Coast

. Information

Center . _ j

k

67\

éounul on Environmental Quality
:
:

? .C68
g 1975
|

O8A3F

al Zone'!

U.S. DEPARTMENT OF COMMERCE
National Technical Information Service

PB-253 987

SEP 22 197

Offshore Nuclear Powerplants
A CEQ/Interagency Task
Force Study

1975

| TK
1343

\—




/

Between the time you ordered this report——
which is only one of the hundreds of thou-
sands in the NTIS information collection avail-
able to you—and the time you are reading
this message, several new reports relevant to
your interests probably have entered the col-
lection.

Subscribe to the Weekly Government
Abstracts series that will bring you sum-
maries of new reports as soon as they are
received by NTIS from the originators of the
research. The WGA’'s are an NTIS weekly
newsletter service covering the most recent
research findings in 25 areas of industrial,
.technological, and sociological interest—
invaluable information for executives and
professionals who must keep up to date.

The executive and professional informa-
tion service provided by NTIS in the Weekly
Government Abstracts newsletters will give
you thorough and comprehensive coverage
\of government-conducted or sponsored re-

KEEP UP TO DATE

N\

search activities. And you'll get this impor-
tant information within two weeks of the time
it's released by originating agencies.

WGA newsletters are computer produced
and electronically photocomposed to slash
the time gap between the release of a report
and its availability. You can learn about
technical innovations immediately—and use
them in the most meaningful and productive
ways possible for your organization. Please
request NTIS-PR-205/PCW for more infor-
mation.

The weekly newsletter series will keep you
current. But learn what you have missed in
the past by ordering a computer NTISearch
of all the research reports in your area of
interest, dating as far back as 1964, if you
wish. Please request NTIS-PR-186/PCN for
more information.

WRITE: Managing Editor
5285 Port Royal Road
Springfield, VA 22161

/

/

SRIM (Selected Research in Microfiche)
provides you with regular, automatic distri-
bution of the complete texts of NTIS research
reports only in the subject areas you select.
SRIM covers almost all Government re-
search reports by subject area and/or the
originating Federal or local government
agency. You may subscribe by any category
or subcategory of our WGA (Weekly Govern-
ment Abstracts) or Government Reports
Announcements and Index categories, or to
the reports issued by a particular agency
such as the Department of Defense, Federal
Energy Administration, or Environmental
Protection Agency. Other options that will
give you greater selectivity are available on
request.

The cost of SRIM service is only 45¢
\domestic (60¢ foreign) for each complete

Keep Up To Date With SRIM

~

microfiched report. Your SRIM service begins
as soon as your order is received and proc-
essed and you will receive biweekly ship-
ments thereafter. If you wish, your service
will be backdated to furnish you microfiche
of reports issued earlier.

Because of contractual arrangements with
several Special Technology Groups, not all
NTIS reports are distributed in the SRIM
program. You will receive a notice in your
microfiche shipments identifying the excep-
tionally priced reports not available through
SRIM. '

A deposit account with NTIS is required
before this service can be initiated. If you
have specific questions concerning this serv-
ice, please call (703) 451-1558, or write NTIS,

attention SRIM Product Manager.

This information product distributed by

5285 Port Royal Road
Springfield, Virginia 22161

U.S. DEPARTMENT OF COMMERCE

National Technical Information Service



A

TL1343 68 (175

- APR 15187

PB 253

OFFSHORE NUCLEAR POWERPLANTS

A CEQ/Interagency Task Force Study

U.S. DEPARTMENT OF COMMERCE ‘NOA.
COASTAL SERVICES CENTER &
2234 SOUTH HOBSON AVENUE
CHARLESION; SC 29405-2413

Property of CSC Library

REPRODUCED BY . Y
'NATIONAL TECHNICAL
INFORMATION SERVICE

U.S. DEPARTMENT OF COMMERCE
SPRINGFIELD, VA. 22161

Q87



BIBLIOGRAPHIC DATA

3. Recipient's Accession No.

1. Report No.
SHEET : 151416
4. Title and Subtitle 5. Report Date
OFFSHORE NUCLEAR POWERPLANTS 1978

A CEQ/Interagency Task Force Study

7. Author(s)

CEQ/Interagency Task Force

8, Performing Organization Rept.
No.

9. Performing Organization Name and Address

Council on Environmental Quality

722 Jackson Pl.

N.W.

4ashington, D.C. 20006

10. Project/Task/Work Unit No.

11, Contract/Grant No.

5_]_2. Sponsoring Organization Name and Address

i

15 2

13. Type of Report & Period
Covered

14.

15. Supplementary Notes

16. Abstracts

The major issues and considerations in a decision to deploy nuclear:
powerplants offshore in single and multiple units, including those

that are unresolved.

Energy

17c. COSATI Field/Group

117. Key Words and Document Analysis.
Floating nuclear powérplants
Offshore powerplants

170. Descriptors

17%b. Identifiers/Open-Ended Terms

P~

PRICES SUBJECT TO CHANGE

18. Availability Statement

NTIS

19.. Security Class (This
Report)

Page
UNCELASSIFIED

20. Security Class (This

FORM NT1S-3% (REV. 10-73)

ENDORSED BY ANSI AND UNESCO.

THIS FORM MAY BE REPRODUCED

W'No. of Pages

. R
USCOMM-DC 8265-P74



- PORTIONS OF THIS REPORT ARE NOT LEGIBLE,
HOWEVER, IT IS THE BEST REPRODUCTION
AVATLABLE FROM THE COPY SENT TO NTIS -



PREFACE

The events of the past two years have sﬁarply focused ;he attentionh of the United
States on a whole array of difficult questions about our future guality of life and a prime
ingredieht -- enargy: how much energy is essential to the economic viability of our Nation?
How should we choosé to . supply this energy? What costs, particularly those involving
environmental quality, are we prepared to bear? 1In the context of rising prices and con-
strained availability of energy and as self-sufficiency becomes a firmer policy target,
the choice of feasible and Qttréctive energy~producing technologies has expanded rapidly."

This rapidiexpansion accentuates a further question: what éhéuld be the Federal role
during this period of technology development? A number of options are available, many very

controversial, but certainly one is indisputable. The Federal Government has a mandate to

collect, analyze, and disseminate information. Here, as in all areas of public peolicy, an

- informed citizenry is essential. Over the last several years, the Council on Environmental

Quality in conjunction with several other Federal agencies has been engaged in several study
efforts in response to these issues. This report is the culmination of cne such study.

The siting of nuclear powerplanté offshore has emerged as one of the promising yet
disturbing te;hnologies prime for implementation .in the not-too—di;tant future. Offshore
siting conceivably. could overcome many of the economic and'environmenfal difficulties of
onshore siting, but for many it simultanecusly raises the specter of safety hazards and
severe environmental degradation.

In accordance with the concept that the involvement of Federal agencies with the

"development of new technologies should be "proactive" rather than reactive, this study

was initiated ir May 1973 as it became apparent that offshore nuclear powerplants were

emerginé as a serious candidate technology. All concerned Federal agencies gathered and

formed working groups coordinated by CEQ to identify issues and associated information needs

and availability. These working groups evolved a study outline‘for which Federal agencies

were then assigned lead and/or support roles to best employ their expertise and concern

for the issues identified. From this structure a draft report emerged which has been
reviewed iteratively by these Federal agencies -~ resulting, in this final report.
That this report does not present a forum for totally informed decisions for the

deployment of specific offshore nuclear powerplants at specific sites is not surprising and

S Preceding page blank



in fact is appropriate. The intent was t§ identify the major issues and considerations
as the techhology emerged -~ thus the report herein. This&report is not, nor was it ever
intended to be, a statement of environmehtal impacts of of%shote nuclear powerplants --

. that, quite correctly, will result from the regul#tory proéess for specific deploymehi‘
applicaﬁions. Rather, this report serves to typify the peévasive issues related to the
decision to deploy nuclear powerplants offshore not only in the case of a single facility
but also in the context of multiple deployment. It is not’the intent of this study to
condemn or appiaud this new eneiq? concept. This will be éone in other forums. This
study will have fulfilled-its §urpose if it simply points éut to the public the major
issues and considerﬁtions of offshore nuclear pcwerplants,gincluding those that are as
yet unresolved. V |

It hardly need be mentioned here that conditions in tge energy sector have changed
rapidly and dramatically since this stﬁdy wasg un&ertakeﬂ tﬁo'years ago. Considerable
effort was made to keep the results up-to;date. but that mgy be impossible in the current
environment. One important éhanqe has been the increasingfuncertainty of .future plans
for offshore nuclear facilities. The schedﬁle for the Pubiic Service Electric and Gas
Atlantic Generating Station has slipped several years furtger into the future while other
customers for floating plants have faileé,to materialize. H“

Another important change at the Federal level has beeé the dissolution of the Atomic
Energy Commission énd the rebirth of its major components 43 the Nuclear Regulatory
Commission (NRC) and the Energy kesearch And Development A%ministration (ERDA) . ‘This
report maintains the old Atcmic Energy Commission (AEC) de%iqnation. - Readers, however,
can genefally substitute NRC for AEC within the report wiﬁi no loss iﬂ accuracy.

The scope of the study is broad and the ccvefage is déep. For those éersons
interested only in acquainting themselves with tﬁe rudimenés of offshﬁre nuclear
powerplants, Chapter I may be sufficient. For those inter%sted in pursuing particular
points more thoroughly, the body of ﬁhe'report and its app%ndices will

vbe useful. ‘ :

Chapters II and III, based upén significant igputs fr%m the Federal Power Commission,

the Department of the Interior (Bureau of Mines), and the %Ec, present the role of

coffshore nuclear powerplants in the peESpective of national energy supply and demand

iv
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projections and economic feasibility. 1In Chapter IV and Appendices A and B the AEC
describes one candidate offshore nuclear powerplant concept in considerable detail,
including not ohly the construction and operation of these illustrative facilities but

also the issues of safety and decommissioning. In Appendix C the National Oceanic and

Atmospheric Administration (Environmental Data Service) presents a comparative discussion

of the enviromnment of the four coastal areas of the United States and a more thorough
éiscussion of the environment in four Bast Coast regions that have been identified as a
candidate for early deployment of offshore nuclear powerplants. Chapter V and Appendix B?
based on gignificant contributions from the National Oceanic and Atmospheric Administration

(National Marine Pisheries Service), the Environmental Protection Agency, and a contractor,

- Mathematica, Inc., present a detailed description of the direct environmental effects of

this concept throughout its life cycle. Appendix C discusses the direct environmental
effects of altermative technological concepts. Chapter VI and Appendix F, based upon
work by Mathematica and the Department of Commerce (Bureau of Economic Anaiysis), present
a discussion of the indirect environmental and economic effects of the floating nuclear

plant concept throughout its life cycle. Chapter VIII discusses the interqctioﬁ between

~offshore siting and other potential uses of the outer continental shelf and coastal

regions. 1In Chapter VIII, based upon contributions of several Federal agencies (most

hoeably the AEC and the Department of State) and -Mathematica, the legal and'institutionél .

issues associated with the deployment.of offshore nucl#ar powe:plaﬁts are discussed in
the context of various levels of governmental and public concerns. And last, but by all
means of ma;or 1mportanca Chapter IX summarizes the current uncertainties relevant to
the deployment of offshore nuclear powerplants and makes recommendations for future
research.

In adéitioA to thé agencies menﬁionéd'above,,several others have played an'import;ﬁt
role.iﬁ this study: Departﬁent of Defense (Corps of Engineers), U.S. Coast Guard, Depﬁrtmeni
of the Interior, Department of cdﬁmerce (Bureau of Economic Annlysis). Department’of Justice,

and Federal Aviation Administration. Mcreover, the participation of all of these agencies

has been pervaszve throughout the study and not limited to the above summary

Ruszell W. Peteé;on. Chairman
Council on Environmental Quality
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CHAPTER 1

SUMMARY

Scope and Purpose

The purpose of this report is to explore the state of knowledge regarding
the individual and multiple depioyment of nuclear powerplants offshore aﬁd to
point out where current understanding needs strengthening. The scope of the
report is limited in several ways. First of all; the focus is primarily upon
the interaction between the siting of nuclear blants offshore and the environment
vis-a-vis onshore siting; Investigations pf’future.nuclear power demands, the
economics of offshore siting and safety have alsc been undertaken, but largely
as a means for providing a framework from which environmental effects can be
viewed. ’

Secondly, the report emphasizes a2 single offshore technology -- the floating

.nuclear plant (FNP)/fixed breakwater canfiguration -- and concentrates on a gingie
geographical region, the Atlantic coast. Although.there épﬁear to be other feasible
‘offshore technologies; the information presently available is insufficient to permit
meaniagful comparison. And while FNPs mighé‘in the future become econcmically
attractive for the Pacific and Gulf coasts and for the Great Lakes, the Atlantic
coast appears to be thebmost likely candidate for early deployment.

Perhaps the most serious lim%tation is the fact that while this report is
generic in nature, the issues surrounding deployment of any single FNP facility
are highly site-specific. Onlylafier a particular site ha; 5een chosen can most
issues be meaningfully addressed in the necessary detaii. Issues not apparently
importaqt from a generic viewpoint could be central in specific instances and
vice versa.

Thus ‘it shoiild not be inferred from any of the follcwihg‘discussions that
deployment of individual FNPs must await resolution of any or ail of the questioms
raigsed. Equally important, omission of a qﬁestion or issue here does not imély that
implementation should procéed without its cdnsideration; In general, offshore siting
decisions will be made on the basis §f a broaéer view of ‘thé balance ®f econcmic,
social and environmental costs and benefits than is portrayed here. This report shou

not be interpreted as a universal evaluation of the offshore concept.



Overview

Exm;tin_ation of individual floating nuclear pmrpl:ancs and their potential
impacts on man and the environment leads the Council on' Environmental Quality
to the conclusion that there is reason for guarded optiﬁism about their overall
benefit. This optimism arises from the comparison of nuclear powerplants sited
offshore with those sited onshore. An offshore nuc]'.car;} powerplant is by no means
2 net benefit to the ocean environment, nor should it b; cxpagtcd to be. Compared
to onshore plants, there appe&s. on the basis of currehtly available information,
to be little signif;.cnnt difference in overall environmental acceptability.

This is not to say that the offshore concept can be recommended withmt
qualification or resemtion. For example, wh:.le it is po:sl.blc to aati.mata the
environmental, cconoxuc. and safety consequences of a slngle FNP facility., only
the most rudimentary guesses can be made about the etfe;ts of a clustor or stnng
of several facilities. The importance of clarifying ou;:: understanding of this
question is apparent: substantial differences in the e#fncts of limited versus -
large~gcale dap.loyment‘cf FNPs wopld indicate a need for additional dnphasil on
longer range and ﬁore coordinated planning. ‘

FRP Illustrated | ‘ ‘

Although sevaral da-signs have been advanced for of#shore nuclear power facilities,
cnly one has b;cn thoroughly developed and analyzed. Tl;c FNP has be;n designed by
Offshore Power Syateuis and Publ'ic Servica  Electric and Gas Cmpany for imtallatim
near Atlantic City, N.J. It is used for illustrative purposes throughout the repo:t

The PSESG proposal (see Figure I-1l) has the followiﬂ.ng‘ components:

. % A massive D-shaped breakwater

° Two barge-mounted 1,150—nagawa£t alectric plants

® A five-cable transmission system

* An onshore construction and maintenance facility.

The breakwater (as designed for a water depth of 45 feet) would be the

largest structure every piaced in the ocean. -
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-~ The preakwater itsely would covar 15 acres of ocean bottom

-- The parimater of the breakwater would enclosa %n area at the mean low
watar level of roughly 0.12 square miles, 700 §a;ds by 500 yards

-~ The breakwater wculd contaiﬁ 5.5 million tons ?f aggregate, stone,
and reinforced concreta, roughly the amount re&uired for Hoover Dam

-- Two FNPs in the breakwater would sach generate?l.lso megawﬁtts of
electricity, enough to supply the 1372 power cgnsumpticn pf a city tﬁe
gize of Baltimore or of a statae with a populatﬁon as larqé as Maine's

-~ The steel barge hullsg would be 378 feet by 400£fe@t by 44 feet high

-- The reactor building wouid rise 174 feet and w&uld Se protected by a
34-foot steel wave shisld |

~- Located 3 milas offshore, plants and breakwateA would appear to be tha
same size as a 1,000-foot ocean liner viewed fﬁom 1/2 mile away.

The following sections vary briefly summarize the éLntent and findings of

the chapters which follow. i

Perspective: The Overall Muclear Power Outlook ﬁ

No matter what view one takea of futursz enexgy cons&mption ~— high growth
or low growth -- nme is led to the conclusion that elect;ic power consumption will
continue to girow rapidly and that nuclear power will becpme an incredsingly important
gsource of electricity. The most conservative estimates show electricity growing

£rom 25 percent of total energy consumption to well overaone-thifd and electric
energy generated by nuclear powerplants growiné from 2 p;rcent to over 50 percant
of elactric energy in the year 2000.

In absolute ternms, the'thermal energy generated by %uclear powerplants will grow
(undgr moderate assumptions) from 0.4 quadrillion Bfus ik 1971 to around 40
quadrillion Btus in 2060 -- a one hundredfold increasa, ;This growtﬁ transg-
lates into a need for 300 to 400 new nuclear powerplantsiof 1,150 MWe
capacity. It is anticipated that nearly 40 percent of tﬁe growth (120 to
160 plants) will serve a strip 200 miles wide along the Atlantic coast.

Roughly half of these are likely to serve the area from ﬁaine through -

Pennsylvania, the other half south from Pennsylvania to Florida.
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why Offshore?

These enefgy estimates are no£ self-fulfilling. Nuclear power generation
has consistently lagged behind projections. The principal reasons for the se
deployﬁent lags have béen siting problems and technical difficulties in construc-
tion and operation. .Indeed. the difficulties are expected to grow because a
higher rate of construction will dilute the existing pool of trained personqel
and because relatively uncontroversial plant sites wili become i,ncr'easinglyi
scarce. |

Both of these factors are nor causing utility executiQes to look seaward.
Nuclear plants that can be mass-produced and then towed to offshore sites may
mitigate the technical problems associated with on-site construction of onshore
plants, even if present efforts to standardize onshore plants are successful.
Perhaps most important, if offshore locations are less controversial than onshore,
nuclear plants could be built nearer load centers and with less delay than usual.

It is difficult to compare directly the cost of an dffshore facility with
its onshare counterpart because in both cases costs are highly site-specific
and relative costs can be expected to change significantly over ;he time it takes
to actuaiif emplace such a facility. At any given offshore Site cost-is ;,fuﬁction
of several factors: Ehe region in whichnit is located (labor and transportation
costs differ éignifiéantly), plant ccpfiguration (number of plants within‘a
breaﬁwater), water depth and design wave heights, distance from shore, composition of
seabed, eté.‘

Despite the difficulty in making a comparison, total offshore costs appear
to bé perhaps 20 percen€ higher under current conditicns (see Chapter III1), but
this Emount ¢ould be paied significantly if manufacturiﬁg facilities where
standardized FNPs will be produced reach full production volume, if the large
uncertainty faétor presently built into anticipated breakwat er costs were reduced,
and if cooling systems»necessary t§ meet new EPA éffluent guidelines for onshore

- plants proved more expensive. .

Even today it appears that offshore plants would be competitive in the
Northeast region. Combined‘with severe siting difficulties in that area, the
relativeAcosts suggest that offshore siting will be an econcmically viable

alternative .



-Given the need for electrical power, and the potential economic viability of
the FNP concept, it is necessary to axamine’ other consiéerations -~ safety, environ-
mental effects, other usaes of the offshore areas, and the legal and institutional

implications of offshore deployment. ) . ' ) |

ENP Safety : I
' Although generalizations are presently difficult or even impossible, important |
observagions related to offshore plant safety can be made.
The potential for accidents arising from avents internal to the FNP is not
much different from an onsho;e nuclear plant with one exception. Barge-mounted planéa
_are subject to wave and tidal motion which, although limited by the breakwater and
the mooring system, could affect the performance and raliability of important plant’
elements., Further, the FNP is located in a corrosive environment. Although the
probability is low,  thaese factors conceivably could combine td initiata equipment

ISR

failure and exacerbate otherwise minor accidents.

A more important difference in safety is the potenéiai for accidents initiated

external to the FNP. Proper siting and barge and break#ater design can probably
_accommodate stormms aqd waves safely and can offer proteétion against collision with
large vessels -- even vessels contaihing hazardous cargo. The likelihood and aeffects
of accidents which are unigue to offshgre locations arerlargely unexplored, however,
and need to be mére fully addressed. Simply lack of experience suggests that even
more caution than is usually exercised with regard to the licensing of nuclear
powerplants be applied to FNPs.

While severe meteorological conditions could require full or partial plan; :
shutdown, the major question in these instances concern electric grid reliability
rather than human health ér ecological damage. Reliability becomes increasingly
important with multiple deployment and could be a key féctor in mul£iple deploy-
ment &écisions. Security against military attack; sabotaqe; and acts of te;rorism

"also becomes an increasingly important factor as multiple deployment proceeds

offshore.



™

b

Environmental Effects

It is difficult to conclude dafinitively whether offshore plants are
enﬁironmentally more or less dgsirable than onshore plants. To a large degree,
the difficulty is due to site-specific variations. FNPs offer some environmental
benefits relative té similar onshore plants in terms of land availability and heat
dissipation, but they also present éome unique en?ironment;i problems in terms of
disturbance of the marine ecology. Offshore siting.ihowever. offers an advantage
over onshore in that it provides manj additional feasible sites and thereby more
flexibility to accommodate adjustments that can reduce environmental impacts and
land use conflicté. A disadvantage is that the consequences of accidental releases,
radioactive or’ chemical, are difficult to assess because of the complexity of the
ocean and the offshore atmosphere as transport media.

fhe major indirect environmental effect of FNP deployment is’probaﬁly the
disturbance caused by large-scale granite quarrying and its trangpbrt. The local
effects‘of quarrying could be magnified by clustering several FNPs in the same
geperal area. With this possible exception, the indirect environmental effects of
FNPs do not appear significant. Since offshdre plﬁnts are u#likely to be a source
of inexpensi ve energy.vthey are unlikely to induce rapid onshore indu;trialization.

Specific findings are contained in chapté:s‘v and VI. Tables 1-1:and 1-2
list environmental effects in summary fashion. The tables do not attach relative
magnitudes to t$e effects and thus cannot be used as a measure of relative impact.
It should also be noted that in most cases, Federal and state regqulatory prog;ams
will 1imit or prevent adverse environmental impacts. |

Other Uses of Offshore Areas

The ocean along the coast is a valuable resource. Any use that forecloses

'~ other uses reprasents an additional cost to society -- an opportunity cost, in

' economic terms. Chapter VII discusses qther uses and points out those that may

be competitive. Table I-3 summarizes the findings and categorizes potential

conflicts with other uses of the offshore areas. FNP site selection decisions

should recognize these poﬁentially competing uses. This is another consideration
that becomes mbrg important with multiple FNP deployment -- as well as with

increasing use of offshore areas for other purposes. As the number and density
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Table I-3| poSSIBLE CONFLICTS BETWEEN FNPs AND OTHER USES
OF OFFSHORE AND COASTAL REGIONS

Energy Resource Development Recreation Other Commercial Uses
1. 0Oil and Gas Production 1. Swimming - Effect of l. Coastal Transportation -
~ Direct conflict between sites . FNPs dependent on Probably little conflict.
unlikely on Atlantic OCS public perception of with existing water trans-
~ Possible conflict between FNP that threat to the - portation patterns, but
sites and vessel traffic and - beaches. might foreclose future
pipeline routing for oil and 2, ‘Tourism - Uncertain shifts, particularly in the
_gas_production., ] . affect. _FNP could be- .case of hazardous cargo.
. o come tourist attraction. 2. sSand and Gravel - Possible
2. Deepwater Ports 3. FPishing -~ Breakwater conflicta in transportation.
~ Direct conflict between sites will concentrate sport Dredging must avoid area of
unlikely fish, but exclusion submerged trangmission cables.
- Posaible conflict between area may prevent access. 3. Manganese Mining - No conflict
FNP sites and port-to-shore 4. Boating - Area of per- with deepwater mining
oil transfer ‘ missible operation will .~ operations.
be limited by exclusion 4. Fishing - Exclusion areas
- : area. : may praevent access to fish
) concentrations near break-
water.
Contamination of fish as a
. ~ rasult of accident would
have severe ilmpact.
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of various uses grow, “noncompetitive” sites become scarcer and siting beacomes
more difficult.
Legal and Institutional Considerations

As shown in chapter VIiI, the Federal process for licensing FNPs in coastal
waters involves several agencies, each with separate responsibilities. This proéeas
is in need of s%raamlining to eliminate unnecessary duplicative efforts and Fedaral
action is being taken to accomplish this. For all their present complexity, present
Federal and state regulatory procedures provide many opportunities for interested
parties to participgte in the consideration of environmental, économic, and social
questions. Any changes in reqﬁlatory procedure must retain this feature.

As for questions of internmational law, the United States clearly may deploy
an FNP in its territorial sea (0 to 3 miles cut). Further offshore on the high
seas, an FNP would have to be constructed and operated with reasonable regard for
other uses of the sea, and must not involve an assertion of sbvereiénty.
in Fine

Although this report is on balance guardedly optimistic about the overall
benefit of FNPs, the acceptability of future FNP deployment will depend critically
ﬁpon public appreciation of‘their relative me:ié. Thus, efferts‘in responsa to 
th; information inadequacies noted in this report must provide answers to the
satisfaction Sf the public in general -- not just the technician. Further,
sgbsequcnt findinés and the concerns of the pdblic could introduce importaht issues

for futura conéidefation not identified in this report.
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CHAPTER II

NATIONAL ENERGY ou'rnqoﬂx_i’

During the 25 years from 1949 to 1974, U.S. enegqy consumption increased
in all but three years. It increased from 31.5 quadrillion Btus to 73.2 quad-
rillion Btus -- a 3.2 percent annual rate -- while per capita energy usage rose
at a 1.6 percent annual rate.

Experienée over the 25-§ea;w;;;;§d masks the accelerated growth iﬂ energy
consumption during the more recent past, as shown in Table II-1. On both a
total and a per éapita bagis, the 1965-70 growth rates far exceed those of
earlier éeriods.

There are several reasons for the high growth rate of the sixties. In
particular, 1961 to 1969 was the most prolonged period of economic prosperity
of this cantury. The rapid rise in GNP during this period obviously contributed
to the high rata of enargy consumption. 1In addition, fuel prices declined rala-

tive to other prices. Fossil fuel per million Btus was priced at 35.0 cents

Table II-1

Energy Production and Consumption, 5-Year Intervals

Enexgy Production Energy Capita
Average annual Average annual
Gross BTUs growth rate for Gross BTUs growth rate for

Year (quadrillions) S5-year pericds i (millions) S5-year periods
1950 34.0 - f223.2
1955 39.7 3.1% 239.3 1.4%
1960 44.6 2.3 246.8 0.6
1965 53.3 3.6 274.4 2.1
1970 67.4 4.8 329.1 3.7
Source: Dupree, Walter G., Jr., and James A. West, United States Energy Through the Year

2000, U.S. Department of the Interior, December 1972.
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in 1950, 33.3 cents in 1960, and 31.6 in 1970. These prices are in 1967 cents

'weighted by consumption. Two factors -- increasing income and declining relative.

prices -~ account for much of the growth of energy consumption during the past decade.

Proijections of Energy Consumption

Although understanding past energy supply and demaﬁd is essential to
projections, these relationships are beceming.lesa reliable a§ the basis for
prediction.

Many new uncertainties have recently entered the energy picture as a result

of the emergence of o0il as an international political weapohf_tﬁe riszog_egergy B
prices beyond experience, massive Federal expenditures and incgntives for epgrgy
research and development, growing awareness of energy bohservation. and, perhaps
more 1mpor£ant. an avowed national goal of energy self-sufficiency. The net

effeact of thase factors is tb invalidate previous energy préjections and make

current projections extremely uncertain.

Given the.uncertainty impliéit'in any energy projections, three scenarios
representing a wide range of possibilities are presented here:

¢ ; "high" rate of growth, which assuﬁes continuation of trends of
the years prior to the 1973 Arab oil embargo.
a "medium” rate of growth, reflecting recent increases in fuel
prices'bht little or no change in Federal energy policies.
a "low" rate of growth, which assumes large-scale conservation of

energy and improvement of energy canversion efficiencies.

The three levels ofbdgmand are shown by consuming sector in fable 11-2.
The fuels required are shown in Table II-3. Because the projections are ranked
in the order of total demand, individual components of the "low" cases are not
always the lowest figures of the three levels, the "high" figqures are not always
the highest, and the "medium" do not always fall between the two.

Electric Power Projections

The preceding energy projections all foresee tremendous growth both in the
generation and in the use of electricity, particularly electricity produced

through nuclear power.



Table II-2

U.S. Energy Demand Projections, 1985 and ZOOOl/
by Consuming Sector
(quadrillion Btus),

1974 ' 1985 ; 2000

Actual High Medium Low High' Medium Low

Household ‘

and commercial 14.6 19.0 14.3 12.9 - 21.9° 19.9 16.7’
Industrial 21.3 27.5 24.0 23.2 39.3 43.1 37.7!
Transportation 17.7 27.1 22.8 20.7 42.6 ' 32.3 25.6:
Electric . : y )

generation 19.6 . 40.4 14 .7 8.7 80.4" _68:7 40.8
other ¥ - 2.6 -y - 7.7 - -

TOTAL . 73.2. 116.6 - 10s.8 95.5 191.9°  164.0 121.0

1/ The "high" case is the same as in Department of the Interior, United States
Energy Through the Year 2000, Department of the Interilor, December 1972.
The "medium" and "low" cases are Scenarios 0 and I as described in A National
Plan for Energy Research Development and Demonstration: Creating Energy Choices
for the Future. U.S. Energy Research and Development Administration, June 1975.

2/ Mainly synthetic natural gas.

Table II-3 »
U.S. Energy Demand Projectionsi/
by Fuel
) (quadrillion Btus)
1974 ‘ 1985 , 2000
Actual Hich Medium Low High Medium Low
Petroleum 3.8 50,7 471 34.6 714 0.5 40.3
Natural gas 22.3 28.4 24.0 26.5 34.0 15.4 22.8
Coal 13.0° 21.5 19.6 17.0 31.4  32.4 21.4
Hydropower 2.9 4.3 3.4 3.4 5.9 3.7 3.7
Nuclear power 1.2 i ' 11.7 10.9 10.9  49.2 40.5 20.4
Geocthermal — —— 0.7 0.9 -—— 1.4 2.4
Other —— ——— 0.1 2.2 ——— 0.1 10:0
TOTAL 73.2 116.6 105.8 95.5 191.9 164.0 121.0

l/ See note 1/ Table II-2 above

2/ Includes small amounts of shale oil
3/ Includes synthetic oil and gas
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Since the leéo's, electric power loads have been growing at an average
annual rate of about 7 pe:ceht. a rate that abéut doubles demands every 10
years. The growth is related both to population growth of about 1.3 percent
each year ana mounting per capita use. The relatively low cost of electric
energy and the coﬁvenience. cleanliness, versatility, and reliability of
electric equipment have been major influences on the continuea increase in con-
sumption. | ’

Table II-4 dﬁ;ails energy use for electric power generation for the three
energy consumption levels. Although there is a wide range in terms of con-
sumption, tﬁere is much less difference when consumption of electricity is

seen in relation to total energy. In each case electricity composes from 34

to 42 peicent of the total in 2000, compared to 27 percent in 1974. Even the low

Table II-4

Energy Resource Inputs for Electric Power Generation
(gquadrillion Btus)

1974 2000

Actual : High “Medium Low
Coal g T 8.7 17.5 17.0 13.1
Petroleum 3.4 5.0 4 2.2
Natural Gas 3.4 2.6 2.0 ——
Hydropower 2.9 6.0 3.7 3.7
Nuclear 1.2 ‘ 49.2 40.5  20.4
Geothermal == " e 1.4 1.4

19.6 80.3 68.7 40.8

Electricity as
a percentage of o .
total energy . 26.8 ’ 41.8% 41.9% 33.7%
Nuclear energy l
as a percentage — )
of total energy 1.6% : 25.6% 24.7% '16.9%
Annual growth
rates of electricity
1971 to 200 5.4% S5.1% 3.8%
Nu&lear power ’ ' 18.0% 18.0% 16.8%

growth rates
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case,.which aims at national self-sufficiency, and assumes very high levels of

——— L e

conservation, shows a high rate of electrification.

