markedly increase the
likel ihood of a major oil sp ill and its consequent damage to fish ,
wild l i f e, and shoreline proper ty. This conflict has become a severe
problem.

One area which has become the center of this conflict is Georges
Bank , off the northeast coast. This region is considered to have a
good potential for oil and gas supplies; however , Georges Bank. is al-
so the site of one of the richest fisheries along the North American
coast. It is currently be ing f ished by many countries in addition to
the Uni ted Sta tes , and the possible effect of the extractive activi—
ties on this living resource is unknown.
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The impact of the offshore exploitation of oil and gas on Hnno r L- —
line areas would l i ke ly  be mixed . B e n e f i t s  could p o t e n t i a l l y oc de-

r ived  I ro n an inc rease  in economic  a c t i v i t y  r e s u l t i n g  f rom a n eed  t o
p rov ide  s u p p o r t i v e  f u n c t i o n s  in terms of n u i r b o r s , s to rage are~ts , ~~~
proces s ing  p l a n t s  f o r  a v a r i e t y  of p e t r o l e u m — d e r i v e d  p r o d u ct s . ikIw—

ever , adverse  e f f e c t s  would also be l ike ly f rom the  i n c r ea s e d  t l r e t
of oil pollution mentioned above , as well as the environmental degr~-
dation resulting from these increased commercial activities.

One solution that has been proposed to this dilemma is tin:m t ex-
ploitation be deferred indefinitely , and the area be maintained in
escrow until the need for new supplies becomes critical enoug i. to re-
qu ire its exp loitation. This alternative deserves serious consider—
ation. From the standpoint of environmental quality, the declaration
of th i s  area as a reserve supply would be a completely e f f e c t i v e  way
of avoiding any environmental  problems . In view of the comments con—
tam ed in the  Pres ident ’s Panel on Oil Spi l l ’s 1969 repor t , (92 )
th is solution might also be a bene f i c i a l  measure in terms of the
national interest.

If exploitation is chosen , a major effort will need to be under-
taken to delve into the extent of impact on the fisheries and possible
ways of mitigating any deletorious effects. Although the situation is
quite different , much information could be obtained from investigations
involving the biota in areas in the Gulf and off the West Coast where
oil has already been recovered for a considerable period. Efforts
will also have to be made to combat the threat of oil pollution . In
terms of the possibility of a vessel oil spill , new techniques wi l l
need to be developed to enable the containment and recovery of oil in
the rough northern waters . ‘ The technology is alr eady well adv anced
in terms of safeguarding against the possibility of a blow out . How-
ever , s t r i ngen t  r egu la t ions  wi l l  be needed to requi re  the application
of this advanced know—how , and inspection and penalty enforcement will
be needed to insure comp liance.

Since the extent of offshore oil and gas deposits and the impacts
of t h e i r  e x p l o i t a t i o n  on o ther  ac t iv i t i e s  is largel y unknown , no firm
dollar value can be quoted in discuss ing cos ts of problem solutions.
One can only speak in relative terms.

Involved in the immediate exploitation of these fields are the
value associated with the product , the potential income to onshore
areas from new supportive activities , the potential loss to the fish—
ing industry , and the certainty of some degree of environmental degra-
dation .

In the short term , the costs of put ting these offshore resources
in escrow is re f l ec t ed  in the value foregone in terms of cost of leases.
produc t value , onshore development potential and the economy of all
individuals and industries which use petroleum products. It is also
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reflected it. cor i m i ~d fi mh-- r~- ~j alut - -  and in the  avoidance of er . —
vi ronmental degradation . it: t~ e cog t’-rm: , t i e  rr~ bahii ity exi:t .
that the increas ing  t r~ i~ L~ - r b a r - i - - - :  ~~ th i s  r n I ~_ r r  -wable resource
will serve to inc r~-~c:e the -r’iJ :f t h - ~ :e deoca it s . In add i t i on ,
imp r o v e m er t s  i n  technol ~

-
~~- a r -  likel c to r f l - n  :s~- t t m  e m o s t :  s f  r e -—

covery and t i re  o c c a s i o n s  cr c cj i r o nr r r en t a  c~

Subetacti al au-li ~i ocaJ sr-~atrx-r t of oil pol l iti or: ma:~’ be fcw:d
later wider a- a lys i :  u f  t::~ tec~ al r r o : lems of water pol lu tion
and marine trar cp cros .i  - r-~~

~-~etai s . ii-r~- n a i y ,  the  exploit a  on of rrno ’ ac s in the co-arm al
zone of t ic  -~t la- . ic h~-~- on is -‘--- -t r i c t c - i to the  rico-. : ug of
ZInC arul copper or: the cea: t of M ai t -~ arno the extraS’ icr. of mag-
nes ium along the coast of :;ew ~Je rs-ey . ~-~airc e is also r ice  in otn e r
heavy mjnerals both o-ichore and under coastal waters , i . e .  moly—
bdenum in FerroL-e -ot -ay . however , no ml  a r c  ex ist  to cx: ract th ese
resources in the near f’ctur s  b ecrao--e of both their margir:a~ value
and the  imp act of mining a Ct i v i t i e s  on en ri r n r r r n e r n t a  quality .

I-ow grade demo -s i t s  of beryllisirn are fo am— i ii-. the wate rs
il ew E cg~ ac-c . ~o-n er  s 1:ric-rg~oi areas of the :;ort :: At1rix~tlo r- nr.
contain traces of r cor ium , t~~t ar. i :nm , urn-i oeoriurr . i-icweve~~, be-
cause of t n - : :  r uv — ~ r aac- and n .e cost of re m o’ery , none  of these
metals are thou~-:t . to i- h - a sour ce  of mining a c t i v i t y  in the  for -  -

seeable f tur— .

i-i: - ~ly adva:.c-o- , a potent ial  dc-es e x i s t  for the
recovery of macga: - - - and :.osr;ha : e -

- nl -s in deep areas c f f  t m n e
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Cape dod depend for a major part of the i r  water supp ly or~ under-
groun d deposi ts .  ~~~ nt , h ew Hampshire , Massachuset ts , ana hh od ’
Is lan d have only limited suhp it-s of this resource , rno:Lly in
glacial  deposits . The southern part of the North Atlantic Region
contains ex-tern s ive ccc: ,a - p~ . a n  forr ::ut i  a r c  r. t , especially i n .
helaware and ~iar-: a: a , these are mostly t rack is i : . In: hew Jersey ,
altuou~-: salt wa1er :tru::ior: may n -c a pr-s. - - r n , considera ’ ion is
being giver -, to making ex tensive  u-c c- of these coastal a j u i f e m ::  far
water supp ly . ho::eur cr:  is needes on the  effect of tue  u~ e of
coastal aoul ft-rs on ic e upwe~ ii r:~; -~f gm : wa’-2 r rn the w a t e r—
tidal zone and r;eio-~- mean low water , and on the inmmortur :ce of this
gr-ow:u water outflow to marin e  Ii tic in coastal areas •

As water dercar.u in : r o a : o c  t~~e mo c t a l  does exist for tu e  cc—
saliuizat:on of sea wat -r. Altha-ogr. ccrrernt costs of tr,is process
ar’~ big::, a comh .coacior :  of t : . i s  w i t : ,  nuc l ea r  power generation an-c
suneral ext r accov-~ a c t i v i 0 i ~i :: is p o s si t le . I ni s  is p a r ticu l a r l y
t rue  of tne hc-w Y c-r k— :o ,g Island area. ThIs  a c t iv i ty  could r:avC a
severe Irspa - . on mb- a c i n i s- ;  of ane  coastal area ~n terms if tue
w a s te  Lr ; u~~tO : ,-- :. - r’t --c . i t r i r . c e r n t  rer -latior -.s will reed to be

wit :. ‘- Y g a o - :  t o  t ine u e po s it i o n  of’ br ine .

The r ap :u~u- ~r. - r - - a s i r .g derrau ,u for electric power combi ne d  w i t : ,
tue  constraints ~:u:. ~pIauo water supplies and land stac-r will
necessitate the location of n--v generating plants on One coast.
Here the i rn- lu:t r :-  m a :  access to almost unlimited supplies of wa- - n
and , especiall .- i n ,  the  c- rt : ern areas , water of s u f f i c i e n t ly law
temperatur e to provide e f f i c i e n t  coo ling .  The potent ia l  e f f ec t s
of the heated ef f luent  or the biota of these areas is not yet
suff iciently under stood , but the potential does exist to put such
discharge  to use for aquaculture .

A more detailed treatment of cooling waters may be foun d lamer
onder analysis  of the selected problem of thermal e f f e ct s .
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WATER POLLUTION

Nature of the Problem. The problem to be considered here Is
defined as——how to reconcile the disposal of waterborne wastes with
other human uses of the coastal zone in an economically and environ-
mentally acceptable way for now and for the future.

Pollution , itself , is thought of in different ways. Some hold
that it is any addition to an environment which causes a significan t
change in the environment. Most emphasize “undes irableness ” ra ther
than “change” and thus relate pollution to human value judgments.
Under this concept water pollution is considered to occur in the
coastal zone when any input into the water cycle alters coastal water
quality to the extent that a coastal use is impaired or lost (168).
This definition follows the current central concept of water quality
cc-ntrol : peop le inputs should guide the necessary value judgments as
to which water uses should govern in the future. These jud gments can
then be translated technically aith varying degrees of refinement
In to  phys ica l—chemica l  l imi t s  beyond which the water quality will be
altered to the extent that the previously selected uses are impaired
or los t .

However water pollution is defined , note that the focus of this
analysis , as defined above , is slightly different. It does not
aspire to “eliminate pollution ,” however defined. Instead it seeks
to reconcile requirements to dispose of some wastes by wa terborne
means with the requirements of other coastal uses . Instead of
“eliminating ,” it seeks to harmonize ari d implies that in so doing
some tradeoffs between conflicting goals will be necessary to avoid
sub—optimization .

Many billions of dollars are being contemplated for water pol-
lution abatement throughout the North Atlantic Region. No sharp
breakdown of these costs has been a t t empted  here in  to d i s t ingu i sh
between coastal and non—coastal pollution abatement because of the
pervad ing interrelationship between pollution in estuaries and pol-
lution in the rivers which feed them. Frequent references to this
interrelationship will be made throughout .

Because water pollution is such a vast subject, it is necessary to
l imit the coverage at the ou t se t .  This anal y sis  addresses those
br oad classes , by source , of w a t e r  p o l l u t i o n  which ar e gener a l l y in-
cluded in the terms municipal , industr:Ial and agricultural. Specif-
ically ,  it does not include thermal pollution abatement and solid
waste disposal aspects , because these are covered In other r-trrblern
analyses . It also does not cover air pollution , since this subject
Is beyond the scope of the overall NAR study , although some signif-
ican t in terrela tionships are suggested .

Another typ e of pollution not explicitl y treated herein is
“natural pol lu t ion , ” the d i f fe rence  between the water q u a l i t y  which
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would h ypotheticall y exist without man ’s presence and some ill—defined
and even more hypothetical “ideal. ” Thus most sed imentation is some-
times considered a form of natural pollution , but such a label be-
comes very confusing when one recognizes that sedimentation is respon-
sible for much of lie wetlands , coastal plains and other land forms
which seem to  he so valuable today. Nature probab ly affects water
q u a l i ty  u s h  more  than  man ; however , these natural effects usually
come about very gradually. Therefore the t h in g : ,  t h a t  have survived ,
including man , usually regard these natural effects as “good ,” i.e.,
well suited to their ow-n well being. In contrast , man—made changes
are usuall y more abrup t and proceed at a pace somewhat fas te r  than
evolutionary accommodation can conveniently match . Thus for reasons
of definitional uncertainty and evolutionary accommodation , natural
pollution is not explicitly considered herein. However , it implic-
itly underlies ev- rv other form of water pollution under the assump-
tion that the e a t e r  quality inherited from nature , and the ecosystem
which  depends upon it , provide  a u se fu l  point at which to begin . For
some special studies , many will want to take apart this very sweeping
generalization . For example , some researchers have suggested that
the natural background rates of fecal coli are about the same as the
ra tes  induced by the concentra ted  presence of man ( 11). Further-
more , even when the human and other  l i f e  systems have accommodated
to “na tu ra l  po l lu t ion , ” they can o f t en  b e n e f i t  b y change in these
n a t u r a l  condi t ions .

In keep ing w i t h  the framework na ture  of the overall NAR s t u d y ,
this analysis emphasizes breadth . Thus it attempts to bring many
significan t factors to the forefront , but it does not penetrate them
in detail. Therefore frequent generalizations are necessary . Prob-
ably all of them are subject to some adjustment when more detailed
s i t e — s p e c i f i c  a t t e n t i o n  is focused on any individual problem. A more
definitive regionwide treatmen t of water quality is given in Appendix
L (Water Quality and Pol lu t ion) . Rela ted  Public  heal th  aspects are
discussed in Appendix V (Heal th  Aspects) .

Major Causes. The principal reasons for considering water pol-
lution to be a very signi f icant problem in the coastal zone include :
present and increasing quanti t ies of wastes (demand) ,  the l imited
assimilative capacity of the receiving waters (supply ) ,  the conse-
quences of not reconciling this demand and supply, and the diffi-
culties in accomp lishing the reconciliation. Each of these four
major classes of causes is further developed below.

The first major cause is demand. As used here it is the need to
dispose of large and increasing quantities of waste from population ,
industrial and agricultural  sources.

Population growth is well documented . (Appendix B—Economic Base.)
The current NAR population is estimated to about double by the year

- 
‘ 2020. The tendency to concentrate in urban areas is also well estab-

lished. According to some estimates t h e nation ’s populat ion was about
40% urban in 1900, is about 70% today and will be about 80% by the
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year 2020. Well within the 50—year time fram e of the NAR Stud y ,  the
long—predicted supermegalopolis , extending from Boston to Norfolk ,
wi th  soi~~~M~~ e~ pee l1~~-p~at ’4t b~~~~ eAd , %s. :expected to be-
come a rea Uty. , .

, ,- . .~~~ - - - -

The nation ’s ocean—bordering counties contain 40 percent of i t s
m a n u f a c t u r i n g  p lan ts  (131) . Fi gure u—S depic ts  the rap id increase in
industrial wastes. It is unwise to project th i s  r e l a t i o n s h i p  to the
year 2020 because recycling and other potential solutions can have a
significant effect on the trend . Industrial discharges far exceed all
the sewered population of the United States in terms of biochemical
oxygen demand (BOD). Over half the volume comes from four major
Industry groups——paper , organ ic chem icals , petroleum and steel. Al-
though tile total treatment cost is high , it has been estimated to
average only about 1% of gross sales ( 4 3 ) .  Of course , there are
other dimensions to the industrial wastes part of the problem besides
thos e revealed by a BUD forecast. Also important are organic and
inorganic chemicals and heavy metals such as those shown in Table
U—S . A heavy metal such as lead can be introduced to coastal waters
in many ways either directly through shotgun pellets which are in—
gested by wildlife , indirectly through airborne precipitates origin-
ating from automobile exhausts , or through phenomena not influenced
by man. Whatever the cause , the effects on marine life are produced
by its concentration in ecologically important areas.

Livestock in the region currently produce a BUD load equival ent
to that of about 82 million people. The significance of this load
will increase grea tly with expected shift to feedlots. The processing
of forestry products such as paper and pulp also prod uces very large
BUD loads in the region——eq uivalent to that of 1.3 billion people.
Agr icultural chemicals also run off into streams which carry pollu-
tants to the coast. For a description of agricultural pollutants ,
see Appendix L, Water Quali ty and Pol lut ion . It assesses the mag-
nitude , signif icance and con trols for sed imen ts, anim al was tes , pro-
cessing of agriculture and forestry products , plant nutrients ,
chemical exotics and infectious agents.

Whether pollution is generated by either the municipal , indus-
trial , or agricultural ac tivities of man , there are other usef ul ways
of looking at water pollution sources. One way is to distinguish
between point and non—point sources.

Prominent point sources of municipal water pollutton are the out—
fal ls  from sewer systems . Industry accounts for other importan t
point sources through their own outfall; through oil spills induced
during oil extract ion , t ranspor ta t ion  and use; throug h dredging,whlch
does not introduce the pollution but can resuspend it or move it; and
through industrial introduction of radionuclides. Boat pollution is
often considered a point s-urce . Quantitatively it contributes some—
thing In the order of 1/10 of 1% of coastal pollu tants ( 8 9 ) ,  but it
can concentrate fresh pathogen—containing wastes in sensitive
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OXYGEN DEMANDING WASTES - UNITED STATES
TOTAt PN ODUCTIOU 01 DOMUTI C AN D NAIV IACTU NING WASTES
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SOURCES: “The Cost of Clean Water,” FWPCA 1968; Federal Reserve
Board Index; Census of Population , Bureau of Census ; Water

- 
; Resource Council Projection.

Data Shown in Terms of 1964: One FEB index point of industrial
production = 166 million pounds of Biochemical Oxygen Demand (BOD5)
per year. No adjustment was made for: product mix , sewering or
waste treatment .

NOTE: Biochemical Oxygen Demand (BOD5) is defined as the amount of
oxygen used in a given time period and at a given temperature
by bacteria that break down organic materials in water (usually
5 days at 20° C).

SOURCE (131) FIGURE U—S
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TABLE U—S

CHARACTERISTICS OF SOME COMMON METAL S OF
CONCERN IN THE ESTUARINE ENVIRONMENT

Range of Concentrat ionNa tural Concen tra t ionChemical That Has ToxicMetal In Sea WaterSymbol ( /1) Effects On Marine Lifemg (mg/ l)

Silver Ag .0003 Highl y Toxic
Arsenic As .003 2.0
Cadimum Cd .08 0.01 to 10
Chrom ium Cr .00005 1.0
Copper Cu .003 0.1
Mercury Hg .00003 0.1
Lead Pb .00003 0.1
Nickel Ni .0054 0.1
Zinc Zn .01 10.0

NOTE : •The figures in the last column are only broad imdicators .
They do not , for  example , reflec t the synergistic effect of one
elemen t magnifying the toxicity of the other. The last column
indica tes the lowest concentration found to be toxic in any of the
species tested. For èxámp le , this concentration was 10.0 mg/l in
the most zinc—sensitive species tested . If for some reason the
natural zinc concentration in seawater were doubled and the mos t
zinc—sensi tive species multip lied this concentration through its
food chain by a factor of 500 to a level of 10.0 mg/i, that par-
ticular species would die out in the locality affected by the con-
centration. The other species would not die until increases in the
background rate combined with concentrations in their food chains
produced concen trations in their bodies somewhat higher than 10.0
mg/l. However , the surviving species would be affected indirectly
to varying degrees as the local ecosystem readjusted to the loss of
the most zinc—sensitive species.

• This phenomena, of course, is nothing new. The differential
distribution of “food” and “poisonous” elements and the differential
ability of species to concentrate and be affected by these elements
(sensitivity) create limiting factors which account for much of the
diversi ty and distribution of plants and animals throug hou t the
ear th on both land and sea.

• Wha t is “new” is the relative suddenness of some of the
changes man Introduces . Considerable time migh t be required for an
aff ected ecosystem to achieve a new equilibrium . During this
process of readjus tment , neighboring species , including man , can
be predic tab ly or unexpectedly affected .

SOURCE : Tabular informa tion extracted from (131) .
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localities such as marinas and shellfish areas. All of the point
sources introduce both problems and opportunities. They cause prob-
lems by concentrating wastes and thereby overtaxing dilution capac-
ities. On the other hand , by concentrating wastes,the point sources
provide oppor tuni t ies to employ major economies of scale in was te
trea tment .

In marked contras t to point sources , non—poin t sources are
elusive to measure and control. Prominent non—point sources include
preci pi tates from airborne pollution ; agricultural runoff of oxygen—
demanding subs tances , pes t icides , herbicides and fertilizers ; storm
runoff; ground—water contaminants; and resuspended pollutants
previo usly deposi ted in water courses. Some recent studies have
emphasized the relative importance of non—point sources vis—a—vis
point sources . Iowa reports , for  examp le , that the fecal coli coun t
in its streams is dependent upon non—point sources. The h igh est
coliform coun t in its streams comes at ~~~~ f l ow when prec ip itation
washes animal fecal material into streams ( 18 ). In another stud y
of the Millstone , Upper Rari tan and Upper Passaic Rivers ( 162 ),
the researchers attempted to correlate the input of the known point
sources of BOD with the BUD levels actually found in the wa ter
courses. They concluded that less than 40% of the observed organic
load ing in the wa ter courses could be att ribu ted to known poin t
sources. Stated another way, even if trea tmen t of these poin t
sources should be improved to absolute per fec t ion  (100% removal),
less than 40% of the problem would have been solved . There is a great
need to verif y these resul ts in the study area and elsewhere because
their implications are so significan t. At present we know relatively
little on how to measure these sources , mu ch less on how to control
them economically.

Not failing conveniently under either point or non—point sources
is salinity. Salinity concentrations are affected by such things as
river flows ; the quantity , location and movement of surface and sub-
surface water; the flushing characteristics of tidal areas ; and
climate. Increases , decreases or stabilization of salinity concen4-
trations are not categorically either beneficial or detrimental ; it
depends upon the water use. For example coastal agric ultural , wa ter
supp ly and wi ldl i fe  uses generally favor reduced salinity while
various species of marine l ife favor salinity reduc t ion , stabiliza-
tion or increase. As implied above , salinity changes , whe ther “good ”
or “bad ,” can be influenced by e ither nature or man . To reach sound
conclusions in the numerous ins tances where op t ions are possible , a
much bett er basic unders tanding is needed on the incremental effects
of salinity changes on all coastal uses.

A second major caus e o f the problem is supply. As used here It
is the capacity to assimilate wastes .

All ma tt er and energy seem to be par t of a gigan tic natural re—
cycling system whose broader dimensions are global and epochal. In
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this system matter and energy can be thought  of as moving from one
temporary “s in k” to another through a distinguishable nuuiier of tran-
sitional processes suc h as inges t ion , decomposi t ion , evap ora t ion and
eros ion. One of the major classes of sinks is “pr eci p itates ” both
organic and inorganic. Propelled by d ynami c for ces , especiall y the
influence of gravi ty on wa ter , preci p itates tend to collect at the
lowe st elevations. These are usuall y the oceans. The accumulation
is especiall y consp icuous where rivers enter the ocean . There pre-
cipita tes tend to pile up and frequentl y be come re suspended in the
water column . Whe ther this accumulation is desirable or not depends
upon how it influences other uses of the coastal zone .

The imp ortan t thing is to kn ow the magni tud e and sign i f i c a nce of
the matter and energy which are enterin g our coastal waters , their
effects and the alternative ways of influencing this admixture to
improve the total usefulness of the coast .

The abil ity of the ocean to absorb a certain amount of waste with
benef ic ia l , neutral or acceptab ly deleterious effects on other uses
is the measur e of its value for waste disposal purposes. If this
assimilation capability is abused , si gnifican t short and long—range
harm mi gh t be d one to the en t ire sys t em , including man .

A wa ter body assimilates wastes when it reduces them to a harm-
less or desirable form throug h some physical , chem ica l or biological
process and also when it reduces their concentrations to acceptable
levels . Assimila tive capacities vary greatl y. Probab ly the mos t
impor tant factor is dilution . Inland ,one of the most signi f ican t
approaches in mi tiga ting pollution is increasing the dilution ca-
pac i ty of wa ter cou rses especially dur ing  peri ods of high load and
low flow . Althoug h man—in troduced poll ut an ts have been observed far
out to sea (DDT has been detected in the Anta rctic) , it is cer tainl y
true that relative to inland waters, the oceans provide a far greater
dil ution capacity. It would thus seem , considering the overall good ,
that some waste disposal activities of man should more log ically be
located on the coast where the flushing characteristics are the best.
N otwithstanding this observation , the re are some real and sign i f i can t
limi tations to the dilution capacity of coastal waters , especially
estuaries. These limitations include:

• The pol lu t ion trap formed in those estuaries  in which net water
velocity drops off sharply as pollution—laden rivers enter tidewater.

• The usual loca tion of major urban areas adjacent to these pollu-
tion traps. The load on the estuary is greatly increased and the
unp leasan t effects of pollution are more prominently exposed to many
peop le. 

-

• The grea t sensitivity of some marine life t p  change , a sensi—
t ivity acquired throug h evplu t ion in a relatively - changeless oceanic
environment , and -
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• The well documented concentration of toxic materials by ma-
rine l i fe  throug h the food chain to an ex tent tha t man is direc tly
or indirectl y harmed.

A third major cause of the problem is the consequence of not
matching demand with supply. The inability to match the waste
disposal requiremen ts of man with his requirements for water of
variou s quali ties can produce many conflicts between uses of the
coastal zone. Some of these conflicts were illustrated earlier
in Figure U—4 . They are considered in further depth later In this
analysis (Parties Affected) .

A four th major cause of the problem is the difficulty of match—
ing demand wi th supp ly. Wi thin the NAR costs have been estimated
at about $50 billion to reach and maintain currentl y approved
standards to the year 2020 and ano ther $50 bil l ion to imp rove the
quality beyond these standards to mee t reg ional objectives. (Ap-
pendix L — Water Quality and Pollution) . The states in the NAR
have increased their construction of waste treatment facilities
greatly in recen t years . For example , 7 of the NAR ’s 12 coas tal
states are ranked in the top 14 in the nation in terms of increased
investment in 1967—69 compared with their 1962—66 average (149).

Wa ter pollution is often cited as the prime examp le of an ex-
ternal diseconomy . If the user of water is not required to return
it in the same condition as he received it , he wil l  avo id some cos ts
but only at the expense of other users who are hurt by the degraded
water quality. As long as the polluter is not charged with the
e f fec ts, there is an unders tandab~e tendency in this competitive
world for him to underp lay treatment or other costl y al ternat ives.
External effects are usually but not always negative. Many ex-
amp les of beneficial thermal and nutrient enrichment are known and
in most of these case; the enricher does not benefit by his con tri-
bu tion . - 

-

Knowled ge gaps in wa ter pollu t ion con trol are too nume rous to
cover comprehensively herein . Some of the major knowledge gaps are :
(1) the effects of different degrees of water quality Improvement
on the environment and the incremental costs and benefits asso-
cia ted with these improvements; (2) the significance of non—poi nt
source pollutants and the means of controlling them ; (3) methods for
systematically integrating pollution control efforts regionally;
(4) mechanisms of various transport and transformation processes
influencing pollu tant concentration in coastal waters; and (5)
economical methods of overcoming problems introduced by combined
sewer systems and by chemicals like ni t rogen , phosphorus , organic
carbon and heavy metals. An excellent report on knowledge gaps in
wastes management in the coastal zone was recently released by the
Na tional Academy of Sciences and the National Academy of Engineering
( 7 3 ).
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Location. As mentioned earlier the ocean has a great , but far
f rom i n f i n i t e, capaci ty  to d i lu t e  wastes.  D i l u t i o n  capaci ty  has a
major inf luence  on the location and severity of coastal pollut ion
problems .

The most s i gn i f i c an t  coastal  pol lut ion problems in the NAR occur
in constricted estuaries located downstream from urban concentra-
ti ons . Examp les are the Charles , Taun ton , Prov idence , Hudson ,
Passaic , Rari tan , Delaware , Patapsco , Potomac and James Estuaries.

Figure U—6 depicts a typ ical situation in this reg ion , Narra—
ga nsett Bay . Note that pollution is concentrated almost exclu-
sively in the finge r—like sub—estuaries . When these feeder estua—
r ies enter the major part of the bay , wa ter quality improves to the
hi ghes t classification. The more restricted the dilution capacity
at the heads of the sub—estuaries , the worse the water quality.

Two other typical causal factors are operating in Narra gansett
Bay to fix the location of the worst pollution. One is adjacency
to urban centers clearl y illustra ted by the Providenc e and Taun ton
Rivers . The second is tidal effects. In some locations the boun—
arv configurations of an estuary are such as to cause the tide to
ac t as a dam , delay ing the riverine flow and causing the estuary
to become a sediment t rap . It is hard to form generalizations on
net tidal effects. In some locations the tide serves to increase
net flushing and at others it decreases it. As an examp le of the
latter , es t ima tes are tha t “the mean residual time of pollution intro-
d uced in the Hudson River——can be as long as 400 days ” (41). De tailed
observa tions and studies are usuall y ne cessary to predict even the
direction of the effects of proposed changes in estuarine boundary
conf i gurations.

Other pollution problems occur in almost comp letely encl osed ,
poorl y—flushed back bays close to hi gh popula tion densities. An
examp le is Grea t South Bay on the south shore of Long Island .

On the open ocean coastline , with one major exception , pollu—
tio n is possibl y less of a proble m than it is anywhere else in the
continental United States. The exception is massive oil sp ills
which can affect the open ocean coast as well as estuarine coasts.
Considerable att en t ion will be g iven to oil spills la ter in this
Appendix . (See Par ties Affected under the analysis of Marine
Transpor tation.) In an evalua tion of 38 spills of 2 ,000 barrels
and over a recen t stud y ( 17) indicated that: 1) 75% were associated
with vessels , mos t ly tankers. 2) 80% of the oil sp illed was crude .
Altho ugh resid ual oils made up only 1% of the spillage , they were
involved in nearly half the sp ills. 3) The Torrey Canyon which
spilled 700,000 barrels was by far the larges t , twice as large as
the next and about 1/3 of the total for all 38. 4) About half were
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with in  a mile of shore and nearly all were within 10 miles. At
the average rate of oil movement of 1/2 knot , an onshore wind
could move oil to the shore in two hours in about half the inci-
den ts. 5) The sp ills lasted 3 t-~ 100 days with the median dura-
tion of 17 days . 6) The median length of coast contaminated was
7 miles . None except the Torrey Canyon was over 40 miles. 7) 75%
Occurred within 25 miles of a port. 8) The princi pa l environmen tal
fac tors which affect the severity of sp ills are : se a conditions ,
wind direc tion and velocit y, surface currents and tidal effects ,
water temperature and general atmospheric conditions . 9) Before and
af ter observations have not yet been adequate to distinguish en-
vironmental impacts caused by oil sp ills from other natural back-
ground phenomena which also affect the environment. Nevertheless ,
available inf ormation indicates that marine birds in the vicini ty
are usually badly hurt. The effects on shellfish appear fairl y
temporary and even when hi gh mortalities were observed , comp le te
recovery apparently oc~ urred in six months to two years. (However,
see pages 133 and l3~. for further discussion,) Finfish were not
affe cted and no lasting e f f e c t s  on the food chain were observed.
10) Other than on marine l i fe , the spiils affected shoreline rec-
rea tion , aes thetics and land use. The impacts varied with the
season , and duration and with the intensity of use foregone.

Time Chara cteristics. Most of the contributing factors just
men tioned——constriction , urbanization and tidal effects——are pre-
sent in all seas ons . The problem is therefore primarily a con—
stan t one with some worsening in the sum ner although not nearly to
the degree experienced inland .

There are many reasons why coastal p ollution tends to be worse
in the sumner. As tempera tures rise , the quantity of dissolved
oxygen wa ter can hold drops off jus t at a time when the rate of
decomposition (biochemical oxygen demand , or BOD) increases . This
usually occurs during a period of decreased seasonal freshwater
inflows and at a time when peop le have their closest contact with
the water . Marine life is operating near its maximum temperature
threshold and is generally much more prone to water quality
deterioration than at other times. In a few poorly flush ed coas-
tal areas such as Arthur Kill between Staten Island and New Jersey
dissolved oxygen can reach zero and anerobic decomposition can
occur with attendant odors and fish kills.

In contras t to most coastal pollution , which despite its sum—
• mer peak is usually a year—round problem , massive oil spilis are

more of an all—or—nothing event. With respect to any g iven
locality they are rela t ively rare , bu t in aggregate their fre—
quency is incr easin ~~.

Over the long—range , it is d i f f i c u l t  to predict whether coas—
tal water quality will improve or degrade. Certainly without the
curren t and anticipated scale of effort , coas tal p ollution would
become increas ingly severe . Many b illions of dollars will be
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spent in tll~- r egion to control pollut ion , hu t  -s~~-t hei- this massive
e f fo r t  w i l L  be of a osu l i -  to somponsa t e for gm n — L r i I s c e d  pollu-
tion , is not fully known .

E-urt i~~s A f f e c t eu  f f or t  - to- i d e nt i f y  and ;-santify actual
maj or losses a t t r  -Sta: - -  t o  coastal ~o l io t i c-n  nave been somewhat
ur f rl lt f ul . A d o-ar- — x c e p o i o r :  is the  s e l l :i sn  loss , especially
the loss in cu r re l  f rom r e s t r i c t ing  toe numar : cor .s rur .pt ion , without
prior depurallon, of oysters growing in some waters . The research
organ iza t ion , wo i co  prepared Case L 5 t ui i e s  of Pollut ion Larnage to
Bstuaries ’ for F’6222 in 1~,c~) (Contract  110. i’.—l2— ~~73, has stated:
“ In spite of the tremendous an:ount of material aspearing in print
regardio~ water pollution, it is oxorsme iy difficuit to f ind
examples of well i~ n umer1t e-i , s c i ent i f i c al l y ir :v€ - s t i ga t ei  s i tua t i ons ,
whore there  is no uouo t  t out  solo ot lon , in i ts broadest  interpreta-
t ion , is tho cause of the problem observed A u th o r s  and
Coveromoir. aut s or .  t ies  are r e luc t an t , or perh aps unable , to reach
a oef i r ht e  conclusion as to the fact tuat  pol lu t ion did in fact
cause the damage ooserve-J . The second difficulty occurs when one
t r i e s  to attaco a dol lar  value to tho  loss. ” ( C l )

One way of ou r s i  ally overcorl i  ng t h i s  :d en o i f i c a tion  p m - len is
to reverse the coin — — to see who night benefit from a significant
planned  in c r5 ’nest of improvement in coastal water cuality . The
1uestion will be examined in terms of a p e c i f i c  and important ex—
azsuie . The Theater  be ’s Yorh Area has as. extensive plan wit h  a
t ine  oriente-i  goal to improve water cu a l i t y .  The In t e r s t a t e  Sani—
t at io : .  Commission (isc) operates in the tn —state area within atcut
50 mile: of the southern tip of l-~anhattan Island. Figure U — 7
depicts the difference l e tween the current and planned water qual-
ity in terms of commonly cited usages. Should this quality im-
provement be attained , uses of coastal waters in the vicLnity
might be improved as suggested below .

Commerc i~~~ f i sh i n g  should benef i t to  the extent that improve-I
water ~uaii ty  increases the f ish  c a t c h . b a fot , conges tion , eco-
nomics and other considerations would probably still limI t com-
mercial fishing in some of these areas despite toe  water cua1it~.-
improvement . the outermost areas such as Jamaica Bay , b-~w York
b ight  ari d W oste rn  Long Island Sound are more li r :eiy  to  be opened
to possible increases in commercial shellfish ~o~- rot ions . the
magnitude of any likely increase has not . he -n e :tima e-~i . The
dockside value of commercial fi sh t a K e n  it: to ’-- w’i~~~rs s ur m c r i n s i n g
all of bon€ Islan d and the  oe ’ mso ll ta ar- a in  ~= - n t  cea m s as
averaged about $12 mIllion annually .

t
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-LANbLU 1>IPROVh>l iiN L b COASTAL 2AT1 -O~ QLAL J TY