Note the large increas§s in consumption of électricity despite declines
in projected electricity growth iateé beiow historical levels. A decline
in the growth rate of electricity consumption seems probable, particulafly
in light of recent price increases and the likelihood of further rises. .It
should be noted that ths many authoritative forecasts of electric power made
aince 1970 have almost unanimously erred by_ ove;estimating future g?cwth -
rates. o ’

- Table II-S5 translates the electric energy consumption projections into
estimates of electric generating capacity. Here, as in the previous téble.
the projected growth of nuclear power stands out. Even under the most
rastrictive scenério,‘nuclear generating capacity increases 20 times o
from 1974 to 2000. If the typical power facility of the next quarter century
has a capacity of 2,300 megawatts, nearly 170 new nuclea? facilities would have
to come on line by 2000 at the low demand projection and over 400 at the high level.

At the national and regiohal levels, increasing re}iance on electric energy
is independént of the particular consumption level. Table II-6 shows regibnil
requirements under aésumptions of high overall energy growth rates. However,
although the grcwth in generating capacity of all types is prbjected'to be fairly
uniform across the Nation, ﬁearly 40 percent of new nuclear capacity added by
2000 is likely to serve a 200-mile wide strip along the:Alantic Coast. Und&r
any forecast level of total energy consumption, this projection ekanslateé
into more than 100 nuclear generating stations. Half will probably be needed for

Maine through Pennsylvania and the other half south through Florida.

Supply Constraints
The growing importance of nuclear power is a direct result of constraints
on the use of other fuels -- relative price increases, environmental regulations, -
and availability of land and of the resources themselves. Table II-7 summarizes

v

use factors for each major resource.
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- 1973

plant ‘ Actual

1
Fossil Fuer‘/ : 339,000
Nuclear . _20.000

2
Rydropower 2/ _.. 65,000
& Geothermal 424,000 1,
v

Table II-5
Installed Generating Capacity

(megawatts)

2000

Bigh Medi um Low
720,000 584,000 387,000
960,000 agg.ooo 403,000
200,000 170,000 170,000
880,000 1,618,000 960,000

Includes steam, internal combustion, and gas turbine plants.

Includes pumped storage.

Table II-6

Electric Utility Energy Requirements

Power .

Survev Regions' 1970
Northeast ) . 52.9
East Central 44.0
Southeast 52.9
West Central 35.7
South Central : 40.6
West 49.6

ToTAL Y/ . 275.7

1/ The totals are nearly identical to the Department of the Interior's

"high" forecast,

by Power Survey Regions

(thousand megawatts)

Annual

2000 Growth Rate
282.0 5.?%‘
249.0 5.9
367.0 6.7
231.0 6.4
330.0 7.2
398.0 22
1,857.0 6.6

Source: National Power Survey, Federal Power Commission, 1972,

/7
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Coal

The mostiabundant and widespread indigenous fossil fuel, coal is potentially
the most versatile. It can be converted to‘liquid and gas as well as to electri-
eity. But coal is becoming more costly because of health and safety regulations
and the remoteness of new deposits. Siqnificant additicnal production appears
several years away, and competition over current production has made it véryv
difficult to secure future coal contracts. Further, Stﬁrage of the coal and ash
handling involve siénificant land and aesthetic‘costs.

Qil

When,ali geological forms -- shale and tar sands =-- are considered, oil is
potentiélly abundant. Nonfuel uses and environmental safeguards limit the
domestic ail‘available at moderate prices, and reliance on internationai supplies
invplves nationa{ security issues. The technologies t; develop scme domestic
supﬁlies (shale and tar sands) are not fﬁlly developed and will surely lead to
vsignificant'environméptal cpalienges. Local storage facilities u#e large amounts
of land ard tend to be aeSthétically displeasing.

Natural -Gas .

Available in la}ger quantities than in generally perceived under the current

suppressed price situation, proven supplies of natural gas are limited domestically

Reliance on international supplies raises national security questions. Content
of sulfur and ash is ideal for meeting emission standards, but its natural vola=-
tility raises health and safety concerns in transport and use;

szrogowe;

.

Hydropower. is inexpensive and clean form of energy. However, additional
domestic sites are few, and development may present significant environmental
problems. .But beyond that, hydropower in the form of pumped storage for peaking

requirements is only about 65 parcent efficient.
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Nuclear

Supplies of nhclear fuel are currently viewed as secure(.and“nuclggr energy
produces little air pollution under normalvoperations. With recent andlanticipatad
cost increases for the primary resourcesi, nuclear fuel will become relatively
cheap. particularly alpng the Eaat‘coast. On the other hana. thepnal water
emissions are éxpensive to control. The issues of fuel reprocessing, long~-range
wastg disposal, and nuclear safety present land-use, environmental, and health
and safety pzoblgms. Purther, capital costs are very high, and construction
times have been long;“‘

In genefal teims,4the abové factors -- or more correctly, their economic
implicafions -~ gtrongly influence the consuﬂption projections that are presented.
Nuclear power is an attractive solutién fo many current energy problems, not the
least of whiéh are of fuel availability and reliability. Severéi of the negative -

factors for nucléar.power may be mitigated by offshore locations.
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CHAPTER III

ECONOMIC ASSESSMENT.OF OFFSHORE NUCLEAR POWERPLANTS

'Althouéh the ultimate deciaion'ﬁo deploy a technology depends upon |
relative economic factors -- and the generalization certainly is true for
offshore nuclear powerplants -- the possible "costs" must be weighed against
possible "benefits." fhe evaluation must include not only the classical costs
of capital operation‘and maintenance that accrue directly to the owner but also
the costs that rarely take monetary form and most often accrue to society as a
whole when left uncontrolled. Eooloqical and aesthetic conaiderations are
prime axamples.

This chapter addresses the conventional economics of the pronosed floating
nuclear plant, briefly comparos costs of FNPs and onshore plants, and demonot:ates
hew location offshore is constrained by the oconomics of water depth, distance
offshore, meteorological conditions, etec.

Several oonceptsbhave been proposed for the offshore nuclear plant: artificial
islands, bottom-seated plants with floatiog breakwaters, submerged ond semisubmerged

plants _among them. (éee Aopendix D.) Manv appear aulte _promising. but the one
that has received extensive attention and is progresszng twoard the 1mp1ementatzon
stage was proposed by Offshore Power Systems (OPS) and Public Service Electric anA
Gas (PSE&G) of New Jersey. » |

OPS has proposed barge-mounted nuclear powaerplants moored pormanently ingide ‘
a massive breakwater or other barrier. DSE&G'S proposed generatlng station consists
of two OPS pcwerplants within a bresakwater located north of Atlantic clty about 3
milos out. It is depicted in Figure I-l. The floating nuclear poworplant (FNP).
will be a complete electric generating station of standardized design built on a
floatxng platform in a shipyard-~like facility. Plant components and systems will
be nearly identical to the recently licensed pressurized water reaotor‘(PWR)

nuclear powerplants'. The supporting platform will be a specially designed barge.

{
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The breakwater discussed in this study is the one initially proposed by PSESG

for the Atlantic Generating Station (see Appendix A). It is roughly D-shaped,

. covers about 100 acres, and contains about 6.5 million tons of sand, gravel, rock,

and concrete._nyfrggfgsqnpg;i§qn_ﬁaceq open ocean; it is about
3,000 feet long, 300 feet thick at the base, and 30 feet thick at the_top apd extends
64 feeﬁ above mean lower water (mean Low Water for the Atlantic Genérating Station
is approximately 45 feet). The straight section of the breakwater is approximately
2,140 feet long and is partially constructed of removable caissons to pemit entry
or exit of the FNPs. Both ends of the straight seétion are copstructed of sand,
rock, and dolosse. These dolosse are very large precast concréte forms (tetrapods)
whose shape was Eelected to provide interlocking which minimizes their
motion under severe wﬁve attack. | |

The powerplahts will have ﬁultiple high-voltage cables which will connect
to the onshore eiectrical grid at a switching yard. In ad&ition to the switching
faéility, the plénf will alsé,require a small area for materialé and personnel,
about\ls ac#es. ‘Further, for the handling and processing of breakwater construc-
tion materials, a landside site of as much as 100 acres, with access to the ocean
is required.

¢

PSESG haé»begun preliminafy applications to site an OPS station about 3 miles

out from Atlantic City. OPS has applied for a license to manufacture the barge-

mounted plants at a facility on Blount Island, near Jacksonville.

Capital Costs

Tﬁé capital costs presented here are based on the current conceét proposed
by OPS in iccoréanﬁe with the "éuige for Economic Evaluation of Nuclear Reactor
Plant Design-in the U.S." 531, NUS Corporation, January 1969. The figures were
provided by the Oak Ridge National Laboratory CONCEPT code. Thé capital costs
derive frcﬁ the barge-mountéd powerplant, the breakwater and mooring system,
transmission lines, and sﬁore facilities.
The Barge-Mountgd Powerplant

The analysis assumes an PNP consisting of a barge-mounted pressurized
water reactor powerplant of conventicnal ‘design having

a net electrical output of 1,150 megawatts, and using seawater for once-through
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"flow of condenser cooling. Except for installation of the nuclear fuel, the FNP
is assembls 4 and functionally tested in a facility similar to a sﬁipynrd. The
owners of the manufacturing facility are assumed responsible for designing,
eugineeriAg, manufactur;ng. testing (without fuel), and preparing the plant for
shipment. The overall capital cost of one barge-mounted powerplant is approxi-
mataly $368 million. Component' costa are presented in Table III-l.

Breakwater and Mooring sttem \

An offshore breakwatef large enough to protect a two-uni£ nﬁcle;r powerplant
has nevaer been built. The estimated costs were extrapolated from exisﬁinq data
on lesser enterprises. |

Constructicn of the breakwater is aestimated at about $180 million, 'as shown
in Table III-2. The cost includes a 33% allowance for uncertéintiés in offshore
construction costs. It consists primariiy of the purchase, transportation, and‘
placement of 5 million tons of rock at an'uﬁpe: limit of $18 per ton, including
a 400~ mile barge hayl. and of 705,000 tons of reinforced concrete structures at
about $100 per cubic yard (or $50 per ton), inciuding materiais and labor of
onshore construction, transportationy and emplacement at- the offshore site.
Hauling the rock over 400 miles increases costs at a rate of $3 million per 100

miles.

Several mooring sysﬁems have been péspgsed for iimiting horizontai movament
of the FNP. The estimated cost is about $10 million pex FNé, or $20 mﬁllion for
a two~-unit station. -

Transmission Lines

The most reliable, safe, and esthetic method of transmitting power to shore
from an offshore statién is by cable buried in the ocean floor. Buried cables
are unaffectea by violent storms, protectéd from collision with vessels, and
hidden from view.

It }s likely that each FNP will be required to have two indepéndent three-
ﬁhase circuits 1eadiﬁg to an onshore switching station. A third circuit would
be required Eof emergency use in case.of damage or malfunction to one or the

other cables. :



Table III-1l

Summary of estimated direct and indirect costs (F.0.B.)
of the floating nuclear powerplant (FNP)
(In millions of 1973 dollars)

R

C Equipment
Description of Equipment and Labor Total
: " Materials ‘
? Direct Costs:
Structures and Barge . 21.0 33.0 54.0
Reactor Plant Equipment 65.0 10.0 v 75.0
Turbine Plant Equipment 60.0 15.0 75.0
Electric Plant Equipment . 17.0 9.0 . 26.0
Miscellaneous Plant Equipment 4.0 4.0 8.0
Toﬁal Direct Costs 167.0 - 71.0 238.0
IndirectJCosts \
Contingency (lo%‘of Direct Costs) 23,7
Factory Charges (20% of Direct Costs) - a7.s
Engineering-nanag;naent (25% ovf Diréét Costs) - o 59,3
Total Indirect Cost (55% of Direct Costs) . 130.4
" Table III-2
I-istimated Construction Costs of 109 Fobt BreaMter
N ) : - for a Mean Low Water Level of 45 Faet*
’
& ) Item Cost

(in’ millions of 1973 dollars)

Caisson ’ $ 7

= R
) Rock . ’ . 98
Dolosse (armor) 30
- Contingency Aa5__
Subtotal $ 180
Mooring Facilities ___ 20
TOTAL : $ 200

*See Figure VI-7 for materials breakdown.
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The two-unit_station would require five three-phase cables. Buried cables
in bays and alongshore are estimated at $1,325,000 per three-phase circuit-mile
and underground at abouﬁ $855,000 per cizcﬁit-mile. For 8 miles underwater and
3 miles underground installation, the total cost is ébout $66 million. (Although
the OPS-PSE&G plant would beri miles offahore; cables are not rou;ed to the nearest
shore point.) &An allowance of $1 million is made for each of five flexible con;
naections at the FNP. As is cust&mary for powerplant cost summaries, coats were
not included@ for switchyard ficiiitieu and a step-up transformer. Thus ﬁhe toéal
estimated cost of transmitting power from offshore to the onshore switchya:d is
over $71 millien. |
Shore Facilities

A shore facility serving as a link for distributiﬁn of magarial and labor is
needed during the constrﬁctibn and operational life of the plant. It may include
a déck; sarvice and supply vessels, storage yards and wdrehouse;, concraete batch
plant, offices, housing;’and parking. Here thq concrete caiséons and breakwater
armorl{dolosse) will probably be made and the material, equipment, and pernﬁnncl:
transported to the offshore site. Land costs, assuming 100 acres with 2,000 feet
of ocean front at $1,000 per front foot, would be about $2 million. For development
of the shcre facility to support construction of the two-unit stations, a total
of $6 million ii estimated. Total capital costs for the two-unit station and support

facilities are presented in Table III-3.

Table III-3:

‘Estimated Capital Costs of a 2-Unit Floating
Nuclear Generating station o -

. Cost :
Item (millions of 1973 dollars)
Nuclear plants ' $ 736.8
Breakwater and Mcoring 200.0
Transmission cables 71.0
Onshore facilities . 8.0

$1,015.8
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Parametric Variations in Capital Costs.
The abéve costs assume a location 3 miles offshore, a depth of 45 feet, and
a given transmission route, etc. These assumptions are clearly site specific.
Sea bottom slope, population constraints on radiation dosages, design wave
parameters, aesthetic considerations, alternative site uses, etc. all enter into
selection of an FNP location. Consideration of the variables may result in require-
ments fér higher breakwaters and longer transmission lines. The implications on
capital costs are briefly diécussed_below.
What wave.the breakwater must be designed to withstand depends on exposure
of the site ;6 storm-induced surges, to tsunamis, and to nonbreaking, breaking, or ﬁroke
_waves. These variables, in turn, depend on other factors. |
Water depth at an offshore breakwater has a major influence on structural
_qesiggvkecause of the influence of depth on wave height. It alsc determines the
convergence or divergence of wave energy‘and affects water currents. The break-
water must be designed to withstand the most destructive wa?e.possible at the
site. The relatively shallow water of the continental shelf directly limigs
maximﬁm wave heigﬁt. |
Shoild the breakwater be construcﬁed in‘deeper water and/or where the maximum
wave height is increased, costs would, of course, rise. They are shown in

Table III-4 for a breakwater of two heights. The cost of rock more than doublee,

Table III-4

Estimated Construction Costs of 109-Foot and 134-Foot
High Breakwaters at 45 Feet Mean Low Water Level
(millions of 1973 dollars)

Item ‘ 109 Pe. 134 Ft.
Caisson $ 7 $ 10
" Rock 98 206
Dolosse (armor) i 30 37 .
Contingency 45 84
Subtotal . 180 337
Mooring facilities : 20 _30
TOTAL $200 $367
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the reinforced concrete structure costs increase by $10 million, and mooring
costs are half aéain as much. Including a 33% contingency factor, the breakwater
cost increases to about $367 million. Thus a 23% increase in height raises con-
struction costs by nearly 84%, suggesting that breakwater costs can vary by more
than the breakwater height raised to the second power.

Height sigﬁific;ntly affects cost because the volume of materiai and labor
increases by more than the square of the height. oOther factors that affect the
bulk of the breakwatér are the,plpne and vertical shape and slope of the sides.
The shape is determined when the effact of wave attack is minimized, the configqu-
raéion requirements of the contained floating nuclear powerplant are met, and the
breakwater can withstand large vessel collisions. The side slopes are simply a
function of size and density of armor units and construction methods.

There is a géneral trend toward increased use of dolosse instead of quarry
dtone. Dolosse can be uniformly produced in a given size; whereas it is difficult
to quarry equally large stones of nearly un;form gize. Dolosse have better stability
characteristics than gquarry stone: this means that lighter-weight armor units may
be used or that side’slopes of the breakwater may be steepened. Steepening the
side slopes reduces the volume of material required for a given structure (hence,

‘ its cost) and rednces ;he required reach of handling equipment, for example, the
floating cranes. Develoment éf deﬂae: poncrete‘may further reduce armor unit
8ize and total weight.4which would reduce the required capacity of handling equip-
ment. ’ | -

Bottom matarial at a proposad offshore brsakwater siﬁe is also significant
in determining the breakwater design. Soft bottom materials may not idequately
support a breakwater unless a sufficient filter blanket 1is provided, and granular
bottom materials may be eroded or scoured by strong water currents.

Assuming a constant water depth, the major coet resulting from varying
offshore distances is the cost of the plant-to-shore alectrical transmission
system. Although the distance from shore may be less than the 3 miles asgumed

here, it is likely that public or regulatory interests may rasquire longer plant-
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to-shore distances. Technologically, the limit for underground alternating current
high-voltage power transmission without intermediate equipment stations is about
20 mil;s. This represents an additional 9 miles of sea floor installation for each
of the five cables discussed above. The additional 45 miles of three-phase circuits
for a two-unit station costs about séo million, or $26.1 per kilowatt (electric).

Pigure III-1 illustrates the relationship of distance from shore with total

capital cost per kKilowatt (electric).

[T}

2 -y 6 8 10 12 14
. ’ Miles from Shore -

-

Figure III-1. Capital Costs of a 2-Unit Floating Nuclear
Generating Station as a Function of
‘Distance Offshore. .
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Offshore versus Onshore Capital Costs

Relative Plant Construction Costs

Floating nuclear powerplants are economically attractive from several view;
points. One of the most favoraple aspects is the ability to build FNPs in a
facility similar to a shipyard. The cost savings are similar to those generally
found for any iﬁem of mass production.

Onshore p&wﬁrplﬁné; ha§; ai;ifsﬁgeéﬁ-ééﬁéé;ﬁgéé&mgsméhgzaitﬁaa;;ﬁf-a;iind
entities. PFor sach facility, different laborers and craftsmen were recruited,
trained, and organized to carry out the construction peculiar :6 the plant and
site. The problem is particularly acute in construction of nuclear powerplants
where construction must meet very stringent standards and specific sita charac-
tarigtics. Wages and turnover arae goneraliy higher in the construction industry
than elscﬁﬁere and productivity lower. Thase problems have been raflected in th;
long slippages experienced in nuclear plant construction schedules and in the
opem ting difficulties frequently experiaenced after a plant is brought on line.

The PNP avoids many of these problems and costs. Current planning is that
powerplants will be built on shallow-draft floating platforms using assembly line
procedures. Construction of FNPs would be amenable to the construction techniques
of shipyards, where there is a pe?manant base of shops, equipment, ;nd materials.
A fixed cpnstruction site using a mass production approach is expected to stabiliza
the skilled labor”force and increase efficiancy as individual craftsmen learn from
repétition. '

Construction of power stations in a factory setting should iﬁbtcve quality
of waorkmanship. Recent delays in bringing land-based power stations into full
commercial operation have been found to result from poor quality'work and inadequate
inspection during construction. duality control‘in the factory setting can be ﬁbre

rigorously and effectively administered than at a field construction site.
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In addition, the reduéed labor requirements and use of a well—equippéd
manufacturing plant at a site having a favérable cl'rate for a year-round activity
should permit more rapid completion of an operable floating power st;tion than
for current land-based construction. Moreover, shorter construction time will

result in lower capital costs because of reduced cost escalation due to inflation,

reduced total interest charges on borrowed money, and earlier revenue from operatioms.

With inflation and interest each at about 8 to 10%, even modest reductions in con-
struction time could significantly reduce total capital costs. '

According to the AEC, efficiency'in a shipyard is equal to a reduction of
2 man-hours per man~dayAin a typical construction situation. Shipyard efficiency
for two barge units, then, would save $52 million if 1 man—hoﬁr per kilowatt
{electric) costg $13 million. 1In additign, whan manufacturing operations reach
the p;anned output level of eight FNPs per year, fhis efficiency will shorten
elapsed.construction time by at least 1 year. At that level the capital invest~
ment in two units would decrease by about 10% of the direct costs, or around
$50 million. Thus an assembly line approach to plant construction could save

$100 million for a 2,300 mégawatt facility.

Relative Cost of Thermal Emissions Control

| In a2 nuclear powerplAnﬁ only about 31 pe}centAof the heat released in the
boiler is converted into eléctrical ene:gy. The unused heat eneréy is discharged
through the turbine condenser cooling water. »
COndenser cooling water has cften been handled on a "once through“ basis --
iﬂ other wprds it is drawn from a nearby water ‘body, éumped through the condenser,

then‘diécharged éirectly to its source. Large volumes of waégr are involved --

_about 1,556 cubic feet per second in a modern 1,000-megawatt fossil fuel plant --

and the discharge stream is from 6° to 17°C warmer than the inlet stream. This
temperature differential combined with a high flow rate is generally injurious

to life in the receiving inland water bhody.

and




Because of the increasing difficﬁl:y in finding nacufal bodies of water that
an accept waste heat, new generation facilities are using cooling ponds and
cooling towars. Purther, EPA requires closed-cycle céoling systems for all power-
plants, unless a spccific exemption is granted. Thus by 1980 the great mnjority.
of new inland generating facilities will employ some form of closed-cycle cooling
system. | |

Siting an offshore powerplant is a.wiy of using the heat assimilation capacity
of the ocean and its subsequent heat rejection capability. Theoretically, the
-cooling capteity of the ocean over the continental shelf is several orders of magni-
tude greaﬁer than the total waste heat load expected to result from all electricity
generation in the United States over the next century. And although complete and
inatan; mixing oﬁviously cannot bae achieved, the much larger heat sink provided
by the oceans will mitigate the plant's thermal discharge.v

The thermal capacity of the ocean is distinctly valuable because offshore
plants may not have to inﬁtall cooling towers or acquire costly l;nd for cooling pqhﬁs;
For the proposed two-unit station off New Jersey, the savings on cooling towers '
alone range from $30 to $120 million ($13 to $52 per kilowntt-elééifié,ggéégﬂgig?“;;:~-
on the type of tGUGf. ‘The higher costs in this range apply to water-deficient areas
where dry ccolihq towers are.requiredf
Relative Land Costs | »

As diacusacd‘in Chapter II, a nuclear generaéing station requires 300 to 350
acres of land for the generating facilities and adaitional land for the exclusion
zone; I1f the acreage does not front 6n a waterway, considerably Qore land must.

- ba added for cooliné ponds. Often the same general featuras that ﬁake'a large
site ideal for a generating plant also make it well suited for othéfntypea of
industry. Large industrial facilities ususally require similar ac:eaéa with pro-
vision for future expansion near highway, railroad, or barge transportation.
Acguisition of potential generating plant sites is growing more ccmpetitive';nd
expensive. The rising demand for recreational use of the waterfront has increased
competition among recreation project, industrial, and powerplant developers for

~

the same space.
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Nuclear powerplants are generally remote from the population centers that
they serve. Although distance tended to reéuce land costs somewhat at the
génerating sita, additional land had to be acquired for transmission line :igﬁts—
of-way. Thus, lower per acre costs for the plant was negated by higher ac?elge
requirements for the longer transmission distance. With projected population
Aincreases along the coasts and waterways, competition for sites with available
water ;upplies at acceptable distances from load centers is:exPected to boost
land costs for'future inland‘nucleag,po&erplants.

Offshore plants are not nearly as'constrained.by land availability and cost.
.A landsgide Suppcrt area of about 100 acres is necessary during.the breakwater
constructiﬁnSphase, oniy abouﬁ 1S acreé permanently. Thus therg is roughly a
300-acre land advantagé Ehét accrpeé to dffshore plants. If ﬁhe price of land
‘is assumedvto'be $20,000 per acre, the savings is $6 milliom.

Relative Safety Costs

The st disadvantages of offshore siting are associéte& with the ncéd to
protecﬁ the powerp;ants fram hazards not experienced on land ana with the uncer-
tainties.geherally associated with application of new technclogies, . fhe most
cbvious asd-largest single additional cost is for the breakwater and the mooring
systen.

The problems inherent to transporting 1#:9# volumes of'quairied rock and
scheduling placement of mﬁteriﬁls to take advantage of accéptable weather conditions
appear one of the major chﬁllenges of breakwater construction. Construction in
open waters. involves greateﬁ difficultieé than the relatively straightforward site
preparation work at a land-baéed Plant. The contingency allowance of 33% is very
conservative in view of the risks and uncertainties in qffshqre,conitruction. _

Before the FNP is emplaced inside the protective hteakwa#ez, it must be towed
.th:ough open seas. During this trip from the manufacturing plant, it is wvulnerable
to a number of hazards. The risk takes ecohomic form in insurance premiums and

added design features to make it seaworthy. Other features are added to protect

the FNP after emplacement. Special security and protective measures must be



developed to cope with the potential threat of sabotage, for example, and these
costs must all be included. T

One of the least quinti!iable/dis;avi;;;ges of offshore ol ting is the
uncgrtainty of transmitting power ashore. High voltﬁge (345 K&) submarine cables
would be buried under the ocean floor. Considerable research has been performed
on submerged h;gh voltage cablﬁ. bﬁt the only direcﬁly applicable experience is
a connection across New York Barbor between PSE&G in-Jersey City and Consolidated
Edison Co. in Brooklyn. The length of the tieiis 6 3/4 miles; 6,600 feet uses '
copper conductors iq an oil-filled pipe for the harbor crossing.

The pipe was trenched into thé rivér bottom and back-fillad witﬁ sand.
However, the fact remains that such high-voltage lines haQe not yat been completely
proven. The risk a#@ additional development musﬁ also be considaered costs of off-
shore siting.’ \

The tachnological uncertainty may be offset somewhat by the fact that offshore
nuclear powerplants will probably be permitted to locate nearer the load centars
than would onshora plants. Based primarily upon population dosages, a recent study
suggests that 1andfbased reactors may have to be sited 30 to 50 miles from very
large popuiation centers while offshore locations may sati;fy remﬁteneaa require-
mcnts'only 15 to_éo miles from pcpula£ion centers (see Chapter IV). Proximity
will probably cut costs for onshore transmission, at least partially offsefting

the additicnal costs of offshore transmission.

Qverall Comparison

CQnatzucﬁian costs were eatimated for onshore nuclear powerplantas using once-
through cooling in four industrial areas: Philadelphia, Atlanta; New Orleans,
and Dallas. The estimates afe based on costs of materials and labor over the
past fgq years in order to show a typical plant compietad in 1973, Laborl
producﬁivity aéveach location was averaged out at 8 man-hours pgz‘kilowatt (electric).
The 1975 costs of a single-unit, 1,150-MWe pressurized water reactor s;ation near
Philadaelphia are ;omparéd to a single-unit FNP in Table 1II-5. The énly significant
diffe?ence is the 45% higher labor cost asgociated with wage and fringe benefits )

available in fieldlconstruction.

©
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! Table III-5

Capital Costs of 1,150 MWe Nuclear ®owerplant
i Oonshere and Offshore
{in thousands of 1973 dollars)

%

Egquipment - Labox . Total
- Onshore offshore Onshore offshore ~ Onshore Offshore
* Direct costs
Containment structure : . ‘
and facilities $22,087 $21,000 $34,763 $33,000 $56,850 $54,000
Reactor plant equip- 3 ‘ :
ment ~ 65,541 65,000 23,909 10,000 89,450 75,000
Turbine plant equip- ' _ .
ment - 61,516 60,000 25,397 15,000 . 86,913 75,000
Electric plant equip~ :
ment . 14,196 17,000 16,577 9,000 .. 30,773 26,000
Miscellaneous plant :
eguipment 2,881 4,000 2,802 4,000 : 5,683 800
Subtotal $166,221 $167,000 ' $103,448 $71,000 © $269,673 $238.000'
Indirect costs
Contingency . . ‘ ' 18,656 23,700
Engineering and . )
Management i . : 51,057 59,300
Interest and Other . . 99,662 - 47,400
Subtotal : . ' 169,375 130,400

Total . ' . ‘ . 439,054 . 368,400



For a two-unit land-based power station with once-through ccoling, the second
unit would cost lﬁout‘as% of the first unit, assuming concurrent construction.
Total costas are campared for fully operational 2-unit stations in Table IIX-6.
Recant experience wit§ elcalating'wage rates and eviden&e of decreasing construction
péqductivity may be ho:o severe.than ngwn, partiéularly in the Northeast. Up to 12
man-hours/kWe has been reported in the Philadelphia area, and it may be that 10
man;hours/kwe is a more realistic average in other regions.

wWhen the numb;r df man-hours per kilowatt (e;ect:ic) ri;eaA from 8 to ld; tﬁc
‘cost of a two-unit onshore ﬁuclear powerplant goes up about $80 million. FPurther
declines in productivity could increase the onshore powerplant capital costs as much

as $110 milion -- $48 per WWe.

The cost ranges of the on- and offshore stations are given in Table III-7.
Although initially the offshore station may have’highgr éapital invescment costs,

' offshore unit costs are expected to decrease and onshore unit costs to continue to
increasé. Tha cost ranges :éflect tﬂa uncertainties of labor costs and site-specific
requirsments.

No sarious effort was made to fix the capital costs in terms of future dollars.
However, asaﬁming a éqntinuation of current trends in material and,ldbor costs,
escalation of construction costs for onshore powerplants in Philadelphia and the

- Northeast as a whole Qouldilead to a more favorable capital coat_ppsitién for fﬂ?s
in that part of the country. At the present time, it appears that escalation woﬁld

not affect relative capital costa for the Gulf coast and the scuthern Atlantic.

) W
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Table III=6

Total Costs of 2,300 MWe Nuclear Power Stations Onshore and Offshore
(in_thousands of 1973 dollars)

Onshore Offshore
Total nuclear powerplant $ 812,250 $ 736,800
Towing and. insurance - : 9,200
Breakwater a%xd mooring - A 200,000
Transmission cable 'V_ ' © 71,000
Land and shore facilities 6,000 2/g,000

Thermal cooling system : ¥ 30,000 -
Total : ) $ 848,000 $1,025,000

If an onshore plant -must be located farther from the load center than
an offshore plant, there would be offsetting transmissipn coets.

N

Most of the land can be liquidated after construction.

N

3/ Lowest value of range discussed in text.

Table III-7

Capital Costs of an Offshore and Selected Onshore Nuclear Powerplants

(in 1973 dollars)

Total cost Unit cost
Location {millions of dollars) (do'llars/lm;)
offshore _ 900 - 1,025 390 .- 446
Philadelphia 826 - 936 359 - 407
Atlarnta 752 - 862 327 - 375 - |
New Orleans - 719 - 829 - 313 - 361
Dallas | 725 - 835 315 - 363

-



OPERATING AND MAINTENANCE COSTS e

While capital costs vary substantia'lly according to location offshore or onshore,
operating costs appear not to.

Transporting staff and supplies over water is a cost disadvantage of offshore
sites; experience in other industries shows that costs are not generally e&cessive.
Radicactive fuel elements will have to ba shipped from the FNP to reprocessing plants
onshore, entailing both longer transport distances and increased handling as trans-
port modes are changed. Again, it is doubtful that the costs would be critical.

Operating and maintenance costs for nuclear powerplants (excluding charges and
‘nuclear insurafice) typically amount to about 5% of annual plant operating ccsﬁ.
Personnel probably accounts for about one~-half of this 5%. If wages, overtime
pay, and personnel transportation cogts at an /offshqre station were 50% higher than
at s land-based plant, these would still amount to only 1.5% of annual costs,

With respect to mainfenance, the FNP is readily accessgible for barge shipment
of bulky spara parts, but tﬁis accessibility is probably offset by the difficulty of
insta‘lling large components on site due to lack of suitable handling eéuipgent.
without dry dock maintena’nce facilities, hulls will be maintained in plac; using
cofferdans to provide dry working areas -— a relatively costly procedure. The expense
can be minimized, howev.er, wiﬁh effective hull corrosion prevention.

Another added coperational cost of offshore plants is periodic dredging within
the breakwater and under the barges. Periodic soundings will ascertain when
hydraulic dredging is necessary to eliminate possihle contact of the barge with the
bottom. Although deposition of solids within the breakwater is generally a function
of storm vfrequency and severity, sand deposition will be site - and design dependent,
and dredging is not expected to be a large cost. For exampls, the deposition of 3 .
feet of sand over 15 acres with dredging coats of $5 per cubic yard,vauld result

in an annual cost of $360,000 -- about 0.4 percent of the total annualb cost, If 30 feet were

deposited, the figqure would only be 4 percent.
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Repairs on the breakwatér will generally result from storm damage. It
is not uncommon for storm waves to remove heavy stone or dolosse from the face
of breakwaters. Spare dolesse will have to be on hand and heavy barge egquipment
readily available to undertake repairs. Annual storm damage could reguire
replacement of-ébout 100 dolosse eac£ weighing 40 tons each, at a cost of about
$200,000 including placement, or 0.2 percent of annual costs.

Maintenance of buried transmission cables is not expectéd to be an
important disadvantage of offshore powerplants. Routine maintenance is not
expected, and possible cable damage by boat anchors or figh t:aw;ing can.be
minimized by adequate burial depth and prudent location.

Operating costs may be about S50 percent higher offshore than onshore. But
the total is about one-half the cost of some mechanical draft wet cooling
towers. Furthér, ihe entire increment amounts to just 2.0 to 2.5 percent of
total annual coété .

DECOMMISSIONING COSTS

Any nuclear powerplant is licensed for 40 years at most. "Then the
operator must renew or apply for termination of the license aﬁd for authority
to decommission the facility. (He may apply for decommissioniné-authority-
earlier if circumstances warrant.)

The metﬁods of decommissioning vary with conditions andbdbjectives.
However, expeiience with first~-time efforts for relatively ;mﬁllvréactors (all -
less than 100Mwe, though indicating ready accomplishment and the variety of
practical methoasvavailable, does not contribute much to estimating costs of
decommissioning reactors in the 1,150Mwe category. The major difference
is that the PWRs considered here have 2 much longer intended life and larger
neutron flu*, and differences in pressure vessel materials, mass, and design.

Table I1II-8 presents cost estimates of decommissioning a 1,150-MWe PWR

plant comparable-to an FNP. Because these costs were developed from experience

with small reactors, as mentioned above, there is considerable ﬁncertainty;

about actual costs. To provide firmer figures, a detailed analysis is being
prepared as partvof a "Light Water Reactor Decommissioning Study" sponsored by
the Atomic Industrial Forum. This study is expected to be compléted in late

1974.




Activity

Calculation of radio-

active inventories

Development of over-
all decommissioning
concept

Preparation and
submittal of plan

of action and
environmental report

Application for
termination of
operating license
and authorization
to dismantle (or
entomb) facility

Prepare facility
for decommission-
ing

Removal of equip-
ment and piping
from plant

Removal of praesgsure
vessel internals

Removal of pressure
vessel

Seal pressure
vessel in
biological shield

<

- change areas,

Decommissioning Activities and Estimated Cost of Breakdowns LQ

for a rand-Based 1150-WMe PWR Nuclear Power Plant

Description of Activity

Using operating history, reactor flux
levels, samples cbtained from piping,
equipment, and biological shield,
calculate inventories of all plant
equipment and components.

Develop overall sequence and methods
to be used in removing (or entombing)
the reactor, equipment and buildings.

Prepare and submit a decommissioning
plan and an environmental report
describing planned activities, their

. potential environmental impact, and

a cost-henefit analysis of the
proposed actions.

Prapare and submit necessary documents,
including plant status and technical
specifications to change from an
operating license to a "possession
only" license.

Make building modification necessary
to allow decommissioning to proceed.
Includes setting up office gpace,
temporary storage
facilities for contaminated equipment:
building modifications include access
hatches, contamination control
envelopes, ventilation and filtration
systems expansion, shoring of £loors.

Equipment and piping must be removed

from the plant (or placed in entombment

structure) in such a manner that
nothing is removed before it is needed
in decommissioning activities.

.All internals must be removed fiom the

reactor pressure vessel and prepared
for shipment. [Not performed in
entombment procedure.] .

Remove pressure vessel from biological
shield; prepare for shipment. ([Not
performed in entombment procedure.]

Seal vessel in shield in such a way as
to prevent escape of any radioactivity
and to deny access during entombment
lifetime (or until residual radio-
activity is so small as to not be
hazardous). [Not performed in
complete removal procedure,]

Est'd Percent
of Total Cost of~
Complete Removal

Percantage of
Cost Entombment

4,.0% 1.0%
1.6% 0.5%
8.7 2.0%
1.6% 0.5%
7.6% ' 2.2%
56.8% 17.0%
n.a. 16.0%
n.a 8.7%
11.2% n.a.



Activity

Removal of biological
‘shield

. Removal of
. buildings

@

Waste shipment,
disposal, burial

o

‘. Ground improvement
and cleanup

Terminate license

. Radiation ‘
protection equip-
ment

source: Data from Gulf United Nuclear Corp., GU-5295, January 1973.

TABLE ITI-B (Continued)

Description of Activity

Remove all radioactive concrete from
the biological shield. [Not performed
in entombment procedure.)

Remove all (nonradioactive)} remaining
buildings using standard demolition
technigues., [INot performed in
entombment procedure.]

pPrepare for shipment and ship all
radioactive and nonradioactive

‘materials resulting from de-

commissioning.

Prepare and submit mecessary documents
to terminate the “possession only"

‘license. ([Not performed in entomb-

ment procedure.]
Required for personnel protection

during decommissioning,

SUBTOTAL

)

Percentage of
Cost Entombment

al
Est'd Percent

of Total Cost
Complete Remov

4.3%

_2'. 6%

100%

2.0%

26, 0%

28.0%

0.5%

0.5%

1.1%

100%

In a discussion of the costs of decommissioning offshore'PNP'generating

stations, it is important to realize that the breakwater.and support facilities

.may have to be decommissioned.

Cost uncertainties in decommissioning onshore facilities are compounded

- . offshore. However, it seems clear that the costs of constructing the breakwater

‘and support facilities are such that the facilities may be very attraétive for

' other uses after the FNPs have been removed. Further, costs to remove tlie
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breakwater or even to maintain it(aé a safe structure (estimated at over
$200,000 per year, including navigation aids, etc.) roinférce its attractiveness
for other uses. The cost of maintaining it ($500,000 per year) to protect
decontaminated FNPs stored within seem prohibitive

The costs of decommissioning alternatives for FNPs are comparable to
similar alternatives for onshore 1,150-MWe PWRs, Of éreat importance
economicaliy is the point that future decommissioning costs may not be
significant in relation to total costs., For example, if the life of the FNP
were 40 years and the discount rate were:lo'percent, the presen£ value of a
decommissioning cost of $100 million would Se only 52:2 million.

The time involved, diSéount rates, technological inncvations, futuré
development of coaétal and offshore regions, etc. lead fo thg conclusion that
discussion beyond_ possible alternatives and feasihility based upon experience
is not particularly prodﬁctive. It seems clear that capital expenditurea
for decoﬁmissioning may not be the determining factor either in FN?‘deploymenc ‘
or in decommissioning methods_choosen in the future. Rather, they may depend
upon social and envirpnmental costs. |

OVERALL ASSESSMENT

Floating nuclear ractors at cffsh;re sites may become increasing
economical as onshore construction costs continue to soar,"éarticularly along
the north Atlantic. waevaf, even Ehbugh this offshore concept could become
less costly witq'exﬁerience. it wili pfobably ne&er be a source of low~priced
electricity in any absolute sense. » |

~ There ar; ﬁ-ans of reducing costs. It is clear that the breakwater coﬁtrols
the economicsbof offshore génerating stations. Shared use of thelbreékwate:vby
two generating plants is what makes‘the OPS proposal econcmically re;ii;tic. For
a single-unit stations, the b;eakw;ter costs would lessen by about $36 million.
resulting‘ih a unit coét of about $492 per kilowatt (electric), which is about

10 percent higher than for a two-unit plant,
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Indeed, the planned D-shaped breakwater appearé to lend itself to four units
by increasing the perimeter of the breakwater 1,000 feet to accomodate 2 sguare
array of FNPs. Discounting potential technical and environmental limitations of
this configuration, the additional 1,000 linear feet would add $80 million to site-
related costs. Mooring facilities and transmission costs would douﬁle. but onshore
costs would be relatively unaffected. As a result, the capital investment for an
offshore station Qith four FNP units would be about §1,925 million. fhe unit cost
of $418 per kilowatt (electric) is a decrease of $21 per kilowatt (electriec), or
about 6 percenf below the two-unit costs.

Further sévings could conceivably be realized by clustering stations. Two or
more breakwaters served by the same shore facility would save some costs. Most
important, hOWeve;, breakwater copstruction sites in close proximity could benefit
from the experience of the labor force and continued relationships with vendors.

"Thus, it appears that the pressures of economics will be in the direction of larger
generating sta;ions than thoée presently proposea and probably toward clustering
when feasible. _ |

Where the offshore generating station with two FNPg is economically competiﬁive
with an onshore facility in the northeastern Unitéd States, the.anticipated higher
onshore construétion costs are exﬁected to move the campetiti?e reéions farther
south. Moreover, the potgntial economies of scale may extend'the coastal regions

in which FNPs are competitive.

It is clear that for at least some portion of the Atlantic coast the proposed
FNP is today competitve with onshore nuclear powerplants, It is possible that the
social costs -~ di;ect environmental effects, safety, and indirect economiec or

environmental effects ~- will be critical to deployment of ﬁhe FNP. -
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CHAPTER IV

POSSIBLE ACCIDENTS

The safety of a nuclear powerplant proposed fo:‘a.given site will be
evaluated in terms of the rasponse of the plant and all of its subsystems to
postulated distu:£mncel in procass variables, to potential ext.rn#l natural
and manmade stresses (e.g., earthquakes, floods, explosions, aircraft impact
at the ;ita) and to postulated malfunctions or fajlures of equipment. The
proposed dgsign will be analyzed with respsct to its capability to control
or accommodate these situations. Often these safety, or accidant, analyses
identify limitations in expected performance of a plant at a site and thereby

influence site selection and plant design.

Basic Concepts of Nuclear Powarplant Safaty

The characteristic of‘today's nuclear powerplants that impose overriding
safety p:écautiona is their capability of generating and accumulﬁting‘larqe
quantities of radiocactive materials. In the event of an accident to the
reactor, basically two cbjectives must be achieved: stopping the rapid
generation of heat and preventing release of accumulated radioactivity. The
powerplants are desléned to have the capability to shut down the reactor and
to maintain it in a safa shutdown condition - the former to stop the nuclear
chain reaction and associated generation of radicactivity and the latter to
prevent resumption of the generation of radiocactivity and tovcontain and
control the inventory of radiocactive materials within the :eﬁctér. Containment
and control are accomplished by assuring the integrity of the reactor primary
system where aimost all the radiocactive matarials are located. To protect
againgt the unlikely accident, such as the remote possibility that the primary
system may be breached, nuclear powerplants have numercus engineered safety

features.
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FNPs will be regulated primarily by the Atomic Energy Commission. Licenses
are issued only for facifitie;{that meet prescribed safety standards and criteria.
Provisiones for conservative aésign‘éﬁd operating margins and for redundancy of
_cqmponents and systems‘compensaﬁe for the fact that uncertainties and risks can-
not be reduce@ to zero. Thus,ithé AEE requires applicants and licensees to take‘
actions necesgary to assure that.risks are reduced to acceptable levels and that
the likelihood of seévere accidents is extremely remote.

Regulation is based upon 2 philosophy of three levels of safety. The first
concerns prevention of accidents. Each plant must be soundly designed, con#tructed
of quality materials, tested, operated, and maintained in accordance with high
standards and engineering_ practices and with 2 high degree of freedom from
faults and errors. The basic nuclear plant design must be inherentiy stable
and have a large tolerance (e.g., fail-safe features) for off-normal conditions.
The second level of safety is based on the premise that accidents occur in épite
of care in design, construction, and operation. Safety systems'ihat consist of
reliable protectionidevices and systems designed to prevent, érxést. or safely
accommodate accidents are incorporated into the plant to protecf,the>operators
and the public and to prevent or minimize damage when accidents occur. The

third level’supplements the first two by providing safety systems .to handle

situations in which same protective systems are assumed to fail simulteneously

with occurrence ofithe accident that they are designed to con;rol.- For each
proposed plaﬁt several accident sequences are postulated as a basis for design
and incorporatioﬁ(éf plﬁnt features and eguipment. These seguences are called
Design-Basis Accidents (DBA). A nuclear plant is so designed‘thatﬂlittle or
no radioactive release would be expected as a resulf of DBA specified for the
particular site and that the resultant offsite radiﬁtion doses would be within

specifically defined acceptable limits.
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Examples of possible major accidents that an FNP may be required to withstand
are listed in Table IV-1l. Accidents may be categorized in a number of ways:
by type of initiaﬁing agent (human, meteorologic, geologic, oceanographic), by
gystem or compoﬁ;nt primarily affected (breakwater, barge, cooling water intake,
reactor primary loop), by location of the initiating agent (external or internal),
and by type of the accident-initiating stress (mechanical, thermal, chemical).

The following discussion first treats the initiating stress, then internal acci-

dents, and accidents §uring transport of radloactive materials.
Mechanical Stresses
gollisions
Ships. One possible hazard to an FNP within a breakwater is ship collision. .
Under normal conditions the use of sites remote from shipping lanes andd in
relatively shallow water will reduc; the collision probability by limiting the
number and the size of vessels that can reach the facility. Several accident sequerces
are conceivable aﬁ a result of ships striking different portions of an offshore
station. Large or high-speed ships are of particular concern because the damage
. potential is related to the kinetic energy of the moving ship., Fire and explosion
also are of concern - tankers, ammunition ships, and vessels with'flammable or
‘explosive material are additionally hazardous. In generxal, the breakwater must
safaly stop a major vessel.
As an indication of the probability of ships hitting the FN?s. collisions
with offshore structures in the éulf of Mexico wgie reviewed. Eight‘collisions
~ reported duriﬁq a 1l0-year period involving vessels over 1,000 gross tona are
shown on Table IV~2. Twenty-two other collisions with fixed structures were
also reported during this periocd; they are listed in Table IV-3. Of the iattar
collisions, 15 involved veésels less than 100 gross tons and 7 vessels were between
100 and 650 gross tons. These data indicate that the likelihood of collisioﬁs
was small inspite of some 2,000 exposed\stfuctures in the Gulf of Mexico. Nonethe-

less, the potential for collision must be examined for each proposed FNP site.
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Table IV-1

Possible Major Accidents to Floating
Nuclear Powerplants

Natural phenomena, such as storms, hurricanes, tornadoes, earthquakes,
tsunamis, and electrical storms, cause
Breakage of the morring system
Deterioration of breakwater effectiveness
Sinking of barge
Failure of power tranemission system
Wreck or grounding of vessel nearby with release of hazardous
cargo ‘ ‘
Damage to reactor building, turbogenerators, intake and outrail
structures, or other elements of the plant

A large vessel collides with breakwater
A small vessel collides with breakwater, barge, or mooring

Vessel collides with breakwater or barge and disperses hazardous carge
{combustible or toxic materials) onto or within breakwater

Plane or missile crashes into plant
An inplant accident as discussed in a later section
Vessel collides with a barge-carrying spent fuel from the powerplant

Pire breaks out aboard the powerplant barge or aboard the fuel-transporting

vessel

Deterioration of important elements of the plant by wave action and salt spray, e.g..

undermining of breakwater or mooring system, reduction of seabed bearing strengtb,
corrosion of barge, reduction of cable insulation or mechanical strength, corrosion
or overstress of power cable connections, fouling of cooling system leading to

unexpected failure
Vessel drags anéhor and breaks power cables

vessel runs agrduné and breaks power cables.
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Table IV-3 Collisions of Ships‘Lesa Than 1,000 Gross Tons
with Offshore Structures in the Gulf of Mexico

Fiscal Years 1963 to 1972

Adversa Personnel EqQuipment Fault of

‘ Estimated damage Parsons
Vessel type Number  weather fault failure rig (in $1,000) injured
h Vessel Rig
' Y 2 ‘
Fishing vessel 10 S 1 4 -451- 24 1
Barge ‘ 2 1 1 s 68 0
Small cargo 4
vessel 8 3 4 é{ del 10 2
: 5
Pagsenger vessel 2 1 —4 19 0 1
1/ Three equipment failures, one insufficient/improper lighting.
2/ Includes $80,000 to one vessel that sank.
3/ Improper maintenance.
4/ Includes $130,000 to one vessel.
5/ 1Insufficient lighting. :

The risk of a large ship bréaching the bregkwater depands on breakwater size,

Here cost is the major limitation (see Chapter III). For a breakwater that is

large enough, the primary danger from ship collision is subsequent fire and/or

explosionsa -or damage to the cooling water circulatinq system. Breakwater design

must consgider posaible collisions in storﬁy seas. Although in severe storms,

vessels would avoid coastal waters, the possibility of a vessel running out of

'controllmuat be considared. Because of thé potential risks, the Advisory Committed

on Reactor . Safeguards . (ACRS) has advised that “studies should be made of the

advantages and disadvantages of various additional measures to reduce ship-break-

water collision probabilities, including active warning systems and a. separate

. 1
ship arrester external to the hreakwater."‘/

One of the breakwaters proposed by PSE&G would have two openings, each

24 feet deep ‘and 75 feet ﬁide. But when storms raise the ‘sea 1ével, large vessels

could enter, Deflecting piling is being considered to prevent small ships within

the breakwater from colliding with the plant. The Committee recommended further

"that the possible advantages'ta safety of a closed breakwater (possibly employing

. 2/
locks) be analyzed and receive careful consideration."™
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Aircraft. Aircraft collision is another possible hazard. EXperience‘ﬁith

3/

onshore powerplants indicates that the risk is very small exﬁept at speéial
locations (such as a few miles ffam tﬁe end of an airport runway)., The risk
is no greater at an.offshoré powerplantg/ However, because of the environment,
the ACRS suggests that the‘acceptable probability of an aircraft érash may need
to be lower for th offshore powerplant than for its counterpart ashore.é/
1f helicopter; ferry personnel and supplies, risk of
crash must be evaluated.ané accommodated. Relation of the offshore site to
military installations and missile sites, to be evaluated during licensing pro-
ceedings, wili’iﬁvolve the same coﬁsiderations as land-based plants.

Power Cable Damage. Reliable external power is of primary importance to
reactor safety systems. For the New Jersey site, five sepgrate‘transmiséion
lines are proposed to connect the facility to shore, As at other
nuclear facilities, emergency power would be supplied onsite by diesel generators.

Events that lead to loss of electric power onshore usually involve severe
electrical étorms, high winds; an aircraft colliding with the ﬁégnsmiasiou lines,
or regional grid system failures. Offshore hazards result from the possibility
that a ship gn:unéing or an anchor dragging may damage underwater transmission lineg or
that cable failure may result from a high-voltage leak to ground. Tranmission
lines inside the'basin, although flexible, may be damaged by movements of the
barge or by servicé vessels. 'Table IV;4 shows the kinds of accidents that have occurred
with high-voltage, high-capacity submarine cable. Burying the cables more deeply
may lengthen gheix 1i¥e if scouring and seabed changes do not expose them.

The probability of cable damage may be further decreased if the cables are located

away from common anchorages and where ships are less likely to run aground.

Storms, 3urricanes and Seismic Activity

The offshore environment can impose severe stresses on an FNP. Many of the
natural phenomena_;re similar to those experienced on land. Nevertheless, by
virtue of its motion and its reliance on a mqoring system and a breakwater fdr
protection, the FXP is more vulnerable. Challenges frdm natural phenomena are

described in detail in Appendix C.




Table IV;4 Forced Outages Reported ..Z

on Major High-Voltage
Submarine Cables

Nature of problem -

Date in Date of
Cable service - __prcblem
vancouver
Island, - B _
138-kV ac - 1956-58 1965
1971
1972
vVancouver
Island, :
230-kV ac 1968 1972
Long Island, ,
230-Kv ac 1969 1969
Sardinia, Italy
200-Kv dc¢ ?
Konti-Skan, J
250-kV dec 1965 . 1969
1969

Compound blocking of
- core gas channel

Ship's anchor

Ship's anchor

Ship's anchor

'Ship's’énchor

Trawl gear
Two- incidents with
ships' anchors

Lead sheath developed
cracks ‘ '

Source: Federal Power Commission, unpublished.
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Exposure of the FNP to severe meteorclogical disturbances can lead to power
outages, damage from flying debris, wave overtopping, icing, damage tc the break-
water, and breaks in the mooring system. The mooring system (see Appendix A)
is vital to the powerplant's withstanding high winds, heavy seas, hurricanes,
tornadoes, and earthguakes. Breaks in the mooring could allow the hull to shift,
severing the power lines and misaligning the catchment discharge basin. Loss of
external power is within the safe shutdown design-basis criteria, but safety then
d;pends on the émerqency diesel generators.

In addition tov damage to the moorings, .other important effects of winé and
waves are resonance, overtopping, refraction, and reflection. ﬁetause of refrac-
tion and reflection, waves around the floating nuclear powerplant can become mugh
larger than those in the surrounding ocean. Resonance inside the breakwater may
result in standing‘waves of substantial amplitudg. The situatién may be further
complicated by refractive waves focusing on a section of the bgsin. Car;;ul |
study of depth, bottom cantours (including changes caused by b:eakwatet construc-
tion), climate, etc. of each site must be madé to evaluate the haiards of waves.
The principles of refraction and resonance are well understood,. and potentially
dangerous situations can be foreseen. A completely enclosed breakwater might
afford the plant better protection against waves and possible resonance within
the breakwater. It may also offer protection against fire; see discussion below.

Each FNP“will have some onsite capabilities for meteoroclogical measurement |
ané analysis a;d will be linked to other sources of meteoroldgical information.
Thus, i@ is extremély unlikely that a severe stomm wil; strike without adequaté
warning to allcw‘gafe shutdown. . . .

| Although the preceding discussion emphasizes threats to the offshore plaht.
onshore facilities - including transmission lines - will also be.threaténed.
1f transmission facilities are damaged, the plant may ha&e to cope with ; loss

of load; a DBA that any nuclear powerplant can experience without serious conse-

quences.



Floating and land-based plants may be exposéd to earthqugkes causing
ground shaking, landslides, liguefaction and soil loosening, faulting and
ground rupture, te;tcnic uplifts or subsidence, and tsunamis. Seismis activity
could induce cracking. sectling, or other rearrangement of‘the breakwater. The
quality of the seabed under the breakwater affects the ability of the seabed to
support the breakwater and to transmit seismic motion to the breakwater.
Liquefaction~- wntar-éa:urated<=q;lsf”pehavinq like fluids whea subject to -
seismic shocks -- may also jeopardize breakwater integrity.

In reviewing the safety of the proposed Atlantic Generating Station, the
ACRS cited several items related to ihe breakwater and its ability to withstand
wind, waveé, and seigmic forces simultaneously without loss of function.é/

Ground faulting or gross tectonic movement directly under the offshore
facility couldvdisplace water in the basin, damage the meooring system, and
damage thn braakwater. Pieces of bteakwiter could fall into the basin:; to avoid
damage to the pdwerplant, sufficient clearance is required between breakwater
and barges.

Floating nuclear powerplants could receive seismic loads through the
water and from the mgoring system. Horizontal forces transmitted through the
water from the basin floor shou;d be minor, since water Ean transmit only small
shear forces. Howéver, éuhmerged, inclined or vertical surfaces such as the
gide of a breakwater can induce significant horizontal impulses>in the water
which, in‘ turn, can act upon the floating plant. A relatively stiff mooring
system can also impose sizeable horizontal forces on the floating plant.

The horizontal earthquake impulse that can be tranamitted through the water
to the barge hull bgcomés smaller as the breakwater slope is diminished.Z/
For a floating nuclear powerplant proposed by Offshore Power Systems, it has been
estimated that tha'hori;ontal acceleration imparted by water would be oﬁly 50 percent
of the‘qrcund»horizontal acceleration.

From the point of view of the hazard associated with tsunamis, the FNP would

be better off in deeper water than the depth (45 feet) of the proposed Atlantic
Generating Station site. Although tsunamis may presené a hazard within the
lifetime of an PNP,\@ther phencmenon will impose limiting design criteria.

over much of the east coast, phenomena such as storm surges and hﬁrriganes

are more important than tsunamis.
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Sabotage and Other Hostile Acts

FNPs will be a target for sabotage and other hostile acts just as land-based
plants are. However, an offshore plant may be potentially more-vulnerable bec=u§e of
its location. Further, depending upon itg location offshore (i.e., in the terri-
torial sea or on the high seas), actions that may legally be taken to prevent
these willful acts may be constrained (see Chapter VII). The viilrerability of
each site must be examined and security measures developed to protect against

threats of this kind.

dther Mechanical Hazards

Each FNP has a design requirement that platform sinking not .‘

interfere with safe plant shutdown. 1In the proposed Atlantic Generating
Station, hull ddmpartments vital to'plant safety are watertight to a height of
76 feet abovg-the keel allowing,for sinking and concurrent storm_waves. The
basin floor is expected to be maintained in a fairl& level sandcovered condition.

The barge hull is designed to sustain two flooded compartments withoﬁt
sinking, which could result from corrosion, opérator error'inbpcmpartment iso~
lation, or fire, explosion, turbine failure, or mooring system failure. All
these possibilities are considered in the design, but the sinking criterion has
nevertheless been imposed for first generation offshore plants.

The mooring system cénceivably could fail. simply because of.deteriofation. The
ACRE placed particular importance on fatigue in the presence of corrosive sea water and
recdm&énaedvconsideratioﬂ of a secondary mooring system.

Thermal and Chemical Stresses

1f a ship carrying hazaidous materials (ccmﬁustible, cqrrpsiye. explosive,
or toxic) collide: with the breakwater and if any appreciable part of the
cargo is reieased, the potential exists for adverse effects on operation of the
piant. Unleéé the probability of such accidents approaches zero, FNPs must
have engineered séfety features which eﬁablé them to shut down and to maintain a

_safe shutdown condition during the course of such accidents;
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The probability of such a collision depends on the site saelected. There
may be siées whaera, for example, no.lhippin? lanes are near. For each proposed
site, unigue ﬁazards must be ayaluated. Then, if the likelihood of hazards
is nonnegligible; eithar‘the FNP has to be designed to cope with the hazard

or a new site found.

Inplant Accidents

Pecause the offshore nuclear powerplant is similar in design to an onshore
plant, the spectrum of possible internal accidents is about the same for both.
If the fission products involved in an accident are released in a gasecus state or
as fine particles so that a significant portion becomes airborne, disparsal
of the radicactive material over a wide area aurrounding the plaht depends on
prevailing meteorological conditions. The likelihood of exposing a giqnificant
number of people wiéﬁ;n a rﬁdius of several miles from an FNP is less than for
most onshore planta. However, beyond the first several miles, the population
density for the landward sidé of an FNP might exceed that of an onshora plant
and the overall‘exposure miéht be nigher.

Some of the airborne radioactivity over the water will settle on the
wataer which Qould then disperse the activity. Water would also act as a medium
£for dispersing aﬁall‘émounta of radi;active material accidentally feleased in

liquid form.

. ) 8 . )
Many component systems of the FNP proposed by OPS—/are essentially the same as those

used in onshore plants designed by Wéstinghouse. Inplant nuclear accidents will be
similar provided the moﬁion of the FNP is kept small under all environmental conditions
no'tﬁat the operation of equipment designed to éopa with accidents is not affected.

An inplant accident unigue-to the_FNP involves panatration of the barge by missiles
generated by turbine failure: which could result in partial flooding or listing of

the plant. It should perhaps be noted that safe shutdown during a sinking emergency

is a DBA requirement;.

Consideration of the environmental risks of accidents will take into account
both tha probabilities of their occurrence and their consequences. For analytical
purposes, posgible accidents at a nuclear plant are classified and each class

characterized by an occurrence rate and consequehces.g/ Severity ranges fram

relatively trivial events which result in essentially no risk and which might

2
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‘occur with moderate frequency to accidents which have serious conseguences but ~’77

which are unlikely. BExperience does not provide a statistical basis for deter-

mining the probability of design-basis or more severe accidents. N

The AEC is working on quantifying these risks. The Reactor Safety Studylg/

is an effort to dévelop realistic data on the probabilities and seguences of
accidents in wvater-cooled power reactors. In its safety reviev of a site,

the AEC uses‘very conservative assumptions in determining the adequacy of the
engineered safety features and in calculating the dose from a hypothetical acci-
dent for comparison with siting guidelines.ll(' The guidelines specify that an
individual located at any point on the site boundary for 2 hours immediately
following onset of the radioictive cloud resulting from an acﬁident or.at any

point on thevouter boundary of the low population zonel—/ during the entire

period of the passage of the radiocactive cloud resulting from the postulated fission
product release should not receive a dose to the whole body in excess.of 25 rems or
a dose to the thyroid in excess of 300 rems.lé/ Because of the conservative assump-
tions, the>doses calculateé in the safety analysis are much greater than those used
in evaluating the envirommental impact of accidents. Best estimate accident doses
have been calculated for several classes of FNP accidents by OPS.. The resﬁlts are
sumnarized in Appendix B. The radiological consequences are céqparable to doses

14/

computed fo:-ohshore plants of similar size and design.




TRANS PORTATION OF RADIOACTIVE MATERIALS
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About 30 metric tons* of fresh nuclear fuel, 30 metric tons of spent

nuclear fuel, and radicactive solid wastes must bes transported to and from én

FNP each year (see Appendix A) giving rise to concern that in transporting there
may be an accidental release of radiocactive magerials. Loaded casks are transferred
to a barge and shipped to a shore facility or transfer boint == these acgivities
present hazarda different from those at a land-based plant. After the materials
reach the aho:e‘t:anafer point, the transport mode is the same as for land-based

wastes, shipment to a fuel processing plant or to a waste disposal facility by

1

truck or rail.

The environmental impact of transporting fuel and radioactive waSte§ has
be?n svaluated on the basis of accident experience for truck, rail, and barge
traffic. The discussion that follows is based largely on the AEC evaluationl-.éZ

Most shipments of radicactive material move on conventional aquipmant in
routine commerce. They are therefore subject to the same transportation
environment, including aceidents, as other cargeo. . Primary reliance for safety
in transport is placed.on packaging the radioactive material., Coast Guard%él
‘AEC, and State standards require packaging to prevent loss or dispersal of the’
;adioactive contents, retain shielding efficiency, assure nuclear criticality
safety, and provide‘ad;quate heat dissipation under hormal conditions of trans-
port and under specified accident damage test conditions (i.e., the DBA).

Experience wigh land-based plants is useful in estimating the number of
shipments required. As indicated in Table IV~5, the total number of barge shxp—

ments invelving radioactive materials could range from 10 to 23 per year.

The risk of accidental exposure during transit is small. Based on accidents

reported, the number of shipments per year, and shipping distance, the probability
of an offsite transportation accident involving nuclear Ffuel, solid radiocactive

waste, or empty fuel shipp ng containers is about once each 50 years of reactor

* 1 ton=0,907 mettic tons

&
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TABLE IV-5. ESTIMATED ANNUAL SHIPMENTS OF RADIOACTIVE MATERIALS
FOR AN OFFSHORE NUCLEAR POWERPLANT (TWO 1,100
PRESSURIZED-WATER REARCTORS)

Operationl/ Number per Year

Fresh (unirradiated fuel

Fuel fabrication plant to shore

transfer point : 12 trucks —/s—/
Shore transfer point to offshore 2 to 3 barge
powerplant
Spent (irradiated) fuel sé/
offshore powerplant to shore transfer 4 to 10 barge
point:
Shore transfer point to fuel

reprocessing facility ) 120 trucks or 22 rail cars

Solid radiocactive wastes
Offshore powerplant to shore transfer

point 4 to 10 bargesé/
Shore transfer point to disposal o
facility . 92 trucks or 20 rail cars

1/ Empty fuel casks and irradiated fuel casks requlre the same number of shipments
as when they are full.