Gr~-ater New York Area

L~ r r en t (1- ) 70) P :inn~ -d (2000)

~~~j  ~~ -
-

Li Sui tab le  fo r  all r e c r e a t i o n a l  use

Su i t ab le  for  r ec rea t iona l  uses except  b a t h i n g

O r d i n a r i ly not su i tab le  fo r  r e c r e a t i on a l  uses

SOURCE : ( 122)  FIGURE U - 7

The waste disposal program will cost the area , —— and the state
and National governments which will carry part of the cost —— ,
about $6.4 billion for sewage collection and treatment facilities
to the year 2000. Of this $6.4 billion, about a third or $2.1
bil l ion is for upgrading water  qual i ty  from its current  to its
planned level as shown in Fi gure U—8. The remaining $4 .3  billion
is to maintain the planned quality in the face of expected grow th
(122). The $ó.4 billion cost (1963 dollars) was compiled several
years ago and should be adjusted upward to account for  the in—
crease in the cost index of the construction of sewage fac i l i t ies
and the increases in state and Federal requirements over those set
out a few years ago. It does not include measures to control
water pollution from other closely related sources such as combined
sewers and non—point sources , the cost of private facilities such
as required for industrial discharges and the cost of operating and
maintaining the facilities.

Recreation should benefit, if other problems of shoreline ac—
cessibility and desirability for bathing can be overcome. Some of
the outer beaches now closed regularly or intermittently could be-
come available for swimming. The benefit would accrue about 90

• days annually and peak on about 10 summer weekends. The costs of
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po~~~ooion uba.s:ncnt plus consi t--can un:. o: safe’.’,’ and beach d e .  i —
at L I lt 1  - -~ vo ast are:.t ~y been j is:geu to ne j u s t  too rig:. to- ma/- c It
h --a ;  - u~~- - to open up oven more b~ acoos -.o recreation .

A n umL-~:r of tt~ m i t  trio e - - t~-r . t  of r e m  -at i onan beutin(
Ii. tOe h - v  Y or K me t ropol i tan  a.~- -a . Among t:~~n are water -j-~a~ Thy,
seasonall t y ,  nort co:.ge~ t i dr. , t y ,  amo mor~ na anu - a~s .i
f a ci l i t i e s .  :‘ig uro t — 7  ~~~~~ - - a t  toe wao -r quallty ho. ~atio:.:,
-o sp eco  ally in toe m t .  ~r nar~ uf a : - ~o ::oisor ,  h iver  are plan:--: to be
fe~:.Ov---U. The ef ~ 0ct  of Thi s  rov -r: -r.t on recreat bon a  : oa:~~nC
in these  areas :S un~~r .owo , e5Pec u~~~J :n l iCut  of toC probable-
-:ont:nued existence of the other l imi t at i o n: .

Ltt t l e  sports f i s o i n g  now ~oc-u- : 10 t:.o met rop~~l i tan  arcu .
- lanrocu -saner quality irnprov- -me: os , if accompanied by o ther  mea—

~o make toe metropolitan :nor : l ine:  rr.ore accessible  and
atoracto ive  • suould increas e naroic iout  ion ; nowevor , water quality
losorovemt-c~ts may not be s u f f i c i en t  to encourage the ::uman consurr.p—
t ion of f i s h  caught in the vicinity.

Aes the t i c  sa t i s fac t ion  is probab ly the use that  will  b en e f i t
most from -:oa:ta~ water  qt.a_ ity ivoroverso-ut. To see why an: now ,
one catcuall  “ aesThet ic s ” co-C; some d i ssec t ion .

Firs t , consider the most t auCIb le  part of aes toet ic  sat::fac : o:—
toe satisfaction Ci rect lj  perceivable by any of th e  physical  senses .
fa l l it “sens ib le  aesThet ics ” . t is very unlikely That water qual— 

-

ity improvements in toe urb an coastal was -j r : :  will have a s i g n i f i c a n t ,
uirect imma:t on toe senses of a substantial portion of the urban
ooounace . friless the del-coIner atp ro — ~che: ve ry close , pollution can-
not be perceived by his  eye . ~x c en t L o r : are f l oa t i ng  debris an d. oil
sIic~t: , b-ut these two problems reoresent very little of the ~~~~
bil liorL olannea for sewerage profruns . i loating debris is con-
sidered in another  problem of this appencix  (Solid Waste L i sp o s al ) .
In a few highly localized areas s- oh as the rt ls-or Kill on hot days
the sense of srs-ctll will be ohfe:licd in those who need to or desire
to move close er.ouCh to the water to preceive i t .  The other physi-
cal senses are indi fferent to pollut ion , recognizing tt~~t the waters
wi ll not be actually urto s . To do that , if practicable , would re-
-.si re desalinati on which would probably remove pOl lutants in the
process.

The indlroct visua effects are probably greater. Thus , if
improved water luali ty r esu lt : in more :;atit-oats on these waters ,
the aesthetic satiThuntion of the beholder would be u-:que:tionably
enhancec i . To Ine •~xtent t a t  improved wa o-r  quality increases
marine life sufficiently to cause many to move to the water ’s
edge to preceive this life , aesthetic satisfaction would also be
ero.anced .

bext , consider a more elusive form of aes thet ic  sa t i s f a c t i o n  ——
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cum at . sat - : : ae - j o w u t c h  is not- a t — : t - ~ -no-Ic to sens e p - c - V  .00.
sould be Ca .  I - - C  “ ; r a ;eu u Lb l ’-  aent : . L- o i  cr: ’ . It isi~ ’i:t be oe m--  tr . a t
co ar o a b  po Thut l or. control  in is: at. Wa - -c. ha it .; b c g : uo.a!. paynif .
wu~ r: peorle , who are a-care - :~a po Llut I on aL-at - - t o i t I moI~rat.r: W . I.
not g reat l y  lint ccv- - tu e~ r cv: dir- - - ~~. e: of t r i~ en’: t a .  wut -r , up —
prow’ bond issue -; a t - i  rt ’f- -rol e us. They ant - -as demonstra-e a
-:~~-ar wil l  I ligue;; to pair tue ctu.;t . Altsosgn  t u i S  ‘ h - t  fe- I L n ~ is
elus Ive • it is very  seas - It - eern; to accuse.’. fu r  t~.e rra~ c r  par t
of t:.e unIti—billior, do1. —~t- orogram..

Anot:.-;r it; orta:.: polli c bo~~ f It whi c-n cat.  be :0  t b  un :rer
ar- .;tuetie sat 1;ba:nion for- va:- of a o t t -c pia - - - - to pus It. is t u e
f-:-eling of s a t i sf a c t I o n  in auc t l r i q a sateci de a:- . mco to se~cer—
ta :r .oy . fur r- ;: .Thy , suer  is much sr ee :l — - s i o n  - - a t  vu’ -r t o l l s it i on
soun:  i rr - - ’i~- r s l h l s - ’ ‘s:~as~i- - tue Oc -a s IC  uco . y t- -m. with gseat long—
rau~-e effects on t he  nealt.. an. general well b e i n g  of m a n k I n d .  In—
tII tn ese  :q.usothcses Ca: . be re-lI a b - c ,- c o n fi  c:. - cI cc - ci t ;rse .-:se-s , peojs _or
nave 5eOO:~. trate-I -a mar seu rr-a-seucess to se-ar :::i.tautla addil lo n al
c-~~ts far s a f e t y .

s-~as st y  ::prc~-1-- u’-:. - nan little off-set or . :. at sonal  ci e- f ’ - n ; -~
sr mar~.n,:- tr-assoot’a lot-. eX C-” Ot an ttssy coutrtb-:t-c to water polls—
tior. and rs~~ t be-ar theIr - t ar- of tue 0 of i se- control .

Thus tal lan e Owner.  a t - - u h f - - c o o - s  t - ;  tus- e x U - n O  That the  value
of t he i r  lan d is bus t — s upon any of toe other coast a l  uses c i t - -C
n e r e in .  Thus , for e x a m n l - - , :ca;tat latd; u. -i- s fc t - r  b a t h in g  are
mudI - s more a f fe e : e u  o: an coat t an lan-is used for transpora tion . to
a. Ce CS This  value r - et t er , tu er ’- -  is a n o e s  for  t ,dies of snang’s:
10 ur b an lan -I vales hros.gnt ab et ny c::ac.gecc in  water quality .

1-Thutions. 1- otwitn:ta:crsinp nissero:.: ~n . a ud  irc te rro l a t :on—
ships , i t  rsa; tb-us far been re lat ivel s ’  easy t o  cosc r ibe  the  prob-
lem in a coastal  cont ext .

When it comes to solution: , :ow -ver , it becomes sortewnat arti-
ficial to uistinguisb the cca :rta aspects  from th e  overall Im-
provement of water quali ty —— f rom t r I a t - d source to , and inc lud ing ,
sea, i -cr  example , e f f o r t s  to disagqr s-~’utc program costs in terms
of coastal as- i non—coastal coropo : -en t s  Cc. not yet . appear ver:. me- —
warding . Only general solutions car. be considered in this an aly-
sis.  Site — spec i f ic  solut ion s for each area require noro detailed

• study .

In identifying and consiocring solutions , therefore , this analy-
sis will list some major elements or stages of a syrtersatic water
quality improvener :. pro~tram. These stages may be considered as key
points at w h i c n  alternative rice sior s can i n oo r ta nt l y  influence th e
degree of C5~~~.j I red coastal qoali ty improve:sens at ai nabl -  - witS.  a
f i nit e  comm i t-mono of resources.  At each st age  altern at ives multi—

t ply , not only from the choices which  can he made at tu a t  i—tag-se out
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a~~~:, from tOo ~~ - - v ie-g - of -~~~~u- i s  gb ’  - t s e -  :t..~-

tu e  A~r.o hl~~te~ - o- - .~~e —— sue  se t i c  -~~ o an cv- - l ’a. I O L j .  c - t i  - — —

-c an teg-t n emtro: ; anL- .-muut:vtn g r oa  L~~~ affect.-, ng c-v -: -
~r . c -~

st age . A ha. ~esr-e- to a rt i cu l at .- an ‘i r a n .  ot j :ct - V- ans to r- i . - - - .

• 500. eqeent step:; cm temn~. - . 1  i t  c-a, c - s se t sn a -se-c- otr al  - s:. , :5. . -..

poss ibl y at:.0 g .o .; a t . .  I - — o n . - - jirogron lo l  .a r - ly ,  al t e ru -a.. i
say s of wordIn g  thi s cv- . ra -. j~~~~C-t i v  -use : great ly ~~f l u e n c e  a
vtc. tSanag :u COuer -fl t. seOgrUC .

To cs sovi :e r -no itias overvIew th e  .aye: have bee:. it emise- -s

anu br can . c- c .assifie-i sr ,  able U— (. at. i rs -;Tho- :tional and seese. cal.
.Iub~ o-qcer;t commentary or. .tacn ;oaCe Is provi i--d only It. o-n uuip .
depth to exse~aii. the stage , egge-st - t .  o ~~~ rim auc/or  coa .oan.
significance , point out some alternat I ves , ano sometimes -tj u re-s:
a preference for one of toe al te rna t i v e s .

cefore cousi:er~ ug eacu stay- - , a few for tn e r  p re l imInary  cc:.—
raents applicable to them are :sece.-sary .

• Corccp let on ess — An 0 ffor o  uri s been m u le  to be cooprehe:. .1 is ,
:i&sC ver , toe l i s t  of stage: is not :urvolote. et :;er s tage: , a
alte rnat ive s w~ tu~~n each stag e . existing an: in toe fet ~ r~- , can be
added.  The l i s t  car. serv as a fratsewor:. wit r~in wn i c o  au d it I o n s
cat. be located sys t ema t i ca l ly  with respect to those alrea-cy slot:—
f:eu. Toe p r ln cioa l  p:roo.:e of  the  f ramewcru  is to d isanay  toe
s- -:- ry importan t concept toacs tuere  ax- c. muIt i~see :-oproaene : which

-seoul be cons idered  in the solut :cu to tue proulem in eacr: coas-
tal area. To concentrate almost completely on one ccc:. as treat—
scent plants  can be narrow an-c :n e f f l c i e n t .

• Ss; -querscc- - home at t -c r ,t io r ,  ha.— been given to l i s t ing tan
stages in a log ical scq~~:n c o .  h o w e v e r , s u e r -.- is considerable over-
lap and. feecrbacK between tuern a ll .  15cr  b r e v I t y  and s imph ic i t ’,-. th i s
overlap ar cs feeciback will us ually not be - :ert if ie- . I , but its ap—
p lica tior .  o : rouguout  :r;o xl d be Kept hfl mInd .

• Research — Si~~ ificatctly rewarding researcu can be un ter—
taken to improve performance at each stage , bu t  for  brevi ty this
need wi l l  be articulated in only a few i l lus t ra t ive  cases.

icact. of the stages selected for representat ion in Table U—b
will now be discussed br ief ly  in the same order as they are dis-
played in the Table .

I t ch  bye-ra il  -sb , j ecO.I  ~I : .  It is of ñindar -nta l  importance that a
care ful ly  constructed meaningful  object ive be articulated at the
outset to reduce the possibility of substantial effort being ex-
pended on an inaccurate premise. The overall object ive used here—
in is :
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TABLE U- - ,

SOME STAGES IN DEVELOPING POLLUTIOL\ ABATEMENT PROGRAMS

I n st i t u t i o n~~1

1. Set overall objective
2. Establish goals (assigned uses) to meet objective.
3. Establish criteria to meet goals.
4. Es tabl i sh  incremental re la t ionship  between b e n e f i t s  of mee t ing

goals and costs incurred thereby .
• 5. Identify sources and quantify and quality them in terms of

established criteria.
6. Predict relationships between waste sources and recipient

water quality.
7. Select p lant and ou t f a l l  locations
8. Establish controls .
9. Implement technical methods selected .
10. Monitor water quality.
11. Enforce.
12 . Dis t r ibu te  costs.
1.3. Make regional systems analyses.

Technical

Before Treatment

1. Redesign indus trial processes.
2. Recycle .
3. Improve degradability of wastes.
4. Res t r i c t  some usages.

• During Collect ion,  Treatment and Disposal

1. Collect from point sources.
2. Collect from non—point sources.
3. Select locations .
4. Select degree of t rea tment .

At Disposal Area

1. Retain effluent .
2. Augment low flow .
3. Improve flushing characteristics.
4. Aera te  in—si tu .
5, Remove bottom sediments.
6. Coat bottom sediments.
7. Minimize remaining e f f e c t s .
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To recor,ci .,.e the u..p.- .-an of -.ete:-sorne was tee  w .to

other numar. use: of the  coastal son’.- in a:. economi-
cally and environmenta l ly  acceptable way —- for now
and the future .

This  wording does not try  to ::axirm~ z’: wast e -  at si- .J . .al , wat - :f
quality , economics , env i ronment , the  now or the fu tu re  —— out it
does proxr . in ent ly  and exy_ i c i t l y  es tau l : sn  the i r  :nt e -r r e i at ions r i :p . ;
a: the outset anc’ Irricilios that  . ;o l co ions  will generally be tract—
offs . How t r ,i s  cat-s be aoos proviue :;  tntc basis for subsequent
analysis. There are , of course , other ways of expressing the
governing objectives , but howeve r , It is worde d. , i t  should be dc~ e
at the beginning —- even if after  later analysis it may requi re
some sharpened rewording .

Is tablish  loaTh. The f i r s t  st ep ut meeting the broad object ive
would be to break it  down into more tangible goals , the accompli~;n-
men- - of which  would achieve the objective . The current method ap—
oeax o excellent ; the major use wn i c h  requires the highest quality ,
is designated for each part of the coastal waters . To obtain the
views of people who use these  waters , public hearings are meld.
After considering this and other information such as costs , the
affected states recommend use classificatIons , Although there are
some dif ferences among states , the use classif icat ion shown in
Figure U—6and Table U—7 is representative . Since coastal waters
for the most part have beer, classified interstate for this purpose,
the state recommendations require approval by the U.S. Environ—
mental Protection Agency . With minor exceptions , the recommenda-
tions of all the coastal states in the OAR have received tr~is ap-
proval . Of course, as additional i n f c rr ;ation become s available on
the benefits and costs of achieving these use classification , they
may be adjusted ei ther  upwards or downwards . Provided a reason-
able flexibility is retained to make these adjustments , thi s sys—
tern is excellent in providing a basis for later stages.

Establish Criteria to Meet Goal.;. The environmental require-
ments of each of the above designated. uses provides the basis for
establishing water quality criteria. “Cri teri a”, used throughout
for consistency , is the same as “standards .” In most pollution
abatement literature the two terms are used interchangeably. In
general , coastal water quality requirements are highest for shell-
fish harvesting with bathing, boating and landscape visual quality
following in that order . For adsiitional indepth description and
analysis of criteria, see (93) and (150 ). Table U—7 is representa-
tive of the type of use—oriented criteria currently established.
Just as the recommended uses must be approved by the U.S .  Environ-
mental Protection Agency , these implementing c r i t e r ia  must also be
so approved. With some exceptions , the cr i ter ia have received
this approval in the NAR ’s coastal states . Again provi ded a
reasonable f lexibi l i ty  is retained to make adjustments as addi-
tional knowledge emerges , th is  system is also excellent in taking
the analysis down to the next lower level.
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Establish incremental Bene fit—Cost Relationships. As difficult
as it is, this important step should not be avoided as it often is.
“Benefits” and “costs” as used herein are construed in their
broadest context to include both monetary and non—monetary con-
sider ations . These two considerations can and should be inter—
related ; knowledge of the monetary costs and expenditures and
benefits foregone can provide considerable insight as to whether
they should be incur red , in creased , or diminish ed to achieve
diff erent levels of non—monetary benefi ts.

It is a mis t ake to think of monetary and non—monetary considera—
tions as unrelated. Two examples will bring out the point. In the
first example , take as given the fact , tha t to achieve a certain
minor non—monetary benefi t great monetary costs will be incurred.
if these high costs were distributed elsewhere to provide other en—
vironmental improvements or social improvements such as education ,
wel fa re  or tax relief , a much greater total benefit might be at-
tained. In the second example , tatee as given the fact that only a
minor monetary cost will produce major non—monetary bene fits. In
this case , thera* is no question that the program should be under-
taken. Arguments which seek to reject economic relationships as
irrelevant to environmental issues sometimes produce emotional
polarization which is not conducive to rational decision making.
Since monetary resources will always be limited , it is very impor-
tant that they be applied in ways which can produce the greatest
overall benefit. There appears to be no escape from this reality.

Accord ingly, the highest priority should be given to that form
of research which can increase understanding of how incremental
water qualit y benefits are related to incremental costs of achiev-
ing these benefits , whether the benefits or costs be monetary or
not. Currently, a lack of adequate knowledge in this field ,
especially with res, ~ut to marine life , is one of the greatest im—
pediments to the development of a rational coastal water quality
program. To what extent inland and coastal activities should be
constrained out of consideration for each other is , unfortunately,
inadequately known at present. Increased knowledge here can pro—

— duce greater overall benef i ts  than it can in probab ly any other
step in program development.

A possible way to begin to require this essential understand-
ing is to use the models developed in the p lan formulation part of
the NAR study. If they are developed to thier potent ia l  a general
cos t versus water quality curve could be constructed. For examp le ,
as dissolved oxygen requirements for a major river entering tide-
wa ter are ra ised , the model will make selections from an increas-
ingly costly ups tream set of solutions . These include : improved
treatment , jow flow augmentat ion , instreatn aeration and relocation
or cessa tion of industrial pr ocesses. The derived cost — quality
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curve could then be related to the value of the coastal uses which
require varying level s of dissolved oxygen. Much jud gmen t will
st ill be needed , especially because of unquantifiable environ-
mental factors . Still considerable light will h ave been thrown
upon a decision that is now made largel y b y intuition. Even un-
certainty and environmental intang ibles can be examined b y int ro-
ducing them as constraints , and then comparing solution costs with
and without the constraints.

Determine Sources. A major step in achieving water quality
standards is to identify sources of pollutants which comb ine to
produce ambient water quality. Fundamental to rational analys is
is an inventory of pollutant sources showing their location , quan—
tity, quality and temporal variations. As stressed earlier , it is
relatively easy to identify point sources , but there is an increas-
ing bod y of evidence to indicate that the more elusive non—point
sources could be of equal or greater significance as a deter tninent
of water quality. For examp le , it has been reported that in the
Los Angeles County area more organic wastes are discharged into
the atmosp her e than into the Pacific Ocean (73). In that area it
is clear that at least one non—point source , airborne precipitates ,
could be of major significance in develop ing programs to improve
the quality of the water. The identification and analysis of these
non—point sources should rece ive the highest pr iority unless their
significance can be demonstrated to be minor.

Predict Source—Reci pient Relationships. When the desired cri-
teria and the pollutants which influence them are known , it is
conceptually straightforward to predict how the sources (inputs)
of these pollutants affect desired water quality criteria in re-
cip ient water bodies . However , practically this is still very
difficult. The decay rate of pollutants , chemical and biological
i n t e r ac t i ons  and the movement of tidal waters gove rn the concen-
tration of coastal pollutants at any given time and p lace . Decay
rates and chemical and biolo g ical interactions over time require
considerabl y more research . The descri ption of the circulation of
most tidal waters often requires very soph isticated and costly
analysis , especially when e f f o r t  is made to predi ct the effect of
changes. Currentl y models based on correlation with the observed
di stribution of dyes provide the best means of prediction. Numeri -
cal mod e ls and physical models each have their advanta ges and
limitations . In important situations , both may be justified. For
analyses of the relative utility of modelling methods , see (133)
and (94). Whatever meth od is used , it is essential that the basic
source—recip ient relationshi p be known before costl y aba tement
programs can be rationally contemplated.

Select Plant and Outfall Locations. The siting of treatment
plants and ou t fa l l s  should be influenced not only b y economi c
proximity to the pollution source but also by the locational ef—
fect on the receivin g waters . This is particularl y impor tant in
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COASTAL DILUTION BENEFIT

Discharge into river

— 

C\~~~~~~~~~E

H 
Discharge into

G the open ocean

D Increasing
pollution

Note. 
For a given degree of pollution , D, effluent treatment

costs are far less when discharging into the open ocean ,
C , than when d ischarging in to  the r iver , E. For a given
t rea tment  cost , C , much less pol lu t ion  resul ts  wi th  ocean
d ischarge , F, than with river discharge , E. Between F and
C there are opportunities for all to benefit from the
superior dilution qualities of the ocean. One such point
is 11 at which both  costs  and po l lu t ion  are less.

SOURCE : (31) FIGURE U-8

the coastal zone. To satisfy a given set of environmental cri—
teria, for example, a long ocean outfall with diffusers at the
out le t end might be far less costly than increased treatment.
Other factors must be considered too. For example, instead of
economically ven t ing liquid wastes to the ocean , it mi gh t be better
overall in some localities to incur increased treatment costs and
allow the improved waste water to be used for ground water re-

p lenishment or for m~ -tam ing minimal salinity concentrations im-
portant to other uses such as aquicul ture and oyster cultivation.
Attention to locational considerations might great ly decrease
costs and simultaneously greatly increase water quality as Figure
U—B illus trates.
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Reasonable care is assumed in app ly ing t h i s  conci -p i .  C a r e f u l
research and analysis would have to be made to prove out the eco-
logical and economical tradeoffs suggested. Sites would probab ly
be concentrated at the many coastal locations where discharge caii
economically and sa fe ly be made into the ocean proper. They would
not be located along most estuaries , in busy ports , or in impor-
tant recreational, conservation , preservation or shelifishing
areas.

The point Is that the ability to dilute effluent relative to
inland water bodies may determine the highest and best use of some
stre tches of the reg ion ’s ocean coast. Overall pollution prob il€-ms
are relieved every time a new major pollutor decides to locate in
tha t  port ion of the nation and region which can best accommodate
his effluent.

For many industries, such as the canning industry, the ability
to dispose of large volumes of waste economically and inoffensivel y
Is the difference between growth and decline. A single sugar beet
plant, for examp le, may generate wastes with a BUD equal to that of
a city of a quarter million people (169). To encourage the loca-
tion of such industries where it is to the best national and re-
gional advan tage , will require some change in current approaches.
Coastal areas, particularly those in which unemployment and poverty
are pr oblems , should understand and consider the option to capital-
ize on the unique natural disposal capabilities of their areas by
advertizing and inducing new disposal industries to locate in these
areas. An alternative of requiring all pollutors to treat effluent
to the same degree, say secondary, regardless of loca tion, has the
virtues of simplicity, enforceability and apparent fairness , but it
may result in pollution continuing to be concentrated in inland
areas where the effects may be much more deleterious.

Establish Controls. Before embarking on costl y treat ment pro-
grams, the problem can often be reduced in scale by regulations ,
permits and other controls, Despite the attendant restriction on
other human values, controls may often be the best overall solu-
tion, provided that the cost of accepting these restrictions is
less than the additional degree of treatment required or benefits
achieved.

;S’ent Technical Methods Selected. Numerous alternative
technica . methods are cited later. The problem of implementing
them, however, is an institutional one requiring public acceptance
and funding. All of the other steps in this analysis have as their
objective the reduction of this particular step to an acceptab le
minimum. Considering the great variety of tools availab le, major
savings appear very attainable, but they will require a degree of
knowledge and sophisticated analysis which needs much more devel—
opment.

Monitor Water Quality. In many places in this region pollu-
tion abatement progress is largely measured in terms of the comrn-
bined capacity of treatment plants constructed and proposed. Al—
though such
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a yardst ick Is deli gh t f u l ly tangible , it is nevertheless a poor one .
Progress should be measured in terms of changes in the target water
quality criteria. This can only be done if adequate monitoring sys-
tems are employed. Enough adequate monitoring systems do not exist.
Since it is basic to any program to have a reliable means of measur-
ing progress in terms of target criteria , this def ic iency is a maj or
one. Greater emphasis on this means of performance analysis could
have the very desirable effect of shifting needed attention to the
greater variety of tools in addition to treatment p lan ts which mig ht
produce more significant results more economically. According to
the U. S. Council on Environmental Quality ( 43), “Current monitoring
systems are often spotty in coverage , and do not provide the total
information necessary to assess environmental conditions and trends
or to predict the impact of proposed actions , or to determine the
effectiveness of programs for protecting an enhancing environmental
quality”. FWQA and others are developing monitoring systems .

Enforce. Whatever is decided to be done , enforcement will be
necessary to see that it is done efficiently. Consistent , uniform
and reasonable enforcement can benefit everyone , especially those
against whom enforcement is directed , because it minimizes unfair
competitive disadvantages.

Distribute Costs. An important element in any pollution abate-
ment program is the distribution of costs to the sectors of society
that will bear them. In general , the more a pollution contribution
an be localized to an individual , municipality or industry or
other source , the more that source might be charged with the cost — —
in abatement costs and in benefits foregone . Correspondingly ,  the
more widespread the contribution , the more the public as a whole
might bear the cost. However , this concept is not quite so pat as
it might appear. For example, al though the primary burden would
seem to apply to the polluter , the user may not necessarily be
comp letely free of bearing the costs his water quality requirements
necess i ta te .  Secondly,  the principle has been well established,
especially in the case of municipal polluters, that higher levels
of government should bear a substantial part of the costs. The
relative share of these costs is shifting somewhat , and the level
at which it will eventually stabilize is hard to predict. Notwith-
standing this uncertainty , cost distribution is an element that the

- 
- formulators of pollution abatement programs must address. It would

be very help fu l  to all concerned if they could depend upon a fully
pred ictable proportioning of the costs. At present , some localit ies
may ~e deferring action in the hope of shifting a great burden of
costs later to higher levels of government. It would be better
clearly to reward the doer than the procrastinator.

As emphasized earlier there are many external diseconomies In
pollution abatement . One difficult but efficient and equitable way
of distributing much of the costs is to “internalize the diseconomies”
by various forms of assessments or effluent charge systems in which
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all polluters pay their share of the effluent coFlection and treat—
men t.

Make Regional Sys tems Analysis. This step is p laced a t the end
of the institutional alternatives by way of summary. Actually it
embraces all of the above alternatives —— and the technical alter-
natives as well. Its objective Is to put the pieces together to
produce the best overall solution.

The word “regional” in this context requires considerable at-
tention, If too small a bite is attempted , solutions will prob-
ably be suboptimal. On the other hand , if too large a bite is at-
tempted the analysis can become unmanageable. As a general rule ,
a river bas in is probably the best bite. The NAR is fortunate in
this respe ct in tha t , unlike the Mississippi or other large single—
river regions, it is compartmented into much more digestible bites.

- 
- Its smaller rivers flow parallel into the sea. From an exclusively

coas tal point of view large es tuaries such as Chesapeake Bay and
Long Island Sound also justify a complex integrated approach.
Here , however, some simplicity can be gained by recognizing tha t
nuich of the water quality use conflicts can be localized in the
poorly flushed subestuaries.

Some of the significant advantages of a river basin systems
approach were demonstrated in a recent study of the Merrimack
River by the General Accounting Office (126). Even though this
study for simplic ity of ill ustration addressed only the control
of BOD and ignored mos t of the alternatives sugges ted herein, it
still is useful to illustrate some of the advantages of the re-
gional systems approach. The study showed how relatively minor
expenditures could produce large improvements in water quality
over a major stretch of the river. The study concluded that those
actions which produce the greates t return for eff ort inves ted
should be given priority attention. It questioned the efficacy of
emphasizing ei ther municipal or industrial pollution abatement
ca tegorically above the other and suggested that a general goal
of bringing all plants to the secondary level might not be the
most efficient solution. A thoughtful discussion of this point
may be found in (18). Instead, the study showed how tertiary
treatment at a few critical locations might be more rewarding than
even primary treatment at others. One deficiency in the limited
approach was the failure to take adequately into account the rela-
tive readiness to proceed of the different pollutant abaters . Al—
through readiness to proceed is an important criterion , it can be
given too much precedence in relat ion to other fa ctors cited
herein as the following quotation indicates: “An unfortunate ef-
fect of the lack of effective priorities is to channel funds away
from the larger cities that include the most significant concen-
trations of pollution. The ‘readiness to proceed’ test brings
applications from those communities in weak bargaining situations vis
a vis State regulatory agencies. The net result is that funds have
flowed in almost reverse correlation to population. And though
over half of FWPCA grants
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have gone to metropolitan areas , they have been made available large—
ly in the smaller suburban places rather than in the central cities.”
(149). Furthermore placing priority, Intentionally or otherwise,
on lower population areas is more expensive because it does not take
advantage of potential economies of scale. Per capita construction
costs of primary treatment for a sewered popu lation of 100 may be
5 to 10 tine the ‘~er cap ita cos ts for a sewered population of one
million. Since coastal pollution is most significant in constricted
subestuaries adjacent to major urban areas, these effects are partic-
ularly detrimental to coastal areas.

Notwithstanding the ease with which one can identify scope
limitations , the General Accounting Office study did show clearly
the great advantages of such systems approaches.

Selected Technical Stages. Each of the technical stages selected
for representation in Table U—6 is discussed briefly below in the
same order as d isp layed in the table.

Before Treatment. The problem of collection , treatment and dis-
posal of waterborne wastes can often be minimized by careful atten-
tion to waste generation sources. Examples d iscussed below inc lude
the redesign of industrial processes , recycling, improving degrad—
ability of wastes and restricting certain uses.

Redesign Industrial Processes. The quantity and quality of waste
discharges from industrial processes can sometimes be influenced by
changes in the processes. Inert or harmless constituents migh t be
substituted for harmful ones with attendant cost increases being less
than the added cost of treatment. Similarly the quantity of harmful
effluents might ~e diminished.

Recycle. Recycling is increasing ly being proposed as a solution.
It does provide an attractive conceptual basis for minimizing pollu-
tion at i ts source. However , like all  sing le solutions , it has some
important limitations which are often overlooked . Even when techni-
cally possible , recycling is j usti f ied primar ily (1) when the dis-
posed material is scarce and has a potential value which exceeds the
cost of its recycling, or (2) when the disposed material can produce
a significant deleterious effect on the recipient water body, or (3)
when the process of disposal produces an obnoxious “litter effect ”.
The first condition is self—policing , but It can be reinforced by
research . Thus when the recovered value exceeds recovery cost ,
market factors will encourage the recovery . In the second instance ,
public action is usually necessary to “internalize the external” .
Otherwise, in a competitive market p lace , the industrial user who
accepts the increased recycling cost is disadvantaged with respect
to his less soc ially conscious competitor. The last case focuses on
that type of waste which has little recovery value , which is inert
or relatively harmless to the ecological environment , but which creates
a social nuisance .
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An example, stepping briefly into the field of solid waste , Is
the case of disposable bottles. The silica of which they are composed
is one of the earth ’s most abundant materials. Except when they are
dumped recklessly so as to smother an ecological resource , they are
inert and have no more effect on the ecosystem than sand or rocks.
Thus their offensiveness lies in their litter effect . Recycling used
bottles back into the distribution system is a solution , but the in-
dividual nature of the collection and return effort might have limited
effectiveness and it can impose a substantial t ime and monetary burden
on consumer , distributor and producer alike. It might be better for
them to devote far less total effort to contributing to a more ade-
quate public collection and disposal system . The points of the
illustration are (1) that recycling is far from a panacea unless cer-
tain requirements are met and (2) that the quality of life includes
minimizing the complexity of daily living as well as other aspects
more commonly connoted by the phrase.

Improve Degradabi~ t o f  Wastes. Somewhat aligned with the two
previous alternatives is the idea of improving the biodegradability
of the wastes. This in effect is recycling on a broad , nature—en-
compassing scale. Thus the use of DDT, with its very long half life ,
is being restricted and much research is underway to develop more
rap idly degradable substitutes.

On a global basis man is probably taking a little more phos-
phorous out of the oceans than he is putting in. However , local
concentrations of phosphorous can produce adverse effects. Thus
the reduction or elimination of phosphorus from detergents is
currently receiving much study because it is considered by most to
be the most easily removable link in the chemicals which most in-
fluence eutrophication of lakes , rivers and estuaries. In some
situations other elements such as nitrogen , carb on and oxygen can
become the limiting factor. The purpose of the sodium tripolyphos—
p h a t e  used in most heavy detergents is to soften water. Therefore ,
a proposed simp le but effective way of reducing the phosphate con-
tribution of detergents, pending ~ts complete elimination, is to re-
duce the phosphates in detergents marketed in soft water areas.
Ei ghteen of the nation ’s 100 largest cities are in the NAR . Tab le
U—8 shows that all of them fall into the more favorable soft—water
categories. Thus , if detergents with low phosphate content were to
be manufactured and distributed in a way which reflects the region ’s
actual need , much of the regional phosporus problem might be resolved.

Improving the degradability of wastes , like all solut ions , has
some limitations . Thus among the most degradable of wastes are paper
and the effluent of pulp mills. However , the great quantities in-
volved —— about half the nation ’s solid industrial wastes by we ight
is paper —— and the interim obnoxious effects during the degrading
process can be grossly offensive .
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TABLE U- 8

WATER HARDNESS IN MAJOR REGIONAL CITIES

Hardness Categories in ppm of CaCO3

Hard Very Hard
Soft (0—60) Moderate (61—120) (121—180) (180)

Boston New York City1 Patterson~’ None None

Springfield Albany Philadelpi~~~
J

Worcester Yonkers~~ Washington

Providence Jersey City Norfolk

Hartford Newark

New Haven-i’ Baltimore

Bridgeport~’ Richmond

1/ Minor amount is “very hard.”
2/ Nearly half is “soft.”
3/ Half is “hard.”
4/ Minor amounts are “moderate.”

SOURCE: (130)

t
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Restrict Some Usages. Sometimes it is necessary to restrict the
usage of certain products. DDT has already been mentioned. A second
example prominent in the control of airborn precipitation is restric-
tions on the use of fuels containing a high percentage of sulphur.
In these instances, the added cost to society of the restriction is
deemed less than the added cost of removal or ac ptance of the en-
vironmental degredation. Sometimes the incentive and pr..’r’ty given
to research to minimize the added cost of usage restr~ ~~ can be
very effective.

During Collection, Treatment and Disposal. Often the technologi-
cal and economic problems of limiting wastes at their sources are
sufficiently difficult as to turn attention to the next phase —— the
collection, treatment and disposal of the waterborne wastes. Examples
of some solutions in this phase are discussed below.

Collect from Point Sources. Where major point sources of water—
borne wastes are located reasonably close together , it is usually
best to interconnect these sources by sewer systems and bring the
pollutants to a central point for treatment to benefit from economies
of scale. Methods for evaluating this alternative on a local scale
are relatively straightforward and known. On a regional scale,
however, it may prove attractive to interconnect the outfalls from
several adjacent communities to permit treatment at a single large
plant. Similarly1 depending upon each set of individual circum-
stances, it may or may not prove desirable to connect industrial
systems with appropriate cost sharing provisions.

Collect from Non—Point Sources. Probably the poorest method of
controlling non—point source pollutants is collecting and treating
them centrally. Solutions at the source and in the disposal areas
are more effective. As cited earlier, some of the prominent non—
point source pollutants are airborne precipitates; agriculture run-
off of oxygen—demanding substances, pesticides, herbicides and
fertilizers; storm runoff; ground water contaminants; and resuspended
pollutants previously deposited in water bodies. Some of the major,
largely unsolved problems in water pollution abatement fall into these
areas. At minimum, it Is of fundamental importance that the quanti—
tative and qualitative contributions of non—point source pollutants to
the overall problem be determined if suboptimal solutions are to be

• avoided. Electrostatic precipitators, scrubbers and other means can
remove some airborne precipitates as part of industrial processes. It
may be that agricultural ditches, settling ponds and possibly under-
ground filter courses could provide a useful degree of collection,
but the feasibility of such methods on a large scale is currently
questionable. Because of the magnitudes involved, the collection and
treatment of storm runoff is especially difficult. In municipal
areas, combined sewers present extraordinarily difficult problems.
The great quantities of storm water almost always exceed the capacity
of sewage treatment plants with the result that during storms all
the effluent, domestic as well as storm runoff, must be bypassed
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• iflto the water body. In rural areas, small and- large reservoirs can

concentrate the runoff ~dth consequences good to downstream areas and
bad to the retention basins unless treatment thereat is feasible.

Select Locations. As mentioned earlier under institutional
alternatives, pollution abatement problems can be minimized by
locating major sources, treatment facilities and/or outfalls at
locations carefully selected to take advantage of improved assimila-
tive characteristics of adjacent water bodies.

Select Degree of Treatment. Much of the region’s attentioia in
waterborne pollution abatement has been focused thus far on costly
treatment plants for the control of that portion of the pollutants
which can be classified as point source. Indeed when the many other
solutions suggested herein are found infeasible, treatment plants
are the only alternative.

Primary treatment involves the removal of settleable solids
through processes such as screening, shredding, flotation and sedi-
mentation. It can remove little of the colloidal and dissolved
matter, but it does remove about 30—40% of the BOD. Intermediate
treatments can remove an additional substantial percentage of
colloidal matter but little dissolved material. It removes up to
75% of the BOD. Secondary treatment uses biological and biochemical
processes to stabilize, oxidize and nitrify the unstable organic
matter present in the remaining effluent. The many processes include
trickling filtration, contact stabilization, activated sludge and
extended aeration. Secondary treatment removes about 80 to 95% of
BOD, with 85% often being used as a general planning yardstick.
Advanced waste treatment (AWT), sometimes called “tertiary treatment”,
selectively uses currently uncommon biological treatment and phy-
sical—chemical separation processes separately and in combination to
remove organic and inorganic contaminants that resist present day
conventional treatment processes. It is possible, but not necessarily
advisable, to purify effluents even to the extend they can be drunk,
but 95% is often used as a general planning yardstick for AWT.

Since costs increase precipitously with the degree of treatment,
it is important to use all of the applicable non—treatment alter—
natives to minimize these costs. On a regional basis, if attention
is fixed on improving the water quality to meet established uses,
it may mean that some sources, such as industrial sites, should
receive AWT, while others such as low density rural communities may
not justify any treatment at all. As mentioned earlier, goals
such as the attainment of a given degree of treatment everywhere
may be false ones, because they can allocate heavy costs for treat—

b ment facilities with little potential effect on water quality. Such
goals thus deny the additional funds needed for adequate facilities
where concentrated attention can produce the best overall water
quality improvement.
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At Disposal Area. The previously discussed control of pollu-
tion at its source and its collection , treatment and disposal must
be considered in conjunction wi th  the many solutions available at
the di sposal area itself. The set of disposal area solutions in—
clude~ the retention of effluent , low flow augmenta~ i . , improved
flushing characteristics, in—situ aeration , removing or coating
bottom sediments and minimizing the remaining effects.

- 
- Retain Effluent. In special instances the effluent might be

retained. Thus large underwater expandable bladders have been
suggested as a possible means of retaining storm runoff from corn—
bined sewers for later cycling through adjacent treatment plants.
ille large scale requirements of this solution are potentially
major draubacks . For concentrated effluents , settling ponds are
possible . Thus an industrial plant m ight retain heavy metals for
later extraction or removal to more desirable disposal areas.

Augment Low Flow. Under this approach , water is retained up-
stream for release during periods of low flow to impr6ve the dilu-
tion capacity of receiving waters during these critical periods .
Low flow augmentation will substantially reduce high treatment
costs to the extent that these costs are incurred meetimi~ peak
waste load requirements at low flow . However , this  techni que is
more applicable inland than along the coast where the adde d dilu-
tion would be relatively insigni f icant .

Improve Flushing Characteristics. As previously emphasized ,
coastal pollution problems tend to peak in poorly flushed urban
estuaries. The influence of flushing is noticeable even in non—
urban areas . Thus a decrease in flushing reportedly has led to
an increase in pollution in the main harbor at Martha ’s Vineyard.
In some urban estuaries , after careful model studies , it should be
possible to increase natural flushing action by improving the
hydraulic cross section and thereby reinforcing desirable tidal
effects .

Improved flushing in some instances can greatly minimize the
cost of extensive treatment and has the further advantage of
addressing non—point source pollutants which many alternative
methods ignore . Tnree of many possible examples are cited: A
second entrance to San Diego harbor is being evaluated as a means
to increase the natural flushing rate. At Savannah , a possib~ l—
ity is being studied to use several adjacent channels and islands
in such a way as to increase net t idal movement sea~e~~ 1 . Of course
all such proposals must undergo vi gorous evaluation to insure that

• secondary effects are known and considered. The construction of
dikes off Coney Island and Staten Island has been considered as a
possible means of delaying the movement of pollutants originating
in the New York Harbor area to a degree that they will  be substan-
tially oxidized by the time they reach the bathing beaches behind
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the dikes (137). Improving or retarding flushing, whichever is
preferred , is possibly the most feasible solution for controlling
the fresh—salt water salinity gradients so important to some spec-
ies of marine life and to agricultural and ground water uses near

• the coast.

Aerate In—situ. Potentially in—situ aeration has the capabil-
ity of minimizing oxygen deficiencies and accelerating the stabili-
zation of BOD wastes. Like flushing and all the other disposal
area techniques, it is as applicable to non—point source pollu-
tants as it is to point source pollutants. Much research is cur—
rently underway to improve the process. One major disadvantage it
shares with many other solutions is its inability to combat non—
oxygen demanding wastes.

Remove Bottom Sediments. The poorly flushed urban sub-estuary
where most of the pollution problem is focused is also the locale

• where navigation dredging requirements are most likely. Other uses
besides navigation are responsible for the concentration of bottom
wastes in these sensitive places. However , during the process of
dredging an opportunity is presented to move these wastes to more
desirable locations. The added cost of acquiring preferred dis-
posal sites and transporting the wastes thereto might properly be
charged against waste disposal. During the processes of picking
up and disposing of these wastes , some oxygen—demanding wastes ,
previously covered up, are reexposed to the water column and can
create local , temporary oxygen deficiencies. One report conclu-

• ded that in the very highly polluted Arthur Kill - Kill Van Kull
area between Staten Island and New Jersey dissolved oxygen was
reduced 16-83% below normaa during dredging in the immediate area.
The persistance of residual effects was not reported (15). In
some locations resuspension of pollutants may not be much more
significant than the periodic churning up of bottom sediment s by
storms . The shallower parts of upper Chesapeake Bay are examples
( 111). In these instances , it is likely that the local mar ine
life have adjusted to this recurring event . In other places , how-
ever , the temporary , localized oxygen deficiency can exceed the
normal natural background range . These deleterious effects can be

- 
- accepted or they can be minimized by selecting the best time for

dredging and possibly by localized mechanical aeration during and
af ter the dr edging.

Coat Bottom Sediment s. Where the bottom currents are rela-
tively quiet , it has been proposed that the bottom sediments be
covered with sand or a membrane to cut off oxygen—demanding sedi-
ments from the water column (166). This alternative would prob-
ably be very expensive and much research on its feasibility and
environmental acceptability will be required before it can be given
serious consideration in coastal waters.
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Minimize Remaining Effects. Where other means fail , deleter—
b us effects in disposal areas can sometimes be m inim ized , neutra-
lized or reversed. Thus, to a degree some pollutants can be con-
sidered as nutrients. Their controlled application to selected
wetlands might possibly improve desirable biological productivity.
Ocean outfalls are often the sites of the best fishing. Despite
more primary control efforts, some oil spills will occur and im—
proved methods of containing , neutralizing and removing the oil
are badly needed. Contingency plans for the prevention , contain-
ment and cleanup of oil and hazardous materials have been devel—
oped through cooperative Federal—state—local—private committees
on a local basis.

Costs of the Solutions. Since all of the solutions are highly
site—specific , it is not practical to assign specific costs to
each. A few generalizations can be made, however, to provide a
rough ranking of these costs.

Direct costs of the various solutions vary greatly. The in-
stitutional alternatives are for the most part relatively inexpen-
sive when compared with the technical alternatives , perhaps in the
order of 2— 5% . The major institutional cost is time , because it
will require a substantial amount of time to make the regional
systems analyses sugge sted. The problem of time can be reduced
somewhat by running the analyses simultaneously with some of the
less costly more obvious technical solutions and accepting the
inevitability of some resulting inefficiencies as a justifiable
price for maintaining pollution abatement momentum.

Of the technical alternatives suggested , undoubtedly the most
costly are treatment plants and sewerage systems . Costs here run
high . As mentioned earlier , the plan of the Interstate Sanita—

• tion Commission in the Greater New York area , for example , en-
visions the expenditure, of over $6.I~ billion by the year 2000 .
Essentially all of the ISC program is for coastal water quality
improvement . On a larger scale , not distinguishing between coas—
tal and inland requirements , Appendix L (Water Quality and Pollu-
tion ) estimates a tot al water pollution abatement cost (capital
cost and all allowances for interest operation and maintenance)
in the $50 billion — $100 billion range by the year 2020.

• The indirect costs of waterborne pollution abatement are even
• more elusive . They could rival the direct costs. They include

the increased cost of products and services stemming from the im—
- 

- position of control s such as those spelled out in regulations or
implied by public opinion.

Benefits of the Solut ion s. Using the example of the New York
Metropolitan area , it has been suggested earlier under “Parties
Affected ” who will benefit principally from water quality improve-
ments. The principal direct benefits will accure to fisherman and
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those seeking recreation. Those who would bathe in currently
polluted waters if the pollution were abated will benefit at most
about 90 days a year during the summer season . Fishermen , both
commercial and sports , will benefi t  all year round with some
peaking in the sumner season . The greatest overall benefits may
be more elusive and concentrated primarily in the general desire
of the populace for a cleaner environment even well beyond the
sensory perception of all but a very few . The existence and
measure of this very important benefit can be demonstrated by a
very real and long accepted yardstick -— the willingness of an
informed society to pay for it.

Organizational Considerations. A variety of institutions are
active in waterborne pollution abatement at all levels.

The key Federal agency is the new Environmental Protection
Agency (EPA) which combines the pollution abatement responsibili—
ties of a number of agencies. The most prominent of them are:
(1) The Federal Water Quality Administration (FWQA ) for water
pollution , (2) The National Air Pollution Control Administration
(NAPe ) for air pollution , and (3 )  The Bureau of Solid Waste Manage-
ment (BSWM) for solid wastes pollution . The Federal—state system
for establishing and approving water quality uses and criteria was
described earlier. FWQA also provides substantial funds to states
wd municipalities for implementing approved programs. So far,
however, these funds have been relatively small considering the

~~eat magnitude of the program being developed for treatment
plants. The Army Corps of Engineers also has an important role in
its administration of the River and Harbor Act of 1899 (commonly ,
the Refuse Act) (129). However, the Corps’ most important coastal
pollution role is in the field of solid waste disposal at sea , a
role which is discussed in another problem analysis (Solid Wast e
Disposal). For a compilation of the laws of-the United States re—
lating to water pollution control and environmental quality , see
(127).

The systems analyses proposed herein will require a substan-
tial development oV the regional level of attention especially for
the larger , interstate river basins and coastal estuaries. The
New England Interstate Water Pollution Control Commission , the New
England River Basins Commission and The Delaware River Basin Com-

• mission are all very important in this effort .  However , the re—
gional systems envisioned herein generally focus on the smaller ,
more integrated subsystems of the large institutions j ust cited .
Examples are the Merr imack , Connecticut and Potomac . On an inter-
mediate scale, the Interstate Sanitation Commission appears to have
a desirable geographic span of control provided considerable h a—
Ison is maintained with authorities on tributary rivers .

- The state and community levels of government are the operators .
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Consistent with national guidelines and regional concepts discussed
earlier , they formulate , implement , and administer programs . They
and the people they tax and represent also pay most of the di rect
and indirect costs and reap most of the benefits . They requi re
considerable financial and technical support fr om higher levels .

Individuals and industries are heavily involved in pollution
abatement . Industries must respond——often at great cost——to the
laws , regulations and other expressions of public opinion which to-
gether define ~he terms within which industry may operate. One of
the major unfinished tasks in the overall program is to find better
ways to fit the incentives of the market place to the abatement of
pollution problems. On the individual level, people are becoming
increasingly aware of how their actions can contribute to the over-
all environmental betterment.

Solution Effectiveness. First consider national efficiency . A
National goal of achieving approved water quality levels has been
established. ~~peat edly throughout this analysis, ways have been
suggested to reaching these levels at lower cost. In general , this
can be achieved best through systematic analyses at regional levels .
These analyses begin with a basic objective and a family of insti-
tutional and technical solutions . Considering the $50 billion —

$100 billion expenditure currently envisioned over the next 50 years
in the NAB , expe nditure efficiencies produced by the proposed analy-
ses can be very , very large .

The comments above apply in even greater measure to the attain—
ment of regional development objectives which contemplate an up-
grading of water quality beyond the currently approved standards .
Costs here are about double those for nat ional efficiency , and con-
sequently any savings produced by regional systems analysis would
be even more significant. A second major regional implication
stems from the suggestion that after adequate study , new industries
might be attracted to the region to take advantage of the superior
dilution capacity of coastal waters in some localities. As high
as abatement costs may be in the NAB, they should be substantially
higher in inland areas without similar dilution capacity.

• Certainly, the greatest benefit of water pollution abatement is
environmental quality whether the approve d standards are met or
bettered. The most significant environmental benefit appears to be
in the greater satisfaction people derive in knowing that they have
a clean environment , even one well beyond the ability of normal per-
ception .
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THERMAL EFFECTS

Nature of the Problem. The problem of thermal effects  deals
with the release of waste heat to the aquatic environment especi-
ally at intensities which may cause environmental changes of one
sort or another. The problem is considered here for the coastal
and estuarine areas because the use of saline or brackish water
for cooling can significantly reduce the fresh water  supp ly re-
quirements for power cooling inland.

The primary concern in the problem of thermal additions is the
effect of changing the temperature regime of a water body on the
living organisms within the body; in other words, the ecological
consequences.

Listed here are a set of generalizations pertaining to the
biological ef fects  which may be useful for the overall analysis
(22) .

Organisms of all types are adapted to some degree of tern—
perature variation which is generally f inite but may ch ange with
respect to a particular stage in the organism’s l ife cycle. The
range and rate of change that is tolerated by each species ~~left  for investigation.

The temperature lethal to an organism is dependent upon ,
among other factors , the amount of dissolved oxygen in the water
and the tolerance of that organism to low levels of dissolved
oxygen . The dissolved oxygen level of a water bod y decreases as
the water temperature increases. Increase in water temperature
increases the dissolved oxygen requirement for normal life pro-
cesses .

0 Fish have been noted to select waters that are warme d by a
thermal discharge rather than to avoid the warmed water consisten-
tly. The choice of the fish to stay in the wa rmed area is sea-
sonal . As might be expected , they leave the heated area during
the warmer mon ths .

° Fish are able to detect a change in temperature and will
usually swim away f rom a location that is undesirable.

O The location that a fish has resided in influences the
lethal temperatures. Fish from higher latitudes have lower le—
thai temperatures than fish from areas neare r the equator. How—
ever , f ish living nearer the equator are likely to be living in
water nearer their lethal temperature limit than fish from cooler
areas.

The natural foods of non—migratory fish probab ly will not
be affected if the fish itself is not affected. This may be a
controversial point , but is a matter of deducing that organisms
that live together naturally have a somewhat similar environment
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in their evolutionary history and consequently have similar toler-
ances.

o Temperature has a d i rec t  influence on the toxici ty of many
substances. Non—le thal concentrations of substances such as
pesticides or industrial wastes can become lethal concentrations
merely by increasing the water temperature a few degrees.

o Diseases of ~i~-;h become more of a threat as the water tempera-
ture increases. Conditions are more favorable  for disease producing
organisms at higher tempt ra rures .  Therefore , a balance exists be-
tween the resist31~-~e or dL:~ o,ivo mechanisms of the fish and the
abundance or potential Lhrea : of the disease. An incre ase in the
temperature of the water  t~.•p ically reduces the disease defense , al—
though this may not iuva~~ ablv be the case.

Beyond the biolog ical e f f e c t s  the re is also the possibility of
di rect temperature e f fec t s  which may be importan t in specific cir—
cumatances. For example , the  e f f e c t  of inc reased temperature on the
further use or thr~ water  t -~ r cooling is obvious . On—site uses of the
water may also be a f f e c t e d , but  f r eq u e n t ly in a beneficial way .

Maj or Causes. ~aste neat is generated in man y indus t rial p ro-
cesses. By far the overriding producer of waste heat which ~s dis—posed of in water br~uies , however , is the generation of electriLity
to meet the power demands of our large and affluent society. (Other
sources are so minor in comparison that they will not be considered
here.)

The steam—electric system is the major source of electricity
produced in the NAR. Unfortunately, the maximum efficiency of today ’s
steam—electric plant is about ~2% and the average efficiency is about
33%. This means that , of every three BTIJ’s of fuel input , one is
tu rned into electr ici ty and two are rejected as waste heat .

To give the reade r an indication of the amoun t of heat rejected ,
a typical nuclear p lant  of 500 megawatt capacity designed for a cool-
ing water temperature increase of 12.5 °F would use and disch arge about

1 

35 million gallons of cooling water per hour.

Maximum plant  capacities have doubled since 1960 , up to more th an
11.00 megawatts. Increases to 2500 me gawatts are projected by 1980 .
Where these new plants are located , vast quantit ies of heat will be
released (Appendix P — Power) .

A nucl-or plant today discharges about 50% more heat to a water
body than a comparable sized fossil fueled p lant because the reactors
must be operated at lower tempe rature s (lower eff iciency) and becaus e
no heat Is lost through a stack as is the case with a fossil fueled
p lant. However , as nuclear te chnology advances this dif ference will
diminish or disappear.

Location. Power production in the North Atlantic Region is
presently located in non 1 unrt~L~n with population cente rs where the
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major power demands exist. Up to the present time, power plants have
been located where supp lies of fresh cooling water were available.
As inland waters come under more strict regulations and standards,
there Is a tendency for new plants to be located in coastal areas,
where there are large supplies of water suitable for cooling.

The major concerns for thermal effects in the coastal zone are in
the more southern areas of the NAB . In these warmer waters marine
organisms may be living nearer the top of their allowable temperature
range and,consequently,may be more affected by temperature rises.

The prob lem is also of greater concern in partially enclosed bays
and estuaries , where the movement of water and consequent mixing and
flushing are more restricted , and where the ecological communities

- 

- associated with wetlands tend to be affected by temperature changes.

Therefore , the extremes of the range would appear to be the upper
Chesapeake Bay area on the high end of possible thermal consequences

* to the eastern portion of Maine on the low end . Figure 1.1-9 is a map
of the NAR depicting the location of all nuclear plants either in
operation or under application at this time. Of the eighte.-a sites
indicated on Figure U- 9’, thirteen are coastal or estuarine . None of
these thirteen have , at this time , any provisions for artificial cooling.

Time Characteristics. On ~ seasonal basis ,the greatest potential
ecological effects would occur in the summer months when the ambient
water temperatures will be closer to the upper limit for some marine
species. However, from the point of view of physical effects, the
outstanding effects will occur in the winter months when the heat
can be used for a number of beneficial activities.

Therefore, the problem tends to be aggravated by the seasonal
nature of temperature changes. When it has the least value from a
constructive view of beneficial uses,it also has the greatest poten—
tial for adverse ecological effects.

On a trend basis, the problem of thermal effects is directly
linked to the demand for electricity and the technology of power
p roduction.

Power generation has on the average doubled every ten years since
• 1945, and this phenomenal rate of growth is expected to continue well
• into the future. Figure 11-10 depicts the projected electric genera—

tion out to 2020 on a national basis. The NAB will have a propor —
tional growth in demand (see Appendix P—Power) .

Present trends in technology and economics favor an increase in
the size of generating plants. This will tend to concentrate more
waste heat in specific locations.
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Parties Affected. The assessment of effects caused by thermal
additions is very complex and poorly understood at this t ime .
There is partially due to the lack of scientific agreement on what
the effect s really are , and partially due to the viewpoint of the
assessor .

Basically , thermal ef fects  are physical , chemical or biologi-
cal. There is , however , a complicating factor in that there are
also synergisms , where it is dif f icu l t  or impossible to isolate
the temperature factors from other factorF . For example , tempera-
ture will affect the amount of dissolved oxygen in the water. Our
concern here is for how such effects influence human act ivi t ies.

• Where the species composition of a marine ecosystem are chan-
ged because of thermal additions , the activities related to fish-
ing may be affected by the disappearance of resident species and
the appearance of species not usually found in an area. It is
dangerous to generalize , but the frequently cited cases tend to

-
• indicate a disappearance of the cold water species commonly con-

sidered valuable for sport f ishing and the appearance of less de—
sirable species . It has also been ob~crved , however, that ~“
length of the season with good f ishing is often extended in ~ne
vicinity of a temperature outfall.

There is also the very real possibility that less obvious eco-
logical changes may not be observable for several generations of
an organism, but that they may significantly affect local popula-
tions and , hence fishing activity. Other activities which m a y  be
affected by thermal additions include on—site uses such as swim-
ming and other water—contact sports and the extension of the ice—
free season in coastal shipping lanes . Generally , the effects  will
be looked upon as beneficial.

The effects on other withdrawal uses is not so easily deter-
mined or assessed. Where the use of water in industrial processes
requires heating, a benefit will occur. Where it will be used for
cooling, the thermal additions will be detrimental.

The reader will note that this analysis has skirted the issue
of whether these ecological changes are u good fl or “bad. ” The
basic reason for this is that there is no “one ” answer wi th in  the
present level of understanding.

Solutions. A number of partial solutions have been suggested
to ameliorate the problem of waste heat disposal. Unfortunately
the elimination of the problem itself is hardly in sight , requir-
ing as it would the abandonment of the steam cycle .

If there is a constant in the literature , it is the almost com-
plete absence of remarks about electrical generation on a large
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scale without the steam cycle. Thus, what remains is a list of six
partial solutions, each of which will be discussed below.

One partial solution is Increased generation efficiency. Nu-
clear stations are expected to increase their efficiency in two
ways. One is by the advent of the high temperature gas cooled re-
actor which , whil€ .still using the steam cycle , will reach tempera-
tures now used ii1 fossil plants. The second is the liquid metal
cooled fast breeder reactor. It too will employ a higher temera—
ture. In addition , since it produces more fuel  than it consumes
by nuclear reactions within the core, it will lower the price of
fuel, These improvements are not translated Into figures by au-
thors. The central problem will remain one of finding sufficiently
cheap metals that will remain physically stable and chemically in—

• ert in the high temperature , high flux atmosphere of nuclear cores,
• as well as in boilers and turbines (163).

The process of topping, whereby an auxiliary power generator
is interposed between the heat source and the turbine , has possi-
bilities for a small increase in thermal efficiency.

Gas turbines , pumped storage , and hydroelectric generation are
used to provide peaking power. They produce l i t t le  or no ..aste
heat and serve as reserve capacity and in some cases , hydroelec-
tric projects provide base load energy, In conjunction with nu-
clear and fossil stations, they help provide the balance necessary
for system operation.

A second partial solution is to use non—steam cycle genera-
tion. It should be emphasized that this represents the most ad-
vanced thinking and is the furthest from implementation. Theore—
tical and technical advances are required in all cases. We should
note here that in addition to any time requirement should be added
the present 6—1/2 year lead time established by most companies be-
tween the decision to build and the commencement of generation.

• Magnetohydrodynamic (MUD ) generation with gas turbine topp ing
is thought to be very efficient (50% or 70%) but at least ten
years away from central station use (97).

The fuel cell is another non—steam cycle alternative. Fuel ex-
penses will limit its use but it may have advantages in remote
locations of limited demand .

Electrogas dynamic engines are also under investigation.
These are similar to NED generators with the ions impelled through
elect ric fields, This system demands minimal cooling wate r.

Di rect electrical generation from fusion reaction is another
non—steam alternative. It is likely to be efficient but foreseen
only on the furthest ti me horizon,
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A third partial solution is improvement in transmission and dis-
tribution technology. At the present time, transmission, distri-
bution, and transformation losses are about 10% of total electric
generation. With the advent of higher voltages and the future ex—
parisian of the 760 kilovolt line recentl y ins talled in th e NAR,
some improvement in transmission losses is anticipated, since
energy transmission capabilities go up sharply with increased vol-
tages and line losses per kilowatt diminish.

A fourth partial solution is to use better cooling techniques.
A brief mention may be made of departures from what is economically
the mt~et efficient cooling system, once through cooling of river or
sea water. This type of cooling, found adequate in many cases to-
day, is subject to diminishing returns. It is, of course, vulner-
able to protests over ecological damage. Any one river or estuary

• clearly has a limited cooling capacity regardless of the distance
between power stations.

Inland stations can turn to cooling or spray ponds. The forme r
have to be very large in area , the latter are more expensive . Both
cause consumptive losses and need water for recharging. They also
eject much water vapor into the atmosphere where small—scale clima-
tic changes may occur in the form of fog, ice or even rain. ~~
are dependent on a~~ient temperatures, relative humidity and wind
speed for their effectiveness.

Cooling towers are large and expensive structures lacking in
aesthetic appeal. The wet type discharge water vapor and create
consumptive losses as do spray ponds. The most expensive cooling
technique is the so—called dry cooling tower where heat is dig-
charged directly by conduction and convection (or forced draft )
between pipes containing hot water and the air. The low density
and specific heat of air requires a very large surface area for
efficient heat discharge. However dry cooling towers infringe on
the water environment to the least degree of any other arrange-
men t.

A fifth partial solution is to increase the mixing at dis-
charge. Hot water allowed to flow naturally into a still receiv—

• ing body will stratify. If the receiving water is flowing, a plume
Will form. The dimensions are necessarily vague because its
characteristics towards its ed ge approach those of the unheated

• atr eam until differences are imperceptible. This perceptible plume
- 

• usuall y defines a risin g zone. It is of advantage for the mixing
zone to be as small as possible . This is done by forcing the hot
water out in a jet , wherefrom it entrains colder water and mixing
is rapid. Several small jets or diffusers are better than one .
Aeration , the bubbling of air through stratified water, can aid the

- 
- risin g rate and reduce zone size. Deep (and cold) water discharge

is effective , Especiall y good are natural wave , tidal, wind and
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current action of the open or exposed coastal zone . In rivers and
estuaries rapid rising i~ a mixed blessing on occasion . If the
whole ri ve r is well mixed downstream of the discharge , it can pro-
duce a thermal block to the passage of fish , especially anadromous
fish .

A sixth partial solution is the movement of plant site loca—
tions to the coastal zone . There is a tendency for central genera-
ting stations to intensify their thermal discharge ; that is , more
heat per plant is expected to be released. A major increase in the
demand for electricity is projected well into the future. There
will be a severe shortage of cooling water due to limits of thermal
pollution imposed upon rivers and streams . Plants located on
rivers face summer shutdowns or operati on at reduced power to pre—
vex1t maximum allowable temperatures from being exceeded. In the
New England region there is an impetus towards nuclear stations due
to the cost of fuel and its transportation. It seems likely that
at least in the NAB there will be a strong tendency for central
generating stations to locate on the coast or in estuaririe waters
for many reasons :

• There is much more water there for cooling and seasons.]. tem-
perature fluctuations are much less than inland.

• Rapid mixing of the thermal effluent will be aided by waves,
tides, wind arid current action.

• Thermal blocking will be less likely due to the larger dimen-
sions of the receiving body. (Conceivably this will not be true on
the ebb tide in a rapidly narrowing estuary, but this condition
would be recognized in site selection and discharge design).

• Intake and discharge structures can be well separated arid
• oriented in different directions . Coastal zone siting fits in with

the absence of need on the part of nuclear plants for good traris—
portation facilities . Fossil plants will probably remain tied to
an urban region for the reason that they demand port or rail facili—
ties. The aesthetics of a nuclear power station are not in dishar—

• mony with the surroundings and in some minds may be found to en-
hance the region. (The same cannot be said for transmission lines
unless they are placed underground). The coastal zone of the NAB
is never far removed from some of the biggest electrical markets in
the country arid the highest population densities . Remote coastal
arid estuarine siting satisfies the popular fear of nuclear plants —

in urban areas. Higher voltages in transmission lines will offset
the disadvantages of a station not being surrounded by its load.

• Water temperatures will be less likely to fluctuate and are colder.

Multiple ownership by several utilities of one large plant, al—
ready a feature of plants in existence , will tend to locate the
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plant mithiay between load areas, Safety records may ease urban
acceptance , but site shortages may still keep plants in remote re-
gions .

Returning for a moment to ecological considerations, several
considerations are pertinent . It must be clear that it is impos—
sible to avoid ecological changes when locating a power station .
A diverse ecological conmiuni ty will possess some organisms living

- - near the top of their temperat ure range , others near the bottom .
Hot water will drive out the former and enhance the growth of the
latter . If the former are more valuable than the latter , damage
has been done . If the opposite , value has been added. Clearly
we must know a lot about the situation we want to change . We must
also select which organisms we wish to preserve and understand the
effects of temperature on them,

Flood , hurricane and storm damage are to be taken into con—
aideration in the NAB and. their potential for disruption or de-
struction evaluated. Open coast sites are more vulnerable than
estuarine ones .

Eatu*rine locations are likely to be ecologically more vulner—
able than open coasts. Flushing action, while better than in
rivers , is not likely to be as pronounced in an estuary as it is
on the open coast. Estuaries serve as spawning and nursery grounds
for a number of biological species which may be highly sensitive to
temperature changes .

In the long run there must be a limit to the number of stations
that can be located in the estuaries of the NAB . Those estuaries
of major concern lie in the more southerly portion of the NAB and - --

include in particular Chesapeake Bay , Delaware Bay , Barnegat Bay ,
the Hudson River Estuary , Long Island Sound and Narragansett Bay .

Thus we see that estuaries have a limited capacity for absorb-
ing heat within tolerable damage limits. In this way they exceed
the capacity of rivers but do not approach that of the open sea.

— 

The potential for storm damage in the open coast can be mitiga-
ted and the aesthetics of the coastal zone improved if a station is
sited a short distance behind the beach itself and pays a small pre-
uiium for longer pipes arid higher pumping costs. If undersea piping
is contemplated from the beginning costs would be small.

Not e has been made of the mobility of fishes and their ability
I - to avoid water that is too hot for them although young fish may be

less able to do this than mature ones. This will not apply in an
estuary to the same extent as at the open shore, Many organisms
are tied to the estuary because of its uniq.ue combination of condi—
tions . While they are still free to move within it , they are un-
able to leave it except to their detriment , even if it does become
warmer.
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Finally one cannot adequately treat the problem of thermal ef-
fects without considering productive uses . A severe limitation cn
the use of waste heat is the fact that it is deli vered ir~ large
quantities at temperatures only 20°F to 30°F above ambient . Most
processes require a larger temperature differential . Seasonal
requirements also limit heat application and even aggravate the
problem slightly because, if maximum receiving water temperature is

• approached, there is no place to which the heat may be discharged.
However, there are several possibilities related to the coastal
zone:

• Ice Free Shipping Lanes — The navigation season in northern
rivers could be extended.

• The recreation season may be extended and, with suitable er-
closures , might become year around. In New England this would be
of special appeal .

Aquacultur e or sea farmi ng (111).

It has been noted that fishermen frequent t~ie vicin i t-  ~f hea—
ted water discharges and that fish , except in the two hot ~umr~er
months of July arv1 August , tend towards such areas and may even
fai l to migrate southwards in the winter .  When caught they appear
large and healthy . It appears that within the temperature rises

- - now experienced fish have a longer and more intense growing season.
This appears to be due to the increased food production of the
lower chain , increased activity on the part of the fish themselves ,

- 
- increased aeration due to lack of ice cover in winter and increased
• rate of sedimentation . It is clear we have an opportunity for eco—

• nomic utilization of waste heat. Aquaculture is equivalent to a
southward move for whatever organism is to be harvested. Several
coTnmercial species are living in New England near their northern
limits and spend a portion of the year growing only slowly. Warmed
water can increase the yield significantly. Under controlled con-
ditions it is possible to increase the rates of reproductive
cycles and the rate of successful reproduction . The Long Island
Oyster Company, for example, has been experimenting with oyster
culture raft s in heated thermal effluent and has been attempting
to culture new faster growing strains for increased productivity .
A further aspect is that aquacultur e offers the opportunities for

- 
. more than one waste product to be utilized.

A brief mention should be made of the possibilities for waste
heat utilization that lie on a further time horizon. One is the
location of power stations on the continental shelf under the sea
several miles from shore. A research contract has been awarded to
the Electric Boat Division of General Dynamics for initial investi—
gation. Some immediate advantages present themselves ; safety of

b the station from weather, safety of the population in the case of
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- i i i  accident , inc reased and more stable e f f i c i ency  with the lower
and more constant out le t  temperature , and a vas t heat sink occupy-
ing  almost  the whole par t  of a hemisphere above t he s ta t ion.  Dis-
advantages would be the unknown e f f e c t  of the upwelling of therma l
cur re nt s from below , and the d i f f i cu l t y  of service and power trans-
mission.

Last ly,  mention mus t be made of the possibility of the power
station being integrated with the culture. It seems likely that,
by cutting its thermal efficiency somewhat and by raising the final
temperature of its exhaus t steam , the s tat ion might  have a more
saleable product , fo r heating , indus t rial processes , waste t reat—
slant , and other purposes. If an Integrated community were formed
W it h the power station as its energy nucleus , a mix of power consu-
ming customers might be formed , some using steam, others using
electrici ty. If satellite towns are built , this p9ssibilit y should
b.e investigated. However , it seems likely that the re will still be
a shortage of low power , non—seasonal consumers .
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SOLID WASTE DISPOSAL

1~ature of the Problem. For the purpose of this discussion ,
“solid wastes ” include those waste materials which are collected
and transported to disposal sites in solid or containerized form .
~iolid wastes duznpted at sea include dredged spoil, sewage sludge ,
demolition ~~bris , industrial chemicals and solids , incinerator
residue , and floa.ting timbers . Another form of solid wastes ,
garbage, is not now being dumped at sea, but means of processing
it for ocean disposal have been proposed.

Offshore waters provide an alternative location to inland
areas for disposing of the high volume of solid wastes generated
in major urban areas near the coast. Offshore disposal could
conceivably eliminate the need for reserving interior land for
dumping sites for municipal refuse. Conventional means of solid
waste disposal are no longer adequate for meeting projected needs .
Large tracts necessary for landfill operations are increasingly
difficult to obtain close by urban centers because of land costs
and increasing opposition to the filling of wetlands and marshes .
amissions from conventional incinerators are a significant form
of air pollution. Ocean disposal is not planned for high level
radioactive wastes , the concentrated by—products from the repro-
cessing of used fuel elements for nuclear reactors . Current tech—
nolo~ r developed by A .~~.C. indicates disposal at selected sites
such as abandoned salt mines that are impervious to water and
geologically stable . (Appendix P - Power.)

The problems related to solid waste disposal in the coastal
zone primarily concern (1) the indiscriminate use of coastal
waters for waste disposal in light of inadequate knowlege of the
effects on the coastal environment , and (2) the possible expansion
of offshore dumping to include the disposal of processed municipal
wastes. The possible use of coastal waters for disposing of pro-
cessed municipal refuse could greatly increase the total volume
and tonnage in the future.

It should be pointed out that very little is known about the
effects of offshore solid waste disposal. The effects of current
offshore disposal activities in the New York Bight have only re—
cently come under investigation by several Federal agencies .
After investigating waste solids dumping in the New York Bight,
Gross ncted that no data is available to compare present conditions
with those before disposal began. The I~ational Oceanographic Data
Center has begun a pilot study to collect available oceanographic
data that might be useful in selecting sites for ocean disposal of
solid wastes (110).

Major Causes. Among the principal wast~: solids dumped at sea
are those bulk wastes that cannot feasibly be disposed of elsewhere
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-~n~~cr  i rusent cconunI~~ constraints . Muc dredged from harbors and
navigation channels is currently ba~geu to selected u i 5 p 5a~ s it e s
at sea in the absence of reasonable alternatives . Sewage sludge
I; another U L ~l waste whi cr i  is unsuitable for landfi l l  tecaUs e 01

its composition arid sigh or gai iic  content . indus t r ia l  wastes in—
clU~ll nf cscai cais , ac~~us , caustics , cleaners , sludges , waste
lLiuors , and oily wast es are Darged to designated disposal sit •
at sea.

~t recently comp~ eteu  national inventory of ocean waste ~iis—
pusal act ivi ty proviuing a breakdown of wastes by vol ume anu cost
on ttie Atlant ic  coas t is surssartheb in Table U—9 . Of the 23 .9
rcil lion tons sar~ eu to sea in 1~j o8 , dredging spoils acco~~i ten for
over bO~o of the tonnage , sewage s lu ige  comprised about 19% , and
b u±i< industrial wastes made up about 13%. It is likely that  most
of these wastes originated in t~ e ~,orth  Atlantic Region . Accord—
m G  to Gross , the ~-,ew York mstro~ oi itan region dumped 9.6 million
tons of solid wastes at sea in 1968 ( 1 4 5 ) ,  this  would be about 140%
of tne total for the Atlan i~ic coast.

TABLE 11—9

WASTES BARGED TO SEA OFF ATLANTIC COAST IN 1968

Wastes!” Tons Cost
________________________ (millions) ($ million)

Dredging spoils 15.81 $ 8.61

Industrial wastes (chemicals , acius,
caustics , cleaner s , sludges , waste
liquors , oily wastes , etc .)

Bulk 3.01 5.41
Containerized 0.002 0.017

Sewage sludge (wet) 4.4 &~-” 4.43

Construction and demolition debris 0.57 .43

TOTALS 23.87 $18. 90

Does not include outdated munitions.
Includes 0.2 million tons of f l y ash.

- SOURCE : (17)
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The deterioration and drifting timber ot abandoneu p i e r s  and
wharves along some major ports and harbor~ po.;e t l . sea~ t~ naviga-
t ion and an unsi gh t ly nuisance of s u f f ic i e nt  m a g n i t u d e  to sar r an t
Ut t en t i o n.  A stop gap solution iS to c& ~Iu ~~t Jie debr is  f rom t o
wate r  and sion ~ the shore. A more p er ma n e n t  so lu t ion  is t i l e  re-
moval of the sowr se , the de te r iora ted  w a t e r f i u n t  s t r u c t ir e . . u S —
posal involves shedding and chipp ing.

Locat ion. Mos t of the ~our es of soU d wist ~~s now disposed of
at sea concentrate  in and around major  por ts  and coas ta l  c t ies.
Offshore dumping grounds have been designated for specific waste
materials in areas of predefined boundaries near coastal metropoli-
tan areas of the North Atlantic Region.

Time Characteristics. The trend in the ne~ir 
j
~~tur e indicatesthat the amount of waste solids dumped at sea will increase . In

the New York metropolitan area dumpings over the period 19- 0—1968
increased at an annual rate of 4%. Should municipal refuse be
processed in an acceptable form for ocean disposal , toe dumping
could increase significantly.

Parties Affected. People can be affected by the solid waste
disposal problem economically and in other environmental ways.

The parties affected economically are of two principle types — —

those who must pay the cost of sold waste disposal and those whose
economic livelihood is affected by the disposal operation without
coimnensurate compensation. The residents of all municipalities pay
heavily to dispose of their solid wastes. In the New York metro-
politan region , the Tn —state Transporation has estimated (122) the
capital costs at $0.4 billion for collection and $1.5 billion for
disposal for the period 1963—1985. During the same period , annual
operating costs are expected to rise from $180 million to $360
million for collection and from $47 million to $140 million for dis-
posal. Considering the magnitude of these costs, it is easy to see
why costs must be considered carefully in any weighing of alterna-
tive disposal methods.

People can also be affected by the solid waste disposal problem
if their economic livelihood is adversely affected without cotninen—
surate compensation. Some claim that the commercial fisherman is ad-
versely (or beneficially) affected by the ecological consequen ces
of sea disposal, but until these consequences become known, firm
conclusions can not be reached .

The principal environmental effect inland is aesthetic. To those
wi th in  sight  or hearing or dust range , the aesthetic impact is direct .
Indirect aesthetic impacts are also important . For example, many
suburban conununities react unfavorably to any idea of locating “a
garbage dump” within their borders, no matter how skillfully it may
be hidden and operated.
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Few are affected aesthetically by sea disposal. The environ-
mental concern here is over inadequately known ecological conse-
quences.

Solutions. Among the alternative means proposed for disposing
of solid wastes , several would use the ocean bottom as the ulti-
mate repository and some would use the assimilative capacity of the
ocean to dilute and decompose certain wastes. In some instances
the waste material would be processed to render them less objection-
able .

Incineration of rubbish and garbage reduces the volume and elim-
inates biological organisms. The major objections to incineration
are the emission of air pollutants and the cost of air pollution
control devices. Experimental high temperature incineration (2600° —

3200° F) would reduce ~ll forms of rubbish and garbage to a molten
state and discharge an inert slag. However current cost estimates
show high—temperature incineration not to be competitive for the
near future (51).

Another possible solution involves compacting, ba l ing ,  and cart—
ing refuse. Experiments have shown that compacted bales of refuse
could be made negatively buoyant and remain on the ocean bottom.
Sites would have to be selected at s u f f i c i e n t  depth where wave ac-
t ion and cur ren ts  would not cause the bales to s h i f t  or d r i f t .

Certain materials such as dred ging spoils and sewage sludge may
continue to be directly discharged in to the ocean , because they are
unsuitable for landfill. Dredging spoils removed f r om naviga tional
channels can contain toxic chemicals and heavy metals , and concen-
tra t ions of plant nutrients among the river sediments. Undigested
sewage sludge may also be highly eutrophic and also a heal th haz ard
because of its content of microbes and pathogens. A requirement
tha t all slud ge be di gested bef ore dumping at sea adds appreciab ly
to the cost of disposal.

Even though ocean dumping minimizes difficult problems of in-
land disposal , the use of the ocean as a final depository for  sol id
wastes is apparently becoming less acceptable as the oceans begin
to take on the aspect of a manageable resource.

A recent study of the economic aspects of offshore solid waste
disposal appraised the principal market costs of several disposal
alternatives for the New York metropolitan area (51). The study
cautioned that the main non—market economic variable , the e f f e c t
of solid was te disposal on marine ecology, could not be incorpora—
ted into the evaluation because these effects were largely unknown.

Table 11—10 taken from this study indicates the relative 1970
unit costs of disposal for the New York area, assuming close—in
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sites are available. The costs were calci~ I L O d  in terms of present
value wi th  no in f la t ion  iactor .~dded , and ar t  based on a 20—year
life cycle.

As the table indicates , the study concluded that for inland
cities , the rail haul—sanitary landfall mi thod is decidedly more
economical than any sea—based method . For the coastal city, dump-
ing of compacted bales is a l i t t le  less expensive (56c/ t on  or 8%)
than the sanitary landfill alternative.

Environmental factors probably sl oul l  govern . It  is easy to
think of valid environmental objections to every alternative , but
at lease one must be chosen. As has b aen seen, most inland com-
munities reac t strongly against disposal in their vicinity, pri-
marily for aesthetic reasons. Offshore the objection is ecological
uncertainty.

• TABLE (1— 10

INIT  COST OP VARIOUS D I S.O SA L METHOOS

Methods Cost I n  S/ tons for
r ate I

~~~~~=~~
=-____- ~~~~~~~~~~~~~ -~~~~~~~~~~~ - - i~i__

I Land—based
p Rail haul— —sanitary landfilli’ ~ $ 7

:
62

In cinerat ion j / 10 50 11 00

- Sea—based
Dumping of compacted bales -

Coastal city 3/ 6.78 7.09
Ci ty  50 miles inland 4/ 10.61 11 .02
Ci ty 100 miles in land4/  10 .97  11 .37
City 150 miles in1and~~/ 11.42 11.82

Inc ineration at sea

- Inland incinerator — 11.46 11.96
sea dump

Water—borne incinerator j 10.89 12.00

3/ Based on 50—mile railbaul. (For derivations , see
Appendix of the Source.)

2/ Includes pollution control equipment sufficient to
meet present federal standards.

3 / Based on Westchester to Hudson Canyon; baling but no
packag ing ,  80—mile ocean tow.

4/ Baling at inland city. railhaul to coast and 80—mile
ocean tow.

SOURCE: (51)

For sometime the need to review offshore solid waste disposal
‘procedures and management has been recognized. Among those who
have been studying the problem are the Smithsonian Institution ,
the U.S. Army Corps of Eng ineers , the U . S .  Department of the In-
ten or , the Council on Environmental Quality, the National Ocean—
ographic Data Center of the National Oceanic and Atmospheric
Agency , the Bureau of Solid Waste Management of the Environmental
Protection Agency , and several academic institutions.
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Some feel that no dumping should occur at  all until the environ—
- m e n t a l  effects are known , Others ~re of t h e  view that concentra—

• t i ng  wastes in dcsi{ nated  ~re~s preserves other areas intact. A
third view holds that  wide dispersio•~ Lii certain wastes , succ as
organic matter , could minimize overall adverse effects and produce
some benefits by increas ing biologi cal productivity . Whatever the

- 
conclusion , tentative or f~ nai , sign~ ficant monitoring of the m~~ or
ocean disposal sites should be required.

A comprehensive review of ocean dumping and recommendations of
poli cy and regula tory legislation is presented in a recent report
prepa red by the Council of Environmental Qual i ty  (32) .  The report
recommended “a comprehensive nat ional  policy on ocean dump ing of

• wastes to .
~nregulated ocean dump ing of all materials and

strictly 1 L ocean disposal of any materials harmful to the en-
vironment”.
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RECREATION

Naturt of the Problem . The problem considered here is how to
improve t he  u s e f u l n e s s  of the  region ’s coastal zone in satisfying
current and fo r seeab le  rec rea t iona l needs.

Recreation , as considered here , inc ludes all coas tal land and
water resources , human a c t i v i t i e s, and development that serve to
provide for the portion of leisure time - which is spent out—of—doors
along the maritime edge of the North Atlantic Region . The people who
choose to spend a portion of their free non—working hours engaged in
refreshing diversions along the coast are considered here , be they
active pursuits such as surfing or sailboating , or passive amu semen ts
such as bea chcomb ing or photograp hing shore birds. The land and
water resources , man—made facilities, vacation homes , mar inas , water-
ways and piers that provide the resource base for recreational pur-
suits are included .

• Outdoor recreation in coastal areas includes:

• Water contact activities such as swimming , surfing , wa ter
skiing and skin—diving . The resource base is essentially the sandy
b e a c h f r o nt  and s u r f .

• Boating with cabin cruisers , motor boats , sailboa ts, submers—
Idles and rowboats. The resource base is primarily protected water-
ways and water surfaces.

• Sportsfishing from boats , piers or the shoreline . The resource
base is primarily the fish , wetlands and shoal water habitats.

• Hunting , primaril y water fowl. The resource base is essentially
wetlands.

• Passive recreational pursuits including p leasure driv ing,
viewing , sunba th ing,  beachcomb ing,  pho tograp hy,  walking , birdwa tching
and nature study. The resource base is essentially the more scenic
na tural areas of the  coas t .

Major Causes. The major causes of the problem are high demand ,
l imited supply and use conflicts.

Nat iona l ly ,  the value of the coastal zone for recreational use
has been estimated as second only to marine transportation . In the
North Atlantic Region beaches like Jones Beach , Coney Island , Atlan-
tic City and Ocean City, Maryland each regularly accommodate 10—20
mill ion visi tors annually. In 1965 there were nearly three million
saltwater fin fishermen in this region. They spend about $200
m illion as par t of the ir hobby. Private recreational land values

b have apprec iated rap idly along the coast. For examp le , on Cape Cod
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many pil ots current ly selling in the 410 ,000 — $15, 000 range sold
• for ~l5O— l500 in 1956 . As population , af f luence , le isL ;I~ - , COliStlil

accessibi~~i ty  and outdoor apprecia t ion  cont inue to •~x i w d , C u r - l i —
tional demands wil l  grow rap idly .

ide abi l i ty  of the  resource bas e to i n u ~. t}ii:; demand is li:; —

Ucu in several importan t way s . Most importan t of all , c i i :;i tc
• l imits almost all currently popular forms 01 outdoor coastal r~ c—

reation to about 90—100 day s a year in th is  region . The most
popular form of coastal outdoor recreation , the  w a ter  contac t .
activities are based upon san dy beachfront  and s u r f .  Of the  14 , 1 —

ralles of ocean f ron t ing  shorelines in t h e  iorth A t l a n t i c  ded i o n ,
about th ree—eigh ths  (1800 mi1 es)  is beach and 0ne— el 1~;i td (~Au
miles) is available for public recrea t ion . i3eacIiL s vary g~ e:t~ ly

• throughout Loi s  region : Maine w i th  more than half t-~ie ocean coos - —
line has almost no beaches , the rest of hew iLii L ;iaIi -l is mixed , c i i
i ru~ uoil Island douth the 1400 miles of oCean shoreline ara- all

- 
• beach . All but l5~ ( ‘(35 miles)  of th is  oc ;an f ron t  is p r iv a t~~i~-

owned. Public ownership is most prominent in Massachusetts , . -s
York arid ~ew Jersey . The non—oceanic coast lir ~ (about  3)uu : i l l cs)
consists  of the coasts of ~ar rw1Eari set t  Day the ilust Ohor c ur ic
Great douth Bay on Long Island , Delaware Bay , Chesap eak e Ii;çj
lesser ecibay ;~cr i t s  and the lagoons or backbays from L~a 1C islaiiu
~3outh . Almos t all of i t  (about 80%) is p r i v m L c J ~/ owned ur ic  Vcr~:
little of it (about l5~~) is beach . if course , here , too , t l i e F o

are numerous local departures from th is  rc E~~io ; 1aJ w l i e  pers j uc~ive.
(136 )

The bas e for boating is pr imar i ly  the protected areas of es-
tuaries and emb ayments and the waterw ays such a:; the iu lracoast ;i i
Waterw ay . These areas appear ample for current and expected
popul ations . For example , the approximately 6 mi l lion acres of
protected coastal recreational boating waters in th i s  reg ion are
equivalent to a halfacre for every family now l iving in the oAl -~.
The l imitat i on for boating is not congested water surfaces , but

a shoreline faci l i t ies and affluence .

f l i e  base for h u n t in g  and s p o r ta f i ch i ng  is wetlands and shoal
water habitat . The 3 million acres in the iiA~ are equivalent to
one—quarter acre per family .  The limitation here does not appear
to be wetland end habi ta t  area but waterfowl abun dance and h u n t e r
aff luence.

The bas e for passive recreat ional pursuits is essentially the
entire coastline . This is hard to quantify because tastes differ
so much. For aesthetic isolation , anyone around is too much .
For girlwatchi”g at the beach , the more the  merr ier .

In sunm:ary , if allocated 00 a per—NAB—family basis , the coas-
tal recreational resource base would be distributed something as
follows :
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o Four inches of public recreational oceanfron t beach for all
beach recreation.

o One—half acre of protected waters for all boa ting recre a—
t ion .

o One—quarter acre of wetland and shoal water habitat for all
h u n t i n g  and sportsfi shin g.

Several use conflicts comp licate the problem of satisf ying
recreational demand . High density recreation and low density re c-
reation exert diametrically opposite demands on the resource base.
Mosquito control p rograms also tug in an opposite direction from
wetland recreation. Inadequatel y controlled waste disposal causes
pollution and conflicts with several forms of coastal recreation .

• Management of wetlands for wi ld l i fe  purposes often conflicts with
their management fo r marine life purposes . Residential , commercial
and indust r ial uses occupy land which mi ght othe rwise be available
for public recreation.

In summary of causes —— demand for all forms of coastal recre a-
tion is rising fast ; the major resource limitations are seasonality
and public beachfront ( for  the most popular form of re creation —

bathing) ; and a number of confl icts  exist and their resolution will
undoubtedl y require many t radeoffs .  Aside from seasonality , the
sho r tage of con veniently accessible , developed public beach facili-
ties near population centers is easily the most significant limita-
tion .

Location. Acco rding to projections of accumulated unsat is f ied
need for outdoor recreation in Appendix M , the need will be greatest
fo r the most heavily urbanized areas of the region. He re the need
is primarily fo r facilities for one—day out ings and weekend t r i ps ,
and intensive use of the coastal recreational resource base. In the
interest of improving environmental quality the need for diversity
in the form and quality of recreational experiences is most acute
in the urbanized coastal zone .

The mo re remote and inaccessible areas of the coastal zone pro-
vide a scarce recreational opportunity in the form of less inten-
sive activities in mote naturalistic surroundings . Portions of the
Main e coas t and some j f the isolated barrier islands such as Fire
Island and Assateaque Island p rovide such a setting.

• Areas in which recreation conflicts with other coastal uses are
located primarily around major ports and cities where residential
and commercial use of the shorefront predominate. Water qual i ty
suf f ic ien tly low to preclude swimming and shelifishing is common
nea r coastal cities and the estuaries of major streams where the

• f ull assimilative capacity is ued fo r di lut ing wastes. Water
pollution is also becoming a problem around some recreational devel-
opments alon g remote coastal bays and small estuaries as a result
of waste discharges f rom boats and p rivate homes.

J—l18
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Time Characteristics. The temporal aspects of the recreational
demand are particularl y significant insofar as they influence the
intensity of use , the types of activities and the space that must be
allocated . Outings or day use generally limit the area served by a
given recreational facility to the time an individual or fa mily is
wi l l ing  to spend In travel. The range for day use travel has been
estimated at about two hours. Using this criterion , most of the WAR
shoreline is within two hours travel time of some major urban center .
Another l imiting factor  in da y use recreation at any fac i l i ty  is the
transpor tation mode. With the exception of a small portion of coast-
line served by mass transi t, mos t day use recrea tion Is reached only
by private automobile , and is subject to constraints of highway
capacity and parking facilities. Cape Cod for instance is now served
by roads much too inadequate to meet peak capacity, so that the over-
crowded highways ac tually regulate the numbers of day use recreation—
Ists. Parking facilities , vast as they are , limit the use of Jones
Beach during peak use In the summer .

Persons seeking coastal recreation for extended per iods such as
weekend trips , vaca tions , or an en tire season , place added demands
on the resource base f or overnight accommoda tions such as vac ation
homes , cottages, campsites and motels. Extended use also expands the
po ten tial range of an area served by a given coas tal recrea tional
facility . Thus , the coast of Maine , removed as it Is f ro m pop ula tion
concentrations , serves day use recreation for primarily local resi-
den ts, whereas vacation use attracts persons from as far as New Jer-
sey and Pennsy lvania.

As poin ted out earl ier , an important time—based characteristic ,
seasonality , is the single most important limitation on coastal
recreation. It not only denies off—season use but severly limits
the qual ity of the f acilities which can econom ically be prov ided .
Seasonal ity is eas ily the mos t signif ican t fac tor in the economy and
unemployment rates in coastal recreation areas.

Parties Affected. The parties most seriously affected are those
persons without the means to travel to recreational facilities.
Transportation seems to be the key to gaining access to coastal
recreational facilities. People lacking such means are the less
affluent city dwellers without a private car.

Those who are not residents or property owners are more likely
to be restricted in gaining access to the coastal waters for swim-
ming or boating . In areas where the coastline is privately owned ,
par ticularly in commun ities where vaca tion homes and seasonal homes
are prevalen t , the local municipal ity of ten provides public beaches
and launching ramps for  the use of residen ts only.
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SolutIons. To solve the problem of Improving the usefulne ss of
the region ’s coastal zone in satisf ying current and I orseeable
rec r eational needs , one app roach is to at tack the principal causes
—— briefly : high demand , limited supp ly, use conflicts .

Not too much can be done about demand . The positive way the
problem is worded , we can not abnegate responsibility by approaches
such as (1) let them stay home —— outdoor pools , TV ’s , e tc . ,  or (2)
limit the population and that will reduce demand or (3) let the
Increasing congestion , travel inconvenience and costs establish their
own limitations on demand . Instead , the problem is how to increase
human enj oyment , not tu rn  it elsewhere or supress it.

Much cons t ructive work on demand needs to be done to understand
it better , to learn of peop les ’ recreational appetites and the in-
convenience factors and inducements which influence it. Examples:
How many would become boaters if marinas were as cheap as parking
garages and boats as economically attainable as rental cars today ?
How ma ny would use Jones Beach and adjacent Gilgo Beach if they could

• d rive there easily In three—quarters of an hour or less and were
assured of plen ti ful  parking , excellent facil ities , no tr a f f i c  j ams
and no excessive beach congestion? How many would engage in sports—
fishing if it were Inexpensive , and easily accessible and a reason—

• able catch could be expected? (24) and (26)

Based upon answers to questions such as these the problem of
suppl y could be attacked . The limiting factors could be more surely
Identif ied and possibly overcome . Although it appears quite certain
tha t almos t every facet of supp ly must be considered in meeting
coastal recreation demands near large cities , it needs to be known
what improvements will provide the most return —— $X for  pollution
abatement , $Y for beach acquisition , $Z for extending mass transit
to beach areas , $Q for better parking , or $R for  be tter highways
or mo re launching ramps , etc. Which of these necessary things should
get bud get prio ri ty is a real—life  question that must always be
answered .

Looki ng to the long range fu tu re , It would seem that the re is
• quite an untapped capability to increase the most critically short

resource —— sand y beaches , p rovided some diminuation in the quality
of the experience can be accepted . The re are several thousand miles

• of non—beach shorefront  which could be converted to beaches by sand
nourishmen t along almos t all of the backbays and estuaries.  True ,
the surf ac tion and seabreezes would not be so a t t rac t ive  as along
the ocean beaches , but the congestion would be much less.

The use conflicts listed earlier were i l lustrat ive;  it is easy
to think of others .  One of the most important confl ic ts  is internal
to rec reation —— the confl ic t  between hig h and low density recreation .

- 
b The concept of the greatest good for the greatest number if followed
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to Its ultimate conclusion would complet el y submerge all Ind ividual ity.
It seems full y in accord with American traditions to slig htl y limit
“the greatest number ” so that all might have a chance to “do their
t h ing . ’ To preserve a spectrum of choice while g iv ing co nsid erab le
but not absolute preference to the m aj o r i t y  Is one of t h e  key chal-
lenges to coastal zone p lanning and management. The spectrum is
currently being preserved more through natural selection than through
purposeful action. Thus , Maine provides low—density aesthetic appeal
not so much because it is beautiful or because it was arranged that
way , but because it is remote , has a harsh winter which discourages
settlement there and because the beaches are too few and the water
often too cold for family bathing .

In the future, na tural screen ing fac tors such as these w il l  be
less significant. Central Park on Manhattan Island was a purposeful
produc t of planning and action. Increasing in the future , purpose-
ful action such as this will have to surp lant the more or less for—

• tuitous selection process to date.
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MARINE TRANSPORTATION

Natu re of the Problem. All forms of transportation —— air , su r-
face , and marine —— have significant coastal implications .