2/ Initial loading of one reactor requires about 18 truckloads of fuel.
3/ Number depends on capacity of barge.
Source: USAEC Directorate of Regulatory Standards, "Environmental Survey of

Transportation of Radicactive Materials to and from Nuclear Power
Plants," WASH-1238, December 1372,



operation if all shipments are by barge and about once -
sach 5 years of reactor operation if a combination of truck and barge shipment
is involved. Over 70 percent of the accidents would be minor, producing little
>or no damage to a shipment. Less than 1 percent'of the accidents would involve
2 severe impaét or fire, _
Thezprobahility of.accidantal ralease of radicactive material or increasa
in external radiation levels is small. One-third of the shipments is empty
containers. In a severe accident, the carrier may absorb most of the iqpact
and fire may not involve the radiocactive material. Packages containing radio-
active materials must be designed to withstand accident condifions. The con-
tents of those that do not are limited, so only a small amount of radiation
exposurs would result should the package be damaged.
Puel
The packaging and size of new fuél shipments are designed to prevent
crlticalxty' under normal and severe accident conditions. only . iﬁ an extremely
severe accident involv1ng severa damage or destructlon of more than one nackacn

would céndltlcns arise that could lead to acc;dental‘crztzcalxtv. I£ c:iticalitv

serious exposure and persons within a few feet of the accident could receive
fatal or near-fatal exposures unless shielded.‘ Beyond that distance little
dateqtable radiation effects would be likely. Although there would be no
nuclear explosion, heat generated ;n the chain reaction would probably ;eparate
tha.fuel alements so that the chain reaction would stop. The reaction would

not be expected to continue for more than f ew seconds and normallj would not
even recur. Residual radiation levels-due to induced radiocactivity in the fuel
elements might reach a faw roentgens per hour at 3 feet. There would be very
little di;persion of radiocactive material. If criticality occurrgd under several

feet of water, no radiation effacts would be expected,

*Conditions wherein the fuel gecmetry and surrounding envzronment are such
that a nuclear chain reaction is initiated.

i Y S el
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Quantities of radioactive materials accidentally released during
shipment of spent fuel have been estimated when contaminated coolant is released
and when gases and coolant are released., The coolant is incorporated in the

shipping cask to remove decay heat generated by the spent fuel.

Leakage of contaminated coolant resulting from improper closing of a
cask is possible even though the shipper is reguired to follow‘specific
procedures which‘inciude tests and examination of the closed container before
shipment. This kind of accident is most unlikely during the 40-year life of
a plant. b

Leakage at a rate of 0.001 milliliter per second or about 80 drops per
hour is about the émallest amount of liquid that can be detected visually,
If an undetected leak were to occur, the amount would be so small that the
individual exposure would not exceed a few millirems and only a very few
people would receive such exposures. - |

Release of_gases and coolant is an extremely remote possibility. However,
should the caskbcontainment be'broken and the cladding* of the fuel assemblies
penetfated, somé of the coclant and gases coulé be released. 1In such an
accident, the amount of radioactive material that can be released is limited

to what is in the coolant and in the void spaces in the fuel rods.
1£ réleases oécur they would take place in a short timé.and would

affect a limited arez. The very nature of this severe accident implies that

. persons would nbt be expected to remain in the vicinity. 1If the accident occurs

in water, the ﬁrimary hazard would be from waterborne radioactivity. Persons down-
4 .
wind and within 100 feet of the accidgnt could receive doses as high as a few

hundred millirem. On land, a few hundred square féet may require decontamination;

on water, the cbnt;hin;htﬁwﬁﬁuId~be;diluted\and»q&§persed. Chapter V illustrates

the effects of such an accident. ' : L

Solid Radioactive Wastes

The containmént for solid radioactive wastes is provided by the nature of the

contamination -- which is bound on clothing, dispersed in concrete, or othe.wise con-
fined to some degree, and by the packaging - drums in most cases. The radioactive

contamination in compacted waste usually will not be in an availabile form if

+«The thin walled metai tube encasing each nuclear fuel element is known as cladding.




released in an impact; that is, pieces of contaminated clothiné and other
‘materials may be spread around, but the contamination is bound on the inert
materials and is unlikely to be relased unless burned or washed out by water.
If released in a major waterway, dilution and diaspersion of the limited
amount of radiocactivity would make any significagt exposure highly unlikely.
Contaminated concrete is not likely to be affected by fire, but some of the
concrete could be shattered by a strong impact force.

On land, spread of the contamination bayond the immediaté area is unlikely
and, although local cleanup may be required, no significant exposure to the
general public would be expected. On water, dilution and dispersion may
| prqclude significant exposure. The probability of a barge accident is of
ﬁhc same order of magnitude as the probability of a rail or truck accident:
howeve?, the likelihcod of cargo damage in a barge accident is less. Recovery
of solid waste material spilled into the water would be complicated, but
exposure to the public would be negligible.

Accident Statistics

Most accidents occur at low vehicle speed, éeverity is greater at higher
speeds but the frequenéy decreases as the severity increases. Transportation
accidents generally involve some combination of impact, puncture, andlfire. The
probabilities of truck, rail, and barge accidents in each of five ssverity
categorfes are shown in Table IV-6. As the table shows there are only small
differences among the truck, train, and barge accident probabilities in terms
of accidents per ﬁi;e in each of the sgeverity categories. |

Piscal year 1970 domestié waterborne traffic‘raco;da show a total of 506
billion ton-miles w;th 548 barge accidents reportad?iz/Although data are not
available on the ton-miles for barge traffic, the AEC estimates it at 380
hillion.‘lé{ccording to the Coast Guard,lz/ miscellaneous types of vessels,
includigg cargo barges, were involved in accidents which resulted in 33 injuries

and 33 fatalities during that period.
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Severity

Minor

Total

Moderate

Total

Severe

Total

Extra
Severe

Total

Extreme

TABLE IV-6

TRANSPORTATION ACCIDENT PROBABILITIES

vehicle

Fire
speed Duration
{(mph) (hr)

0-30 <l/2
0=30 0
30-50 0
0=30 1/2 -1
30~50 1/2
50-70 <l/2
50-70 0
0.30 >l
30-50 >1
30=-50 1/2-1
50-70 1/2-1
» 70 <1/2
.770 0
50~70 >l
70 -1

Rail
6xlO"'9

4.7x10"7
2.6x10"7
7.3x10‘7

9.3x10"10
3.3%107°
9.9x10~10

7.5%10~8

7.9x10~8

7.0x10" 41

3.9x10-11

5.1x10710

1.5x10"10

11074

gx10” 10

1.5%10°°
1.1x10711

1.6x10"12

1.3x10711

1.2x10™13

1.2x10"13

£3 .

Probability per vehicle-mile

Truck
6xlCJ’g

‘lxlo‘-7

ox10~"
1.3x10-%

5x10-11

1x1078

5x10~°

3x10~7

3x10™7

5%x10~12
lxl't)'11
1x10710
ex10712
110710

. ¢
8x10”

-
8x10 ~

6x10~13

2x10

gx10”3

2x10”14

2x10714

-13

Barge=

1.6x1076

1.4x10"7
1.7:1\'.10‘6

8x10"2

2x10~°

3.4x1078

4.4x1078
9,3x10" 11
1.3x10°°

3.3x10™10

1.6x107°

2.3:.:10'11

A———————————

2.3x10"1

i/ Barge accident probakilities are based on the duration c¢f the fire and‘actuarial

data on cargo damage.

The impact velocities of all barge accidents are considered

1es§ tha? 10 miles per hour, but minor cargo damage is assumed equivalent to
v?hzcle impact speeds of 0 to 30 miles per hour, moderate cargo damage 30 to 50
miles per hour, and severe cargo damage 50 to 70 miles per hour.

Source:

Directorate of Regulatory Standards, U.S. Atomic Energy Commission,

"Environmental Survey of Transportation of Radiocacti ve Materials to

and from Nuclear Power Plants,"

WASH-1238, December 1972.
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on the basis of information supplied by the Coast Guard, it is assumed
that the cargo weight ;f a typical barge is about 1,200 tons. The number of
barge~milas wcula then ge about 310 million. And the accident rate would b;
about 1.8 accidents per million barge miles. '

There are very few data available on the severity of barge accidents. |
Because barges travel onlly a few miles per hour, the velocity of impact
would be small. However, severe impact force.s could be encountered by
packages (spent fuel casks) aboard the barges. A barge could hit a bridge
pioi' and th;t:'be hit by othe;: barges. A coastal or river ship could knife
into a barge. In either case, fire ﬁould result. The AEC considers an
extreme accident - ﬁhat is, ‘an extreme impact ar;d a long fire -~ of such low
probability that it is not a DEA. The AEC considers a severe fire in
barge accidents quite unlikely because of the availability vof water at all
times. Also; because cas;ks can be kept cool by spraying with or submergence
in water, loss of mechanical ccoling can be‘ compensated for.

The likelihood of cargo damage’ m a barge accident is much less than in
rail accidents. The AEC estimatesz'gzthat a.bout.‘90 percent of bargé accidents
would ress;lt in minor or no damage to the cargo and would not involve firas.
Moderate cargo damage from impact would reaultA in 8 pexcenf of the barge
accidents and severe damage in 2 percent. Fire would be likely only in
accidents involving moderate or severe cargo damage, and the AEC estimates
that the ;ikalihood of a fire in severes accidents £s-10 times that in moderate
accidents. The AEC also estimaﬁes that fire would occur in 0.65 percent of
thg moderate accidents and 6.5 percent of the severe accidents.

If a cask were accidentally dropped into .wa.'ter, it is unlikely to be
damaged unless the water is deep. Most fuel is loaded into the casks underwater,
80 im'nersion would have no immediate effects. The water would dissipate the
reaction heat, so overheating would not occu;.-. AEC fegulaticnsﬂ;.—/eéuirg that
each cask withstand an external pressure equal to water pressure at a depth of

15 meters (50 feet). Most designs will w_:l.thstand. external pressure at much

greater depths. If a cask were to collapse due to excessive pressure in deep
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" water, only the small amount of radioactivity in the cask coclant and gases from

perforated elements in the cask cabity are likely to be released. The direct radia-

tion would be shielded by the water. About 10 meters of water, the depth of most

storage pools, is amplé shielding for radiation from exposed fuel elements.

From AEC evaluation, sinking of a cask in deep water wounld not résult
in serious radiological consequences. The most likely mechanism for loés of
containment from external water pressure would be through failure of the
pressure reliefIQaIQes, which would result in an inflow of water and subse-
quent rélease of some of the contaminated cooclant and radicactive gases in the
cask cavity. If all the coclant and gases were released, the total activity
would be on the order of 300 curies, mostly krypton-85 gas. The v#st
cquantities of water would significantly dilute it.

The fuel elements, which contain most of the radioactive material, are
excellent containers. " In an operating reactor, the fuel elements are under water
at elevate§ temperatures and pressures on the order of ‘1,000 to 2,000vpounds-
per-sguare-inch guage. Thus exposure to water pressures at depths'of 600 to
1,200 meters should have nc substantial effect on the fuel elements themselves.

Except under Qery unusual circumstances in which it could not be located
or was submerged i; extreme depths, the cask probably could be remvered with
normal salvage equipment. I1f the cask and elements were not recovered, there
would be & gradual release of radioactive material over several hundred years.

If_dropped'ihﬁo shallow water, damage is unlikely. In most cases, a
package, cask, or drum dropped into deep wﬁter would leak inward, through a
gasket or va;ve} so the external and internal pressures would equaiize as the

package, cask, or drum sinks. Or the container might collapse, releasing

small amounts of radicactive material.

SUMMARY

" The safety considerations of SNP versus onshore nuclear powerplants
are compared in Table IV-7. It is significant that the accident potential
is often a function of design and site selection. It is also siénificﬁnt
that the accident pogential variation is a function of an offshore environ-

mental versus an onshore envirorment and not one of technology.




TABLE IV-7

NUCLEAR POWERPLANT SAFETY (ONSHORE SITE VS. OFFSHORE SITE)

Type of Stress

..Example of threat

Accident Likelihood

to

onshore offshore Remarks

Méchanical

Collision Function of
Ships Breakwater damage N/A Potential ‘aiting and break-
FNP damage concern water design.

X See also thermal
chemical., May
enhance sensitivity
to metaorological
stresses,

Aircraft Breakwater damage Comparable Function of siting
FNP damage : and breskwater de-~
sign. EHelicopter
accidents poasible
with offshore plant
(low probability).
: See also thermal chemical.
Power cable ship grounding- N/A Potential Function of
damage anchor dragging N/A concerns routing, depth, and
meterological, Comparable ° design.
geological __Comparable '
Meteorological o Inland - ~ Punction of giting and
Storms Storm surge, waves minimal breakwater designm.
winds, atc. shorelina -comparable Storms generally mors
’ ’ severe offshore. Con-
Burricanes 'Refraction, resonance, N/A Resonance saequences for FNP may
atc. concern poasibly be more savers
. due to motion of barge.
Tornadoes/ Winds, flying debris Comparable May compound risk of
Wata:sﬁort : ship and helicopter
collisions.
Function of siting

Seismic o and design. May cam-
Tsunamis Stress loading of N/A inland . pound risk of ship

: moorings and barge shoreline - comparable collision or meteoro-
Grounding of barge may have logical damage. Settling
damage to breakwater slight adv. - effect of concern. Water

Tactonic o N may inau%ate FNP against
motion Damage to breakwater may have some motion.
' slight adv.

Sabotage Punction of ability
Plant Not clear to enforce security
Transport Not clear measures.

Thermal, chemical .

Fires, corrosives Possible  Shipping Function of siting,

explosives

advantage accidents of
concern alao
coastal pipe-
lines

design, and protective
measures, o

In-plant
accidentsa

Alirborne
ralease

Waterborne
relaase

9 accident classes

Not clear

Not clear

Function of design and

‘siting (relative to ex-

ternal threats) .Motion of
barge may be factor.

" pilution of oceans may

mitigate releasas but
added problems of food
wab effects and inability
to isolate exposed or-
ganisma may be factor.
Possible advantage of

. offshore due to more

remote population
distributions.
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TABLE IV-7 (CONT'D)

Type of streés Example of threat Accident Likelihood -
onshore offshore Remarks
Transportation Barge and truck or See Table IV-6 Function of
' train collisions . - scheduling and
' ' routing. . Remarks
similar to those for
airborne releases,
possible added
problems of materials
. recovery.
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May 1973. .
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Nuclear Powerplants,” submitted to the REC by Offshore Power Systems,
Jacksonville, Florida (Docket No. 50-437).
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Chapter V

Direct Environmental Effects

This chapter discusses a broad range of potential direct environmental
effects which might fesult from siting and operating an offshore, nuclear-powered
qanérﬁting station consisting of twolll40 Mﬁe units moored within a breakwater
structure. Construction, operation, mainteriance, and decommissioning of an FNP
tacility are phases of siting and operation which directly affect the environment.
Each phase includes major events; such as construction of breakwaters or installation
of transmission facilities, which are assessed here for their potential environ-
mental impact. Additional detailed discuﬁsions of direct ecological effacts appear
in Appendix C.

Chapter VI addresses indirect, secondary effects and activities not directly
impinging upon the p?oiéct'site such as mining or construction of breakwater
materials; sociooconomic(chanqes iﬁ local industrial, comm;rcial,-and residential

communities: and adjustments in local and regional governmental institutions.

Siting

The environmental effects o£ a powerplant depends upbn(iocatiéﬁ’ofithe plant
\the output and products of the plant, natural resources present in the vicinity
and the susceptibility or resiliency of these resources to damage orvdeqradation
from construction and operation. Thus, site location of an individual powerplant
is a key element in its possible environmental effeéts.

For an assessment of envircnmental effects, it is necessary to judge the
significance of the impacts to the continuatioﬁ of bene!icial uses of desirable
resources, as well as to the dynamic processes of natural ecological communities.
For example, construction of a breakwater over a sand bottom may have tﬁe physical
effect of replacing 100 acies or so of sandy surface with a hardq, ;rtificial "reef"
hav;ng several times as much surface area for attachment‘at aquatic organisms.

The attendant biological effect may be establishment of a local community of

reef organisms and associated fishes. -If this occurs in an area where rmefs

and reef communities are relatively abundant but sand bottom communities are
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scarce, the initial impact would probably be considered negative: if the local
sand bottom is relatively sterile and there are few reefs in the area, the impact
of siting and construction of the plant may be positive. Of course, the ultimate
impact depends upon the effects of station operation on the artificial reef
community established.

In most cases, the physical effects of powerplant operatiéﬁ -- those resulting
from cooling water intake or the discharge of heated effluent.-- may be described
generically because of anticipated standardizations in plant désign. However, the
biological effecﬁs of intake and discharge are site specific and must be assessed
plant b& plant. Such effects must be related to ecosystem dynaiics and beneficial
uses of thé resource. For example, the resulting impacts of fish impinéement on
powerplant intake screens depend upon the species bbpulétions affected. If these
include rare or endangered species, membérs of depleted or stressed populationms,

spgcies which are uniquely abundant locally, or species of particular economic,

_recreational, aesthetic, or ecosystem importance, then such impingement losses

may constitute decidely negative impacts. On the other hand, if the impinéed fish
are abundant witk reproductive and immigration potentials which can easily compengate
for losses, the effects of impingement may not be significant..

Thus, in most‘cases, it is plant design that determines environmental effects,
but site locatiﬁn that translates these effects into biological impacts.

FNP siting will likely be proposed for coastal areas with additional power
demand and with limited potential for terrestrial sites. Several alternative
sites should first be identified using existing informa;ion and scientific judgement;
then studies are conéucted of the physical, chemicai. biologicgl, ecosomic. and »
social aspects to.identify optimal site. The siting of FNP's"shoﬁld include

special attention to potential impacts on the production of shellfish or develop-

"’mental stages of marine fishes, as well as to areas important in harvest of the

resources.

Bach FNP requires extensive landside support facilities. Dhring construction,
shore facilities would include a concrete batch plant with bulk storage for cement

and aggregates, an area for the manufacture and storage of concrete caissons and
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dolosse, a shipping dock, and heavy equipment to serve storage, production, and

shippinq,argas. There would also be transfer facilities for handling quarry rock,

a rock storage area, a barge loadingvdpck, and related heavy equipment. In addition,

facilities are necessary to transport personnel between the station and the mainland.

A switchyard would be constructed onshore to receive and distribute power from the -
offshore station.

Extreme care must be exercised to protect and avoid estuarine arxeas in the

vicinity of these landside facilities. Except for the switchyard, the sit§ location

can be to some extent discretionary, and where possible, existing docks and remote
loading facilities should be utilized.

The need for these measures results <rom benefit/cost consideration of
coastal wetlands, estuarine areas, and other natural coastal resources.

" When defined in a narrow sense as Qemi-enclosed arms of the sea where frash
and salt water mix,l/'estuaries of the United States are small, but thay are highlf
productive and assential to maintenance of marine resources. 1In a ﬁroader context,
the semi-protected waters of Long Island and the Middle Atlantic Bight fulfill
bioclogical requirements of estuarine systems by providing areas for the mixture
of numerous shellfish andvfinfish species of ﬁhe North and Middle Atlantic. It
has been estimated that 68 percent §£ the commercially ha:veste& fish and shellfish
‘in the United States are dependent on estuaries.a/ In certain areag, guch as the
Gulf of Mexico, up to 98 percent of these species may Dbe estuariﬁe-dépendent.
| In addition to ;voiding estuaries and other cﬁastal wetlands, clusterihq
powar stations may be‘desirablc in some locations. Clustaring reduces the need
for shoreaide support facilities, but obviously the marin. facilities would

‘cover a broader area, need longer hreukwatera,‘and cauae_qfcater loéalized

.cooling water flow.

In an assessment of the options for siting individual FNP's, it is imperative
that final selections optimize the multiple-use capacities of our endangered

coastal resources.

R
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Preparation of Shoreside Facilities

During construction, operation, maintenance, and decommissioning, shoreside
support facilities to provide for the needs of the FNP complex would vary in

character and in the land area required.

As discussed in the "Siting” section above, remote location of major support

facilities should be considered. However, distance from the site may require the

construction of safe harbor ahd'aredging.andnmainfenace of navigation channels

of depths permitting free passage between the shore and the site.
Initially.,when staging for breakwater construction, much traffic would pass

between the harbor and construction site. After this initial activity, traffic

may diminish; however, there would be a continuing need for vessels for maintenance

and repair. Barbor requirements in the event of decommissioning are difficult to

predict at this time.

Additional transportation facilities may include helicoptei takeoff and
landing areas for transfer of supplies and personnel to the FNP‘facility.

Although p&oper selection would avoid siting landside support near sensitixf
natural areas, it is possible that the development of such facilities may involve
considerable construction and possibly £illing of some shallow watef areas of the
estuéry, including marsh or wetlands. The.environmental effects of this development
would result in subétantial irreversible and irretrievable loésés of marine and
estuarine resources. |

Estuaries are fringed by szlt marshes providing important habitat for
74 :
invertebrates, finfish, reptiles, birds, and mammals.  These marshes provide
breeding and nursery areas for many migratory and resident f£ish and wildlife
&

spebies and are significant in the recycle of nutrients to the estuarine system.
Annual growth and decay of marsﬁ plants release large guantities of organic
detritus, which is broken down and metabolized by bacteria and invertebrates;
_these organisms became prey fof larger organisms, and the nutrients'are thus
available fér‘the ultimate production of harvestable fish and wildlife.é/

The loss of estuarine wetlands through dredging and £filling must be viewed

as significant ané ‘'should be avoided.

il




COnstructioﬁ and maintenance of navigation channels for support vessels may
require dredging amdspilldisposal. Dredging disturbs and removes bottom sediments,
modifying the ecological and physical characteristics of the area. The magnitude
of these impacts depends upon the following factors: stability of the bottom, tide
and current patterns, extent of dredging and amount of substrate removed, type of
dredging operatidn (hydraulié, hopper, bucket, etc.), season, duration of dredging,
type and quality of substrate, abundance and variety of organisms,'and the resiliency
of the ecosystem. The effects of dredging may include elimination and destruction
of organisms, removal of bottom areas from production, and.destruction or degradation
of surrounding habitat caused by turbidity and sedimentation.

In an estuarine environment, the substrate or bottom mﬁds support a wide
variety of benthic and epibenthic organisms. Most of these spe?ieé are important
to man, directly as food (oysters, clams, and shrimp) or indirectiy ﬁhrouqh their
_contribution to the food chain (bacteria, worms, and snails).

Materials removed by dredging may be disposed of by uncontainéd deposit in
the open ccean or estuary or by containment behind dikes in shallow estuarine
areas and wetland# or on associated terrestrial areas. Spoil disposal may produce .
increasas in levels of turbidity and sedimentation, especially if uncontained.
Although some recent studies of nearshore marine dredge spoil disposal have not
demonstrated ecological damage, an increase in turbidity and sedimentation is i

believed to affect aquatic organisms both directly and indirectly. Respiration !

i

: &/
in fishes can be impaired by clogging gills or mechanical abrasion of gill filaments.

Reproduction can be affected by suffécation of eggs or inhibition of spawning of

demersal organisms. Sediments can suffocate nonmotile benthic organisms, reducing

productivity of important shellfish. Photosynthetic activity may be reduced by

the lowering of light penetration. The normal activity and feeding cycles of some

organisms may be altered and the ability to escape predation may be impaired. Each

effect is dependent upon the extent, intensity, and geographic site of the physical
/4

perturbation.

Construction of a transmission network between the FNP site and its shoreside

facility may cause another type of direct environmental impact by altering
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freshwater inflow from surroundihg uplands to wetlands and shallow water areas
and éossibly by increasing sedimentation and water temperature of the inflow.

In summary, planning and preparation of shoreside facilities must include
rigorous efforts to avoid destruction of estuarine or estuarine-dependent resources.
An obvious way of ﬁinimizing impacts is to concentrate support facilities in areas
which are already developed. The incorporation of engineering practices designed
to mitigate envirommental damage could also minimize some of the ‘direct environ-

mental effects.

Preparation of the Offshore Site

As presentiy.eﬂvisioned, an FN? would be located within 3 miles of the coast,
in waters between 45 and 75 feet deep. Prior to installation of the floating
facility, breakwater structures and other wave energy~dissipating devices would
be emplaced. The only FNP for which a construction permit has been requested so
far has a massive D-shaped breakwater as the centre of its plan. This structure
is designed to-have a center.core of rock-filled caissons, progressively covered -
with guarry stoné‘and larger rocks, and topped off with dolosse: First, caissons
would be floatéd to the site, sunk, and filled with rock: quarr§ rock would then
be placed on‘the seaward face of the caissons and topped with dolosse. Other FNP
installations may employ é different breakwater configuration or pé:haps even a
totally different engineering approach for protection.

Prior to emplacement of materials at the site, dredging will probably be
required tc develop 2 fifm foundation or base on which to construct the breakwater;
clearly this ig;dependent upén the nature and depths of the substrate. If the
breakwater is located in relatively shallow water (less than 45 feet), additional
dredging may be reguired within the basin to float the FNp. Methods of dredgin§
and spoil disposal>énd their bioclogical effects will depend on local conditionms.

Direct eﬁvironmental effects from preparation of the type_of offshore site
presently proposed include destruction oxr displacement of thevbiological communities
associated wiﬁh approximately 100 acres of the unconsolidated seﬂ floor sediments
and increased turbidity and sédimentation over a much broader area. However,
even where 1oca1‘sediments are most pronelto resuspension and fedistriﬁution,

careful construction practices may help minimize possible adverse bioclogical effects.




For example, in spite of the present requirements for consideration of
alternative sites, it ig possible to envision installation of an FNP in an area
supporting important populations of shellfish or other bottom organisms. In such

& case, dredging or spoil disposal may be limited to periods of maximum currents,

allowing suspended materials to be widely rather than locally dispersed. Similarly,

i# an FNP were sited in an area seasonally important to larvae or juvenile forms
of marine organisms, appropriate studies could be conducted to determine seascnal
intervals to minimize impacts of site preparation.

A relatively small volume of sedimentary overburden -~ less than 500,000 cubic

.yards =-- is expected at any single FNP site. Consequently, with careful construction

measures it is expected that the direct impacts of offshors site orsparation can
be n&minal and locally contained. Long-term, irretrievable losses are those v
associated with the destruction or alteration of bottom areas ana-biota within
and under‘the breakwater structure. Unavoidable damages to marine resources are
alsc possible from local increases in turbidity and sedimentation:; however, such
damages are ;xpecte& to be transitory. No uncompensable losses are expacted to

‘result from careful preparation of a properly selected offshore site.

Installation of the Breakwater and FNP

Prelimiﬁary estimates suggest that up to 3 years may be required to complete
construction of a ﬁreakwnter and install an FNP. This time may vary considerably,
depending on the type of site, volume of materials placed on the breakwafeé. '
wo;the: conditions, and the availability of construction materials.

Breakwater construction would be initiated during or shortly after final.
pzoparations of ﬁhe offshore site. Construction materials for the breakwater
would be barged t§ the area and emplaced. Initially, quarry rock would be
unloaded .from barges into caissons emplaced on the bottom as a base or cora.
Later, as the structure increased in height, materiale would be placed by
floating cranes or similar equipment. BRecause this activity depends upon the
use of harges and other floating.equipment. work would be conducted during calm
seas. Once construction is initiated, it is expected to continue until the
breakwater reaches a stage at which storm conditions can be sustained with

v

ninimum damage.
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The adverse énvironmehtal effects of breakwater construction are expected to
be minor in comparison with those occurring during site preparation. Principal
ngerse effects at this stage are probably those due to sedimentation from "fines"
associate§ with the emplacement of quarry stone; however, these materials are
expected to occur in small, rapdily settling amounts.

When the breakwater is complete, populations of reef—associated'ofganisms are
expected to est#biish themselves in and along the breakwater. 1Initially, these
populations would bé of é "pioneer" type:; with time and aging of the substrate,
this biological community is expecfed to become more complex and more stable.

Within months the b;eakwater may support a relativély luxuriant reef community,
depending upon physical aspects of the location and the season. This community,
if undisturbed, éoﬁld substantiaily enhance local marine resources but is not.
expected to be significant on a regional basis.

Because of the narrow choice of methods available for con#tructing a breakwater
in the open ocean, there appear to be few opportunities to mitigatg damage resulting
frﬁm placing quafry rock, large stones, and concrete dolosse# ai the site.

Installation of Marine Transmission Facilities

At mos* sites, 2 submarine power transmission system is necessary to convey
electricity from the FNP inétallation to the land. A two-unit, 1140 MWe station
requires approximately five separate uhderwater cables. Each qable would be
buried in the bottom sediments a minimum of 10 feet and, as preséntly'envisioned.
woulé have an 80-foot fight;of—way.

Cable installation would probably be accomplished by speéiél.ship-mounted
equipment tﬁ$£ dreéges, lays the cable, and backfills in one continuous operation.
If the :ight-of-wayvtraverées rocky or solidly compacted sediménts, the use of
explosives may be necessary to loosen the material for burial of tﬁe cable..

iaying submarine transmission cables may cause local, short-term impacts
where the right-of-way passes thfough pfoductivé plant and animal communities.
However, if sensitive ehvironments are avoided, biological effects of this phase
of construction may be minimal. Principal effects would be déstruction of bentﬁic
organisms from dreégihg and locally increased turbidity and sedimentation. It

is conceivable that sediments containing undesirable concentrations of toxic
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materials will be redistributed, especially if construction occurs in an estuary
or nearshore area receiving industrial or domestic wastes.

In summary, the poﬁcntial environmental impacts of installing a suhmatino,
electrical transmission system may bé avoided by carefﬁl selection of routes avoiding
sensitive biological areas and by careful selection of time pericds to avoid intervals
of high biological productivity or activity.

Installation of Terrestrial Transmission Pacilities

Landsidé power transmission facilities are needed to convey electricity
gené:atéd at the FNP to major ioad z;nes or transmission networka. It is well
known from environmental impact analyses of conventional powerplants that terres-
trial transmission facilities must be judiciqusly gited and properly designed,
construct;d. and maintained to avoid substantial environmental impacts.

BocauQe of comparative costs and other considerations. electricity is usually
transmitted by overhead lines rather than by subterranean cable. Sy#tem fallability
reqﬁires clearance of large vegetation in power liﬁe rights-of-w;& and construction

~of all-weather access roads for maintenance of the lines. Access :oads‘in lpw;lying
coastal areas are constructed-on fill; in the uplands, roads are constructed by
cut and fill. |

Siqnificantly‘neqative aﬁvironm;ntal‘effects may océur from £filling low-lyiﬁq
coastal wetlands. The £ill may e;ihinate areas of natural veéetation, including
salt marsh, and modify the topography adjacent to the roadhedf Depending upon
design of the road, local patterns of runoff may ke changed, affecting the natural '
salinity regimes of adjacent coastal wetlands.

In the uplands, yeqetation clearance and control in tﬁo right-of-way may be
either beneficial or detrimental to wildlife, depending upon the species involved
and the degree of treatment. Depending upon the topography and soils.‘etodod
materials may be ﬁransported from the roadbed to disturb adjacent areas.

Many of the described effects can be avoided. For ex;mple, roadways through
low-lying coastal areas, especially wetlands, may be constructed on piles, minimizing
or aveiding most of the undesirable effects of construction. .Upland_ areas subject
to‘erosion or with low revegetation potential should be avoided duriqq route

salection. Some vegetation control in the rights-of-way could be accomplished by



&

hand or mechanical means. Plant species low to the ground with relatively high
wildlife habitat value may be introduceé to improve wildlife carrying capacity‘of

the area.

Operation of the FNP

It is assumed that each FNP would contain two standard 1140 MWe nuclear

generating units. To dissipate waste heat, approximately 1 million gpm of cooling

water with a maximum teﬁperature increase of 16°F (9°C) during passage through the
powerplant is required by each unit.

Cooling w;iér is obtained by circulating pumps which draw water from the baéin
in which the FNP flqaﬁs, via an intake structure located on the barge. The intake
structure will contain trash racks, as well as fixed and/or trabéling screens to
prevent debris and large objects from entering the cooling water system.

Cooling water from ﬁwo parallel FNPs may be combined and dischﬁrged shoreward
of thevbreakwater. Time of transit for passage of w@ter through thé powerplant
cooling system will be approximately 4 minutes, depending upon the length of the
discharge c¢onduit. &l secondary liguid wastes (such as wash watef and sewage)
from the plant, as well as liquid radioactive wastes, will be tréaﬁed and discharged
into the heated effluent. v

Opération of the FNPs maﬁ directly affect marine organisms by entrapment,
impingement, entrainment, thermal and chemical additionms, and the physical inter-

actions of the discharge flow with the marine waters and substrate of the area.

Entrapment Within thg Breakwater

The circﬁlation of 2 million gallons ﬁf water per minute through an FNP will
induce-large volumes of water to flow into the breakwater structufe. Openings in
the breakwater aré expected to be perpendicular to the coagtline, §aralle; to the
longshore currents. This alignmept may result in differential rstes of flow
through the openings in the breakwater and will probably attract a variety of
marine organisms to settle therg. , '

Aﬁ exis;ing shoreside plants employing once-~through cooling, entrapment may
occur at any recessed>opening offering refuge, such as intake cangls or portions

of the intake forebay. ‘Once fish or shellfish are within these areas, the

-1




‘probability of ”aicape" is reduced simply because of size or weak swimming
capabilities. Proper design of the breakwater and plant can be of great
importance in reducing entrapment. .

Baged on shoresidé experience, currents generated by the FNP will attrict
mnny'fish species which are either permanent or tempor;ry residents of arca;

near proposed FNP installations. Certain species of fish and shellfish utilize

currents and tidal streams for trqnspbrt and may be significantly affected. For

example, soles (Solea solea) have been observed immobile or swimming slowly at the
surface, to take advantage of maximum current velocities expected the:&.g/ The
apparent result of this behgvicr is passive transport by tidal currenta in the
direction of the fishes‘' spvawning grounds. Fairbanks and co—worke:sg/ raported
winter flounder {Psuedopleurcnectes americanus) commonly observed swimming steadily
- with the current, several feet off the bottom, in Cape Cod Canal. It is postulated
that,theselfiéh followed curraents created at a nearby powarﬁlant because many aduit
flounder were observed near the forahayvand were subseaquently coliectod from intake
screens. |

Fishes with a positive rheotaxis may also be affected by pump-induced current

patterns. Such behavior has been observed for a number of marine species, such

1o/
as scup (Stenotomus chyscps), butterfish (Poronctus tricanthus), chincok salmon
{Oncorhyncus tshawytscha), and plaice (Pleurcnectes platessa), as well as

a number of fresh and brackish watir species. )
The suéceptihility of organisms to entrapment.can also be aftect‘dvby éthe:
seasonal #nd diurnal behavioral characteristics. For example, where intake
structures withdraw cooling water primarilf from the center of the water column,
benthic organisms lying on the bottom during uame‘pcriods of the day are less
susceptible to entrapment and secondary effects. Species reflecting such a daily
13/ 18/

variation in activity include the tautog (Tautoga onitus), winter flounder,
15/

cunner (Tautoglabrus adspersus), sea robin (Prionotus garolinus), puffer

(Sphaeroides maculatus), and sculpin (Myoxocephalus aeneus). However, when

feeding, these specieé may swim upward in the water column in search of food

and increase their chances of entrapment.
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some fishes take advantage of the characteristic of induced water currents
to aggregate food organisms. This has been observed at the Pilgrim Nuclear Plant,

Plymouth, Massachusetts, where dense populations of pollock (Pollachius virens)

inhabit areas immediately adjacent to the intake structures, apparently to feed
16/

upon food organisms carried by the induced current.

| Large schobls of fish havé been entrapped and subsequently impinged on the
water intake screens at some power stations located in the marine oi estuarine
envirﬁnment. These occurrences may result in a reduction in power generation or
plant shutdown. An early incideﬁf occurred in 1925 at the Brooklyn ﬁdison plant
on New York harbor,_ﬁhere the plant intake structure became clogged with spot
{Leiostomus xanthurus). The plant was shut down for days while crews shoveled out
tons of fish. In May 1973, at the é:ystal ﬁiver power station in Florida, a large
schoeol of Atlantic‘threadfin_was attracted into the long intake canal. These fish

became emaciated from lack of food and ultimately were impinged on the intake screens.

The plant shut down for a period of 4 to 5 days.

Impingement

1mpingement,4% common problem in cdoling water withérawal sfstems at existing
powerplants, repreéents a significant area of concern regarding Fﬁ?s. Direct mortalify
or injury éo impinged organisﬁs can generally be related to four factors: mechanical
damage caused by direct contact with screens; asphyxiation or exhaustion caused when
water pressure holds the organisms against the screen, particularly when screehs
are cloggeé with debris ané differential pressures are maximized; mgchanical damage
from high pressure jets used to wash the screens; and damages associateé with '
handling the organisms after removing them from the screens. ‘Tbe latter two factors
may be minimizgé with proper plant design; the former are largeiy dependent on plant
giting. However, it should be recognized that organisms su:viving the initial shock
of impingment are subsequently washed from intake screens and mﬁy be more susceptible
to death, diseagé, and predaﬁion.

Thellocation,and designvof intake structures and associated screening devices
are critical in powerplant design. Typically, trash ;acks and.adjacentlfine mesh

screens are located in recessed channels at the sides of the intake. Because the



intake ofening ias smaller than the water body from which water is drawn, veloéitiea
increase as it passes into the system. Organisms drawn into the intake first _ —
encounter a trash rack’compqaea of vertical bars approximately 3 inches between
centers; following that is either a fixed.of traveling sczceﬁ. ususally of 3/9 inch
mesh. At some facilities a fixed fine-mesh screen is followed by a screen of similar
mesh which travels vertically to énhance washing of 6:ganisms and debris from the
screens. Regardless of £he number of screens, impingement of organisms in sub-
stantial nunbers can occur if such organisms are lcc#lly abundant and unable to avoid:
the gystem.

im@inqement rarely ;ccurs at the outer. trash racks because the spacing allows
passage of large organisms: In addition, organisms large encugh to engounter the
trash racks without going *“hrough them are usually capablg of sw;mming out of the
area. However, certain large invertebrates are susceptible to impingement, and
their éresegcé in large numbers hgs been documented. For example, approximately

2,000 horseshce crabs (Limulus polvohemus) were collected from the screens on a

single sampling date at the Brayton Point Electric Generating Station, Somerset,
Maasachusetts.il/ At tﬁe same site, as many as 380 blue crabs (callinectas sapidus)
were collected in a single sample. | ‘

’ Most impingement damages affeét‘juvenile orvsmall fish because they pass through
the trash :gcks~and may be drawn against the fine/ﬁesh screens unless they are capable
of exiting the Eo:gbay. Typically, fish and other entrapped organisms may escape

only by swimming against the current, retraversing the trash racks, and finally,
‘exiting the intake system. Obviously, the greateg the current velociéy and tﬁe
smaller the organism, the more difficult escape becomes.

As previocusly indicated, the quantity of fish impinged and the rapidity of
occurrence are occasionally such that a plant is shut down because cooling water
flow through the screens is impeded{' In a'fey instances, impinged fish and debris
have caused screens to buckle because 6f‘differential pressures.ég/

v At a number of conventional generating stations, the rate of sgreen—induced
mortality has been extremely variable. At plants along the Hudson River, Long Island
Sound, and Galveston Bay, for example,vheavy kills have been rgportéd during all

seasons, often at night.
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The magnitude of fish impingement mortality may-be a function of cooling
water velocity. In addition tO increasing impingement, higher velocities ma§ cause
larger fishes to-become vulnerable. Observations at the Indian Point Nuclear
Generating Plant on the Hudson River suggest that when approach velocities
exceeded 1.0 feet per second, the number of impinged £fishes greatly increases:

. _ 19/
reducing flow reduces. the number of impinged f£ish.

Because thgre are no offshore powerplants at present, no operational fish
impingement data support estimates of possible FNP impingement losses. Even for
existing estuarine powerplants, impingement records vary greatly in detail and
accuracy. Tablé i summarizes some of the more serious cases of fish impingement
observed at once-through powerplants in saline or brackish water. Although not

representative of routine losses or of marine conditions, these examples underscore

the potential seriousness of impingement.

Once impinged; organisms are held captive by the force of water flow. Where
the plant is equipped with tr;veling screens, the§ are periodically rotated and
strong water jets dislodge the f£ish and aebfis, which fall into 2 collecting trough
for disposal. Thé interval and duration of the rotation of traveling screens are
usually determined by experience in operating the plant and depeﬁd ‘upon plant
location, pooulation levels, and seasonal and diurnal c¢ycles contrelling the
vulnerability of organisms.

| Certain fisﬁ species appear able to survive impingement better than others.
For example, flounders habitually lie on the bottom and may survive impingement
when exposure time is short and where other conditions are favorable.gg/ Because
dénsé schools oflpelagic and benthic fishes normally inhabit shelf waters of the
Atlantic coast, the potential fqr substantial impingemént kills at FN35 must be
carefully congidgred. Such ;mpingement losses may be great enbﬁgh.to affect local
’commerical and rec#éational fishéries and important food chain organisms. Although
FNP siting and cdoling water system designs appear to present options for mitigating
such effects, impingement must be a2 continuing concern in any FNP iicensing.

As a result of increased construction of large once-through generating stations,

the frequency and magnitude of impingement-related problems at shoreside powerplants
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have increaéed. stﬁdigsngo_dgyelop methods to reduce this problem are underway

: 21/
by government, industry, and scientific institutions. Such programs have thus

‘far met with limited success: however, a number of important factors have been

‘identified which influence impingement. Plant siﬁing and water velocity appear

to be the most critical. Decreasing the rate of flow, thereby reducihg intake

22/

velocities, has béen successfully used to reduce impingement: howeverrwthis

technique requires an increase in the differential temperature of thebcooiing water.
To some extent, intake design factors can reduce impingement.. copstrncticn

of a curtain wall extending down into the water column in front'of the intake

structure may inhibit pelagic fishes' entering an intake syct#m: construction of

a sill extendingircm the bottom u?zz;d into the water column may discourage benthic

fishes and shellfish from entrance. Construction of trash racks and traveling

screens to minimize recessed areas is a promising way to reduce entrapment of

' fishes in the vicinity. Clearly, research efforts are required to improve intake

structure designs and to identify physical, chemical, and biological factors - !
24/ ’ .
important to the impingement process.
Entrainment

In current industry practice, the smallest mesh size commonly used in powerplant

intake screening is 3/8". Aquatic organisms small enough to paéé through 3/8" openingS‘f

are potentially subject to entrainment, passage ﬁhrough the pumps qégwgonﬂgnig:s of
a pcwerpiant‘ciécﬁlating water system. - . ,
T : .
Entreainable organisms include phytoplankton; zooplankton: eggs and jarvae of
£ishes gﬂd invérﬁebrates (ﬁeroplanktbn); fry and juvenile fishes: aﬂd ofheragroupé
such as the‘protoida.vhqéteria, and aguatic fungi. BAlthough the distributiﬁn of
plankton iﬁ natural waters is stratified and bclumped (patchy) rather than uniform
6: fandcﬁ. a general assumption may be made that in most cases, the quaﬁtity of
eﬁtrained aquaéic microbiota will proportionately reflect the rate of intake flow.
During condenser passage, entrained organisms may be subjectto tﬁe:mal shoék;
mechanical shocks and abraison; pressﬁre changes; toxic chemicals, including chlo:in;: -
and additional thermal stress, turhu;ence, and predation in the‘discharge.

In general, the many previous studies of entrainment effects verify the fact

that considerable damage to entrained organisms has resulted from therhal'stfess as
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- wall as from other types of stresses and shocks (see Appendix E). In some

caies,howaver, measurable damage has been slight.

Most frequently, tht major effect reported on condenser passage of phytoplankton
has been tht apparent stimulation of photosynthes{s during months when ambient (intake)
water témperatures are low and the apparent inhibition of photosynthesis when water
tempt:atures are high. Although most data exhibit considerable variability, this
effact has been evident in a number of studxes of primary productivity in condenser
discharge samples that were conpared with condensex intake samples.gé/

It appearswthat thes;_increases and decreases in primary productivity primarily
reflectV;tblethal, physiological effects on the phytoplankton and decreases are
produced mainly by thermal, chemical, and mechanical stress or damage during A
condenser transit. In éenerai. the higher the discharge temperature at a‘given
powerplant and aquatic sttem,;the-more pronounced the observed photosynthetic
inhibition.

Some powerplant entrainment studies have included observations of entralned
organisms at times when the plant is producing no power and, therefore, no heat.

By running the circulating w;ter pumps yitb?ut heat transfer, the effects of
ﬁechanic;i daﬁage t6 ent;ainea organisms may be studied in comparison with the
combined thermai-mechanical effects megsured during no:mal plant'operation.

“In a aunbar of powerplant entrainment studies, mechanical damage to phytoplankton
has been measured using productivity and chlorophyll assafs as ﬁell as microscopic
cbservation for bruken-diatom frustules or other signﬁ of struétural céli damage .
However, the magnitude 6f thesa.effacté does not apﬁgnr to be as large tt”that due
to thermal stresses. (

Severe reductions in the productivity of phytoplankton entrained during
condenser chlorination also has been observed in many studies; Cell damage and
lOIs and reduction in the chlorophyll a content of discharge samples have accom-
pgnied the reduced‘productivity.QZ/

zooplankton also are subject to entrainment and both thermal and mechanical

stresses have been -observed by various investlgators to be lethal to entrained

N

“w
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temperature change. "Presumably, this was due ‘to the relative independencé‘bf

crustacea. Lethal "thermal doses” for entrained opossum shrimp (Nepmvsis
awatschensis) were exceeded, for example, in laboratory simulations and condenser

passage 'studies at the Pittsburgh and Contra Costa powerplants on the Sacramento-

28/

‘San' Joaguin estuary in Cali{g:pi&. ‘When discharge temperatures exceeded 30°C,

mortality usually exceededqﬁs percent. Neomysis mortality was describédviﬁ theéé.

studies as being influenced more by absolute discharge temperaturg‘than'ij@hgfulf;

the organism's upper lethal temperature from modification by acclimation. Studies
at the Indian Point pcwe:plant on fhe Budson River have also reported increased
entrainment mortality of Neomysis and other crustacea when diécharge tempetaﬁures
exceeded 32°C in summer. .
- The physiological significance of the durgtion of condenser transit, as well

as of température, in the effects of entrainment of zooplankton has been emphasized

by several investigators. In studies at four coastal powerplants in California,

.the relationship between absclute discharge temperatures and zooplankton entrainment

mortalities was significant "and linear., At the Potreo, Humboldt Bay, Moss Landing,

ahé‘Morro Bay powerplants, average temperature rises of 9, 15, 13 and léécAunﬁ cﬁndeﬁéééfiﬁ
transit times of 1.4, 3.4,'11.6, and 11.9 minutes produced aVerageyzoﬁplg@kton>;. .
entrainment mortalities of 1.3, 5.9, 10.7, and 6.7 percenf, réspectivélﬁ;}‘When
discharged zéopl;nkton were held‘fo:'24 hours at discharge temperafures; furthei'
increases in mortality were observed. When similarly held at ihtake tempe;aturan,
neither signiiicént recovery nor delayed mortality was noted.gg/ - |
Scme mecﬁanical damage to entrained zooplankton also has been feforted. at
peower sﬁations whereilethgl‘time—temperafure conditions apparently are not reached ‘
in condenser transit, averige zooplankton mortalities have ranged -from 6 to 12 percentiég/
Powerplants have been described by analogy as "large, artificial predators”
acting upon poppla;iqms”of entrainable organisms. This predation is selective.
Entrainment damage whicp ;esplts fram lethal time-temperature cémbihations at variouﬁ':

poﬁéfpiants obviously is more damaging to the more temperature-sensitive species of

plankton. Similarly, for powerplants in which entrainment damage to zooplankton is ”@i
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primarily mechanical, the "predation” alsoc is selective on the basis of size, being
- hore damaging to the largex entrained orggnisms.

Delayed effects of entrainment have been reported for zooplankton. At the
Millstone Point powerplant on Long Island Sound, zooplankton entrainment morﬁa;ity
of approximately 70 percent was noted. Immediate examination of sampleé at the
condenser discharge, how&ver, shoﬁad only a 15 poréent kill. On the cher hand, a
signif%cant recovery of céndensa:-passed zZooplankton, sometimes exceedinq‘zo percent
of thoge observéd‘to be immocbile immediately after discharge, has been reported to
occur after 4 hours' storage at intake water températuzes.gé/

Damage to the eggs, larvae, and entrainable voung of fishes in a powerplant
cooling water system is also a potentially serious prohlem.lg/ Generally, carerful
location and design of intakes‘appear to be the most effactive opportunities for
zeducing such effects, whereas other cooling water system design options do not
appear effective. In other words, this problem is more effectively avoided than =
corrected. |

o 33/ EZ VA | -

At the Millstpne'Pqint and Chalk Point - powerplants, mortality to entrained
£ish larvae was réport;d.at and abo§e 90 percent. At the Indian Point station,
apperimately 46 percent of entrained whita perch and stfiped bass larvae feportedly

33/ v .
were killed, and considerable concern has been expressed regarding the impact of

_ 36/
this loss on the striped bass fishery.

- In studies at the COnnecticﬁt.Yankee powerplant (Connecticut River), it waa.
repdrtedéZ/ that during the 93-second coﬁdénser passage, ;t discharge téhpetacures-
of 28, 33, and 35°C, only 35, 19, and O percent, respectively, of entrained fish
'laxvné and fry (mostly.alewives and blueback herring) survived. BAlmost none of
these young f£ish was ocbserved to survive subsequent trahsit down the pl#nt's long
(1.83 Jan) Aiecharge canal in summer, when condenser discharge temperatures exceeded
30°C. In a later report,gg/ however, 72-87 percent of the observed mortalities were
attributed to mechanical damage, with thermal stress zesponsibie for the rest.

As with zoqplahkton, mechanical damage to entrained young fish increases with

the size of the fish. On the other hand, mechanical destruction of entrained fish
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. to adult are believed to be on the order of 0.001 percent.

¢?

eggs also appears to occur. At the Vienna, Marylandzgcwerplant, 99.7 percent
average mortality.of striped bass eggs was repcrted,——/ and large differences were
observed in the numbers of eggs entering and leaving the cooling system. The
assumption might be made that some egg destruction occurred during plant éacsage.
The kinds of marine organisms which can become entrained-iﬁ powerplan£ cooling

water systems are vital to the energy flow, nutrient budget, and dynamic stability

of the marine ecosystem, as well as to the‘production of various spacies of commercial

and recreational importance. In any case in which powerplant entrainment has a

B

potentially sign?ficant adverse‘effect on any of these important natural processes,
. BRI R .

rgmedial-measures are mandatory. 1In every aquatic ecosystem, however, certain kinés

ind amounts of biotic damage can occur locally withouf significant ecological impact.

Planktonic populations, for example, are naturally exposed to considerablé grazing

or predation, which may dramaticallyvaffect their abundaﬁce. These populations are

also exposed to seasonal and tramsient changes in the physical, chemicil. and bio-

logical characteristics of th;ir environments ;s ;ell as to other‘natural stresses

and limiting influences. .The life span of most plankters in natural waters is less

than 1 month. ‘DeHSity-dependent phenamena such as the rates of reproduction and

natural mortality enable poﬁﬁiations to compensate for large losses. With regard

_to entrainment losses of fish egygs, larvae, -and young, it is noteworthy that in

_ some species which have pelagié eggs and larvae, natural survival rates from egg

4/

Although a number of general principles concerning entrainment'éffects apparenily
can be surmised from previou§ studies conducted at shoreside powe:plaﬁts, it is also
true that many important questions reggrding'investigative methods and ecological
significances of entraimment damage remain largely unanswered. 1In the‘firét place,
known daily variaiions’in the phys;ology. behavior, and distribution of entrainable
organisms can profoundly affect the results of sampliné as well-és the reéu;ts of‘
measurements of lethal and sublethal effects of entrainment. Examples of these .

include variations in the heterotrophic activity of phytoplankton and the vertical

distribution of zooplankton. The influences of such phenomena on the results of

i

. \ ‘ . .
entrainment studies need to be better characterized. Second, microbial groups
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such as'protozoa. natural/bacterii, and nannoplankton are important in the dynamics
of aquatic ecoiyﬁteﬁs and are generally characterized by high physiological respon-
siveness. We have little knowledge about the effects of entrainment on thesa

v organisms and need to investigate such effects further. Third, sampling mortality,

as well és sanpling gear efficiency and selectivity, need to be better charact?rizad

) and/or reduced. In zooplankton entrainment studies, for example, mortality in

‘ intake samples is commonly gubtracged from that in discharge samples; however,
sampling mprtality is increased among these fragile organisma, resulting in somewhat
biased ostigations of entrainment damage. In addition to the foregoing, studies

are needed regarding the influences of sublethal entrainment stresses Lo entrained
zaOplanktersvon their abilicie; to. evade sampling gear. Such stresges can appreciably
:uducg'the ability of organisms to evade sampling gear in the condenser discharge
damples, resulting in higher collections of stressed‘%albq}tvlive) plankters aftar
condenser passage. Finally, we need to understand better the delayed effacts of

. sntrainment, including moribundiﬁy, subleﬁhal stress, and recovery‘; the ecological
significance of the igcreised susceptibility of entrained organismé to prn&ation:

the influences of skewed entrainment mortality and changes in reproductive potentials
-on plankton community dymani;s; and, in general, the limits of coﬁpensatory population
response potentials aﬁd the eff;ctb of poﬁerplant-rclatedImortalities on marine food
web telationéhips. | ‘

" It should be obvious from the preceding examples that although a gre;t deal of
work is needed to enable better characterization and assessment of thq effpéts of
cooling watei systém entrainment on marineﬂbiota. most of the afeas of present un-
c‘rtaintf rafleﬁt_l#ﬁitations in state-of-the-art biological ﬁnthodology‘and knOWLédge.
It should also hé apparent that it is not necessary to answer every conceivable
question before certain general conclusions, such as those reached in this sectioq,
can be reache& regarding the effects of entrainment, |
Discharge Effects

The dischargé of heated‘effluénts from an offshore nuclear power station may

cause adverse effects on marine resources, The'magnitude‘of these effects depends
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upon plant deslgn, operatlon, .and site locatlon. ‘A detailed summary of discﬁarge

effects observed at- exlstlng shoreside powerplant sites is provided in Appendix C.

In addition to heqt..chlo;inegis widely used to control fouling in the condenser

system, and other éhemic;izﬁéeservatives and boiler blowdown are released as wastes
to the efflueng. Chlorination -is usually periodic, depending upon local seasonal
growth conditions; and is more frequent in warm seasons. Chlﬁrihe is highly toxic
even at low comcentrations%2/£ouever, mortalities at powerplants are not éommonly

observed partly because the benthos of the receiving waters are reduced to resistant

animals that tolerate the periodic treatments and because mobile organismé'tend to

- avoid lethal concentrations.

Even so0, a number of chlorine-caused kills of fish and shellfish are known to
have occurred in past féaré at shoreside powerplants. A few have occurred at
estuarine plants, such as afiérge kill of menhaden at the Cape Cod Canal power

station and another in which 40,000 blue crabs were killed at the Chalk Point power

a3/

"station in Maryland. ;.Many'bther kills, particularly those limited in space or

_time, may have gone unrecognized or unreported. Chlorine toxicity data indicate

that verv small concentrations may be lethal dﬁring long exposures and tha£ amounts
exceeding 0.3 ﬁilligrams per liter may be lethal to some organisms during short
o . 44/
exposures of 10 minutes or less.
chloriqe and its attendant problems may be avoided by using aléernative anti-
fouling'methods. In some plants, relative success has been achiévea by diverting
a portion of thﬁ heaged discharge into the coo}ing system to defoul the bondenéer;
At the San Onofre power station in California, for example; this teéhnique';s'used
without caus;nérlarge f1sh k;lls. ‘At theISurfﬁrpower station in Virginia, Amertap
mechanxcal cleaning has been incorpcrated into the plant design and is ‘Teported to
be sat;sfactory at that site.’;
In addition to chlorlke, cooling water discharges may contain small amounts of
éoxic‘mntals-such as copper, chramiﬁm, and nickel. Quantities of these metals

leached from any one power unit are normally too small to cause concern, but it is

conceivable that the cumdlative release from géveral plants may prove unacceptable.
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Another problem which has become recognized in recent years is the mortality
of fish due. to gas embolism. When intake waters are cool, gas concentrations in the
water withdrawn are at or.near sagura;ion levels. Elevating the temperature of the
<ooling waﬁer in the copdensérs\cguses supersaturStion of thesé atmospheric gases
(principally nitrogen).. Pisﬁ exposed to water supersaturated with gases guickly
reflect similar gas concentrations in their blood; When the gases in the blood
reach a sufficient cancéntra:ion, Subblen’(or emboli) form, capillarieé become
first distended and then break, hemorrhage of highly vascuiarized gissue occurs,
and fraqu;ntly death follbws by blood loss.

The movement of fish into a heated plume may also cause gas‘disease'when the
dissolved gas concgntrations in the blood of these fish is at or‘nea: éatu:ation.
Although an.embolismjrelated Eish’kill had been p:éviously cbserved iﬁ f£resh wate:,ié/
the first documented examplé in marine waters occurred in 1973 at the Pilgrim
Nuclear Power Station, Plymouth, Massachusetts;eé/ én estimated 50,000 adult menhaden
died in this incident. ’ | '

The most qb?ious‘effects of powerplant discharges are seasonal increases in
fish attracted to the immediate discharge area by dead or'dyinq food 6r§gnisms as
well as by warm discharge waﬁefs. Although these attractions may be advantageous,
especially to recreational fisheries, organisms residing within this area may be
subject to lethal or sublethal elevated temperatures, cold shock, chemical effects,
changes in metabolism or behavior, increased incidence of disease} and 6ther hazards.
Examples of some of the more serious discharge-related fish kills occurring at
estuarine powezplants.are shown in Table 2.

Fish kills caused by powerplant discharges are.not generally wuli dbcﬁmented.

It is probable that many kills go unrecorded because dead fishes or other‘ﬁrgani;ﬁs
are not obsefved or‘are'éttribuﬁed to other causes. In many cases, dead fish sink
guickly and disappear frqm'sightiz/;r are ;aten by seabirds or other scavengers. In
some instances, kills have not.bgeﬁ'repcited.simgly because the cbserver did not
know the mechanism necegsary to report the incident. When fishes or o;ﬁgr organisms
ars kilied. it is often difficult to determine the s§eci£ie cause, Thus far, there

has been no compilation of powerplant-related fish mortalities on a rggionél or national

basis.
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The effacts of temperaturﬁ_an:mnrine organisms has been extensively documented.
Many marine organisms exis; at tnmpqrh:uras near tﬂqir “upper incipient lethal limit";
exposure to temperatures above tﬁis limit for sufficient time rsesults in death.
However, orgénisms may withstand brief exposures‘to high temperatures, partiéullrly
if previcusly acclimateﬂ to elevated temﬁeratures. Even so, these sublethal thermal

shocka can affect behavior and result indirectly in mortality. Conversely, the

consequences of cold shock. mortalities induced by a sudden reduction in temperature

from plant shutdown, are well-known.

Up to a point, lethal temperature levels are significantly affected by the

previcus thermal history: fish acclimated to cold temperatures have a lower incipient

49/

lethal temperature than fish acc;iméted'to higher temperatures, Therefore, seasonal

tehpe:atﬁre regimes may have a profound influence on the temperature tolerances of
50/ ‘

£ish. In addition to thermal history, age, season, day length, sex, water quality,

dist, and hormonal condition may directly or indirectly affect lethal temperature
tolerance of fish.

Fish mortalities directly related to high temperatures from offshore power
stations will be an ;;fréquent event because most species avoid lethal situations:
however, certain prey species congregating in the vicinity of the plﬁ@e may be
driven into a lethal zone‘by predatory species, |

Occasionally a powerplant may shut down or reduce load rapidly. At such times,
f£ish living in the yarh effluent in colder seasons may be éubjecg to a'rapid,'lethal
drop in temperntura; Factors inbélv§§.in‘determiniﬁg the'degree of Qevegity of the
shock include individual species*charaéteristica; size, ambient temperature, the

absoluta temperature change, the rate of temperature change and cthers. »for examplu.3

menhaden can toleiate a drop of 3.6 to 20.7°F, depending upon size and acclimatiocn
- 82/ ‘ )

temperature. Asvobsefved at the Oyster Creek Atomic Plant, Barnegat Bay,

New Jersey, in 1972 and 1973, menhadenAdie when these lethal limits are exéeaded.
An additional pro?lem related to heatéd discharges is possible recirculation

of heated effluent thtsugh the plant. Under certain wind and current conditions, '

heated water may flow around the breakwater rather than dissipating into surrounding

waters. At that time extraordinary temperatures would be experienced in the discharge,

48/
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increasing the likelihood of direct discharge damage to resident biota and
ent:ainment mortalities.‘ Heated waters may alsc enter the cevetment, causing ‘
additional mortality of entrained organisms, increased incidence of impingeoeut,
and thermal stressing of biological communities established on the breakwnter.

Although the heated effluentnwill primarily be a surface phenomenon, the plume

may occaSLonally contact the bottom. When that occurs. the structure of benthic

communities proximal to the disch jge may be modified and perhaps simplified in
structure. However, dissipation of discharge velocities and temperature to tolerable
levels is eXpected within a short distance,rminimizing this impact. '
There is potential for increased predation in the area of dischargei ht the
Pilgrim‘Nuclea; Station, for example, divers have observed striped basegehd cod

positioned beneath the plume. These £fisghes periodicallf prey upon menheoen congregated

"

in the thermal effluent. At the pittsburgh Power Station in California, striped.bass

collected from the area of the thermal plume had greeter numbers ¢f chinook salmon
smolts’in their stomechs than &id those collected from nearby "refer'ence"' areas.

Although this impact does not necessarily amount to an adverse effect, the poesible

‘proliferation of offshore plants coula lead to the increased cropping of juvenile

forms of £ish soecies utilizeé by man. Additionally, 1f the heated ef fluent attracts

large schools of sport or commercial fishes, these schools may not be- accessible for

" harvest in the immediate vicinity of the FNP because of safety factors. _A”

Maintenance of FNP Facilitv

One direct environmental impact of FNP station maintenance will result £rom the

"continued need for landside support facilities (vessels, docks, loading eguipment, etec.)

to transport materials to the site for breekwater repair. L
within the breakwater, sedimentation may necessitate periodic maintenance dredgings _
frequency is site-specific and dependent upon currents, substrate, water depth. and :ate.
of deposition. S “‘ L - » ‘Q{
‘Barges housing the FNPs will require periodic repeir and refurbishing. Major

hull repaixs may neceSSitate enclosxng the structure behind watertight barriers for

temporary drydocking.” Although“improhable, emergency repair may ‘be required on the

submarine tienemiesion cables in'addition to routine maiptenence.



The environmental.effects of maintaining landside facilities probably will
not require a commitmenﬁ increased over that of the construction phase. Depending
~upon location, it mnf be poasible to use existing facilitles; if so, the expected FNP
impacts hay be minimal. ‘ ,
Emergency repair of the breakwater £$cilities requires maintenance of barges
loaded with dolosses and othér materials at least seasocnally near the site. Vessels
" and cranes should be readily availaﬁle to expedite repair. Because ihtegfity of the
breakwater is essential in the safe operation of the FNPs, repair is ess;ntial as
soon as pﬁysiéally possible after damage. '
Periodic maintenance‘d:edqing within the breakwater may disrupt biologiéal'
communities established in those substrates and on the breakwater. Depenainqvupon

fraquency and duration of dredging and the season of the year, adverse affacts could

be locally severe and could gréatly‘redﬁce enhancenent resulting from the installation

of the reeflike breakwater. Maintenance dredging would also necessitate disposal of
dredge material; those effects may be similar to but less sevére than ;hose occurring
during\construc;ioh. ’ - o . ‘ ‘ 3
Prgsumably, design will mini;ize the need for substantial overhauls of the FNP
hulls: however, in the event that such a need ariées, considerable digrugtion'bf the

local area and increased support activity may occur at shoreside facilities.

Environmental etfects from maintenance of'underwater'transmission facilities could

be minimized and acceptabie if performed during seasons of least biological effect.
Repairs would be accdmplished on an emergency basis and adverse environmental effects
bwould be<unaqoidablof short-lived-and local. |

Decommissioning | | |

Decommissioning will involie disposition of the floating nuclear powerplant
itself, the breakwater, ‘and shore aﬁpp&rt facilities. The nuclear fuel would be
removed prior to the decommissioﬁing process. Experience with lahd;based facilities
indicates that the plant can be&ecoﬁmiééionadwithout incurring.exqessive'envi:on-:
mental costs. Obviously nuclear fuel, wastes, and rSdiatién-contaminAted materials

will be removed for disposal by proper nuclear authorities prior to decomhission.
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Decomnissioning the breakwater by dismantling would be both expensive and likely

‘tohcanse adverae envizonmental impacts, and abandonment could create potential‘hazardh

éo naviga£ion. The most sat;sfying alternative may be to £ind uses for the hreakwatc:
which would not requixe its :emcval. Onshore facxlit;es, anludzng the transmission
lines, may be aecomisszoned with relatively lxmxted economie ana envxronmental couts,
with the sxmilar possszlzty of flnd;ng alternatxve uses. .

Experxences with decommissioning small, land-based nuclear reactors indicate that
this process can be read;ly acccmpliehad with a varlety of saticfactory disposal methods.
Before a large FNP is decommissioned, however, further development of standards and
regulatory reguirements may significantly alter the prement procedures.