Air transportation competes in some ways with marine transporta-
tion . This relationship is discussed latter in this analysis under
“Solutions .” As the need for more or larger airports close to urban
center s mounts , coastal areas are frequentl y considered as likely
locations f or many reasons . Almost all major urban areas are close
to the coast. Overwater approaches significantly reduce problems of
safety and noise. Relative to inland areas , coastal landfill areas
are inexpensive . Furthermore , by selecting a coastal site , a corn —

• munity can avoid a huge loss to their real estate tax bases . To
cap italize on these advantages , large tracts of coastal wetlands
impor tant to marine life are sometimes filled in. It is difficult
to weigh the net gains and losses f rom these conflicting use require—
ments. The general problem of landfill as it af f ects coastal wetlaixis
is considered in another problem analysis. (See Conservation of
Wetlands).

Sur f ace transportation requires rights of way for roads and rail-
roads. Often they are located along the coast because of certain -

transportational advantages there. If they are not located with
environmental sensitiv i ty , they can become aesthetic blemishes and
restr ic t  coastal access . When transportation arteries cross navigi—
ble wate rways and estuaries the brid ges and tunnels can restrict the
expansion of marine transportation and adversely affect tidal flush-
ing upon which marine l ife and was te disposal may depend . Pipelines
are an al terna tive to coas tal mar ine transpor tation in the delivery
of bulk li quid prod ucts, especially petroleum .

Marine transportation is particularly a coastal consideration.
From an economic pt in t of view , it has been claimed to be the mos t
significant use of the coastal zone. Nationally,  it had an estimated
value of about $11 billion in 1963 according to Figure 13—3. On a
slightly d i f f e rent basis , its value in the NAR is estimated at over
$3 bi l l ion annually in Tab le U—li. Although marine tranaportation
occupies onl y a very small pa r t of the region ’s coastline , say 1—2% ,
this  part of ten has special value to many other coastal uses . Altera-
tions in the location or configuration of approach channels , prote c—

• tive st ructures and shore facil i t ies can a f fec t  these other uses .

Since marine transportation is developed comprehensively in
Appendix K (Navigation ) , onl y its major environmental and economic
problems are covered herein.

On a wor ldwide basis , dramatic changes have occurred in ocean
shipping over the last 15 years. The two most important changes are
the introduction of the containership and the very deep draft bulk
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ca rr ier .  The NAR Is doing ra ther  well accommodating the container—
• ship despite some growing pains . However , unless th is region can

find acceptable ways of accommodating even a modest portion of the
increase in vessel drafts for bulk carriers , It will c ontinue to pay
a transportation cost for its substantial bulk imports and exports
perhaps approaching twice the cost attainable with some of the newer
and prop osed deep draf t vessels. Currently bulk products such as
petroleum , ore and coal make up about 80% of the region ’s overseas
tonnage. This proportion can rise even higher with increasIng con—
sumption , the possible opening of an Arctic tanker route , and upward
rev ision in the quotas wh ich now limi t the region ’s oil imports. If
future requirements are to continue to be net by the current small
tankers , environmental side effects such as congestion and oil spil—
lage could worsen.

The scope of all  analyses , including this one , must be limited to
attain focus. This analysis is bounded first of all in a geo—

• graphic and functional way . Within this envelope it is further
bounded by the depth of treatment suitable to the broad purposes of

• the overall NAR study. To provide an appreciation of these limits
and to establish the context within which this analysis is made ,
these limits are descr ibed more fu l ly  below.

Th is analysis focuses geograp hically on the reg ional , coastal
aspects of the problem to include the approach channels , the harbors ,
the off—loading fac ilit ies , the adjacent shore facilities and tha t
part of the distribution system which is carried out by coas twise
shipping . Cited as Important exterior influences, but not covered
in de tail , are the ocean traverse and the inland distribution system .

As reflected in the problem definition , the analysis focuses
functionally on commercial shipping . Thus it does not cover such
related aspects as recreational boating which is considered in
another problem analysis (See Recreation), the status of the U.S.
Mercha nt Mar ine , and related problems of shipbuilding, labor , and
efficiencies potentially obtai nable through Improved weather predic-
tion and por t  administrat ion.  Impacts , beneficial or detrimental, to
other users of the coastal zone are identified and possible solutions
or ameliorative measures are suggested .

Data and comments are geared primar ily to the regional perspec—
tive. They are not suf f ic ien t  to evaluate individual po rts.  For
examp le , significant limitations on fur ther  deepening in maj or por ts
have been generally rounded herein to the nearest f ive—foot  interval ,
and ar e intended to hav e an accu racy necessary onl y to estab lish the

- - ind ividual port ’s general candidacy to accommodate some of the larger
vessels anticipated in the fu tu re .
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Major Causes. The satisfaction of major needs in marine trans-
portation presents problems, because of the large current and pro—
jected scale of marine transportation , increases in ship size,
physical limitations of the region’s coastal zone and environmental
considerations .

The f i rst major cause of the problem , the very large sca le ofc marine transportation, is indicated by Table U—li.

TABLE U- il
COMPONENT QUANTITI ES

Estimated
Volume — in mi llion short tons , l968 Port Revenue

Jtnternal I
Commodity 

- 
Foreign Coasti and Total $/Ton Total

_______________ 

iii~j 6~~Ts Exports wisd Local 
____ 

(~ bi llion)
• Pet roleum :

Crude 61 —— 9 22 92 4.38 .40
Refined

products 60 1 98 86 245 4.38 1.07
Other Bulk :

Coal —— 35 12 19 66 3.02 .20
Ore 28 1 12 27 68 3.51 .24
Grain —— 4 —— 1 5 7.06 .04

General Cargo & 
1/miscellaneous 28 12 27 13 80 18.46 1.25 —

Total 177 53 158 168 556 ——— 3.20

1/ Computed at $1.34/ton for  internal and local;and $18.46/ton
for all others.

SOURCE: Tonnages are developed from information provided by the U.S .
Army Corps of Engineers (l38). Port revenue cost factors are based
upon a stud y by the Maritime Administration adjusted for price esca—
latlon ( 1). They are estimates of direct dollar expenditures to

• move the cargo through the port .  Their principal components are
labor , port terminal income , rail and motor f reight  credited to the
ar ea , auxiliary services , and miscellaneous por t and terminal
expenditures .

Almost all of the crude oil impo r t s come to the Delawar e River
ports , Portland and New York with 27 , 22 and 10 million tons respec-
tively . The refined pet roleum products are imported in many loca-
tions; about half , 30 million tons, comes to the Port of New York.
Essentially,  al l of the coa l is exported from Hampton Roads. The ore
imports consist primarily of iron ore in the Delaware River ports
(11 million tons) and in Baltimore (10 million tons) . Grain ship—
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men ts are rela tivel y minor. About half leave H ampton  Roads. The
major volume of general cargo imports and exports is located at  New
York , the !)elaware River ports , and Baltimore , in tha t order.

One study ( 2 ) expects crude oil imports to rise about 70% from
1968 to the year 2000. At this rate the 1968 imports would easil y
double by 2020. Any upward change in the cur ren t  import  quota  w h i c h
limits foreign imports to 12.2% of domestic consumption , or t h e
creation of a free port exempt from this restriction would have a
major impact upon this projection. Projected increased in dry bu lk
imports vary widely iron about 70% to about 350% by the year
2000 (2) .

A second major cause of the problem is increases in shi p s izes.
Appendix K (Navigation) contains a detailed description of each of
the four major classes of commercial ocean vessels and their varleuLs ,
toge ther  w i t h  an ana lysis of the future growth trends for each. For
reasons cited in Appendix K, little Increase Is expected in the sizes
of passenger vessels or general cargo carriers , incl uding both con—
tainerships and break—bulk vessels.

For the othe r two classes —— tankers and dry—bulk carriers ——
major size increases are expected before the year 2000. For the
longer trade runs serving the region from South America , t h e ~ii~ dIe
East and Alaska , if th e Northwest Passage becomes a feasible route ,
200 ,000 deadweight ton (DWT) tankers are expected with drafts of
65 feet or more. Dry bulk carriers importing iron ore and exporting
coal in the NAR are expected to reach 100,000 DWT with drafts of
45—50 ’. Combined ore—bulk—oil (OBO) vessels will require drafts of
60 feet or more ( 2 ) .

These vessels are small compared to t h e  f o r e c a s t s  of t anke r s
five times larger and dry—bulk carriers twice as large , in terms of
DWT , expected to be operating in the next 20 years elsewhere in t h e
world (135).

A third major cause of the problem lies in the limited depths of
the harbors and channels in the  region. Figure U— lI illustrates the
channel dep th  proble m .

Note that none of these major existing Atlantic ports can come
close to accommodating the depth requirements for the larger tankers
expected to be se rv ing  the  U . S .  in the  year  2000 without running into
problems of bedrock , continental shelf or the other serious obstacles
identified . Recent unit costs of about $2 a cubic yard for “conven—
t ional” d redg ing and about $20 a cubic yard for blasting and removing
rock make the total cost of significant deepening by amounts in t h e
17—35 foot range , prohibitive .

Figure u— lI also shows tha t none of the major ports in the region
can accommodate the  full range of depths required for the expected
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d ry—bulk  carriers.  Portland , New York and Hamp ton Road s can carr y
a few at the lower end of the requirement. All three have no obvious
major bedrock or other obstacle limitations , except major costs for
conventional dredging . Providence and Baltimore with deepening cf
5 feet or less might also accommodate a few of these vessels at the
lower end of the requirement withou t bedrock or other major problems.
Observation of the tidal ranges discloses a possibi l it y of bringing
some larger size vessels into the port to a deepened basin during
h i g h t ide , but the feasibility of this alternative would require
I cal stud y. An other possibility is the LASh! or SEEBEE with drafts
up to about  33 f ee t .  These ve ssels cou ld o f f l oad l ighter , shall ow-
draft barges for coastwise and inland distribution . The economic
feasibility of this alternative requires considerabl y more stud y

~ f their performance in the Gulf of Mexico where t h ey are first
t.) be tried.

There are no significant obstacles of depth for containerships ,
break—bulk cargo vessels and passenger vessels expected for the year
2000 at numerous ports in the region.

A fourth major cause of the prob lem lies in environmental con—
sid~rations . These problems are covered at length l:jter in this
analysis under Parties Affected . They are also cited frequently
throughout the analysis .

Location. By its basic nature , ocean marine transportation is
dependent upon the coast. Many other users of the coastline , even
recreationers , could conc eivabl y go elsewhere. But it is impossible
to conceive of moving heavy tonnages from abroad , within the time
frame of this study and well  beyond w i t h o u t  m a r i n e  transportation.
Transoceanic pipelines for the movement of liquid products , even
with some In slurry form , are conceptually possible , but their
economic , environmental and perhaps technical real ities are well
beyond nature consideration. For the solid components of oceanic
cargo , i t  is not even poss ible  to conceive  of an a l t e r n a t i v e  except
for air delivery of the low—wei ght , high value cargo for which time
in transport becomes the dominant factor. For t h e ocean trade ,
there f o r e , the question is really where on the coast and how , not
whether.

Conceptually , at least , more options are open for the coastwise
and inland distribution systems . Here marine transportation competes
with pipeline , rail and truck. To investigate the performance of the
market place in allocating this trade is well beyond the scope of this
study. It would take a really national transportation study to do so.

The strategic positioning of marine transportation presents some
options at the supra—regional , regional and local levels.

Other regions , especially eastern Canada, the Great Lakes , the
South Atlantic and Gulf are possible competitors with the NAR for
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mar ine  t r a f f i c .  The NAR is c loser  to  Europe and t h e  A r c t i c  oi l
f i e l d s  than  any of the  o t h e r s  except the  Canadian p o r t s .  It is abou t
equidistant with t h e others from the  Midd le  East oil f i e l d s .  I t  is
closer to the South American oil and ore sources titan the others
except the South Atlantic and some of t h e Gulf por t .  Cur r e n t l y ,
there is talk about  a “North American land brid ge” between Eastern
Asia and Europe. Under this concept , certain segments of the con—
tam er trade , characterized by higher values ascribed to time lost
in transit , mi ght  be landed In the Seattle—Vancouver area and moved
across th e continent in highly specialized container trains to
Canadian , NAR or even Great Lakes ports for movement to Europe.
Ana lysis of t h i s  possibility is beyond th e scope of this study. Such
an analysis would evaluate the type and volume of cargo which would
move economica l l y by such a system ; the  imp l i c a t i o n s  of possible new
alternative routes such as the one t h r o u g h the  A r c t i c  or a sea leve l
canal across Central America; and the  compara tive  pos i t ions  of the
Canadian , NAR and Great  Lakes p o r t s .

T u e  NAR h i as  b y f a r  the  l a rges t  c o n c e n t r a t i o n  of peop le and indus-
t r y  in North America. A quarter (26%) of the people in the United
States live there and they command a third (31%) of the NI t i on ’s
e a r n i n g s  (Appendix B — Economic Base) .

S e v er i l  developed Canad ian  p o r t s , n o t a b l y H a l i f a x , have  h a r b o r s
significantly deeper than those found i n  the  NAR . h owever , t h e  N AU
ports ire dee per than those in t he  S o u t h  A t l a n t i c , G u l f  and ( I r e a t
Lakes sys tems ( l3~~.

As Table  U— 12 i n d i c a t e s , the  v a l u e  of the  e x i s t i n g  p o r t  f a c i l i t i e s
in t h e NAR far surpasses that in any o the r  m a j o r  po r t  reg ion in N I l r t l I
A~- e r i c a .
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TABL h-: tj—12
I t

TOTAL NON— F EDERA l .  COASTAL P U R L  DE VE I .U P M ENT EXPEND ITURES TO DATE

(Mi l l  ions of D o l l a r s )

1946—1965 [966—1970
Region L~~

clusive J in c lus ive  To ta l

2/
North i Atlantic 838 168 1,006

S o u t h  At l a t i t  ic 114 51 165

Gu lf 385 65 450

Great Lakes 251 8 259

(Total U . S .  P o r t s )  (2 , 127) (520) (2 , 647)

Al l  Canad ian P o r t s~~” 429 ? ?

NOT ES:

1/ These are public expenditures , e.g. New York Port Auth iority.
An a d d i t i o n a l  75—100% was prtvate investment. The total
e s t i m a t e d  non—Fede ra l  cost t h u s  appears  to be about $5 billion.

2/ $486 m i l l i o n  of th i s  was f o r  the Po r t  of New Y o r k .

3/ Atlantic , Great Lakes , Pacific and Arctic.

SOURCE: ( 4 ) and (102 )

On balance th e NAR appears to have some outstanding advantages
which w i l l  cause i ts  ex i s t ing  t r a d e  to r e m a i n  l a rge ly w i t h i n  i t .

Wi th in  the Nor th  A t l a n t i c  Region , probably not more than one
percent of the tidal shoreline is allocated to shipp ing. The major
por t sys tems, in terms of gross tonnage in 1 8 , are shown in Table
U—i 3.
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TABLE I J— 13

IIAJOR NORTH ATLANTIC PORT SYSTEMS.!!

Annual  Cross
Tonnage (~h i l l i o n

S h o r t  tons ) Port  Sys t em

- • . 2/232 Port of New York and h udson River —

116 Delaware River : Trenton to the Sea

53 h l a m p t o n  Roads

42 B a l t i m o r e

27 Po r t l and

23 Boston

11 New h a v e n

10 Prov idence

1/ B e tween  t h em these eight port systems account for all but
42 m i l l i o n  s h o r t  tons ( 8%) of the  NAR t o t a l .

2/ 175 m i l l i o n  s h o r t  tons of t h i s  were fo r  the  Port  of
New York .

SOURCE:  Compiled f r o m  (138) .

Economies  of scale are p r o d u c i n g  some s h i f t  towards fewer , larg er
p o r t s , f o r  Ci t e  i m p o r t / e x p o r t  t r a d e .  It  is relatively easy to fi gure
the volume necessary  to cause a very large bulk carrier or even
containershiip to devote the  t i m e  (expense)  requi red  to make d e v i a—
tions from its major route. For examp le , Boston might have to
develop significantl y more volume to cause these large European—
New York vessels to call at Its port.

On a local basis , several transportation trends can affect the
use of the coastal zone in very important ways.

One t r e n d  is toward reduced s h o r e f r o n t  and increased storage
area . Fewer but much larger ships with improved offloading capabili-
ties require less total shorefront . The land areas behind the water-
front must accept the intermittent , sudden , large surges of cargo
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from i ncoming  ships m d  hold th m eum long enoug h i  to  p e r m i t  t h e i r  eco—
n au t i ca l  inland movement  a t  a r e l a t i v e l y  even r i t e .  I h i l s  r e q u i r e s
space , much more  t h a n  can o f t e n  he found  I ) ehi m d  u r b a n  I in ~ er p ie r s .

A second t rend is i n c r e a s i n g  demand fo r  u rban  w a t e r f r o n t .  Ih i s
demand lx ref  L ec ted  in increased a pp r e c i a t i o n  of the al- eni ties , h igh
and rapidly r ising land values and congestion.

A combination of both of these trends is producing a migration of
some of thie larger port facilities to outly ing areas. The most con-
spicuous example of this trend is Port Elizabeth , a new $750 million
facility with very large land storage areas about eight miles from
Manhattan. Partiall y as a result of such relocations , significant
parts of high—value urban waterfront are now becoming available for
other uses . What these o t h e r  uses should be p o i n t s  up one of the
many problems of urban and coas t a l—zone  p lann ing  and m anaB ement ,
cited earlier in this Appendix under ‘ Coastal Uses. ” New York ’ s
“Lower M a n h a t t a n  Plan ” cal ls  fo r  f i l l i n g  in s i g n i f i c a n t  p a r t s  of the
coast occupied by the obsolete finger piers and building mostly very
high rise apartments on the new land thus  made available (101).

Time Characteristics. Except for possibl y the passenger cruise
trade which tends to peak seasonally and which appears to be migrating
to t h e South Atlantic ports , marine transportation in tim e NAR is
relatively constant throughout the year. As has been seen , the  long—
range t rend  Is fo r  m aj o r  increases in volume.

Parties Affected. Consideration of the effects on peop le shou ld
include both transportation users and other users of the coastal zone.

Transportation “users” are those employed in p r o v i d i n g  the  ser-
vices and those who ultimately pay for the services primaril y through
the transportation—generated cost of their purchases . The economic
and non—market values of marine transportation to these users are
considered below .

According  to Table U — l i , p o r t  revenues in the NAR are about
$3—4 billion annually. Many studies have been made of the economic
significance of ports (142). A 1956 study estimated the total direct
and indirect impact of the Port of New York at $6.3 billion annually
and 430 ,000 jobs. A stud y of Baltimore estimated the direct impact
of Its port at $0.6 billion annually and 62 ,000 jobs and its total
impact at $1.6 billion and 155,000 jobs. It attributed 12% of the
1966 Maryland gross state product to this port. A stud y of
Virginia ports concluded that 1968 port and harbor related activi-
ties directly genera ted 94 ,000 jobs and wages of $0.63 billion . m di—
rectly , the study concluded an addi tional 131,000 jobs were generated.
In total , one out of every eight jobs in Virginia were directly or
ind irec tly related to Virginia ’s port and harbor activities. The
lack of a common base of de f in i tion and me thodology makes direc t
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compar i sons  m i s l e a d i n g . The exa m pl es h e r e i n  are in tended  solel y to
illustrate general orders of economic magnitude. A more ri gorous
discip lined p o r t r a y a l  is beyond the  scope of this stud y.

Time 466 m i l l i o n  s h o r t — t o n s  i m p o r t e d  na t ionwide  in 1967 h i ad a
value of about $40.7 billion. 1hmi s is the value of wha t is moved ,
not t ime  va lue  of t i m e  services  added .

A Commerce D e p a r t m e n t  s tud y ( 9  ) ,  f o r m u l a t e d  on the  i m p l i c a t i o n
that coastal marine transportation has an economic value added equiv-
a len t  to the amount society is paying for the service , concluded that
i t s  na t iona l  value in the mid—1960’s was about $11 billion. This is
the  cost of t h e  se rv ices  charged at  the  sea—land i n t e r f a c e  fo r  cargo
h a n d l i n g . I t  does not inc lude  t h e  charge  fo r  t h e  overseas movement
i t s e l f  or i t s  r e l a t e d  components such as shipbuilding . Neither does
i t  i nc lude  the c a p i t a l  ou t l ay s  for port improvements imply ing  tha t
these  costs , except probabl y f o r  subs id ies , are imbedded in the
serv ic ing  charges .  The s tud y does not provide a regional breakdown ,
but it would appear tha t the NAR ’s proportion of this nationwide
t o t a l  would be about  one third or more.

For the industries and customers who u l t i m a t e l y  pay fo r  t h e  trans—
p o r t a t i o n  th roug h t h e i r  purchases  of goods and services , some s igni f -
icant economies are imp licit in predictions such as the following :

Theoretical sys tems analysis has estimated containeriza—
tion to have the capability of increasing port labor productivity
about 20 times (118), Operational experience at the Dundalk
Marine Terminal in Baltimore indicates increased efficiency
over bre ak b ulk handling by a factor of about 13.

• A 110,000 DWT tanker can move a barrel of petroleum at about
two—thirds the cost of a 40,000 DWT tanker (135). SInce about 68N
by weight of the NAR ’s imports is petroleum (138), the pertinence of
this estimate Is especially significant. A somewhat similar relation-
ship applies to major dry bulk movements which currently make up

A 
about 16% of the imports and 75% of th e exports by weight in the NAR .

In addition to their economic impacts , ports have other important
impacts not readily visible in the market place. These relate to such
things as national defense and International relations. Ports also
influence population distribution. The larger the city the more
likely i t  is an impor t an t  p o r t .  W i t h i n  the  NAR a re  23 of the  N a t i o n ’ s
100 largest standard metropolitan areas (SMA ’s). Of the five NAR
cities which rank in the first 25 nationwide , all but one (Washington)
is a major ocean port. Five more NAB cities rank in t h e second 25
nationwide , and 3 of them are major ports and 2 are minor ports.
Eig ht more NAR cities rank in the third 25 nationwide but only 3 are
major ports , 1 is a m inor por t and 4 are not even on the ocean. In
the fourth 25 nationwide there are 5 NAB cities . None of them are
even on the ocean (140).
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Ports and the activities necessary to provide and operate them ,
can have significan t effects on other non—transportation oriented uses
of the coastal zone . Keeping in mi nd that these e f f e c t s  are for  the
most part concentrated in the vicinity of ports , some of the inter—
actions with other major coastal uses can be examined.

Commercial fishing can be hurt in several ways. Fishing is often
restricted in port areas and shipping channels for safety and conges-
tion reasons. No shellfishing , f or exampl e, is perm itt ed in New York
Channel.

Fishing can be affected by ship—caused pollution in harbors and
by ship—caused oil spills. Some aspects of oil pollution have alread y
been considered (see Location under the analysis of Water Pollution).
it has been estimated that 23% of the oil introduced into the world’s
waters by other then natural seeps and pleasure craft comes from ships
(48). Most of this , 21%, comes from norma l operations such as bil ge
cleanout of tankers and other ships; however , most of the research
and public at tention has focused on the 2% caused by accidents
pr obabl y because of their spectacular concentration in relatively
small areas close to shore . Of the total number of oil spills over
100 barrels reported in U.S. waters in 1968 and 1969, ab out half were
f rom vessels , a third were from shore facilities and the remainder
were unidentified (43). During the decade of the 60’s, over 550
tanker collisions occurred . Four—fifths of them involved ships
entering or leaving ports (128). Approaches for controlling oil
pollution include determining the ecological effects , minimizing the
chance of accidents and improving the cleanup efficiency for those
accidents which do occur.

Currently, the actual long—term effects on marine biota are not
clearly known . The Plymouth Laboratory ’s study of the TORREY CANYON
case concluded that “excep t fo r  ser ious e f f e c ts on some species of
sea b ird s, the oil was not lethal to flora and fauna .” ( 31) Most
damage was caused by detergents. A subsequent report concluded that
“it is unlikely that any serious permanent damage will have occurred
even af ter the colossel spillage experienced when the TORREY CANYON
went aground . . .however , . . .large amounts of oil could have been far
more damaging in other areas... [especially].. .in areas liable to
repea ted sp ills... [causing] chronic pollution of marshes.” (104)
Dur ing World War II , mass spillage of oil off the east coast of the
United States was almost a daily event , yet wide—spread ecological
disruptions apparently did not occur. Followup ecological studies in
the San ta Barbara area have apparen tly revealed litt le sign if ican t
pers isting impr in t on the reg ion ’s ecology, al thoug h def i n i tive
rep orts have no t ye t been comp leted . The Smithsonian Institution is
curren t ly anal yzing the ecological effects of an oil spill which oc-
curred adjacen t to their fac ility on the Pacif ic side of the Panama
Canal.
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In contrast to the above cautiously reassuring research cônclu—
slons , Woods Hole Oceanographic Ins t i tu te  reportedly considers oil
pollution to be a major current threat to marine biology on a global
basis. The polar extremes of these conclusions from widely respec ted
sources on such an Important subject indicates that here is an area
of badl y needed , intraprofessional communication .

While research on the effects is underway , al terna tive ways are
being considered to minimize the accident potential. These include:
international conventions , international standards for ship construc-
tion and operation , safety regulation by the Coast Guard , incr eased
surveillance , harbor advisory radar sys tems, emergency oil transfer
and storage systems , coopera tion of pr iva te ind ustry and port author-
ities , rad io telephones , licensing of towboat operators and financing
cleanup operations (128).

A third se t of alterna t ives involv es cleanup eff iciency for those
oil spills which do occur . Measures include containment , removal and
restoration. Each has many alternatives of its own. Major research
is underway on these methods , but the most successful solutions to
date still seem to be straw and nature.

Many believe that the most serious conflict between fishing and
marine transportation can occur through t ime dred ging process neces-
sary to provide and maintain sh ipp ing channels. Deleterious side
effects can occur in the removal operation , in the deposition of
spoil and in changes in I m ydrod ynamic conditions induced by dred ging
which changes bottom configuration in key locations .

Benthic life in time actual removal area is for the most part
des t royed .  Adjacent  benthic  organisms can be smothered by the local
sedimentation temporaril y Ind uced , but eventual restoration to the
pre—dr edging population appears to be largely a matter of time, say
a year or two ( 33), (111). Where t u e  bottom is covered with oxygen—
demanding sediments generated largely by time upstream activities of
man (a common case), the dred ging proc ess can cause a temporarily
increased dispersion of this BOD and cause localized reductions or
even dep letion of dissolved oxygen. The significance of all of these
effects on f ishing is measured in their time—space distribution , the
ability of some fish to move away f r om the d isturbance and the degree
to which time area would be otherwise fishable.

Marine life in the disposa l areas can be affected to a much
greater degree than it can in the removal areas. If , for  example ,
the spoil is deposited in wetland areas , the sig n i f i cance of the
damage will vary with the ex ten t of coverage and the biological
productivity of the particular wetland . That wetlands p lay a vi tal
role in the production of marine life is widely recognized . However ,
essential information for the decision maker is still basically
lacking . According to the Bureau of Commercial Fisheries , about
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65 percent of our Nations commercial fish catch is “estuarine de-
pendent,” i.e., spends any significant part of its life cycle liv-
ing in or passing through estuaries (170). The percentage varies
widely by reg ion . For example , w i th in  the NAR “estua rine depend-
ency, ” the average is about 27% in New Eng land and 93% in the
Chesapeake Bay States (Table U—3) . Even wi th in  these areas some
wetlands must be more essential than others. The disposal of
spoil, whether it be in we tlands, out to sea or elsewhere, should
be based upon more usable knowledge. Instead of a curse, with im-
proved knowledge the disposal of dredging spoil can be turned into
an advantage by (1) creating more wetlands , (2) improving less
productive wetlands or turning them into more desired land uses ,
or (3) avoIding wetlands comp let ely. The following are some exam-
ples of imaginative e f f o r t s  of this type In which ecological and

• Social improvements are being attempted . Dred ge spoil f rom pend-
ing Mob ile and Tampa harbor projects will be used to create spoil
islands which will be converted into wildl ife refuges.  At Tamp a
th ey will be sloped to create Ideal conditions for  additional f ish
nurseries. Some at Mobile will be doughnut—shaped to enhance
growth of wildlife. In San Diego and in Hampton Roads spoil was
used to build up the shoreline and provide additional space for
ports. In St. Joseph’s harbor spoil is to be used to reduce fur-
ther beach erosion. Near Detroit existing spoil islands will be-
come wildl ife and parks areas.

Disposal at sea can also present problems and uncertainties.
Benthic life in and adjacent to the immediate disposal area can
be smothered. Dependent upon the pu l lu tan t  loads in the dred ged
material and dispursing cur rents in the disposal area , other e f-
fects can be induced such as localized oxygen depletion and chemi-
cal poisoning on the one hand and nutrient enrichment on the other.

The removal and deposition operations can change the bottom
and shoreline confi gurat ion suf f ic ien t ly to a l ter  the cu rrer ’t wi th
consequent changes in chemical and biolog ical concentratiori S In
the water column. Thus dred ging techniques mi ght help f l u~h out

A Great South Bay on Long Island and ther eby p rovide increased rec-
reational advantages and major savings in waste treatment costs.
But the resultant increase in salinity might affect those sectors
of the shellfish industry whose preservation depends upon main-
taining the current fresh water—saline gradient.

Whatever mix of values is most desired by an inf ormed socie ty,
dred ging can often be used to reinforce them. Unfortunately,
curren t knowled ge of key biological fac tors and society ’s prefer-
ences is too obscure to permit the decisions that must be made,
whether by action or inaction, to be made in full confidence.

Another significant dredging—type concern hinges around the
desirability or undesirability of leaving deep holes for fish.
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Young fish of several important species such as stri ped bass and
- c roker occupy deep holes in winter (33). On the other hand, some
conclude that such holes tend to concentrate organic sediment whose
decomposition could produce localized areas of oxygen deficiency .
Even In the latter case , it is not known whether  it Is of net over-
all benef i t  to concentrate BOD in a few places like this or to dis-
tribute it more widely to many places.

The extraction of non—living resources can be affected where
sea lanes pass through or near the extract ion area. At present ,
this conf l i c t  is more hypothet ical  than real in the NAR region.
But o f f  the Louisiana coast where oil wells are common this is a
s ign i f i can t  problem. It is being min imized by d e f i n i n g  shipp ing
lanes and providing more sophis t ica ted navigational and warn ing
devices aboard ships , in the channels and on the well p la t forms .
These actions are costly and are not a comp lete safeguard agains t
u n f o r t u n a t e  collisions particularly during weather disturbances
and periods of low visibility. Should some forecasts for petroleum
extraction on the NAR ’s con t inen ta l  shelf be borne out , this type
of problem would become real in this area.

Waste disposal can be af fec ted  by marine transportat ion in the
vicinity of the ship ’s berth. It should be relatively easy to
min imize th is problem through the installation of pump—out facili-
ties or other alternatives at the ports. Deballasting at sea is a
significant problem especially if it occurs close to the coast.
This, too, is a prob lem which can be over come, with some design
cha nges , in ships. A harder job is policing to fix blame on the
violator. Various systems of “fingerprinting” the oil through
identifiable but harmless concentrations of radioactive isotopes
are curren tly being considered .

Recreation can be affected in several ways. Marine transporta-
tion can deny or limit swimming, boating and other recreational use
of the port area itself and its associated shipp ing lanes. Oil
spills which result from tanker accidents can deny large stretches
of the beach to recrea tional use f or vary ing periods depending upon
the intensity of the cleanup action and weather conditions. This
conflict occurs during the summer. In the winter recreational
beach demand is relatively small and the frequency and intensity of
storms which provide natural cleansing action is at its highest.
in winter nature may be the mos t e f fec t ive remedy.

Aesthet ic  sa t i s fac t ion  can also be influenced by marine t rans—
portat iorm . Ports used to be among the sigh ts of the ci ty much
more than they are today. The arr ival  of the Queen Mary or “The
Fleet” in New York was a source of local pr ide and an att rac tion
for  sightseers.  Restaurants fea tur ing  a nautical theme were im-
portant occupants of the waterfront. Over the past three decades
ports have become considerab ly more remote to the inhabitants and
visitors in port cities. In the public eye they seem to have
developed an image of deterioration , sq ualor , noise , dir t , garbage
and congestion . Few schools ever select a port for a field tri p.
Even if they tried ,
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they m i ght  not succeed . A v i s i t  to  the Port of E l i z a b e t h  today ,  fo r
examp le , would be met w i t h  a l a rge  f e nc e , p u b l i c — k e e p — o u t  signs , and
a h o s t i l e  r e j e c t i o n  even to those who are the  most  m o t i v a t e d  and
persistent in  seeking out someone w i t h  s u f f i c i e n t  a u t h o r i t y  to g ran t
them permiss ion  to e n t e r .

It would seem that problems of security, safe ty and access cou ld
be solved and a t  least the more modern containership and tanker facil—
i t  ies could be presented  to the publ ic  for  what they r ea l l y a r e ,
rather spectacular objects for public observation. Public observa-
tion platforms with attractive facilities and informed attendants
mig ht even pay for themselves especially i f  t ime bad ly—needed e f f o r t
to improve the public Image is g iven any wei ght wha t soever .  U n t i l
and unless timings like this are done , ports will continue to be con-
sidered ~mn aes thet ic  b l i ght to most .

No c o n f l i c t s  between mar ine  t r a n s p o r t a t i o n  and na t iona l  defense
are identified ; they tend to compliment each other.

Land use interrelationships are significant. Although ports use
only a tiny fraction of the shoreline , th is f r a c tion has a we ighted
value for many uses probably higher than that of any other part of
the coast. An extreme example is Downtown Manhattan. Several hun-
dred acres of new land there are planned to be created by filling out

- to time bulkhead line an area formerly used for finger piers. With
average assessed valuations in the vicinity running over $3 million
an acre , the total assessed value of this surrendered port property
is in the billion dollar range . So it is clear that although ports
occupy very little of our coast , there is great real competition for
alternative uses of this property. h ere again , it Is possible tha t
this apparent problem in combination with another problem —— wimat to
do with dredging fill —— could be turned to an advantage. The demand
for increasingly large tracts of la.md for storage adjacent to the
waterfront combined with the hig h cost of expanding inland is pro-
ducing a strong trend to expand some ports seaward by landfill even
up to depths of 30 to 40 feet. it might be possible tha t a far—
sighted port could meet this future need by prov iding a close—in
disposal area with minimal environmental side effects. Of course ,
the adequacy of time rather low quality fill would complicate the
solution , but the elements of a possible solution are visible con—
sidering that the big space consumer is container or bulk storage .
Both are charac terized by uniform ly distributed unit loads. It
might be econom ica l ly  f eas ible to re inforce  the carry ing capac ity of
the remaining , rather limited , high un it load areas by a combination
of p il ing , heav ier slabs , and redesigned wheel systems.

Solutions. Since containerships , break—bulk cargo carriers and
passenger vessels can general ly be accommodated in existing ports ,
the analysis of solutions will be primarily directed at the two yes—
sd types which do present major problems —— the deep—draft tankers
and dry—bulk carriers. Solutions will be considered as non—structural
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and s t r uc tu r a l  in that  order.

A non—st ruc tu ra l  a l ternat ive solution is to minimize trans-
oceanic transportation needs by a major shift in National policy
towards internal self—sufficiency. Under this concept , the Nation
would sa tisf y mos t of its needs by consuming. its own raw mater ia ls
such as petroleum and ore. All our oil , for  examp le, migh t be pro-
duced at home to include the possibility of oil extraction off the
coast. All movements would thus be by internal transportation. This
possibil ity is deemed comple tely unreal istic in the face of governing
non—isolationist considerations such as national defense , na tional
insuf f iciency in raw ma terials , and the poli tics of interna tional
intercourse including the economies of the source areas. It is
cheaper to ship a barrel of crude oil from as far away as the Persian
Gulf than it is to move it overland from Texas. If the NAR is to
receive a major part of its oil from Alaska in time future , marine
transportation and overland pipelines will have to compete on both
economic and environmental terms.

Transoceanic pipelines were dismissed earlier as impracticable .
Air transportation Is a competitor. On a value basis , it has already
made much more significant inroads than is often realized . Except
for time cruise trade , it has taken away virtually all of the trans-
oceanic movemen t of peop le. The increasing Inroads of air on cargo
transport are illustrated by U—l4.

TABLE U—14

IMPORTS AND EXPORT S -- VESSELS AND AIR

(Billion Pounds) (Billion Dollars)

__________ 
1955 1965 1968 1955 I 1965 I 1968

Vessel 508 854 955 17.3 31.9 40.7

Air NA .65 1.09 NA 3.6 6.3

SOURCE : ( 140) 
-

in te rms of value , note that  vessel shipments were up 135% in the
period 1955—1968 (up 27% since 1965) whereas air shipments were up
75% jus t  since 1965. Vessels carry about 1,000 times the tonnage but
only 6— 1/ 2 times the value of air . As p lanes become larger the pro-
portionate bite of the airborne competition will increase. Notwith-
stand ing this perspec t ive , it is very clear that for even the most
distantly perceivable future , the heavier commodities will be carried
by ocean shipping .
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Before coim;;ideririg structural altenmat ive.; for deep—draft
veu~~cl~~, i t  wi l l  be recalled for from ea r l i e r  comments that :

;~o existing major regional port i m u ; ;  t i m e  i u j t~ki necessary
even to come close to uccoimumiodating ~ of the  range ui large r
taxikmi r~ forecast wi thout going through at. 1eas~ 17 feet 01 CO fl—

vexmtional dredging,  rock , continental shelf and probably pruLi bi—
tive other obstacles ; assum ing the optimum economic vessel design
is u~~d.

no existing major regional port has tie depth necessary to
accommodate the full range of the larger thy—bulk carriers fore-
cast , althoujm Portland , dew York and the V i rg i n i a  ports can ac—
conimnodat e a few at the lower end of the  spectrum . Providence and —

Baltimore could also get into  the bottom of th i s  spectrum by
deepening of 5 feet or less wi thout  en cou imte r i n g  major obstacles.
The inner harbor of Port lan u can not be deepened fu r the r  without
encountering major obstacles. Presumably 50!; of t ime other ports
m~o;tioned earlier coul d be deepened , but, t ime cost of going down
another 12 to 17 feet , even wi th conventional dred g n g  to accom—
modat e the full range of vessels forecas t , and main tain ing  that .
depth , could be astronomical .

Techni ques which  might minimi ze or overcome the depth limita—
tions include using the LA1.311 and ~EIBEB concepts , developing of f—
shore unloading fac ilities, and redesign of vessels.

Much more operational experience is needed to evaluate the
LASh and SEEBI.E concepts in which self—propelled , shallow draft
barges are carried aboard very large deep draf t  ocean vessels an d
offloaded to serve shallow harbors amid r iver  systems . It could Se ,
for example , that  it woul d be no more costly to forget the pot en—
tial economies of scale and continue usinjç  t ime current  “ small ” dry
bulk carriers . The performance of these s h i ps in the Gulf noes;;
to be followed very closely.

Offshore tanker unloading facilities are already used in other
parts of the world. For dry bulk carriers , the problem is much
more formidable , but potentially solvable . A maj or problem would
be bulk storage . Storage of significant quan tities of heavy bulk
materials on an offshore platform would present manmrmiouth problems
because of the weight and the large storage spuec required.
Slurry pipelines have been reported feasible f or coal and their
use is being planned for iron ore in Austral ia , India, Alaska,
Peru and Japan (55 ) .  AU some stage time water or other li qul u
vehicle would have to be removed. This proce s might requi re
major environmental controls to avoid local pollution . Alterna—
tive ly , the bulk material  could be moved directly to shallower
draft vessels for coastwise distribution to existing ports. how—
ever , this solution would require a very sophis tic ated , problem—
prone scheduling system if the number of feeder barges were to be
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kept to a level which would not negate many of time econmomies of
scale wh ic h i  are bel  rig souglmt . Anoth er possible ~oi u t ion  is to
move time mna t m -r ia l  to the adjacent  shoreline for :;ur gc storage by
barge , conveyor or screw . This approach means double h a n d l in g .

Vessels  caim be redesigned to take advantage of some of time
economies of scale despite depth l i m i t a t i o n s . For example , al—
th ough tin e most economical 175, 000 d .w .t .  bulk carrier would draw
about 58’ of water , a vessel of t h i s  capaci~ -y d rawing less tha i m
50’ has been designed by lengtimemi irmg arid widening the optimum de—
sig n .

The prou~ em of adequate depths , how ever , is not. the only one .
t~nivironmental and safety problems could be e-~i - ni more s i g n i f i c a n t.
lu illustrate , strong public opposit ion has already been voiced
tow ards proposal s to locat e t anker unloading f a c i l i t i e s  in  deep
water off such places as Machiasport , Maine ; eastern Long Island
(with considerable opposition coming from n e i gh b o r in g  C o n n e c t i c u t ) ;
northern n ew Jersey , and lower L)elaware Bay .

A numb er of Federal agencies l is ted later in th i s  analysis , th 0
american associa t ionm of Port Au tho r i t i e s  and others have each been
s tudying the deep—draft  problem in t e n s i v e l y . A major need is a co—
operat ive port study concentra t ing  on supercarrier  accomm odation s
in this region . One possible outcome of such a regional  study , aim
OUte-~: which might also be acceptable to the a f fec ted  states , is
suggested below to provide a bas i s  for fu r t h mer  analysis .  It is
emphasized , however , that nmuch further  study wi l l  be required to
reach the most acceptable solut ion . Whatever  th at solut ion may be ,
it may be antici pated that it will reflect many of the point;;
brought out. below .

For a deep—draft tasU er fac i l i ty , a solution might include the
following:

• A major unloading facility will be located in protected deep
water offshore so as to requi re l i t t le dredg ing.  It will have a
possibili ty of later improvement to accommodate tankers even larger
than the 55—& 5 foot draf t  vessels currenti~ projected for the year
2000 .

The fac i l i ty  wil l  be located in reasonable proximity to exis-
t ing re f iner ies  to f ac i l i t a t e  possible pipeline movem ents .

• The f ac i l i ty  will  be located some distance from major c i t ies
to limit possible enviroimmental  problems .

• Tue faci l i ty  will incorporate the mo.; t elaborate safety pro-
visions know n and will undergo constant s c r u t in y .

• iimmvironmenital considerations , to include ecu lo g i cal,
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recreational ai-nd aesthetic aspects , will receive extensive recogril—
tion .

• Major public hearings will preface any final decision .

• The public wil l  benefi t  signif icantly in the form of red .~ced
cost of petroleum products and the secondary e f fec t s  induced th- --~-
by.

• Some tradeoffs will be necessary , becaus e no project such as
this can be completely free of disadvantages.

One area that could come close to meeting all these requiremeflts
is lover Delaware Bay . Another possibility is a naturally deep
facility such as that proposed for Machiasport , Maine . The 90—foot
depths there , a mile wide entrance channel and a four—mile turn
around area for the t ankers are compelling assets.  A disadvantage
is the ~l5O million or more required to construct a ref inery from
scratch and the distance from maj or domestic markets .  The latter
problem would be less significant if a foreign trade zone were es—
tablished.

In addition to one or more major facilities , there will be some
secondary facilities serving smaller transoceanic tankers for spec-
ial purposes . One such possibility is Casco Bay near Portland ,
Maine to serve the Montreal trade .

In addition to the primary and secondary facilities , there will
be a continuing need for the co~ stwise distribut ion of petroleum
projects from the major unloading facilities in crude form. This
t raff ic  will continue to be highly competitive not only within the
coas twise shipping industry but also against the possible competi-
tion of pipeline distribution . Currently , coastwise shipping en-
joys a natural advantage becaus e most of the larger consumpt ion
centers are on the coast and the basic facilit ies, harbors and dis-
tribution systems already exist. However , the pipeline alternat ive
is a viable one , economically and environmentally . In recent years
a pipeline has largely surplanted the once heavily used barge dis-
tribution system on the New York State Barge Canal.

For a deep draft dry—bulk cargo facility , the situation is
cloudier. A solution might include the following :

• Probably there will be several facilities preferably adjacent
to shore to facilitate the shoreward movement and stockpiling of
the bulk cargo ; however , shoreward movement by a slurry pi peline
may be an acceptable alternative.

• Ideally , the facilities would be adjacent to the major points
of consumption to reduce rehandling costs. A case in point would be
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Sparrows Point near Baltimore .

• Ideally , the facilities would have a sophisticated capabil-
ity of transferring all of that portion of their cargo which is

— intended for coastwise and inland barge distribution direc tiy  to
the barges. however , because of scheduling proslems introduced
by weather , strikes and other uncertainties, s ignif icant onshore
storage areas woul d be required.

• Since much of the bulk cargo would undoubtedly move to and
from inland p o i n t s  by means other than barge , the fac i l i ty  should
be adjacent to existing high capacity rail nets.

• A comb~ natjon of some of the alternatives mentioned earlier
night be employed. Thus , a large dry—bulk carrier might ber th  in
deep water adjacent to a platform large enough to accommodate neces-
sary transfer and servicing facilities . Cargo would be transferred
preferentially to whatevt~r coas twise barges could be economically
accumulated. Discontinuities in this preferred unloading would be
filled with locally based barges to tran z ’er the cargo to the ad-
jacent shoreline where there would be surge storage and i; iand
distribution facilities . When the carrier becomes light enough
th rough these processes , it would move to the adjacent shallower
shorelines to complet e it s unloading again giving preference to
coastwise distribu~ ion barges to cut down double handling.

• Most of the other point s made above for the supertanker
facility apply as well uo superbulk carrier facilities .

There are several candidate ports.

The Virginia ports around ilorfolk are currently geared to na~ a-
ling essent ially all of the region ’s extensive coal export trade .
Among other things , dorfolk has good depth , storage facilities and
a connecting rail system. The 57—foot depth of the Chesapeake Bay
Tunnel would be a consideration , but as earlier comments showed ,
especially Figure U-il, it would still allow passage of the full
range of large dry-bulk carriers projected for the U.S. trade up
until the year 2000.

Sparrows Point , near Baltimore , is a heavy bulk consumer of
iron ore . The exist ing chan;uei would have to be deepened.
Possibly , incoming iron ore carrie rs could move when empty to ~or—
folk to tak e the coal exports t :.ere , if suitable trade routes could
be arranged.

The Delaware Bay tanker unloading area, if is comes to fruit ion ,
is also somewhat near the heavy iron ore consumption in the Phila-
delphia area.
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Portland and Providence have some depth advantages , but they
are far from bulk cornsunnption points.

Costs. The cos t of providing a “ conventional” solution --
deepening existing channels —— is n~~t wor o ; ;  much detailed cc~r~s~ ~e- ra—
tion . To illustrate , taking an aumLtte-i~y -~e -I e re  cas e , it nan been
estimated that deepening the existing Delaware chanr;el to Philadel-
phia to only 50 feet would cost on the order of $200 million . Vhat
it would cost to deepen it to the range necessary to accommodate
the drafts envisioned for the supertankers has not even been esti-
mated.

• Alternatively,, the- cost of providing a 72—foot cham r.el to an
offshore tanker offload ing facility in lower De~ aware Bay , the  only
protected naturally deep water on the last Coast between Maine and
Mexico , has been est imated in a prel iminary way by th e  ~ rmy Corps
of Engineers at about ~~~ million ( 2 5 ) .  Such a dej-t:., after allow-
ing for squat , freshwater buoyancy loss , motion in the sea and a

• safety factor , would accommodate drafts of 0) f ee t .  b r a f t s  of 7-i
feet might be accommodated there for about ~4C million . These
channel improvement costs would probasly oe borne by the Feder~~
government . The cost of the f ao iu lty  itself is ummnown , but it
would probab ly be borne by the  non—federal sector. An offshore oil
loading facility at Bantry Bay , Irelan d , resporteoly cost abu t bS~
million . Such an order—of—magnitude cost would be relatively small
compared to annual benefits , the recent $175 million investment  in
Port klizabeth and the est’mated all—time -~5 

billion of n on—Federa l
expenditures.

As might be expected the cost of providi ng a channel to accom-
modate 50—foot draft dry—bulk carriers at dockside wi~~ vary grea-
tly with location . According to Appenaix K ( i ia - i iga tion ) ,  a ~ 1’-f ~ ct
channel would cost about $30 million at Newport Sews and aboot 1)

• times this cost at naltimore . It is noted that Congress has ou—
thorized deepening the channel to Baltimore to 50 f ee t  at an es t imated
cost of ~l00 million.

• Indirect costs , by definition , are much harder to est imate.  It
should be one of the major purposes of the proposed coc erative
study and the pub lic hearings to pinpoint these costs , enS ir.oofar
as feasible , make the solution bear them .

A number of possi b le indirect costs were ident i f ied earI~ e;-

~/ Some related national figures are : All—time Federal expendi-
ture including mainte nance is about ~l.5 billion . The value of
U.S. oceanborne commerce , imports plus exports , was about  ~~4 1
billion in 1968. Customs collections at marine terminals for fis-
cal year ~ 9b9 totalled about -~~~~ billion (5).
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under Parties Affected and general approaches were suggested. Be-
cause of site—specific considerations , it is not feasible in t~•~ .:
study to go much beyond the level already cov€ •ru -i . To illustrate
some of the interrelationships t i iat an analysis of one phase of
indirect costs might  tak e , see Figure U— 12.  This network , al-
though incom p l ete , is a form of schematic oneci<~list. It can be
used by competent people in several ways . For exasiple , wuere tn e r e
exists a general background knowledge of tne imp or t an c e  of various
uses in the vicinity of a proposed dredging operation , a plann er
could see how the dredging could potentially affect these uses.
She network could steer him in a logical priori ’~y—orier.ted path .
Similarily a review of the network could pinpoint gaps i i .  current
data and knowledge and so illuminat e the relat ive safety or r isk
of the undertaking . r~specially where unuertainty peaks at nodes
of high value, caut ion is indicated in the form of pri ori ty re-
search , data collection, monitoring , redesign , or delay .

• possible additional indirect cost of a sinaT e regional super-
faci l i ty  is the potential  weakening of the stror •~ ex i s t ing  competi—

• tion which tends to hold. prices down to the level of the more ci-
f icient  producers .
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Benefi ts .  The principal direct benefits are economic. Toe
potential  for maj or savings is i l l u s troted  by th~ ~c-w
t ankers current ly  t ransport ing bulk petroleum on tee 22 ,000 mile—
round t r ip  from Kuwait to Bantry Bay , irelan d via toe Cape of Good
Hope . These tankers  cam -h-liver a barrel of oil at one half the
operating co s t  no-urre in shipp i r;~ through Suez witr . 50,000 D~f.
ships even tho~~ :: the d ic t e n ce  is some 10 ,000 ml ~e: longer  (l~i 5) .
Some further  economies are gained in shipbuilding. For cxr ,nr lc ,
it costs only about two—thirds as much per JWi to c -co o’ ;c~ a
326 ,Doo_ hW’2 tanker than it does to construct  a 50 , -i -DO—SW’ ) tanker
(2). Within the NAJ~ the economic gains might ne •m rr.ew ;.at less
at tract ive but still be large . The sign i f i can t  factors  are ef-
ficiency gains and the volume of t r a f f i c  to which these efficien—

• cies would apply .

Deep draft  faci l i t ies  adequate to accommodate the tankers and
drybulk carriers projected earlier for this region could cut the

- 
-
• cost of supplying the region ’s petroleum needs by an estimated

$100 million or more annually . (Appendix K - Navigation). The
est imat e is ba sed upon the present bulk tonnage which could be
carried by these supervessel s and is , therefore, very resp onsiv e
to bulk demand growt h , import quotas and the pos sibility of tree
ports.

Indirect benefits would fall largely in the areas of (1)
national defense , (2) improved economic well—being , (3) reduction
in the probability per gallon of oil spills by concentrating vol—

• ume movements in relatively fewer , more readily monitored vessel.:
whose value could easily justify the very best in navigational,
shipbuilding , and other safety precaution s and (~4) international
balance of payments. Three examples of the latter woul i otem from
improved competition with Canadian ports , a foreign trade zone
which imports inexpensive crude and exports more valuable refir .ed

• petroleum products , and an improved ability to compete with fo r ei gn
markets in the sale of U . ) .  coal.

Organizational Considerations.  Three Federal agencies are prin-
cipally involved.

The U.S. Army , through its Corps of Engineers , is respons ible
for providing and mainta ining channels , harbors and protective
structures;  for granting coastal construction permits; for pre-
scribing some navigational regulat ions; for removing wreck s when
they interfere with navi gation ; for collect ing , c om o i l t h g  and pub-
lishing information on the volume and nature of waterborne oorcmeco-
and the physical characterist ics of U.S .  ports;  for e s t a b l i s hin g
harbor lines beyond which no structures may be erected without per—
mit ; for supervisi ng the harbors of New York . Ba l t imor e  and hampi cs.
Roads ; and for controlling the placing of refuse and dredging in
all harbors.
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F I ’ ~ U . S .  T e i r t  nt- :;t ol Conma.- r t -o , & :  m i - n - n ; ;  i t s  p r i n c i p a l  m a r in e
r i ; i ; - p or t  m l  j olt i ott - rOo ts through it s N - mr i t Inc Admi imi strati oii (MA RAD )
mod i t s  I n v i  r oo t seo t t a l  5; - j o i n - c Se rv i - co Administration (E SSA) . Under
Sect Icc 8 of ~n e- Ni rch irit ~‘La rJne Act of 1920 , MARAD has broad au—
i i  on mit j on  “in uop c r~~t ion w i t h  the Secretary of War” to investi—
g a i t -  m u d  i dv i s e  with respect to port development with emphasis on
rt -duct ion of p o r t  ~- ol1~~o s t i o n , efficient exchange from ship to land
r r a n s p o r t u L  tori , termi t a l  f a c i l i t i e s  and port  t lmroug lm p u t .  ESSA pro—
v J m - ~ c-o amtcl charts and weather warning services. The National
tit a nic and Atmospheric Agency (NOAA) , rcn -ntl y established under

Ci mi :s-ri - i- , ibs i rbed ID~tA — along with a number of other non—traits—
p o rt it ion—oriented ;mgo:m-ies . NOAA ’s rs~-ons bi1ities and its im-
pact  on the problem discussed herein are not yet fully known.

The U. S . Department of Transpocto ion is choirged with the
dev eh ipment  of n a t i o n - i l  t r a n sp o r a t i o n  p o l i c i e s  and programs , wi th

• Some specific exceptions in the area of water resource projects
under SectIon 7 of PL 89—670. The Department ’s main impacts are
on port  t h r o u g h put operat ions  especial ly in Jme landward , non—
Waterbo rne d is tr ibut ion system and on the seaward side through its
administration of the Coast Guard.

B i— s t :m t e  por t  agencies exist in New York—New Jersey and in
Ph iladel phia—Camden. State port agencies exist in Maine , Massachu-
setts , Mary land , and V irg inia. New York , Philadelphia , Wilmington
and Norfolk also have city agencies.

The p r inc ipal non—governmental  In s t i t u i o ;s  are he American
Associat ion of Port  Au thor i ti e s  and the  American P e t r o l e u m  Insti-
tute .

Two possible organizationa l problems are:

° The coming together  of the major governmental and non—govern-
mental interests in the proposed cooperative study. This migh t be
accomp lished in a regional port study when the participants have
each made their necessary prior preparat~ on. The study should
recognize and foster the competitive aspects which have kept the

• U.S.  t ranspor ta t ion indus t ry  viable. Yet it should also identify
and resolve those aspects which suggest a cooperative regional ap-
proach —— such as the provision of deep—draft facilities .

The relationship between the various port authorities and the
various coastal zone institutions which ire coming into being in

• many states.

The effectiveness of the general solutions considered herein
can be summarized in terms of the three objectives of the NAR

• study.

From a national efficiency viewpoint , it has been seen that the
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cost of u a o i s fy i n~ current rc-u a ii - cncmi t . : for  0 - m O  ~ r o-no-t . :  can L-~
roducea aloot ~loO mmL ~on or orojo - c uai~ y . i c - i c  r - ol. - u. - t .  0 hr-u —
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COASTAL ERO S ON ANN TIDAl FLOODING

N a L u r e of  the Problem.  S torms and erosion are ge o p h y s i c a l  phe-
nomena r e s u l t i n g  f rom cnicrgv dissipation. Without technological
b r e a k t h r o u g h s  in wea the r  m o d i f i c a t i o n , t h ey  are u n c o n t r o l l a b l e  b y
man . The problem cons idered  here i s  bow to minimize coastal erosion
and tidal flooding damages in an economically and environmentall y
acceptable waY .

Recurrence of storms of record in this region can cause about
$1 b illion in property camages plus significant loss of life and ma-
jor alteration of ecosystems . A single rare but meteorolog ically
predictable storm in New York Harbor could cause about $5 billion in
direct and indirect damages. Coastal erosion can limit beach recrea—
don , waterfront development and wetlands protection .

This analysis focuses on those erosion and flooding problems
which are directly influenced by the sea. Often these seaborne in—
f luences  combine wi th  o ther  in f luences  f rom inland and from the a t—
mosphere to magnify erosion and flooding problem and these instances
are considered. Not considered , however , are erosion and f looding
proble ms wh ich occur pr imar ily inland——even though these inland
d i s tu rbances  and the means taken to cont ro l  them can u l t ima te ly  af-
fect the quantity and quality of riverine inputs to the coastal zone.
(See App endix E on flood control.) Reflecting the scope of the over-
all NAR study, this appendix remains general and does not recommend
individual projects or inventory past or recent project proposals ,
except  for  i l l u s t r a t i o n .

Causes of the Problem. The principal causes of the problem are
the forces of nature , the characteristics of the coastal area sub-
jected to these forces and some special major limitations on solu-
tions . Since the later analysis of possible solutions is keyed to
these causes , an initial understanding of them is necessary.

The first major cause of the problem , the forces of nature , in-
volves storms , littoral drift , and tides. A more comp le te discuss ion

-
• 

of these and other forces of nature nay be found in ( 8) and (134).
Almost all significant coastal flooding and most coastal erosion

occurs during storms , the most intense of which are the tropically—
spawned hurricanes. Hurricanes affecting this region travel general—

• ly from south to north . (Figure L-13) Important properties of
storms are the i r  i n t e n s i t y ,  du ra t ion  and f r eq u e n c y ,  and the high
waves , r u n o f f  and winds associated with them .

A hurr icane , by d e f i n i t i o n , has winds exceeding 75 miles per hour.
Storms of less intensity can sometimes produce equal or more severe
e f f e c t s  when combined wi th  o ther  forces to he discussed more fu l ly
below . An example is the “n o r t h e a s t e r” of December 29 , 1959. The
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w inds were onl y 25 to 30 miles per hour , but  they were steady and
blew d i r e c t l y  onshore over a long fetch of ocean . This wind occurred
at a time of very high spr ing t ide  and prod uced record or near record
wate r  levels along the Maine , New Hampshire and nor the rn  Massachussets
coastline .

The duration of a storm is an importan t consideration . If a storm
persists , waves can build up to great heights and be superimposed upon
one or more high tides .

The severe low—frequency s torms produce  the h i g h e s t  average annual
damage . The less severe low—frequency  storm s tend to have permanent
influences on the strength and direction of the longshore transport
of sand which affects erosion . The frequency of storms of a given
intensity varies with location. Thus the coast north of Cape Cod is
historically not sublect to hurricanes , but sou th of this cape , hurri-
cane frequency increases greatly . The apparently most susceptible
area stretches roughly from New York City to Buzzards Bay . Not co—
incident ly , this is the part of the reg ion ’ s Atlantic Coast which has
a predominately east—west orientation , perp endicular to the usual
hurricane track .

The friction between water and a fast moving mass of air , workinR
for days over a fetch of 10 miles or more can produce tremendous waves.
Thus waves are higher in the ocean , no t only because of the insi gnifi-
can t bottom d rag there but also becaus€ of fetch . Of the forces which
create large waves , fetch when combinec with a wind of long duration ,
is probab ly the most important. Fetch can account for some major
broad or local variations in wave intersity . Thus the south shore of
Long Island is more vulnerable to most Atlantic storms than the Con-
necticut coastline because of marked differences in fetch. On a more
local level , the “nor theas te r” generall y has l i t t l e  e f f e c t  on the
Rhode Island coastline with the exception of the town of Narragansett
against which these winds blow over a fetch of some 25 miles or more .
The energy of waves coming from this direction is about 50 to 75%

• greater on this shoreline than the energy of waves from the south.
( 13 6)

Hurricanes and other storms which come in from the ocean usually
produce in tense ra infal l , often of record proportions . This precipi-
tation usually falls on already well saturated ground and produces
extreme runoffs. As will be seen , these often find difficulty venting
to the sea because of other storm related phenomena .

Hi gh winds associated with storms not only influence surface water
dynamics , but also impact upon natural and man—made vertical faces ,
just at a time when water saturation has weakened their foundations .
Wind velocities are generally higher for storms coming in from the
ocean than for land based storms , probably because of decreased fric-
tion at the ocean ’s surface .
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It is rather common on sandy coastlines for the large r winter
storms to move sand from the beach into offshore waters . The normal—
ly gentler summer waves then return substantial amounts of it. This
natural annual cycLe is fortuitous , because it results in a slower
ross of the beach area and a deeper beach , just when it is most need-
ed——during the summer outdoor recreation season .

However anothe r factor , littoral drift , is not so fortuitous .
Because of the Coriolis force produced by the earth ’s ro ta t ion , and
because of the orientation of the coastline to prevailing wind—induced
wave fron ts , there is usually a longshore current which moves sand
along the coast. Generally along the ocean shore fron t in this region
this littoral drift is southward . Its intensity varies greatly f ro m
place to place and from season to season and usually results in the

• net erosion or accretion of sand . There are many local excep tions to
this generally southward drift. At places such as Cape Cod , Sandy
Hook and Be thany Beach , Delaware a node exists. The local littoral
drift moves both northward and southward from these nodes . The
shore f ron t  opposi te  them is subject  to erosion with little opportuni—
ty fo r  a compensating accret ion . In some places erosion can be dra-
matic. Hog Island on the Virg inia Peninsula , for example , is losing
about 50 feet annually (136).

When hi gh tides are coincident wi th  the o ther  forces of na tu re
cited here , they can greatly magnify total effects .

A second major factor influencing erosion lies in the character—
istics of the coastline upon which the forces of nature impact. The
principal  character istics here incl ude the orien tation , configuration ,
resiliency and human value of the coastline .

As has been seen , an unfavorable orientation can magnify littoral
drift and increase fetch. An even more important consequence of
orientation is a quadrant effect caused by the circular motion of
storm winds . This effect is exemplified by the hurricane . In the
northern hemisphere because of the ro tation of the ear th , winds blow
coun terclockwise , as seen from above, about a low pressure center.
Thus , in this region , the winds in one quadrant of a hurricane cross—

• ing the coast will be away from the coast producing relatively little
damage and those in the opposite quadrant will pile up water against
the shore . Thus it will tend to cause extraordinary littoral move-

ment.

Funn el shap ed es tuar ies with wide open ings and narrow necks are
at a particular disadvantage . A large mass of water can easily en ter
the estuary with great momentum . As the estuary narrows the only
di rection this water can move is upward.

When the funnel effect is combined with the quadrant wind effect ,
with high tide and with inland runoff in urban areas , condi tions
become especially severe as depicted in Figure U—14.
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Beaches are energy dissipaters. Their e f f ic iency  in this role
is greatly inf luenced by their profile. The nearer deep water is
to the shore , the closer large waves can approach before their
energy begins to dissipate because of bottom drag. The flatter the
gradient both offshore and on the beach “run up” area , the longer
and more gradual is this dissipation. A narrow , steep beach will
be subjec t to much greater wave forces than a flatter beach. An
of fshore  bar , breakwater or island will dissipa te waves a f f o r d i ng
protection within the areas they shelter. However, of f sho re  shoals
and islands also tend to focus energy , resulting in sporadic con-
cent rated damage areas along the shorefront .

Moving inland , during periods of high water well—established
dunes provide a similar beneficial effect. Dunes also act as
dikes against inundation. Thus a flat beach is an excellent energy
dissipater , bu t unless it is back up by hi gher gr ound inland , large
areas can be inundated. A narrow , low ba rrier beach without dunes
is particularl y vulnerab le to storm breaching with potentiall y im-
portant resultin g effects on the ecosystems of these large back
bays which had adjusted to a significantly different salinity re-
gime. For example, it is possible that the change in salini ty
crea ted by this potentially colossal change in bay hydraulic— could
greatly effect an oyster industry located there.

The resiliency of the coastline to water dynamics depends upon
the material of which the shorefront is composed. Of progressively
diminishing resiliency in their abil ity to withs tand wave f orces
are the rocky coasts of Maine, the sandy beaches of Long Island ,
the wetlands throughout the region and the silty—clay b lu f f s  of
Chesapeake Bay.

Htiman values along the coastline are more concentrated in some
reaches than in others. Thus a great storm in the New York City
area would have a much greater human consequence than one striking
northern Maine. The hurricane of 1938 killed about 250 people in
Providence and caused damages there of about $125 million (31).

Table U—15 suimnarizes significant shorefront information. For
the purposes of this appendix, these da ta were based on the Na tional
Shoreline Study (136). This study mainly considers the enter rea—
coas t and includes shores of bays and es tuar ies such as Chesapeak e
Bay, Delaware Bay, Delaware River entrance and the large inner bay
landmark of the barrier beaches where erosion is likely to be a
problem. It should be noted that estimates of shoreline length
vary depending upon measurement criteria; detail shore length In
some states may be considerally greater than that given in the table .

By distinguishing between ocean and estuarine shorelines , sev—
eral major perspectives emerge. There is almost no beach front in
Maine and in the estuaries , bu t along the ocean , except for Maine ,
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almost the entire shoreline is beach. - r itical erosion occur s
princ ipally along the ocean front from Long Island south. Shore
ownership follows a pattern similar to that of beach front loca-
tion . Almost all is private along the Maine ~n-d estuarine shore-
lines. Most of the public ownership is ~~~~ the ocenn f ru~.t

— 
especially in the -5iectern nal~ of i cng  Island , in hew Jersey and
in Delaware . t-lost of the Federsi ownershit  is r~-~ i-es€-n t eu  ty
Ar cadia National Par k in Maine , Cape Cod National Seashore in
Massachusetts , Fire Islan d hatior5al Seashore in hew York ,
Assateague National  Seashore in Maryland and a numbor of w il d l i f e
refuges , all adminis tered by ~he U. S .  Department of t - e  in te r io r .