-A number of decmissioning alternatives are specifically applicabiemﬁo the floating
bargé. . These include=‘v19ng-term storage without mﬁjor disﬁssemblyL long-term storage
with partial disassemﬁly, and plant disposal by.decontamination and subséqhent sinking
of the barge. | v

It appears feasible to d;sassemble and dxspose of a bazge-mounted reactoz system °
using techniques developed for small lgnd-based gowe: reactors. " casts ﬁqr dismantling
and r?moving the?ré#ctor'éysiemtfébm 2 floatiné hull are:aifficqlt_to p?é&ict without
further detailed stuéy., 1f dismantling commences within a few years'ongﬁéivg Operatioﬁ{
the associated éosts méy be high: a delay of 30~50 yeafs'would permit neutron-induced
radioactiviéy in structﬁral componentsito.decay considerably, drasticaliy reduéing
both dismantling and disposal costs. »

Conventional shipyaré‘graving aocks are too hérrow'to accommodate an fﬁ? hﬁll‘fa;

scrapping, and unless special technigques are used to cut up the hull afiéat; the

.builder 8 facilities may he requxrea. Special procedures would hé requifedité deal

K . 5

with residual radioactive contam;nation and neutron-induced radioactivity in the hull -

structure . o

Long-term lay-up, proiécéivélcustody, aﬂaiétbrage without major disassembly maﬁ\
be ﬁrovided in a freshw;té#Jesgﬁé:y or river fd}ibwfﬁg_fuel‘removai and decontamination.
Hull mainténahce in saline wat;rs requires imﬁiessing a cathodic{curreﬂt”on £he metals:
to reduce electrélysis, regular inspection, and occasicnal repairs and replaénment of

parts. Dprydocking may also be possible but at considerable cost and only if a dock

of suitable size were accéssible.
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Rﬁcommissioninq the barge with a new reactor or cqnvorlioﬁ to a fossil-fueled
powarplant may be viable aiternatives. " However, possible residuai levels of radio-
activity, quality assuwrance for safety-related components, hull deteriofation. and
licensing problemﬁ require furthe; study and engiﬁeering development.

Disposal of the FNP units or portions thereof may be accomplished at fairly low

- decommissioning costs bf sinkiﬁg at sea. Prior teo sinking, fisaicn products would

be removed, leaving only lower levels of neutron-induced radicactivity in reactor
plant structural coppbnents. To minimize leaching of radicactive materigl-fron the
reactor vessel and other components, extensive preparation would ba required, including
gavering pipes, welding seals, and perhaps filling some systems with avmﬁterial
impervious to seawater.‘ Another safequard would be to fill the reactor subcom-
partment with concrete, preventing diract access of seawater to extefnal sﬁrfaces

of the vessel, thermocouples, control rods, and so forth. Bécause tbe.:gactor

shield build;ng is a distinct unit, it may be practical.to designithe plant to

allow detachment and sinking of thé cqntainmeht structure while the remaining platZorm
structure is salvaged or scrapped. .

At the end of the useful life of a floating nuclear powerplant, decisions
rega:ding removal or use of the breakwater would be required following an evaluation
of the economic and environmental costs of removal,'pexpetual care, and alternative
uses, includ;nq installation of another powerplant. »

1f the breakwator has no further use, the structure would ‘be removed requiring
an engineering effort of'equal or greater magnitude than that involved in its
emplacement. The sequence of operations would be as foilowsz (1) removal of armor

~units (dolosse) from arouna thé caissons on the leeward breakwatex al-reéuifed to
refloat the caissons, kz) removal of ballast and refloat of the caissons to permit
removal of the FNP froﬁ within the breakwater, (3) removal of the FNP, (4) location
and removal cf armor ﬁnits and underlayer ﬁate:ials, (5) removal of remaining
caigsons from leeward and seaward Sreakwaters, and (6) tramsportation of materials
to disposal sites. These activities would be highly dependent upon calﬁ‘weather

and sea conditions, and heavy floating equipment would be required.
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plant may require permanent disposal. These :anlude rfﬁoilxties assoclated with
energy transmission, communications, supply:’ transportation, maintenance, personnel o

services, and emergancy and disaster services. These functions are also commoﬁ to

land-based nuclear plants, but the principal facilities are concentrated.
The environmental effects of decommissioning an FNP station depend upon the
methods, as previously described. Because of uncertainties in definition of

decommlss;onxng procedures to be used many years ‘hance, plans should be . developed

rto anorporate design options allow;ng & high degree of flexibility for decommisslonxng.

Actual decormission of each’ facxllty depends upon the prospects for its use at

tbat time. Ports, trunsmiss;on systems. shops. and bulldzngs may be appropriately ' f

used for other types of- power generation or eveomfor ent;rely different purpoues.
Faexlitzes that become useless may be removea partxcularly where saléége values,
land values. or government policies fayor that course. ,In any event, 1tﬁdoes not-
now appear that removai of land-based feeilities involves‘greater 1ong-term environ~-

menta¢ disturbance than'xnitxal constructlon.

Aesthetic restoratlon of areas occupxed by transmisgion llnes,,railroads, piers,

it

and other highly visible features should be undertaken to satisfy laws and regulations
in force. Mater1n¢s and equipment from the visible structures probably would not be
valuabxe enough to justify their salvage In time, the space occup;ed by old
structures may be needed for other purposes, in‘which case conversion would be

effected for economic'reasons. Shops and wharves located in an xndustrxalzzed area

would probably eontxnue to be of value.

e,
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CHAPTER VI

INDIRECT ECONQ?IC AND ENVIRONMENTAL EFPECTS

This chapter addresses the indirect economic and environmental effects
asgociated with the deployment of FNPs. Based upon the energy scenarios
presented in Chapter II and with no foregone conclusicns about the preference

that will be givun'co ?ﬁbs, three conceivable deployment levels for 1.150~megawatt

offshore plnnts are discussed. For the ptriod 1980 to 2000, the manufacture.of-— -

- PNP units, construction of breakwate:a. and comme rcial oparation of FNPS are
projected to occur simultaneously along the U.S. east and Gulf coasts, albeit
at different rates of intensity and at sites far apart. The categories of impact

overlap for all three activities althéugh they may vary significantly_in magnitude.

Manufacturing the Powerplant
Though the physical layouts of specific production sites may vary, ;he
proposed OPS Jacksonville facility illustrates the predominant features of the
shipyard-like complex.
Production shops of the manufacturing facilityl are deﬁigngd-so that raw
materials enter at one end and finished products exit the oéher. Shop locations
permit easy trangporéation to the asgembly Qlip.‘ Major production.complexes‘"“

include a steel fabricatiop shop, concrete plant, condenser shop, sheet metal

shop, electrical shop, and plpe shop. » e -

A plant will be assembled in a wet slip approximately 400 feet wide. As
.a new platform structure is completed and launched from the graving dock at
cne end of the slip, each plaht in the slip will advance one position. All
mejor assembly aétivities and heavy installations will be compietad while the
plant is in the wet slip. |

Material receipt and storage areas are strategically located throughout
the faéility. Ai an #s;emblyvnears completion, the élant will move out of the .
slip to a mooring at the final oﬁtiit and test area, which can provide circu-
lating water, shoré steam, and electrical power during functiocnal tesiinq.

After final outfitting ah& satisfactory compietion of the functional
testing,_the plant will be stationed at a seawall slot until it is towed to

an offshore site.
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Manufacture of an FNP prototype will take approximately 50 months. By
the time the eighth FNP is completed, labor efficiency and refined production
techniques should reduce the time to about 26 months.2 Under steady state
production conditions, the proposed Jacksonville complex should. turn out. four
FNPs per year. The product is a complete, unfueled plint. Provided that
purchasers obtain permits and licenses promptly without institutional delays,
OPS projects that online commgrcial operations could éroceéd within ;B months

of completion.

FNP Market Potential. Based upon the scenarios in Chapter I1, an additional

450,000 to 500,000 MWe of nuclear generated electricity will be required on tﬁe
east coast by the year 2000. This is an equivalent requirement of roughly 400
1,150-MWe nuclear powerplahts in 20 years.

For purely illustrative purposes, assume that FNPs could .capture 12 percent,
25 percent, or even 50 percent of this market. Then, 50, 100, or 200 FNPs would
have to be mgnufactured before 2000. At 'the low en# of ﬁhe range, the OPS facility

at Jacksonville -- with, perhaps, moderate expansion -- could accommodate the

_market éssuming eight FNPs manufactured pripr to 1983 and a steady state pro-

3
duction rate of four FNPs per year for a total o 76 by 2000. At the higher

end of the demand curve, it appears .that one or even two sister facilities would
be required.

It must be noted that the market potential can be expected to change during
this period. Technological advances, installation experience, and a2 host of
other factors may significantly change the share of the market captured by the FNP.
is quite reasonable to assume, however, that other consortiums would enter the
market,

I1f more than one manufacturing facility were required, it is reascnable go
assume that regardless of ownership, additiocnal manufacturing complexes would be
very similar to one prdposed for Jacksonville. If OPS aiso operated the additional
facility (ies), the "learning curve interval" (production of the first eight FNPs

over approximately 6 years at Jacksonville) could be significantly reduced for
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the additional facility’(iea)‘with the benefit of personnel and technology transfers,
installation experience, etc. A second facility might not be necegsary until the
mid-1980's. Even‘if OPS does not operate the second facility, the production
rates may be sufficient to alleviate the need for a third facii@ty.

The FNP Versus Compatitive Concepts. The alternatives to FNPs are primarily
onshore plants. The environmental effects of constructing them are tabulatﬁd in
Appendix D. To compare those impacts with‘their FNP counterparts, one must consider
manufacture of the FﬁP unit as well as ccmaﬁrﬁction‘of the breakwater aﬁd the
required land support facility. Direct comparisons are complicated by the.
facts that an FNP facility will produce four 1150-MWe units per year and that
FNPs may be clustered in groups of two or four within a breakwater. However,
because of the four identical units, one-fourth of the plant emissions ef:iuent#,
etc. can be allocated to each unit., By combining that one-éuarter Sh;re and the .
breakwatar construction impacts, ona can approximata the aggregate effect for
comparison with construction of a single conventional onshore nuclear powerplant. of
corresponding capacity. It should be n;ted. however, that for FNPs the effacts
may occur in two quite distaht places.

Effects Associated with the Planning and Preconstruction Phase

Site Evaluation and Selection. For an FMP manufacturing site, there are
essentialz; three altaernatives: to purchase an active facility and upgrade it,
to rebuild and refit an.abahdoned yard, or to build a new facility.

Based upon a comprehensive (60 sites) survey conducted in spring 1971 by
a Westinghouse-Tenneco evaluation team, the first two alterhativus were dis#ounted
as infeasible.4 No yard could meet either‘the acreage or channel depth requirements
or had a‘qravinq dock of adequate size. Older or abandoned yards w':e'judéed
too costly because of ghe typically crowded facilities arrangement and state of
deterioration. Often adjacent development had ‘encroached upon the yard area.
In almost every case new facility construction would be required in addition to
bulkheading, dredging, and filling.

In the site selection analysis, the following minimum requirement criteria

were established:
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° Minimum 750 to i,OOO acres of level lana Qith approximately 5,000
feet of waterfront“
° Site-adjacent natural harbor for protection from the open.sea
° Site access to a channel that is 600 feet wide by 40 feet deep and
no'oberhead obstructions between the site and the sea lower than
250 feet N
° Minimum 1,000-foot wide basin adjacent to the construction bulkhead
and mainvchannel
¢ Climate conducive to outside fabrication and construction and general
good weather year-round - |
¢ Adequate transportation systéms for receiving materials for facility
construction and FNP manufacturing
e P:og:essivg host community with an adequate population base to support
a work force of 10,000 to 12,000
° Soil coﬁditions capable of supporting heavy equipment and crane rails
o Proximity to the east coast candidate FNP sites
° ‘Availability of abundant supplies of water, gas, and electric power.
It'was ﬁuﬁually agreed that no site locaﬁed(north of Baltimore wouid even
be considered,én the basis of weather conditions, the'highiy competitive labor
market in'the Northeast, and hull designs reqﬁired to overcome the Gulf Stream
Veﬁxoute to-#dutheast and Gulf sites. ,
Table VIeI shows the weights assigned to each major locational determinant
by the OPS evaluation team.

Preliminarv Economic Activity. Because the preconstruction phase may span

several months -- for the Jacksonville plant, the estimated time is 18 to 21

B 5
months -- some local and regional economic multiplier»effects attributable in

large part to the payroll disbursements to administrative and planning personnel,
land acquisitigﬂ payments, and local ad valorem téxes’may be measured.
For example, a preliminary economic evaluation prepared by McFarland Resegarch
6

Associates indicates that over the first 18 months, Jacksonville and Duval County

should realize incremental tax revenues in excess of $250,000: the total areawide




,TABLE VI-1

Relative Weight of Manufacturing Facility Site Criteria

First Order Ranking
| First | ir

Second Order Ranking

FACTOR WTG - FACTOR WTG
Work force .28

variety of skills «20

- Vocational training .10

Labor .40 Productive attitude .20
- Union activity .10

Related industries .10

Government work force .05

' Water .40

Alir ;<18

Transportation . .20 Rail .10
Highway .15

Product shipment .20

Industrial base .08

Civic and cultural facilities .06

Recreation and leisure activities | .12

Water and air pollution .08

Residential areas .14

Commun £ ty .15 Educational and training facilities} .10
Medical services .08

Population trends .06

Population mix .08

Impact on community .10

Community attitude .12

Location .06

Orientation to city .06

Temperature range .10

Moigsture and severa storms .10

Topography .04

" Physical Soil conditions .08
Characteristics W15 Highway and rail conditions .06
Acreage and boundary conditions .10

Water front footage .10

Channel and tide conditions .12

Expansion options . 1.10

Pollution and perimeter conditions | .08

i Power .30

Gas .30

Utilities .10 Water .30
Sanitary .10
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;upon the physical characteristicsof the site, the level of preparation could

economic impact should be about $0.40 million.* The state will collect an
estimated $O.55 million in consumer taxes of all types, and the total economic
impact will be about $0.82 million. The impact will probably be greater when

sites are nearer dense urban areas and when all new construction is undertaken.

Effects Associated with Construction

‘Environmental. Preparation of the.production facility may involve either
refittiﬂg S shipyard complex or ﬁew construction on undeveloped land. In the
latter case, the scope of activities could well entail clearing, dredging, diking,
shifting and.disposal cf unsuitable soils, earthwork, and draining. Depending
be great. 3Blount Ielané (Jacksonville) site preparation will probably take
at least 3 yeérs.7 The dredge aﬁd £ill operations Wili modify over 950 of a
total 1,660 acres of Blount Island, including 200 of 240 existing acres of
Back River. Twelve and one-half million cubiq yvards cof material will be dredged
and some 3.8 million cubic yards deposited on Blount Island. About 24,006 linear
feet of bulkheading will be installed around the entrance channel to form the
construction slip and 13 structures (approgimately 3 mill;on square feet in
total area) éﬁd 75 acres of parking. The qonstruéﬁion slip will be 400 feet w;de,
38 feet deep, and about 0.5 miles long. The seawall lining the.channel will pro-

vide anchoring positions for the FNPs under construction.

\ ' : :
During dredge and fill operations damage to water bottom organisms due to

temporary increases in water turbidity may be reasonably minimized by utiliza-

tion of a temporary bulkhead with adjustable weirs and settling basin.

A temporary increase in odors could result from the release of gases trapped ‘

in the dredéed sediments. The extent of detection, concentration, and dispersion

of odors and dust propagation will depend upon the intensity and direction of

*The figures quoted are in current dollars for the 18 months beginning July 1,
1972. An economic multiplier of 1.5 is used to reflect the total impact
transition from projected ad valorem and consumer-based taxes. Gross payrolls
of the 1972 and 1973 projected levels of 225 and 500 administrative and planning
personnel, respectively, are $10.9 million, to which a multiplier of 2.0 is

" applied to yield a total areawide economic impact of $21.8 million.
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prevailing surface winds. Ifoise generated by heavy earth-moving-equipmént;
pile-drivers, etc., can be expected during the first 2 years immediately after
dredging. | |

Depeﬂding upon the size of timc area to be develcped and wildlife‘ uses as
a nursery and feeding or negting ground, lost terrestial and biological produc-
tivity may be significant. Also, though a site ﬁay be zoned for industiial and
_caunercial purpcses, it may uﬁill be suitable for.other uses, including recrea-
tion. ‘

l . ’ / -
At almost any sita, a noticeable rise in traffic and some highway congestion

is likely when construction workers commute almost enﬁirely by auto. Slow-moving
trucks and constfuction equipment aggravate the condition.

( Economic. As exemplified by thae propcsed Jacksonville OPS facility, fiscal
p?essures‘will be created during the second phase of construction by the growth
damands placed upon loéal ingtitutions. Part of this growth will create only
sho:t-té:m pressuras. However, a significant portion will represent ralocation
of kay personnel and a large permanent influx.of households and familiesf

The projected buildup of n&ministrative and professional personnel from an
initial 500 to 1.206 will occur by the end of the fifth vear of conitruction.

The bulk of these employees can be expected to form the nucleus of the managerial
and administrative structure of the facility.

'The tempoéary const:uction‘for;e, on the other hand.'is projected to peak
at apprdximately 4,000 by tha middle of the fourth year of construét;on and then
to fall back to its.first-ycar levui of about 1,500 workers. A large portion
of this force will be specializad personnel brought in from outside the reqion
throuéh construction contracts.

Another transitory segment of the construction force will reéreient local
short-term’dislocaﬁionh and shif£a within the region. Some of the non-‘and
low-skilled construction workers ﬁay h;ve come from among fhe unemployed and
jobless and may well revert to tha£ category after particular stages of the

. 8
construction phase. There also may be intra- and inter-regional migration of

1Co
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semi—énd non—skilled'wbrkers hoping to gain an edge in the competition for the '
relativelykféw jobs available to those of limited skills in the facility construction
and early operations.

The permanent employmenﬁ base growth will be absorbed into the local economies
over a longer term. However, the short-term (possibly several years) influxes of
transient workeré'_can pPlace a heavy burden on some services before plans for long=~run
expansion aré - implemented, and may cause acute fiscal and infrastructure
(hospitals, schools, etc.) problems. 'In general, available capacities above
current demands of the following elemelits will determine the ability of the local
area to meet growth pressures until long-term develapment mater:Lal:.zes-g

° Elementary and;secondary schools

° Sewage and waste water treatment

* potabls water accumulation and distribution

° éanitafy and strom sewers

® Primary limited access, feeder, and local roads

For:Jaéksonville, according to McFarland Research Associates, a construction
phase of about 5 years is indicated with some front-end overlap with preliminarf
physical site p:éparation activities and post~end overlap with plant startup and
prdtétype pi&gram commencement. Tables VI-2, VI-3, and VI—4,illustrate the
dzrect payroll and capital stocks purchase aconcmic effects forecast for the
S-year construction perloa.lo Table VI-2 illustrates payroll-induced effects
for all.éhases and fables Vi-3 and VI-4 illustrate purchase-induced effects
for all-bhaées. For sites nearér urban centers with large pools of skilled
union labor._the average annual rates for skilled workers would be 70 percent

" to 120 percer'xtl1 higher than thoae,shown for Jacksonville and the economic
multiplier effect mearsr 2.5 or 3.0.

In adai£ion to payroll disbursements during constrﬁction.significant
construction-associated purchases will entail interregional dollar and commodity
flows;-‘The primary expenditures will be heavy constiuction equipment and capital
goods and contract construction purchases, a pattern that will hold for the

induced industrial and commercial construction as well.




TABLE VI -2

Illustrative Bconomic Impacts of Direct Payroll Disbursements 1.9
and Indirect Personal Consumption Expenditures
Const n_Through Production 1973 - 1984
(in millions of 1973 dollars)
2 & s/
Skilled Construction Manufacturing Total Payrolls Total Indirect
FEAR zontract labox Smployment
YEAR __(contre abor) (OPS) contract OoPrs Y Inpact [ Employment
1973 §12.50 . - § 12.45 $5.95 $ 36.80 | 525
(1500) (1590) (31%0) b
1974 16.92 $ 3.77 16.92 13.43 60.70 I 1285
{2000} {430) (20001 £1120) !
1975 20.79 13.01 20.79 23.12 87.82 i 2215
(2500) (1485} (2500} (2228) !
1976 i 33.78 21.25 32.78 32.35 132.26 ! 3100
: (4000) (24253) (4000) (3250) !
1977 , 12.82 o 28.83 12.82 40.93 107.50 . 3925
i (1500) (3299) {1309) (4200) i
1978 ! - ) 35.10 - 48.20 96 .40 . 4620
‘ (4005) {5000)
1979 ! - 47.:01 i - 61.79 123.58 5920 |
(5363) = (6300} ;
1980 ! - §8.93 1 - 75.40 150.80 : 7228
‘ (6725) (80Q0) . .
1981 { - 70.85 ‘ - 88.99 177.98 ;_ 8530
: (8085) : {9500) i
1982 i - | 82.77 - 102.60 © 20%.20 : 9830
; (9445} (1100}
1983. - 94.68 - 116.18 232.16 i 11135
' {1080S) (12500); i
1984 - 105.186 - 128.00 ; 256.00 ! 12265
! - L (12000} (13800)
TOTAL 5/ $96.76 1 561.36 $96.76 $736.34151667.40 -

K

AL LN

R

SOURCES: Offshore Power Systems ~
McFarland Resaarch Associates
King Helie Planning Group, Inc.

The estimates of constructicn forcesize and payrolls are taken from the McParland Report. All
annual wage rates were darived from Florida state rate projectsion; construction force requirements
were provided by Reynolds, Smith and Hills, Architects,

These estimates ware taken from the King Helie report, personnel requirements and wage rates were
provided by Westinghouse-Tenneco. )

A 4% per annum deflator is applied to all current dollar estimates subsequent to 1973 to

maintain consistency between the McFarland and King Helie figures.

Both the McFarland and King-Helie reports assume indentical 2.0 economic multipliers to conputn

. the total economic impacts attributed to direct payroll and perscnal consumption expenditures.

These estimates are taken from the King-Helie report and represent the effects of personal
consumption expenditures by the permanent OPS employment base only {(contract lsbor excluded. The
figures are derived from U.S. Bureau of Labor Statistics estimates of personal consumption
patterns by major industry group and King-Helie estimates of proportionats consumption expendi-
tures likely to be made locally.

Figures may not total due to rounding.

McParland associates include approximately $7.5 million in this total more app:opriately assigned
to the site preparation phase.

[
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TABLE VI-3

117}
Ilustrative Intra-and Inter-Regional Economic Impacts
of capital Stock. and Production Inventorv Purchases
(in millions of 1973 dollars)
Summary of Expenditures Impact
: v 1/ Total locald/
FNP Units Total Direct Local ‘ Economic ’
- Year - Produced Expenditures ‘' Expenditures Impact
1972 - - ' ' - : -
o 2/ 2/ : 2/
1973 - $ 310.0 $ 154.00 : $ 231.00
1974 - - - : o -
, E72NNN k74 k74
1975 - 10.0 2.97 g 6.54
1976 - ' 15.0 4.89 - 10.77
1977 - : 32.5 11.53 25.40
1978 - 47.5 '  18.23 _ 40.16
1979 1 (1) 37.5 15.48 . 34.10
1980 1 (2) . 52.5 23.17 51.04
1981 1 (3)“ ' . 95.0 44.67 ‘ 98.41
1982 1 (4) ‘120.0 59.88 ' 131.92
1983 2 (6) ‘ ©135.0 71.26 ’ 156 .99
1984 o 4 (10) 205.0 _ 113.97 251.08
1985 4‘(14} 250.0 . 139.00 : 306.22
TOTALS S l4 . 1310.0 659.05 1343.63

Sources: McFarland Research Associates

p V4
2/

King Helie Planning Group, Inc.
Offshore Power Systems

The figures in;parentheses represent cumulative production‘és of Januafy 1973.

McFarland Associates reports this expenditure for construction materials as
occurring in the period 1972-1974. The exact composition of these expenditures
is unclear and it is presumed for simplicity, here, that the total would net
out to the egquivalent shown above in 1973 dollars. A total of $154 million
(42 million - dredging, filling, road construction and utilities hookup; 56
million -‘docks, bullheads, craneways, warehouses and shops: $52 million -
foundations and equipment: $4 million - support buildings and offices) are
presumed to be sent intra-regionally and estimated to create 1.5 economic
multiplier effect. The remaining $156 million (welding machines, -cranes,
material movers, etc) are presumed to be regional impacts,

All expenditures subsequent to 1974 are estimated by King Helie. The local .
expenditures portion is adjusted by a 2.203 multiplier based upon an analysis
of inter-ingustry linkages in the shipbuilding industry by the offices of
Business Economics in the 1963 Input-Output Study of the U.S. Economy.




Table VI-4 o LT

Lo
Illustrative Interindustry Flows
4 FNP/Year Production
(in millions of 1973 dollars)
1/  Total OPS 2/ 3/
Industry Affected Purchased Local Purchases
SIC Description Amt. % Amt. %
Code ‘ _ .
25 - $ 3.7 1.5 $ 3.7 1.5
28 Chem. and Allied Prods. 1.8 0.7 - -
.32 Stone, clay,and glass 45.0 18.0 20.0 8.0
33 Primary metals 12.9 5.2 0.5 0.2
34 Fabricated metals 86.7 34.7 8s5.7 34.3
35 Nonelectrical mach. 31.0 12.4 15.9 6.4
36 Elec. equip. & spls. 10.4 4.2 4.6 1.8
37 Trans. equipment 8.6 3.4 8.6 3.4
Other Manufacturing 49.5 19.9 - -

Total Purchases _ 249.6 100.0 -~ 139.0 55.6

;/All expenditures subsequent to 1974 are estimated by King Helie.

The local expenditures portion is adjusted by a 2.203 multiplier based
upon an analysis of inter-industry linkages in the shipbuilding
industry by the offices of Business Economics in the 1963 Input-Output
Study of the U.S. Economy.

2/Excludes nuclear steam supply system and turbine generators purchased
from other Westinghouse operating divisons

3/ncludes some industry qQutputs from enterprises not currently in the
Jacksonville area, but likely to be induced into the area by OPS
presence These sales represent $76.3 million or 30.52% of all
purchases. All other purchases in the "local" category are projected
for plants currently within a 50 mile radius of Duval County.

Sources: McFarland Reserach Associates
King Helie Planning Group, Inc.
Offshore Power Systems .
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Public financed expenditureé for transportation and distribution network
extension, improvement of sewage and waste water treatment facilities, etc; will
also necessitate interregional purchases, although most coptract construction
and materi;ls purchases can be expected to be local or intrastate. This growth
may mean large Federal Qnd state grants, matching monies, etc.

Effects Associated with Operations |

Eﬁvironmehtal. The gaseous and particulate emissions from facility operations
will not be gené;ated from particular processes. Rather, they will be volatile
emissions and fugitive particulates frem materials handliné.jmixing, and preparatéon.

Table VI-5 presents estimates of emission rates, unci;trolled and controlled,

for each FNP at a production rate of four units per year. Based upon, the con-

trolled emission rates, the ambient air quality will depend‘largely on ground

.level concentrations of sulfur dioxide and suspended particulates in the surrounding

area.

Table VI-6 shows solid waste estimates based on tﬁe Sbur-unit-per-year‘
production rate. éalvage operations could be significant._with raw materials
expected £§ provide betweénvlo percent and 25 percent salvageablé materials on
an equivalent weight basis, the purchased compoﬁents category to provide virtually
no»salvage.' » .

The wasteQater products shown in Table VI-7 may be genérally-classified
as acid and caustic, oily, sanitary, and miscellanéous wastes.

The industrial wastewaters requiring’pretreatment are of primary concern --
the acid~caustic wastes and those with exce;sive concéntrations_cf oil and grease.
(See Tabie §1-7.) All others can be safely mixed with sﬁnitarj sawage and processed
by a conventional secondary municipal plaqt with no envirdnmeﬁ;al'th:eat beyond
that normally;éssociated with treated sanitary sewage.l3 -

Hot f..uxv\ctional-test;'.r.xvg .of a completed FNP will involve dperation of the
unit's condenser circulating water systeﬁ, thereby affecting the suérounding
waters both thermally and mechanically.l4 Operation of the wate:‘pumps iﬂ the
condenser circulating system can entrap fish, agd damage to‘entrained plankténic
biota must not be fbrgotten. The significance of entrainment depends largely

upon the water volume exchanage with the source relative to net flow past the

testing berths.
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TABLE VI-5

FNP PRODUCTION FACILITY OPERATIONS,

POUR FNPs PER YEAR

. Gas Waste Product

NAOH and H;S04 vapor Forced Air

from cleaning tanks

Paint volatiles
& fines

Dust & mill_scile

particles

© Oxides of nitrogen,
smoke & dust, ozone,
propane, acetylene,

€02

Dust
Volatile fumes
Noxious gases,

smoke and dust

Dust
Dust

Dust

. Dust

Dust

Dust

Sulfur Hexaflouride,
glycol, freon, com-
!t'&@ el

pressed air,

- Particulates, hydro-
carbons, nitrogen

oxides, sulphur
diogide

LT - Latest Technology

Source:

Water Spraying

Water Spraying
or Enclosure

Water Spraying
or Enclosure

Pneumatic
Conveying with
filtersd vents

-

' Pneumatic

Conveying with
filtered vents

Bag Dusthouse,
Hopper

300,000 1b hr
150 psig
200,000 1b hr
1,000 psaig

Uncontrolled

Emissions

control Lbs/Hour
0.08

Vent (filter 0.03
if required) ’
-Forced Air 178.0
Vent (filter
if required)
Forced Air 142.9
Vent through
bag houses
Forced Air 28.6
Vent
Forced Air 71.5
Vent through
big houses
Forced Air 14.3
Ventilation

1.0

71.3 part.
620 SOz
.73.6 part.
640 S0O2

Controlled
Emissions

_Lbs/Hour
0.0008

0.0003
1.78

1.43

0.29

0.18

10.7

11.0

Cffshore Power Systems, "Environmental Report Supplement to...," op. cit.

1is

EPA Allowable
Emisaions

Lbs/Bour

‘LT
LT
LT

LT

LT

LT

LT

LT

LT

. 46
368

48 -

L 22
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TABLE VI-6

" ESTIMATED ANNUAL SOLID WASTE GENERATION BY

FNP PRODUCTION FACILITY OPERATIONS,

FOUR FNP's PER YEAR

control

Function Solid waste Product

Air Filters Dust Particles, Spend Abrasive, Truck Away
Scale and Rust

Pipe Shdp Cleaning Tank Sediment Truck Away
Pipe, 315 tons

Test Spent Demineralizer Resins, Truck Away -
5000 cubic ft/year .

Test and Ice Plant Spent Demineralizer Resons, 'Tfuck Away .
10,000 cubic ft/year

Outfitting. Wire Bits and Insulation Truck Away

- Wood and Plastic Fabric, Secrap

Sheet Metal, Rust, Metal Chips

Steel Shops Sheet and Shape, 3,500 toms Scrap yard

Electrical Shop

COncreté'

Shops and Offices

Miscellaneous

sheet held, 350 tons

Electric Cable, 50 tons

Electric Conduit, 2 tons

Settling Pond Sediment
525 tons/year

Waste Aggregate
100 tons/year

Waste Lumber
100 tons/year

Waste Concrete Batches
600 tons/year

Waste Reinforcing Bar & Misc.

‘Steel, 80 tons/year

Dust from Dust Control
Equipment, 1970 tons/year

Waste Paper, Cardboard,
Packing crates

Plywood, 150 tqnsv
Lumber, 146 tons
Staging Boards, 108 tons

Source: Offshore Power Systems
" "Environmental Report Supplement
tO0...."0Op.Ccit. ;

and recycle

Scrap Yard

‘Pruck Awvay or use
-as onsite fill

material

Reclaim

-Truck Away

Fill on Site
Periodic Ssalvage

Truck Away

Truck Away

'Truck’Away

us




TABLE VI-7

ESTIMATED ANNUAL LIQUID WASTE GENERATION

Eunction

Pipe Shop

Pipe and Shop Test

Test

Outfitting

Ice Plant
Component Ship
Steel Shops,
Maintenance

Garage Test

All shops

Labs, Clinic, Food
Prep., Photo Lab,

NDT Lab

Personnel

Li&uid

waste Product

NaOH
H280,4

‘Rinse

am3

lemp4 )
Na3po4 )

Nam, P04 )
Detergent Rinse
Bydrazine )
Moraphine )

Boric Acid

0il, Diesel Fuel
0il, Turbine Lube
NaoOH

Borate

NaOH

oil, Lightlflush

011, Motor & Lube

Paint waste
Emulsifying Agents

Laundry and
Chemical

Sanitary Sewage

Source: Offshors Power Systems, ,
»Eavironmental Report Supplement to...",

op. cit,

concentration

3 1/4 % by Wt.
6-8 % by Wt.

10-30 % by Wt.