Some limitation s on the solution of coastal erosion and tidal

• flooding prcblem~ are severe . For the most part the forces  of
natur e are so great , and the l imi ta t ions  of the r eC ion ’ s m a cou r. -:-
are so si gn i f i can t  that the region has no really complete s o l ut i o n .
There are , however , known techniques to be d iscuccod later  for
minimizing these effects. Two major problems in so doing are hign
costs and the “indivisible ” nature of most corrective measures.
The scale of most of these measures and the difficulty of the sol-
ver reaping the full benefits——or being assessed fully f c c  ;:d e s± r —
able external effects— —makes it necessary that effective scilutions
be implemented by a larger sector of the public as a whole. This
has been accepted as a role of government with cost sharing fcco~u-
las generally varying in relation to how widespread or public the
benefit is. ‘when a section of the coast is intermittently held by
a success ion of private and p-dblic landowners , difficult problems
arise in developing an equitable cost sharing pattern . Similar
problems of indivisibili t ies , however , have been resolved inland .
Examples are sewer assessment s and education taxes.

Location. With the foregoing in mind , it is possible to visno—
lize the type of location which would be most vulnerable to storn
and erosion damage . It would be located—--

• In a large urban center .

• In an area with minimal resistance to eroclon .

• At low elevation at the end of a funnel—shaped estuary .

• At the mouth of a river wi th  heavy and rap id r u n o f f .

• In an area with a substantial tidal range.

• A l i t t le  to the right of the path of a storm ’ s center as
seen from above .

• Opposite a. long fetch of reasonably deep water .

• This is not a bad description of Providence , Rhc-dc- Icianc .
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Figure U—IS shows the estimated magnitude of damages in 1970
— prices of a recurrence of the tidal flood of record for each area.

As mentioned earlier, cr itical ero sion occurs in many places , but
most of it occurs along the ocean front from Long Island south.

Time Characteristics. As has been alrca-ly stated , essent ia l ly
all inundation and much severe erosion occurs during stora:. In c
worst storms h i t t i n g  th is  region are hurricanes. They u~ olly :c—
cur in August and September at a frequency f about 10 years.
Other storms can occur anytime t hroughout cue year , hut tn-~; are
usually worst from the late Fall through early fjcing . There is
no evidence that the magnitude , location or fre-~uenmy of :r
has , or will , change cinch over the years.  However , t h e r ~ is con—
siderable evidence that the value of man ’s coastal ..r :e r ~ v so: -
ject to damage is increasing greatly .

To provide the necessary defined basic for uc•aly:is, tw o types
of storms are frequently used. Since so~~ later analysis Is keyed
to these two types , a brief description of each is given be -w .
The first , “the storm of record ” , is simply the- worst- : t - :o-::.
to have actually hit the impact area under considerafion. The
other , “the st andard pro ject storm” , is more useful to the ai.alyst ,
but is not so easy to def ine .  Stated simply , it is a conseq-uence
of the most severe combination of meteorological conditions con-
sidered to be reasonably cnaracteristic of the region .

Parties Affected.  Storms impact on the various users of the
coastal zone to markedly different degrees. The following are ar-
ranged in generally decreasing intensity of impact.

The greatest impact is upon coastal property especially in ur-
ban areas . Structures can be damaged or destroyed , subway systems
can be flooded and roads and bridges can be destroyed.

Not only can f ishing boat s , gear and dock facilities be lana~zel
or destroyed , but great storms can hava. important e f f ° s t s  on .- uficw
water coastal ecosystems . As previously mentioned a breacTh bar-
rier beach or plugged inlet can drastically change t h e  ecology of an
entire lagoon and associated wetlands system . Stocu induced cc i i—
ment movements can have gross mixed effects.

Storm s can greatly damage pleasure craf t , alter beaches and
destroy recreational facilities.

During storms combined sewer systems dis charge untreated wast es
- 

- 
into nearby water bodies. In extreme cases they might produce sig-
nificant public health problems . Some of this damage is mitigated ,
however , by the greatly improve l di1~ ~t ion and flushing characteris—
t ics  associated w i t h  storros .

Shipping channels can be f i l T h  1 w it h  ~- d imeric and the ships
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themselves can be damaged in port along with extensive p ort  f ac i l i -
ties. Coastal airports can be Inundated. The ex t r ac t i on  of non—
living resources is pr obably a f f e c ted less, but if offshore oil and
gas production is started in this region , as many predict , the  of f -
shore fac i l i t ies  would be vulnerable to storm damage .

Solutions. The identif ication of solutions is organized b elow
in a way parallel to the ea rlier treatment of causes. Th e general
idea is, knowing the causes, to see what can be done to minimize
their effects by responding to the forces of nature , improving the
characteristics of the impact area and overcoming special limita-
tions on solutions.

Not much can be done to respond to tides , but something can be
done to respond to the other two principal forces of nature , torms
and littoral drift.

Proposals for b reaking up or def lec t ing  hur r icanes  could have
fruition before the year 2020. The effects on minimizing the prob-
lem would be very great. Until there is some major technical break-
through , however , other means will have to be used. The effects of
inland runoff on coastal areas can be minimized through various well—
known devices which retard runoff. (See Appendix E on flood control.)
Time ly warning can permit a mobilization and poss ibly a partial
evacuation. During the mobilization phase, organized preparatory
steps can be taken-. These steps include such things as cleaning and
tiedown of potential wind blown missiles , boarding up, and removal
of vessels and pleasure carft. A complete or partial evacuation of
the impact areas could be conducted.

These measures are largely credited with greatly reducing the
extensive damage to the Mississippi Coast during Hurricane Camille
in 1969. Conversely, the lack of these measures greatly magnified
the effects of this same hurricane when it hit very unexpectedly
in Virg inia.

Groins are useful in minimizing the erosion effects of littoral
drift. They are a direct and gener ally permanent solution , but by
causing sand to accrete, they can cause a corresponding undernourish-
ment and erosion of the downdrift area. If downdrift areas are less
important than the reach protected , and if the external e f f e c t s  on
down d ri f t  interest can be accommodated , groins are often an excellent
solution, A navigation structure , such as a jetty built to protect
an inle t chann el, can also cause sand to accrete on one side and
erode on the other . A common solution is to remove the sand on the
ac creting side by pump ing or dred ging and redeposit it on the down—
drift side,

Wh ere an adeq uate supply of sand is available at an economic dis-
tance , and where ecological side effects are adequately known and
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found to be favorable or minima l , renour ish t nent is usually the bee t
solution. Until recent years, most sand for this purpose was db—
tam ed very economically from the lagoons which usually back up the
barrier beaches so common from Long Island southward. After eco-
logical examination and close coordination with the T~ish and Wild-
li f e Serv ie and designated state agencies , some of the needed sand
will come from the lagoons. However , concern f or ecological fac—
tors and the limited quan tity of th is sand will increasingly shut
off th is source.

Sand for renourishment can also be trucked from inland areas,
but this solution is becoming more and more unappealing for  many
reasons, The costs are potentially high economically and environ—
mentall y. The sand and gravel ind ustry has given considerable em-
phasis in recent years to minimizing or reversing environmental
side effects; however , ecological and aesthetic damages are still
potentially significant as are the related environmental problems
of congestion , noise and great wear and tear on usually unsophis-
ticated coastal road systems. For reasons such as these, in the
last few years many of the communities around Boston have barred
the excavation of sand and gravel , with a few exceptions , from
their area. If the renourished beach is to remain reasonab ly
stable , the distribution of grain sizes must correspond to tha t
common to the beach in question. Inland sources, being the pro-
duct of different geological sorting processes , usually are in-
adequate. Even when these possible difficulties can be overcome,
there is the more significant problem of quantity. Because many
inland sources have been exhausted and many more have been closed
on environmental , aesthetic or nuisance grounds , the National
Sand and Grave l Association predicts that a critical shortage of
sand and gravel to meet burgeoning construction requirements will
occur within the next two decades and pr obably sooner in metro-
politan areas.

Possibly the bes t place to obtain the needed sand is offshore.
Extensive sand surveys in recent years have uncovered major deposits
situated at economical distances from many major beaches.

Dred ging can be accomplished in such a way as to leave or not
leave holes of f sh ore , depending upon wh ich con f i guration is found
to be the more desirab le-. Probably holes will benefit fish by
providing protective habitat, but additional study is needed (33).
Increasing the offshore depth decreases its usefulness somewhat as
an energy dissipator. However, this effect can be minimized if
warranted by judicious selection of the offshore borrow area. The
net effect of moving offshore sand onto the beach should be an im—

- - provement in the capaci ty  of the beach as an energy dissipa t e r .

Technologically in tests at Sea Girt , New Jersey, the Army Corps
of Engineers has demonstrat ed the general f e a s i b i l i t y  of pump ing
sand from offshore. Recently a contractor was awarded a $614,000
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cOl Lract to use an underwater c rawle rcu t t e r  to rebui ld  a 1.3—mile
st r e t ch  of a Florida beach w i t h  ocean sand.  Although costs were
nearly 5U~ higher  thait  the costs of obta ixi i ri~ t i re  sand from nearby
riverbeds or islands , ecological considerat i ons W e r e  overr id ing
(125) .  these costs can be expected to -~u- up sharply as tehcnology
and compe t i t i on  ixnp i ove .

Whatever mu t i s u d  oL re sour : a5e-r t t  I . ;  used , I. is Irspurtar L to
realize that this method i-s a fo rm of p e r i o d i c  maintenance win ch
can be justified L~ ai nst  our - perr urrenit i~o1utions on the basis of
annual i zed cost. Becuose of t h e  va~;usr i  us ui su ture  i t  mu-ct be
expected that some individual renourishrmeint projects W l L i  -rode
away much faster  or slower than p r e d i - t - d .

A second maj or c lass  of solutions lies in isp-roving the char—
acteristics of the i :pact  urea. the  pr inc i pal ci aracteristics
which can c o n t r i b ut e  to t ir e  problem lOV e been i d ent i f i e d  earlier
as waves , configuration , r u ;  i lian ce w i - n  h uisas v i  ut -s . voiys to in ;~
prove some of these characteristics i1 u- 1~~ v e i u p d be Luw .

The energy of w5~vt-u cart be di cs  i ~ - :t~ e l  by t~hu  constructIon of
offshore bars and breakwater s .

The effects  of  unlavorenie coastal conf igura t ions  can be re—
duced on the shoreline by improving  t h e  beach I - r o i i l e  so That it
can better dissipate wave energy and by ruvi 1i r a~ special 1 - r e t e c —
tion to valuable locat ions of known hi bh in ;j  act. Groins , for ex-
ample , can arrest lit~~ ai drift and toss cause a r- -ro~ trishr :ur t u t
the beach with sand.  Groins are a local soThtion , however ,

1/ Although not particularly classif ied as an coos len proP s m , the
capability to m ove large quantities of sand to ~eiected shoreline
locations introduces a si g n i f i cant o p p o r t u n i t y  in the field of cu t—
door recreation . Byen where , or perhaps especially where , eros ion
is no particular problem it may become very duu~irable to place san s
on these shorelines to create new beacnie s  or greatl y elongate or
deepen those already existing. Likely locales would be in the v ic i—
nity of large urban concentrations where water -~uality and ot }ie~
factors would not otherwise limit the locale ‘s use fulmiess for beach
recreation . For example , the recreational  usefulness  of much of t hin-
shoreline of bong Island i3ound is greatly dinirrished by the pebble ,
shingle and gravelly texture of the b e a c n i .  ilimilarly as recrea-
t ional pressures increase on the ocean front in future years it may
be that the usefulness as bathing beaches of parts of the shore—
line of bay s behind the barrier beaches can be greatly increased by
judicious applications of sand af ter  can ctiul environmental back-
groun d invest igat ions. the  potential  is i l lus t ra ted  by the fact
that from the eastern t ip  of Long Island to the southernmost Vir-
ginia limits of the nAb , the length of t ine backbay shoreline even
excluding Chesapeake Bay , is more than twice the ocean coastline .
At present this shorel ine is almos t all wetlands and mud flats. At
least some might be Lt vciuped. as beaches without much ecological
damage .
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s ince  ui- i ft  arrested at a part icular  place wil l  be r - p l a i u - I by
sedinu- 5t unu dus elsewhere i i  L ir e  wave energy r e s p u n u n i l i l t -  I o n  i t O
t ransport  Sac not been absorbed or d iss i pa ted . P ro tec t ing  cl i  ffs
or bI  u l t s  front dest ruc t ion  w i t h  ri p rap or sc- u w a l l s  is also a
local solution . Unless a n -:u;s of prov id ing  sed im ent  f o r  t ransport
is en taul  l~ lie u at the sun lit - Li nine , - us i u rn  w i l l  n ; ov  - to it  di fferent
po in t , riot too distant a l o n l i ;  t h e  long shore cur rent .

Possibi , because t ine  a d v a xn t a h - s  of a fla t  b e ;t c n n  a ;  an energy
dissi pa tc- r knave lom n i  bet -ri re eogmn i st-s , i t is I rt- -~uuntly St~i tic i
ti ut wetlands j rovi ne subsi :unti;i ! protec tic-s to t ine  . ; ;nore ~ J i s  n i t - —
m l  r id h it- ia . t h i s  propos i t n  oil i n ;  o l t e r n  a ;nv ancn - ; in t ic  u o n ;t  -xt . of
eval uat i r ib  -roposnü s to l i i i  w e t l i t r o n ; ;  . l ine prOpori l t i u n  badly n eed :;
dc l i i ;  i t ion . Cons ider  t h i s  n ;k e t c h .

h ouse B to be b u i l t  h ouse
on proposed fill A
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n~ W it  in ; ce r ta in ly  true that  the wetland p l o y  i ike . ; it  s i c ; I I s i n s  Le
b u f f e r  e ffe c t  lor h ouse A unde r ex i :~t ing  condit i  115. low ver , i t
i-s n n o b  t rue  That t ine  proposes l i i i  would destroy t h i s  e l ie c t . u s
fact  front t i l e  point  of view of i ts  pro tec t ion  from storm e f fe c t . ;
the contrary is true—House A will b en ef i t  fror nn t~he l i i i

Conn s id cr  house B. It is t rue L i m i t  i t  wi l l  have less p r o t e c t i o n s
tinwi h ouse A had either before or alter the fill. However , this
disadvantage cart o f ten  be o f f se t  by p ro tec t ive  works at t h e  sour - —
line . in un  costs of these wo n -s should be inc luded  in the pr o jec t
;snd they may or may riot inf luence  i t s  des i rabili  ty .

Furthermore wetlands are alnnios t always situated on ba cm -n buy s sr
o t l n i c  protected areas arid are thus spared anost of the I:n ;rjor  di rect
stoninn attack . if this  were not so , th ey would riot lon g ex is t  in
storm frequented areas .

t i l l s  d iscussion in no way is intende d to niak e a case for
e i ther  preser-~ing or f i l l ing wetlands , it does suggest , nowever ,
that  iii s uch considerations the buf fe r ing  effects  of wetlands is
riot a major argunnneut . The case for wet lamnd s lies more subs ta r n—
tial ly in their  ecological , recreational, aesthetic, and valley
storage values cited earlier under “Conservation and Wetlands .”

Moving inland , much can be done to preserve and innprove dunes .
Programs can be developed to include preservation , ii: ;pro vts e n m b  and
maintenance.

Under preservation , steps would be taken to see that t h e  pub-
lic understands arid respects the innnportance of dunes.  Passage-s
through the dunes would be delineated and controlled.  Publ ic
trampling or bui lding on the dunes would be r e s t r i c ted .

Under improvement , the hei ght of the  dunes would be bu i l t  up.
i l n l~ cai n be done in a variety of way s . One quick anetnod is to
pert sand of a grain size d is t r ibut-ion  observed to be- stable nearb y .
oclaware is pioneering a bulldozer approach . The dozer piles up
san d from the leeward side of the dune leaving a sharp cut there .
Wind e f fec ts  reportedly move additional sannd quickly to fill in the
unnnatural temporary depression. Picket sand fences properly spaced
can trap wind blown sand and bui ld  up dune hei ghts , often in more
than one layer. There is room for considerable imaginat ion here .
For example, the placement of salvaged Christmas trees are reported
to be excellent for this purpose. This could provide the basis for
an annual community environmental imnnprovement project involving
groups such as the Boy Scouts.

Un der maintenance , the built—up dunes should be stabiii-z~~.
preferably with vegetation . Currently American beach grass
(Ammophila breviligulata) is the best p lant ing.  It cant be obtained

U- 163

— - .- -r’~
-
~~~~~--—— —- - .  —

------- 1~
_
~,

-r ~~~~~--  - -  - —- — -~~ --- - -.-- - - —------ - -



- - — --

on site by selectively breaking up clint-ps b r o wi n i C  in  r ;a r wur i O F t - i l .

Much reniearch can be done on th is  and other b i n d i n g  and s t i l l i m n 1;
plants by selection and breeding to improve t he i r  environmental
hardiness . Dune plantings have been s i n u w n i  to be very responsive
to f e r t i l i ze rs . Once they tak e hold , the i r  extensive  root st r c - -
tures protect the dur;€ . The abovegroun d vegetation en i t r ; i p n ;  w i n d —
blown sand and titus fu r the r  increases the I n e i ghn t  arid st a t i li t y  of’
the dune- . T1~e U . S . Department of Agri cultui e ‘5 Soil Cornservat i on
Service is currently doing much r e s c : ir c k n  on don e sttib i l in at ion
rn ie tk tod s at its Cape May Plant Material s Center  ( l 3 b) .

In special cases , t h e  res il iwicy  of t h e  s h o r el in e -  earn tie ii ;;—
proved by rock , bulkheads arid sea wails . Al though  very exm -i5sive
these devices are often t h e  be st  solution where  high va~ ued lan -i
uses m us t crow d t h e  coastline . nxaxnples are some coastal hni 1~nw ay :
airports , ports and other industr ia l  aid urban facilities .

U 
The greater the hum an values associated wi th  a coastal stretcin

the more ex t c -nn sive  is the ef for t  j u s t i f i e d  to protect that coast.
niowever it seenns clear that marty faci l i t ies  do not hav to hug the
coast. 150 minimize  the great cost of protection , the princi ples
of flood plai n management can be applied. The U . S .  Water Resources
Council is currently sponsoring research on the possible applica-
tion of these techniques to coastal area.

Under this approach the lim its of areas subject to inundat ion
are delineated , the information is disseminated and appropriat e
control measures are ins t i tu ted .  Of course i t  is s implist ic  to
think that all problems can be overcome by a “keep out ” approach ;
many important uses such as those cited above are already located
right on the coast and must remain there or forego benef i t s  many
times greater than the cost of protection or the acceptance of
periodie damage . However , flood plain management techni ques , over
time , can limit- coastal facilities to those whose presence there
is truely essential.

Anot her techni que applicable in special cases is “ floodproofing” .
Under thi s approach damagable facilit ies can be located above the
ground floor and foundations can be reinforced to withs tand pre-
dictable impacts .

oot to be overlooked in any consideration of human values is
the importan ce of preserving and improving ecological values . Un-
fortunately m any of these values are so widely distributed over
ext ensive wetlands that signif icant protect ion is prob ably im-
practicable . One clear exception , already cited , is the protection
of barrier beaches from storm—induced breaching because of the
signi f ican t, possibly undesirable consequences such breaching can
trigger in  the lagoons behind the barrier beaches .

A th i r d  major type solution lies in overcoming special
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limitatiom ns. Two special problems mentioned earlier are the high
costs of solutions and t h e  d i f f i c u l t y  of d i st r i b ;n t ing L l t -~ e cos t ;
to the beneficiaries because of the indivi s ible n ature of man y
solutions , the generally widespread m a t u r e  of the benef i t s  arid th e

• presence of sonic external i t ies. The problem of costs can be m i n i —
mised by additional research on methods arid care ful analysis  to
insure that the cos ts  are incurred in places where the ten seli ts are

U 
commensurate. Tine problem of cost sharing has characteristics
whic h classically i d e n n t i f y  with government involvement. The prob-
lem is by no mnie an s un ique to coastal protect ion . It has p ar a l l eL s
in many governmental functions such u-s road cons t ruc t ion  ains flood
control . ilte more widespread the public benefi t , the hi gher the
public share of the cost has typ ically been.  The senef ic ia r ies  of
coastal protection are the users of the coast whether  they resiuc
there or visi t  it.

l ine  costs of these solutions varies greatly . An improved warnn —
U [ m g ,  mobilization arid evacuation system should riot cost too much ,

especia l ly if local civi l  defense systen ;e. are exercised. Extens i ve
relief operation-i required in the aftermath of real disasters can
be very costly , but governments and volunteer groups have long
oen :nonn stru  ed thr e i r  willingness to con t r ibu te .

The cos t of improvements depends upon the magn itude of the pro-
ject and t in e  av i labi l i ty  of materials . For the cons t ruc t ion  of
mos t beach improvements , experience indicates  that costs may range
up to 45150 fer line-ar foot of coastline . Groin construction may
cost in excess of ~ [OO per linear foot depernding upon ti n e wave and
seacn si innen n siu nn s . Tine beach renourishminent pnnje ct in Florida
mentiomned earlier  ran bout ~~)0 per l inear foot . Revetment costs
are more c x j c r m ; L Vt- t O w n  beach renourishnn ent  ito h cain in more exposed
areas cost in excess of -~5u O per l inear foot . A degree of economy
can sometimes be aci-nieved cy using e x c e ss  material from a rtearby
cons t ruc t ion  p ro jec t  -thus a f fo rd in g savings on both jobs .  For ex—
ample , a communi ty  could nave excavated rock dumped at the toe of
its seaw all thus providing inexp emn:Lee  and important maintenance .
The cost range of improvement project: ;  at individual sites in th is
region is expected to be contained in t ine for thcoming National
Shoreline Study ( 1St) ) .

Massive hurricane flood control structures can be very costly .
For example , tine Fox Point Barrier , which  was completed in 1966 and
which protects  a major portion of Provi dence , cost about ~l7 million
and the proposed Lower narragansett  Bay Barrier has an estimated
1970 cost of about ~s l33  million . Costs for providing hurricane
tidal flood protection for Long Island the adjacent por t of New

• Jersey , exclus i ve of t in e  i~ew York Metropolitan area , are estimated
at over ~POO mi llion in 1970 dollars .

Federal participat ion is usually allowable when project  solutions
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~Lre beyox 1 t i n e  reasonable capabili ty of local au tho r i t i e s  and when
t i n - b e n e - l i  t s are publ ic  arid exceed the cost.  lim e cost of the study
of elih ib le  projects  is born comp letely by the Fc-dorai gov- rmnnnnonn t .
Up to hal f th ie cost of fe asible protect ive work s for breach eros i on
comntrol  alon g publically — owned shores is Federal , except in the
ease of ~arks and conservat i on areas which meet certain requi re—
hst ;n nts . lit these instances up to 7O~ Federal costs are author ised.
k r i v at e l y — o w r t e d  shore s are generally ineligible for participation
except  when the i r  protection is benef ic ia l  to a nearby public use
or w e- n tine benef i t s  to tine pr ivate  shore are incidental  to the
projec t .  j u t -  n o n —Federal costs are usually met by the state and/or
t n n e  shoreline locality under d i f fe ren t  state formulae , fable U — l o

U: susr iar ises  s ta te  cost sharing policies in th is region .

Man y of the solutions proposed can prov ide a net benef i t  to eco—
-
. 5~~stems . i;ow t ve’r, tine possibility that solutions could produce

damage to dow n d r i f t  users must be carefully evaluated and provideu
icr either in the design or by acceptable means of mit igat ion .
Tinr oughnout this analysis ecolog ical side e f fec ts  have been constan-
tly i d e n t i f i e d  arid solutions have been developed with these con-
siderations in m in d .  Two of these  e f f e c t s  mentioned are : damage
to ecosys tens oy climactic events of nature such as complete alter-
ing of back bay s , and e f fec t s  on ecosystems in borrow areas which
cain be minimized or reversed by stud y of the location , time , desired
coitf i gureat ion of the area amid t ime reestablishment of benthic  l i fe .

Especially when very large undertakings are be ing  considered
• w i t h :  importan t population centers and potential  disaster conditions

involved , benef i ts  may be expected to be high——an d for j u s t i f i ed
projects they are . The existing 4l7 million Fox Point project near
Providence is expected to prevent about ~b6 mi l l ion  of the estimated
4~l8O million damage which would resul t from a recurrence of the
tidal flood of record——tine 1938 hurricane . A recurrence of the
t idal fLood of record——actually two storms : the 1938 hurricane for
most of Long Island and a 1960 storm for western Long Island——would

• i n f l i c t  an estimated ~ 32O million in 1970 dollars in damages on th e
song island—adjacent h e w  Jersey area , exclusive of the Metropolitan
sew York area. The standard project storm for New York Harbor has
been estimat ed to cause about $2.5 billion in direct damages in
ip~8 dollars . Of course , no foreseeable plan could be expecte d to

• eli minate all these dartiages , but the potential for very great bene—
f i t s  is clearly evident and is t in e  subject of a number of studies
completed and in progress . Jus t the provision of emergency p~ wts
for evacuating and protecting the dew York City subway system from
inundation aid a disastrous loss of life could produce tremendous
bertefits some day .

indirect  bene f i ts  are , by de f in i t ion , harder to quantify but
titey are probably very large . in a preliminary es t imate , t ime Army
Cer ~~; of Engineers predicts indirect  damages from the standard
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p r o j e c t  s t o r m , in N t w  York h arbor  ut  about $2 .4  b i l l i o n  in 1958
d o ll ar s . h o w  much of t h i s  can be economica l ly prevented  is
c u rr ent l y b e in g  studied. Indirect benefits include possibilities

— fo r  encourag ing  des i rab le  d&-v elopm ent , in c r e a s i n g  s h o r e f r o n t
values , increas ing tour i s t  t rade and general ly enhanc ing  the shore—
fron t envi ronment  and ecology .

Most o r gan i z a t i o na l  c c l l s i h n n- a ti o n  have already been addressed
d u r i n g  discussion of o the r  -~spccts  of the  problem.  I t  has been
seen that within the U.S. Government , the responsible agency is
the U . S. Army throug h i ts  Coops of Lng i : n ee r s .  Considerable  coor-
dina t ion  is accomp lished w i t h  the N a t i o n a l  Oceanic and Atmosphe r i c
Agency on f ish and w i l d l i f e  values and wi th  the Depar tment  of
Housing and Urban Devciopment on residential and urban values. At
the state and local levels cost sharing f ormulae have usually been
worked out. Projects have not been considered by the U4S. Govern—
ment unless they have bee n req uested by an individual or by local
or intermediate  levels of government .

A comp lete l i s t ing  of authorized Fed~~ra 1 p ro j ec t s  and a u t h o r i —
zed Federal survey studie: in progress in this region will be con-
tained in the forthcoming National Shoreline Study (136).

Solution e f f ec t i venes s  is summarized below in terms of the
three basic overall  N~ R o ij e c ~~ives. Not  included in them is the
added wel lbeing benef i t  of saving substantial grief and loss of
human l i fe ,

Since all p r o j e c t s  must stand the test of bene f i t  cost analy-
sis , however incomp lete the evolving knowled ge of this tool may be ,
it follows that most net benefits derived fall into the national
e f f i c i e n cy  account .  Recent and ongoing studies imp ly that these
b en e fit s  could be subs tan t ia l . pssi~ ?bl y in the bil l ions, The over—
all  to ta l  annual b e n e f i t s  of f eas ib ie  solutions are cur ren t ly un-
known al thoug h they have been calculated for  numerous individual
pro jects .  Much in format ion  is available at the appropriate  Corps
o f f i ces , but  it is below the scope of de ta i l  of this regional
framework study .

A l t h o u gh the p r inc ipal b e n e f i t s  art- economic , substantial en-
vironmental benefits earn accrue as well particularly through the
protection of ecosystems against disasters from which they have
demonstrated an inability to recover rapidly.  Ca re fu l  a t t e n t i o n
during the formulation of solutions must also be paid to ecological
values because some of the larger p ro jec t s  have a po t en t i a l  for
ecological damage which can be con trolled , reversed or mitiga ted
by careful design and review .

Even when Federal surveys indicate that  remedial measures are
not economicall y feasible and thus ineli gible for Federal aid ,
they can be under taken by state or local interests in a regional
development context. These projects can often benefit from the tech-
nical evaluation produced in the Federal survey.
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REGIONAL SUMMARY

SUBREGION A

Subregion A is the northernmost portian of the North Atlantic
Region and is whol ly  contained w i t h i n  the S~ a te  of Ma ne - The
entire coastal portion of th is  subregion is included in Area 5 and
extends f rom Calais on the nor th  to the mouth of the Andro- ~co~ gin
River on the south.

The subreg ion is disucssed here in terms of its characteristics ,
major coastal uses , major coastal problems , and major prospec ts and
potentials.

General judgements as to the relative importance of the selected
problems in the subreg ion (Area 5) are out l ined in Table U— 17 .

TABLE U— 17

PROBLEM PROFILE IN SUBREGION A

a
0
C

a o
4~J Q) a ..

~ 
.
~u u o

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  :~3 4.* 0’a a
~ 14.4 ~ C a .

~4
Problem ° ~ .2 a .2 ~C ~-i a a a~~-40 0 am C

* Highly sign if ican t ‘
~~ ~ g ~4.1 ~ 

.,4 0 C~ .,.~ ~.j0. ~-4 ~ 4.4

* 
Significan t 4-4 .

~~

• Relatively ins ign i f ican t  ~ ~3 I ~ ~ t ~~
Area 5 j  

~~(~~f~k * [ •
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- - Area C h a r a c t e r i s t i cs .  Tim is p o r t i o n  of  the  NAR coas t a l  zone is
c h a r a c t e r i z e d  by a rugged , rocky  shore l ine  with many deep, nt a rrow
in le t s  and c o a st a l  i s l ands .  There is a high tidal range accompanied

-
• 

by s t rong  coastal  cu r ren t s  and high f l u s h i n g  rates for t ine haye and
estuarine areas .

The waters of the area are cold in comparison to the  more south-
ern p a r t s  of ti le r eg ion  with Ap ri1—~ av seawater temperatures usually
between 45 °F. and 50° F. in the Boothbay Harbor  locale  which is in
the southern  par t  o~ tha area .

There are L~n r ~~e ma b r  r i vor s  f l o w i n g  i n t o  these coas ta l  w a t e r s .
At the N o r t h e a s t e r n  ex t reme is the S t .  Croix  River  which  f lows  i n t o
Passamaquoddy Bay . Midway in the area the Penobscot River enters.
The e s t u d r i~~n area a s soc ia ted  w i t h  the Penobscot is ex tens ive , ve ry
scenic and , as will he discussed l a t e r , r e l a t i v e ly heav i ly  mod i f i ed ,
pri-narily hv water pollution.

The t h i r d  major  r iver  borde r s  the  area on the south. This is the
Kennebec R ive r .  Here , as wi th  the Penobscot , t h e r e  is an extensive
e s t u a r i n e  system associa ted wi th  the river , and here again , wa te r
q ’n a f l t v  is a m a j o r  f a c t o r .

There are also a large number of smaller  r ivers  and s t reams flow—
ing in to  the  coastal  and es tuar ine  wa te r s  of the a rea .  These st r eams
coup led with the many bays and i n l e t s  cr4 ite a variety of estuarine
and wet land  r egime s , rock y shores and some sand y beach and make t h i s
the  most  n a t u r a l ly  d iverse  area of the entire Nor th  A t l a n t i c  Region
coastal zone .

One of the ~~iaracteristics which makes this area outstanding is
the distinct lack of major urban areas and concentrations of popula-
t ion. It is the least densely populated area within the NAR coastal

* zone .

There are f ive counties  in the area.  In to ta l  the populat ion of
these count ies  has decreased from 135 , 104 in 1950 to 132 , 100 in 1968
( 5 7  ) .  While  th is  does rot  indica te  d i r e c t l y  what the coastal pop-
ulation changes were , there  are no m a j o r  popu la t ion  cen te rs  in the
area tha t  are not on the coast ard , of the nine major  towns wi th
popula t ions  over 2 ,000 , f ive  showed a decl ine in population between

• 1960 and 1966. In fo rm a l  repor ts  of r h :  r - s u i t s  of the 1970 census
indicate  that th is  trend of decl in int ’  popula t ion  is con t inu ing ,
especially in the more northern sect ons, which are distant from
southern markets , have severe winters and rely heavily on a declining
f ishery for an economic base.

There is a s i g n i f i c a n t  increase  in popu la t i on  d u r i ng  the summer
month s, particularly in the coas ta l  town s due to  an i n f l u x  of t o u r —
ists and recreation seekers. However , even in t h i s  case , the more
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~- 1 Lhe rn~ port ionis of t ine  area cu riot exper iennee as r nu r i of to is  i n —
:~ 00 U-S - - .

Major  f~ a~3ta.L Uses.  bri e spec i e s  of l i v i n g  resources of corrnrner—
C L U . L  import ance inn t h i s  rea mId -coo -cetaceans , sl :xiLflsti , f i n —
f isn i  an ti uaweed.

~obst er  is Ua iar toe hifnleeb value f i s r ie ry  pr cccuct harvestea
in these coastal wate rS . The total val ue of the catch in Maine in
ipu) was in excess of b — o million . Of th is  total , ~ld . 14 mil lion
were assoc iat ed  wi t r i  t ine boost er  l an- l i r ig s  in Area 5.

i ic co nnu to lobster  in VihJ cc- is Utne  ca tch of Maine sh r imp . She
value of all -a lne  lunaings of snri.me in 1969 was -3 mil l ion  Witnt

~d .2  million of tois occur ing  w i t h inn  Area 5.

In the shellfish categories the soft  shell clam leads all other
species and is the only really economically important sh~ l i f i sh  in
the area.

Of the commercial finfish , ocean perch an -I her r ing  comprise toe
ooln-~ of l andings  in Area 5 wiu~ a l9t9 value of fl.5 million and
-,~ .) million respectlvexy .

ethe r  living resources earveeted in th e  area are sea moss , the
so~ rce of carrafeeogei , anti bloodworms anti sundworr o for bai t .  Sea
moss is ucec in many b oos and me dicines as a stabili zer .

snere in unso  an ext ern u L ve sport f i sro -i -j  in the area. i r e  same
spec ies  bis te a as consmerc ansy important a. - sought b~.’ the  sport
f ij n e r r ar i .  The ‘ coo l - sea ” f ic r ~i ng partp has been an importan t part
of a Maine vacation: for many years . Ni:ile toe “oa r-t l -~- boat ” acti -j —
i is of major  ir ;~po r taoco , th ere has beern a growti: in toe use of
private boats , surf casting anti even scub a diving over the past few
years and the trend ap~ ears to be con t inu i n~p..

~ ui:iber and wood for palo and agriculture arc also m ajo r  activi-
ties in the area bet are not directly related to the coas t and wil l
not be discussea here .

~eiotoer macor  use of the  coastal cone is recrea t ion . due to
its natural characteristics and i ts ainspoiled nat ure this  area is

• a t t ract ive  for a large number of recreation activit ies, pr imarily
s ightseeing, boa t Ing ,  camping , hiking , p i c n i c k in g ,  eacin cc -~ b ing  and

- 
- f i s h in g .  ~-t nnus ber of relat ively small beaches are -scee for swimming

anti sun b a th ing ,  but  swimmIng is limited because of the  cold waters .

There are twelve state parks anti monte -i Ui a:oug t i e  r : aot .
~nn e se  o f fe r  a variety of f ac i l i t i e s  arid op~ or t w it i e s  for recreat ion
ranging from small , s in g l e — p u r p o s e  h i st o r i c  anal scenic  s i t s to a
Iul~ complement of fac i l i t i es  for camping , swimming,  f i sh ing  n i d
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p ic -n i  sk i  i~~~~. ~~ , ~~~ ~~~~ f5Clljt i *cs is inc n - t ~ i ‘— i ;  apid ly.  For

~-x:nrn p le , CamnL -n Hills S tat e  Park wP’~ ni ~~j  thou sand  users in
l~) h -  ~ c- ~~ thousand  in  1’-~’ ‘~ 

.

Acni d ia k n t i o n a i  P o k  I:, l o c a t e d  i n  A r e n . in i s  park ol
30 ,000 acres is loca ted  on M L .  l i - n - o i l  I s l o i d  no d - I n l : i i ns two
large  w e l l— ft-ve lope d (-a mp grounds , two e w i n u n i n i g  L, e t d n c - s  w i t h  b a t h
houses , mi es of h i k in g  t r a i i s  and roads or s i g h ts e ei n g .  T h i s
park experiences heavy USe f rom the  la st  w i c k  ol June  throug h Labor
Dcv . Ten p r i v a t e  camp grounds oni Line island have a t o t a l  capac i ty
w h i c h  ~~~~~~~ that  of tine national park  and are  o f t e n  p r e f e r r e d ,
p a r t i c u l a r ly  b y t ra i ler  campers , sic -nec  they o f f e r  u t i l i t y  hookups.
Some camp grounds on the i s land are having d i f f i c u l t y  in p r o v i d i n g
adequa te  sewage and w a t e r  supp ly .

W h i l e  public recreation facilities experience heavy and growing
(ien~nn ai , the bulk of n a - c r ea t i on  a c t i v i ty  in the  area is conducted in
p S i v a t e  f a c i l i t i e s. Sum -nc r  camps and homes abound in this coastal
area and the numerous harbors are exten- -~ively used by p r iva te  boats
in the s o u r t h e r n  part  of Area 5.

W h i l e  the p resen t y avai l able f ac i l i t i e s  are we l l—used , there
an op p o r t u n i ty  fo r  f u r t h e r  recreational development in the area.

Tine m d b o r  problem w i t h  a t t e mp t i n g  commerc ia l  deve lopment  is the
short  season f o r  coas n j l r ec rea t ion  in this area.  Due to i ts
n o rt h e r n  iocOtion , the summers are relatively short. ln addition ,
the area is distant enough from the rn-a b or population centers to
prec lude  most  short  period use , fo r  a day or weekend.  Consequen-
t l y ,  very few peop le  seek out t h i s  area fo r  recrea t ion  except  dur-
ing vacat ions of a week or morc .  Persons en t e r ing  the r ec rea t ion
indus t ry  iii ri- must rea l ize  the i r  income in a short season. (This
is changing as snowmobiles increase  is p epu la r i ty . Acadia has an
extensive snowmobile t ra i l  sys tem) .

Another  f ac to r  in the nor the rn  h a l f  of this  area  which has an
i nf lu e n c e  on recreat ion use is the lack of “des t ina t ion” facil i-
ties. The large number of tourists and recreation seeker~- entering
this area tend to use it as a transporation corridor to reach
other areas in Canada. Bypassing this area are two ferry steamers ,
the Blue Nose and the  Pr ince  of Fundy which sail to the Mar i t ime
Provinces from Bar harbor and Por t land  rer-nec-tivel”. Both of
these ships have bee-n operating at or near full capacity . This
diversion of the flow of recreation seekers lessens the demand for
recreation related facilities in Area 5.

Sport fishing, discussed b r i e f ly under the extraction of living
resources , is a significan t component of the  recreational resources
of this coastal area. Surveys of sport fishing along the entire
Maine coast have shown a close re la t ionship of sport  f i s h i n g  to the
proximity to urban population centers. Thus the salt water
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a p ort  f i s h e r y  i-j ot- luLl vi- l y lun nx l to ted in t n n e  n - el  ~ L I vely U n j o p i n  i a—
ted i c - f  rn -n part of Area  5 . Fur th er 1 -v e l  o1 ni nnn L linus t Lie m a t n - i , - i
c losely w i  Li the  gin- ,w tn i n n  d e n n n i r i 1 .  ( U I )

i t  
- ‘:nnti re coastal j-u rtio nn 0 1 i l t - ~~~~ i ~ i n ;  in av i 1 , r rni r n e r-- :L in - - n L~~

a v u n - ~ i ng onnib ~ n a t io n  of hi -avy n nno  ala . Ic -n c- nu T these Un c-- i r o n , lire ,
cn n r o m ; n i  ci;, , lii ckel , I - n i l , cobal t  , nu ; in n gu n n ~4~1 :~l d O j } - - n - . A h - t en d  U

tdi ol’adl c mini  nng cx p h i - n i t .  ions an t i a c-tue I Operati  on n n goes bach nrc - p

~, i-nina ; . i n n  t a c t , dun r ig  1880 ‘ n ; , there w; n s  a n i  m i  r i g  boom comj leLc-
wi tin a Lock c--x r h n in t t  - in the luc t ar- i _-a.

iL t ine pre sen t t ime , on l y  One m i n i n g  u i c -- n n i t  u rn  ex ist. . b u n s  i-
ann open pi t  i ; t l  t n t  on t ine cdge of I ennob~ cu t nay at C n - p u -  lion i c r  f i n  rn ;

- ‘ wini di c - n j  - j t t -  n S i l  ci n c  or e are be i rig reir :o vu - i . i l n e  in  rn ;ir - mn - r cern —
t r n i u i n i i n  si tes  and then shi pped out of L i i  area fo r  n - c-fu n ri g. ( d i n —
rent  da i ly i r edac t ion  from tin s inn i ne i-s app rox i nna - ip (QQ torn ;; of

ore contai ning b5 z inc  and i’,o c - O j j c-c- . i l n e  operat on ; O f f l
~~ 

1 c-p s a n out

~(5 people . (i o) • h i n t ;  in n in n  is expected to nr r i sc  operat ion in  l~i ( 2 .

Connt I r u i ng  e i nv i r o n n n c c i n t a l  p 1 0 1 1 c- t i n S n a ve  :i- c o n n j - : u  i c - i  tine be-  a—
t i o i u .  i n - c h i c - c s  an- c-- assoc iated w i t h  the no ise  of operat l e n t ;  , b i as—
t i n ; 0,  dr i ll  i m n g arnd t r u c k i n g ;  wate t -  pollution is  caused up uj l t i  m g
annd by drainage of toxic metals fi - omnn t I e  m i n e s  ; ri n d s c e n i C  d ;  s ru~~—
Lio n in; caused by t ine open pit an n u  t ine depomI r ion of w a n  t in ;  .
extensi  v -  amount of p unnp ixn g to drai n tine p i t  has also t ended  to
lower ground water  tab les  and al l o w  sal t wa te r  to i n n t i u n i n  i n t o
local groun d wa ter  supplies .

A as c-er of proposed s i tes  have Dccii proposed for mdci i t i o nu l
ra ining operations in the area. h owever , the ores are i- - l u t i v c -  p
lowgrade arid tine v iabi l i ty  of such operat  in n s ;  is en t i re ly  i c - j c - r n —
ic- nt  upon favorable  metal prices.  Most of a sen ore bodies are of

rawn -ginn a l  value , at bes t,  if the c-os U ;  a s soc ia ted  w i t h  c m v i  ni~~~
mental pro tec t ion  are relat ively h i gin , -t ine i n c e n t i v e  for an ir n ing
x i i i  be low .

A s u b s t a n t i a l  ainounnt of sannd and g r a v e l  min ing  in; also c - d u b s —
- - u  inn l i r c -nL 5. ib is in ; generally from on — shore  depos it s  neat te t’enn

along Line  coas t arid is used in c o n s t r u ct i on  inn nearby areas . I n —
v - s ti 1 -;at ions have shown that  offshore deposi ts  in Area 5 an -  - om ~
lox quali ty U n i t run more to s i l t  than good. qu a l it y  sand.

There appears to be high p r o b a b i l i t y  of ga~- n c - n d  oil n- - t o n i c - c - -
o ff shore  in the Gul f of Maine . If th i s  is t ine  ease , n u b  t i n y  are
de veloped , th i s  ac t iv i ty  will ln a-i n~ a s t ri ng i n f l u i c - n c :  or L i i i  k i  rid ; ;
01’ deve l opmnne rnt  wh i ch occur Lh ;ro n n - t out t ine  area.

A lb nial nno n i—l iv ing  resource use related to the i-uast  i n ;  tine i t o

of coa ; ;t n i i  water .  l i n t ;  m i m ing operu t io rn  at Ca1; - Hen ; icr u c u - ; ;  e xt - m n —
5 vi ainioumnt ;; of salt water  to c o n cen t r at ’-  i ts  n c .  ib i s  wu ’-er
r c- ej  en i d  i i i  Line process to h e l p corn t rol  l oll ; L i o n
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Of much greater significance is the use of coastal waters for
cooling , particularl y in power generation. While this use is
limited at present , it will  likely inc rease signif icant ly as power
companies seek out sites for new plants with adequate cooling waters

F In tine northeastern United States.

The use of the coastal waters In Area 5 for transportation and
Shi pp ing is limited primaril y to the fishing industry at this time .
(Even the ores from the Cape Rosier mine are shipped out to refiner-
ies by rail). There is a lack of developed docking and freigh t
handling facilities in the area.

The major reasons for this are the distance to the marke t s  fu r—
ther south in the region and the fact that major ports exist in
these heavily populated market areas.

h owever , as vessels are designed and built In larger and larger
sizes the harbors to the south will become inadequate , pr imar ily
because of the d r a f t  requirements of such vessels . The deep—water
inlets and bays available in this area have characteristics which
will make them more desirable for port development.

Of particular importance to this area is the proposed develop-
ment of a major port at Machiasport for use by supertankers. There
is a great controversey about the desirability of such a develop-
ment , particularly when it is coupled with the development of a re-
finery. The major concern is for its potential effect upon the pre-
sently unspoiled natural beauty of the area, together with the po-
tential for oil sp ills and their unkown long—term ecological effects.

In the coastal zone of Area 5, urb an and industrial development
has been minimal , in keep ing wi th  the loss of population and low
level of economic activity in the area. Extensive portions of the
coast remain undeveloped at this time.

One of the main reasons has been that a small number of wealthy
families have had substantial land holdings and summer estates. As
these holdings are handed down through the succeeding generations
ownershi p is becoming more d i f fu se , and heirs are finding it im-
possible to maintain large holdings under today ’s financial pres-
sures. Consequently ,  the pa tter n of land ownership is changing to
smaller , more numerous holdings . This will  tend to remove the
control on development arid significant changes in land use will
likely occur.

As in all areas there Is the need to use coastal waters for
waste disposal. This use of the coastal zone is largely unorgani—
zed in Area 5. Many of the coastal communities rely upon septic
tanks and cesspools for  domestic waste  disposal .  Others  provide
collection systema with minimum of treatment prior to discharge
into the coastal waters .
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There is a considerable waste load entering the coastal wate rs
fro m inland. The waters of the Penobsc ot Riv er and the Kennebec
River ar e carry ing heavy waste loads when they become estuarine .
Most of these wastes ori g inate from inland activities such as pul p
and paper process ing ,  agricultu re and food processing, and domes-
tic waste disposal. The majority of these wastes are from identi-
fiable point sources. h owever , this meanis not that non—point sour-
ces are unimportant , but that they are not well known.

Major Coastal Problems. Almost all of the 1900 miles of the
exp osed shorel ine of Area 5 is ledge outcrops or massive boulders .
Only about 10 miles can be considered as beach . Consequently,  wi th
very minor local exceptions there Is no coastal erosion or tidal
flooding problem in the area. The State of Maine has no program ,
and no Federal projects have been authorized (136).

The two major problems in the coastal zone of this area are un-
emp loyment and water quality in relation to affected uses. Washing-
ton County is experiencing an unemployment rate of nearly 14%. This
is accompanied by low—average incomes and a loss in population as
peop le seek employment in other areas . The other counties in the
area are also facing relatively hi gh unemployment situations and
generally declining population.

The coastal water quality problem results principally from pulp
and paper processing, mining, agriculture and food processing and
municipal wastes.

The pollution of coastal waters has a significan t impact on the
fishery of the area. In 1969 for example , 71,000 acres of shell-
fish beds were closed to fishing because of bacterial pollution in
Maine (167). h owever , most of this closure is in Area 6 to the
south.

Also of great concern to the fishery industry is the e f f e c t  of
pesticides upon the commerciall y important species .  Lobsters ,
crab s and shri mp are closely related to many of the pests which the
pesticides are designed to kill. For example, a lindane solution
of one part in five billion will kill lobsters and shrimp ; commonly
available household sprays contain up to one part in one million.
There have been numerous cases of total mortality in lobster pounds
where pesticides were used (38).

In addition to the lethal aspects on certain species there is
the danger of the accumulation of residues of pesticides in the
tissues of commercial species rendering them unfit for human con-
sumption. Care must be exercised in the handling of pesticides be-
cause they are extensive ly used In the forestry and agricultural
indu stries.

Waste from sawmill operations such as sawdust and bark have been
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carried irnto tine e ; ;tuar in ie  areas aind deposi t e l  I n n  r im - c- ac w in e r e -  they
appear to Inave ; ;m ;n ot t ;er c -u  s in ell f i  sh . i t  has U-c ern obse rved that  t i n e
overburden urn a inumb er of sine l l f i s l n  “gravey m in al ;” wa; ii layer of
sawdust .

- l a r i m n n -  sd enn t i s t s  r ice a] so f i n n d i n n g  t inat  Line sawdust  doe;; m e L
decay as wool d be expected , but  r a t i ner  tends to minerali  ze . Ce;:;—
c -u -s L ion  tests diow t in e  m a t i n a l  to L i-  n; .um n_ fInn j;uaabl e and long—las t—
ing .  (i~erlnaps i t  f rAy have e ( in j m n c - i - c l  al value )

i tn e  heavy me t als mind associated wastes  due to pas t and presen t
n u i nn i n n g  operations r Are also ol c o n i c - c - m n  to tine f i s h i n g  inndus t ry .
Toxi c me t als are I oun nd  in ; ; e - u i m r ; c - n n t s  near mining sites that have

- 
- been inac t ive  I n - n  several  decades i n n u i  a L l  r ug ti -nat they t ernd to

pe~ si ;t eve r A J o n n g  period. Co n n c e n t r a t i o n n s  of nnetal s irn c r u e l ]  I i  no
in n tn ne urea of Cape l iosier in ave s i gn n i f i c a u n t l ; increased  since toe
rcsnu:;J t ion i 01 n n i nn i nng  and separat ing operations t iner e- . 1 1 i - - has
occurred event ci  t in special care and precaut ion to mmn inn imi nn c- pol io—
t i u n .

;u ;C r e  are some locally severe pollution prob lennns associated
w i L h i  t ine n n nw u a gc - ; ; n t - i n t  of inlaind waters  - ( 153) Inn the lower dcrn ;ub —
scot  u~iver iron; ilue n-;sport to Winterpor t  and , at t in -c , in the lower
h s n ; sc b e c  olver tine level of dissolved oxyge n drop-s Un - zero . l in i s
forms a complete oxygen block p reven t ing  tn~~~ passage of f ish  mind
canic en ;; frequennt fishkillc-. 1-lo ws could be ;- eguirct en-i  for quality
and quantity to hel p prevent t in is  condi t ion  from occurr in l :.  This
should iu -  taken into connsiuc rat io n  anid spec i f ied  as a demand upon - n
the inlan d water resources .

eund Potent ials .  With  t i n e  broad  overview of
,-irea y 5;nicl, ha;; b u n c o  presented up to now and par t icular ly  Ldne p rc—
cedin g disue ss iorn  of rmnajor problems , t une next  step is to exam ine
the prospects for tine ;irea anus  m o w  t inc - ; ; e  j ;i-os~~ect s  relate to the
object ive;;  established for tine ~~ i U l  study ( n eg i omnal developnn cnnt ,
;ua t iomn al c ff i c i  enn ep , mind onu v i  ro x n mnn em nt ai  q u a l i t y )

- it  seen ;; evident t inat a c t i v i t i es  des ig nn en i  to increase income
en ci t ine level of enu n p iop ;;;en;t in the area will be compat ib le  wi t i  tine
f i rs t two o bj e c t i v e s , iii  th is respect tinere are four areas which
inave the potential  for major contr ibut ions  t c- these ; L j c - - tj vnn -n .

Fi rs t , w i t u n  U n ue -  s t u n - c - l i p  imncreas ing dexna n ;d for elec t r ic i tl
t ;n e  r e l a t i v e  scarcity of acceptable  inland sites for genn era t i n ng
plan ts , anal toe ava i l ab i l i ty  of vast p l a i n t  i t i n - s  of cold water  make

5 a uen ;irable area for s i t i n g  i n c - s  power p la n t s .  P ine tax re—
vt ;nnue s  n~ n - i - at; ; b y - such I r e - u  l i t i  en ; are ~ub ;;L :nn; ti ml arid could pro—
vidi . ;om ;ue n ; I .  I n a ]  U ;; to the C c - r i  ad . i i i ]  s i- ;velopnnnennt would not by
i t c e l  I , -sub st ann t i a l ly  cc- lu ixn emnn p iop m ; ic -mi t  ; but  wi th t r u e  p r o sm  n- -~n - n ;
jf n tati vei y u ; t n e ; j ;;opp1iu~; 01 J r  s n - n  otiner i n id u st i p  ‘nay L i- in—
ic -cc - i to connne into  t ine  n - c - n i

ti-I 76



~ 
~ U — _ U - U - U ~-U - U T  

~~~~~~~~ - 
—_-

~ 
—-U---- U

~
U - _

~
-U--U - —-U- ’

(lire nuis I ixe ri; ise cau t ion , howe ye r , when d r a w ing  c oim ci u;n j our ;
a b o u t  so I v iug 11w unemp loyment Si Lus t  ion iii t h i s  area by s impl y
b r i n g ing i i i  ind u s t r y . Man y of t l ic peop le have se as oi m a  I O c e t ip a —
L ions , have so 1&cted a generally inndependcnii t way ot l i f e  and are
t r ot  read y or w i l l i n g  to change t h i n  lifesty le.

A n o t h e r  l ong—stand ing  proposal  iii the power field is t h e
h’ assamad quodd y Project. This proposal is to harness the power of
the t i da l  range in N o r t h e a s t e r n  Mai n e  and Southern New Brunswick  b y
b u i l d i ng  t ida l  dams across Passamaquoddy Bay. The ecological
changes caused by such a project may be of immense proportions .
(h owever , preliminary studies related to the scallop f ishery in-
dicate an improvement in that indus t ry would like ly occur) .

A sec-end prospect for development is the potential for the
development  of deep wate r  ports  such as the Machiaspor t  p roposa l .
‘l ogeth er  with one or more refineries the potential for economi c
gain to t h e  area is large . For examp le , one oil comp any has pro—
posed to build a 100,000 barrel—a—day refinery in the Machiasport
area.  I t  has been repor ted  that  the refinery would cost more t i t an
$ 150 mi l l i on  and emp loy about 350 people , not counting the construc-
tion period employment. Some peop le have questioned whether the
&�cono nic b e n e f i t s  to the local i ty  would actual ly be s igni f ican t ,
and many In ave expressed concern over the po ten t i a l  impacts of oil
sp i l l age  and i n d u s t r i a l i z a t i o n  on this aesthetically attractive ,
low incom e area . If tile proposed development  occurs , several  o i l
companies would  probab ly bui ld  i i i  t ine area , again w i t h  mixed
e c o n om i c_ e n v i r o n m e n t a l  imp licat  lor i s .  Such development  would  gener —
ate a substantial increase in fresh water demnnnds .

A t h i r d  p rospec t  which should be , and is , rece iv ing a con-
s iderab le  amount of a t t en t i on  is fisheries management , p a r t i c u l a r ly
aquacu l tu re . The f i s h e r i e s  i n d u s t ry  as it now exists  encounters
severe economic difficulty in competing with oth er conflicting uses
of coastal resources. The pressures for development along t he
coas t and i ts  use for waste dispos ;nl will continue to work iii op-
pos i t ion  to the fisheries. This does not rule out the transforma—

— tiori of f i s h e r i e s  in to  a more v i a b l e  i n d u s t ry , howeve r , ma jo r
ch an ges or alterations would be necessary.

Aquaculture could overcome this relative disadvantage . Tine phny—
sical nature of the coastal area and the nutrient rich waters arc
amenable to such an e n t e r p r i z e.  I t  wi l l  require coo rd ina t ed  manage-
ment of inland waters. Several experiments are underway now to  derim—
onstrate its economic feasibility.

A fourth prospect is the major potential for continuing recrea—
tional development. The demand for facilities grows substantiall y
as population and levels of income grow . The relativel y unspoiled
coastal  resources for  recreation such as exist in this  area are be-
comin g more scarce in the southern port ions of the NAR.
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[however , as previousl y mentioned , if these resources are to be
uti l ized there must be an increase in destination facilities. The
Bureau of Outdoor Recreation recommends a 40—50 thousand acre park
which would provide this need in the nor thern par t of Area 5 , parti-
cularly if it extends from the coast to inland areas . There is a
question , Inowever , as to the potential success of such a park due
to the frequent f ogs which occur in the area and also because of the
black f l ies  which are so plentiful and bothersome to campers.

While recognizing the economi c needs of the residents and thus
the need for some development , placing Area S i’-~ the perspective of
the overall North Atlantic R-agion raises a very important caution
flag ; this is a unique natural coastal are a wh ich is rela tively
unspoiled.

Several most likely development opportunities have been identi—
f ied. Of these recreation and aquaculture/fishing would tend to
maintain the environment. The development of a petrochemical in—
dustry would tend to significantly alter the area. The generation
of power per se might  have a minimal e f f e ct , al though the vast
quantities of heat generated must have an impact (not well under-
stood) on the marine ecology. But industrial development which fre-
quen tly accompanies new power sources may be de trimen tal to the
environmental quality of the area.
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SUBREGION B

— The coast of this  region extends front the  mouth of the Andros—
cogg in River in Maine to the southern limits of New E n g lan d .

The subregion is considered herein in terms of its characteris-
tics , major coastal uses, ma or coastal problems and major prospects
and potentials under four geographical subdivisions related to the
areas delineated for use throughout the NAR study . From a coastal
point of view , it was found desirable to combine some of the NAR
areas and subdivide others.

- - The areas and general judgments as to the relat ive importance of
the selected problems in each are outlined in Table U—l8.

TABLE U— 18

PROBLEM PROFILE IN SUBREGION B

C’,

C
CO ‘— 4 C

C’, CO 01_i a) CI) ‘H ~Oa) U 0 ~-I C
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ 1-4 CO CO

C U)
I)) ‘4-4 0 0 CI) ‘.-4 1-i C

Proble m U 0 CI) 0 4-4 0 Ob O
14 0) ,—i U 0’ -‘-4 0

C 1-i 4-C 01 CI) CI)o o 5 t~~4 a) C
C ‘H bO r-4 ~C4 I-’ C CO

* Highly signif ican t C ~~~ a) Cl) 0 14 0) 0
i-~ CO ‘H 0 CO ‘H ~~ ‘-4> > o. ~-4 ~ ~-n
CII) 14 CO CO ~ CO

* Significan t C 0) ‘—4 1-i B a) C
‘H Cl) 0) 1. ‘H 14 -H C C O
1> C 0 4-’ 0) .—l 1) 14

• Relati vel y insigni ficant ‘H 0 0 CO .C 0 0) CCI 0 4
-~ o z ~~ ~~~ ~ ~ z u i-i

Ar ea 6 !~~~~~~~~ * *  *Areas 7 & 9 (Ma ss.) * * * * * * * * *Area 9 (R.I.) 

*~~~~!~~~~~* *Areas 8 & 10 (Conn.) • * • * i* • ~I • *
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AREA 6

Area Characteristics. The coastal portion of Area 6 extends from
the mou th of the Androscogg in River in Maine , southwest to the border
of New Hampshire and Massachusetts. This area contains a variety of
p h y s i c a l  characteristics which range from rugged rocky shoreline to
sandy beaches and marsh areas.

The section northeast of Portland , principally Casco Bay, has
deep rock embayments and is similar to the rockbound shoreline of
“down ear t ” Maine .  Whi le  it does have at least 50 percent rock y out-
crops , i t  is the  transition zone from the rocky shore to the sand
beach shore.

Soutin of Portland the sandy beach and marsh regime is predominant.
There are a number of subs tan t i a l  crescent—shaped beaches which have
good quality sand , suitable for beach recreation. Of the 600 miles
of shoreline in this portion of Maine , approximately 50 miles ar e
beaches (136).

The New Hampshire shoreline is characterized by extensive ba r r i e r
beaches in fro nt  of t idal  marshes in the south and rock led ges wi th
pocket beaches in the nor th .  About 25 miles of shorel ine are sand
beach (136). The New Hampshire shoreline includes the shores of
Great and Li t t le  Bays and the navi gable parts of the rivers which
flow into the bays (none of which are navigable much beyond eight
miles inland).

The New h a m p shire wetlands, considered to be very important from
a fish and wildlife standpoint include about 5300 acres of salt
meadows , 375 acres of salt marshes and 3900 acres of bays (136).

The three Maine counties included in this area have experienced
substantial growth over the past two decades. In 1968 they had a
popula tion of abou t 320 ,000 peop le, approx ima tely one—third of the
total population of Maine ( 57 ) .

There are about seven munici pa lities with a population of 10 ,000
or more . The Portland /South Portland metropolitan area is the largest
population center in the state with a 19 66 population of about 100 ,000
(56 ) .

The coastal area of New H ampshire consists of Rockingham County .
I t  ranks second in population among the ten counties of the state
with 99 ,000 in 1960 and experienced a 4 1.4% growth in the decade
ending in 1960. The seacoast portion had an estimated resident popu-
latio n of 43 , 000 in 1964 (80 ) .  Portsmouth is the largest coastal
ci ty  in New Hampshire with a population of 28 ,000.

The re is a significant inc rease in population in Area 6 during
t he sununer due to an inflow of tourists and recreationists . The New
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Hampshire seacoast in 1964 had a maximum summer population which was
88% hi ghe r than the resident population ( 80) and , in 1966 , the three
Maine counties in Area 6 had a summer population which was approxi—
mate l y 36% higher than the resident population (56 ).

The projections for Area 6 indicate a doubling of the population
between 1960 and 2020. The coastal portion of New Hampshire will
likely receive a proportionate share of the increase , while the Maine
coastal area may gain a more than proportional share of this increase.
While this last statement is conjecture , the economic situation along
the coast (which will be described in the next section) indicates
that this may well be the case.

Major Coastal Uses. The major economic activities in Area 6
related to the coastal resources are recreation and transportation
(commercial and national defense). However , each of the major use
categories does exist to some degree. The availability of infor-ma—
tion and data related to the coastal resource uses varies by use and
by geographic location .

As a percentage of the total economic activity in Area 6, the
ex t rac t ion  of l iv ing  resources is small. The total value of the
catch of shellfish , crustaceans , and other saltwater commercial
species in the Maine and New Hampshire counties of Area 6 was about
$7.7 million in 1969 (57 ) .  Lobster and shrimp lead the f ield in
value of landings.

Shel l f ish , primarily hard and soft clams are found extensively
from Boothbay Harbor to Port land.  South of Po r t l and , only the Ports-
mouth area including Great Bay and Hampton Harbor appear favorable
to shellfish.

Recreation is one of the most extensive uses of the coastal
resources in Area 6. The use of the fine sand beaches of the south-
ern sections and the many islands , harbors and bays of the northern
sections is influenced by their relative proximity to the large urban
areas of southern New England——primaril y the Boston area. The public
beaches in Southern  New Hampshire are close enough to that area to

- $ experience a high day use demand as well as overnight use demand.
While specific figures relating to income originated by coastal
r ec rea t ion  wer~ not  available fo r  New Hampshire , the 1963 income f rom
recreation fo .  he entire state was about $56 million (80 ) .  The
seacoas t area accounts for  a high por tion of the state ’s total
visitors (as well as resident population) and , conseq uen tly ,  a sizabl e
portion of the income from recreation.

There are three state parks on the New Hampshire coast which have
a pr imary emphasis on beach use——none with overrm igh t camp ing facilities.
There is , however , a larg e number of priva tely opera ted overn ight
accommodations in the area. I t  is estimated that about 8 miles of
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shoreline are open to public r ecreational use and 30 mI les  are used
for private recreation in New Hampshire (136) .

Of the 600 miles of shorefr ont in the southern portion of Maine
only about one percent is in public ownership . Most of it is devo ted
to recreation . Included are several popular publ ic bea ches , Including
Old Orchard , Wells , Ogunqui t and Kennebunk por t and State parks wi th
excellent facilities for day use. There are also approximately 522
miles of shorefront which are used for private recreation (136). In—
cluded in this private sector are 34 pr iva tely opera ted camp grounds.
It is clear that throughout Southern Maine , the pr incipal use of the
shoref ront  is for  recreat ion .

The rate of growth in use of facilities over the past decade and
the projec t ion  of f u t u r e  demand indicate  that  there wi l l  be a con-
tinuing developmen t of recreation related facilities in Area 6.
There will necessarily be a mixture of private and public develop-
ment. Public facilities will experience increasing ly dense use and
this will require continued expansion and improvement of the exist-
ing beaches.

The principal non—living resources of Area 6 are sand , gravel
and water. There are minor deposits of other non—metallic minerals
indicated throughout the area (78 ) but they are not significant and
the development of extract ive  indus t ry  is not expected.

Up to the present  time s and most l ikely fo r  some time to come ,
the greatest activity has been in the mining of sand and gravel,
While a s i g n i f i c a n t  port ion of such mater ia l  used in construction
has come from on—shore deposits , the pressures for preserving envi-
ronmental quality are forcing the industry to turn its attention to
the possibility of offshore mining . A primary demand for sand is
related to beach improvement and maintenance. Most of the  material
used in this manner will be dredged from nearshore deposits and from
the bot tom of selected harbors where improvements for recreational
and commercial navigation are warranted. The need for beach main-
tenance is especially prevalent in the southern portions of the area ,
where the littoral drift creates a net loss of material from the
extensive beaches to o f f s h o r e  areas ( 136) ,

The o ther  p r i n c i p a l  non—l iv ing  resource of importance w i t h i n  the
area is water. The use of saline water , mainly for power cooling,
is l imi ted  at t h i s  t ime , but  is expected to increase substantiall y
th rough  the  i-t ext 50 yea rs to meet the power demands of the area.
There w i l l  be an inc reas ing  p res su re  to loca te  new generating capa—
city in coastal areas to take advantage of the vast quantities of
water available for cooling.

The r e l a t i v e l y m o l d  coastal  wa te r s  of the area and its proximity
to the New Eng l an d  Roa d centers  m ake  th i s  area de s i r ab l e  for  such
development.
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Deep draft port fac i l i t ies  in Area 6 exist in Portsmouth , New
Hampshire and Portland , Maine. Most of the other ports and marinas
are located on rivers near their mouths. The inland limit for river
navigation in this area is about 8 miles.

The major commodity of commercial importance to transportation in
the area is crude petroleum . Portland has the bulk of the petroleum
handling facilities. Itis the starting point of three pipelines to
Canada and one to Bangor. Water borne commerce in the area in-
creased at an average annual rate of 5% from 1949 to 1967.

Portsmouth , with fewer facilities and less depth , has only abou t
7—87. as much tonnage as Portland. It experienced an average annual
growth ra te  of 4 .8% between 1949 and 1967 , bu t  has been growing at a
decreasing rate over the past 10 years.

The naval shipyard at Kittery , Maine , which si-tar-es the Piscataqua
- 

- River with Portsmouth , has been a major emp loyer in the area for
many years , but it is now being phased out. Tinere is concern for the
economic consequences of this action .

The remaining facilities in the area are devoLed primarily to
recreational boating. This use is increasing in keep ing with the
growth of recreational demand.

The use of coastal lands in Area 6 is mostly devoted to facili-
ties related to recreation . There are many fine summer homes all
along the coast. Commercial and industrial development have tended
to cluster in the major population centers of Portsmouth and Portland
or are back from the coast.

Commercial—industrial development is much in evidence in Casco
Bay in the Portland Area , particularl y relatL-J to the storage and
shi pment of pe t ro l eum.  Plans are now in existence to develop Long
Island in Casco Bay for  a major  o i l  hand l ing  f a c i l i t y  — nnd r e f i n e r y .
Concerns over the potential for oil sp~ lLs and pollution of the Bay
waters as well as environmental concerns in general is holding up
the project at the prese~it time .

The possible development of oil facilities in that area is linked
closely to the possible development  at Machiasport (Area 5) .  I t  is
not likely that both will occur , or should occur.

The southern portion of Area 6, particularly southern New Hamp-
shire is becoming a “bedroom ” area for many peop le who commute and
work in Boston. This is influencing the demand for coastal residen-
tial land in that part of the area and is likely to increase and
expand northward as the Boston urban population grows.
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The coastal waters of Area 6 are inten~ ively used for waste dis-
posal. Domestic waste disposal facilities vary from d irect discharge
of untreated sewage to collection and secondary treatment prior to
d i s c h a r g e .

There is also a substantial use for both intended and inadvertant
disposal of industrial wastes. This is especially trm.~ in and around
the Portland and Portsmouth port facilities and includes the disposal
of wastes from ships as well as land based facilities.

The disposal of waste heat into the coasta l  waters  is a r e l a t ive ly
small  use at this time , but is expected to grow significantly in the
future . (See Appendix P——Power.)

Another use of the coastal zone which was not of importance in
Area 5, but wh ich inas been more significant in Area 6 is the  d isposal
of dredg ing spoil and other solid wastes into tiìe wetlands of the
area (114). While the acreage of wetlands lost in this area is not
great , it is significant in terms of th e total wetlands in the area .
However , both ;t ;n in e  and New h ampshire imave recently enacted and are
en f o r c i n g  restrictive laws preventing marshland destruction . Conse—
quentI~- , t he  use of w e t l a n d s  for waste disposal is now diminishing
and is expected to be a minor use in the future .

Major Coastal Problems. Beach erosion is a significant problem
IC )  p a r t s  of Area  6. The l i t t o r a l  d r i f t  in t ime  area is f rom nor th  to
sotiti n except where rocky outcrops form pocket  beaches.  Since natural
nourishment is inadequate , a general loss occurs and m any of the
beaches , whi le  of great length , are narrow . To maint ain and improve
these beaches to help  meet the demand for  beach r e c r e a t i o n , a s i g n i f i —
c a n t  effort will be required in beach widening, raising and mainten—
dnce.

In t i t e Maine p o r t i o n  of Area 6 , coas ta l  e ros ion  is c r i t i c a l  along
m l o u t  20 miles of the  coast .  Tin is  occurs  in the few h e a v i l y used
rec-reat ’onal beaches. The small amount of material available through
natural littoral transport is not sufficient to maintain these
I e mt -lu s. A Federal study to determine what can be done is underway,

i i  d i c a t es  fa  iorable projects a r - poss ible  fo r  several beaches .

Coastal  e ro s ion  on the New Hampsh i re  s h o r e l i n e  has been m i n o r
,iut-e t ine project which stabilized (hampton h arbor in 1935. However ,

!im ~- t e  is a continuing net loss of material from the beaches , and
- - t o u r  I shment  is adv i sab le  to mai m m t a  in t i m e  beaches for  m e e t i n g  the
- c r e a t i o n  demand .  ~e v t r a l  sma l l  j m r o j m  OLS  for  g r o i n s  and beach nour—

Imn i e n t h ave been a uth o r i z e d  anti S m il e d- ’ork has been accoinp i i shed 1)0th
I e i l t r a l  and -~ t a t e  n - e : t m r ; .

i t  i I c  c a m ’  t rial J u t  Ito ol i t  c a I w i m t  t irs i s  gene ral I y s i gu i  f a n t
a ma j or p r i l i i  cm i m m  some part a I Ar e a 6. For examp le , in N ew t in !!)—

-c ti m e Great Bay E st u a r y  has b e t - I c l o n e d  t o  coumu ’rc ial  clam productions
n m -  1938 ( 131) . he re
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i 1 c  over  280 1) , i c r t - s  o l  p o t e n t  iai. c l am flats in that e s t u a r y  s y s tem .
t h e  ecol lol I l i c  m u l i m i t  ions of t h i s  l o s t  resource  a re  signific a nt , esti—

m ated conservative l y to he about $2 nnillio in per year at  1944 prices.

L u  ~l , i  inc  ti m e re arc also subs t a n t  i a 1 mc reages of cons t a I wet lands
closed to sine ! If isim ing hi-cause of pollution . IL is es t i m a t e d  that
70,000 acres m l  t h e  Na inc  coast hnave heel) closed for th i s  reason with
~i i n attributabl e economic loss in 1967 of $1.8 m illion ([67).

There are  also cast -a  winere certain “desirable ” spec i e s  of f i n f i s h
have disappca rm -d from a particular area.  (however , a d i r e c t  causa l
l i n k  to p01 hit i o n  (imns not  been e s t ab l i shed  in most  of t h m - - e  cases ,
and other cond it L Of l S , suc h as dams which block p assaf ’e of anadromous
f ishm , may Inave been t h e key factors .

While there are  some in s t a n c e s  of o the r  act  i v it i e s  being a f f e c t e d
by co astal p o l l u t i o n , t h ey  are very 1 i mit e d  in t in  is m m d . However ,
tim e p otential for important pollution effects will grow as time indtis—
trial comp l i x  expands , p a r t i c u l a r  iy a r ound I’ort land . li i t -  dt-ve lop
ment  o f d d i t  iona l  pet ro b u m  handling facilities may well increase
t ine chan ce  of significant oil spills which can ~i 1 f t & t many im -tivities.

~iiel 1f isIn t I l  ire -na where oil exists have t ~nded to pick tip the oil
£ lavo r and ode r making  them tin f i t  for  human m - m )n s t i l n p  t i on .

A t h i r d  p rob  le nt of ma jor  po ten t  m l  impact  is t i m e  p m  n r v a t i o l n
of the c o a s t a l  we t l ands  of sou the rn  New h lamps h i rt - . l i m e  h a m p t o n
Marshes  arc a p a r t  of the largest remaining are-i of high qu ality
coastal salt marsh in New Eng land.  As such , t ine y w a r r a n t  e f f o r t s
to m a i n ta in t h e m .  Current leg islation regulating their use and
a l ter a t i o n  is in fo rce , and should be adequate  to t h is task  i f
e n f o r c e d .

i-laj o r P r o s p e c t s  and i’o t en t  in  I s .  Area ( is in the  “ t r a n s i t i on ”
zone between t h e  genera l iy undeveloped  and low income r eg ion  of
I n ;  t e rn  Maine and t h e  i n t e n s i v e l y developed and hi gh emp loyment rc~ ion
whic in e x i s t s  to the  south  (Area  9 and o t h e r s ) .  In th i s  p o s i t i o n  i t
enjoys some tin ique advantages , both from an economic as w e l l  as an
e n v i r o n m e n t a l  q u a l i t y  s t a n d p o i n t .  C e r t a i n l y,  t i -tore  is need fo r  CO I l—

t i n ued g r o w t h  economica l ly .  But t h i s  growth )  does not r e q u i r e  a sub-
stantial amount of “leverage” except in special cases. (Portsmouth
arm d v i c i n i t y  may have a s e r i o u s  economic/ emp loyment  problem as the
Naval  Sh ipya rd  at K i t t e r y , Maine is projected to he phased out  over
the next few years .)

Based upon the  t rends  and p r o j e c t i o n s  fo r  p o p u l a t i o n  g rowth , t ile
best use of much of this coastal area will continue to  be r e c r e a t i o n .
I ) evelopment  of o t h e r  uses should he c o n t r o l l e d  to m i n i m i z e  the dm - t r i —
mental environmental effects and to foster the growth of faciliti m -s
w h i c h  w i l l  c o n t r i b u t e  to r e c r e a t i o n a l  use.
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Major coastal industrial development should be limited primarily
to the Portland and Portsmouth areas which have adequate harbors and
facilities for water transport. Other industry should be kept back
from the shoreline.

Power production is expected to increase significantly in the
next fifty years. This will require large amounts of water for
cooling. Where possible, the heated effluents should be turned to

• beneficial uses to minimize potential ecological effects. Here again,
the physical plants themselves should be so located (possibly back
from the coast) that they have minimum effect on the recreational
use of the shoreline while making use of the coastal water resource.

The coastal zone of Area 6 has very few characteristics which
make it unique in the overall North Atlantic Region. It is important
to the Boston population and others to the south as a vacation and
recreation area and as a “nice place to live” for many coimnuters to

• Boston (particularly the New Hampshire portion).

From a regional coastal resource standpoint the national eff i—
ciency objective of NAR coupled with a significatn influence to main—
tam environmental quality seems most appropriate.
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AREAS 7 and 9 (MASSACHUSETTS)

Area U~aracteristics. This sector consists of the coastal zones
of Area 7 an..i of that part of Area 9 which lies in Massachusetts. The
remainder of Area 9 lies in Rhode Island and will be discussed in the
next section.

The approximately 1200 miles of Massachusetts she~el~~e c~arac—
terized by great diversity. The “mainland” —— that part of the state
exclusive of Cape Cod —— has a very irregular coastline with many in-
dentations. From the Rhode Island line to Buzzards Bay the ceast is
a mixture of barrier beaches, deep indentations, 1oi~’ rocky headlands ,
marshes and ponds. North of Cape Cod , cliffs and bluffs become appar-
ent with intermingling sections of dunes. Beyond the 47—square mile
expanse of Boston h arbor with its numerous islands, the shoreline be—
comes rockier until, beyond the Cape Ann peninsula, barrier beaches
fronting vast tidal marshes are again found.

Separated from the “mainland” by the Cape Cod canal, the shoreline
of the Cape Cod peninsula consists almost ntirely of sandy beach var-
ying from relatively narrow barrier beacheb along the southern portion
to extensive dune formations along the outer sections of the lower
Cape. Several islands are found off the southern coast of Cape Cod ,
the most famous of these being Nantucket and Martha ’s Vineyard.

Numerous rivers empty into the Massachusetts coastal waters. In
the northern portior’, the principle one is the Merrimack, draining a
large segment of Massachusetts and New Hampshire. Several important
rivers drain into Boston harbor including the Mystic , the Charles,
and the Neponset. The rivers draining into Buzzards Bay through the
southeastern portion of the state include the Agawam and Mattapoisett.

Cape Cod , Nantucket, and Martha ’s Vineyard are sparsely settled
regions having, according to the 1960 census, population densities
of 179, 77, and 56 people per square mile, respectively (139). Eco-
nomically , these regions are almost completely dependent on tourism
and its supportive activities, e.g. the construction industry. Some
commercial fishing is also done on Cape Cod, but it is not a major
contributor to the economy. The population of all of these areas in-
creases dramatically during the summer months, and the year round
population of Cape Cod has steadily climbed in recent years.

The southeastern portion of the state, between the Rhode Island
border and Cape Cod is an area of more dense population and consider-
able industrial activity. The major population center directly on
the coast is New Bedford. At the present time this area is economi-
cally depressed. A second population concentration is found slightly
inland at Fall River.

b North of Cape Cod the population and economics of the region are
dominated by the presence of Boston, the northern end of the Boston—
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Washington megalopolis. Many of the coastal communities to the north
and south of this area serve In part as “bedroom towns” for the city.
There is much Industrial activity especially along the north shore.

Ownership of the Massachusetts coastline is divided into 935 miles
private, 175 miles public , and 90 miles Federal. In terms of shore-
line use, some 800 miles are private recreational, 235 miles public
recreational , 85 miles non—recreational, and 80 miles undeveloped.
(.136)

The islands south of Cape Cod are largely undeveloped. This is
particularly true of the Elizabeth Islands chain which forms the
eastern boundary of Buzzards Bay; only the outermost island is exten—
sively used for permanent and seasonal residence. The same general
pattern of undeveloped land in private ownership holds true for Nan-
tucket and Martha’s Vineyard. Here, however, there are some heavily
used public areas including a state forest on each of the islands.

The primary land use on the Cape Cod peninsula is recreational,
both public and private. The two main public facilities are the Ro-
land C. Nickerson State Forest and the 27,000 acre Cape Cod National
Seashore. Associated with this open space land use pattern are com-
mercial developments and, in the southeastern portion of the Cape,
some cranberry farms. A significant portion of land is Federally
owned including Otis Air Force Base and sections adjacent to the
Cape Cod Canal. A recent development along the canal is a 542.5 megawatt
Steam electric generating plant.

As one moves north from the canal along the “mainland” of the state,
the areas adjacent to the shoreline exhibit a mixed pattern of recre-
ational open space and residential land use with some commercial and

— industrial areas interspersed. Noteworthy is the new industrial area
occasioned by the construction of a 650 megawatt nuclear power plant
on Plymouth Bay. Commercial and industrial uses gradually increase
until they peak at Boston. North of Boston, the pattern again be-
comes mixed until, beyond Cape Ann, undeveloped open space again pre—
dominates.

F Major Coastal Uses. The physical diversity of the Massachusetts
coastal area goes hand in hand with the wide variety of its uses.
Marine transportation, waste disposal, conservation, recreation, and
resource extraction are considered below.

The center of transportation In this area is Boston with the second
largest tonnage in New England, handling some 22.6 million tons of
cargo and almost a quarter of a million passengers in 1968 (138).
Approximately one third of this traffic is imports, primarily residual
fuel oil. This activity has remained at a relatively constant level
over the past ten years and is not expected to change much in the
future. In part the failure to expand is the result of the high la-
bor costs in the area.
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Minor port facilities are located at Fall River, New Bedford ,

and Salem. These harbors also handle primarily petroleum products.
New Bedford is the base for a passenger ferry service connecting
with Cuttyhunk, the end of the Elizabeth Islands chain. Other
connections with the offshore islands of Nantucket and Martha ’s
Vineyard are made through the Cape Cod ports at Falmouth and Hyan-
nis.

Pollution is particularly apparent in the Merrimack Estuary
and Boston ilarbor. The Merrimack receives most of its pollutants
from the Lawrence—Haverill industrial area. Boston Harbor receives
the municipal and industrial wastes of the largest urban concentra-
tion in New England. In some coastal areas used for solid wastes
dumps, the leachate has been a problem. Effort is being made to
curtail the dumping of wastes such as sewage sludge, beryllium,
magnesium, aluminum, sulfuric acid and other chemicals off the
harbor. Sewage sludge in particular is considered to be a signi-
ficant source of contamination .

Waste disposal has been one of the activities contributing to
the loss of Massachusetts coastal wetlands. Between 1954 and 1968
the state lost about 1,200 of its 45,895 acres of wetlands, a loss
of 2.67, in a decade and a half. Massachusetts nas been a leader
in wetland preservation. Its model legislation passed in 1965 and
toughened recently (e.g. ,  The Conservation Restriction Act of 1970)
pr ovided for the acquisition of wetlands and the restriction of
activities in privately owned areas . Under this legislation some
12,000 acres have thus far been protected. In addition, the estab-
lishment of the Cape Cod National Sea Shore has served to preserve
thousands of acres of valuable dunes and marshes on the lower por-
tion of Cape Cod. The conservation drive of this area is also re-
flected in the current restrictions on exploitive activities in
the Cape Cod Ocean Sanctuary and in the pending legislation to
afford similar protection to Cape Cod Bay and the offshore islands
south of Cape Cod.

Recreation is by far the largest scale use of the state’s coas-
tal areas . On Cape Cod and the offshore islands , the local econo-
mies are based almost entirely on it. About 90% of the st ate ’s
shorefron t is used for either private or public recreation (136) .
The “mainland” has several extensive public beaches . Boating is
popular . Nearly 100,000 motor launches were registered throughout
the state in 1969 (159) and coastal marinas are common . Along with

• boating, sports fishing is also popular. There are about 400 ,000
anglers in the state and about 3.5 million sports fish were caught
in these waters in a recent year (44).

Between 1927 and 1943 Boston led the United States In the value
of its comxj~ercial fish landings. In 1969 the state’s commercial
catch was 280 million pounds valued at $41.9 million (157). This
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was a sharp drop —— down 31% in volume and 97. in value jus t  since
1966. In par t this decrease is attributed to the continuing dec-
line in the haddock and flounder landings which , along with lob-
sters , are the principle species caught .  Commercial shellfishing
is also an important activity in certain areas. Preliminary sta-
tistics indicate approximately 275,000 bushels were harvested in
1968, primarily quahogs and bay scallops (65).

Seawater is used for industrial cooling and processsing in many
coastal areas just north of Boston and in the New Bedford area.
This utili zation will increase significantly when the power plant
On Plymouth Bay goes into operation. Ground water is depended upon
for a major part of the fresh water supply in the Cape Cod area.
It has been noted that some well fields are pumping water with ab-
normally high salt concentrations during heavy use months.

Major Coastal Problems. As indicated earlier, commercial fish-
ing has declined sharp ly in recent years . Particulary hard hit
have been the haddock market in Boston and the flounder industry in
New Bedford. Some shellfish areas have been closed to harvesting
because of pollution.

Only Maine, New Hampshire and Rhode Island, of all the North At-
lantic Region states , have lost less wetlands then Massachusetts.
Wet land conservation in this state is considered a problem, however ,
because the residents appear to attach an unusuall y high importance
to the preservation of their wetlands . The state is widely acknow-
ledged as a national leader in wetland conservation.

Sand and gravel are in short supply in the Boston area. Tradi-
tional sources have largely been closed fo r environment al reasons
by surrounding communities. Great difficul ty has been experienced
in obtaining granular fill for  the extension of Boston’s Logan Air—
port. As demand increases , i~. a~pears likel y that sand and gravel
will be increasingly extracted from ecologically acceptable off—
shore sources .

As already mentioned, coastal pollution peaks in the Merrimack
• Estuary and innermost parts of Boston Harbor. The problem here is

typical —— tremendous costs versus environmental impacts. A review
• of pollution abatement activities on the Merrimack was cited in the

earlier analysis of the selected problem of water pollution. The
river has been considered as a possible additional source of water
supply for Boston.

The coastal waters are likely to be used increasingly to dis—
charge waste heat from power plants required to satisfy mushrooming
demand. Possible problems and opportunities were discussed at length
in the earlier analysis of the selected problem of thermal effects.

The supply of recreational facilities is becoming the most
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critical problem in the Massachusetts coastal zone. This recrea-
tional demand is particularly felt along the coast south of Boston
where current facilities are already used to capacity . This de-
mand stems from both local residents and out of state visitors.
The establishment of the National Sea Shore has heightened this
pressure and between 1963—1968 the number of visits increased from
1.8 to 3.5 million (100). As the population of this state and the
areas to the south increase, more and more pressure will be exerted
on these coastal areas.

Erosion has been evaluated as significant in this area because
it only seriously affects about 135 miles of the 1200 miles of shore—
line. Almost all occurs in the islands off the southern coast and
the ocean side of the north—south arm of Cape Cod. Local severe ero-
sion occurs along the south shore of the Merrimack Estuary, Boston ’s
outer islands , and the Marshfield—Scituate cliffs areas (136).

Tidal flooding occurs particularly in the Buzzards Bay area. A
recurrence of the tidal flood of record there has been estimated to
cause damages of about ~6o million . Without the existing hurricane
barrier in this reach , the estimated damages from this same storm
would be about ~l00 million.

Major Prospects arid Potentials. The use of this coastal zone
for recreation is seen as one of its major potentials. The increas-
ing demand referred to above combined with the physical appeal of
such areas as Cape Cod and the offshore islands result in an unusual
opportunity for this area to serve as an outlet for millions of rec-
reation seekers, and the danger that overexploitation of natural re-
sources will destroy the very desirability of the area. Some mea-
sure of access control will need to be developed to protect against
possible overutilization.

Boston Harbor is also seen as having a major potential for sup—
plying a recreational outlet. This large expanse of water with its
n~yriad islands presents an uncaptured opportunity for the enjoyment
of many . This conclusion was reached in the report of the Second
Commission on the Boston Harbor Islands (66).  However , the ful-
fillment of the goals recommended by this commission will require
a renewed emphasis on pollution abatement .

A second potential for this area can be foun d in a revitaliza-
tion of its formerly extensive fishing industry . The fertile areas
off the northeastern coast are currently being fished primarily by
non—American fleets. The proximity of this area combined with the
large domestic market , currently satisfied to a large measure by
import s , offers significant opportunity for this area. This is
particularly true of the New Bedford area which is now economically
depressed. However , such a revitalization would require basic
changes in the present industry and the Federal view of this activ—
ity. A more extensive discussion of this topic can be found in the
preview analysis of the selected problem of living resources.
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AREA 9 (RHODE ISLAN D)

Area Chara~ teList ics .  Rhod 1’~land his ~pp roximately 340 miles
of shoreline . It is dominated by Nar ragansett Bay , a drowned rive r
emb ayment , covering some i70 .~qu~ re ~iiles and account ing for 150
miles of total shoreline . The bay is relatively deep and contains
several islands . The main riv &~rs draining into it are the Seekonk
and the Taunton . The Pawcatuck flows into Block Island Sound. The
enti re coastal area contains many f resh—water ponds and lakes as
well as salt— water ponds beh ind barr ier  beaches along the sourthern
coastal area.

The topography of the coastal land is low and flat. A 1965 re-
port (106) estimated that about 88% of the shoreline was more or
less in a “natural” state and that approximately 4,200 acres of
salt marsh and meadow were available along the shoreline.

The coastal area surrounding Narragansett Bay is an area of high
population concentration with a peak density at the head of the bay
in the commun ities around Prov idence . Another population cluster
exists around the port of Newport. In contrast , the coastal areas
along Block Island Sound are more sparsely settled with Washington
County having a population of 178 per squa re mile according to the
1960 census (139). Projections show that the population will in-
crease by some 37% by the year 2000 (106) , b ut that it will be more
evenly dispe rsed as the highway system improves. The influx of
summer residents to the coastal are a is moderately high on the main-
land and very high on Block Island. No data is available to indic-
ate what percentage of these are from out—of—s tate and what
percentage are relocations from other parts of Rhode Island.

The coastal population receives a per capita income comparable
to the national average and is expected to maintain this ratio

• through the year 2020. Although the United States Navy is the
largest single employer in the Rhode Island coastal zone , manufac—
turing is the chief source of basic income to the area. Other
significant economic activities relate to ship—building, recre a-
tional boating, and tourism. Commercial fishing is still a signi—
fi can t source of income to certain areas , although its patte rn of
activit y is changing.

A view of a current land use map of the coastal zone of Rhode
Is land shows a prevalence of residential areas . Along the sourthern
coastal portions of the state , a great deal of space is also occu-
p ied by usage classified as “recreation and conservation” . This in-
cludes the Burlington State Park , the Ninigret Conservation Area ,
and some 28 miles of sand beach , both public and private . Little
industrial land use is foun d in this area , and the extent of corn—
mercial land use is moderate and generally interspersed among the
residential areas. Some Federal military use is also found, i.e.,
Charlestown Auxiliary Naval Air Station , but a hi gh percentage of
the land is still classified as “vacant” .
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As one moves up into Narragansett Bay the percentage of ~vacanL !

• land rapidly dwindles and land use patterns become more mixed. ]~ed—
eral military land use is high in the sourthern portion of the bay .
The Navy controls 31 miles or nearly 8 percent (106 ) of’ the total
shoreline . The Navy also controls extensive portions of the soutu—
em half of the bay waters. Conimercia]. and industrial uses also

• increase as one moves north into the bay until , in the Providence
area , they match residential use. hecreational uses are also signi—

• ficiant in thi s highly urban area. These include several parks
( Goddard Memori al , Colt , and Hai nes Memorial), as well as several
fishing areas and beaches , both public and private.

Block Island has a large portion of vacant land. The rest of
its land use can be classified as residential with some commercial
land use devoted to the seasonal tourist industry.

Major Coastal Uses. Th3 above pattern of physical, population,
• and land use characteristics is reflected in the major coastal uses

of this area —— marine transportation, waste disposal, commercial
fishing, and water—oriented recreation.

The waters of the Rhode Island coastal area are used for trans—
portation by five major groups: commercial cargo carriers , naval
vessels, commuter carricrs , co~mercin fishing vessels, and recr~~—
tional boats. The extent of this activity can be perceived from the

• following facts.

The port of Providence ~s the fourth largest in New Englandand as such serves as a maj or distri.but ion center for commodities
coming into the area. It handles some 9 million tons of cargo

• annually (138).

• The Navy uses its Narragansett Bay facilities as home port
for approximately 70 ocean going vessels as well as many smaller
craft .

• In addition to the Naval ports and the major port of Provi-
dence , there are five stat e piers and several smaller ports in the
area , including Point Judith and Galilee .

• There were 114 ,800 pleasure motor boats registered in the
state in 1969 (159). Although all of these boats may not have been

t used in the coastal zone, the statisti c serves to give some idea of
the volume of this activi ty . Zn addition , consideration must be
given to the number of boat s not required to register and the num-
ber using these waters from out-of-state.

The full impact of this large amount of water t raff ic  must be
seen in light of the many secondary activities associated with it.
These activities include port cargo handling, marina development ,
and channel dredging, to name but three. When viewed thus, it can
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be seen that the volume and economic impact of transportation in
this area is indeed considerable .

As with most coastal waters , those of this region are used ex-
tensively for waste disposal. Fortunately, in Narragansett Bay, the
ti dal action enables the water body to assimilate a substantial por-
tion of this waste thus somewhat mitigating its polluting effects .
In the earlier an-~1ysis of the selected problem of water pollution ,
Narragansett Bay was selected to illustrate the classic distribution
of wastes (Figure ii—6) in a major estuary —— poor water quality in
the poorly-flushed finger-like subestuaries especially below urban
centers and excellent quality in the open waters of the estuary pro—
per.

Narragansett Bay receives the sewage wastes of about 90% of the
population of Rhode Island , some 150 million gallons per day (107).
Twenty percent of these wastes receive primary treatment , 70% re-
ceive secondary treatment , and 1% receive tertiary treatment . The
remainder of the wastes are not treated at all . Along the southern
coast, some areas do not have central treatment facilities . In
this case the burden on the coastal waters is also increased by
leakage from septic tanks of many of the shore residences. In addi-
tion, no regulations now exist concerning waste disposal from boats.
Consequently , the large volume of water traffic discussed above also
dumps its untreated wastes into the coastal waters.

Commercial fishing is pursued throughout the coastal waters of
this region. The once large sheilfishing industry has been sharply
curtailed in recent years . In part this is due to the imjsterious
disappearance of the oyster. Another factor has been the restric-
tion placed upon the industry due to the polluted waters at the
head of the bay. However, as this segment of the industry has dec-
lined, the finfish catch has increased both in volume and value.
Thus the total catch in 1965, landed primarily at Point Juditb ,
amounted to 148.7 million pounds , valued at 4 14. 6 million.

The forms of water—oriented recreation pursued in this region
include swimming , surfing, scuba—diving, boating, and fishing.
The beaches are found predominantly on the sourthern coast, on the
coast just north of Point Judith, and on Block Island. Only a
relatively small portion of the shoreline classed as beach (185
miles, Table U—15 ) is now being used for water—oriented recreation .
Wh ere beaches are available for public use , attendance is high.
For example , the beaches in Narragansett Bay recorded over 1.7
million user—days in 1967 ( 107) .

The statistics cited under water transportation give some idea
of the magnitude of the recreational boating activity in this area.
The coastal area , as of 1969 , contained some 26 yacht clubs , 25
yacht basins and harbors , 35 boatyards , and eight charter boat
enterprises (107). In addition to the resident boaters, yachtsmen
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sties areil to this area. It IIstima~ted that nearly 140% of the boating time in these waters is devoted

~o sport fishing.

Maj or Coastal Problems. Water pol1utioi~ and coas tal erosion
and tidal flooding are major problems in the iliude Island coastal
zone. The pollution of the coastal waters is perceived locally to
be the single most important problem . The l~rges~ source of these
pollutants are municipal and industrial wastes , with sewage from
boats also being a contributor. The subterranean waters of the
area are also suffering from pollution by industrial wastes .

~conomically, the pollution in this area has had a severe im-
pact on the sheilfishing industry in Narragansett Bay . Even where
the resource is still available, the cos ts of harvesting it are in-
creased by the need to depurate it by treatment or transplant . In
addi tion , the existence of polluted waters has impacted on the
extent and desirability of recreational pursuits in the area. Al-
though much effor t and money has been expende d in the establish-
ment of waste treatment facilities , the problem is expected ~o be-
come more severe as growth outpaces facilit ies and other demands
upon the use of the waters increase. Pollution of underground
acquifers m~y become a significant problem as the need for addi-
t ional water su~pl1es is reached.

The “Report of the Governor ’s Committee on the Coas tal Zon e ” ,
March 1970 (107), suggested a four pronged atta k cn this problem

• including encouragement of voluntary pre-treatment by firms and
sharing of treatment facilities with these fi rms by the munici pal i-
t ies , increased attention to the siting of industrial establish-
ments with a view toward surrounding water quality, examination
arid setting of water quality standards in areas with consideration
for activities occurring in the area, and the procurement of addi-
tional funds for the upgrading of sewage treatment facilities and
staffs. Pursuit of these four activities combined with stringent
enforcement of adopted standards will be necessary to deal signi-
ficantly with this problem.

The most critical erosion areas are located west of Narragan-
sett Bay, along Cliff Walk in Newport and on Block Island (136).
Tidal flooding is a serious problem in Narragansett Bay. The
hurricane of 1938 killed about 250 people in Providence and caused
property damage estimated at about $125 million. A recurrence of
this storm would cause an estimated $150 million in damages under
current conditions and about $200 million without the existing
hurricane barrier at Fox Point. This barrier which was completed
in 1966 cost $17 million and the proposed Lower Narragansett Bay
Barrier has an estimated 1970 cost of about $133 million (3 1).

A significant difficulty in this area, in terms of recreation ,
is public access to the shoreline . Access is limited by the
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extensive amount of land in private ownershi p as well as restric-
tions on parking in areas surrounding municipal beaches . Li mited
state ownership of shoreline areas further restricts publi c access ;
the stat e owns only about 7 miles of the 3140 mile shoreline . In
addition there is a lack of facilit ies for such activities as boat
launching .

In March , 1970 , a major study by the state entitled Public—
Right—of-Way to the Shore (108) was published. The recommendations
resulting f rom this study included the further acquiring and devel-
oping of rights—of-way by the state, the obvious marking of thos e
areas to make them known , and the legal delineation of shoreline
property rights.

The conservation of the state ’s wetlands is a significant con-
cern of the people in Rhode Island. The state has less coastal wet—
lands than any state in the NAB , only a third as much as New
Hampshire and a seventh as much as Connecticut , the other two states

• wi th little wetlands . Over the last decade and a hal f wetland
losses have becn kept to an average of 10 acres a year. How this
loss compares with the normal expansion and contraction of w~tlarids
through natural cycles of climate , erosion and deposition has not
been determined.

Several conse rvat ion ar~as are scattered throughout the coastal
zone . They include management areas , bi rd sanctuaries , and wild—
l ife preserves , both publicly and privately owned. The State of
Rhode Island is actively engaged in a plan of acquiring coastal
areas by purchase for the purpose of preservation , although some
of these areas may be used for passive-recreation . In addit ion ,
regulations concerning the spoiling and destruction of wetlands
are being rigorously enforced.

Major Prospects and Potentials. Narragansett Bay prov ides an
almost ideal , close in, scenic , protected water body for recrea-
tional boating. There are about seven acres of Bay for every one
of the state’s 15,000 registered boats . Although all boats would
never be on the Bay at once , the allocation of some parts of the
Bay for Navy use, the tendancy of boaters to cluster in preferred
locations, and rapidly increasing participation by the public all

• point up the possibility of traffic congestion during peak periods
in the future.

A proposed solution to this “problem” is “water area zoning”.
This is done now in areas of the Bay restricted for the sole use
of the Navy. Unless and until congestion became a real problem ,
however, it is unlikely that th ere woul d be much support from

• recreational boaters to restrictions on their traditional freedom
of the seas. Much more likely , for safety purposes , would be a
system of licensing and enforcement to provide some control on boat
operators arid to emphasize basic knowledge concerning boat operations.
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Many different groups —- conservation , recreation , residential,
industrial and cOmmercial —— see potentials for the stat e ’s coas-
tal areas in different lights. To provide a means for the judicious
allocation of space to these various interests , the stat e considered
legislation in 1970 to establish a Coastal Zone Council. The Coun-
cil would develop and implement a coastal zone plan for the “preser-
vation , protection and development ” of the state ’s coas tal zone .
The legislation was de feated , but is is expected to be submitted in
a form which will increase its recognition of the viewpoint of coas-
tal communities in addition to the state as a whole .
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AREAS 8 and 10

Area Character is t ics .  Areas 8 and 10 contain  the Connect icut
coastl ine . It is very irregular w h many bay s , coves , and pro—
montories. Several small offshore islands dot its central and
weste rn portions. Of the approximately 270 miles of shoreline ,
some 145 mi les are beaches , located primarily east of Norwalk harbor.
Many of these are narrow , normal tides approaching the backshore mak-
ing them inadequate as protective features or as recreational areas
without some modification. West of Norwalk Harbor , the coastline is
rockier.

Three main rivers drain this area. Proceeding from east to
west , these are the Thames , the Connecticut , and the Housatonic.
In addition , many smaller rivers also drain into Long Island Sound.
The pr inc ipal of these is the Quinnipiac which , at its mouth , forms
part of New Haven Harbor.

In comparison with other areas of the state , the western portions
of the coastline are densely populated . Here are found the major
population centers of Stamford , Norwalk , Br idgeport , and ~ • Haven.
This area is quite industrialized and the smaller communities serve
as “bedroom townst ’ for the metropolitan New York City area. The
area has a h igh per capita income with almost 30% of the populat iun
earning over $10 ,000 per year according to the 1960 census (140) .

Despite this population concentration , a large proportion of the
land is still considered “open space ”. There areas , however , are
predominantly in private ownership as part of large residential
tracts. Only two state parks are located in this area , Sherwood
Island State Park and Silver Sands State Park , and little of the
available beach area is open to the public. Commercial and indus-
trial land use predominates in Norwalk, Brid geport , and New Haven.

At New Haven , the megalopolis concentration turns north , and
the coastal area becomes less heavily populated. Although it
po ssesses some industr y ,  the area between the Quinnip iac and Thames
Rivers is primarily oriented toward the recreation and tourist in-
dustries. This emphasis is reflected in the increased population
concentration during the summer months , a large prop ortion of
which migrates from other areas of the state. In contrast , the area
surrounding the Thames estuary has 75% of its employment in the de-
fense industry . This coastal region also maintains an income higher
than the national average , as does the state as a whole.

From New Haven east , almost all the land is classified as
residential and open space. An exception is the New London area
where a significant portion of the land is federal owned or zoned
for industrial use. Three state parks are located in this portion
of the coast — Hammonasset , Rocky Neck , and Harkness Memorial.
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However , as in the western portions , a large proportion of the land
is in private ownership. Indeed , statistics for the state as a
whole show that of the 270 miles of shoreline , 215 are in private
ownership , 50 in public ownershi p,  and 5 miles in Fede ra l hands
(136).

• Majo r Coastal Uses. The same source cited above (136) gives a
breakdown of shoreline use which shows that  78% of the shoreline
Is pre—empted by residential and private recreational use. This
leaves only 30 miles of shoreline for public recreational use and
the same amount for commercial and industrial use. This distr ibution
is reflected in the relative magnitude of the various activities
carried on in this area. Some of these , Including recreation , trans—
portation and waste disposal , are br iefly discussed below .

As noted above , marine oriented recreation is extensive in this
area. Two primary types of recreational activity are finf ishing and
boating. Exact s tat ist ics on the extent of these activities are
di f f icu l t  to obtain; however , it has been estimated that more than
1.5 million man—days of saltwater fishing were enj oyed in this
area in 1965 (152). The magnitude of the recreational boating
activity can be perceived from the 1970 Connecticut Marina and
Yacht Club Directory (29 ) which lists more than 130 marinas along
the coast having over 12 ,000 slips and moorings , and some 70 yacht - clubs.

• In addition, the Coa st Guard Boating Statistics for 1969 (159) repor ts
almost 50 ,000 power boats registered in the state.

Ou tside of recrea tional boa ting , other transportation activities
are found in this area. New Haven harbor, at the mouth of the
Quinnipiac River, ranks as the third largest port In New England in
terms of short tons handled. This volume was 11,297 ,138 tons in
1968 (138), a slight reduction from 1967 but a significant increase
over the preceding year. The principal commodities received were
petroleum produc ts, as well as large amounts of scrap metal and coal.

Other substantial cargo handling facilities on the Connecticut
coast, in order of magnitude, are located at Bridgepor t, New London,
No rwa]k , and Stamfo rd. The bulk of the material handled in Norwalk
is coal, but the other ports handle primarily pet roleum products.
In all cases the major cargo handled consists of coas twise receipts.
In addition , fe rry passenger services at Brid gepo rt and New London
connect with Long Island and off—shore  islands primarily du ring the
summer .

• As in most other coastal areas , the wetlands and waters of this
region have been the sites of many waste disposal activities. The
use of wet lands as dumps was cited as the most important of the
specific causes listed for the destruction of these areas in the
years 1954—1964 (154) . In this period some 294 acres were thus de—
stroyea , primaril y in the New Haven area.
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The uses of the waters for liquid waste disposal is especially

• apparent in the heavily populated sections of the coas t west of New
Haven. This burden stems not only from coastal sources , but also
f rom the waters draining up land areas . This is par t icu la r l y appa rent
in the Brid gepo rt area where several streams dra in ing  into the area
are of “0” qualIty . West of New Haven most areas do not have central
sewerage fac i l i t ies, and leachates from septic tanks cause some p ro-
blems in coastal waters .

• Although at one time a sizeable industry , the cu rrent commercial
extraction of the living resources of the Connecticut coastal zone

• is a minor act ivi ty.  In 1968 the entire industry employed on ly
about 400 peop le , and the total  do llar value of the catch in 1969

• was only $1.8 million (117) . More than half of this catch is
• accounted for by lobsters. The other landings include hard clams,

oysters , and a variety of f inf i sh  landed pr imar ily at Sto n ington .
Included in the lat ter  category are large amounts of f lounder ,
scup , and whiting. Not reflected in this itemization of landings
is the extent of the seed oyster market , located in the western
po rtion of the coast around Fairfield and Brid gepo r t .  This segment
of the industry has also declined in recent years and i tE  “irrent

• value is not available.

Major Coastal Problems. As was seen in Table 13—18, the
major coastal problem confronting this reg ion is rec reation —— how
to satisf y the demand . Currently,  most of the Connecticut coastline

• is either in private ownership or restricted public use as t own
L beaches. The need is for more state park facilities for recrea-

t ional pursuits and more shorefront access points to help satisf y
the increasing demand for fishing and boating areas . A solution to
this problem must be found in increased purchase by the state to
open these areas up to wider u t i l izat ion. Improved water qual i ty
and beach rep lenishment activities would also upgrade the quali ty
of the recreational experience in this area .

A second problem of the coastal region is the preservation of a
rapidly dwindling supp ly of coastal wetlands . It has been estimated
that 21% of these areas were lost in the f i f teen  year period bet—

• ween 1954 and 1968 (114) . Although e f fo rts are currently underway
to protect these areas , hi gher prioirty needs to be assigned these
activities to combat the rap idly increasing pressure fo r housing
developments in these areas .

Scatt ered along the Connecticut coast are approximately 25 miles
of shoreline which are subject to critical erosion. Al though this
area is protected from the full effect of Atlantic storms by the
prescence of Long Island , the shore lacks natural resiliency . The
beaches are very narrow and o f f e r  l i t t le protection to the backshore
which consists of erodible unconsolidated materials . The sand moves
offshore to form b~~s and spits , and l i t t le  is returned naturally to
the beach between storms because of the lack of beach building swells
(13 6 ) .
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Tidal flooding Is a significant problem along the Connecticut
coast although probably not as bad as in adjacent Rhode Island and

• New York. A recurrence of the tidal flood of record would produce
damages of about $66 million. Hurricane protective structures have
been provided at Pawcatuck , Stamford , Mystic and Westport . They
would prevent an additional $12 million in damages and a funded
project at New London would prevent an additional $4 million in
damages. A variety of structural and non—structural devices to
mitigate these damages have been studied by the U. S. Army Corps
of Engineers.

Although not currently a d i f f i c u l t y , the rmal e f fec t s  are likely
to become a major concern for this area in the near future. Several
power plants now exist in this coastal area , primarily west of the
Connecticut River, and Indications are that others will be similarly

• situated to take advantage of a bountiful supply of cooling water
as the demands for electrical power increase.

Major Prospects and Potentials. Besides being the major problem
in th e Connecticut coastal zone , recreation also offers  the bigge~ t
potential for this area.

The key point with regard to Long Island Sound is that although
it does not o f fe r  the spectacular recreational pursuits of areas
like lower Cape Cod , it is in close proximity to a large population
and can thus provide a satisfactory recreational experience to many .
It is this perhaps lower quality but much more available recreation
potential which must be emphasized.

The protected waters of the Sound i~f fer the potential for a
wider range of boating activities than •are found in other more
exposed coastal areas . The extensive marinas already existent
along this area bear witness to this fac t .  However , an increase
in publicly owned launching sites would allow for greater utili-
zation by smaller craft. This would particularly impact upon the
“day fishing trip” uses of these waters.

Another potential for both recreational and commercial interests
lies in the revitalization of the shellfish stocks all along the

F coast , but particularly in the western areas . These species
have in the past been severely reduced by pollution and the destruc—
tion of nutrient areas . Even where stocks now exist , health re-
quirements prevent their harvesting. Some study should be directed
toward the feasibility of constructing a depuration plant to increase
immediate yields.

Two other potential developments in this area need to be men-
tioned. The first deals with the proposed bridge from Long Island
to Connecticut , a bypass to the New York City area. Although
likely to be of great benefit to Long Island , no positive values are
likely to accrue to this coastal area from such a structure. In
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fact , removal of shoreline areas, the increased traffic , and the
impact upon the ecology of near shore waters will only serve to

• further deteriorate an already stressed area.

The second potential development concerns proposals for the
• placement of an off—shore airport facility in Long Island Sound.

The shoal area that has often been mentioned for this undertaking
lies off the mouth of the Connecticut River. Careful review will
be necessary to determine whether the deletorious affects which are

• likely to accrue to other activities in the area, such as recreation ,
are worth such an undertaking.
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SUBRE GION C

This subregion consists of the coastal zone of New York State.
For treatment it has been divided into two sectors. The first is
Westchester, Nassau and Suffolk Counties, the last two comprising
most of the land area of Long Island. The second sector consists of
New York City with its boroughs of Queens and Kings on Long Island ,
Richmond on Staten Island, Manhattan on Manhattan Island and the

• Bronx on the mainland.

Each of these two coastal sectors is considered herein in terms
of its area characteristics, major coastal uses, major coastal pro-
blems and major prospects and potentials.

Table U—l9 summarizes some broad judgments as to the relative
importance of the selected problems in this subregion.

TABLE 11— 19
PROBLEM PROFIL E IN SUBREGION C
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AREA 13 (NASSAU , SUFFOLK AND WESTCHESTER COUNTIES )

Area Characteristics.  This section focuses principall y on the
coastal areas of Nassau—Suffolk counties on Long Island. The coast
of Westchester County along Long Island Sound is also included from
a coastal perspect ive ; it has much in common wi th the Nassau Coun ty
coast from which i t is separa ted by a narrow 3—6 mile reach of Long

• Island Sound . Because of Long Island ’s much larger size and unified
• data base, most of the following comments will cite Long Island with-

out constant adjustment for the Westchester coastal appendage . Com-
ments on the North Shore in Nassau County can generally be assumed to
apply substantially to this Westchester coastline except for local

• adaptations below the scope of this broad overview.

The Nassau—Suffolk area can be thought of as a 1,200—square mile ,
• • 20—mile wide peninsula extending 100 miles into the sea with an

exposed Atlantic—oriented flank on the south and a semi—protected
Sound—oriented flank on the North. The bi—county coastline is over
500 miles long. The island marks the southernmost limits of the Ice
Age. Its 2000—foot thick deposit of granular soils , its vertical

• drainage , its 300—foot North Shore niorains and its gentle slope south—
ward all are products of the retreating glaciers.

Physically,  the Nor th Shore is closely related to nearby Conn-
ecticut by Long Island Sound , a common resource. The Westchester
coas t and the western half of the Long Island coast are very irreg-
ular , with numerous deep bays and promentories. Eastward the coast
becomes very regular with very few indentations. Along the entire
North Shore, beaches are generally narrow and rocky or pebbly. They
usually front high bluffs or small marshes. Except at the heads of
emb a,rments, large wetlands are uncommon. Along the Sound , beaches
make up 8 of the 42 miles of coast in Westchester County, 5 of 18
in Nassau County and 75 of 87 in Suffo lk  County .

The East Shore , with 168 miles of sho reline between Orient and
Montauk Points , is almost all beaches. Many of them are gravelly

• and very narrow. They front low bluffs on the north fork and glacial
headlands up to 240 feet high on the south fork. Wetlands are corn—

• inon , particularly along the westernmost part of this shoreline .

The 108—mile South Shore consists of long 1/4—1/2 mile wide ,
sandy barrier beaches facing a strong Atlantic surf. Behind these
barrier beaches, for almost the entire South Shore, are long, shallow,

• guiet backbays. The most prominent of these are Great South Bay,
Moriches Bay, Skinnecock Bay and Mecox Bay. Unlike the salinity in
the backbays of Virginia and the South Atlantic coast , salinity here
is somewhat lower than in the nearby ocean.

Although physically the North Shore of Long Island may be
closely related to nearby New England , from a socio—economic view—
point all of Long Island is oriented toward New York City to the
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west. Population densities decrease in almost direct proportion to
distance from the City . The essentially residential character of the

• lslandt s development reflects its surburban relationship to the City.
• Except for a few summer—operated ferries and a low volume of air

traffic, the Island is socially and economically isolated from New
• England. Almost all transporation points toward New York City . As

implied earlier , the screening e f f e c t  of t ime—distance from New York
City is very evident. The farther out on the islan d one goes , the
more open is the terrain and natural aes the t ic  fea ture s become more

• prominent. This pressure of population sp reading outward from the
City,  combined with major re cent improvements in t ranspora t ion , have
made West cheste r , Nassau and Suffo lk  Counties among the fas tes t  grow-
ing counties in the nation. For example , in 1940 the Nassau — Suf fo lk
population was less than 5% of the 12 1/2 million l iving in the New
York region. By 1985 these two counties are expected to have about

• 15% of a 22—million population (72). How to accommodate this rapidly
expanding population , and still p reserve or enhance the environmental
tmenities for residents and the increasing number of day visitors
from the metropolis is perhaps the central p rob lem fo r long range
planning in the Nassau—Suffolk—Westchester Counties . Put more s im-
ply : Given that the area will primarily be a p lace to live , how can
it be made and kept a very nice place to live? As will be seen , the

• area ’s coastal zone can play an important role in answering this
question.

Major Coastal Uses. The commercial fish catch here has fluctua—
• ted widely over recent years , as it has in most coastal areas . The

f luctuations are especially prominent on a species by species basis .
In 1968 the dockside value of the commercial catch was $14.3 million
(156). More than three—quarters of this total was represented b y
shellfish. Hard clams , almost all of which came f rom Great South
Bay , accoun ted for about two—thirds of this value with the next most
commercially significant species , sea scallops and Northern lobsters ,

• trailing far behind. Among the finfish the most valuable species
were the scup , yellowtail flounder , and fluke , bu t  none of these
species had a value even close to any of the three shellfish species
mentioned.

The most importan t non—living resources , by far , are fresh water
and sand. Like most islands with granular soils , Long Island has a

• very large lens of underground freshwater , with a defi ned freshwater—
saltwater interface which advances and retreats with variations in

• precipitation and extraction. The aquifer is one of Lon g Island ’ s
* most important natural resources. Currently, it supp lies all of the

fresh water in the bi—county area but in view of increased require—
• meets estimated in the future some maj or problems , considered later

can be foreseen.

To meet requirements in the market area , Long Island’s production
of sand and gravel has recently averaged about 14 million short tons

• annually (88) . Most of this is sand , which is plentiful  on Lon g
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Is land . Most of the gravel needs are met b y imports . The prob lem
on Lon g Island is to extract the sand in an environmentally accept-
able way. Many towns no longer permit sand mining . The difficulty
should be resolvable if the excavator is required to restore the
site in a defined way , compatible with approved long—ran ge land use
plans, and post bond as assurance that he will do so. Importan t as
the environmental impacts mi ght be , howeve r , this p roblem is not
basically a coastal one . In this sand—surp lus region , l i t t le san d
and gravel is currently ext racted offshore and the practice will
p robab ly not become competitive with land—based extraction in the
future, except possibly for beach nourishment.

The disposal of the secto r ’s water—born e and thermal wastes is
greatly simpl if ied by the assimilative capacity of the ocean and
Sound . However , this assimilative capacity is far  from inf in i t e  and
some problems related to this fact  are discussed later. Solid waste
disposal is a problem as it is in all densely populated areas , bu t
unlike the situation in the New York City area , its disposal in the
bi—county area is not now , or expected to become , primarily a signi-
fican t marine or coastal problem.

P robab ly the most sign ificant use of the sector ’s coast is for
human enj oyment in the form of outdoor recreation and aesthetic sat-
isfaction. The long oceanfront beaches, especially, are ideal for
most forms of beach and water—contact recreation. Where the ocean-
front is made reasonably accessible and adequate facilities are pro-
vided, the public response has been great. For example, Jones
Beach accommodated about 13 million visitors in 1969 (136) .

The sector ’s coastal wate rs can satisfy a complete spect r um of
boating needs. For the shallow—draft craf t  such as rowboats , motor—
boats , and small sailboats , the South Shore bays have a special
appeal. The deeper—draft , ha rdier , ma rina—b ased craf t  such as cabin
cruisers and most sailboats prefer the deeper , b roader , but semi—
protected waters of the Sound and East Coast. On calm days, the
larger recreational craf t  from the North Shore and Connecticut visit
each other ’s shorelines to fish and put asho re. Some problems re-
qui ring interstate coordination arise because of differences in the
two states ’ regulations on fisheries and vessel—pollution control.

Sports fishing is closely related to boating and is mos t prom-
• m eet along the Eas t Coast. In addition to its recreational as-

pects , it has a commercial value probabl y greater than its commer-
cial fishing counterpart.

All of the coasts provide seasonal aesthetic relief from the
metropolitan areas where the peop le work and the residential areas
where they live. On the South Shore , f resh salt air , cooling b ree-
zes , and glimpses of the ocean and nearby undisturbed expanses of
wetlands provide a multi—dimensional appeal. The North Shore with
its many high pr omen tories emph asizes visual appeal , enhanced by
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its many coves and the flotilla of sails which speckle the waters (lur-
ing the summer. The East Coast, more than any of the others , Las
managed to tailor its development to conform aesthetically to it:;
marine environment . Much of its quaint charm stems from its arehi—
tecture and numerous boat landings which transmit the tang of the
sea to the beholder.

In contrast to nearby New York and Connecticut , the N assau—Suffolk—
Westchester area has really no major ports . Of about 12 mi llion short
tons handled in this area in 1968, most was accommodated at Hempsteud 2
Harbor (5 million), Port Jefferson (2 mi l l ion),  and Port Chester—
Westchester Creek (2  mil lion)( 138) .  The receipt of petroleum products
and the shipment of sand accounted for almost all of the total . E~ —
sentiafly, all the tonnage is accommodated on the North Shore . Long
Island Sound provides a protected waterway primarily for the movement
of re fined petroleum products from northern New Jersey to the southern
New England ports. Car ferries at Port Jefferson and Orient Point
move a low volume of traf f i c  to Connect icut , and this  is oni~ during
the summer months. Several ferries link Fi re Island , Plum Islan d ,
and Shelter Island to Long Island. A few of them run all year around.

De fense establishments are of ve ry minor importance to the sec-
tor ’s co~stal zone .

Land use in the coastal zone is int imately related to all other
uses . Especially in the southwestern corner of the bi—county area ,
the demand for residential lands has put increasing pressure on the
easy—to—fil l  wetlands , but in recent years , this use has been in—
creasingly arrested. For the Nassau—Suffolk area , as a whole , about
b2~ of the land and water surface may be con.~idered broadly as open
space and 38%, broadly , as developed. Within the open—space category-
are vacant (33%), water (JJt%), agricultural (8%), and recreational
(Th). Within the developed category are residential (21% overall,
~45~o in i~Iassau County),  roadways ( 8 % ) ,  institutions ( 1~% ) ,  transporta-
tion , util i t ies, and communication (3%), commercial (1%) (72). Cur-
rent shoreline ownership patterns are reflected in Table U—20 .

Major Coastal Problems. As indicated in Table U—19, of the nine
major coastal problems selected for special analysis in this appen-
dix , six can be considered as highly significant in this sector.
These problems , listed in the same order as they were analyzed, are
conservation of wetlands , water pollution , thermal effects, recrea-
tion , and coastal erosion and tidal flooding.

Conservation of wetlands was analyzed as a selected problem
earlier. The advantages of preserving and pre ferably enhancing wet-
lands for their  nutrient , habitat and aesthetic values was covered.
During the period l9514~ l96~ Nassau and Suffolk Count~e~: lost 8,200
acres of marshland, 2I~% of their  1953 total, to landfill . Mos t of
the fill was for residential development and dredg ing spoil disposal
(112). The pressure for increased f i l l ing is reflected in  the market
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TABLE U-20

SHORELINE OWNERSHIP PATTE RN

Ownership Pattern -- in miles 1/

Non-Federal
Reach Feder al Public Private Total

Sound Shore of Westchester County 9 32 41

t South Sho re Oceanfront 14 36 58 108

~South Shore emb ayments 2/ 15 67 90 172

~ast Shore 4 40 124 168

~orth Shore of Suf fo lk County 
— 

16 71 87

~orth Sho re of Nassau County 4 12 16

‘OTAL — miles 33 172 387 592

1/ Shoreline length varies with the detail with which coastal c on-
f i gurations a re measured. The lengths used here are taken from
(136).

2/ Does not include embayments in the Town of Hempstead or east of
Shineecock Bay.

value fo r filled coastal land , about $5 ,000 to $15 ,000 an ac re. To
counter these pressures increased gove rnmental awareness at all
levels from the community to the Federal government is required and
is apparently emerging. As pointed out earlier in the special
analysis of marine transporation , there are numerous alternative
ways of disposing to dredging spoil without destroy ing wetlands .
These alternatives include the improvement and creation of wetlands ,
if that is desired , or disposal at sea.

The wate r pollution problem here is intimately related to water
supply and coastal water quality standards . Considerable relevant
information is presented in Appendix D — Geology and Groun d Water ,
in Appendix L — Water Quality and Pollution, and in references cited
therein. A number of options or combination of options must be con-
sidered in developing the bi—county strategy for water supply and
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liquid waste disposal for the future. With respect to water supply,
options include importing water through New York City, re use of water ,
replenishing the aquifer, and possibly desalinization of sea water.
With respect to waste water disposal, options include minimal treat-
ment and disposal by ocean outfall ; greatly improved treatment and
disposal to su rface streams ; various degrees of treatment and in-
jections into one of the aquife rs; and land disposal methods which
conceive of the waste materials as nutrients and the soil as a liv-
ing f i l ter that improves water quality by natural processes before
the water leaches into the aquifer or is consumed by evapo—transp i—
ration. Whateve r strategy is adopted , it is clear that the inter-
relationship between water supp ly and waste water disposal must be
tho roughly conside red.

From a uniquely coastal point ~~~~ ~, the st rategy mus t take
into accoun t the coastal water quality standards and salinity con-
centrations in the South Shore bays . These concentrations are in—
fluenced by undergroun d seepage of fresh water. Unus ual changes
might  affect marine life which is sensitive to salinity concentra-
tions . However , the ha rd clam which is currently the most valuable
species in the Great South Bay requires a rather hi gh sal inity
(27.5 ppt for spawning) not far  below that of seawater.

It is appa rent that the disposal of wastewater on Lon g Island
requires careful consideration of numerous factors, included in
which are the maintenance of coastal water quality standards and
marine life.

The rmal effects  in coastal waters were analy zed ea r lier as a
selected problem. An 820 megewatt neclear power p lan t , Long
Islan d ’s fi rst , is being considered at Shoreham , half way out on the
island on the North Shore . Although the assimilative capacity of
Long Island Sound appears ample , conside rable concern has been ex-
pressed especially regarding the local effects on marine life.
Currently, an experiment is underway at Northport to evaluate the
possibility of thermal discharges from the fossil fue l p lan t there ,
benefi t ing marine life in the vicinity. In light of the predicted
many—fold increase of the use of the North Shore for this purpose,
it is important that the possible environmental effects, harmful
or beneficial, be examined caref ully. Depending upon the results
of these evaluations , a wide variety of alternatives exist as
suggested in earlier special analyses. Whateve r ameliorating al-
ternatives are employed , however , it seems likely that the rmal
energy can better be dissipated along the North Shore than almost
any place else in the general vicinity.

The recreation problem here is how best to accommodate the out-
door water—based recreational and aesthetic needs of a rapidly grow-
ing population. Problems in meeting this demand include the sea-
sonal disuse of the resources (about three—quarters of the year) ,
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the inferior beach quality of• most of the North Shore, East Shore
and backbay coastline, the desire to provide both high and low
density beach recreation, and some limitations of access.

Almost all of Long Island’s Atlantic and Sound shorefront is
classified as beach , but the quality of the South Shore beaches is
much higher, at least as indicated by patronage. For the western
two—thirds of the Island , the ocean beaches are publically owned.
Access the re is unlimited except for about 20 miles o~ Fi re Island
where access is difficult (only by no—car ferries), helping to pre-
serve its low density appeal. As one moves farther eastward,
oceanfront  ownership become s increasingly pri vate. Along the North
Shore most of the coast is privately owned. Sunken Meadow and Wild—
wood State Parks o f f e r excellent facilities for  bathing and gene ral
recreation . In addition , there are several smaller public beaches
along this coast owned by towns or villages . Some long—range
thoughts on how these problems might be met are presented later in
this section unde r Prospects and Potentials .

Coa stal erosion and tidal flooding were analyzed earlier as a
selected problem. In this sector , erosion is considered critical
on most of the South , Eas t and No rth Shores (136) . It is mino r on
the Westchester and backbay shorelines. Along the Atlantic , the
shoreline has moved signif ican tly ove r the past century and a ha l f .
The tip of Fire Island has swung alternatively seaward and shore—
ward a half mile . Because of hurricanes , storms and a southwest-
ward l i t toral d r i f t , which moves 600 ,000 cubic yards annually by
Fi re Island inlet (136 ) the ocean shoreline has been eroding in
recent years at an average rate of about 3—10 feet a year. On the
No rth Shore the rate has been slower , about 1—2 feet a year for  the
last centu ry. Current corrective measures include periodic beach
renourishment on the South Shore and p rotection of the bases of
eroding b lu f f s  on the Eas t and North shores by building up a small
protective beach or , if that is not feasible, by armoring methods
using riprap or bulkheads.

In terms of 1970 dollars , the recurrence of the tidal f lood of
record , the 1938 hurricane , would inf l ic t  an estimated $170 million
damage on the South Shore and about $2 million damage on the other
shores in this sector.

A significant living resource problem here is general to almost
every coastal area in the NAR: to identify the causes of the star-
tling annual and longe r range f luctuat ions in fish populations.
Cont ributing factors have been suggested in an unknown order of si g-
nificance , as overfishing, water temperature changes , pol lu t ion , wet—
lands dest ruction , and p redatory relationships , including disease.
It is easy,  in the laboratory or in the field , to demonstrate the
impact of these casual facto rs in extreme cases. Thus far , howeve r ,
thei r incremental e f fec t s , individually or collectively, are unknown ,
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at least to the degree that a systematic fishery improvement program
can be con fidently based upon them. For examp le , as late as 1950 ,
the Lon g Island oyster harvest had an annual value of about $10
million. Today this value is onl y about 2—3% of tha t .  Despite con-
siderable research, major restorative measures have not been discov-
ered.

One fact is clear, however, about 7—107. of the island’s shell-
fish areas are currently closed to shellfishing for public health
reasons due to bacterial contamination from domestic and duck wastes
(112). Shellfish continue to grow and even thrive in these are as .
By transp lanti ng or depuration in accordance with established pro-
cedures , clams and oysters could, in many cases, be harvested for
human consumption. Under current technology, the additional costs
usually make these operations uneconomical. Nevertheless , it might
often be far  less costly to the community to subsidize the trans-
planting or depuration even 100% than it would be to pay the addi-
tional cost of maintaining salt water quality at its highest use
classification (requi red for shellfish harvesting) instead of
accepting the next lower level ( require d for bathing) .

Another living—resources problem is caused by eelgrass. To the
boater and shorefront user it is a nuisance which should be era-
dicated by any economically—feasible means because it closes small
craft  channels , fouls propellers and creates a stench when it dies ,
piles up and decays on the shore . To the commercial and sports
fisherman and to the hunter , however , it is a valuable sour ce of
nutrient to fish and wildlife. A solution may lie in its balanced
cont rol——preserving or enhancing it in some selected areas and eli-
minating or minimizing it in others.

Transportation presents several significant problems . The
availability of 80—foot deep , semi—protected water within a few
hund red yards of shore at p laces along the North Shore in the vici—

• nity of Riverhead p rompted a proposal that a major offshore tanker
offloading facility be developed there. The faci l i ty would meet
broad regional needs discussed earlier under the selected problem
on marine transportation.  The proposal elicited vigorous public
objection , as much from nearb y Connecticut as from Long Island.

• The physical advantages of the site have been generally acknowled-
ged , but the possible aesthetic and environmental disadvantages

• currently appear incompatible , to most , with the objective of
improving the environmental quality of Lon g Island as a good p lace
to live.

• There are several other possible transporation problems of in-
direct but important marine interest.
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One relates to proposals for connecting the central or even
easte rn part of Long Island to New Eng land by a trans—Soun d bridge .
Such a b rid ge would break the isolat ion now apparently prefe r red by
most of the residents of the easternmost part  of the island and
sharply split its socio—economic orientation between New York City
and New Eng land .

o Another proposal aime d at resolving New York City ’s cri-
tical airport problem is to locate an airport on an island to be
created in the western part  of the Sound along the route of one of
the br id ges proposed here . Man y environmental  and economic objec-
tions have been raised .

° Lastly, with the opening of the Lon g Island Expressway to
Riverhead , Peconic Bay is about three hours unb roken drive from
New York City. Like most step improvements in accessibility, the
Expressway is viewed as a mixed blessing. It does o f f e r  incre ased
opportunity to enj oy Long Island. To those al ready able to enj oy
the Island, it can be seen as an encroachment on the qua l i ty  of
their expe rience . To all , it reinforces the need for careful
short—te rn and long—range p lanning.

The multi p licity and magnitude of these coastal prob lems , the
pub lic nature of the values involved , significant cost of solutions ,
the large population which will be influenced by these solutions and
the many interrelationships between coastal and non—coastal concerns——
point up the special need for comprehensive coordinated p lanning.
To meet this need , the Nassau—Suffolk Regional P lanning B~ard has
formed a Marine Resources Council. The Council is partway through
a six—step program of identifying and describing the prob lems,
determining the knowled ge required to resolve these prob lems , eval-
uating the adequacy of what knowledge exists , developing and imple-
menting a data collection and research program to fill the gaps, and
developing a management information system to facil i tate p lanning and
decision making ( 42).

- • Major Pr~~pects and Potentials. A number of prospects and
potenti als are imp licit in the previous comments——improve the
fishery ,  improve water qual i ty,  capitalize on the capacity to
assimilate the rmal discharges , etc. However , only one wil l  be
selected here for  emphasis. It is the prospect fo r p lanning and
using the area ’s long and diversified coastline to make the Island
an increasingly appealing place to live , notwithstanding the in-
creased population and urban day visitors it will have to support.

This prospect was singled out because it most closly correla—
tes with what seems increasingly to be the Island’s major long—ran ge
s t ra teg ic contrib ut ion to the reg ion as a whole ——not primaril y as a
source of f i sh , crops , miner als , power , or transporation or indus —
tr y——but as residential space for wage earners who work in the
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metropolitan area of New York. To improve the area ’s performance
in f u l f i l l i n g  this “mission,” p r i o r i t y  attention mi gh t  be given to
the area ’s qua l i ty  of l i fe.