Industrial Grade

Industrial Grade‘

4 % by we,

3 1/4 % by Wt.
4 % by We.

3 1/4 % by we.|

Volume at Four
Plant Per Year
Production

Gal./Yr.

216,000
200,000

1,788,000
200,000

22,500

3,600,000
- 7,500

20,000
1,000
500
Trace
Trace
10,000
20,000
1,000

- 1,000

3,000
2,000

600,000

165 x 10°

[ d
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The n§ise generated at the facility will equal that of a modern shipyard.
The facility will look like a modern manufacturing plant, with two gantry cranes
the talles# structures in the complex. The bantry will be about 325 feet in
height. (As a point of reference, common high-tension transmission towers are
approximately 324 feet high.)

As with any'plant\of comparable size, Ehe effects‘of heavy traffic will
be most aqutg near the factory during changes in shifts. ‘

Econoﬁic. - Again Tables_VI—B and VI-4 show the projected aggregate economic
iﬁpact of local payroll disbﬁrsements ﬁpd capitﬁl stocks and inventory‘pﬁrchases
for 1973 through 1985, wﬁich represents the initial pilot shakedown and manufacture
learning curve period, when the prototype and seven other“units are scheduled for
produqtion} Also shc?n is the impaét of local purchases economic multiplier ‘
for a typ;Cal year, 1985, eérly in the projected 4-unit-per-year steady state
production cycle. The economic multiplier estimates shown here may be lower
(by as much Qs 50 percent) than for alternative sites.lS

Facility operations at a production rate of 4 plants pe# year annually
require:

e ‘576‘miilion gallons of deep well potable water

° 9 million cubi& feét of oxygen

° _5? million cubic_feet of nitrogen

° 420,000 gallohs:of liguid propane

° lZ0,000.tons of steel

° 320,000 tons of concrete , o

° .400,b00 gallons of paint

° vl,446 miles of wire and cable.

It is likely that stgam, compressed air, oxygen, nitrogen, and demineralized
water wili be produced onsite and distributed by undergrouhd'systems. The facility
operating load should be abput 40 MWe.‘ The expected'load‘dﬁring nonauclear
functional teéting of a plaht is 50 Mﬁey but the peak load couid be as high as 60 MwWe.
. At the raﬁe of four FNPs per year, the estimated annual consumption of fdéls'
for the}chility is 480,900 gallons of No. 6 fuel oil for’héating and test steam,

300,000 galions of gagoline and 1,600,000 gallons of diesel fuel for material

handling equipment.
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The praesence of the FNP mnnufécturing plant will attract other industrial
and commercial activity. The facility will provide not only direct service/supplier
ties but the impetus for service_quﬁli;y upgrgdiggv(ut§lity services, transpor-
tation, and distribution services, etc.). It_will be the major source of “"draw"
or concentration (size and skill mix of afea labor pool, etc.). and, bacause of its
size, it will set areawide industry standard (productivity, wages, etc.).
FPurther, OPS will provide prcpaiatofy, vocatiocnal, and cductional training prograas
to local mincrity and\éurruntly displaced categories of wcrkhri as wnil as pref-

ércntially assigned on-the-job training programs.

‘Constructing the Breakwater
Construction of the Onshore Support Facilitv

Constructiop and operation of this onshore faciiity to support ccnstruciion :
of the breakwater are but a relativaly smgll part of the total physical effort
and resources. Beéause the offﬁhore conﬁt:uction and onshore supply and suppcrtr
activities will be ciosaly interwoven, the economic affects of thq onshore .

" fagility (separate from those asgsociated with the offshore construction) are
far mors difficult to isolate than are the enfironmentgl effects.

Construction of the breakwater_structuras is the r;npohsibilitf of the FNP
purchasers. Thg‘confractor aelectgd may already be operating a cﬁncrete casting
facility, but not necessarily proximate to the offshore construction site. The
location of the onshore suppozt facility wili be based upon tradeoffs between
facility construction and materials shipment costs. Becauie land transport of
bulk materials is considerably more expensive than water transport, distance
on iand is important. Additionally, water access is raquired for mbving caissons
andldolouse to the breakwater site. |

Associated with determining the long-term effects of the breakwater
construction'sdppﬁrt facility is the viability of its operating after the
initial breakwiter units are‘compléte.' It is possible that the facility could
manufacturé concrete castings for breakwatars at other sites as well as components
for inland codltruction.‘ It would then provide employmen£ for semi- and
non;skillea persohnel. thus easing local unemployment and job dislocations.

Again shipping costs and risks and alternativé capacity utilization economics

must be weighed.

T e e s e ] e - e
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Economic. The indirect economic effects of building the facility will be
transient and minimal. It will take about 1 year, and much of the activity
will be site'preparation. The materials and supplies can generally be purchased
locally. Payroll disbursements will not significantly affect the local economy,
noxr are housing ﬁarkets, commerical activities, etc. likely to be disturbed.
Perhaps the most signiiig&ht factor will be the initial capitai investment; It
is conceivable that some utilities will have to pay for new onshore construction
support faciiities. |

Environmental. The construction period is only several monfhs in duration
and would not result in any significant or lasting effect on the environment

beyond the changes made directly at the site of the facility. (See Chapter V.)

Operations of the Onshore Facility

Raw Materials Supply and Demand. The breakwater consists of concrete

caissons filled with and surrounded by rock, stone, and sand - 6.5 million
17
tons of materials. A breakdown is shown in Table VI-8.

Assuming 735 pounds of cement per cubic yard of concrete, a concrete density
' : : oo 18 _ 19
of 4,000 pounds per cubic vard, and a ratio of cement to water of six to one,

the requiremeht of 705,000 tons of concrete eguals approxihately 130,000 tons

‘of cement, 22,000 tons of water, and 551,000 tons of sand and gravel. The total

sand and gravel requirement is then 936,000 tons (551,000 tons for cement and
385,000 tons as £ill for the caisson). Some of the sand and gravel used for
£i1l could possibly be dredged at the breakwater site.

The,éffects of breakwater construction on the cement, sioﬁe, and sand and
gravel industries may be evaluated by cdomparing the raw materi$1 fequirements
with the yearly production figures. Because the observatiﬁﬁs resulting from
this ahalysis were madé on an industrywide basis, they must be.considered
indications, not definitive statements. In order to make definitive stagemgnts,
a microanalysis of the ;nduéﬁry would havé to be conducted; It would indicaté
whether the configuration of the industry would enable existigg facilities to_
provide ﬁﬁg cemgnt; curxenﬁ'but unused capacity would have to be analyzed to

determine“whether it is realistic to assume that this capacity could be utilized.



Another consideration is that the analysis is based on 1971 demands and supply,
which may not be representative when the breakwater is built. |

In order to assess the long-term effacts of more FNPs, deployments of 50,
100, and 200 were evaluated. Schedules to achieve these goals have not been
formulated beyond ;he eight FPNPs to be produced at Jacksonville by 1984. For
illustrative purposes, it is assﬁnad that the remaining FNPs required to
satisfy the deployments are produced at 2 constant rate between 1984 and 2060.
This assunption,restltl in a requirement of 2.6 FNPs per year for 50 ENP; by
the year 2000, 5.7 for 100, and 12.0 for 200.

Four ragions were salected for study of regional effects: Portsmouth, N.ﬁ.—
chéh: Sandy Hock-Atlantic City, N.J.; Chicoteague~Cape Charles, Va.; and Cape
Canaveral-Key Wcst; In the analysis production of the offshore powerplants is
assumed avenly distributed among the four. This results in an aQeraqe regional
deployment of 0.7 FNPs per year for 50 FNPs, 1.4 for 100, and 3.0 for 200. It
is assumed that two FNPs are placed in each breakwaﬁar: therefo:g the réquired
number of breakwater completions is one-half the number of FNPs. Each region,
then, requires 0.4 breakwater completed per year (or one breakwatar ccwpietion
every 2 1/2 years) in the 50 FNP case, 0.7 in thenloo FNP case, 1.5 in the 200
FNP casa. FRaw material requirémsnfl based on these a?erage regional construction

rates are shown in Table VI-9.

The most important component of cement is limestone -- eighty-three percent

of the raw materials bvaeight. The remainder is clay, shale, gypsum, sand,
and marl. Limestone is abun&ant‘in the United Statea, and reserves are more
than adeqﬁitc to‘supply all foraseeable demandg.zo Aﬁy limitation would be
in texms of the dollar and environmental costs of transporting the limestone
to the cement plant and then to the point of use. |

Another important'resource used in the production of cement is energy --

21
6.84 million BTUs per ton of cement.

3
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TABLE VI-8

MATERIALS REQUiRED FOR_CONSTRUCTION OF A BREAKWATER

Rocks and Stones

Ore (20-400 1b. quarry run)® ' L 3,500

Armor (800 1lb. stone & 8-10 ton rock) 2 1,850

Caisson f£ill (800 1lb. stone & 8~10 ton rock} 111
Total 5,461

Concrete . )

Dolosse ’ 595

Caisson . 110
705

5 .

sand 385 385
TOTAL 3 ) N 6,551

lEnvironmental Report, Atlantic Generating Stationm, Units l&2, Public Service Electric and
Gas Co., Dec. 1973, pg. 4.1-2.

2 o - '
Assumes 30 caissons and 3,700 tons of rock per caisson. [See Atlantlc Generating Station,

Preliminary Site Description, Publzc Service Electric and Gas Co., Newark, New Jersey, pgs.
3.1-3, 3.1-60.)

17,000 concrete dolosse each weighing from 1l to 62 tons. (See Ehvirbnmental Report..., pg.
4.1-2.) For estimation purposes, an average weight of 35 tons per dolosse is assumed yielding
2 total weight of 593,000 tons. .

The concrete caisson is assumed to weigh approximately 15% of the weight of the caisson plus

the fill (estimated from Atlantic Generatinc Station..., Fig. 3.-13). The £fill per caisson

weighs 20,700 tons (pg. 3.1-60); therefore the concrete weighs 3,650 tons per caisson. There
will be 30 caissons.

512.820 tons per caisson (pg. 3.1-60).

TABLE VI-9

RAW_MATERTALS REQUIRED ANNUALLY FOR BREAKWATER CONSTRUCTION TO THE YEAR 2000

‘(thousand tons).

Number of Number of break~ sand and
breakwaters . * waters per year Cement . Stone : gravel
1 § 1. © 130 5,461 " 385
25 .4 52 2,184 - 154
50 ' ; .7 91 3,823 : 270
100 1.5 195 : 8,191 577
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Because stone§ rSnging from 20 pounds to rocks of 8 and 10 tons make up
83 percent of the b:e#kwater by weight, the economics of qQuarrying and trans-
portation are important. Density, soundness, quarrying characteristics, and
reactions to ocean elgmhnts are algso important. The feasibility of using
c;rtain types of rock depends on its position in the breakwater. The top
layers should be a sturdy rock, lika granite and limnstgne. Sandstona, may -
be accepEablo for thé lowar, mora protected layers.

Du; to their availability and refined quarrying techniques, rocks like
q;anite and limestone have been used extensively in breakwaters, particularly
the rock-mound variety.22 One FNP bresakwater uses 5.5 million tons of stone. That
is a significant‘port;on (29.92 percent) of the rock used for jetties, ripraps,
and breakwaters in 1971 (18.4 million tons).23 but that total is just 2.4
percent of the total national productiom of rocks that can be used in_b:eukwate:s.
namely granite, limestone, and sandstone. The effect nationally is minimal, but

astablished quarries, transport econcmics, etc. may concentrate the damand for

stone for FNP breakwaters in certain localities. This impact i3 discussed in

N

the regional analyses below.

Sand and gravel are used both %n the making of cemant and as fill for the
caissons. It is convenient to use dredged sand as £ill for the caissons bacause
the sand is right there and the problem of disposal of the sand dredgad at the
site is alleviated. For example, the amount of dredging necessary at the proposed
New Jersey PSE&G site is estimated at 1.9 million tons (950,000 cubic yards),
more than adequate to satisfy the 385,000 tons required to fill the caissons.

" Ragjonal analysig; Portsmouth, N.H.-North. Table VI-10 is a sumary of
ﬁhc supply and demand for raw materials. for the Portsmouth, N.H.-North region,
the most siéniticant‘etfcct will be on the stone industry.

In fact, there is-a significant effect not only in New Hampsﬁirq. which
produces no stone, but also for New England as a whole. If the Middle Atlantic
states were tapped, the effect on the'industry is lessened, but hauling diataﬂcel
would be increased. Althcugh’cemgnt is not produced in New Hampshire, there is
526,000 tqns of unused capacity in Maine and New York which could be uaed.24

. The sand industry does not seem to be affected significantly.

1
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Regignal analysis: Sandy-Hook-Atlantic City, YN.J., and chicoteague-Cape
Charles, Va. Because these two areas are. in relative proximity, they were
analyzed together as wsll as separately. What was said above for the northern
region is applicable to New Jarsey and Virginia. Tk;erc is no cement production..
in New Jersey, but Maryland and Delaﬁre__ together can provide the necessary cement.

The stone iridﬁstry on a local basis will be stréinad; the 1971 production
is less than tha ahnugl requirement in all the cases. To meet the need, then,
stone production will have to increase or. costs to transport the stone from othaer
l&tes will be ipcu:red. The latter could lead to significant additional expenses
‘and additional wear of the roads used. However, in terms of the whol.e-region, |
the meact‘is significantly less. ‘ '

"Sand production does no£ seem a problem for this region. New iersay and
Maryland/Delaware each produce at least twenty-five times the region’s requir'e—'
maent for the largest deployment cﬁse. {

Regional analysis: Cape Canavergl—rxex West. Floriﬁa seems capable cof
abubrbing the cement, stone, and sand _and gravel requirements without much
expansion. Again the raw material which is subject to the most expangion is
stone. It is important to note that because of Florida‘'s size, significant
transportation costs gould be in;:urrcd depending upon how the materials are
distributed throughout the state. A detailed county-by-county analysis would
resolve this issue. ‘

Engrogenﬁal Effects of Raw Materials Production. Therxe al:e potential
hazards resulting from the supply of materials needed. Dust from mining ra\;
materials and mﬁfaétu:ing -cement is the primary environmental effect of the
cement industry. The rotary kiln is the‘ major source of dust at a cement plant,
although the drfers and grinders also emit dust. .

Collection of ddst; from the rotary kiln is made difficult by.the volume
of gas (280,000 cubic feet per minute), its tempez;aturcv (500° to 600°), the
fine particles (85 perce:: is smaller than 20 mi&:onu), and water vapor where

the wet process ‘:i.'s used. The emission is about one-half calcium oxide with

some silver dioxide and aluminum and iron oxides.
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one—level‘pa;king lot or low-density storage area.

Regardless df the location or size of the plant, to achieve acceptable
emission levels electrostatic precipitators 6: fabric collectors must be used;
They can operate at about 98 percent efficiency.26 It is important to note
that particles inlfhe sub-twenty micron range can be a health hazard. .

Another éource of dust is the storage silo. Because storage silos are
under high pressure after they are filled, a bag;like collector is used as a
receptécle for the dust-laden air, |

Some of the dust can be reused in cement production. That which cannot
due to its high alkali content may be téeated for reuse in cemeﬁt. or i; may
be used for égricu;tﬁrai limestone, fertilizer, or mine;al filler. 1If it
cannot be used, it is disposed of in abandoneﬁ quarries or storage piles. To
avoid release into the atmosphere, the dust should be covered,_enclosed, or
sprayed with waterkto form a crust.

Also possible is envirpnmental degradation from concrete forming and curing.
‘Over time, the runoff of Qet concrete from pgoduction of dolosse and caissons
could distu?b the ecology in‘the immediate area.

‘Envircnmental concerns about surface mining and guarrying -- in this case,

limestone and stone -- are land reclamation, damage £rom blasting, aesthetics,

dust, noise, anéd unwanted residue.

Of particular concern is the issue of reclamation. It‘reqdires a major
outlay of capital bevoné the capability of many guarry operators.. How the
land is reclaimed, for residentizl, commercial, indus+rial, or recreﬁtional
éurposes. ;s an important consideration of the long-term effecfs of éuarrying.

One common'use of abandoned quarries is for sanitary land £ills. The
area can.then be éovefed‘with-topsoil to make it acqeptable for later use.

An important note on ﬁse,of sﬁch land is. that it is subject to settling and

therefore cannot be used for heavy buildings. However, it could support a
v - 28 o
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The quarrying of stone for ﬁhe breakwater will have a greater impact than
;he quarrying of limestone for thg cement, because ;ach breakwater requires
5.5 mill;on tons of stone but only 110,000 tons of limastone (130,090 tons of
cement) .

| Except'£o£ blasting, the environﬁental effects of onshore sand production
are similar to thosﬁrdescxibed foi qu§rryin§, Of special concern again is
restoration of the dcpiete& lands. The value of the land must be evaluated
on a site-by-site b;lil.

If the sand is produced by dredging, many organisms living on the ocean
floor are destroyed. Another major effect is increased turbidity in the
surrounding water. (Sae Chaptgr V for a detailed discussion of the-erironmantal
effacts of dredging.)

Economic Effects of Raw Matarials Production and Transportation. Production

of the breakwaters will increase revenues of each of the-raw materials industries.
‘For one breakwater, at 1971 prices, cement at $18.72 per ton29 is valued at

$2.4 millicn, stone at Sl.ej‘per touBo is worth $8.9 million, and sand.at $1.25
per ton is worth 1.2 million. These costs do not incluQa transportation costs.

‘The ultimate.impact on the income of the region in which the raw material
is produced is a function of inccme multiplier effects, The income multiplier
reflects the fact ﬁhat a possible increase in population Qill :eqdi?? a wide
rgnge of sérviceé -=_ ranging frdﬁ the retail outlets for consumér goods to
schools, hospitals, churches, etc..-- which will creaﬁe furtho? income for
the region.

The eitcnt of a local multiplier effcét dapends on existing industrial
and commercial facilities. If many of tlie goods and services required by the
new populaﬁion-are p;oduced locally, the local multipliaer effect will be
greﬁter than if they we:é,prdduced outside ﬁhe regicon.

At a Florida site the localized aéea would éend not to have most of the

services. On the other hand, New Jersey would because of the high concen-

tration of population and industry.

o
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The aconomic effect of increased production will depend on how it is
achieved., 1If thé increase can be achieved by expansion and increased use of
existing facilities with little added capi£a1 investment, the effect would be
less than if significant amounts of capital were raquired for new facilities.
The inc;émental‘amount of manpowet and, therefore, incremental income, are less
in the former case than in ihe latter.

An estimate of the capital needed tohincrease cemenﬁ production can be
made bf comparing the inyestmant cost of $59 per ton32 for new plants and $43
per ton for expansion of.exiSting plants. 1If the incremenfal production
requirement of 130,000 (see Table VI-9 3 is produced in a new plant, the
investment is spproximately $7}7 million. In an expanded plant, it is $5.6
million.

The coﬁsiderationé influencing the effects of stone and sand production
on a community are similar to those discussed for cement. However, because
the priﬁarj iﬁvestment is in moving équipment and not in a_fixed plant, the
invesﬁment is considerably less :han for cement plants.

Breakwater Constructioﬁ Industries. Dredging. Dredging reguired for
construction of the breakwater will be used to level and condifion the sea2
floor and provide.a turning basin at the breakwater site, to provide sand if
onshore scurces are not used, to lay the cables, and, if necessary, to deepen
the harbor area and channel for shipment of materials to ;he site.

The dredging industry is comprised of the Army Corps of Engineers ané
a largg numSer‘of private dredging companies. The size and.type-of dredging
jobs vary widely. .
' 34 ,

In 1972 the Corps dredged 380 million cubic yards. Comparable data
are not available for the private sector, but it has been established on a
national level that 40 percgnt‘of dredging in the United étates is by the
Aryy Cdréé bf Engipéers.35 In order to draw some inferehces on a regional
basis, it is assumed that the national ratioc applies uniformly to the regions.

This results -in' total regional dredging by private dredging concerns as shown

in Table VI-11l. '
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How much dredging is needed at the site depends, of course, on water depth.
It is expected that 950,000 cubic yards will be dredged for the PSESG New
Jersey site.36 The amount required for deepening the shippiﬁg channel from the
construction plant to the offshore site will depend on the nearshore coastal
area. If it is deep enough for barges, there will not be much dredging. The

amount of dredging required for laying the cable is a function of the distance

along the route of the cable, the depth and minimum trench width required, and

. the trench contour (a function of the composition of the ocean bottom and the

dredging technology employed). For the New Jersey site, this could amount to

_as much as 200,000 to 400,000 cubic yards.

Soil‘dredggd can be used as £ill for the caissons. Each caisson -- and
there are 3037 -- uses 12,280 tons of sand;38 a total of 385,000 tons, or 189,000
cubic yards, is required. This volume is approximately one-fifth of the materials
dreaged at the site, so that very little, if any.‘offsite dredging or land production
would be réquired. ,

Not including the possiﬁility of deepening the barge channel and assuming
that the caisson £ill comes from the onsite dredging, the total dredging
requirea cogld be as much as 1.3 million cubic yards. This requirement as
2 percentage of the dredging along the Atlantic by region for 1972 is shown
in Table VI-1l. It is evident that an FNP in New England would significantly
affect‘the indust:y in that region.

The drgdging industry in‘the Sandéy Hook-Atlantic City and the Chincoteajue-
Cape Charléé regions, considered both separately and jointly, would not have
to expand as much. The highest production requirement of 100 breakwaters by
the year 2000 results in less than a 15 percent expansion. The requirement is
lessened even further by the fact that production is expected to begin ébout
1985. Possible expansion is greater in Jacksonville (28.7 percent of the
present levei) but not so large as in New England,

As stéted in the discussion of the cement industry impacts, these cbservations
are made on a‘statewide basis and therefore are subject to local factors and
constraints. It must also be remembered that a national ratioc was applied to

the regions. Further, dredging requirements will vary for individual sites.
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Breakwater installation. Breakwater construction involves transport_ing
the components and emplacing them at the site. |

What is needed is the onshore construction support facility (see Chapter V),
2 derrick barges, 32 transport barges, 16 tugs. and 3 personnel boats.38 The
technology to achieve all facets of the operation is available.39 Howevar,
the large volume of materials being transported and installed could stimulate
development of new equipment, such as large derrick boats used for the placement
of the dolosse. .

Land Use Patterns. The effect of the breakwater on land use patterns nearby
will depend much on existing land use. For example, there is no industrial
activity wiﬁhin 10 miles.of thé New Jersey site. In addition, a New Jersey

kt-}
Weclands Order protacts the area against indust*ial development. Possible

sit"’

Eor the constructzon support facility are the Lnduatrzalized shoreline

f the Dela’;re szez near lemxngton and thladelphza or of the Hudson River

W
¥

BT e

éecause they are alrsady industrial, the effect wxll tend to

be relati;ef§ mxnor, whether a new or aexisting facility is. usaed.

If the Florida breakwater construction support facility were to be located
near the Jacksonville nucler powerplant construction facility, the lana use
affects would be similar to those réiulting from thé Jaciaonville construction

facility discussed earlier.

If existing waterways or roads are adequata for shipping raw materials to
the construction site, environmental effects of the additiocnal shipping would
be significantly less than if new construction or dredging is required. wWith
the amcount of shipping ndw in the vicinity of the proposed New Jersey breakwatsr
construction uuppbrt facility sites, new road construction would tend to be less
than in less developed areas. Local traffic congestion could result, the heavy
materials could significantly degrade the roads.

For those sites that cannot accomodate the bnrggs, dredging would be
required, (Thg environmental effects of dredging‘are discussed iﬂ Chapter V.)

The barge traffic would result‘in heat, o0il, and other emissicns.

Cn
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Since theiraw materials for the breakwater are expected to be shipped
by water, additional access roads required are expected to be relatively minor.
During construétion of the support facility, a period of several months, the
roads will be. used ;riharily for personnel and construction'equiﬁment. During
the operatibhs phase, they will be uséd by personnel and for raw materials not

shipped by bérge.

Sociogcohomic Effects. The socioeconomic effects will depend on how long
the construction plant operates. If it is ﬁsed for several breakwaters and‘
perhaps other jobs, the short-term socioeconomic effects will persist.

A major economic effect of plant operations will be the‘demand for raw
materi#ls,‘discussed eérlier. Most contract expenditures for barge, rail,
and truck ﬁauling services will be intraregional and sometimes sizable.

Approxiﬁately 200 construction workers would be requiféd for 1 year to
build the consﬁfuction‘support fa;ility off the southern New 3érsey bo;stline.
and 450 Would'be required for 4 or 5 years to build the bréakwate:s.39 There-
fore, for each subsequent breakwater constructed that uses the gupport facility,
approximately 450 employees would be required over a 4-year period. Thé skills,

salaries, and offshore/onshore allocation ¢of +the construction work force has

not vet been clearly defined.

/21
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FNP OPERATIONS '
The direct efﬁacta of FNP operations from radjiocactive materials, thermal
pollution, aetc. are discussed in Chﬁpter V. Relatively little data can be
found to evaluate the indirect effects, the economic effects of ampioymnnt
at the site, tha‘induced industrial growth and associated commercial and resi-
dential -location, air and water pollution due to industrial and related growth,
and the affects of the land-based support faéility and of fuel reprocessing.
omic EfZfec £ Pl_ant ent and Purchasges
The types of effects due to the payroll disbursements and purchases on the
local economy are discussed in the chapter. Employment at the FNP facility
duxing oparations is expected to be baetween 100 and 200. Assuming the larger
number, the economic effects of payroll disbursement will total approximately
$4 million per yaar.ﬁg/
Excluding the nuclear fuel,the major purchases raquired for operation
of the FNP are diesel fuel. Revenue from the chemicals is not significant
compared to the purchases for the FNP manufacturing facility. There will be
gome addi tional income to local suppliers, but in general the effects of plant

purchases will be small.

The requirement for special skills for plant operations can have scme
effect on the local labor market, partié;larly_;f other FNP facilities are R
planned in the same area. In addition to the operaticn peraonnel.'théra will |
be a need for employees with special skills required for the maintenance of
the hull and maintenance and repair of the breakwater. It is possible that
some maintenance and repair will be contracted out. If a large number of PNP's
‘f’ operating in a region, there may be some economic eféeéts bocau;o of the

Jobs created.

Induced Effects on Industrial Growth

Perhaps the most significant indirect effects are the induced industrial
growth due to availability of elactric power and the associated commercial and
residential location. Industrial location depends on several factors. Avail-

ability of electricity is an important one -as shown Table VI-12, which ranks

-2 »
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from the 1972 OBERS projections.

a5

industrial locatipn deteminants and attractiveness factors for productiocn,
storage and distribution, and research and develcpment.

The ava;labxlxty of power is especially important to the energy-intensive
industries. ’They ‘are listed in Table VI-13 for the United States and Table VI-
14 for New Je;'sey. "rhe histerical and projected industrial growth ‘is shown
in Table Vi-l5 for New Jersey. A number of projections of employment by SiIC
code have been made for New Jersey.i%/ The projections in Teble vVI-15 a:eu.,
42/ The OBERS projéections were made primarily
for 173 BEA Ecdhcm;c Areas, from which the‘state projecﬁions were derived.

Some caution must therefore be exercised in using the projections in Table VI-.
15. However. the OBERS projections are the most recent comprehen51ve economic
projections at the state level for all states and include projections through
the year 2020, ’

The continuing industrial growth will‘require’ additional electric power.
Historically there has been a trend\toward iecreased-eleetricity intensiveness,
as demonstreted by the increased power 'consumption per unit. of industrial pro-
duction.ié/ The recent emphasis on energy conservation may:change this trend.
Hdweve:,‘ﬁhe:e is little experience regarding the effect of conservation on the
enerey-lnteﬁeiyeness ofvmajor industries, although there may be a 5 to 10 percent
conservation potential in eome indtis‘tries.ﬁ/ PSE&G estimates the increase in
electricity intensiveness.at approximately 3 percent in theAinduetrial eector;gé/

In view of the continuing increases in electricity demend: two types of
effects could result from FNP operations. .

@ vIncreased employment at expanded or new lndustrlal facilxt;es
’that developed because of addltzonal power availabzllty. This
effect is maore like;y to occur where the electric power coste less

.than other energies and the cheap electricity acts as a special

inducement.
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Table VI-14
Electric Energy-Intensive Industries in New Jersey, 1971 1‘3“‘

Estimated
SIC ’ . Value Electricity 1/
Code Industry Employment added Consumption
T {thousands) (millions of dollars) {billion kilowatt how

20 Food and kindred products ' 55.2 1,400.5 _ 1.56

22 Textile mill products 25.0 _ 402.5 1.02

26 Paper and allied products 30.6 507.7 2.62

28 Chemicals and allied products 95.2 3,487.0 14.12

29 » Petroleum and coal products 7.0 294.5 . 1,53

32 Stone, clay, and glass 37.3 637.9 1.53

33 Primary metals 30.9 502.7 3.49

35 Nonelectrical machinery 62.8 1,169.1 0.86
36 Electrical equipment and .

supplies : 10l.7 1,563.2 1.33.
37 Transportation equipment 25.1 826.8 N.A.

l/Assmnirig U.S. figures for electricity consumed per value added.
Source: U.S. Bureau of the Census, Annual Survey of Manufacturers, 1971.