The coas tal resource is usually described as limited. floweve r
L .. much might be done to improve each of Long Island’s five coasts——

the ocean coast, the two coasts of the backbays, the Sound coast
• and the eastern coast. Along the ocean there is amp le space to

repeat the Jones Beach type p roject many times to satisf y mass
recreational needs . Of course , vehicular access would have to
match the development. For those willing to sacrifice some of the
unique experiences in ocean bathing, portions of the backbay
coasts could be developed. A good example is Zack ’s Bay behind
Jones Beach. The backbays themselves might be more fully deve loped
as a good safe p lace to sail shallow—draf t  boats . For example ,
public launching areas with at tendant facilities could cater to
ca r—towed motor boats and small sail boats.

The quality of the North Shore beaches might be improved by
dred ged sand. Hore and better marinas and boat basins could cater
to the larger craft which would sail on the Sound. More of the
numerous b lu f f s  overlooking the Soun d could be made more acces-
sible to the public.

All of these things require time and money. They must under-
standab ly compete against other worthy public needs. But if the
priority is given it does seem that, for increasing human enjoy-
ment, the coastal zone of this area has indeed numerous prospects
and potential.

11—213

~~~T___ ~~~~~~~~~ 1 r  ~~~~~~~~ 
• -



-- ——- - -

AR EAS 12 ~.j~Tj 13 (N Ew YORK CITY)

• Area Character is t ics .  Iii Area 12 , th is  sector consists of the
• Hudson Estuary . In Area 13 th is  sector consists  of New York Ci ty

and that  par t of Westchester County which borders the Hudson River .
The part of Westchester County bordering Long Island Sound was
considered in the preceding area summary along with Nassau and

• Suffolk Counties on Long Island.

The long Hud son Estuary exhib i t s  s i g n i f i c a nt salinity to the
v ic in i ty  of Poughkeepsie and tidal inf luences  extend as far north
as Troy . The estuary is known for i ts  aesthet ic  appeal . Behind
a few narrow strips of sand , marsh and railroad track hugging the
shoreline , the lan d rises sharply and falls away inland into
rolling forested highlands. Scenic overlooks , large estates and

• historic and cultural landmarks abound.

The steep c l i f f s  of the Palisades across fror : upper Manhattan
mark a t rans i t ion  into the busy urban atmosphere . Much of the
290—mile shorefront- is lined with piers , wharfs , and docks along
the Harbor ’ s bays and rivers . Behind the waterfront , urban struc-
tures dominate the view and symbolize the vigor of the commercial

• and industrial activity there. Humerous bridges , tunnels and air-
ports give evidence to the intensity of flow of people and materi-
als.

Oceunward of the Verrazano Bridge which marks the harbor en-
trance , the 28 miles of oceanfront is all beach. Ownership is 19
miles public , 8 miles private and 1 mile Federal (136). A net
westward movement of sand along the barrier beaches of southern
Long Islan d necessitates repeated dredging to maintain channels to
New York h arbor .

There are a few undeveloped areas on the shore of New York City
that approximate a natural condition . The extensive tidal marsh of
Jamaica Bay shelters migrating waterfowl and small marine l ife ,
ringed as it is by major airports, and city beaches , parks and open
space , and urban development. The waters of the East River , Harlem
River and the Lower h udson are ~ssential ly unproductive of marine
l ife because of the commercial ievelopment along the shores and be--
cause of the waste load of contaminants they carry . Migratory f ish
do pass through the Lower Hudson to reach spawning grounds S and
nursery grounds in Haverstraw Bay , above the New Jersey line .

The population and economi c data for the New York area read as
a fami l ia r  l i tany of superlatives. In 1960 , 8.6 million persons
residing in New York City represented roughly one—fifth of’ the
population of the NAB study area , with a densi ty of 214 ,783 persons

• per square mile . This does not allow for the numbers that daily
commute into the city.  Popul ation density in Westchester County
was at 1,860 per square mile in 1960 . (A ppendix B — Economic Base) .
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Population growth to the year 2020 is e o s  t~~i to lag t~~:
national growtti rate at 0 0 o .  Per cap it - i  i i i cum ~ c~-~~ a z u u s t a r t i aj ~
~~~ above toe national average , but t;;is figu ; - • - sa~~ks tue  e Xt X e ! :~e

cases of poverty that nave h i s tor ica~ 1:; coti~ tj ~~u t  -:1 part (JL tue

~ew York demograpHic makeup .

i~ew York City is a regional , national and ~t xL ~ rnatLot r~! center
of trade . un e—four tu  of the nation ’s i : . [ o r - t —ox ~ ort VOIW:. 1 :~use~:
turougn docKs of toe Port of uew York L~~c lu d iug  i t s  ~c-~ J e r • ;  -y
part . One—fourth of the nation ’s wnolc~ ale trade is c on du z t e u  m i
~ew Yor~t , much of which is associated witri the p o r t .  ~~ie :ity iz
a leading center of banxin g and financ it i d  of itidus riai  ali t corn—
mercial enterprises. Manufacturing in t h e  c i ty  is con cei it ; i t o U
in apparel , print ing and puolish ing .

xlso conce~itrated in toe city are cultural, communicat- i its ,
governmental aria educational institutions and f a c i l i t i e s .

~mployment in 1900 for the five O 0 r U U L ; h I ~~ and ~esteiiester Coun-
ty was proportioned 28i~ in manufacturing 0 7o in, services and h~ 0 in
contract construction. ~3y 2020 , t u e  lar~ e;;t increase in employmenit

• expansion is expected to occur in service industries at the expense
• of the manufacturing sector.

Major Coastal Use s . The Port of hew York , which includes new
York City and the adjacent parts of new Jersey , is the largest port
complex in the United States. It handles three time s the tonnage
of’ all West Coast ports combined. Wi th in  t i le horth Atlant ic  Fheg iou
it nan dles twice the tonnage of the next largest port system , the
ports along the Delaware ~stuary . With in  the  Port of i~ew York ,
However , the annual growth rate of the new York City share has
dropped over the period 1955 to 1968 to only Q • h4~ annual ly . ~e—
cause of the relative advantages of the i~ew Jersey ports for ac-
commodating containerized frei ghts and bUlK products , future growth
will most liKely occur on that side . Waterborne commerce betweeu
hlbany and i~ew York City is declining at an accelerating rate .
it consists of fuel and construction niiaterials. Passenger pleasure
cruises traffic in new YorK ports niad dwindled ; pleasure Cruises
now commonly originate at southern ports for Carribeari cruises .
(bee toe earlier analysis of’ toe selected problem of marine trans-
portation an d ~tppenuix x~—~ avi gat ion) .

Coastal waters of the area are heavily used to dispose of’
liquid sanitary wastes , solid wastes and waste heat from industrial
cooling water cliscnarges. Many state and Federal agencies and the
interstate Sanitation Commission are involved in controlling and
reducing wastewater discharges. The water offshore of the area

• are used as repositories for certain solid wastes generated in hew
York harbor such as incineratoi- residue, sewage sludge , dredged
spoils , flyash and construction rubble totalling 9.6 million tons

• in 19b8 ( 1 4 5 ) .  Several large thermoelectric generating stations
located in new York City use the coastal waters for condenser cooling.
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~und use in hew York harbor and along the lower Hudson hiver is
• predominately commercial and industrial whereas along t h e  ocean

1roiit of’ oew York City the predomi nan t shoreliuc.- uses are re side r ,—
tial ama recreational. Annual attendance at beaches in new York
City in recent years exceeds 30 million , even though water quality
for swimming h a s  been marginal at tines . Staten island beaches
oraw about one million annually ,  Coiiey Island about 10 million and
toe hocKaway beaches about 20 million .

Major Coastal Problems. Solid waste disposal is becr m ing  a
cri t ical  proelem in th is  area. new York City and Westchester  Cowi—
ty nave for sonic years now relied on landfill for disposing of
municipal trash arid garbage . ~i.he capacity at present landfill

• sites is expected to be depletea within the next four to seven
• years (5 1) .  Additional landfill  sites on the coastline are not

politically feasible. Additional conventional incineration facili-
t ies are ruled out because of air pollution arid prohibit ive costs
of controlling the emission of pollutants . iwo solution s that

• hold promise for New York City are compaction—railhaul—landfill  for
disposal inn outlying counties , and compaction—baling—coating for
dumping ofishore onto the continental shelf , possibly in conjun c-
tion wito some degree of material separation and recycling.

lt remains to be determined winat effects ocean dumping may have
on marine ecolo~~r . utner forms of solid wastes mostly chemicals
arid sludges are already being dumped at designated areas offshore
under permits from the Supervisor of hew York harbor , U .S .  Army

• Corps of ~sigineers . Concern raised over the impact of offshore
dumping nas prompted several studies .

• Hot t it ig  timbers from abandoned piers have created a nuisance
to navigation and have littered the shoreline . The Corps has pro-
posed a program for eliminating this nuisance by removing the
debris from the snores and waters of the Port of new York .

hnotiner major coastal resource problem in this area is the de—
teriorating recreational value of the shoreline and waterfront .
Eecreationial f isn ing and swimming on otherwise suitable shores are

• discouraged Iiecause of microDial pollutants , and discoloration and
odors from chemical pollutants. Toe southern shoreline of Staten
island and brooklyn south of the narrows are the principal areas
of concern . Atnother form of pollution impairing recreational value
is the littering and cluttering of the shore by j unk oil , aban-
doned cars and rotting t imbers from dis integrat ing waterfront
structures. The recreational plan for hew York cites the need for

• new beach front devel c pment to relieve congestion at exis t ing  faci-
lities on i~ong Islanu. The Tn —State khegional Planning Commission
recommends priority action in the older central areas and that por-
tion of the unmet needs in these areas be t ransferred to sites in
mid—distance counties with special transporation (rail , bus ) to
maKe triese sites more accessible .

11—216

~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~ .~~~*J_*— — - • -  - • — 
~
. • - -•. 

•— -—--- •-- • — - - 
- - - ~~~~~~--•--- —-



The problem of coastal erosion and flooding is especially signi-
ficant in this area. This heavily used ocean front has been reli-
ably surveyed for nearly 150 years. The historical pattern has been
one of great change with alternating periods of erosion and accre-
tion of up to 7 feet per year in places. Extensive groins have pro-
duced a relative period of stabilization in recent years. The lit-.
toral drift transports sand generally southwestward at a rate of
300,000 to 600,000 cubic yards passing a given point in a year
(136).

The U.S.  Army Corps of Engineers has estimated that if the de-
sign hurricane should strike New York Harbor , it would cause , in
1958 dollars, about $2.5 billion in direct damages and a similar
amount in indirect damages. About 60% of this damage would occur
in the New York City parts (Area 13) of the Harbor and about 40%
in the New Jersey part of the Harbor (Are a 14) . No plan could p re—
vent all these damages , but the potential for  very great benef i ts  Is
evident and is now being studied. Just the provision of emergency
plans for excavating and p rotecting the New York City subway system
f rom inundation and a disastrous loss of l ife could produce t ruly
t remendous benefits someday.

As indicated at length in the earlier analysis of the selected
problem of marine transportation , the rapid evolution towards eco-
nomical, -very deep—draft tankers and dry—bulk carriers presents
special problems to the Port of New York, part of wh ich is located
in Area 13. The inadequate depths of existing channels , the prob-
ably prohibitive costs of deepening the channels s”bstantially,
possible environmental effects, social problems related to possible
dislocations of industrial bases closer to a future deep—water
facility, and other intraregional implications —— all point to the
need of a coope rative study involving Federal agencies and the af-
fected port authorities to work out a long—range solution.

Maj or Prospects and Potentials. Solutions to the upgrading of
the quality of coastal waters involve large cap ital outlays fo r
sewage collection and treatment facilities for industrial  as well
as domestic sources. The capital costs for sewage collection and
treatment facilities as projected to the year 2000 b y the T n —State

• Tra nsportation Commission amoun t to 6.4 billion dollars for  the
whole T n —State region (122) . Info rmation on the improve d water
quality expected was considered earlier under the analysis of the
selected problem of water pollution. In New York City , the highest
priorities for upgrading water quality have been assi gned to
Jamaica Bay, Coney Island—Brig hton Beach , the Uppe r Eas t Rive r , and
the adjacent po rtion of Lon g Island Soun d , and Raritan Bay of f
Staten Island . As piers and wharves are abandoned awaiting re—
developmen t , the problem of f loating and beached debris can be ex-~pected to become more severe. However, with the growing need for
commercial and residential floor space , redevelopment of ph ased—

b out waterfron t should accelerate. Already plans for redeveloping
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• • the waterfront of Lower Manhattan have been proposed whereby land-
fill behind the bulkhead line will provide office and resident ial
land with an assessed valuation approaching $2 billion , or about

• $3—5 million an acre (101).

The Gateway Nat ional Recreational Area is an innovative pro-
posal to expand the recreation potential of Lower New York Bay .
The Area would develop a number of existing state and Federal coas-
tal holdings for various forms of recreational activities —— swim-
ming, boating , viewing , environmental education — - •  arid connect
these parks with some form of water—based transporation (11414).

The use of coastal waters of New York City for dissipating
waste heat from power plants will not likely increase in the future
for several reasons. Air pollution , adverse thermal effects, and
competing uses of land may prompt future power plants to be built

• in less urbanized areas. This was discussed earlier in more detail
in the analysis of the selected problem of thermal ef fec ts .

In summary , the New York City area will accommodate increased
economic development primarily in service industries , concentrating

- 
commercial and industrial uses in Manhattan and Brooklyn. It will
disperse residential , open space and outdoor recreational shoreline
uses to peripheral areas .

I
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SUBREGION D

This subregion consists of the coastal zones of New Jersey and
Pennsylvania and the Delaware Bay coastal zone of Delaware. The
coastal zone of each of the three a reas —— 14 , 16 , 15 from north  to
south —— is considered herein terms of i ts  area characterist ics , ma-
jo r coastal uses , majo r coastal problems and major prospects and po—
tentials.

• Table U—2 1 summarizes some broad judgements as to the relative
• importance of the selected problems in this subregion.

TABLE U— 21

- 
•‘ PROBLEM PROFILE IN SUBREGION D

Problem ° ~~ .~~ ~~ ~~~ .~~ ~ °

a a a a
0 0 5 ‘1-i W a

~~~Highly significant

-
~~~ * Significant .~~

• • Relatively insignif leant ~

1 - Area l4 • • •* • * * *  *
Area 16 • * * * * • * • *
Area lS 

_ _
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AREA 14

Area Characteristics. This area includes the basins of north-
eastern New Jersey beginning with the shore of the Hudson River and
including the Hackensack, Passaic, and Raritan basins, Newark Bay and
the New Jersey portions of the channels around Staten Island .—— Ar-
thur Kill and Kill Van Kull. The area is characterized by low flat
topography, and extensive tidal marshes, many of which have been re-
claimed with landfill. The cliffs of the Palisades along the Hud-
son comprise the major natural topographic feature in the coastal
zone. Intensive urban development —— piers, skyscrapers, bridges ——
is the p redominant characteristic of the area.

Over two—thirds of the population in New Jersey reside in the area,
4.1 million in 1960. Population density is high , reachin g 13, 752 per
square mile. By 20 20 the population of the area is expected to
double to 8. 4 million inhabitants. (Appendix B — Economic Base)

Employment in the area was 1.6 million in 1960 and is expected to
do uble by t he year 2020. In 1960 manufacturing accounted for  40% of
employment and services accounted for 58%. The major urban centers
in the area are Newark , Je rsey City and Paterson —Clif ton—Passaic .
Manufacturing industries were principally machinery,  electrical p ro—
ducts, primary and fabricated metals, chemicals, and food products.
Employment in natural resource extraction industries — mining, fish-
ing and agriculture — was only 0.9% in 1960 and is expected to de-
crease by 50% by 2020. Manufacturing by 2020 is expected to in-
crease by 15%. and the largest increase 163% should occur in the ser-
vice industries to constitute 77% of all employment by 2020.

Personal income in 1960 was well above the national average in
the area (by 23%) and projections indicate tha t it will remain so ,
decreas ing slightly to 15% above the national average in 2020 . - •

Maj or Coastal Uses. Waterborne and solid waste disposal , marine
t ransportation and urban land use are of special importance in this
area ’s coastal zone.

The tidal waters are heavily used for the disposal of large quan-
tities of liquid wastes from municipal and industrial sources.

A very substantial portion of the area’s coastal zone is given
over primarily to solid waste disposal. The Hackensack Meadowlands
comprising 21,000 acres, roughly three—fourths the area of Manhattan ,
is located north of Newark Bay and contains 12 active sanitary land—

• fill sites used by over 100 communities for dumping garbage and rub-
bish. Comprehensive planning by the Meadowlands Development Corn— -
mission will maintain at least the present capacity for solid waste
disposal and may allow for other uses compatible with solid waste
disposal. (81 )
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Extensive port fac i l i t ies  line most of the area ’s waterf ront.  The
containership terminal at Elizabeth , maintained by t h e  Port of New
York Autho r i t y ,  is the la rgest of its kind . It  is a key to the con-
tinued attraction of a large international general cargo trade in the
future. Expansion of container facilities is more likely in New Jer-
sey than in New York City beca use of the availab ili ty of spac e for
storage and marshalling.

Maj o r Coastal Problems. Water pollution within the area has been
severe; it is seen as a consequence of the vi gorous industrial  acti-
v ity in the area . Nearl y all of the maj or coastal water bodies in
the area are currently classified as suitable fo r nav igation and in-
dustrial use, and not suitable for fishing, boating or swimming. Ac-
cording to goals for upgrading water quality in the region as indi-
cated by the Tn —State Transportation Commission most of the coastal
waters in Area 14 will retain the present designation through 2000
(122 ) .  The Hackensack River , the Hudson Rive r and the Raritan River
are given priori t ies  for upgrading to use for f i sh ing and boating.

In the Arthur Kill , the chemical oxygen demand (COD) in industri-
al waste discharges exceeds the biochemical oxygen demand (BOD).
Other wastes in the form of phenols, oils trace metals and heat re-
flect the diversity of industrial effluents in contrast to the ef-
fluen t from municipal treatment facilities. In terms of BOD, the in-
dust r ial wastes feeding into Rar itan Bay have been estimated to be
equivalent to the municipal wastes of more than one million peop le.
( 122)

The Indust rial pollution load from Area 14 as a whole has not yet
been determined. Therefore an appraisal of the extent to which the
waterways are being used fo r this purpose is not possible at this
time. Efforts by the Federal Water Quality Administration to prepare
such an inventory nationwide may eventually p rovide the needed infor-
mation .

Research on BOD levels in upstream portions of the Raritan , Passa-
ic and Millstone Rivers indicates that less than 40% of the observed
organic loadings can be attributed to known point sources. It is not
known whether this  relationship holds for the lower reaches of these
rivers where indust r ial plants are concentrated. (162)

As indicated a t length  in the earlier analysis of the selected
problem of marine t ransportat ion , the rap id evolution towards econom-
ical very deep d ra f t  tanke rs and dry bulk car riers present special
problems to the Port of New York. The problems are particularly sig-
ni f icant  in that  part  of the port which is located in Area 14.
The Po r t ’s exist ing channels are far shallower than these new yes—
sels require. The cost of deepening is probably prohibitive and en—
vironmental considerations can pose problems . If deep dra f t  facili-
ties are located elsewhere, major economic dislocations in Area 14
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could occur. A cooperative study involving Federal agencies and the
affected port authorities is needed to work out a solution possibly
involving overland movement of crude oil from a new offloading facil-
ity, say in Lower Delaware Bay, to the sites of the existing refiner—
ie S.

There is little critical erosion in Area 14 , but t idal  flooding can
be a signif icant  p roblem. Althoug h flooding does not occur frequent—
ly, a rare , meteorolog ical predictable storm in this intensively de-
veloped area could produce major damage. The U.S. Army Corps of En-
gineers estimates that If the design storm were to hit this area, dam-
ages would reach $2 billion , about half direct and half indirect.

Another problem is the difficulty in pro viding opportunities for
outdoor recreation , primarily swimming and p icnicking. The coastal
zone of the area is not expected to be able to accommodate much , if
any , of the demand for swimming. The outdoor recreation p lan for the
state of New Je rsey anticipates th at the swimming needs of nearl y
100 ,000 persons in 1980 and 229 ,500 per sons in 2000 , will not be ac-
commodated by facil i t ies in the area. The solution proposed in the
action plan recommends pool facilities and improved access to expanded
beaches outside of the area, both inland and along the oceanfront.
( 8 3 )

Other coastal recreational activities such as boating and sport
f ishing may be possible if the quality of coastal waters on the pen —
phe ry of the area is upgraded and other obstacles of sa fe ty,  conges-
tion , sho reline access and aesthetic bli ght can be ove rcome .

Major Prospects and Potentials. Population and economic projec-
tions Indicate that the already heavy urbanization of this coastal
zone will intensify . The greatest growth is forecast in the service
industries such as transportat ion , financial, business and p rofession-
al. Coastal activities dependent upon high water quality and the
natural environment will have to be accommodated outside the area,
most likely along the coast of adjacent Area 16.
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AREA 16

Area Cha rac te r i s t ics .  The coastal zone of this  area includes the
shore of Ra r i t an  Bay between the Raritan River and Sandy Hook , and
the  ocean shore f rom Sandy Hook to Cape ~1a y .

The 20 miles of sho re f ron t  on Raritan Bay is characterized by high
b l u f f s  and marsh lands  f ron t ed  by narrow beaches intersected by numer-
ous tidal creeks . Ownership is divided —— 13 miles p r iva t e , 7 miles
public.

The 125 miles of ocean shorefront in this area consist entirely
of beach. Most of the beaches are on long sand y bar r ie r  islands.
Behind the beaches are backbays , salt marshes and meadows that ex-
tend several miles inland in some places. The pattern of oceanfront
ownership is 80 miles public, 30 miles private and 15 miles Federal (136).
The shores of the backbays are largely wetlands , but there are more
beaches there than along other backbavs in the North Atlantic Region.
Shorel ine ownership along the backbays is largely private .

The 1960 population of the six counties in the region was 650,000
with  about ha l f  of t h i s  concentrated in Monmouth county in tha t  por-  -

•

tion nearest to the New York metropol i tan area. The resident popula-
tion densi ty is 900 per square mile in Monniouth county and 272 for
the remaining counties in Area 16. Employment in the six counties
is expected to increase f rom 230 , 000 in 1960 to 870 ,000 by 202G. 0—
ver the same period manufacturing emp loyment for  the counties is ex-
pec ted to increase by 114%; other emp loymen t is expec ted to increase
by 328% by 2020. (Append ix B—Economic Base)

However , demograp hic and economic characteristics of the coastal
communities of the Jersey shore dif f e r  significantly from the coun-
ties as a whole.  The Jersey shore is almost exclusively a recreation—
based economy . Historically the ocean beaches have been vacation
grounds for residents of the Greater New York and Philadelphia areas.
The economy of the shore is thus heavily dependen t upon the millions
of summer visitors attracted by natural and man—made recreational and
resort facilities. Income from the areas ’ resor ts in 1963 amoun ting
to $l.~ bil l ion (84 ) was one of the largest  sources of business in-
come in the state. Because of the dependence on tourism during the
summer season from June through September the coastal communities are
subject  to hi gh unemp loyment during the winter season. For examp le ,
in January 1965 over 13% of the work fo rce  of At lan t ic  Ci ty  was unem-
p loyed . Populat ion s t a t i s t i c s  belie the extremely high in f lux  of
people in the summer. For instance , Stone Harbor ’s res ident  popula-
tion of 830 exceeds 18,000 dur ing  the summer.  On a peak summer week-
end Asbury Park accommoda tes 200 ,000 visitors , and At lan t ic  Ci ty  ac—
commoda tes 500 ,000 visitors to their beaches and board—walks (84 ).
Most of the resident population in the shore area is located in re—
sort towns on the barrier beaches; however , since there is virtually
no vacant land remaining on the barrier beaches from Sandy Hook down
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• t o Cape May , most of the population growth and development between
1950—60 has occurred on the mainland behind the barrier beaches.
The proportion of residents over sixty—five is hig her for the coastal
resort  coun t i e s  t han  f o r  the  rest of the state indicating the at-
tractiveness for persons in retirement.

• Malor Coastal Uses. Recreation is the predominant use on the Jer-
sey shore. Of its natural resources , 125 miles of wide ocean beach
provide surf  b a t h i n g  and f i sh ing .  Deep—sea sport  f i s h i n g  exped i t ions
depart from many of its ports . Fishing and sheilfishing are popular
throug hout the bays and sounds behind the barrier beaches . Pleasure
boating enthusiasts benefit from the Intracoastal Waterway whose en-
trance at Manasquan Inlet at the Northern end of Barnegat Bay passes
beh ind the barrier beach through bays and sounds to Cape May and con—
t inues on to Flor ida .  Over 200 , 000 boats  used all or part of the In—
t racoas ta l  Waterway in 1963.

Man—made r ec rea t ional  resources in the  form of boardwalks , promen-
ades , amusement parks and night clubs add to the  a t t r a c t i o n  of the
larger resorts such as Atlantic City and Asbury Park.

Most of the out—of—state visitors to the Jersey shore come from
metropolitan New York and Philadelphia , but increasingly more of the
o u t — o f — s t a t e  v i s i to rs  come from other parts of the North Atlantic
Region.

Land use in the coastal zone is fo r  the most par t  r es iden t ia l  and
recrea t iona l .  The bar r ie r  beach is so heavily developed tha t  virtu-
ally no vacant beachfront exists , exceptions being state— and feder-
ally—owned beaches and scattered vacant parcels around inlets. Corn—
mercial land use is concentrated in the central business districts of
the larger resort  towns, and adjacen t t t  the boardwalks and promenades .

• Indust r ia l  land use is minimal throughou t the shore area, most of it
occurring along Ra r i t an  Bay . Some federally con trolled lands no

• longer of m i l i t a r y  value such as Fort Hancock on Sand y Hook are ~being
phased out .  New Jersey leases part  of Sandy Hook b e a c h f r o n t  to ac-
commodate in tens ive  day—use recreat ional  demand , but even these ex-
panded fac ilities are f illed early on summer weekends. The marshlands
and por tions of mainland facing the barrier beaches have onl y recen tly
begun to be developed as lagoons prov iding mar inas , homes and boa ting

• facilities. Large portions of the coastal marshlands have already
been reserved as state and federal wildlife refuges.

• Malor Coastal Problems. Coastal erosion and flooding are major
• problems in this area. Critical erosion occurs along parts of the

Rari tan Bay — Sandy Hook Bay shores and along most of the oceanfront.
The ocean shoreline in this area has a history of alternating movements
seaward and shoreward. In the past two decades some reaches have been
moving at a ra te  of up to 12 feet a year oc eanward , and others by 16

• feet a year landward. One area in par t icular , the southeast  t i p of
Pullen Island has been accreting at an average rate of 300 feet a year
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over the last decade. The more severe storms move considerable
quantities of sand too f~ r offshore to be returned ~etween storms by
ocean swe l l s. In such an unstable environment groins and jetties
must be sited with unu~;ua l care. Even the backbav shor iine~ exper-
ience some eru~ ion daeo~;e , althuug~ its prevalence md inten~ it v are
much less than along the ocean.

Damages from a re urrence of the tidal flood of record in this
area have beee estimated by the U.S. Army Corps of Eng ineers at about
$260 million. Nearl y half of this damage would be along the heavily
populated coastline along Raritan and Sandy Hook Bays.

In tests off Sea Girt , New Jersey, the U.S. Army Corps of Engineers
has demonstrated the t c ~iaical feasibility of renourishing beaches
periodicall y by pump ing some of the vast quantities of sand which
have been surveyed offshore onto the beaches. Contract e: perience in
Florida employ ing an underwater crawicutter is expected to further
advance the technology and economic feasibility of offshore pump ing.
Although additional studies are required , it also appears that from
an environmental viewpoint offshore sources are preferable to alter-
native sources —— backbays and inland. (125)

A related problem of dune erosion along the Jersey coast has been
attributed in part to the imprudent siting of houses and structures
on unstable frontal dunes. McHarg has shown that by prohibiting any
form of development on the frontal dunes , vegetation is more likely
to take hold to stabilize and trap dune sand and prevent undue ero-
sion. (69 ) Unfortunately more prudent development of the harrier
beaches to reduce dune erosion is hampered by existing development.
Considerable additional information on dune stabilization , of parti-
cular app licabilit y to N~~

.. Jersey ’s oceanfront , was presented earlier
as part of the analysis of the selected problems of coastal erosion
and tidal flooding.

Another major problem on the New Jersey shore is the conservation
of we t land s.

Concern has been expressed for the ability to maintain the  quality
of these seeming ly abundant natural recreational resources in the face
of inevitable development. The marshes along the mainland are under-
going development . The lagoon—type developmen t is expropriating
large areas of marshland important to fish and wildlife. The state

• alread y has legal measures to control development on marshlands ,
claiming riparian rig hts to lands beneath navigable waters. Through
the Bureau of Navi~wtion in the Department of Environmental Conser-
vation the state may sell or lease its interests in tidal lands.

Major Prospects and Potentials. The abundant recreation resources
of the Ne~ Jersey shore have the capacity to absorb much of the de—
mand for coastal recreation not only within the state hut for the
metr opolitan areas of New York and Philadelp hia , for the reg ion and
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even the nation . With careful p lanning the ava ilable resources of
the Jersey shore could continue to accommodate a diver~ itv of recre-
a t iona l  p u r s u i t s  along the surf , broad beaches , the  backbay s  and ad-
j o i n i n g  marshlands . A trend of an increasing !~ Inber of permanent re~-
idents , re t i rees  and commuters  wi l l  hel p to s t a b i l i z e  seasonal  unerr —
ployment.

In the near future the coastal waters of the New Jersey shore may
be utilized for dissipating waste heat from thermal electric power
plants. The proximity to load centers and the abundance of cooling
water along the coast are important considerations in power plant sit-
ing. A planned nuclear installation at Barnegat will have a capac it •-
of 1.8 megawatts. Other plants are likely to be proposed.
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AREA 15

Area Characteristics. The coastline of Area 15 consists of
Delaware Bay and the Delaware River to the head of t idewater at
Trenton . Above Penns Grove the w at er fr n t  is largely indu~ triaI
and commercial on both Lanks.

The ~5 miles Ci shoreline from Penns Grove to Cape ~ay on me
hew Jersey side consist of about 50 miles of wetianos and 35 miles
of narrow san dy beach fre~ uent1y marshes.  J wTl er shi h is • appc r t i o r .eo
about ~5 miles private, 

20 Federal and 20 ~~ih~~ic. A ;~ a rre  12
miles of the shoreline is residential (lIb).

The 82 miles of the Delaware shoreline from ~ilimingto:. to ape
Henlopen consist almost entirely of marshes in the n o r t h  and of a
narrow strip of sand beach fronting more marshes in to•e sooth.
Uwnersh ip  is divided about 57 miles private , 114 0-oLlic and 11
Federal . Except for 9 miles for public recreation aol 2 miles for
commerc ial purposes , the entire shoreline is unoevelopea .

Shoreline use is primarily wetland conservation . hitt1~ ~ah -
ing occurs in the Bay and shoreline fishing is generally po r. ~a:f ishing by boat has improved in recent years and is now cons idered
to be good.

The climate of the basin is generally mild , with sustained
periods of ext reme temperat ures seldom lasting more than three or
four days. Annual mean air temperature ranges from 50°F in the
upper mountainous reaches to 5)4°F on the Coastal Plain at Wilming-
ton. The average annual precipitation on the entire Delaware River
Basins amounts to about 14)4 .6 inches , ranging from about ~40 inches
near Delaware Bay to about 60 inches in the Catskill Mountains.
The prevailin g winds are fr om the southwest in summer and from the
northwest in winter.

The annual fresh water flow into the Delaware Estuary from above
Trenton averaged over the 57 year period ending in 1969 is 11,371
cubic feet per second. Most of the flow originates in the upper
basin where rainfall is heavier. The Schuylkill River , largest tri-
butary of the Delaware , enters the Estuary at Philadelphia contri-
buting an average annual discharge of about 2 ,900 cfs . Approxima-
tely 100 smaller t r ibutaries flow into the Delaware Estuary or hela-
ware Bay with a combined annual freshwater discharge of about 5,000
cfs.

The population of Area 15 in 1960 was 6.14 million , heavily con-
centrated along the Trenton—Philadelphia—Wilmington portion of the
New York to Washington urban corridor . By 2020, toe area’s popula-
tion is expected to increase to about 12 million . (Appendix B —

Economic Base).

t U—227

~ 

~~~~~~~ -~ -• -•-- -
~~
- •

~~~~~~~
• -



-, ---~~~~

Cer ca~ i~~a income for th e basin ’ s p o l at i o n  is hi gh , 12% above

• the nat ional i - ’ rog e , but by 2020 th i s  is ~x) e ct e  to decline rela-
tive t~~ ‘he na~. ional average ~er nai O a income . i•m~~~cr r e o t  a’ a
level of 2.5 million will probably nearly ishle by 2020, witt.
I a n c~ st in-creao•~s I n  :;ervice ~— o ~-~ iCe • ;  aol le ~ er increas :s in
mans: tcturi!•g ( -

~ 
I ).  ‘ne .~ow- ! ocrtion t~ loisin c t a ~~~~~c

met r ~ u~ i tan i hi lao pnia and fJ ilmin~;t~ ’~ no- •‘F r — : h irds of toe
em~ 1c rme~.t in •

~~~~~ ianin (1.8 of 2.5 m L l 1 1  :oi ) , with ~ -C in the cerv —
ice ir~lu : tr ie s  , lb .  in nan i facturing and less than ~~ in a~-r io -~~~~~

‘ 
~r— ,

forestry , fisheries and mininR .

Ihe Delaware Eiver hasin Commission operates under an Istcr—
state—Federal compact giving it broad responsibilities for planning
and managing toe  wat~~r and related land resources in Area 15. OLe
Comm ission is composed of the governors of the Gtates of Delaware,
hew Jersey , N ew York and the Commonwealth of Pennsylvan ia , and t b 2
U. .3 . Secretary of the Interior .

l4ajor Coastal Uses. Ilarine oransp rtation is important in Area
15. All of the fourteen major ports on t i e -  ~oIaware Piver ~re loca-
ted above the head of Delaware Bay , between Wilminbton , Do ~ ~i and
Irenton , New Jersey. The industr ies  along the Delaware Ri; ~r iepen i
upon navigation for the importation of iron ore and petroleum , other
bulk commodities and general cargo . Iron ore , crude netroleum and
residual oil accounted for over half of the tonnage moved o-;~ rwatec
in the Delaware Basin. Collectively the Delaware River ports oan i~ e
a tot al volume , 116 million short tons in 1968, second only to the
Port of New York in this region. Volume has grown steadily althouCr~
the rate of growth has declined in recent years. The ports are
served by a channel of over 100 miles from the Atlantic , Thr iiigt

Delaware Bay to Trenton , New Jersey. The Chesepeake—Delaware Canal
connects these ports with those along Chesapeake Lay . Ports on
Delaware Bay itself are minor and their volume has declined sharply
over the last quarter of a century.

A major factor affecting the Delaware Estuary is I~~s use for• waterborne waste disposal. Most of the waste load originates along
the reach between Trenton aol the head of Gelaware Bay . In a 19614
survey 1.8 million pounds of oxygen—demanding materiai were found to
be generated daily by numerous industries and muni cl pai itiec in this
reach. These wastes receive varying degrees of treatment prior to
discharge. The river water is also used extensively for industrial
cooling .

A t h i r d  major use of the estuary is municThal w’~ter su :-t ]y . Over
• 200 million gallons a day are witndrawn directly from the river to
• supply over 50% of Philadelphia ’s freshwater supply. ~\ ontential

threat to this water supply is the salt water front , The position of
which fluotuate : with the freshwater inflow from nreThen~c. I cy  f l ow

• au~~ient~ tion to stabilize this front is particularly hsi r-v Ic here.
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A fourth major coastal use is wetlands conservat ion.  As stated
ear lie r , most of the peripheral lan d around Delaware Bay is we t-
lands — tidal f lats , salt marsh and salt meadow — of ten  extending
inland for  several miles. A large portion of these wetlands has
already been acqui red b y state and federal conservation agencies
and by private conservation groups. (114) The Bom bay Hook Na tional
Wildlife Rrefuge contains 12,000 acres of prime wetland habitat for
migrating waterfowl , and P rime Hook National Wildl i fe  Refuge w i l l
contain 5 ,000 acres when acquisition is comp leted. ( 114) One
reason for the large amoun t of dedicated land is that  these
wetlands in their present state are unsuitable for most other
forms of development. Superior shoreline recreational facilities
are found close by on the Atlantic coast, and most through trans-
portation bypasses the area along the urban corridor to the west ,

• the closest bridge crossing being at Wilmington. Coastal wet-
lands along the Chesapeake—Delaware Canal and along the indus—

• t rialized shore of the Delaware estuary are relatively small in
size and deterio rating in quality for wildlife habitats as a
result of develop ment and the deposition of dredging spoil along
the banks.

Commercial and sport fishing, hun ting and water contact
recreation are not considered major uses of the Delaware Basin
at the present time although these resources could be developed
and p romoted for future use and enj oyment .

Major Coastal Problems. The single most important coastal
problem in the Delaware Basin is water pollution below Trenton
f rom municipal and industrial sources. Water quality above
Trenton is gene rally and relatively excellent. (147) Waste
loads f rom primarily municipal and industrial sources are ex—
pected to double in the period 1964—1975 and to increase by
5 1/2 times by 2010. (These milestone years used for the
Delaware Estuary Study by F~.1PCA approximate NAR milestone years
1980 and 2020). The Delaware Estuary Study reported that in
1964 , as a result of waste discharges, dissolved oxygen is

• almost completely depleted in some locations, and gases from
anaerobic decomposition of organic deposits are produced regu-
larly during the summer. Coliform bacteria concentrations are
very high in the same stretch of river. Acid conditions in
the river caused by industrial waste discharges have been ob-
served for several miles above and below the Pennsylvania—
Delaware State line. Surface discoloration due to the release
of oil from ves8els and surrounding refineries is a common
occurrence from Philadelphia to below the State line. Over-
flows of combined sewerage systems result in a discharge of
fecal matter and other offensive solids, floating material,
and miscellaneous flotsam which would normally be trapped by
the treatment plants. This material in the Estuary represents
one of the few remaining types of discharges that can affect
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the aesthetics of the Estuar~r by visible e~r~d~nce of raw
sewage . The net result in a polluted vatez’~ ay wblch dé~r~~t~es
aesthetic values, reduces recreation , sport and commercial
f ishing , and inhibits municipal and industrial water uses.

The effects of waste loading in the future can be signif-
icantly influenced by the large Tocks Islan d project upstream .
To the extent that freshwater is diverted out of the Delaware
Basin , dilution capacity in the river is reduced. On the other
han d , to the extent that the higher flows are impounded upstream
and released during periods of low flow , dilution capacity can
be greatly improved . In addition to stabilizing waste dilution
capacity and the Philadelphia water intake conditions , the con-
trol of freshwater inflow can also benefit the small and badly
depleted oyster fishery in the Bay. The effects of salinity
concentrations on oysters and the net flow of freshwater from
Chesapeake to Delaware Bay through the enlarged Chesapeake and

• Delaware Canal are discussed in the next area analysis on
• Chesapeake Bay .

The activities directly affected by water pollution are the
potential water contact recreation users who are now barred or
discouraged from swimming in the waters of Delaware estuary.
The effects of pollution on the waters of Delaware Bay are not
known from the information available, but it is suspected that
water pollution has been one of the factors responsible for the
pronounced decline in the fish and shellfish industry of’ the
bay . Other possible factors include the oyster drill, MSX
disease , over—harvesting, and increased salinity concentrations.

Costs for achieving approved water quality standards and
maintaining the improved level to 2020 are estimated at about
$12 billion (see Appendix L—Water -Qua lity and Pollution).

A second major problem in Area 15 is in the field of nua.rine
transportation. As indicated at length in the earlier analysis
of the selected problem of’ marine transportation, the evolution

• towards economi cal , very deep draft tankers and dry bulk carriers
presents special problems to the Delaware port system . It has
been generally accepted that the problems of deepening the
estuary channel to accommodate the supervesseis are overriding
because of rock , the near—surfac aquifer and tremendous costs.
There may be substantial socio—~ eonomic impli cations , locauv
and regionally , if the area ’s industrial  base cannot somehow
find a way of incorporating the major economics implicit in

• the use of the - new supervessels. A regional offshore offloading

• facility in Lower Delaware Bay has been proposed; however , the
national , regional and local values involved and the economic ,
social , safety , environmental and juriodictiunal interrela—
tionships all point up the need for a caroful cooperat ive study
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by the Federal agencies , the af fected port authorities and
probably others .

Shoreline erosion is a relatively insignificant problem in
this area. It is con fined to a few locaities such as Broadkill
Beach and Lewes on the Delaware Shore and Wildwood Villas on the
New Jersey shore.

According to estimates of’ the U.S. Arn~r Corps of Engineers
a recurrence of the tidal flood of record would cause damages ,
in 1910 dollars , of about $60 million , m~~st ly in the Phila-
delphia area.

Major Prospe ct s and Potentials. The possible development of
a deepwater offloading facility in Lower Delaware Bay , and the
considerations involved in reaching a decision , have been men-
tioned above and in the earlier analysis of the selected problem

- • of’ marine transportation . Whatever decision is reached , in-
cluding no decision , the long—term effects on the Philadelphia
area are likely to be substantial.

As the knowledge of the relationship between wetlands and
marine life improves , the possibility of managing the Bay ’s
extensive wetlands to make them truly valuable in raising the
currently low level of fish populations in the Bay might also
be expected to improve without sacrificing other values. An-
ticipated long—range improvements in the quality of Delaware
River inflows should also work in the direction of improving
the abundance of marine life for sport and commercial purposes.

Nearer to Philadelphia, shoreline recreation should become
more attractive as water quality improves if better public
access is provided and shoreline conditions are improved by
sandfill.
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SUBREGIONS ~ AND F

The coastal portions of the other subregions have been considered
earlier generally on an area—by—area basis. For the coastal zone of
subregions E and F , however , such an app roach would undesirably f rag—
ment the subregions ’ dominant coastal feature, Chesapeake Bay. Since
the Ba y is best t reated as a coherent system , a fragmented area
approach to its description and analysis would produce tedious repeti-
tion and possible loss of ability to see the Bay as a whole.

Accordingly subregions E and F have been subdivided for subsequent
description and analysis into two compartments , or sectors, differing
sharply from each other in their physical, biological and socio—
economic dimensions and hence in the type and intensity of their
coastal problems.

The f i rs t  sector consists of Chesapeake Bay and the estuarine
protions of its major tributaries. This sector thus includes that
pa r t of the coastal and estuarine portions of Areas 18 and 21 which
abut Chesapeake Bay and all of the coastal and estuarine portions
of Areas 17 (Susquehanna) , 19 (Potomac) and 20 (Rappahannock—York).

The second sector consists of the coastal zones of Delaware ,
Maryland , and Virginia which face the ocean . It thus includes a part
of Area 18 and a very small part of Area 21.

Each of these two coastal sectors is considered herein In term s
of its area characteristics and major coastal problems, uses, pros-
pects and potentials.

Table 11—22 summarizes some general judgement as to the relative
importance of the selected problems.
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TABLE U— 22
PROBLEM PROFILE IN SUBREGIONS E AND F

a
•0

—4 a 0
0) a .,-4 50) U 0

________________ ) )., e
a in 1.1
0) ‘4~ 0 5 in ~~Problem ° o
5 5 i.~ w in a

~~~~~ .1 0) ~J 5 .-4 0) a 0 ~ 0 ) 0
~.1 C~ 

.
~.4 0 t5 ~r4 4J

)

* Significan t ~0 ~ .~~

~ a i @ ‘~ .-~ ~ ~-4 a i ~0) -4 U I~ ~~~~~~~

• Relatively insignificant 
~~~ 8 ~~~ 8

~~::a~~a;e
2
~ay (Overall) * • * * • * * *

Area 17 (Susquehanna) * • • * * • • • •
Area 18 (Upper bay) * * • * * • * * •

Area 19 (Potomac) * 
I • * I I * • *

Area 20 (Rappahannock- 

* • • * • • • • *
Area 2 1 (James) * I I * * I I * I

Areas 18 & 21 (Ocean) • * I I I I * I *
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AREAS 18—21 (C1U~SAPEAKE BAY I’OBTL)N )

Area Characteristics. The Che sapeake Bay is the largest
estuary on the Atlantic coast und one of the most important in
the world. The Bay receives water from a dra inage basin of
65, 1176 square mi les. Its shoreline , ba~ed on the criteria of
the National Shoreline Study (136) is about 2,800 miles, two—
thirds located in Maryland. The Bay itself is about 200 miles
long and its width varies from ~tbout 11 to 35 miles. The water
surface of the Bay and its tributaries js alo’it ~1 ,11O0 square
miles; the ~ur face of the Bay i t s elf is abuuL 2 ,200 square
mi les. Its average depth to head of th~ t ide  is about 21 feet
and its deepest hole is 171k feet off ~ent Island.

The Bay ’s largest tribut ary is the Susquelianna , the largest
river on the Atlantic coast of the United States. The Susque—
lianna drains 112~ of the bas in and pi-ovi b n about 50% of the
Bay ’s total influx of’ freshwater and about 80% of the flows
into t h e  upper portion of the Biy.  The Potomac , which drains
22% of the basin , provides the 3arg~ st uf the Bay ’s many large
sub—estuaries; ii is 115 miles from Washington to the Bay I roper .
Like the rivers to the south , the Potomac has always been heavily
1*den with silt md its net water rno~ement is sluggish. The
Rappah annock , York and James Rive r  ba sins  together drain 2 11%
of the basin and also form large sub—estuaries. The James is
navigable by commercial shipping as far upstream as Richmond.

Salinity inrrr’~wes from zero at tidewater to about 32—35
parts per thousand ( p p t ),  the range of seawater , at the Bay ’ s
mouth . Salinity also varies s ignif icantly with the seasonal
inflow of fresh water . For example at the end of the normal
low flow period from August to Octobex~, the 3.5 ppt (“ slight ly
bracki sh ” )  isohiaU ne (a line of equal salinity ) extends as far
north as Susqueltunna Flats near that river ’s mouth. At the
end of the annual! hi gh flow period this  isohaline is about 30
miles south , almost to the William Preston Lane Junior Memorial
Bridge which connects the eastern and western shores.

Circulat ion is very complex . It is influenced by the 0—3
foot tidal range , freshwater inflow , the Che sapeake and Delaware
Canal and density flows induced principally by sharp salinity
gradients. Primarily in the summer , but also in the winter
the freshwater  on Lop and the salt water on the bottom are
layered- and flow in opposite directions. Vertical mixing occurs
principally  in tie spring and fall .

Geologically the Bay is underlain by unconsolidated sedi—
mer itary formations 7,500 feet thiek in places. The shore nay
be characterized as a coastline of submergence with its
typical submerged river channels and thick mantle of fairly
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recent loose sedimentary deposits , wetlands and very erodable
bluffs .

Of approximately 1,900 miles of Maryland shoreline about
280 are on the Bay proper and the rest are on the tributaries.
The Maryland shoreline consists almost entirely of extensive
wetlands on the eastern shore and banks, and banks , bluffs
and wetlands on the western shore . Less than 1% (15 mi les )
of the shore can be considered beach. Ownership is divided
about 1670 miles private , 200 Federal and 30 public. Most
of the Federal ownership is concentrated in wildlife areas on
the eastern shore and in several military installations on the
western shore such as those at Aberdeen Proving Grounds,
Edgewood Arsenal , and a number of Navy installations.

The Virginia shoreline of approximately 900 miles includes
only a very few , small scattered beaches except for some near
Hampton Roads and on the southernmost 25 miles of the Deimarva
Peninsula. Most of the remaining shoreline is marshy. Many
of the marshes , especially on the peninsula , are very brackish .
Ownership is divided about 735 miles private , 100 public and
65 Federal . Most of the Federal property is concentrated in
military installations in the vicinity of Hampton Roads . Of
the 900 miles , only 110 are for public recreational use . Ex-
cept for the commercial and military facilities in the ports ,
essentially all the remainder is undeveloped marshes , banks
and bluffs.

On the western side of Chesapeake Bay , population density
increases markedly as the coast is approached. For example ,
1970 population densities in the upper , middle and tidal por-
tions of the Potomac Basin (Area 19) were 142. 62 and 297 people
per square mile respectively . In the coastal zone itself,
population densities are very uneven . Thus the western shore
accommodates two of the largest urban centers in the nation :
the Baltimore-Washington area and the area around Hampton
Roads . During the time span of the NAR study these two con-
centrations are expected to merge into the Boston—Norfolk
megalopolis. In marked cont rast , the eastern shore is n~ i and
is expected to remain relatively unpopulated.

Similarly , economic activity, on both a total and a per
capita basis, is now and is expected to remain heavily weighted
toward the western shore . In both subregions E and F employ-
meat is expected to follow long term trends with increases
expected in services and in the chemical , paper and n~ t als
industries. Declines are expected in the textiles, petroleum
refining , a€riculture , forestry , fishing and minerals indus—
tries.
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The Bay has had a major imprint on our nation ’s past. Not
coincidental ly, many of our most important historical landmarks
are located immediately adjacent to the Bay’s subestuaries.
Ihese include

Williamsburg and Jamestown , where our colonial existence
began

Mt. Vernon , the home of the Father of our Country
Yorktown , where our national independence was won
Washingt on , our national capitol , and
Ft. Mdllenry where our National Anthem was written.

Major Coastal Uses. All of the major coastal uses are found
in varying degrees in Chesapeake Bay . This section will high-
light some of the ways these uses apply to the Bay. Considerable
additional general information on each use has already been pro-
vided in the earlier analysis of selected problems . Further
information about each use can be found later in this summary
of Chesapeake Bay under the headings of “Major Coastal Problems ”
and “Prospects and Potentials” .

In the value of their commercial fish catch , Virginia and
Naryland rank ninth and tenth among the nation ’s 214 oceanfront
states with an annual catch of $18 and $17 million respectively .~ ./
Essentially all of the catch for the two states comes from Ches-
apeake Bay , not the Atlantic Ocean off their coasts. Within the
North Atlantic Region , the Bay provides a quarter of the catch.
Only Massachusetts , fourth , and Maine , eighth , rank above Vir-
ginia and Maryland.

The total value of the Bay ’s catch has risen from $25 million
in 1950 to $35 million in 1967 although individual species have,
of course , shown the sharply different fluctuations so character-
istic of marine fisheries. In 1967, the most important species
economically were the oyster , hard crab , menhaden , soft clam ,
sof t crab , and hard crab in that order . The oyster accounted
for about half of the total value. Many of about 200 recorded
species are permanent residents. Other more predominantly
ocean—oriented species spend significant parts of their life
cycles in •the Bay in spawning, nursing or feeding or in passing
through on the way to or from freshwater .

With the exception of some sand and gravel little in the way

1/ For consistency , all commercial fishing statistics cited in
this section are for calendar year 1967 (155). The catch varies
considerably from year to year and place to place. In general!,
1967 was a good year nationally with a total deckside value of

~1138 million , the third highest dollar value in history . About
8% of this national total came out of Chesapeake Bay.
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of non—living resources is extracted from the Bay.’ About 12
million short tons of sand, gravel and crushed rock were reported
to have moved through Bay ports in 1968. (138) How much of this
was extracted from the Bay is not known , but even if most of it
came from this source , the volume is not large enough to classi fy
non—living resource extraction as one oi the major uses of the
Bay.

Waste disposal is one of the most prominent uses of the Bay
and much concern has been voiced in recent years lest the Bay ’s
assimilitative capacity be overtaxed. The great and rapidly
growing population concentrations on its western shore , associa-
ted industrial activity and the relatively sluggish movement of
its silt laden tributary rivers all combine to point up the im-
portance of controlling this use knowledgeably. Control is
espec ially important in the finger—like , slow—flowing, ur ban —
fringed sub—estuaries like the Potomac and the Patapsco where
pollution problems are the worst .

The 1,800 megawatt Calvert Cliffs nuclear power plant about
30 miles south of Annapolis is the second largest in the NAB .
This plant uses the waters of the Bay to dissipate very large
quantities of waste heat .

To satisfy out door recreation needs , a large body of water
with several thousand miles of coastline immediately adjacent
to the southern part of what is expected to become the largest
megapolis in the world might be expected to play an important
role. The Bay is generally filling this need for pleasure
boating,  sports f ishing and hunting.  According to Appendix K
(Navigation ) about 200,000 pleasure craft are located in the
Bay area and about 600,000 are expected by 2020. Nearly half
these totals can be considered “registered” as defin ed by the
current registration requirements of Maryland and Virginia.
Private facilities should be able to satisfy the n.arina demand ,
out some increase in public launching facili t ies, may become
necessary . Sports fishing is a major recreational use of the
Bay and also a major industry . The Bay is also one of the
principal wintering areas for water fowl on the Atlant ic  Flyway.
Each year it winters nearly a million ducks and geese. About
half of the Bay’s 300,000 acres of salt marshes are managed
for this purpose. (153)

The Bay has not been satisfying other forms of outdoor
water based recreation and aesthetic needs such as beac h
lounging, bathing, water skiing , and visual aesthetic satis-
fact ion.  Its performance in sa t i s fy ing these needs will
continue to be disappointing unless the causes for the
deficiency are remedied , possibly as suggested later under
“Major Coastal Problems”.
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Marine transporatior~ is focused on Hampton Roads and Baltimore
whicu ranked third and fourth among the I~AR ports in total tonnage
in l9bb . Several studies have been made on economic impact of
these ports. One study (19142) concluded that the total, “direct ”
and “indirect ” economic impact of the port of Baltimore was about
.~l 1/ 2 billion in 1966 and represented about 12% of Maryland ’s
gross state product . Another study (314) of the Virginia ports con-
cluded that in l9bL~ port and harbor related activities generated
914,000 jobs and wages of ~0.63 billion . Indirectly an additional
l~3l ,00U jobs were generated. In total, one out of every eight jobs
in Virginia were directly or indirectly related to the State ’s
port and harbor activities. Although such conclusions have to be
accepted with some caution because of difficult problems of defini-
t ion and methodolo~~r , it is undoub tedly true that these two port
complexes have a very substantial impact on the economic well be-
ing of the people who live in these two states . Significant dredg-
ing is required to maintain and improve the channels to these two
port complexes and other importan t but lesser ports such as
Richmond. Associated problems and prospects are discussed later in
tuis section .

Several Havy faciliti es, especially those in the Norfolk and
~tnnapolis areas, are dependent upon their coastal locations and con-
tribute significantly to tue i~ay economy . Several Army installa-
tions , most only partialiy depen dent upon the i r  coastal location ,
also contribute importantly to the i~ay economy . The con cent ration
of military installations aroun d Washington , tJ .C. is related pri-
marily to the nearby Pentagon .

Major Coastal Problems. As indicated in Table U—22 , of th e nine
major coastal problems selected for spec ial analysis in the appendix ,
five can be considered as highly s ign i f ican t  in the Bay area. These
problems , listed in the same order as they we re analyzei are living
resource0 , water pollution , thermal ef fects , recreation , and marine
transportation .

~uu first major problem is how to incre ase the commerc ial fish
catch in a sustained way. Among the many things which influence the
commercial fish catch are ——

• In stitutional problems of the in dustry such as the econom ical
utilization of a common resource and antiquated laws and methods pre—
serviu~ the industry ’s labor—intensive tradition .

• Population fluctuations by species . rfhe fluctuations are
inadequately understood at least in th e sense that significant cor-
rective action can be taken . Some progress is bein~ made in con-
trolling the effects of the microscopic paraste MSX by developing
disease—resistant seed oysters .

• Difficulties in capitalizing economically on the theoretically
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outs tanding pot ent ial of maricul t ure , especially with shellfish .

Water quality to include not only control of toxic and oxy-
gen depleting wastes but also preserving or benef ic ia l ly  altering
the Bay ’s salinity regime . Water quality is also impaired by
sedimentation. Sedimentation may well have caused loss of the
oyster beds upstream from ~~~~~~~~~~~~~ Island. Susciuehanna Flats is
becoming a problem area and prob ably has lost much of its f i shery
value by becoming progressively more shallow —— there is still
abcut 1 million cubic yards of new sediment entering from the
Susquehanna River annually.

Because tne measures neces sary to mainta in or change salinity
conce.a~rations can riave a very great influence on other uses and
on tire long range preservat ion of the Bay and its entire tributary
area, amplifying comments are needed. ( 0 3 )  and (6 14)

inc size of the relatively fresh pool of water maintained in
brie upper Bay varies greatly as indicated earlier. Its most im—
portant determinant is the size and duration of the last high flow
in the Susquehanna. &lso important is the effect of the Chesapeake
and Delaware Canal. The cross section of this canal is being in-
creased from 27’ x 250’ to 35’ x 1450’. This enlargement has been
estimated to cause an increase in the net quantity of fresh water
flowing from the Chesapeake to the Delaware of about 1,600 cubic
feet per second (CFS). ‘ibis is about 5~ of the Sus quehanna ’s
average flow of 35,000 cfs , but it can become much more si gni f icant
during the more critical low flow periods .

Insofar as marine life is concerned salinity changes in either
direction have both good and harmful effects , even for a sin~le
species . The oyster is a good example . A reduction of freshwater
input , especially during the highest flows would result in moving
the limits of oyster growth far upstream. This is because the
itiglier upstream salinities would be preferred by the oysters and
txie occasional severe flood , if its peak flows were reduced, would
not kill or smother in sediment the oysters living along the up-
stream limit.  On the other han d , an increase of freshwater input ,
especially during the highest flows, provides a down Bay barrier
against oyster predators . For example , th e NSX parasite requires
a minimum salinity of 15 ppt . Thus oysters , more obviously than

• most life, occupy a niche . Ideally , to optimize oyster growth
some changes in natural conditions on either extreme might be
helpful. Thus the lowest flows could be increased and a depend—
able minimum be maintained , and the highest of the high flow.~
could be diminished enough to avoid destroying oysters growing

- 
. along tire upstream limits and yet riot enough to significantly

affect the ciownstream predator limits.

The example of the oyster cari be generalized . Whenever a
natural set of cond itions has existed for a long period of time
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soi~ life will have become dependent upon this regime —— with the
probable exception ol the relative ly rare occu rren ces wh ich int rude
upon the tolerance limits ol the species unde r consideration.
Whether it is desirable to modif y these limits depends upon many
th ings such as adequate unders tanding of the e f f ec t s , the feasi-
b i l i ty  of modif y ing the na tura l  conditions , and the consequences to
others in benef i t s , losses and potent ia l  benef i ts  foregone .

Th e Susquehanna River Basin Comprehensive Study foresees in-
creased consumption losses in that basin in the future —— equiva—
lent to a little more than lO~ of annual  flow b y the year  2000 .
These losses would be caused , in order of importance , by cooling
for thsrmal power plants and municipal water supp ly especially for
tire Baltimore area during periods of low flow. Possible transfers
out of the basin to supp ly nearb y metropoli tan are as would caus e
additional losses.

With  these and other considerations in mind the Susquehanna
Study has evolved as an interim , safe—sided balancing act , em-
phasizing (1) the need for  a sophis t ica ted model to moni tor  and
evaluate changes which may be found to be desirable , (2) regula—
tory au tho r i ty  to e f f ec t  those changes , (3) a small cautious
diminuation (“flood skimming”) of the average annual high f l ows of
about 1/2%, and a slight increase of about 2% of the average
annual low flow ~~

/ and (4) endorsement of local practices such as
the policy at Conowingo Dam , near the rj ve r ’s mouth of releasing
addi t ional  water when dissolved oxygen downstream drops below 5
ppm at a time when there is a large concentration of f ish there .

This general strategy seems fitting and logical , but the es-
sential need for much more knowledge of the effects on marine life
is clear. It needs to be known with much greater  accuracy and con-
fidence , what the effects are, both good and bad , on marine l i f e
when environmental extremes are dampened out to various degrees.

Among the most important factors that influence the Bay ’s
marginc life are the extensive wetlands along much of the Bay ’s
2,800—mile shoreline. According to one estimate of 603,000 acres of
wetlands and shoal areas evaluated as important to fish and w i ld l i f e ,”
5 ,000 have been lost since 1950. This is an annual loss rate of about
0.04% , one of the lowest rates fo r  similarly large areas in the
continental United States. (153) Maryland has estimated that it
has been losing its coastal wetlaeu~ in the past three decades at
tire rate of nearly 400 acres a year —— an annual loss of about
0. 1% of the state ’s 307 ,400 acres of wetlands . A quarter  of this
loss is ascribed to natural  erosion and natural succession and

1/ These are changes in the average monthly flow during the low-
est and h i gh est months. The effects on the most severe floods and
droughts would be appreciab ly greater.
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the reinair i dec to nun , primarily for larrdfi 11 , ir e h ~ i r i g  , spoil di
i io~; : t l  an d agr~ cultural drainage .

The •c,~~rid problem e risidered herein is hew to r ’ ~ oriei the
rice , 1 to dispose of waterborrie waste products with the u s e  of the
Nay. A very va Luable use of the Bay lies in its capacity to as-
similate wa.terborne wastes better than most currently kn own alter-
nat IV e 5 . lkwever , this capacity is obviously limitc-d by the quan-
tity and toxicity of the waste. Currently it ~~ riot adequately
known what this threshold is and wh at the incremental effects of
departing L’rom it are. Of the many uses of the Bay , those most in-
fluenced by waste disposal are fishing and swimming. Currently
about 142,uuu acres of shellfish ground s are closed becau se of

• pollution . Pollution also fosters plankton blooms, especially
prominent in the Potomac below Washington . (153) Pollution is
general Ly concentrated where f l u s h i n g  arid dilution action is tire

our ~e :t .  h owe ver , unless and unti l  other problems cited later
uriiier reereat. ion are resolved , impr ovement in water quali ty will

• probably have relatively little effect upon swimming in the Bay.

A t h i r d  major problem considered herein is thermal effects.
The heavy population and indu stry on the Bay ’s western shore , the
esca la t ing  requirement for electric power , and the Bay ’s superior
abiliuy to absorb waste heat when compared with other local al-
te rnatives, all are combining to produc e a concentration of heat
dissipating power plants along the Bay ’s western shore . A recent
study (114) of the thermal effects of locating a 1,800 megawatt
nuclear plant at Calvert Cl if fs concluded that the rate of sur plus
heat produced by a modern plant of this  si ze is equ ivalent to
about 1/3,000 of the noon rate of natural radiation received by
the Bay in summer. Comparisons such as this lend useful persjec—
t ive , but , as the study pointed out , it is important  to recogn i z e
that a nuclear plant’s heat output is conc entra ted on the surface
of a re latively small part of the Bay. About two—thirds of the
heat added by the plant is diss ipated in evaporation . The re-
mainder heats the water or is lost in other processe s such as
advection to the Atlantic Ocean. The implications of each addi-
tional plant are currently and properly being carefully evaluated .
However , unless powe r demand tapers off unexpectedly or unless
si gn i f icant technolgo ical breakthroughs material ize , it remains
clear that the Bay performs far better than inland waters as a
receptable for waste heat. As pointed out earlier in the special
analysis of thermal ef fec ts , cooling towers offer an alternative,
but their overall environmental side effects can be significant .

A fourth major problem considered herein is how to satisfy
outdoor recreation needs . Its proximity to population centers
makes the Bay a candidate for greatly increased recreational de—
mani. Currently most of the recreational use is in the form of
boati ng and sports fishing which are strongly interrelated . The
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heavy demand for skin contact recreation such as swimming , clam—
ining , and waterski ing is almost completely unsatisfied because of
several obstacles.

• Seasonal considerations make the resource attractive for
these purposes only about a quarter of the- year . Probably very
little can be done about seasonality although some thoughts are
offered later in the discussion at Areas 18—21 along the ocean.

• Dur ing the one season of the year when outdoor bathing is
attractive the sea nettle or jellyfish migrates up the Bay. The
migration apparently follows increased salinity concentrations
caused by seasonal reductions in fresh water inflow. The sea
nettle inflicts severe stings on anyone who enters the water.

• As pointed out earlier, only about 1% of the Bay ’s nearly
3000 miles of shorelines is suitable for beaches. In the Virginia
part of the Bay this percentage rises somewhat , maybe up to 14_ 5% .
If the other obstacles could be solved , this one could also be
overcome. It ought to be feasible for example , to create sandy
beaches artifically. Only a small part of th e total extensive
shoreline should be able to satisfy a major part of high—density
beach demands.

• Also as pointed out earlier , only about 3% of the Bay’s
shoreline is publically owned . Here too, if the other obstacles
to the use of the Bay for high—density water contact sports could
be overcome , this access problem could also be resolved through
planning and publically—financed acquisition at carefully selected
sites.

• In the finger—like subestuaries adjacent to large population
and industrial concentrations , pollution also limits bathing op-
portunities. Even if and when municipal and industrial pollut ion
are brought under adequate control , the heavy silt loads of many
of the rivers would still provide and aesthetic detriment to bath-
ing . (See Appendix Q — Sediment and Erosion )

For those who prefer surf action , the Bay can never be as
attractive as the oceanfront. However , to many this diminution of
recreational experience would be small when weighed against the
added cost and nuisance value of fighting crowds to gain ocean
access.

As formitable as these obstacles are, there seem to be curren-
tly available ways of offsetting or minimizing all of them except
the sea nettle. Its control or elimination in an ecologically and
economically acceptable way could open up a substantial close—in
summer recreational resource to pent—up demand adjacent to one of
the largest existing and future concentrations of people in the
nation .
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A related use which could be better satis f ied in the Bay area
is aesthetic visual satisfaction. Except wireir one crosses a tri-
butary subestuary or one of tire Bay brid ges, or when one makes a
special e f f o r t  to visi t  the coast , a resident could go for weeks or
months without  even knowing the Bay is there . W i t h  the exception
of the above few obvious bridge—crossing necessities, most of the
daily travelled ways of the populace seem to be oriented to keep
the Bay out of sight. It would not be easy, but  increased effort
to identify the relatively few visual promentories in the Bay area
and route some of the more heavily travelled roads through some
of these promentories could provide a most welcome daily aesthetic
upl i f t  to many peop le. Obviously care would have to be exercised
in preserving the ammenities and avoiding una t t r ac t i vely long
diversions in heavily travelled routes. Nevertheless an objective
to bring the Bay into the visual awareness of many people daily
should be partially attainable over time .

A f i f t h  major  problem considered herein is how to accommodate
the Bay area to the expected trends in marine t ransporat ion. The
special earlier analysis of marine transporation dwelt in some
length on the potentially large economic advantages of accommoda-
ting more of the world’s fleet of deep draft vessels in the NAR.
The accommodation of very large tankers does not appear particu-
larly applicable to Chesapeake Bay. However , insofar as dry bulk
cargo is concerned , two of the three largest port comp lexes in the
NAR are located on the Bay. These are Hampton Roads which dotnina—
tes the regjon~s substantial coal export trade and Baltimore which
ranks with the Philadelphia area as the reg ion ’s largest importer
of iron ore . The significance of the fixed investments in the
current inland coal feeder systems linking the Virg inia ports wi th
the inland coal fields , and the large steel p lants current ly in
the Baltimore area probab ly overwh elm possible economies attain-
able by moving to deeper water even if available. The problems
of making the Hampton Roads and Baltimore facilities accessible
to the deep draft vessels are substantial, but solutions are at
least conceptually possible. (See Marine Transporation under
Special Problems) The 57—foot depth clearance of the Chesapeake
Bay Bridge—Tunnel limits the size of Bay vessels , but as brought
out in Figure U — l i  this limitation will still  allow Large dry bulk
carriers to enter the Bay. If these very deep draft dry bulk
carriers can be accommodated in an environmentally and economic
acceptable way , the overall impacts on the economic well—being
of the Bay area and the nation could be very substantial.

A second type of marine transporation problem in the Bay area
stems from coastwise shipp ing. The Chesapeake—Delaware Canal
across the narrow, 16—mile neck of the Delmarva Peninsula shortens
the water distance between Baltimore and Philadelphia from about
400 to 100 miles and avoids exposure to the ocean . As pointed out
earlier , the enlargemen t of the cross section of this canal

U-243

~~~~~~~~~~~~~~~ .~~~~~~~~~~~ - - 

— - • - -



eur-r e nt ly underway mi ght markedl y inc rease the salinity of the upper
Bay by diverting part of the Bay’s treahwater input into Delaware
Bay. Such salinity change is potentially harmful to some marine
species. The biological consequences need to be carefully evaluated.
The evaluation will be difficult because of the very complex three—
dimensional nature of the water interchange and existing biological
uncertainties.

At a public hearing held by the Public Works Committee of the
h ouse of Representatives in April 1970, testimony was presented by
the Director of the Chesapeake Bay Institute , Johns Hopkins Univer-
sity to the effect that all indications pointed to a minimal
change In salinity of the upper Bay and by the Director of the
Chesapeake Biological Laboratory , Natural Resources Institute,
University of Maryland , that the indicated salinity changes would
appea r to have l i t t le ecological e f fec t .  The Corps of Engineers
has init iated studies of this situation with a view to taking steps ,
coincident with the completion of the work on the Canal , to elimin-
ate any detrimental loss of fresh water if such should appear
probable. These studies involve research to be performed under an
$800,000 contract with the Chesapeake Biological Laboratory, Nat-
ural Resources Institute, University of Maryland, plus investiga-
tions by Corps of Engineers personnel costing approximately
$250 ,000 .

A third type of coastal problem related to marine transporta-
tion Is the disposal of dred ging spoil. It is becoming increas-
ingly difficult to obtain clearance to dispose of this spoil any-
place —— on land , on any part of the Bay ’s 2 ,800—mile sho reline ,
on airy part of the Bay ’s 300 ,000 acres of salt marshes or in any
pa n of the Bay ’s 4 ,400 square miles of water. Environmental side
effects of dredging were considered under the earlier analysis of
marine transportation and a number of type solutions were sugges-
ted. Considering the very small part of the Bay which is dredged ,
the volume of material moved in comparison with the natural back-
ground rate of erosion—produced silt, the relative ease with which
potentially desirable side effects might be produced (wetland en—
largo’nent , improved flushing, desired shoreline f ill , etc.) and
the importance of the navigation channels , it would seem that
solutions should be able to be reached . Perhaps a few carefully
located diked deposition areas could be established. When the
areas are eventually filled , new wetlands, or islands, or shore—

• front is created, whichever is most desired. Solutions such as
thi s, with joint Federal—local funding are currently being prac-
ticed in the Great Lakes. Also, it is noted that the State of
Maryland has authorized expenditure of $13 million for the con-
struction of a 100 million cubic yard contained disposal area in
proximity to Baltimore Harbor. The disposal area is in the pre—

• liminary desi gn stage.
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Tidal flooding is generally not a significant problem in the
Bay area. However , several hundred acres of low elevation land
in shoreline areas is inundated occasionally by storm or unusu-
ally high lunar tides in Somerset and D’~rchester Counties. This
problem is somewhat exacerbated by the trend of gradually r is ing
sea levels. The forces of nature in the Bay are much less violent
than those nearby on the Atlantic coast . Because of this fact,
howe ver , the Bay shoreline has not developed the same compensa-
ting resiliancy . Long range geological factors associated with a
coastline of submergence have also contributed to the increasing
exposure of an easily erodable shoreline . Consequences are a loss
of shorefront property and an increased turbidity and fill ing of
the Bay .

About hal f of the 1,900 miles of Maryland’s Bay shoreline is
subject to erosion. During the century , l8i~5_l9LL2, the net loss

• of land was about 25,000 acres On nearly 140 square miles. (136 )
The western shore experienced about 25% of this loss and the east-
ern shore about 75%, a distribution roughly equivalent to their
respective coastlines. Dorchester , Somerset and Talbot Counties ,
in that order , have had the greatest net loss. The 15 most criti-
cal miles , with historical erosion rates greater than eight feet
annually , are located on Kent Island , Poplar Island and Tilghman
Island on the east shore and Point Lookout and St. Clements Is-
land in St. Mary’s County and Cove Point in Calvert County on the
west shore. With a few exceptions, studies have revealed that
there currently is no economical solution. Only 5% of the Mary-
land shoreline is now protected to varying degrees mostly with the
help of state financial support. Solutions vary with intended use.
Thus sand replenishment is probably best in beach areas and niprap
and bulkheads are probably best in other areas. Ecological con-
siderations present some problems . On the one hand, many of the
wetlands which are biological ly important are prominent erosion
casualties. On the other hand , the protective methods where
justified must be designed with ecological considerations in mind.

The problems in the Virginia part of the Bay are similar with
the most critical erosion occuring along the lower south shore of
the Potomac Estuary and the Bay front of Areas 19 and 20. In
Virginia , as in Marylan d , almost all of the shoreline is priva-
tely owned and thus currently ineligible for Federal assistance.

Almost all of the planning and management considerations pre-
sented earlier under “Planning and Management ” apply with particu-
lar weight to Chesapeake Bay becau se of the Bay ’s special impor—

• 

• tance , size and interstate nature. A major long—range , mult iple—
use , interagency Federal—state , comprehensive Che sapeake Bay study
has been authorized under the leadership of the Army Corps of
Engineers . An important associated feature of this study is a
large 6—acre hydraulic model proposed to be located at Matapeake,
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Maryland on land donated for this purpose by the State. Mathema-
tical models will be used to complement the hydraulic model for
such purposes as evaluation of socio-.economic information and
dissolved oxygen deficits. Consideration was given to utilizing
a completely mathematical model , but the study concluded that
these types of models , although of increasing sophistication and
value , can not handle the complex three—dimensional fl~~ analysis
necessary in solving many of the Bay e s real problems . —‘ For
example , a mathematical model can not predict changes in salinity
and velocity distributions resulting from deeping of the Bay’s
navigation channels . Such changes could have important ecological
ramifications . ?_/ Significant further action on the study and its
related model must await Federal appropriations .

One of the stated purposes of the Chesapeake Bay study is to
consider , on the basis of the information acquired , the appropriate
institutional device to carry on continued comprehensive planning

• and to manage the Bay . The key decision makers should be the two
affected states which have jurisdiction over the Bay ’s bottom ,
shores and waters . Since any resulting formal inter—state insti-
tutional device will require Congressional ratification , its pro-
visions and the extent of Federal participation will undoubtedly be
carefully reviewed to reflect the Federal interest . Whatever the
future institutional pattern may be , it is clear that it will have
to consider the Bay’s relationship with the important tributaries,
many of which have major portion s in nearby states. A possible way
of integrating both the Bay and inland perspectives and still re-
cognizing the currently proposed Susquehanna and Potomac Compacts
has been suggested earlier under “Planning and Management” .

Since 1969, Maryland has been undertaking a State interagency
planning effort  regarding Chesapeake Bay and its related resources.
This study is pursuant to an Executive Order from Governor Mandel
to the Maryland Department of State Planning . The study is focus-
ing its efforts on identifying and developing the key elements
essential for coordinated comprehensive planning and management of
Chesapeake Bay.

~~/ 
Currently there is no known three—dimensional mathematical es—

tuarine model anywhere in the world. However , an effort is being
made to develop one on the Connecticut River estuary.

2/ Currently there is some professional dispute over the relative
merits of hydraulic and mathematical models. It seems conservative
to conclude that each currently has distinct advantages over the
other for analyzing certain parameters when s i te—specif ic  considera—

• tions are introduced. If the values are high enough, both are prob-
b ably necessary working in a complementary nature. Where values are

less and conditions simpler , either or neither may be jus t i f i ed .
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A detailed land use survey leading to the delineation of’ lands
suitable for ftture growt h and development , particularly those
areas with multiple use capability , has been suggested as one of
the essent ial st eps in planning for the Bay area .

Maj or Prospects and Potentials. Proceeding from the broad
overview of the Bay area just presented , the next step is to re-
late the Bay ’s prospects to the objectives established for the NAB
study——national efficiency , regional development and environmental
quality.

Activities designed to increase income and employment , in a way
that does not merely represent the transfer of an activity from
another region , are compatible with both of the f irst  two objec-.
tives. Four major potentials for contributing to these two objec-
tives can be cited.

• The Bay ’s productivity as one of the major fisheries on the
Atlantic Coast might be enhanced through improved knowledge and
development of mariculture , wetland management , water quality and
other largely unknown factors influencing f ish populations and
through resolution of some of the institutional problems of the
industry.

• With careful environmental controls including monitoring,
the Bay ’s assimilative capacity to absorb waste heat from nuclear
power plants can result in low power rates and thereby beneficially
influence the cost of living. More importantly, this capability
can serve as a magnet to retain and attract employment— —providing
industries for the region——and simultaneously contribute to the
production of nationally needed products at lower costs and less
environmental degradation than they can be produced at alternative
sites with lower assimilative capacity.

• The Bay has a considerable undeveloped potential for satis—
fying part of the close—in outdoor water based recreational needs
of a rapidly growing nearby population . Although heavily used for
boating now , the Bay still has ample capacity to absorb the great
number of pleas ire craft which are too small for the ocean and too
large and numerous for the limited nearby inland water bodies.
Potential improvements in the commerci al fishery cited earlier
will further contribute to the attractiveness of sports fishing ,
already a very profitable enterprise. If the major problems cited
earlier which currently limit beach and water contact sports , can
be resolved , a new seasonal industry could be developed. From an
economi c viewpoint , as distinguished from environmental quality

• considerations discussed below , increased boating and sports fish•-
ing might be expected to be more s ignif icant  than beach and water
contact sport s because the dollars spent per participan t in the
former two greatly exceed the latter.
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If the problems of accommodating large dry bulk carriers at
h ampton Roads and Baltimore can be overcome , the Bay has the poten-
tial for satisfying major regional and national needs for the im—

• port and export of bulk commodities , especially ore and coal , in
greater quantit ies at significantly reduced costs.

The Bay has a potential for contributing substantially to the
environmental quality objective in several ways. The improvement

- • of the fishery , in addition to its possible economic impacts on
commercial and sports fishing cited earlier , can also improve the
environmental quality of the Bay area. If realized , the possible
large increase in the use of the Bay for beach and skin-contact re-
action wifl greatly improve the environmental attractiveness of the
Bay to a large num’ er of people , much more than economic effects
would indicate. The Bay’s aesthetic appeal can become more mean-
ingful if it can be brought into the frequent visual awareness of
much of the people who live in and travel through the area. Shore—
line attractiveness might be preserved and improved through adop—
tion of planning and management measures which provide some form of
coordinated public cognizance and control.
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AREAS 18 AND 21 (OCEAN )

Area Charac te r i s t ics .  This sector  includes the A t l a n t i c  coas-
t a l  areas of the s tates  of Delaware , Mary land and Virginia. About
120 miles of the ocean f r o n t  is on the De lma rv a Peninsula  and 25
miles extend f rom Cape h enry  south to the Nor th  Carolina line .
All of tire ocean f r o n t  is beach . In Delaware and Mary land i t  takes
the form of long,  low , narrow barrier  beaches f ron t ing  a series of
emb ayments wi th  in f requen t  narrow inlets connect ing them to the
ocean. The Virg inia shoreline is less uniform.  It  varies nor th
to south from bar r ie r  island , mainland , small b u f f e r  islands , main-
land and barr ier  beach . The major embayments are Rehoboth Bay in
Delaware , Assawoman Bay in Delaware and Mary land , Sinepuxent Bay in
Mary land , Chincoteague Bay in Mary land and Virg inia , Hog Island Bay
in Virg inia and Back Bay in Virginia and North Carolina.

Ocean f ron t  owne rship is divided about as follows : 45 miles
mostly In the southern part of the Delma rva Peninsula is pr ivate ;
65 miles mostly on Assateague National Seashore and Wallops Island

• is Federal; and 35 miles mostly in Delaware and southern V i r g i n i a
is public. About half the beach is used for  public re creat ion.
Most of the remaining half is undeveloped (136).

The back bays throughout this sector exhibit the character is t ic
pattern found almost everywhere throughout the NAR; their shore—
lines are almost all wetlands and have very little beach area,
ownership is almost all private and the principal use is recrea-
tional , featuring small boating, sports f i sh ing and wetlands ap-
preciation. Many of the back bays in this sector are brackish .

Possibly because of its relatively isolated location even
after the opening of the two major trans—Bay brid ges , the signi-
f icant  year—around population and economic growth experience by
nearby areas has generally bypassed this part of the coastal zone.
Future projections contemp late far  less growth for  this are a than
for  adjacent areas (Appendix B—Economic Base) . The year—around
inhabitants seem to prefer  their are a that way al though there is
some concern at the out migration of youth , especially those with
college education.

Major Coastal Uses. The principal coastal use in this
sector is recreation, including aesthetic sa t i s f ac t ion .  The o ther
coagtal uses , although present , are much less importan t here .
Little commercial fishing is done in these waters. About the only
non—living resource extracted is sand and gravel in minor quanti-
ties although it is present in abundance. The large assimilitive
capacity of the Atlantic relative to the limited wastes from a
small, non—industrial population minimizes pollution problems ex-
cept when outfalls are unwisely run into the small poorly flushed
back bays. However, there is increasing concern about the ocean
dumping of solid wastes off Area 18 by large cities such as
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Philadelphia. There are no ports in the area nor any demand for
coas tal airports on land fill. National defense establishments
are minor. Land use is important principally because of the
land’s value for enjoyment.

Major Coastal Problems. Of the nine problems selected for
special analysis earlier , two—recreation, and coastal erosion
and tidal flooding——are highly significant to this sector.

Recreation and aesthetics are dominant along this coast.
Rehoboth Beach , Delaware; Ocean City, Maryland; and Virginia
Beach , Virg inia are each their ~~~~~~~~~~~~ major Summertime mass out-
door recreationai outlets. In 1969 Ocean City is reported to
have accommodated nearly 13 million visitors (136). Spreading
mos t 01 that crowd over 10 sumner weekends conveys a picture of
how intt us&~1y the beach is used.

Much of the ocean front in Delaware and Mary land and on
Ass ateague Island in Virg inia is open to the public. The remain—
ing coast of Virg inia is mostly privately owned except around
Vi rg in i a  Beach . Every fair summer weekend cars p ile up sometime
almost as fa r  back as Washington , D .C.  to cross the two—lane Bay
br id ge near  Annapolis heading to Ocean City and Rehoboth Beach .
Medium_ densi ty beach—oriented summe r residences f i l l  much of the
available coastline near these resorts. The part of the Delmarva
Peninsula south of Ocean City caters to low density recreation
wi th  emphasis on aesthetic sat isfact ion.  The beautiful Assateague
Island Nat ional  Seashore is owned and operated b y the U.S.  Depart-
ment of the Interior. Farther south on the peninsula, several
barrier Islands were recently purchased by a private conservation
group from a developer to forestall  a reported p lanned recre a—
tional—resjdentja]. facility for up to 45,000 people.

Some ways the area can improve its ability to satisfy the in-
lan d recreational demand are :

0 Improving accessibility. A new bridge is being constructed
paralleling the previously mentioned two—lane Bay brid ge near
Annapolis.

o Preserving and enhancing aesthetic appeal by zoning control
and other alternative means. Determining residential standards

• can be a d i f f i c u l t  problem. It is hard to impose expensive stan-
dards on a cottage which will be occupied only 10 weeks of the year.
Nonetheless, localities such as Rehoboth Beach have demonstrated
the feasibility of constructing economical, simple, yet very at-
tractive cottages. Zoning can cater to all values , not j u s t  the
aesthetic one just cited. For example, there is a definite honky—
tonk atmosphere about large parts of Ocean City which most of the
younger set find “delicious.” This has as much need to exist as
its polar opposite, Assateague. The general rule which seems to
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apply is to recognize that all major points on tire value spectrum
need to be satisfied and por tions of the coast should be developed
so tha t many can “do their own thing.” Indiscriminate, unp lanned
intermingling of these different recreational and aesthetic uses
can dilute the satisfaction of all. Since there is less financial
return to those who provide the lower density land uses , these in
general might better be governmentally owned.

o Minimizing seasonality factors. Off season, the coast is a
vir tua l ly deserted resource . Some e f f o r t  is being made to minimize
this gross ‘Inefficiency through appeals to the retired and throu gh
the construction of year—round convention centers at Oce an City and
Virg inia Beach. However, the problem is largely unsolved. Until it
is , the provision of many really substantial  faci l i t ies  will remain
economically impracticable . Demand can prob ab ly never be comp le tely
evened out throughout the year even if it were desirable to do so ,
but it is possible that the desolate beauty of the coast in the fa l l ,
winter and sp ring can be given more play which could relate to the
current environmental thirst to escape. For examp le , recent
emphasis on skiing, snowmobiling, naked outdoor beauty , spring
and fall festivals and the like have given some enterpris ing inland
areas a year—round clientele which was unimaginable several decades
ago. One result has been the replacement of dilapidated summer shacks
and inadequate sanitary facilities with comfortable , appealing accom-
modations. Perhaps ocean front areas such as this one will find
imaginative coastal counterparts to these inland examp les , and thus
reduce the sharp seasonal imbalances between need and accommodation.

The problems of coastal erosion and tidal flooding were considered
at some length in the earlier analysis of selected problems. Flooding
is not a major problem in this area, but coastal erosion is. The long
exposed coastline , frequent  violent storms especially in the fall  and
winter , and a generally southward l i t toral  d r i f t  combine to present
severe coastal erosion problems .

Some of the barrier islands between Assateague Island and Cape
Charles have been averaging a loss of 15—16 feet a year for  at leas t
a century . Hog Island lost 50 feet  in a year.  This is a foot a
week~ These islands are current ly undeveloped , but their wild aes-
thetic appeal , wildlife hcbitat and usefulness as a protective barrier
to the mainland might justify efforts to preserve them by sand fences,
dune grasses or other inexpensive and environmentally compatible means.

The northern five miles of Assateague Island has been eroding at
a rate of about 35 feet a year for the past 25 years. The erosion
has probably been caused by the interruption of littoral drift by
jetties protecting the inlet. These jetties have, for the same reason ,
produced a significant accretion in the Ocean City area immediately to
the north greatly widening the public beach there.
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Alo ng mos t of the Mary land and Delaware Atlantic coasts annual
losses range from about 3 to as much as 21 feet  a yea r .  The hi gher
rate occurred in very limited stretches for only a few decades. In
this vicini ty shoreline values are much h igher than those to the
south.  A pa r t i cu la r ly critical area is Bethany Beach , Delaware .
Apparen t ly a node exists there .

The l i t tora l  d r i f t  moves northward on one side and southward on
the other .  The result  is erosion with l i t t l e  accretion at Be than y
Beach and a growth of Cape hlenlopen northward 3,850 fee t  since 1843.

Ameliorative devices in all these areas emphasize periodic sand
rep lenishment and dune s tab i l i za t ion  supp lemented with local bulk—
heading. The estimated annual cost is about $3—112 million fo r  the
Delaware and Ma ryland reaches (136). This is equivalent to about 20
cents per summe r visitor. Most of the beach er osion measures , es-
pecially the dune s tabi l izat ion would also provide some added pro-
tection against t idal flooding.

• Major Prospects and Potentials. Proceeding from the foregoing
review of major coastal uses and problems , consideration can be given
to the potentials of this part of the Atlantic coast in terms of the
NAR Study ’s three basic objectives——national efficiency , regional
developmen t and environmental quality.

In terms of national eff iciency and regional developmen t, the
sector ’s chief po ten tial f rom a coas tal point of view is recreation.
The other uses of the coastal zone here do not appear to have a growth
potential sufficient to impact appreciab ly upon regional and national
need.

Considering recrea tion , little is gained here in trying to dis-
tinguish national efficiency from regional development. The overall
coastal recreational outlook for  the fu tu re  is one of h igh deman d ,
greatly exceeding supp ly almost eve rywhere . The f u r t h e r  development
of this par t icular  sector ’s capacity to sat isf y the demand will  prob-
ably not reduce the number of coastal recreationers elsewhere. More
likely, it will increase the opportunity for more people to enjoy the
ocean. Similarly ,  if the increased use of Chesapeake Bay for  beach
and skin—contact sports should mater ia l ize  as envisioned in the pre-
vious area summa ry , it will probab ly not a f fec t  the oce an fron t areas
appreciab ly. Most of the peop le who would use the Bay would be those
looking fo r  close—in daily bathing.  If the Bay were not available
for  this purpose , they would probab ly not expend the time , cost and
energy necessary to reach the ocean f r o n t .  The relatively few who
would be diverted from the ocean f ron t  to the Bay would probab ly be
insignifican t in light of anticipated future demand.

Some thoughts on how th s part of the coast might better satisfy
f u t u r e  recreational needs were considered ear l ie r .  From the local

t
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development viewpoint , the problem is bas ica l ly how to cap ture  a more
significant return from visiting recreationers . Basic strateg ies
include :

o Increasing the number of visitors , with adequate controls to
avoid deterioration of the recreational experience. Imp ortan t here
is the need to preserve or enhance the physical suitabi lity of tire
bea ches by adequate control and restorative measures.

o Increasing the stay—time of visitors . A two—day visiLor will
c o n t r i b u t e  much more than twice what a one—day visitor will contribut e
to the area’s economic well—being.

o Improving the quality of the recreational experience in a
way that visitors will pay for. Examples include attractive
hotels , cottages , restaurants , excursions , and after—dark attrac—
t ions .

0 Extending the recreation season by means such as those sug-
gested earlier.  Examp les include convention centers , year—round

• condominiums catering to the weekend and re t irment  t rade , and the
imaginative development of off—season attractions . Another possi-
bility might be the development of ecological ly or ien ted  educa-
tional centers to be used as live—in faci l i t ies  by schools in
nearby metropolitan centers during the fall, winter and spring
seasons , while providing regular visitor services in the summer
months.

This sector of the Atlantic ocean front can contribute more to
the NAR ’s environmental quality objective than it can to the other
two objectives jus t considered. By any s tandard , this en t i r e
coastline is considered very beaut i fu l . Much of it , especially in
the lower part  of the Delmarva Peninsula , is re la t ively undeveloped;
so options still exist. As pointed out earlier , when Assateague
National  Seashore and the ad jo in ing  s tate  park s were created , a
big part of these options were p icked up and al located formally to
low density recreation and aesthetic sa t i s fac t ion. With careful
p lanning and public controls the At lan t i c  oce an f ron t  of Delaware ,
Mary land and Virg inia should be able to satisf y the fu l l  spectrum
of recreational demand——from mass density beach ba th ing  to medium
density cottages to low density environmental sa t is fact ion. Of
course, all sectors will have to give up a little. Thus , the

• beach bather will be somewhat more crowded th an he migh t  otherwise
have to be and the nature lover will have less area in which to
roam than he would prefer——but  these inconveniences are small in
return for preservation of the spectrum of choice in a locale where
such preservation is still possible.
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BIBLIOGRAPHY

INTRODUCT I~~N

This bibliography is based upon —

• An announced focus.
• A screening of a wide variety of documents.

• Judgement in making selections from the documents screened.
• Organization to facilitate identification of entries of

in te res t  to the  user .
• A means of extending a line of inquiry beyond the scope of the

- 
‘ b ib l iog raphy i t s e l f .

The focus of this bibliography is pertinence to long range corn—

• prehensive planning in the coastal zone of the North Atlantic Region
consis tent  w i t h  the scope of Appendix  U— Coastal  and Estuarine Areas
of the Nor th  A t l a n t i c  Regional  Water  Resources Stud y (hencefor th
‘NAR Stud y ” ) .  A br ief  reminder of t h e  scope of the NAR Study and

Appendix U is thus use fu l  in e s t ab li sh ing  the context  w i t h i n  which
this particular bibliography is formulated .

The NAR Study is one of 21 similar studies under the aegis of
the U. S. Wa te r  Resources Counci l .  Together  they comprise the en t i r e
United States including its coastal areas. The NAR Study is a
comprehensive , interagency , joint Federal—state , long range fram ework
plan fo r  the water and related land resources to the year 2020 of the
North Atlantic Region —— the area which drains into the Atlantic Ocean
from Maine to Virginia inclusive.

Appendix U is based upon p r o f e s s i o n a l  knowled ge of the authors,
numerous in te rv iews  and a review of a wide va r ie ty  of documents on
important  coastal uses , problems and l oca l i t i e s .  Based upon the
judgement of the authors , information from many of the documents
screened was used in Appendix U. These documents  were c i t ed
throughout the Appendix and became the basis of the annotated
por t ion  of t h i s  b ib l iography .

The b ib l iography  is organized in three  sect ions:

• An anno ta t ed  b ib l iog raphy. This  sect ion is the hear t  of t he
bibliography. As indicated above , i t  contains every document cited
anywhere In the Appendix .

• A b ib l iography of b ib l iog raph i e s .  I t  is provided fo r
genera l  r e f e r e n c e  purposes.

~ An unannotated bibliography. It includes documents felt to
he notential lv useful during the early information acquisition
stage h u t  not finall y used in the Appendix for various reasons
such as scope , detail , dup lication or currency .
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The bibl iography may be used in several ways:

• To build a general library , the documents in the annotated
b ib l iography  would provide a good In i t ia l  base.

• To locate i n f o r m a t i o n  on any pa r t i cu la r  use , problem or
coastal area , a user should refer to the appropriate part of the
Appendix and list the references cited therein. He can then turn to
the annotated bibl iography and , based upon the  addi t iona l  informat ion
contained there in , decide whether the document Is of the type he is
seeking .

• To pursue a given line of inquiry in further depth , several
approaches are ava ilable:

• — Refer  to other pa r t s  of the NAR Study. For examp le , although
pollution is considered in some depth in Appendix U , a more compre-
hensive treatment will be found in Appendix L (Water Ouality and
Pollut ion)  of the NAR Stud y.

— Refer to the numerous references contained in almost all of
• the documents cited herein .

• — Refer  to the bibl iography of bibliographies to identify
additional documents in almost any depth desired .

— Scam the unannotated bibliography. The basic document
iden t i f ica t ion  therein is frequent ly enough to suggest the entry’s
central theme .
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ANNOTATED BIBLIOGRAP HY 
-

The document numbers correspond to the references included in
parentheses throughout Appendix U.

1. AmerIcan Association of Port Authorities. Methods of Deter-
mining A Porte Economic Impact and Dollar Value of_Earnings.
February 1970.

A bri ef description of how to estimate the value of one ton
of cargo to a port ’s economy . It  is based upon a stud y by the
U. S. Maritime Administration.

2. American Association of Port Authorities. Committee on Ship
Channels and Harbors. Merchant Vessel Size in United States
Off shore Trade s by the_Year 2000. Washington , D. C.: The

• American Associat ion of Port A u t h o r i t i e s , June 1969.
A report  examining f ac to r s  which in f luence  merchant  vessel

sizes.  The report est imates  these sizes in the f u t u r e  In so fa r
as they  a f f e c t  U. S. seaports .

The repor t  concludes tha t  present harbor and port  systems
can generally accommodate major changes in the containershin
trade. However , much larger tankers and dry bu lk  cargo vessel s
than existing U. S. Atlantic ports can accommodate are already
producing major  economies elsewhere In the wor ld .  The report
also concludes that the United States will inevitabl y f ind
ways to capture these economic opportunities by accommodating
much larger “super carriers” in the  f u tu r e .  How t h i s  migh t
be done was not considered in this report.

3. American Association of Port Authorities. Committee on Ship
Channels and Harbors. NatIonal Channel Capability Study
Through the Year 2000. Washington , D. C.: American Association
of Port A u t h o r i t i e s , September 1970.

A report summarizing the three—phase study of the Association
in terms of merchant  vessel size in the Un i t ed  S t a t e s  o f f s h o r e
trades , and ship channel capabilities for merchant vessels in
U n i t e d  States deepwater seaports through the year 2000.
The report concludes that a nationwide supership harbor de-

velopment problem does not exist and is not forseeable at this
time . Within the North Atlantic Region , however , the report
indicates  tha t  conditions fo r  a coopera t ive regional  approach
might well he developing .

4. Amundsen , Paul A. Remarks at a Seminar on “M o d e r n i z a t i o n  and
Development of Port Facilities and Intermodal Shipping Re-
quirements.” Washington , D. C.: American Association of Port
Authorities.

A general discussion of the public port industry of the U. S.
—— i ts his tory , where it is going , and some of i ts problems .
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5. Amundsen , Paul A, Statement to the Senate Commi t t ee  on F inance
on Il . R. 13270. Washington , D. C.: American As sociaL ion of
Port Authorities .

The E x e c u t i v e  D i r e c t o r  of the Associa t ion r a is es  t h e  issue
of Federal taxation of interest on State and Municipa l hond~~.
He d iscusses  the  d e s t r u c t i v e  e f f e c t s  of such t a x a t i o n  on t h e
Nation ’s port system due to the ports ’ dependency upon local
tax exempt issues to insure their  progress.

6. Atomic Energy Commission Thermal Effects — a Potential Problem
in  Perspective. (mimeographed reprint): 1969.
This reprint discusses some studies of thermal effects on

aquatic environments. This text was presented before congres-
sional hearings on the environmental effects of producing
electrical power.

7. Baird , Federick T . ,  J r .  and Dow , Robert L.  The Marine Sport
Fishery and Resource in Maine. Augusta , Maine : Department
of Sea and Shore Fisheries , December 1966.

A quick glance at sport fishing in Maine , including des-
criptions of gamefish resources , data on seasonal and geo-
graphica l  avai labi l i ty  of marine life , and listings of
launching facilities.

8. Bascom , Willard. Waves and Beaches, the Dynamics of the Ocean
Surface. (Science Study Series 5 34). Garden City , New York:
Anchor Books , Doubleday & Company , Inc., 1964.

A general description of coastal features —— beaches , waves ,
t ides , et c. —— and their relat ionships.

9. Battelle Memorial Institute. Development of U. S. Continental
Shelves. Washington , D. C.: Government Printing Office ,
Apr il 1966.

E st i m a t e s  of the economic value of major  uses of the
coastal zone .

10. Beck , Frederick M. Marine Challenges Encountered by a Small
Mine on the Maine Coast. A reprint of a paper for the Off-
shore Technology Conference , 1970.

A paper describing some of the environmental and pollution
problems encountered by Callahan Mining Corporation in
operating their Penobscot Mine on the Maine Coast .

11. Betson , Roger P. and Bucklog ham , Robert  A. (Tennessee Valley
Authority). Fecal Coliform Concentrations in Stormwaters.
(mimeographed) .

A stud y to determine the extent  of bac ter iol ogical qual ity
problems in s torm runof f  as a resu l t  of u rban i za t i on .
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12. Bogue , Donald J., and Beale , Calvin L. Economic Areas of the
United States. New York , New York :  The Free Pre ss of
Glencoe , I n c . ,  1961 .

A comprehensive description of the economic areas of the
U. S. This volume ou t l ines  the economic area system of
de l inea t ion  and covers s t a t i s t i c s  fo r  popula t ion , m a n u f a c t u r i n g
and t ranspor ta t ion, physical characteristics and climate , and
natural  resources and ag r i cu l tu re, for  economic regions ,
subreg ions , and s tate  economic areas .

13. Bower , Blair , T . ,  et a l .  Waste Management~ Generation and
Disposal of Solid, Li qu id  and Gaseous Wastes  in the New York

• Region. A Report of the Second Reg ional P lan .  New York ,
New York : Regi onal Plan Association , 1968.

An analysis of waste management  in the Greater  New York
area between 1965 and 2000.
The analysis indicates that waste disposal problems need

not require l imiting populat ion growth in order to protect
the environment and that the costs of managing wastes vary
great ly with the qual i ty  achieved and the methods selected .

14. Brady, Derek I., et al. Future Use of the Chesapeake Bay for
Cooling Thermal Discharges. Baltimore , Mary land : The Johns
Hopkins Press, July 1969.

A stud y conducted by seminar s tudents  who u t i l i zed  their
collec t ive knowled ge in the fields of engineering , geography,
oceanograph y ,  fluid mechanics and biology to examine the
f u t u r e  use of the Chesapeake Bay for  cooling thermal dis-
charges.

15. Brown, Charles L. and Clark , Robert. “Observa tions on Dredging
and Dissolved Oxygen in a Tidal Waterway ” . Water Resources
Research~ Vol. 4 , No. 6 , December 1968.
The results of a survey of Arthur Kill waters to determine

• the effects of dredg ing on dissolved oxygen concentrations .

16. Brown , Harr ison;  Bonner , James; and Weir , John . The Nex t
Hundred Years. New York : The Viking Press , March 1969.

A discussion of long—range considerations of the ea r th ’ s
resources between facul ty  of the Cal i fornia  Ins t i t u t e  of
Technology and the chief executives of several of America ’s
major corporations .

17. Brown , Robert P., and Smith , David D. Marine Disposal of Solid
Wastes,  An In te r im Summary. La Jolla , California: Dilling—

• ham Corporation , 1970.
An in ter im report on work being conducted te evaluate the

magnitude and significance of marine disposal operations as
well as to predict  the f u t u r e  e f f e c t s  of increasing tonnages

• of wastes disposed of at sea.
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18. Buckmaster , Rober t .  iowa ’s Dhli mma — Or — The Iowa Dilemma.
American Society of Civil Eng ineers , Sanitary Engineering
Division National Symposium . Washington , D. C. March 12,
1970.
In addressing a meeting of the American Society of Civil

Engineers , the Chairman of the Iowa Wa ter Pollu tion Con trol
Commission comments on the Commission ’s role in developing
and Imp lementing water  qua l i ty  s tandards for  the State and how
the Commission ’s thinking d i f f e r s  from that  of the FWPCA in
formulating water standards for individual states , particu-
larly Iowa.

19. Chapman , Wilbert  McLeod. “Ou ter Boundaries of the Con tinen tal
Shelf” . MTS Journal. Vol . 4, No. 3, May—June 1970. pp. 7—18.
A personal viewpoint of the present Law of the Sea. The

author expresses his opposi tion to chang ing the Law at this
time , and argues in favor of retaining the current definition
of the outer boundary to the cont inenta l  she l f .  The paper
also includes a good discussion of the status and potential
of the American fishing industry and recommendations for its
improvement .

20. Cheney , Phili p B. The Development of a Procedure and Knowled ge
Requirements for Marine Resource P 1anning~ Functional Step
Two , Knowledge Requirements. Hartford , Connec t icu t : The
Travelers Research Corporation , February 1970.
A detailed description of the information and knowledge

requirements needed for  use in overall coastal zone manage-
ment.

21. Cheney , Ph ilip B., et al. An Approach and Plan for the Analys is
of Broad Scale Coastal Problems in the North  Atlantic Region.
Har t fo rd , Connecticut:  The Travelers Research Corporation ,
January 1970.

A summary of a preliminary analysis of present and antici—
• pated coastal resource problems of the North Atlantic Coastal

Region. It contains (1) a brief description of the major
problems , (2) a conceptual framework developed for further
problem analysis , (3) a plan for  the evaluation of problems
and their solutions, and (4) a p lan for  fu r the r  information
collection and analysis.

22.  Cheney, Philip B . ,  et al. A Systems Analysis of Aquatic
Thermal Pollution and I ts  Imp lications. Vol. II, Technical
Report. Har t fo rd , Connecticut: The Travelers Research
Corporation , January 1969.
A detailed report on aquatic thermal pollution and its

effects covering (1) production and disposal of waste heat,
(2) physical temperature and ecological effects of aquatic
waste heat disposal , (3) social effects of aquatic temperature
increase, (4) public policy in managing waste heat production
and disposal , and (5) implications of thermal pollution control

— for the coal industry .
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23. Cheney , Philip B. and Smith, Frank A. A Systems Analysis of
Aquatic Thermal Pollution and Its Implications. Vol. I,
Summary Report. Hartford , Connecticut: The Travelers Research

• Corporation , January 1969.
A summary of the results of a detailed technical report on

aquatic thermal pollution and its effects.

24. Cicchetti , Charles J.; Seneca, Joseph J.; and Davidson , Paul.
The Demand and Supply of Outdoor Recreat ion,  An Econometric
Anal ys i s .  Rutgers  S ta t e  Univers i ty , Bureau of Economic Re-
search , 1969

An econometric  anal ysis considering ( I)  the n a t u r e  of the
demand for  outdoor recreat ion , (2)  the I d e n t i fi c a t i o n  problem ,
(3) a theore ti ca l  model for  the outdoor recreat ion market , (4)
econometric and empirical re la t ionships, (5) policy implications
and conclusions , and (6) the e s t ima t ion  of recrea t ion  demand .

25. Clark , Allen F . ,  Jr .  The Impact of Increasing Vessel Sizes on
• the Ports  of the Uni ted States.  Prepared for  Presentat ion to

the American Petroleum I n s t i t u t e .  March 1970.
A personal address to the American Petroleum I n s t i t u t e  on

the e f f e c t s  of increasing ship sizes on the ports  of the
United Sta tes .  The author advocates a deep—draft offshore
regional port  f ac i l i ty  in Lower Delaware Bay .

26. Clawson, Marion and Knetsch , Jack L. Economics of Outdoor
Recreation. Baltimore , Maryland : The Johns Hopkins Press,
1966.
An analysis of outdoor recreation describing its charac-

teristics , demand , resource utilization , economic considera-
tions and future planning.

This ini t ial  app lication of economic analysis to outdoor
recreation presents a general analytical framework and methods
of analysis for decisionmaking on recreation policy issues.

• Among i ts more enduring contributions are the extensive dis-
cussion of the nature and elements of recreation demand , and
the economic considerations of natural resource evaluation ,
cost and investment , and pricing of outdoor recreation
facilities.

• 27.  Connecticut Department of Agr icul ture  and Natura l  Resources .
Connecticut Comprehensive Statewide Outdoor Recreation Plan,
1965— 197 0. 1965.

A proposal for a 5—year action program to provide outdoor
recreational facilities for the State. It considers present
and future demand , supply , and requirements , and offers a
program to meet those needs.
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28. Connecticut Department of Agriculture and Natural Resources.
Connecticut Comprehensive Statewide Outdoor Recreation Plan,

~~_ Supp 1e~~ p~~. 1968 .
A report measuring the adequacy of Connecticut ’s recreation

facilities by activity, geographic area and sector of re-
sponsibility. It suggests general priorities for action .

29. Connecticut Development Commission. Connecticut Marine and
Yacht Club Directory. 1970.

A listing of marinas and yacht clubs on Connecticut ’s lakes
and rivers and on Long Island Sound .

30. Cooke, Robert F. “Modern Concepts of Ocean Transportation of
• Petroleum”. ASME New York City, New York : American Society

of Mechanical Engineers , •June 1, 1967. 67—TRAN—24.
A review of the broad problem of transporting petroleum

• across ocean waters . Recent technical developments in ships ,
ports and terminals are surveyed, the trans—shipment terminal
concept is introduced , and details of Gulf Oil ’s plan to uti—
lize this concept at Bantry Bay , Ireland are given .

31. Coordinating Governmental Coastal Activities. A Report by the
Task Group on Interagency Coordination , Federal—State Rela-
tionships and Legal Problems (COSREL) of the Committee on
Multiple Use of the Coastal Zone , National Council on Marine
Resources and Engineering Development . September 1968. 2 vols.

A comprehensive report in two parts , this stud y identifies
and analyzes (1) basic problems of federal agencies in
coordinating their activities in the coastal zone , (2) areas
of improvement between federal and state activities , and (3)
major legal conflicts. An analysis and about 50 recommenda-
tions are presented.

32. Council on Environmental Ouality . Ocean Dumping, A National

• Policy . A report to the President prepared by the Council
of Environmental (~uality . Washington , D. C. : Government
Pr int ing Off ice, October 1970.

A report inventorying the sites , quantities and composition
of wastes dumped , and analyzing trends. It outlines effects
of these waste materials on the marine environment , discus se

• alternatives to ocean dumping , and considers leg islative
control and in te rna t iona l  aspects of ocean d i sp osa l .

The report f ind s tha t  the volume of wastes  dumped in the
ocean is rapidly increasing and will continue to increase In
the near f uture , tha t knowled ge of ocean pollution is rud i-
men tary giving reason for significant concern , and that a
program of phasing out all harmful forms of ocean dumping
and prohibiting new sources is feasible without greatly
increased costs.
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33. Cronin, L. Eugene; Gunter , Corden ;and Hopkins, Sewell H. Effec ts
of Engineering Activities on Coastal Ecology, Interim Report.
September 1969.
An inter im report reviewing ecological effects of the

various types of engineering activities related to the Corps.
The review is based on visits to selected areas in Florida
and South Carolina , pertinent literature , and a visit to the
Waterways Experiment Station. A tentative listing of Corps—
related activities is presented , with preliminary analysis
and evaluation of the ecological effects.

34. Darnton , Bonald C. and Meiburg , Charles 0. The Contributions
of the Ports of Virginia to the Economy of the Commonwealth.
Charlottesville , Virginia: Univers ity of Virginia , Bureau
of Population and Economic Research , Graduate School of
Business Administration. October 1968.

A study of the contributions that Virginia ’s ports make to
the economy of the State. Changes in method and scope that
set this study apart from previous reports include: expan-
sion of activities covered , updated employment estimates for
port and non—port—related industries , and a more definit ive
estimate of the employment multiplier.

35. Davis , Robert  K .  The Ra nge of Choice in Water  Management~~ A
Stud y of Dissolved Oxyg en In the Potomac Estuary. Bal t imore :
The Johns Hopkins  Press , 1968.

A hook , using the  Potomac estuary as Its study case,
illustrating the app lication of economic analysis in deter-
mining alternative processes for water quality management .
The author systematically critiques the water quality part

of a m u l t i p u r p o s e  Federal i n t e ragency  stud y d i rec ted  by the
U. S. Army Corps of Eng ineers and completed in 1963 for the
Potomac B a s i n .

Emphasis is placed on inadequacies in the definition of
quality standards and the systemizing of alternatives for
meeting these standards. The author does not evaluate the
many o ther  aspects of water q u a l i ty  control (sedimentat ion ,
toxic and exotic materials , super nutrification , thermal
energy , etc.) nor does the basic Corps report. The author
also does not evaluate the o ther  m u l t i p l e  uses , besides

• water quality , which were included in the basic report such
as recreation , water  supp ly ,  flood control and others.

36. Delaware River Basin Report. Vol. 5, Appendix J (Fish and WIld~-.
life Resources) and Appendix K (Use and Management of Land
and Cover Resources) . Phi ladelphia , Pennsy lvania: U. S.
Army Engineer District , December 1960.

A report covering the Basin ’s f i sh  and wildlife resources.
I t  discusses an in tegra ted  p lan fo r  the control and u t i l i -
za t ion  of the Basin ’s water resources.
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37. Delaware River Basin Report. Vol. 9, Appendix P (Gross and
Net Water Needs), Appendix Q (Formation of the Plan of De-
velopmen t) ,  Appendix R (Water Control at Intermediate Tip—
stream Levels), and Appendix S (Salt Water Barrier).
Philadel phia , Pennsylvania: U. S. Army Engineer Dis tric t ,
December 1960.

The four appendices contained in this volume cover the
fol lowing : gross withdrawa l needs for  all demands on the
water resources of the Delaware River Basin; the formation
of an opt imum plan for the comprehensive long—range develop-
ment of the water resources of the Basin;  potent ia l  water
control measures at intermediate upstream levels; and , an
analysis of the economic feasibility of a barrier in the

• Delaware estuary .

38. Dow, Robert L. Sources of Pollution Affecting the Maine Shell-
fish Indust~y and Coastal Recreation. Statement before the
Subcommittee on Air and Water Pollution , June 1965.

A statement of pollution e f f ec t s  along the Maine Coast.
It contains information on the effects of various pesticides.

39. Economic Associates , Inc. The Economic Potential of the Mineral
and Botanical Resources of the U. S. Continental Shelf and
Slope. Springfield , Virginia : Clearinghouse , September 1968.
PB 180 118.

An initial survey of the mineral and botanical resources of
the U. S. continental  margins , including their  occurrence ,
the technology available for  f ind ing  and exploit ing them ,
the need for  such exploitation, and relevant federal program

40. Eisenbud , Merri l .  “Environmental Protect ion in the City of New
York”. Science. Vol. 170 , November 13, 1970. pp. 706—712.

An article on pollution in New York and how various programs
of the Environmental Protection Administration have fared
during its f i r s t  two years in operat ion .

41. Eisenbud , Merri l .  (Remarks) Proceedings of the Third Session
Conference in the Matter of Pollution of the Interstate Waters
of the Hudson River and its Tributaries.  New York , New York~
June 18—19 , 1969 .
Views on existing water pollution control projects and con-

t rol  e f f o r t s  of the fu tu re .  The author discusses the need to
deal with estuarine water pollution problems as a system of
several interrelated parameters . He makes particular reference
to New York City ’s current program of water pollution control
and i ts e f f ec t  on the lower Hudson.
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42 .  Ellis , Robert H . ,  et a l .  The Development of a Procedure and
Knowledge Requirements for Marine Resource Planning. Func-
t ional  Step One, The C l a s s i f i c a t i o n  of Marine Resource Pro-
blems of Nassau and Suffolk Counties. Hartford , Connecticut:
The Travelers Research Corporation , May 1969.

A report presenting a br ief  summary of marine resource
problems which were identified as important by Long Island
c i t i zens  and which were described w i t h i n  the  framework pro-
vided by the problem ciassification method .

43. Environmental Quality . First Annual Report of the Council on
Environmental Ouality. Washington , D. C.: Government
Pr in t ing  O f f i c e , August 1970.

First  report  by the Council to the Congress on the  s t a t e  of
t h e  Na t ion ’s environment descr ib ing the condi t ions  and iden-
tifying major trends , problems~ courses of action , and present
and future requirements.
The report concentrates almost entirely on var ious f orms of

po l lu t ion  —— water , air , solid wastes , noise , pest icides ,
radiation. Brief attention is also given to na tura l  resources
and land use.  L i t t l e  a t t e n t i o n  is g iven to som e envi ronmenta l
aspects such as outdoor recreation and aesthetic appreciation
except as they relate pe r iphe ra l ly to some aspect of p o l l u t i o n .
Within it s context the report offers a sobering overview and
ca re fu l ly po in t s  out a l t e rna t ive  viewpoints .  Present and
fu tu re  environmental  needs are summarized as (1) a concep tua l
framework , (2) stronger institutions , (3) financial reform ,
(4) pollution control curbs , (5) monitoring and research ,
(6) a system of priorities , and (7) comprehensive policies.

44. George Washington University. Shoreline Recreation Resources
of the United States. (ORRRC Study Report 4). Washington ,
D. C.: Government Printing Office , 1962.

A report studying three aspects: shoreline recreation
needs — now and f or the years 1976 and 2000; current and
future status of recreation resources; and , programs and
policies to meet present and future demands.

45. Cross, M. Grant. “New York Metropolitan Region — A Major
Sediment Source”. Water Resources Research. Vol. 6, No. 3,

• June 1970. pp. 927—931.
An article giving an account of o f f sho re  solid waste dis-

posal opera tions in the New York area f r om 1960 to 1968 and
evaluating the city as a sediment source in comparison with
na tu ra l  sodiment sources in the region.

Approximately 9.6 million tons per year of waste  solids ,
including dred ged sediment and construction debris from the
New York Metropolitan region , were dumped in New York Bight and

in western Long Island Sound between 1960 and 1968 . This  was
• apparentl y the largest sediment source dfc.harging directl y

i n t o  t h e North Atlantic Ocean ( e x c l u d i n g  the  Gul f  of Mex ico )
from the North American continent .
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4(~ . t i aro  Id F. Wise and Associatea , [mc. ~ i . - E c o n om i c  l’ u ton; A 
—

I eel in1~ the Estu3rine Zone • m c i  I d i  i i  Market Uti t 1oo k-~ f (r
Sc iec t eth Pred icts. WasIiiLI ,~t i i , l).(. : harol d F. Wise ;ind
A .eoc iates , inc. , 1)ecemb r 1969.

A discussion focusing on some i d e n t i f i a b l e  p a t t e r n s  of
present and n e a r — f u t u r e  economic  act iv it ics related to Li e
ustuarinc resources of the country as a whole. It uses
apecific estuarine areas ;n; ~xainp les c i  commercial fisheri es ,
outdoor recreation and waterborne couiIl t rce.

47. lloult , David P. (ed.). Oil on the Sea. Proceedings of a
symposium on the s c i e n t i f i c  and eng i n e e r i n g  aspec t s  of o i l
p o l l u t i o n  of the sea , sponsored by Masaachusetts Institute
of Technology and Woods Hole  Oceanograp h i c  I n s t i t u t i o n  and
held at Cambrid ge , Massachusetts , May 1969. New York— London:
P l e n u m  Press , 1969.

A sum mary of current understand ing of the prob lem of oil on
the sea. The topics include biologic i i  effects , engineering
problems , development of supertankers for transport , and the
federal governmen t’s role in controlling oil pol lu t ion  at sea.

48. Institute of Technology Stu~Iy Groups. 
‘Study Group Estima tes

Amounts of Oil Pollution by Sources.” Water~~~~~ trum . Vol.
2, No. 3, (Fall) 1970.
An article summarizing the work of one of the stud y groups

at a symposium sponsored b y Massachuset ts  I n s t i t u t e  of
Technology . The group estimated the amount of oil being
introduced into the world ’s waters by ian in terms of tons
per year and percent of th e totals .

49. Interstate Sanitation Commission [New York , New Jersey ,
Connecticuti . Water_Pollution Control Activities and th e
In t e r s t a t e  Air Pol lut ion Program , 1969 . New York , New Y o r k :
In t e r s t a t e  Sani ta t ion Commission , 1969 .

A record of the water  and air  p o l l u t i o n  a c t i v i t i e s  of the
Commission.

50. Johnson , Peter L. Wetlands Preservation. New York City : Open
Space I n s t i t u t e, 1969 .

A look into the problem of preserving coastal and other
wetlands . At ten t ion  is g iven to economic considerations ,
methods of protection , legal regulations and proposed legis-
lative controls . Althoug h the report  concent ra tes  p r i m a r i ly
on the s i tua t ion  in Long Island , the though ts deve loped are
app l icable  to any area .  An extensive appendix contains many
examples of current legislation regarding wetland pro tec t ion
in the New England area.

51. Keil , A. H. , et  al. Economic Aspects of Solid Waste l) isposal
at Sea. (Economic Aspects of Ocean Activities , Vol. III.)

A report on the problem of disposing of solid wastes , a
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problem confronting large coastal cities. The report shows
under what conditions solid waste disposal at sea becomes
economic.

5 2 .  Krenkel , Peter A. and Parker , Frank L. ( e d s . ) .  Biolog ical As-
pects of Therma l Pol lut ion . Nashvi l le , Tennessee : Vanderbi l t
University Press , 1969 .

The for mal papers and discussions presented at the firs t of
two symposia on thermal pollution which were co—sponsored by
Vanderb i l t  Univers i ty and the FWP CA . The symposium was de-
signed to bring together all those concerned with thermal
pollution prob lems , to encourage an exchange of knowled ge and
experience , and to stimulate research .

= 53. Lauff , George H. (ed.). Estuaries. (AAAS Publication No. 83).
Washington , D.C. : American Association for the Advancemen t
of Science , 1967 .

A compila tion of research papers on estuarine research .
Subject matter includes phys ical fac tors and geomorphology ,
sedimentation , uiicrobiota, nutrients and biological production ,
ecology and pop ula tions , fisher ies , and human influences.

54. League of Womeci Voters of the United States. “Where Rivers Meet
the Sea.” Facts and Issues. February 1970.
A discussion on estuaries outlining their nature and pro-

ductivity, the ir problems f rom physical chan a and pollution ,
the req uirements needed to hal t their des truction , and the
measures be ing taken by state and local agencies to pro tec t
them.

55. Lutjen , George P. “Marconaflo—the System and the Concept. ”
Engineering and Mining Journal. May 1970.

An article reporting the successful use of the slurry
process f o r  moving iron ore to and from o f f shore  platforms.
Th e pr ocess is also repor ted feasible for  coal and other
bulk products .

56. Maine Coastal Plan. Phase 1, Interim Planning Report. Augusta ,
Maine : State Planning O f f i c e , February 6 , 1970.

A progress  repor t  on t~ e first part of a work program de-
signed to stud y Maine’s coastal area. Major attention is
given to the formation of a Coastal Planning Advisory Task
Force.

57. Maine Reg~ster l969— 70. Portland , Maine : Tower Publishing
Company , 1969.

A comp ilation of s ta t is t ical  and organizat ional  data on the
state of Maine.

58. Maine State Park and Recreation Commission. Comprehensive Out—
door Plan for Maine. Portland, Maine: University of Ma ine
Press, November 1966.
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Tu e st u t y ~~~a i u  ties existing outdoor recreation facilities ,
assesses current and future recreation resource requirements ,
estimate, t h e  f iiare demand to 1975, and provides immediate
and long- range action programs for p lanning and development.

59. Mar ine  Science Aff t . r s — A _Year of Broadened Participation . The
Third Report ot tie President  to r i m e  Congress on Marine Re-
sources and Eng ineering Developmea t. Washington , D.C.:
Government Printing O f f i ce , January 1969.

The N a t i nal Council on Marine Resources and Eng ineering
Development reports on its thiird year of activities , sum-
marizin g progress made during the pa s t  years , n o t i n g  cu r r en t
accomp lishments of various governm ental agencies engaged in
marine sciences , and descr ibing Federal pr ogr ams and bud ge ts

• proposed fo r  FY ‘ 7 1.
The coas ta l  zone po r t i on  of the report suggests ways of en—

hancing benefits by improved comma vation and recreation ,
• water quality , coastal engineerinp ;u-tivities , p lanned use,

mul ti agency  prog rams , and a strengthe ed institutional frame—
• wo rk .  A program for the Great Lakes and multi ple use of

Chesapeake Bay are -ilso discussed b r i e f l y .

60. Marine Science A f f a i r s - A  Year  of Plans and Progress. The
Second Report of the President to the Congress on Marine Re-
sources and Eng ineer ing Development. Washington , D . C . :
Government Printing Office , March 1968.

A review of the programs and accomp lishments of the Federal
Government for utilizing the oceans more e f f e c t i v ely .  Focus
is on those programs in marine sciences that expand inter-
national cooperation and understanding, facilitate transport
and trade , accelerate use of food Front the sea, encourage
development of non—living resources ,and utilize the resources
of the coas tal  zone.

61. Marine Technology Society. Marthe Technolo~gy 1970. (Trans-
actions of the 6th Annual Conference & Exposition). Washington ,
D.C. June 29—July 1, 1970. 2 vols .

Papers presented at the Society ’s 6th Annual Conference and
Exposition . The Society is an international interdiscip linary
organization founded to provide a Lneans of communication among
those concerned with the investigation , use and management of
oceans . Its members are scientists , engineers , lawyers and
others w h o  work wi th ;  the marine envi ronment .

62. Marsden, Howard J. “Th e Reg ional Approach to Port Development
Plann ing . ” Panel discussion on proposed Regional Port Studies
by the Federal Government. Washington , l).C. : American Society

• of Civil  Eng ineers , July 22 , 1969 .
A discu-ssion of federal activities , speci ically related to

port and i rbor development. It briefly descr ibes  the func t i ons
and actions of the Water Resources Council , the U.S. Army Corps
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of Eng ineers , t h e Nationa l Council on M a r i n e  Resources and
Eng inee r ing Development , and time Commission on Marine Science ,
Engineering and Resources.

63. Mmy land Department of State Planning and Mary land Department of
Na tural Resources . Maryland ’s Water Resources,  Management Re-
q,uirernen Is in the Sus~~~ hanna Chesapeake Ba~~~~ sin. (Append ix
B to the Susquelianna River Basin Coordinating Committee Stud y).

A study of Mary land ’s resource management objectives and
water requirements relating to planning and development of time
Susquchmanna River and its estuary , the Chesapeake Bay .

This is an examination of time effects on water quality in
Chesapeake Bay of possible changes in the quantity and quality
of inflow from the Susquehanna to include dampening out h u g h
and low f low extremes , d ive r t ing  flow to B a l t i m o r e  f o r  wa te r
supp ly, and consumptive upstream losses especially through
thermal power uses . Chianges in Bay water quality are rela—
tively predictable , but the significance of these chianges on
marine life and on the uses of the Bay are still largely un-
known. The report concludes that probably the best strategy
is a cautious skimming of flood crests and an augmentation of
the lower f1ow~ .

64. Maryland’ s Water Resources Manag~p~ nt Reçp~irements in the Sus—
quehanna—Chesapeake Bay Bas~~ Bal t imore , Mary land: Depart-
ment of State Planning , December 1969.

A discussion similar to item 63.

65. Massachusetts Department of Natural Resources . Division of
Marine Fisheries. Annual Report. Bost)n , Massachusetts.
1969.

A year—end report of financial and research aL~ ivities with
appendices on shellfish and lobster catches , and statistics
on 1968 we i r—trap  and pound ne t land ings by species.

66. Massachusetts House. Second Interim Report of the Special
Commission on the Boston Harbor Islands. (No. 4884.)
February 1970.

A summary of the findings of a s tudy  under taken  by MIT
f a c u l t y  fo r  the  Massachuset t s  Leg i s l a tu re ’s Special Commission
on Boston Harbor I s lands .  I t  highl igh t s  the po ten t i a l  uses
of the Islands and outlines various alternatives for their
development.

67.  Massachuset ts  Public Access Board . Annual Report, July 1,
1968 to June 36, l96.~~ 1969.

A progress report and financial statement of the Board —

a functioning body w it h i n  the  Dept .  of Natura l  Resources
whose mair responsibility is to consider and then des ignate
points  of access to Massachusetts waters .
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68. Maton , Gilbert L. et a l .  ~~~~~~ pectlve o~~ Re lonal  and Stat -
Marine Environmental Activities. A Ouestionnaire Survey,
Statistics and Observations. Spring field , Vir ginia : Clear-
ing house , February 29 , 1958. PB 177 765

A report  p resen t ing  da ta  and information resu’ting from a
marine environment activities survey of the coastal states
and the states bordering on the Grea t Lakes. The survey
sought  to i d e n t i f y o r g a niz a t i o n , f u n c t i o n s  and perspectives
of various governmental agencies i nvolved in m a r i n e  env i ron-
men ta l  a c t i v i t i e s .

69. Mcl!arg , Ian L. Desi gn wi th  Nature. Garden C i t y ,  New Y o r k :  The
Natural History Press, 1969.

A landscape architect and city planner explores the rela-
tionsh ip between man and his environment. The author re-
counts how our natural environment has been polluted and de-
stroyed by misuse of modern technology and demonstrates how
and why ecolog ical research and design should he used in
determining future environmental planning and management.

70. Moore , J. Tamison (Executive Director , Modern Management ,
Beverly Hills). The Ocean: An Economic Pe r spec t ive  l I T .

A presentation contained in item 61. it discusses t h r e e
general surveys carried on by this company concerning the
progressive development of ocean oriented industries and
marine activities. It concludes that the 70’s will see an
accelera ted period of growth in the field of oceanography.

71. Murawski , Walter S. A Study of Submerged Dredge Holes in New

~~~!~~~~~~
uaries w i t h  Respect to Their  F i tnes s  as F i n fi sh

h abitat. New Jersey: Department of Conservation and
Economic Development , October 1969.

An examination of the results of dredging operations in
New Jersey estuaries with specific attention to abandoned
borrow areas to determine the value of these holes as fin—
fish habitat . Several water quality parameters were measured ,
and an analysis of the bottom muds for ohvsico—cheniical pro-
perties was made.

72. Nassau—Suffolk Regional Planning Board. Existing Land Use.
(Comprehensive Plan Series). February 1968.
A survey of all existing uses of land , both public and

private, in the coun ties of Nassa u and Su f f olk , New York ,
with the informat ion tabulated according to m u ni c i p a l i ty ,
and school d i s t r i c t .
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73. National Academy of Sciences—National Academy of Engineering .
Committee on Oceanography and Committee on Ocean Engineering .
Wastes Management Con

~c!pts for the Coastal Zone, Requirements
for  Re search  and Investi ga t ion .  Wash ing ton , D. C . :  Nationa l
Academy of Sciences—National  Academy of Eng ineering , 1970.

An evaluation of scientific- and engineering requirements for
research on e f f e c t i v e  coastal  wastes management. It includes
ph ys ica l  processes , chemical and biolog ical factors , genera l
recommendat ions  and suggested priorities.
The report summarizes the state of knowledge of waste

management w i t h  p a r t i c u l a r  emphasis on mon i to r ing  systems .
It  presents  a spec i f ic  p r i o r i t y — o r i e n t e d  program of research
and investigation with estimates of the minimum level of
effort required.

74. National Water Commission Annual Report for 1969. Washington ,
D. C. : Government Printing Office , 1970.

A description of the Commission ’ s ac t i v i t i e s  from i t s
o r g a n i z a t i o n  in 1968 through the end of 1969. Major emphas is
is on the formulation of their program of special studies.

75. New Eng l and Interstate Water Pollution Control Commission .
Annual Report  on Interstate Water Pollution Control. Boston ,
Massachusetts: New England Interstate Water Pollution Control
Commission , 1968 & 1969.

A summary of thie year ’s act ivities in water pollution abate-
ment in interstate waters . Ti emphasizes the Commission ’s
reevaluation of its authority , capability and future role in
meet ing the needs of the member states.

76. New En~jand Marine Resources, Information_1. Narragansett ,
Rhode Island : Pell Marine Science Library , May 1969.

The first of a series of monthly bulletins on marine—related
activities and issues that affect thie six New England states.
It is published by the New England Marine Resources Information
Program .

77. New England Marine Resources, Information 2. Narragansett ,
Rhode Island : Pell Marine •-cience Library , June—Ju ly 1969.

A bulletin discussing one method of solid waste disposal
a t sea , favored by Harvard and University of Rhode Island
researchers , that does not pollute the environment .

78. Nc~ Eng land—New York Inter—Agency Committee. The Resources of
the  New England—New York Reglcn . Part Two , Chapter X (Maine
Coastal Area). 1954/1955.

A stud y representing part. of the Technical Report of a larger
work on New England—New York Region Resources. It deals
exclu si vely with the Maine coastal area . Included in its
survey are the  top ics of economic development , water supp l y
and resources , plans for pollution control , power development ,
and land , recreation , fishery and wildlife resources.

0—2 0

— —— — - - - 
‘S

- -~~~~~~~~~ - ——-- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 



- - --—~~~~~~~— - -~~ 
--- -

~~~~~~~~- —  - —u.----’-
~ - -

79. New Hampshire State Planning Office. Economicj~pact of Re-
creation, Vacation and Travel on New Hampshire. (New Hamp-
shire State Planning Project , Report No. 9). July 1965.
An estimate and appraisal of the recreation—tourist activity

in the s t a t e  as related to the recreation market , recreation—
tourist serving businesses , vacation home ownership, and the
contributions of these activities to the state ’s economy .

80. New Hampshire State Planning Office. The New Harnp~hire Out—
door Recreation Plan. (New Hampshire State Planning Project ,
Report No. 13). October 1965.

An evaluat ion and analysis of present outdoor recreational
resources and facilities in the state with recommended acti-
vities for future utilization.

81. New Jersey. hlackensack Meadowlands Development Commission .
Hackensack Meadowlands Reclamation and Development Act. 1969.

A digest , map and p r in t  of an act which  provides for the
reclamation , planning , development and redevelopment of the
Hackensack Meadowlands.

82. New Jersey Comprehensive Outdoor Recreation Plan, Summary Report.
New Jersey: Department of Conservation and Economic Development.

A report synopsizing a series of interrelated studies com-
prising the New Jersey Comprehensive Outdoor Recreation Plan.
The p lan analyzes the major aspects of outdoor recreation and
prov ides background data for comprehensive planning for future
development of the State ’s recreational facilities.

83. New Jersey Department of Conservation and Economic Development.
New Jersey Comprehensive Outdoor Receation Plan, Report 10,
The Action Plan. New Jersey: Department of Conservation and
Economic Development .
An in—depth study of the urgent need for more recreation

land and developed facilities for the State and an outline of
a 6—year State program to meet that demand .

84. New Jersey Department of Conservation and Economic Development.
New Jersey ’s Shore — An Inventory and Analys is of l and Use s
February 1966.

A study of the Jersey shore to evaluate its capacity in
meeting present and future recreational requirements.
One of the few available studies focusing on coastal re-

creation, this study presents a broad range of recreational
problems and conf l i c t s  in a recreat ion—oriented economy and
outlines possibi l i t ies  for  fu tu re  developmen t and p lanning.
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85. New York Department of Conservation . New York Statewide Corn—
prehensive Outdoor Recrea t ion  Pl an ,_ Munic ipa l  Re’sj,onslbility.
October 1966.
The second of a three—part report by the State on outdoor

recreation planning . This volume discusses local adminis-
tration and responsibility , and reports on the resources ,
supply , demand , needs and action programs for municipal out--
door recreation.

86. New York Department of Conservation. New York Statewide Com-
prehensive Outdoor Recreation Plan , State Responsibility.
May 1966.
The first of a three—part report. This volume emphasizes

planning at the State level , includes a brief description of
local needs and Programs, and makes reference to private out-
door recreation developments.

87. New York Department of Conservation. New York Statewide Corn—
prehensive Outdoor Recreation Plan , The Role of Private
Enterprise.
October 1966.
The third cf a three—part report. This volume considers the

present and potential contributions of private e.~terprise and
organizations to outdoor recreation.

88. New York State Office of Planning Coordination. Metropolitan
New York District Office. ~~~~ jsland Sand and Gravel Minin.~~
July 1970.

A study of the Long Island sand and gravel industry . It
summarizes current mining practices and land requirements
and outlines recommendations for the industry ’s proper
utilization of resources and land use.

89 . O ’Brien , James J. (Excerpts of remarks). Texts and Excerpts
of Remarks by Speakers at the Recreational Boating, Pollution
Synposium. Washington , D. C. March 23—23, 1970. p. 7.

Comments on the significance of pollution from boat sources
as compared to other sources .
Two discussions are noteworthy : one outlines the antici-

pated role of the Coast Guard in enforcement and adminis-
tr ation of the Water fluality Improvement Act; the second
considers the mechanics of enforcing the Boat Pollution
Control Act in New York State.

90. Oceanographic Atlas of the North Atlantic Ocean. Section 1,
Tides and Currents. Washington , D. C.: U. S. Naval Oceano—
graphic Office , 1965.

Part of the U. S. Naval Oceanogranhic Office ’s s’~ries of
atlases on all ocean areas . This section is devoted to tide
and current information for the North Atlantic.
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9 1 . Odum , lh . T . : Cope l and , B. .1. . and Mchlanaii , El i zahet h , A.  (eds
Co~t s t a L E c o c s ~~ ms~~~f the Unit ed States , A Source
Book for E s t i i a r l n e  Planning. Moorhiead Cit y , North Carol ina :
Univers ity of North Carolina , To st itute of Marine Sciences ,
1969. 3 vols.

•\ comprehensive summary of the status of knowledge of
coastal ecosystems in the United States . The hook Ident i fies ,
characterizes and documents examples of each important type
of system and makes general recommendations for further ‘ titdy
and management .

92 . O f f s h o r e  Mine r a l  Resources, A Challenge and an ( ) p p o r t u n i t y .
Second Report of the President ’s Panel on Oil Spills.
Washington , P. C.: Government Printing Offic e , 1969.

- 
- A summary of findings and recommendations by the President ’s

Panel on Oil Spills concerning offshore mineral resources de-
velopment .

93. Ortolano , Leonard . fluality Standards for the Coastal Waters of
Long Island, New York . A Presentation to the Marine Re-
sources Council , Nassau—Suffolk Regional Planning Board under
Sea Grant Project GH—63 , National Science Foundation. Hart-
f ord , Connecticut: The Center for Environment and Man , Inc.,
April 1970.

A report on the nature and use of water quality standards
in relationship to the coastal zone management of Nassau and
Suffolk Counties. It discusses the process and manner in
which water classifications are used , features of New York
Stat e ’s water quality standards , how the Counties ’ coastal
wa ters are classif ied , and whether the waters meet their
use classification.

94. Ortolano , Leonard and Brown , Philip S . ,  J r .  The Movement and

~~ial ity of Coastal Waters: A Review of Models Relevant to
Long Island, New York. Hartford , Connecticut: The Center
for the Environment and Man , Tnc., July 1970.

A report , prepared for the Marine Resources Council of the
Nassau—Suffolk Regional Planning Board , focusing on models
that  are po ten t ia l ly appl icable  to the Long Island coastal
environment and i ts problems .

• 95. Our Nation and The Sea, A Plan for National Action. Report of
the Commission on Marine Science , Eng ineering and Resources.
Washington , D. C.: Government Printing Office , January 1969.
4 vols.

A broad study of the Nation ’s marine environment. Current
and proposed marine activities are reviewed and evaluated .
The report is offered as a recommended national marine pro—
gram and a governmental reorganization plan .

Some 122 recommendations are presented  on the na t iona l
capab i l i t y  in the sea , management of the coastal  zone ( 2 2
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recommendations) , mar ine resources , the global environment ,
techucial and operating services and the organization of a
national ocean effort . The most stgnificant recommendations
call for a restructuring of federal non—defense agencies with
major marine missions under a proposed National Oceanographic
and Atmospheri c Agency repor ting directly to the President .
The most significant coastal zone recommendations call for
federal  grant  ass is tance to the coastal  s ta tes  to stimulate
the creat ion of comprehensive coastal planning and management
focused at the state level with higher and lower levL l.s of
government playing supporting roles. Panel reports in three
volumes supplement the basic report .

96. Outdoor Recreat ion  Uses of Coastal Areas. (New England Mar ine
Resources In format ion  Program Publication No.  1). Narraganset t ,
Rhode Island : Pell Marine Science Library , June 1969.

A broad review of the nature and dimensions of the problem
of marine recreation and the general direction of solutions .
Specific attention i0 given to the coastal zone where the
recreational  resource base is centered .

97. Parker , Frank L.  and Krenkel , Peter  A. Thermal Pol lu t ion:
Sta tus  of the Art .  Nashv ille , Tennesses : Vanderbil t
Un ivers ity ,  Nat ional Center for Research and Training in
the H ydrolog ic and Hydraul ic  Aspects  of Water Pollution
Control , December 1969.

A report discussing the effects of temperature on aquatic
organisms and on water qua l i ty  in general .  Consideration is
given to the beneficial effects of heat addition s as well as
to a comparison of the various methods of cooling water , i . e . ,
towers , and their associated advantages and disadvantages.

98. Peter , Walter C. 111. “New York Bigh t : A Case Study , Par t I ”.
Bioscience. Vol. 20, ,~~ . 10, May 15, 1970. pp. 617—619.

An article , first of a two—part report , examining the
conflict between the U. S. Army Corps of Engineers and U. S.
Congressman Richard Ottinger regarding the problem of pollution
in the New York Bight caused by prolonged dumping operations .
A brief summary is given of the renort on po l lu t ion  conditions
existing in the Bight prepared by the Sandy Hook Marine Labo—
ratory of the U. S. Bureau of Sports Fish and Wildlife for
the Corps.

99. Peter , Wal t e r  C. I I I .  “New York Bight : A Case Stud y ,  Part  II ” .
Bioscience. V o l .  20 , No.  11, June 1, 1970. pp.  669—671.

The second par t  of a report on waste disposal e f f ec t s  in
the New York Bi gh t .  This section focuses at tent ion on the
U. S. Army Corps of Engineers ’ pol icy  in the li ght of the
Sandy Hook stud y into  the problem . I t  also discusses regu-
lation and criteria for gran ting dumping and dred ging permits,
and questions the effectiveness of federal agencies in dealing
with environmental  protect ion.
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100 . Ph i l i p  B. Herr  and Associates. FInal l~ep ort, ~~j~e Cod National
Seashorej~~~~~~~ t~ dy. Boston , Massachusetts: Philip B.
h err and Associates, 1969.

An anal ysis  of the  Lower Cape reg ion  s ince  the e s t ab l i sh -
ment of the Cape Cod Wat lona l  Seashore In 1961. The economic
impac t upon the ar ea is examined and p o t e n t ia l  e f f e c t s  are
projected .
This comparative economic assessment of the impact of the

national seashore on six towns of the Lower Cape revealed
marg inal , rather than fundamental , changes In the local
economy . Effects were chiefly on land values , and showed
little effect on jobs , population and taxation.

101 . Planning for  Lower Manhattan. New York , New 7ork: Downtown —
Lower Manhattan Association , Inc., 1969.

A report on the growth and cont inuing expansion of the
Lower Manhattan area outlining both long—term and shore—term
proposals for future development . ilecommendations cover
improvements in mass transit , pedestrain and vehicular
tr a f f i c , park ing, and land use.

102 . Port Development Expenditure Survey, U n i t e d  S ta tes,  Puerto
Rico, Canada, w i th  a supplement on Lat in  America. (January
1, 1946 to December 31, 1965 , includ ing projec tions January
1, 1966 to December 31, 1970.) Washington, D. C.: The
American Association of Port Authorities.

A survey of North American port develonment covering a
25—year period (including projections f or January 1966
to December 1970). The survey compiles and analyzes da ta
on cap i ta l  expendi tures  for marine f a c i l i t i e s  in principal
ports  of the U. S . ,  Puerto Rico , Canada and Lat in  America.

103. Port  of New York Authority. The Port of New York Authority
Facil i t ies .

Aer ial photographs and brief statistical data describing
the terminals and transportation facilities of the Port of
New York Authority.

104. Proceedings, Joint Conference on Prevent ion and Control of
Oil Spills. (Publicat ion 4040) . New York , New York :
American Petroleum Ins t i tu te, 1970.

Technical papers and major addresses presented at a
conference on oil spill prevention and control co—sponsored
by the FWPCA and the American Petroleum Institute. Objec—
tives of the conference were to define the overall dimensions 

—

of the oil spill problem , explore the present state—of—the—
art , and review relevant research and development efforts
of government and private industry , both here and abroad.
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105. Reid , George K. Ecology of Inland Waters and Estuaries. New
York : Reinhold Publ ishing Corporation , 1961 .

An Introduction to the elemental factors and processes
that operate in lakes, streams , and estuaries  as d ynamic
systems . Organized into five par ts , the book covers (1)
origins and features of basins and channels, (2) the nature
of water , (3) natural  waters  as environment , (4) organisms
in the environment , and (5) re la t ionships  of organisms and
environment.

106. Rhode Island Development Council. Rhode Island Recreation Guide
Plan. June 1965.

A program for  the  use , management , development and pre-
servation of the natural and cultural resources of the
state. It is intended to serve as a guide for action for
a l l  levels of government as well as for private property owners.

107. Rhode Island Report of the Governor ’s Committee on the Coastal
Zone. Calvin B. Du nwoody, Chairman. March 1970

A study of the state ’s coastal zone. It outlines the zone ’s
characterist ics , rela tionsh ip with governmental agencies ,
and activities and related problems of land and water use.
I t also analyzes the need for a resources management system
and provides attendant recommendations.

108. Rhode Island Statewide Comprehensive Transportation and Land Use
Planning Program. Public Right—of—Way to the Shore. March
1970.
A study expanding on the data contained in an earlier report

(1958) on discovering the public rights—of—way to water areas
of the state. The study its divided into three sections and
an appendix. Part I summarizes the case law and legislation
relating to the public rights— of way . Part II is an inventory
and analysis of the rights—of—way for each municipality .
Part III recommends further legislative and administrative
actions. Aerial pho tographs and descriptions of each right—
of—way constitute the appendix .

109. Rorhoim , Niels, et al. Economic Impact of Marine—Oriented
Activities—A Study of the Southern New Eng land Marine
Region. (Economics of Marine Resources , No. 7) Kingston ,
Rhode Island: Universi ty of Rhode Island , 1967.

A report analyzing the economic impact of commercial
enterprises that depend upon the near—ocean environment for
their existence in a given locale . The report uses the
Southern New Eng land Mar ine Regi on as its case study area.
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110. Schuy ler , Sonj a  and Heimerdinger , Ceorge . Continental Marg in
Data Collection , Pilot Project. (Unpublished manuscript).
Washington , 0. C.: Department of Health , Education and
Wel f a re, 1970.

A study to determine the extent and availability of a data
bank on U. S. continental marg ins that could he used 1w HEW ’s
Bureau of Solid Waste Management for reference purposes. The
National Oceanographic Data Center conducted the study using
two p ilot areas , one on the East Coast and one on the West
Coast.

111. Sherk , J. Albert , Jr. and Cronin , Eugene L. The Effects of
• Suspended arid Deposited Sediments on Estuariiie Organisms . An

Annotated Bibliography of Selected References. Washington ,
I). C.: U. S. Army Corps of Engineers , Ap ril 1970.

A set of abstracts and summaries of references on fi id
and laboratory studies of the biological effects of suspended
loads and deposited sediments in estuaries. Material which
deals specifically with coastal engineering urojects and
offshore dumping of sewage sludge is included . A biblio-
graph y of bibliographies follows the annotated section.

112. Smith , F. A . ,  et al. Fourteen Selected Marine Resource Problems
of Long Island, New York: Descriptive Evaluations. h1 ,irtfor d ,
Connecticut : The Travelers Research Corporation , Januar.
1970.
This report identifies and evaluates fourteen previously

defined problems of the coastal marine environment that are
cause fo r  concern on Long Island . The problems include
wetland destruction , domestic/industrial wastewater disposal ,
thermal and oil spill pollution , pesticides , and solid waste
and dred ging—spoil disposal.

113. Southeastern Regional Planning and Economic Development DistrieL
Overall Economic Developpient Program. Taunton , Mass.:
Southeastern Regional Planning and Economic Development
D i s t r i c t , August 1969.

An evaluatic ., of the Economic Development District Agency
in the southee,cern part of Massachusetts. The agency ’s
responsibilities include law enforcement planning , h ighway
review , housing, pollution control study and direct services
to m u n i c i p a l i t i e s  and community groups .  The repor t  anal ys es
the work of the Agency and recommends areas that need further
support.

114. Sp Inner , George P. A Plan for  the Marine Resources of the
A t lan t i c  Coastal  Zone. Amer ican  Geographical  S o c i e ty .  1969.

An examination of coastal marine resources with an emphasis
on the need to formulate  new coastal wetland preservation
programs .

The text discussed the legal and economic aspects of coastal
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marine resources , some sp ec i f i c  examp les of compet ing  uses
of the coastal zone and t he i r  consequences , and goals f o r
preservat ion of the marine resource habitat. This is a
comprehensive review of the status of the marine resources
of the Atlantic coastal zone.

115. Spinner , George P. “The Wild l i f e Wet lands and S h e l l f i s h  Are as
of the Atlantic Coastal Zone . Serial Atlas of the Marine
Environment. (Folio 18). New York City, N ew York: The
American Geographical Society , 1969.

A series of maps showing national and state wildlife refuges ,
locally and privatel y owned conservation areas , and she l l f ish
waters of the Atlantic Coastal Zone.

116. Stover , Lloyd V. “Opportunities in the Sea, Forecast of World
Ocean Objectives —— and When They Will be Reached” . Ocean
Indus t ry.  August  1970. pp. 22—26 .
A broad overview of oceanic trends.

117. Study of Means to Revitalize the Connecticut Fisheries Industry.
General Dynamics Corp. Electric Boat Division . January 1968.

A review of the present status of the commercial fishing
industry in t h e State. An estimate of the value of sport
fishing to Connecticut is given; the present scope of the in-
dustry is described ; the finfish market is evaluated; maricul—
tur and agriculture opportunities are outlined; and , govern-
ment legislation affecting fisheries is considered.

118. Systems Analysis and Research Corporation. Regional Transporta-
tion Needs. A report for the New England Regional Commission.
Cambr idge , Mass.: Systems Analysis and Research Corp., No-
vember 1968.

A study broadl y survey ing New England’ s transportation facil-
ities and requirements . It analyzes the t r a n s p o r t a t i o n  in-
dustry ’s response to these requirements and makes recommenda-
tions on public policy in the transportation field.

119. The Maine Coast, Prospects and Perspectives. Brunswick , Ma ine:
Center for Resource Studies , Bowdoin College , 1967.

A book containing speeches presented at a symposium on the
Maine coast. It includes discuss ions  on economics;  p r ot e c t i o n
of shore and wildlife ; local , reg ional and state planning
measures ; and , various action programs .

120. The Oil Spill Problem. First Report of the President ’s Panel
on Oil Sp ills. Washington , D.C.: Government Printing Off ice.

A report presenting panel recommendations and findings for
controlling oil spills beginning with a research and dep loy—
ment program. It stresses ecolog ical resea -‘b and methods for
containment and disposal ; describes some of the environmental
effects of spilled oil; and outlines the need for federal , re-
gional , international and industrial regulation.
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121. Trident Engineering Associates , Inc . Ch~e~,-~ ’eake Bay Case Study.
Springfield , Virg inia: Clearinghouse , Sep t e mb e r  1968 .
PB 179 844.

A stud y of the major uses of the 8ay. The stud y focuses on
present problems of the Bay , its current u ses  and c o n fl i c t~
and previous efforts to control and improve its resources .
The study evaluates these efforts and p r o v i d e s  s pe c i f i c  rec-
ommendation for the future .

122. Tn — S t a t e  T r a n s p o r t a t i o n  Commission [ Cun i i e .- r i c u t , New Jersey,
New York]. Managing the Natural E n v i r o n m e n t ,  a reg ional plan
for water, sewage, air and refuse. M a r c h  1q70 .

A report considering the problems of a i r  ari d water pollution ,
solid—waste disposal and water rupp ly for the Tn —State Region.
It evaluates t h e  need for a regional monitoring system.

123. Tn —State Transportation Commission [Connecticut , New Jersey,
New York]. Outdoor Recreation in a Crowded Reg ion. Sentem—
ber 1969.

A report summarizing extensive studies of recreational needs
for the Tn —State Region and providing a park and recreation
plan to meet f u t u r e  r e q u i r e m e n t s .

124. Tn — S t a t e  Transportation Commission [Connecticut , New Jersey,
New York]. Regional Development Guide, Goals and Plans for
the Tn —State Reg ion . October 1968.
An outline of proposed long—range goals fo r  r eg iona l  p lan-

ning and development for the Tn —Stat e Region .

125. “Undersea dredge beats out floating competition ”. Engineering
News R e c o r d .  July 9 , 1970. p.  24.

An ~—ticle describing the use of an undersea crawlcutter
dredge for excavating sand o f f s h o r e  for a beach nourishment
project in Florida.

126 . U.S. Comptroller General. Examination into the  E f f e c t i v e n e s s
of the Construction Grant Program for Abating, Controlling,
and Preventing Water Pollution. Washington , D.C.: Government
Printing Office , 1969.

An examination into the effectiveness of the construction

• grant program of the Federal Water Pollution Control Adminis-
tration for abating, controlling and preventing water pollu-
tion.
The report concludes that the system of awarding construction

grants on a readiness—to—proceed basis is much less efficient
than a system of awards based upon a project ’s contribution
to the attainment of approved water quality use standards.
The report advocates regional systems ana l ysis and p rovide s
sev eral examp les , the most notable being on the Merrimack
River in New Hampshire  and Massachusetts.
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• 127. U.S. Congress. House. Laws of the Unit ed States Relating to
Water Pollution Control and Environmental Quality. Committee
Pr int (91—93), 91st Cong. , 2d sess. Jul y 1970.

An up—to—date compilation of legisla tiun developed by t h e
U.S. h{ouse of Representatives ’ Committee on Public Works in
the field of water pollution control and environmental quality.
Th e comp ilation includes the Federal Water Pollution Control
Act and its numerous amendments , the  National Environmental
Policy Act of 1969, and the Environmental Quality Improvement
Act of 1970.

128. U.S. Congress. House. Offshore Oil Pollution. H. Doc. No .
91—340 , 91st Cong., 2d sess. May 20 , 1970.

A message f rom Pres ident  Nixon t r a n s m i t t i n g  recommenda t ions
for Congressional action to reduce the risks of oil pollution.

129. U.S. Congress. House. Our Waters and Wetlands: flow the Corps
of Engineers Can Help Prevent Their Destruction and Pollution.
h1 .R. No. 91—917 , 91st Cong., 2d sess. 1970.

A study by the U.S. House of Representatives ’ Committee on
Government  O p e r a t i o n s .  The study examines several aspects of
the  U.S. Army Corps of Engineers ’ role in carrying out its
responsibilities for protecting the nation ’s water areas and
recommends how the Corps can lessen pollution.

130. U.S. Congress. h ouse. Phosphates in Detergents and t h e  Eutro-
phicatio n of America ’s Waters. 11.8. No. 91—1004 , 91st Cong. ,
2d mess.  1970 .
A critical examination of eutrop hication caused by phos-

phorus .  Phosp hate  in d e t e r g e n t s  is considered the major  con-
t r i b u t o r  to eutrop hication . Focus is on the detergent indus-
try ’s arguments favoring use of detergents with phosphate , re-
buttals to those arguments , and final recommendations by the
Committee for finding and develop ing substitutes for phos—
phiates in detergents.

131. U.S. Congress. Senate. The National Estuanine Pollution S t u d y .
Doc. No. 91—58, 91st Cong., 2d sess . March 1970.

A technical evaluation of the estuarine zone , examining the
relationshi p of the bio—p hysical , socio—economic , and insti-
tutional nvironments within it. The report identifies sci-
entific knowledge gaps , inventories available knowled ge ,
and recommends a management program for the nation ’s estuar—
Inc resources.

132 . U.S. Department of Agricultur e . Soil Conservation Service.
Cape May Plant Materials Center. Long Range Program for the
Cape May T’]ant Materials Center. Hyat tsville , Maryland : U.S.
Department of Agricultur e , Soil Conservation Service , l~)b(i .

An out  I m e  of the long—range proPram for  the Cape M ay P l a n t
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Ma terials facil tv . The program will carry out th~ p lan t
ma terials activities of the Soil Conser\’ ; ’. in ;; Service ’s wat L’T
and soil conservation program .

133. U.S. L)epartment of the Army . Guidelines for E v a l u a t i n g  L S L n
Studies, Models and Comprehensive Plann ing Alternativec . A u —
gust 1969.

Cuid elines and methodology for determining tu e best methods
of study and organizat ion for estuarine wn~ er resources  p l in—
U in g .  The pros and cons of “ c o n v e n t i o na l ”  methods , mu tl iena t —

c-i l models , electric analogue s and hydraulic models a re  con-
sidered . Factors in determining the appropriate role of var—
ious f e d e r a l  and s t a te  agencies in estuary investigation. ; are
also considered along w i t h  c o s t — s h a r i n g  of e s t u a r y  inves t  iga—
tijns amonc federal and non—federal entities.

• Th~ general conclusion is that at t he  o u t s e t  of a stud y a
careful articulation of the type of r e s u l t s  r e q u i r e d  s h o u l d
be made . Once this is done , a method or combination of
methods can be tailored to the  requirements in a cost effe~ tLv e
and possibly cost—benefit way.

134 . U . S .  D ep a r t m e n t  of the Army .  Coastal E n g i n e e r i n g  Resea rc h  Pe n—
ter. Shore Protection, Planning and Design. (Technical Re-
port No. 4). Washington , D.C.: Government Printing Office ,
June 1966.

A report on the techniques currently used in shore pro t t- c—
tion planning and design . One pan t covers functional p l inning
cons ide ra t ions  including physical factors and littoral pro-
cesses , and another outlines structural desi gn features and
anal ys is .

135. U.S. Department of the  Army . Corps of Etigineers . Harbor and
P o r t  Development,  A Problem and an Opportunity . July 1968.

A look at various factors that can influence harbor and port
development including cargo handling, vessel size and p h v s i —
cal restraints , and a consideration of the impacts of these
changes upon future planning.

The report suggests  tha t  cooperat ive in te ragency  and indus—
- - 

- 
try studies be initiated to evaluate what should be done
nationally and regionally to capture opportunities implicit
in the rap idly changing marine transportation industry .

136. U.S. Department of the Army . Corps of Engineers . North Atlan-
tic Division. National Shoreline Study, North Atlantic Re—
.&~9L1 (DRAFT). August 1970. 2 vols.

A broad p icture of bay and coastal shoreline conditions in
the North Atlantic Region. The report emphasizes coastal area
desc r ip t ions  and shore hi stories , discusses state and local
programs for shore protection , and consideres current methods
and ecolog ical factors.
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Very useful information is provided on beach locations and
length , erosion intensities, and ownership and use patterns.
When combined with similar regional inventories of the entire
U.S. shoreline, this report will form the first of four parts
of the overall National Shoreline Study . Other parts are shore
protection guidelines, shore managen~cnt guidelines, and the
Chief of Engineers report.

137. U.S. Department of the Army . Corps of Engineers. Pollution
Studies for Interstate Sanitation Commission. New York liar—
bor Model Hydraulic Model Investigation. (Miscellaneous Pa-
per No. 2—558). Vicksburg, Mississipp i: U.S. Army Engineer
Waterways Station , February 1963.

A description of dye tests undertaken to establish disper-
sion characteristics of effluents discharge d from major sewage
treatment plants that contribute to pollution in New York Har-
bor.

138. U.S. Department of the Army. Corps of Engineers. Waterborne
Commerce of the United SLates, Calendar Year 1968. Part 1,
Waterways and Harbors, Atlantic Coast. Washington , D.C.:
Government Printing Office, 1970.

Statistical data on the movements of commodities and vessels
at ports and harbors and on the waterways of the Atlantic
Coast. Military cargo moved in Department of Defense ves-
sels is excluded .

139. U.S. Department of Commerce. County and Ci ty Data Book 1967.
A Statistical Abstrac t Supplement. Washington , D.C.: Gov-
ernment Printing Office , 1967.

A variety of statistical information , most of which was de-
rived from censuses, on population , housing, governments, bus-
iness, mineral industries and agriculture.

140. U.S. Department of Commerce. Bureau of the Census. Statistical
Abstract of the United States, 1970. Washington , D. C.: U.S.
Bureau of th~ Census, 1970.

A compilation of official statistical data of national
scope condensed primarily from reports of federal agencies.

141. U.S. Department of Commerce. Maritime Administration . The
Economic Impact of United States Ocean Ports. Washington ,
D. C.: Government Printing Office, 1966.
An examination of the economic value of U.S. ocean ports

on a state—wide and nation—wide basis. The examination in-
cludes contributions to domestic employment , commerce, in—
dustry and international trade attributable to the ports
and their related activities.
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I~2. U. S. Department of Commerce. Maritime Administration . Office
of Ports and Intermodal Systems . Summarization of “Economic
Impact ’~ Studies and Reviews Performed by or for Various Ports.
May 1970.

A brief outline of economic impact studies conducted by
various ports . The studies include the NAR ports of New York,
Philadelphia, Baltimore and Virginia as well as many ports
elsewhere such as Milwaukee, Houston , San Diego and Seattle.

143. U. S. Department of the Interior. The Federal Water Pollution
Control Program. Wa:;hington, D. C.: Government Printing
Office, December 1968.

A brief description of our national water and waste manage-
ment problem and the resources needed to implement an adequate

3 pollution control program .

144. U. S. Department of the Interior. Bureau of Outdoor Recreation
and the National Park Service. Gateway National Recreation
Area, A Proposal.

A study of the possibilities of establishing a National
Recreation Area at the gateway to New York Harbor.

145. U. S. Department of the Interior. Bureau of Sport Fisheries
and Wildlife. Federal Aid in Fish and Wildlife Restoration.
(Regulatory Announcement 82). Washington , D. C.: Government
Printing Office, 1968.

A bulletin discussing the purposes, conditions, and funding
of various fish and wildlife restoration acts.

146. U. S. Department of the Interior. Bureau of Sport Fisheries
and Wildlife. Sport Fishing 

— 
Today and Tomorrow. (ORRRC

Study Report 7). Washington , D. C.: Covernment Printing
Office, 1962.
A part of a survey of the nation ’s outdoor recreation re-

sources. This study examines fishing as a form of recreation
in the U. S. Topics include current status of fishing waters,
problems of supply, management policies , and the future of
sport fishing in 1976 and 2000.

147. U. S. Department of the Interior. Federal Water Pollution Con-
trol Administration . Delaware Estuary Comprehensive Study,
Preliminary Report and Findings. July 1966.

Findings of a preliminary study of the water quality of the
Delaware River Estuary , based on an investigation of the
natural environment , the economic environment of wastewater
inputs, present water quality and present water uses. The
study proposes six alternative sets of goals for improving
water quality with estimates of Costs and benefits , and
presents guidelines for implementation and for further study
requirements.
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148. U. S. Department of the Interior. Federal Water Pollution

Control Administration. Proceedings of the Conference on
the Pollution of Raritan Bay and Adjacent Interstate Waters.
Third Session, New York. June 13—14, 1967. Vol. 1.
The proceedings of a conference about Raritan Bay and its

adjacent waters. The purpose of the conference was to
• determine the existing pollution situation, to review the

progress being made in controlling it, and to lay a basis for
• future action by all parties concerned.

149. U. S. Department of the Interior. Federal Water Pollution
Control Administration. The Economics of Clean Water.

• Washington, D. C.: Government Printing Office , March 1970.
3 Vole.

• The third report to Congress on the national requirements
and cost of water pollution control, in four parts. The
first is a summary of major findings and conclusions of the
analysis; the second , Vol. I, contains the details of the
analysis; Vol. II is a profile of animal wastes ; and the
fourth and last section, Vol. III, is an industrial ~rofi1e
of the inorganic chemicals industry.

150. U. S. Department of the Interior. Federal Water Pollution
Control Administration. Water Quality Criteria. Report of
the National Technical Advisory Committee to the Secretary
of the Interior. Washington, D. C.: Government Printing
Office , April 1968.
A report to help state and federal agencies determine water

quality standards. The report discusses water use require-
ments for recreation and aesthetics; public water supplies;
fish, wildlife and other aquatic life; and , agricultural
and industrial uses.
This ia a basic text prepared by a large, prestigious,

national task force. Basic information and specific criteria
recommendations are provided for a wide variety of pollutants.

151. U. S. Department of the Interior. Federal Water Quality
Administration. Clean Water for the 1970’s, A Status Report.
Washington , D. C.: Government Printing Office , June 1970.

A description of the Federal Water Quality Administration ’s
past activities and future plans for control of water pollution
with an outline of its various programs for the next decade.
Included are regulatory and assistance programs, planning and

• basic studies, and areas of research, development and demon—
stration.
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152. U. S. Department of the Interior. Fish and Wildlife Service.
Interim Report on Needs, Problems, and Possible Solutions Re-
lated to Fish and Wildlife Resources in the North Atlantic
Region. July 1970.

A report on the present and future needs of people in the
North Atlantic Region as they relate to fish and wildlife re—

• sources, the, problems in meeting these needs , and possible
solutions to these problems, especially as they relate to
potential water development projects.

• 153. U. S. Department of the Interior. Fish and Wildlife Service.
• National Estuary Study. 1970. 7 vols.

A major report on estuaries describing and evaluating (1)
selected management studies in specific estuaries, including
Great South Bay and Chesapeake Bay, (2) estuarine landscape,
(3) economic factors, (4) technical impacts, (5) conflicts
and problems , (6) existing methods of federal—state coordina-
tion , (7) laws and tax policies , (8) state plans and policies ,
and (9) existing public management schemes.
The principal thrust of the report is the urgent need to

preserve and restore estuarine fish and wildlife resources,
associated commercial fishing and outdoor recreation activities ,
and aesthetics and natural areas, rather than the broader
spectrum of uses contemplated in an overall management system.
The report examines the desirability and feasibility of

establishing a nationwide system of estuarine areas. It
V concludes that it is not possible to select a limited number

of estuaries or estuarine areas to constitute a nationwide
system such as the National Park System . Implying that the
delineation might trigger increased abuse of estuaries not
selected, the report concluded that all estuarine areas of
the nation should be included in any nationwide system.

154. U. S. Department of the Interior . Fish and Wildlife Service.
Supplementary Report on the Coastal Wetlands Inventory of
Connecticut. Boston, Massachusetts: Bureau of Sport

V Fisheries and Wildlife, Region V, June 1965.
A brief summary of various surveys of Connecticut ’s

coastal wetlands conducted during the past decade .

155. U. S. Department of the Interior. Fish and Wildlife Service.
Bureau of Commercial Fisheries. Fisheries of Vthe United
States...l967. (C.F.S. No. 4700). Washington, D. C.:
Government Printing Office, April 1968.
A review of the domestic fisheries industry for 1967. The

report analyzes the most recent data on domestic catch ,
consumption, prices , processed products, vessels, foreign
trade, supplies and other related information.
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156. U. S. Department of the Interior. Fish and Wildlife Service.
Bureau of Commercial Fisheries. Fisheries of the United
States...l968. (C.P.S. No. 5000). Washington, D. C.:
Government Printing Office, March 1969.
Similar to item 155, but for 1968.

157. U. S. Department of the Interior. Fish and Wildlife Service.
• Bureau of Commerical Fisheries. Fisheries of the United

States...1969. (C.F.S. No. 5300). Washington, U. C.:
Government Printing Office, March 1970.
Similar to item 155, but for 1969.

158. U. S. Department of the Interior. Fish and Wildlife Service.
Bureau of Commercial Fisheries. Maine Landings. (C.F.S.

• No. 5252). 1970.
A statistical summary of fish and shellfish landings at

Maine ports during 1969.

159. U. S. Department of Transportation. Coast Guard. Boating
Statistics 1969. (CG—357). Washington, U. C.: Govern—
ment Printing Office, 1969.

Statistics on boat numbering , registration, boating
accidents, and certain related activities for calendar

:~ year 1969.

160. U. S. Water Resources Council. The Nation’s Water Resources.
Washington, D. C.: Government Printing Office, 1968.

A comprehensive report evaluating the nation’s water and
related land resources, describing the problems in their
management and ues, and outlining future water supDly re-
quirements and problems by region. One of the region’s is

• the North Atlantic Region.
I • The report provides a broad, authoratative overview. Little

explicit attention is given to the coastal zone as such.

161. Wass, Marvin L. and Wright, Thomas D. Coastal Wetlands of
Virginia, Interim Report. Gloucester Point, Virginia:
Virginia Institute of Marine Science, December 1969.

A study of Virginia’s coastal wetland. The study
evaluates their economic Importance , analyzes management
objectives and methods for protection, and makes recominen—
dations for their further study and conservation.

162. Whipple, William, Jr. Preliminary Mass Balance of BOD on
Three New Jersey Rivers. New Brunswick, New Jersey: Rutgers,
Water Resources Research Institute.

A report on the water quality aspects of a larger inter-
disciplinary research project on the effects of urbanization
on water resources. The report indicates that known point
source pollutants account for something less than 40% of the
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biochemical oxygen demand measured in the Millstone, Upper
Raritan and Upper Passaic river basins in northern New
Jersey.

163. Woodsen, Herbert H. “Short Term Prospects for Improving
Efficiency of Power Plants”. A paper presented at the
Atomic Industrial Forum Symposium, Washington, D. C.
June 1970.

A paper discussing the current efficiency levels of various
types and sizes of plants, and making projections as to future
trends.

ADDENDUM

164. Alexander , Lewis M. Narragansett Bay, a Marine Use Profile.
1966.
A report containing estimates of the value added by

marine—related activities in Narragansett Bay in 1965.

165. Battelle Memorial Institute. Effects of Site Location on the
Capital Costs of Nuclear Electric Plants. Richland , Washing—

• ton: Battelle Memorial Institute , Pacific Northwest Laboratory,
March 1969.

A comparison of the variation of costs estimated to be in-
curred in the construction of power plants of essentially
identical design at a hypothetical site and at nine typical
sites at various locations in the United States . At each
site cost comparisons were made for plants with different
types of heat rejection systems.

166. Battelle Memorial Institute. Great Lakes Restoration, Review
of Potentials and Recommendations for Implementation.
Springfield, Virginia: Clearinghouse , June 1968. PB 180
904.

A brief review of the possibilities of restoring the water
quality of the Great Lakes. Considers causes, alternative
solution techniques and institutional arrangements.

167. Dow, Robert L. The Impact of Pollution on Coastal and Estuarine
Waters. A statement to FWPCA Public Hearing. University of
Maine (Portland), September 10, 1968.

A summary of the effects of water quality changes, including
the closure of shellfish beds, in the Maine coastal areas.

168. Hennigan, Robert D. “Water Pollution”. Blo Science. November
1969.
An overview article on water pollution.
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169. Lof and Kneese: The Economics of Water Utilization in the
Beet Sugar Induatry. Resources for the Future.

A report emphasizing the high BOD of wastes from sugar beet

• processing plants.

170. McHugh, J. L. (Bureau of Commercial Fisheries) “Management of
Estuarine Fisheries”. A Symposium on Estuarine Fisheries.
Washington, D. C.,: American Fisheries Society, (Special
Publication No. 3), 1966.

A paper deriving a quantifiable relationship between
estuaries and the commercial fish catch, listing some pro-
blems of estuarine fisheries and suggesting way of improving
its management.
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BIBLIOGRAPHY OF BIBLIOGRAPHIES

Alkire, G. C., et al. Oil Spillage Study, Lite rature Search and Crit-
ical Evaluation for Selection of Promising Techniques to Control
and Prevent Damag.~~ Battelle Memorial Institute, Pacific North-
west Labs., 1967.

761 listings on the state of technology of prevention and
control of major oil spillage on water and the restoration of the
shoreline and fowl.

Gunn, Clare A. Annotated Bibliography of Resource Use, Texas Gulf
Coast. Sea Grant Publication No. 204, 1969.

About 2700 listings on all aspects important to the Texas V

Coast. Includes many national level listings of general applica-
tions coded by river basin , planning region, subject matter and
autho r. V

Gysi, Marshall and Loucks, Daniel P. Selected Annotated Bibliography
V 

on the Analysis of Water Resource Systems, New York, Water Re-
sources and Maine Sciences Center. Publication No. 25, 1969. 

V

500 listings on the application of systems analysis tech-
niques, such as optimization and simulation techniques, to water
resources problems.

Herbic~i, John B. and Snider, R. H. Bibliography on Dredging. Texas
A & N University, Texas Engineering Experiment Station , Center
for Dredging Studies. Report No. 1l2—CDS , 1969.

238 listings in 5 parts: dredge pumps , dredging vessels,
ocean mining, pipeline transport , and miscellaneous. No annota-
tions.

John I. Thompson & Company. State and Local Government Activities
and Roles in Marine Science, Engineering and Development.
Springfield , Virginia: Clearinghouse, 1968. PB #177765.

About 1200 listings with brief annotation of published
studies and reports on organizational arrangements and activities
in the coastal and Great Lakes states. Indexed by state or
region , marine activity area or function , and top ic code.

Johnson , Donald W. “Pesticides and Fishes , A Review of Selected
Literature. ” American Fisheries Society Transactions, Vol. 97,
No. 9 , Oct . ,  1968. pp. 398—424.

156 listings discussing 34 pesticides in te rms of mean lethal V

concentrations and the need for research to establish realistic
tolerance limits of toxic pollutants.

Kinne, 0. “Physiological Aspects of Animal Life in Estuaries with
Special Reference to Salinity.” Netherlands Journal of Sea
Research, Vol. 3, 1966. pp. 222—244.
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88 listings on the physiology of estuarine animals and the
ecological factors governing physiological response with partic-
ular emphasis on salinity.

Livingstone, Robert, Jr. Prelim inary Bibliography with KWIC Index
V on the Ecology of Estuaries and Coastal Areas of the Eastern

United States. U.S. Fish and Wildlife Service Report, May 1965.
5,470 listings for the period 1900—1960.

Narragansett Marine Bibliography (Narragansett Bay and Adjacent
Wate rs) . Kingston , R. I. : University of Rhode Island , Graduate
School of Oceanography,  1968.

About 550 listings of scientific l i terature based on studies
of Na rragansett Bay , Rhode Island Sound aed nearby waters under
fou r general categories ; biological with over half the entries ,
chemical, geological and physical oceanography. The biblio—

V 
graphy is designed ultimately to complement Narragansett Marine
Atlas under preparation.

National Council on Marine Resources and Engineering Development.
Marine Research, Fiscal Year 1968. Washington, D.C.: Govern-
ment Printing Office, 1969.

2,589 listings of unclassified research and development
projects supported by both Federal and non—Federal funds. V

Indexed by subject, investigator, contractor, and supporting
agency.

New England Economic Research Foundation. Review of Regional Eco-
nomic Research and Planning on New England, A Survey of Existing
Literature with Particular Reference to Research and Action V

Planning Recommendations. Washington, D.C.: Government Printing
Office, 1967.

A series of task force reports each providing an overview V

evaluation and an annotated bibliography. The Task Force H
Report, A Survey of Economic Research on Ocean Resources in New V

England emphasizes fishing with brief coverage of geological V
resources, and marine recreation. 58 annotated references. V

V Sherk, J. A. and Cronin, L. E. The Effects of Suspended and Depos—
V ited Sediments on Estuarine Organisms, An Annotated Bibliography

of Selected References. N.R.I. Ref. No. 70—19. Solotnons, Mary— V

land: University of Maryland, Natural Resources Institute,
V Chesapeake Biological Laboratory, 1970.

179 listings indexed by 9 subject categories, Semi—detailed
annotations summarizing important conclusions. Can be read e a
source book as well as reference.
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Sinha, Evelyn. Oceanography from Space and Aircraft , State of the
Art——Technology /Applications, An Annotated Bibliography. Ocean
Engineering Information Series, Vol. 2. LaJolla , California:
Ocean Engineering Information Service , 1970. ¶

428 listings from the world ’s literature selected on the 
V

basis of technical information content. Indexed by subject , key
terms, acronyms and authors.

Sinha, Evelyn. Coastal/Estuarine Pollution, An Annotated Bibliogra—
p~~. Ocean Engineering Information Series, Vol. 3. Laiolla, V

California: Ocean Engineering Information Service , 1970.
631 listings of literature providing substantial scientific

and technological information on: the detection , identification ,
measurement and analysis of pollution and pollutants; sources of
pollution ; coastal and estuarine processes ; effects of pollution ;
water quality management and waste heat utilization. Includes a
bibliography cf bibliographies. Indexed by subject. Annotations V

V 

Include scope and major findings.

U.S. Army Corps of Engineers. Coastal Engineering Research Center.
Annotated Bibliography of BEB and CERC Publications. Miscel-
laneous Paper No. 1—68, 1968. V

About 250 listings of Beach Erosion Board publications from
1940 to 1963 and of Coastal Engineering Research Center publica-
tions from 1963 through 1967. Indexed by authors , titles and
s ubj ec t s.

U.S. Department of Commerce. Office of Regional Economic Develop-
ment. New England, Development Bibliography. Washington , D.C.:
Government Printing Office , 1966. V

About 4,000 unannotated listings grouped by subject and V

state. Listings of coastal importance are imbeded in larger
V categories such as f ishing , natural resources , public health ,

recreation, and transportation.

U.S. Department of the Interior. Bureau of Outdoor Recreation.
Index of Selected Outdoor Recreation Literature. Vol. IV,

V November 1967.
A semi—annual listing initiated in calendar year 1966 of

literature on outdoor recreation from U.S., Canadian , and United
Kingdom sources arranged in six broad categories——outdoor recrea-
tion resources ; administration of resources and programs ; recrea-
tion users, activities , demands and values; research; education;
and history and philosophy. Indexed by subject, geographic area
and author. Entries on coastal recreation are grouped around

V key words such as bays and sounds, continental shelf lands, 
V

estuarine areas, oceanography, oceans and seas. Limited entries V

in these categories indicate a dearth of attention to coastal
recreation except for its biological aspects.
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V U.S. Department of the Interior. Geological Survey. Bibliography of
Water Resources (Preliminary Issue). Appendix——of the North
Atlantic Regional Water Resources Study. 1967.

V
•. About 1,200 listings selected from existing bibliographies on

water resources, lists of publications by Federal and State
agencies and periodicals. Indexed by broad subject categories
and by hydrographic areas.

U.S. Department of the Interior. Office of Water Resources Rese.~rch.
Water Resources Scientific Information Center. Selected Water
Resources Abstracts. Vol. 5, December 1969.

Some material as contained in Water Resources Research
Catalog but reported semi—monthly.

U.S. Department of the Interior. Office of Water Resources Research.
Water Resources Scientific Information Center. Water Resources
Research Catalog. Vols. 1—5, 1965—1967.

Annual summary descriptions of current research on water
resources problems. Volume 5 lists 5,089 research projects V
active in 1969 by 6,088 investigators , 813 performing organiza-
tions and 371 supporting organizations of which 48 are Federal
and 323 non—Federal. Indexed by subject , key words , investigato r ,
contractor , suppo rting agency and water resources research cate-
gories. In addition to use of generic te’~ms, accession to coastal
literature can be made through the foll owing par ticularly coastal
key words: aquaculture , aquatic ecology , coas tal eng ineering ,
coastlines—shorelines , continental shelf , currents—ocean , engi-
neering studies—ocean , estuaries, fish (by species), commercial

V 

fishing, fishery development, hab itat studies , harbors, inter-
tidal areas, islands, land use, marine biology , marine environ-
ments——general, marine geology , ocean , oceanography, salinity,
sea water chemistry, shellfish depuratlon, ships and cruises, 

V

V 
shoals, shoreline structures, tidal streams , tides and tidewa ter
areas. Access can also be made through specific location names ,
e.g., Lake Erie, Long Island Sound.

Wilson , Thomas W. Jr. Bibliographic Materials on Environmental
Affairs. New York: The Anderson Foundation , 1970.

About 400 listings emphasizing governmental materials at all
V levels dealing with policy issues primarily , ra ther than wi th

the scientific scope of the problem or technical means for its
solution. Also includes sections on bibliographies and other
secondary sources and periodicals dealing with the environment.
Annotations briefly describe scope. No indexing system but short
enough to scan.
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UNANNOTATED BIBLIOGRAPHY

“A New Approach to Evaluation of Tanker Economics”. Ocean Industry .
V 

August 1970. p. 12.

American Fisheries Society . A Symposium on Estuarine Fisheries. (Spe-
cial Publication No. 3.) Presented at the 94th Annual Meeting, At—
lantic City, New Jersey. 1966.

Aguaculture: The New Shrimp Crop. (Sea Grant Information Leaflet No.1).
University of Miami Sea Grant institutional Program February 1970.

Arthur D. Little , Inc. Combatting Pollution Created by Oil Spills.
V 

Report to The Department of Transportation, United States Coast
Guard. June 1969.

V Bascom , Willard . “Underwater Dredge”. Ocean Industry . August 1970.
pp. 16—18.

Beller , William S. “Gear ing up for Coastal Zone Management”. Envir-
onmental Science and Technology. Vol. 4, No. 6, June 1970.
pp. 482—486.

Belier , William S. “The Federal Interes t in the Coastal Zone”. Cur-
rent History . August 1970.

Brady , Charles E. Statement on the Tax Reform Act of 1969, H.R. 13270,
before the U.S. Senate Committee on Finance for the National Sand
and Gravel Association. September 30, 1969.

Charles River Associates, Inc. Pollution Control and Management. A
report prepared for the New England Regional Commission. Cambrid ge ,
Mass.: Charles River Associates , Inc., 1969.

Cheney, Philip B., and Ellis, Robert H. “Mar ine Resources Planning
and Management for Nassau and Suffolk Counties , Long Island , New

V York”. Marine Technology Society Journal, Vol. 4, No. 2, (March/
April) 1970. pp. 50—55.

V Clark , John. Fish and Man, Conflict in the Atlantic Estuaries. (Spe-
V cial Publication No. 5). Highlands , New Jersey: American Littor-

al Socie ty 1967.

Clement , Ronald C. “Public Investment and Planning,  A Response ” .
Water Spectrum. Vol. 2 , No. 2 , summer) 1970. pp. 1—4.

Clusen , Mrs. Donald E. Statement to the Nat ional  Water  Commission.
Washington , D.C. : League of Women Voters of the U .S. ,  November
6, 1969.
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Coffey, John J. Statement on S. 3181. S. 3468,, S. 3471. S. 3472,
V and S. 3687 Proposed Water Pollution Control Bills for submission

to the Senate Public Works Committee for the Chamber of Commerce
of the United States. May 22, 1970. V

Committee of Sc ien t i s t s  for  a Quality Environment (Dr. F.H. Borman,
Yale University). EcologV. .al Values of the Tidal Marsh — Estuarine

V Ecosystem. Report No. 2B. March 1969.

Conservation Directory 1970. Washington , D.C.: The National Wildlife
V Federation , 1970.

Coste, LCDR J.W. (U.S. Coast Guard) and Branham, Donald (Texas Instru—
V ments, Inc.). A Systematic Approach to Oceanographic Sensors.

V 
Delaware River Basin Commission. Delaware River Basin Compact.

Trenton, New Jersey : Delaware River Basin Commission, January 1967.

Deutsch , Morris. Ground—Water Contamination and Legal Controls in
V Michigan. (Geological Survey Water—Supply Paper 169L) Washington ,

D.C.: Government Printing Office , 1963.

Duane, David B. “Sand Inventory Program, A Study of New Jersey and
Northern New England Coastal Waters”. Shore and Beach. October
1969.

Edison Electric Ins t i tu te  Committee on Environment. Plant Sit ing
Task Force. Major Electric Power Facilities and the Environment.
February 1, 1970.

Effects and Control of Heated Water Discharges. A report cf the
Committee on Water Resources Research (COWRR) , Problem Area Task
Group , U.S. Office of Science and Technology . January 1970.

V Federal Aviation Administration. Airport Site Selection. July 19,
1967. AC 150/5060—2. V

Ferrigno , F. “Variat ions in Mosqui to—Wildl i fe  Associations on V
Coastal Marshes ” . Proceedings of the Forty—Eighth Annual Meeting V

of the New Jersey Mosquito Extermination Association. 1961.
V pp. 193—203.

Ferrigno, Fred; MacNamara, L.G.; and Jobbins, D.M. “Ecological Ap—
proach for Improved Management of Coastal Meadowlands”. Pro-
ceedings of the 56th Annual Meeting of the New Jersey Mosquito
Extermination Association. Atlantic City . March 19—21 , 1969.
pp. 188—203.

V 

“Fishermen tell what they think of their Industry”. Gloucester
V 

(Mass.) Daily Times. June 26, 1970.
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Flynn, John M., et al. Long Island Ground Water Pollution Study.
July 1, 1963.

Fontana, Mars C.; Griff is, Levan ; and Keim, Russell. Requirements
for Ocean Engineering Information Dissemination. A paper presented
at the 6th Annual Conference and Exposition of the Marine Technol-
ogy Society. Washington, D.C. June 29—July 1, 1970.

Garretson, Albert. The Land—Sea Interface of the Coastal Zone of
the United States: Legal Problems Arising Out of Multiple Use and
Conflicts of Private and Public Rights and Interests. Springfield ,Virginia: Clearingho use , Sep tember 1968. PB 179 428.

V Glenn, Thomas R., Jr. Water Pollution Contro l Problems and Suggested
State Action l’rograms. National Legislative Conference Twenty—
Second Annual Meeting. St. Louis, Missouri. August 28, 1969.

V Hardy , Charles I). Hydrographic Data Report: Long Island Sound 1969.
( Technical Report Series #4. ) Stony Brook, New York: State Univer-
sity of New York , Marine Sc iences Research Center , 1970.

Hargis, William J., Jr. Testimony Before the Senate Subcommittee on
V Oceanography of the Senate Committee on Commerce. Williamsburg ,
Virginia. March 23, 1970.

Hargis, William, Jr. The Importance of Maintaining Quality and
Availability in th e Marine Environment. Virg inia Academy of Sci-
ences Meeting. Richmond , Virginia. May 6, 1970.

}Iartt , Teree Lee (ed .).A Report of the 1970 Fishermen ’s Forum.
Kingston, Rhode Island: The University of Rhode Island Marine
Advisory Service, May 1970.

Headly, J.C. and Lewis, J.N. The Pesticide Problem: An Economic
Approach to Public Policy. Washington, D.C.: The Johns HopkinsPress , 1967.

Henry , Harrie t P. and Halperin, David J. Maine Law Affecting Marine
Resources. Portland , Maine: University of Maine Law School ,
1969. 4 vols.

Howe, Sydney . Statement on national coastal zone management programs
V as proposed in Senate bills 2802, 3183, and 3460. Presented before

the Subcommittee , United States Senate, April 14, 1970. Washing—
V ton, D.C.: The Conservation Foundation , 1970.

Hydroscience , Inc. The Feasibility of the Potomac Estuary as a S—~~~plemental Water Supply Source, Preliminary Report. [Prepared for
N.W.W.S. Water Supply Study~ . Westwood , New Jersey: Hydroscience ,Inc., March 1970.
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Interstate Sanitation Commission [New York, New Jersey, Connecticut).
Highlights of Water Pollution Abatement Activities (1936—1969).
New York , New York: Interstate Sanitation Commission , 1970.

V Interstate Sanitation Commission [New York, New Jersey , Connecticut].
Report of the Interstate Sanitation Commission on the Water Pollu-
tion Control Activities and the Interstate Air Pollution Program.
1968.

Journal of the Waterways and Harbors Division. Vol. 93, No. WI,
February 1967.

League of Women Voters of the United States. Statement to the House
Committee on Public Works on H.R. 4148, 7361, 5511. 9046, 483,
2184, 6556, 6048, 6241, 6772, 3122. and S. 7. Washington , D.C.:

V 

League of Women Voters of the U.S., March 17. 1969.

Maass , Arthur , “Rep ly to a Response”. Water Spectrum. Vol. 2,
No. 2 , (Summer) 1970. p. 41.

Malone , Thomas F. “The Needs for  Knowled ge and Management in the
Preservation and Development of Long Island Sound”. (TestinEny
before the Subcommittee on Executive Reorganization on S. 2472 to
Establish an Intergovernmental  Commission on Long Island Sound) .
Norwalk , Connecticut . July 8, 1970.

Marine Technology Society. Exploiting the Ocean. (Transactions of
the Second Annual MTS Conference and Exhibit). Washington , D.C.
June 27—29, 1966.

V Marine Technology Society. The Decade Ahead, 1970—1980. (Proceed—
ings of the Fifth Annual Conference of the Marine Technology So—

V ciety). Miami , Florida 1969.

Marsden , Howard J. The Federal Interest. Presented at the 57th
V Annual Convention of the American Association of Port Authorities.

Curacao , N.A. November 12, 1968.

Marsden, Howard J. The Role of the Federal Government in Port Plan—

~~~~~ 
Presented at the 7th Annual Transportation Conference. Cor—

valiis , Oregon. March 26, 1970.

“Massachusetts: Its Troubled Fleet — II ”. Boston Globe. July 4, 1970.

Massachus etts Senate. Commission on Marine Boundaries and Resources.
Cape Cod Ocean Sanctu~~ y. (Publicat ion No. 1320) . March 19, 1970.

Massachuset ts  Sena te .  Commission on Marine Boun aries and Resources.
Ocean D u n j a .  ( Pu b l i c a t i o n  No. 1342) . March 31, 1970.
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“Massachusetts: The Troubled Fleet — I. Depression , ~).~
V
~~~ i) ji r  Mark

Fishiii 1~ t i i d u s t r y ” . Boston Globe. June 27 , 1970 .

Mchugh, J.l.. “Are Es tua r i e s  Necessary?”  Commercial  i~~sI I cr i c s  Re-
view . Vol. 30, No. 11, November 1968.

Morriman , DanieL . “The Calefaction of a River”. Scientific A m e r h c a n
May 1970. pp. 42—52.

Muskie, lion. Edmund S. “Extension of Remarks [concerning water p o i —
lution control needs for next 6 years]”. Congressional Record.
July 8, 1970.

Nassau—Suffolk Regional Planning Board. Soil Interpretations: In—
ventory and Analysis. (Comprehensive Plan Series). Prepared by
John W. Warner , Jr., Soil Conservation Service . hlauppauge , Long
Island : Nassau—Suffolk Regional Planning Board, July 1969.

Nassau—Suffolk Regional Planning Board . Oceanographic Commitee.
The Status and Potential of the Marine Environment. Hauppauge ,
Long Island : Nassau—Suffolk Regional Planning Board, December 196e .

National Academy of Sciences—National Research Council. Committee cn
Oceanography. Economic Benefits from Oceanographic Research.
(Publication 1228). Washington, D.C.: National Academy of Sci-
ences—National Research Council, 1964.

National Academy of Sciences—National Research Council. Committee on
Water. Alternatives in Water Management. (Publication 1408).

V - Washington, D.C.: National Academy of Sciences—National Research
Council , 1966.

National Aeronautics and Space Administration . Manned Spacecraf t
Center, Houston, Texas. Earth Resources Program Synopsis of Ac-
tivity. March 1970.

National Council on Marine Resources and Engineering Development.
A Report on the Seminar on Multiple Use of the Coastal Zone.
Williamsburg, Virginia. November 13—15 , 1968.

National Council on Marine Resources and Engineering Development.
United States Activities in Spacecraft Oceanography. Washington ,
D.C.: Government Printing Office, October 1967.

“New England Fishing Industry: Part 1 . . . a new technolgoy”.
New Enginad Business Review. August 1965.

“New England Fishing Industry : Part 2 . . • impac t of government
aid”. New England Business Review. September 1965.
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New England—New York Inter—Agency Committee. The Resources of the
New England—New York Region. Part Two, Chapter XIII (Piscataqua
River Basin New Hampshire—Maine), and Chapter XIV (New Hampshire
Coastal Area, New Hampshire) 1954/1955.

V 

New England—New York Inter—Agency Commit tee. The Resources of the
Eflgland—New York Region. Part Two, Chapter XVI (Massachusetts
Coastal Area). 1954/1955.

New England—New York Inter—Agency Committee. The Resources of the
New England—New York Region. Part Two, Chapter XXIII (Connecticut
Coastal Area). 1954/1955.

V 

New England River Basins Commission. Water and Related Land Re-
sources, Priority Programs Fiscal Years 1971—1975. Boston: New

V England River Basin Commission , 1969. 
V

New Jersey Department of Conservation and Economic Development.
Bureau of Navigation Riparian Rights. November 1968.

V New Jersey Department of Conservation and Economic Development. Di-
vision of Water Policy. Delineation of Flood Hazard Areas, Stony
Brook in Princeton Township. Flood Hazard Report No. 1. [Prepared
by Anderson—Nichols and Company, Inc.]. February 1967.

New York State Conservation Department. Division of Water Resources.
Long Island Water Resources. Albany, New York: State Office of
Planning Coordination, January 1970.

New York, State University. Marine Sciences Research Center. ~j~ —
lqgical Effects of Thermal Pollution, Northport. New York. Stony
Brook, New York: State University of New York, January 1970.

Office of Economic Opportunity. Catalog of Federal Domestic Assis-
tance. Washington , D.C.: Government Printing Office , 1969.

“One Strategy For Pollution Control”. Resources. No. 34, June 1970.
pp. 5—6.

V Pennsylvania General Assembly. Susguehanna River Basin Compact.

V 
Act No. 181. July 17 , 1968 .

Pictorial Report of Delaware’s Great Storm of March 1962. Dover ,
Delaware: Delaware State News.

V 
Port of New York Authority.  Public Affa i r s  Department. The Port 

V

of New York Authori ty  1969 Annual Report. New York City. 1969.

Portland Harbor Pollution Abatement Committee. Oil and Hazardous 
V

Materials Contingency Plan for Prevention. Containm ent-and Clean-
up for the State of Maine. Portland, Maine. January 1970.
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V Potomac River Basin Advisory Committe&~V . Potomac River Basin Compact.
Wash ing ton , D.C. Ap ril 1970.

Public Health Service. Bureau of Water Hygiene. Region IT — New
York , New York. Communuy Water Supply Study, N~ w York Standard
Metropolitan Statistical Area. June 1970.

Ralph M. Parsons Compan ’ . Evaluation of Construction Methods For
Offshore Airports, Final Report. Springfield , Virgin ia: Clearing-
house , August 1969. AD 693 185.

Report on the Proceedings at the First Connecticut Conference on
Marine Science and Technology. Avery Point Campus (Groton), Uni—

V veristy of Connecticut . October 1—3 , 1968.

V 

Rhode Island General Assetnbly . An Act Es t ab l i sh ing  a Coas tal Zone
Council Defining I ts  Functions, and Making An Appropria t ion There-
fore. H. 1698 (Sub. A). January 1970.

Robert R. Nathan Associates, Inc. Protection and Development for
V Recreational Resources. A Report for the New England Regional

Conunission. November 1)68. 
-

Rounsefell , George A. “Realism in the Management of Estuaries” .
Marine Resources Bul le t in  Number 1. Alabama Marine Resources
Laboratory (Dauphin I s land) .  December 1963.

Ryther , John H., et al. The Status and Potential of Aguaculture,
Particularly Invertebrate and Algae Culture. Vol. 1. Springf ield,
Virginia: Clearinghouse, May 1968. PB 177 767.

San Francisco Bay Conservation and Development Commission. ~~~
Francisco Bay Plan. Sacramento , California : Documents and Publi-
cations Branch , 1969.

Schlee, John. Sand and Gravel on the Continental Shelf off the
Northeastern United States. (Geological Survey Circular 602).
Washington, D.C.: Government Printing Office , 1968. V

Secretary of the Interior and the Secretary of Transportation. 
~
jj
~Pollution. A Report on pollution of the nation’s waters by oil

and other hazardous substances. Washington, D. C.: Government
Printing Office, February l9ü8.

V Seneca, Joseph J. and Cicchetti, Charles J. “User Response in Out-
door Recreation: A Production Analysi&’. Journal of Leisure
Research. Vol. 1, No. 3, ~untme i~ 1969. pp. 238—245.

V Simmons, Henry B. “Hydraulic Model Studies for Water Resources De—
velopment”. The Military Engineer. #408, July—August 1970.
pp. 258—260.
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Sommerville, Alan J. Statement at the Meeting of the NCASI Middle
Atlantic Region, Philadelphia, Pennsylvania June 12, 1969.

South Western Regional Planning Agency. Land Capability, Technical
V Report #5. Norwalk, Connecticut : South Western Regional Planning

Agency, 1968.
V 

Spencer, Donald A. “Trends in Pesticide Use”. Environmental Sci-
ence and Technology. Vol. 4, No. 6, June 1970. PP. 478~4B1.

“Statement on Pollution of Estuarine Waters”. Connecticut Woodlands.
Vol. 33, No. 3, (Fall) 1968.

V Summary of Report of the President’s Commission on Marine Science,
V Engineering and Resources with Suggested Comment in the Light of

the Recommendations of the American Bar Association. Prepared by
members of the Committee on Oceanography of the Section of Inter-
national and Comparative Law of the American Bar Association.
April 1969.

V Susquehanna River Basin Study Coordinating Committee. Preview, Sus—
V V guehanna River Basin Study. Baltimore, Maryland: Department of

the Army , U .S . Army Engineer Dist r ict , June 1970.

TRW Systems Group. The NASA Earth Resources Satellite Program.

Testimony of Joseph M. Pollard, Los Angeles County, California,
Douglas S. Powell, Middlesex County, New Jersey, Thomas H. Haga,
Genesee County, Michigan, Robert P. Zapsic, Beaver County, Pennsyl-
vania, in Behalf of the National Association of Counties before
the U.S. Senate Interior and Insular Af fa i r s  Committee on S. 3354—
A National Land Use PoliCy. Washington, D.C.: National Associa-
tion of Counties, July 8, 1970.

Texas A & M University. Texas Engineering Research Station. Indus—
trial Research Division . Marine Resources Activities in Texas.
College St ation , Texas : Texas A & M University, 1969.

The Boating Business 1969. A report from The Boating Industry. 1969.

Transportation Consultants, Inc. Compatible Land Use Planning On
and Around Airports. Springfield , Virginia: Clearinghouse,
June 1966. AD 650 267.

Tn —State Transportation Commission [Connecticut, New Jersey New V

York]. Measure of ~a Region. May 1967.

Tn —State Transportation Commission [Connecticut, New York, and New
Jersey]. Regional Development Alternates. March 1967.
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Tn —State Transportation Commission [Connecticut , New York and
V New Jersey]. Regional Development Guide, Technical Perspectives.
• November 1969.

Tn —State Transportation Commission [Connecticut, New Jersey, New
York). Regional Forecast 1985, The Future Size and Needs of the
Tn —State Region. December 1967.

United Aircraft Research Laboratories. Marine Mineral Identifica-
tion Survey of Coastal Connecticut. East Hartford , Connecticut:
United Aircraft Corporation, January 1970.

US. Coast Guard. New York Coastal Region Multi—Agency Oil and Haz—
V 

ardous Materials Pollution Contingency Plan. 1970.

U.S. Congress. House. Laws of the United States Relating to the
Improvement of Rivers and Harbors. H. Doc. 182, 90th Congress.,
1st sess ., 1967.

U.S. Congress. Senate. A Bill To Amend the Water Resources Planning

~~~~~~~ 
5. 3354, 91st Congress, 2nd sess., 1970.

U.S. Congress. Senate. Federal Oceanic and Atmospheric Organiza-
tion. Hearings before the Subcommittee on Oceanography of the
Committee on Commerce on S. 2841 and 5. 2802. Part 1, Serial
91—59. 91st Congress, 1st and 2nd sess. Washington , D.C.: Gov-
ernment Printing Office, 1970.

V U.S. Congress. Senate. Land and Water Resources of the New England—
New York Region. S. Doc. 14, 85th Congress, 1st session, 1957.

U.S. Congress. Senate. Proposed Regulations of the Department of
Interior on Oil Pollution Under The Water Quality Improvement Act
of 1970. Hearing before the Subcommittee on Air and Water Pollu-
tion of the Committee on Public Works, United States Senate. 91st V

V Congress, 2nd sess. Washington, D.C.: Government Printing Office,
1970. 

V

U.S. Department of Agriculture. Soil Conservation Service. Study
of a Need for a Plant Materials Center in Coastal Plain Area.

U.S. Department of the Army. Annual Report of the Chief of Engin— 
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