Table VI-1l5
Economic Projections for New Jersey
- POMALATION. ENPLOTIENT . PEWSONAL IWCOM™ ( WD FARWINGD BT INOVBIRY, wiSTORICAL AND SRCELTROY
SLLECTES ARS, 1980 = 2040
1.1 (L] 1. 198 19 L 4 1900 008 mio a0
BOBUL ATICh. #1JVEMS M 0013000 Tabewa0T} 141294000 041134000 bl 1000 . 1Den8 10800 \lal0n.000 1340842800
SE1 (471t THCOME Giindei . Jea o) et Seetd 1405 et 12.701 130831
PER CA01Ts InCOME MILATINE WURSLLOD) 22 _ he't Fst) 1.2% lals 1408 leid 'Y
131aL (uoy Jvegut Le997.000 293974307 3e3TVeT00 IR ITEY ard8as000 Seltmalos S7R0 00
FwbL0vmin! /PIPULAT LA RATIO ) D el vl ol s e
1% TeOUSA B OF 1967 B
ToTeL PEASOmAL 1NCORE 4303284000 110993.000 7641194000 71.074.00¢ 24,078,000 14734000 €9:812:000 82 7000008 167710000C 2104927.000
1OV EaemInGS $.e74,200 13710 37 132371.00% 20,2004 FINTIN Y 1%e20)e000 R A L Tael780008 19028302008 1349000600
MR nﬂ( somLste 4 FieRiEs ’ 177000 10i 000 13ase31 193809 194,400 145000 i ree 13000 288100
{7 JIRN [ 110990 1nase 1905 ' 1811300 151100 1384000 1040306 UL I0e 200200
FoRI3TEL 4 1seNICS , wated sarsd iy 3ade8 $e500 Taaon eze0 1hee0t 13208
puing % 001 1Tedee L B aid «1+900 LR, Tesem 1%+ 300 bas 1000
- . 13 ©1 © 10002 $o000 w0t Jetet 4000 [
€08, [] ¢ ¢ 3 t3 131 " I8 "
CAUOL STVRS L [ aaYURRL GRY 181 1 e " e ) 31 s] 5 Y
w0negtac 6, (PCROT FULLY 1.0 1248 B et 3.0 4 10811 .00 KT 130100 LI 1000
CORTRACT CONDIRLCTION 402,730 0320004 554009 [T TUNY Ladmon Trgweono Ieloariow LRIV 209880408 192210900
Sansf ACTUR NG 34877390 303128 Sevmeapet Teddasvey Tesanival 190987 4080 1301975500 1152830490 n-lu-m “DeluesCe
FOOD 4 SEGR(D SeSDUCTS uz.ul aT3.0TY S1ms0dY 18008 2T.300 1 0 100
AT ® il PHGEGETS 1810030 123798 230,700 1080800
A9PARL, | Clept FaBuil PRODKTS “on22e %6 0200 95,700
LUeAES PRODLCTS o PUBNITLEE 115921 130100 193,008
BAELR  MLIED SeQIACTS 179,693 ssiolso 241300
BAIATIRG § AL 3T 9324100 Trd 500
CoieiCaLy o -suw SROONKTS sl 13l 3l T1el®9ifd oB024(00 19838000¢
PUIAC L= A5 1N 110s09) 974330 132,00 00 I
o ealy -|u“ 21veel il atd 12100 . “%le}00 L el
2T(0 *Tay3 o 21ered o000 Tos 12ietee 10360 ,908
Al IN(EY uu.wlnu !u‘"lns . To% 10l Lrdigeecc 19397100 u"hn‘ Peledndey Iniein0e
l.\u'lluu. BT o WORLILS vel.sre 110908 150924208 Lreadsrio8 Tebins308 353030000 ~eTe2:000 18270008
Con il 8190
T b 8338 4284031 121803 1780 Mieree 317000 L3 et o043 700 SealirTol
ThaRs, CouiPas £0CLe v it 3ie 2Iveeti 238e 708 194,300 130,003 1934400 8,000 . ot od Ireeion 3180100
QIege Asmp aCTLM % WIe 90 Sene "lares LehersBne 102250098 18100 Lesstrre OIS 320310008 Te1d) 000
TRand,, COM, b PURLIC VTILITIES °  Tdecime LeeesaTi [T 1e3e3eady 10032000 FeaZeodtt Pradstow “sreriiow L Y0 1048200000
WOLEBALL ¢ FLTAIL rRaRE Joedus ity Lededadii dosa gre | I TRt 3.000002 $4309, 700 o 12e330000 110000300 Hast8hede0
FimanCl. Ingumancq & #€4L EBTARL L T13 ] LT ) 1081009 R saesie Jed T W00 1r0e3300
MAVICTY bridieade 12278,931 1slaired Betrfoand Feitieple Fedta 300 913492000 0ot 72000 3318450000 Yierta o0
v eonntuy whedre 19333079 Let90.nen 279002 2e01,041 3ei300000 Hi011 0000 LEred1.v00 18:499, %09 2743380100
CIviLian GovEanmwt 99,1 12735088 Se3heasTs Jedshed 8 . eadIve0d Ta38r00 ' I
sento FONCLY [P 237,000 20329 “2tes 2 [Ty 219,900 *73:900 )eaee 1112v900 FLrsabedon

SRAATION, S0RIL 14 1979 TelbBelse

Source: U.S. Department of Commerce, Social and Economic Statistics Administratioa, The 1972 OBERS
Projections - Economic Activity in the U.S. by CEA Economic Areas, Water Resources Region
and Subarea ang States - Historical and Proiected 1929-2020, prepared for the U.S. Water Resources
Council, U.S. Gov't Printing Office, 1972,

’ P




° Reduced unexgployment an& mainténancé of industrial production where>
potential power sh§rta§es exist; 7This will incluﬁe revarsal of out-
' miqrat;on of jobs and related labor force and population. This effect
" could éccur where the cost of electricity is high but the area.is other-
wise attractive. Iﬁ such situations, the lack of electricity may be |
limiting growth, whiéh'would become possible if power were available.
The specific effects of the FNP, of course, depénd on the'fate of industrial
growth in the vicinity, the availability of power from other sources, the avail-
ability of land, water, labor, utilities, and services, etc. One 1150-MWe plant
will generally produce 8.05 x 10%kilowatt-hours of electricity annually (assuming
a 7,000-hour bageload ope:;tion).éé/
The amount electricity consumed per industrial employee depends on the
~ype of industry: the tyﬁe of activity within the industry: labor amd energy
inténsiveness»trends; the price of elecfricity relative to other energies:; the
price of energy relative to labor and capitﬁl: projected availgﬁility of energy:
technological changes in production processes; trends in product mix, ﬁa:kets.
atc,; regulatory fﬁctors. such és environmental reguiations:‘- and energy conser-
vation measuras. '
These variables make it difficult to project the incremental employment
of an FNP facility. Based on 1971 data, a simplq quantitative assessment of
the employment impacﬁ can be made for the New Jersey site area:
° The ratioc of nonmanufacturing to manufacturing emplcym@nt in
New Jersey is projected to be approximately 2.0 in 1980.59/
An incremental change in manﬁfacguxing employment of 100, therefore,
will bring about in additional change in nonmanufacturing emplpymant
of éoo - for a total employm;nt change of 3007
a rhe'employmeht participation rate (tétal employment to total
population ) is projected at. 4l.l percent in 1986.32/ Thus,
there will be a change in population of apprbximately 730 from

this employment change.
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° Using an average household size of 2.96,22/ this would imply a change
in househoids of approximately 247.

° From the average electrical consumption figures for industrial, com-
mercial and residential customers,ﬁg/ the total electricity consump-
tion per incremental industrial employee can be calculated at 50,721
kilcwaﬁt—hours at 1971 consumption rates. This is based upon electrical
consumption of the industrial customers at 18,906 kilcwatt-hours per
.eﬁployee, of the comﬁercial customers at 8,831 kilowatt-hours per
employee, and of the residént;al customers at 5,730 kilo&att-hours
per cﬁstcmer.ég/ (Therefore, since every incremental industrial employee
implies 2 incremental commercial empl§yeesvand 2.47 incremental house-
holds, the total electrxical consumption per incremental industrial
emplc}ee is 50,72; kwh (18,906 kwh x 1, plus 8.831 kwh x 2, plus
5,740 kwh x 2.47).) |

® Aesuming a 4.5 percent inc;eése in consumption per houSehéld and a
3.0 percent increase in consumption per employee,él/_the corxesponding
figures for 1981, 1990, and 2000 are 71,125, 99,036, and 143,888 kwh,
respeétively. (1981 is the first vear that both units 1 and 2 could
be opérationai).

° Based upon a total electriéity generating from tﬁe PSE&G Atlantic
Generating Station of 16.1 x 109 wwh, 2%/ the facility can support

v.Ehe levels cf activity shown in.Table #I-le.

iIn general, the effects of additional FNPs may be extrapolated from the

table., However, location of four FNPs in a line or clustered may attract

heavy industry and related support industries. For example, a refinery -and
petrochemical‘complex may be located in the same areas as a ﬁumber of FNPE,
Iﬁ the year‘2600, there may be as many as 50, 100, or 200 FNP§ along the

East Coast. With‘linea; extrapolation, they will suppo:t manufactufing employ-
ment of 2.5,15.6. and 11.2 million and populations of 20.5, 40.9, and 81.8

million, respectively.
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These figures indicate the potential economic significance of the FNPs.
For example, should once-in-a-century storm curtail operation of 100 FNPs
on the East Coast, virtually all economic activity would shut down, seriously

affecting over 40 million persons.

Environmental Effects of Induced Growth

The secondary effects of the FNP - the incremental industrial employment

and associated commercial and residential growth - will lead to air and water

. pollution, noise, solid wastes, and strain on or growth of ﬁransportation and

other community services. The community impacts may be analyied uéing the

methodology described by Isard and Coughlin.éé/ |
Envirbnméntal effects will depend on location of the increméntaL households,

economic conditions in the area, municipal services, etc. They will depend on

the industrial mix, physical characteristics of the region, concentration or

dispersal of the industrial, commercial, or residential growth,»and'other regional

characteristics. Because power can be transmitted long distances, the growth

éffects may not be local. However, as transmission distance increases, so do

the costs of power. 1In general, the effects of FNPs will not be different from

“hose creéated by a2 comparable nuclear powerplant’onshore.

Effects of the FNP on Regional Develooment Policies

The'induced industrial growth need not be in the immediéte vicinity of the
FNP. Indeed, £he impacts of the FNP could be felt over several counties and
across state Bounda:igs, especially when the cos:t of power, i#cluding transmission
costs, i; competitive. Becaﬁse the area within 10 miles pf the proposed PSE&G
sitebcontiiﬁs no land zoned for industrial use.éﬁ/ the industrial growth impacti
would cccur outside the immediate vicinity of the FNP. .

. The poésibility of locating growth over a region means that the FNP can
influénce reéidﬁal development pclicy. For example, by locating a powerplant
offshore, a state experiencing rapid ecmnomic growth can accommodate continued
growth, and a state which is relatively less developed can attract growth from .
an area under éﬁbstantial pressu&e with minimum adverse environmental impact.i
In general, industry tends to locate where ’public services ﬁre already avail-

able and ther efore creates additional demand for power.

Qi




Obviously any use of the FNP in formulating policy must be coordinated
with land use policy and the provision of transportation, utilities, and
other services needed. for planned growth with minimum degradation of the
environment. An FNP could be used in conjunction with a new community in

55/

an undeveloped area. A possible example of relating the development of
a new town to the FNP exists in New Jersey, whare the Bass River New Town is
proposed for a site less than 20 miles from the PSE&G Atlantic Generation
Station.éé/

It should be remembered that in the absence of a regional da§elopment
policy, the location of the FNP may ﬁrovide the impetus for growth in ‘an
area where further growth may causa significant adverse environmental effacts.
Potential grewth effacts must be carefully assessad.

Effects of Onshore Supcort Facility

The FPNP onghore support facility is parimarily an assembly area; it ingludaes
a dock, switching station, storage anclosure, parking lot, and cffice. Thae
facility will bev used as a transf;r point, and the traffic and number of
personnel during normal plant operations will be sma11.3Z/

Althouqh‘ it i3 possible that the nuclaar fuel for tl';e plant operation and
fuel from the FNP for reprocessing c_ould both be handled— at the land support
facility will handle any nuclear fuel. The proposed PSESG support facility
will not. It is anticipated that PSE&G will use a saparitc onshore facility
for nuclear fuel.ig/ )

During the conatruction of the breakwater, the support tac‘ility will
uge about 100 acres. Only about 15 acrées is needed during operatioms, and
the remaining land may function as a bufta:. area. The equipment and structures
at the facility will probably not be readily visible from a distancn.w
Effects of Fuel Reprocessing Facilities

Approximately 92,000 pounds of fuel will be used in the reactor each year.
This representas about one-third of the -i.niti.al fuel loading. (See éhapte: v.)
The spent fuel will be taken to a fual reprocessing facility to reclaim all

the unconsumed uranium, fissionable plutonium, and other usable matarials

created by the fission process. Although an FNP uses no more u:a!i;'.um. than a
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comparabie facility onshore, obviously a number of FNPs in a region will
require more shipping andvreprocessing. The effacts of transéhipmgnt are
discussed in Chapter V. The environmental effects of huclear fuel reprocessing

is described by'thé AEC in Environmental Survey of the Nuclear Fuel Cycle.ég/

Current plans indicate the reprocessing. facilities located on reiatively
lérge, remote sites. The capacity of each facility is equivalent to the
annual requiréments of approximately 26 model ngs.él/ The effect of a siggle
FNP facilitf.oh fuel'reprocessing is relatively minor. However, if many FNPs
are lpcated in a region and thus require* a new fuel reprocessing facility, all

the environmental effects of the facility should be assessed.

Other Indirect Effacts

The preasﬁres toward induced growth and the aesthetic aspects of fhe FNP
are likely to have some political reverbgrations. Those interested in protecting
the_naturalfbeaﬁty of the coastline will oépOSe the FNP., There will Be pressures
on local govefnment to rezone for.grcwth. Local citizen groups may protest the
pressures aﬁd attempt to maintain the existi;g quality of life. Therefore,
where strict land use controls are absent, there will be significant political‘
pressures on the local governmeﬁg.

‘Because FNF facilities can be lacated far<from major load centers, trans-,
mission lings will be loﬂger, and there may be some problems in obtaining

adequate transmission rights-of-way.

The FNF could affect recreation in the nearby shore areas. I£ the thermal
discharge raises the water temperatures at nearby beaches, swimming in the area
may benefit. On the other hand, some seasonal residents and weekehd_visitors
may avoid the.beaches in the vicinity of the FNP becéuse of feared radiation:

hazards. Recféational~boating may be restricted in‘the vicinity.




Chapter VIII discusses existing and potential uses of the coastal regions
and the outer continental shelf.

Comparison with Onshore Nuclear Powerplants

The operation of an offshore nuclear powerplant is similar to that of a
caomparable onshore nuclear plant. The environmental effects of nuclear power-
plants werae reported in a previous CEQ report, Energy and the Environment -

62/ .
Electric Power, Following is a brief comparison of the jindirect effects

of operations both offshore and onshora: ‘
°* Induced industrial growth -- The effects on industriadl érawth
are caused primarily by éhg need for more electric power and its
avajilability. Assuming similar output, Eheir affacts will be
comparable. |

by

* Environmental effects of induced growth -- These anvironmental

effacts depend upon a number of factors, including demographic and
economic characteristics and local municipal services, not upon

location offshare or onshoras of the power source.

® Effacts of Puel Regrqcessing -~ The amount of fuel used is

comparable for either location. The indirect effects of fuel re-
processing will therefore by very éimilar. There will be some’
differences in shipment of the fuel and the associated effecta.
Becausa of the flexibility of locating and clustefing FNPs, a
fuel reprocessing facility may have to b; located nearby. But

80 it would if several onshore plants were clusﬁered.

* Land support fgfgligz -=- Tha offshore plant reéuires a land suppért
facility that the onshore plant doas not. However, the indirect
effacts of the facility are not significant. |

® other effects -- The economic effects of payroll disbursement and
purchases during the.opetation of the plant will be comparable.
?he offshore plant does have some effect on recreation, land use,
transportation, etc. which are different from those resulting from

onshore nuclear plants.

L
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FOOTNOTES 1 ;n

For a detailed step-by-step discussion of the complete production cycle,
see Section 3.2.0of "Environmental Report Supplement to Manufacturing
License Application," submitted to U.S. Atomic Energy Commission by
Offshore Power Systems, Inc., May, 1973.

"Envimnmental Report Supplement..."” op.cit. Sections 1.3 and 1.4,

See Page 1-9, “Env;rcnmental Repart. Supplement..., QQAQLLh'for a dis-
cussion of the FNP market as perceived by OPS. '

Unpubllshed siting study conducted by OPS and forwarded to the Army
Corps of Engineers.

Commonly used in the literature to denote the aggregate "purchase/re-
purchase” stimulus effects created in certain economic sectors due to
investments, expenditures, and similar activities in other sectors.

The precise values and meanings of various multipliers may differ

as a result of the region of application gr the type of model employed.
Thus,careful - consideration must be given to the context in whi¢h multi-

pPliers are used. See Methods of Reg®onal Analysis, Walter Isard, MIT

Press; Cambridge, Mass., 1960. See particularly Chapter VI, "Regional
Cycle and Mult;plxer Analysis.” ’

"The Economic Impact on Duval County and the State of Florida of a

" Proposed Place on Blount Island to Produce PMNP (Platform Mounted

Nuclear Power)” prepared for the Jacksonville Port Authority by
McFarland Research Associates, Jacksonville, Florida, May 1972.

See Section 1.0 entitled “Blount Island bevelgpment Project Description
Final Environmental Impact Statement Evaluation; "Jacksonville District
Army Corps of Engineers, Jacksonville, Florida, August 3, 1973,

See "Differential Responses in the Decision to Migr :e," Charles E. Trott,
Reaxona* Economic Division, Bureau of Economic Analyvsis, U.S. Department
of Commerce, November 1571, :

See “Municipal Costs and Revenues Resulting Zfrom Community Growth,”
Walter Isard and Robert Coughlin, Urban and Regional Studies Group, MIT,
Cambridge, Mass., for detailed estimates of incremental municipal costs

‘and revenues which result from community growth for both residential and
" inéustrizl-residential communities. Empirical datz from specific case

studies are presented.

McFarxand Research Associates, "The Economic Impact on Duval...,"
op.cits

v.Ss. Department of Commerce Social and Economic Statistics Administration,

The 1972 OBERS Projections—Economic Activity in the United States by BEA

Economic Area, Water Resources Region and Subareas and States-Historical
and Pro;ected 1929-2020, prepared for the U.S. Water Resource Council,

U.S G.P.0., Washington, D.C., 1972.

See chapters 3 and 4 of "Env;rcnmental Report Supplement to...," op.cit.

See Section 3.3.3., “Environmental Report Supplement to...;" op.cit.,

for a detailed discussion of the liquid wastes from plant cperatims and
treatment alternatives.

See Sect;on 4.1.3., "Environmental Report Supplement...," og.c1t.,
describes the calculation of thermal discharge impact upon ambient
water conditions based upon water volume of the testing berths, pump
operating capacities, cooling effects of tidal exchange, etc.
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30.
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32.
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34.

35.

The 1972 OBERS Projections...,U.S. Department of Commerce, op.cit.

Based upon OPS projections in “Environmental Report Supplement..."
op.cit., Section 4.0

Environmental Report, Atlantic Ganerating Station, Units 1a&2, Public
Sarvice Electric and Gas Co., December 1973, 'pg. 4.1-2.

Air Pollution, Vol. IIT - Sources of Air Pollution and Their Control,
Edited by Arthur C. Stern, Academic Press, 1968, Table 8-10.

Building Science Series 36, National Bureau of Standards, 1971.

First Annual Report of the Secretary of Interior Under the Mining and

Minerals Policy Act of 1970, by the Bureau of Mines, March 1972,
Appondix I, pg. 42.

Mingrals Yearbook Volume I, 1971, Bureau of Mines, U.S. Department
of the Interior, pages 278,279.

Design_and Construction of ?o:;g,and Marine Structures: Alonzo DeF.
Quinn, McGraw-Hill 3ocok Company, 1972, z2g. 174. ‘

Minerals anrbookf... gp.cit.

Minerals Yearbook..., op.cit., pg. 277.

¢ontrol Techniques for Particulate Air Poliutants, HEW, Pubiic Health
Service, Washington, D.C., 1969. -

HEW, Public Health Service., op.git.., pg. 134; Air Pollution Engineering
Manuel, HEW, Public Health Service, Cincinnati, Ohio, 1967, pg. 4-1l1l.

"Quarry Thrives in Urban Area," Rock Products, Vol. 75, No. 2,
February, 1972, pg. 58-60.

Since functions such as these do not exert great weight on the land surface,
they are potential uses for reclaimed landfills. .

Bureau of Mines, U.S. Department of the Interior, op.cit., pg. 275.
Ibid., pg. 1l1l0.

Ibid., pg. lOS1. ’

Ibid.. pg. 260. :

Ibid., pg. 261. ' The OKC Corp. planned expansion in New Orleans ie
used in determining investment requirements for expansion.

Disposal of Dredge Spoil: Problems, ldentification, and Assassment,
and Research Program Development, U.S., Army Waterways Experiment Station,

Vicksburg, Miss., 1973.

Testimony prepared by the National Association of River and Harbors
Contractors for the Office of Management and Budget, National Resources
Program, 1973. .
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‘The 1972 OBERS Projections .., op.cit.
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Public Service Electric and Gas Co., Environmental Report...ng,czt.,
Pg. 4.1-2,

Atlantic Generation Station, Preliminary Site Descrlptlon~ Public Service
Electric and Gas, Newark, New Jersey.

ibid., pg. 3.1-60.

Public Service and Gas Co., Environmental Report...op.cit.

Offshore Power Systems, Environmental Report Supplement to Manufacturing
License Applications, submitted to AEC, May 1973.

See, for example, National Planning Association, State Economic and Demographic

Projections to 1975 and 1980, Regional Economic Projection Serles, Report
No. 70—R01 -April 1970.

U.s. Department of Commerce, Soc1al and ECOanlc statlstlcs Adm1n1stratlon.

Economic Report of the President, U.S. Government Printing Office, Washington, D.(C
1971. ' -

See, for example, Noland, Michael C., "Development of Industrial Energy

Management Policies" in Proceedings of the Engineering Foundation Conference
on_Enerqy Conservation through Effective Energy Utilization, Henniker, N.H.,

1973. But no comprehensive data on the entire industria; sector are available.

Public Service Electric and Gas Co., Environmental Regort Atlantic Generating
Station, Units 1 and 2, Dec. 1973. .

The OPS Environmentzl Report Suoclement ... op. ci.., uses 7000 hours as a
typical figure. '

National Planning Association, gp. git.

Extrapolated from data in Statistical Abstract of the U.S, - 1972, for

. Atlantic Region. .

Edison Elect:lc Institute, Statisticzl Yearbook for the Elec*rical U“* ity

Industyv for 197.1.

Based on data from_Edison Electric Institute, Statistical Yearbook ...,'92. cit.,
and State of New Jersey, Department of Labor and Industry, 1971 Covered Employ-
ment Trends in New Jersey, December 1972. .

From PSE&G Envirommental Report ..., op. git.

Offshore Power Systems, Environmental Report Supplement to ..., op. cit.
Isard and Coughlin, Municipal Costs ..., op. cit.
Public Service Electric and Gas, Atlantic Generat ing Station, gg.'tit.

The New Communities Act (Title VII of the Housing and Urban Development Act
of 1970). allows for Federal financial guarantees to new community development.
One type Of new community is the freestanding growth center. For further
information, see Draft Regulations, Urban Growth and New Community Act of
1970, P.L. 91-609, U.S. Congress and New Communities: Systems for Planning
and Evaluation, Report submitted by Decision Sciences Corporation to U.S.
Department of Housing and Urban Development, 1970. : : »
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62.

Bags River New T ~ Prelimina Studies, submitted by Vincent G. Kling
and Partners to the U.S. Department of Housing and Urban Development.

Offshore Power Systems, Environmental Report Supplement to ..., op cit.

Public Service Electric and Gas Company, Atlantic Generating Station, op. cit.
It is anticipated that PSE&G will use a separate onshore facility for
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transshipment of nuclear fuel.

Offshore Power System,\ Environmental Report Supplement to .... , op. cit.
U.S. Atomic Energy Commission, Bnvironmental Survey of the Nuclear Fuel Cycle,

Novembaer, 1972.
Ibid.
Council on Environmental Quality, Energy and the Environment: Elegtric Power.

August 1973.
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CHAPTER VII
CONFLICTS WITH OTHER USES OF THE COASTAL REGIONS
AND OUTER CONTINENTAL SHELF

The previous chapters discuss the regions that are moxre likely céndidates
for initial siting of FNPs and the challenges that the environment and the FNP
preseﬁt each other. This chapter loocks at their interactions asvthey apply to
other ﬁses - existihg or in the future -- of the coastal regions (CR) and the
outer continental shelf (0OCS).

The CR and the OCS comprise a vast natural resource whose value is currently
unknown but is certainly appreciated ie.g., considerable legislative concern) and
is-presumablj ungerutili;ed.’ As a public and poss;blf internaﬁional resource,
they haveAmany uses, some Sre compatible but others are incompatible or at least
in direct competition, for example, harvesting benthic species and disposing of
certain proces$ effluenté. Decisions on use of the CR or the 0OCS, then must be
made in light of the interactions of all current and anticipated uses.

This chapter'categorizes uses as related to energy resources, outdoor
fecreation, and commercial development. 'The categories were selected because
of their relevance te ﬁajo: issues anéd because they illustrate the myriad uses
and is;ues that must be considered when deploving FNPs. The regulation and
résolution'of conflicting uses are addressed in Chgpter QfII.

USES RELATED TO ENERGY RESOURCES

Chapter II presents éome U.S. energy supply and demand projections which
iZlustrate thé shortcoming§ of domestic energy :esources_and the changes in
energy consumpticn profiles in iesponse to these shortcomings. The energy
supply scenarios and projected petroleum shortfalls which givé rise to increased

reliance on the consumption of electricity (which lead to the focus on nuclear

"power and the concept of FNPs) also 1ead'one to other new uses of the CR and 0OCS

:elated to energy resourceﬁ.

The inadequacy of currently developed domestic energy resources has placed
increasing dependence on foreign sources, increased fuel’prices rapidly, raised
serious questions about international balances of payments, focused attention |

on alternative energy socurces and recovery or conversion technologies, and may
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seriously coﬂstrain U.S. and world economic grbwth. Because of the néed to develop
new energy sources, both the CR and OCS will be méra inQolved than before in energy-
related activities -- not>only iﬁ extraction of oll and gas located there but also
in transportation,storage, and processing of offshore and i@ported oil and gas.

Without exception the major conflict between FNPs and theae other uses is
the possibility of an accident that would endanger the safe operation of the FNPs.
The safety of the FNP is based upon adequate design against potential accidents
internal to itself, engineered safety features against reasonable and unavoidable
external threats, and site selection to minimize‘external threats. As discussed
in Chapter IV, the major external threats presented by these uses are collision
of a vesgel with the breakwater or PNP, exposure of the FNP to corrosive matarials,
cr axposure of the FNP to £ires and/or explesions.

Another possible interaction between FNPs and other usea associated with
energy-related resources should be m?n:ioned. Extraction, transportation, storage,
and processing of oil and gas ar; energy consumptive. Depending on supply and
demand, cost, etc. of alternative emergy sources, the FNP's electric energy may
invite these operations to locate nearby. For example, refinﬁries and petro-
chemical plants are intensive consupars'of electrical energy, and tha slectricity
provided by the FNP may prove attractive to them (see Chapter VI).

Thus, on the one hand, the external threats presented by possible accidents
resulting from other uses indicate that these. uses should be excluﬁed from the

- proximity of the FNP; yet the elect:ic}ty generated by the FNP may attract these
uses. This is obviocusly an oversimplification, but similar issues underlie
vdecision: to deploy FNPs.

Extraction of Qil and Gas

One of several altorn;tivos that could partially alleviate the energy supply/
demand imbalance is developing OCS oil and gas resources. In consultation with
the U.S.  Geological Survey and other Federal aéencies, CEQ identified several
hypothetical oil and -gas accumulations on the Atlantic CCS.  Theay are areas
where available geoclogical data indicate favorable potential for oil and gas

accumulation (see Figure VII-1l). Precise identification of oil and gas

Pt
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accumulations depends upon ;he rqsults of future geologi;al reconnaiss#nce and
exploration. Here, these hypothetical locations are used to illustrate possible
interactions.bntween FNPs and development of 0CS 0il and gas resources. The

four east coast areas that have ﬁ?en identified as candidates, for ea;ly deployment
of FNPs are also indicated on Figure VII-1.

Althpdgh the exact locations of oil and gas resources are not currently known,
the geologic structures off the central and northern Atlantic coasts suggest that
drilling will be in water at lensg 150-200 feet deep. Because the reasonable
water depth for Lnitial deployment of the FNPs ranges from 45 to 75 feet (see
Appendix A) and Socause the continental shelf slopes gradually in these regions
(s;e Apéendix C), it may be seen frcm Figure VII-l‘that FNés deployed in areas 1,
2, or 3 would not be directly challenged by drilling or extraction activities on
- the central or northefn Atlantic OCS§ -- a conclusion bagsed upon ;he assumption
that masaive accidental oil spills will not reach the FNP areas.

Area 4, howaver, is much ﬂearer the possible oil and gas resources than
the other three areas. But because of depth and distance and because of the_
uncertainties in the projected FNP deployment areas and the 0il and gas resource
laocations, even in Qrea 4 the conflict between drilling and extfaction activities
and the FNPs is not considered significant. However, for all decisions involving
specific FNP deployment and OCS oil and gas de%elopment, the potential conflict
must be assessed. .

" . prilling aﬁd extraction pres;nt another possible conflict. Vessel traffic
to pkovideﬂsupplies, pérsonnel. etc. must be considered in the same light as
other shipping activity. As mentioned in Chapter IV, FNP siting must be such
that the possibility of éhips colliding wilh the breakwater ia at an nccéptnbln
level. Although the added traffic resulting from these oil and gas developﬁant
activities should not ‘present a significant conflict with deployment of FNPs,
it too must be congidered when specif%c siting decisions are made. A more
significantvconflict between FNP deployment and OCS oil and gas transport

requirements arises in moving the resources to shora.
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Transportation of 0il and Gas . 1-:0

One way to balance U.S. energy supply and demand is to increase the volume

. from outside the continental United States. Whether it comes from the outer

continental shelf or is imported from foreign countries, it passes through our
coastal waters by pipeline or tanker. This passage may conflict with the deploy-
ment of FNPs. Again the extent of this con%lict depends upoﬁ the possibility
of an accidental oil’of gas spill. which in turn is a function of the type,
design, etc. of the transport media, proximity to the FNPs, meteorological and
oceanographic conditions, and so forth.

OCS Development. Currently, the movement of 0il or gas by submerged pipe-
line is not an issue with the four candidate gﬁr areas. However, the development
of 0CS oil and gas or construction of an offshore port could_present a conflict.
The pfoximity of some of the hypothetical OCS development siﬁes to the candidate
FNP areas may éreate a pipeline or tanker routing conflict. The CEQ study
selected -- for analytical purposes only -- four potential onshore development
areas to serve Atlantic OCS operations: Bristol County, Mass.; Cumberland/Cape
May Counties, N.J.: Charlestgn, §.C.: and Jacksoﬁville, Fla. If the OCS oil
and gas yent ashore in these afeas, the potential camflict bétween théir transport
and an FNP seems more likely'in areas 2 and"3. However, until the iocatiop of
ocs oil and gas is known ahd more thought is given éo transportation, onshore
processiﬁg.;and the deployment of FNPs, etc., there may be conflicts in other
areas, or there may be no coafiiets a£ all.&/-

The mode of transport is most likely an economic decision based upon resource
location and déstinaticn, size of field, and other factors. The oii or égs from
several locations within a field would first be gatherediahd:then transported |
via a pipeline”corridor or tgnker. I1f tankers are'uséd, they are likely to have -
a draft of less than 45 feet (basedldn the economics of stofagé'and transﬁoz;).
These two_;béervatiqns are éarticularly relevant to possible conflicts with FNPs.

The pipeline corrido: would conflict less than individuai‘pipelines with FNPs.
Further, the probability qf a ship damaging the piéeline and releasing its éon;ents

can be minimized by careful selection of pipeline corridoré. But if there is a




siting conflict, it will be more severe Dbecause of the larger volume and rate
of flow of the oil or gas through the corridor.
If small (<454foot draft) tankers are used, they may operate in the same depths
at which the FNPs will be deployed (45~'75 feet). Moreover, with small tankers t
more trips (or mere tankers) will be necessary. These two factors enhance the
likelihood of an accidental oil or gas spill. On the other hand, with their |
smaller loads, these tankers may spill less per accident. =2
Deepwater Ports. CEQ identified three Atlantic coast deepwater port
locations for analytical purposes: Boston, Mass.; Cape Henlopen, Del.: and
Morehead City, N.C. I1f any were in fact a superport locationm, thatg_ie liﬁffiu_
anticipated conflict between them and the candidate FNP areas. But possible

conflicts cannot be summarily dismissed.

Deepﬁater ports would he situated in water depths exceeding 90-100 feet in
order to accommodate the very large ships. Further, consideration of potential
oil spills suggest that deepwater ports will be sited farther offshore than the
initial deploymeﬁt of FNPs. The deepwater ports would seem to present little
challenge to the FNP directly or by collision with the breakwater of vessals
carrying hazardous cargo destined Ebr the deepwater ports. The major challenge
of deepwater ports is, as for OCS development, transporting the oil and gas to
shore.

Should deepwater port and CCS development take place at the same time, it

is unclear whether the FNP would be more seriocusly challenged. There may be

a need for greater "transportation" corridors in the 0CS and CR with deepwater
ports and OCS development. Whether or not.this seriocusly threatens FNP deploy-
ment clearly depends on the extent to which tﬁey Qie for the same areas. Perhaps
'a11 the pipelines can utilize the sama transpoftation corridors. Moreover, harbor

access time., unloading delays, etc. may attract OCS tankers to offload at the
deepwater porﬁa. In this event 0CS tahker traffic in the vicinity of FNPs could d
be éecteﬁsed. These are issues that can hetter bé resolved in individual siting

decisions.
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Storage of 0il and Gas _ 185

How much the storage of oil and gas threatens the safe operation of FNPs
is a function of distance from the storage area to the FNP, the'likelihood of
a storage accident, and the mechanisms (air movements, currents, etc.) by which
spilled resources could reach the FNP. These factors can parhaps best be con-
sidered as follows. _ ’ .

It is unlikely that exi;ting facilities would be expanded if doing so would
significantly>increase the risk to public health and safety or to the environment.
Thus, if an FNP location were compatible with an existing storage facility, it
would probably be compatible with an expanded facility. With the concern for
land use aha-the eﬁology of the coastal zone, wetlands, etc. in:the FNP candidate
areas, it is unlikely that new facilities would be permitted if the risk to the
environment were unacceptable.é/ 0il spilied from an onshoré facility may
generally be directed onshore. In general, one might accept the storage facility
in a coastal region if the mode of transportation to the storage facility presented
an acceptable éhallenge. Although these issues are here treated cursorily, for

each éiting decision they must be considered in sufficient detail to ensure that

the impacts are an;iciéatéd and are acceptable.

A éecondary effeéﬁ'df storage must be gcnsidered a source of possible conflict
with FNPs. ?NP siting decisions take into account the popul#tiéns that might be
exposed in thé‘event of accidental release of radioactive‘materials.l/ New or
expanded storaée facilities could induce industrial (and commerical and residential)
growth in an area, and the changed populaticn distributions‘could result in

8/

unacceptab;e exposure in the event of an accident at an FNP that had been

located néaiby prior to the growth. As mentioned éarlier,ithé availability of

the FNP-produced electric energy may even contribute to th#s.growth.

For OCsS development, deepwater pofts, and storage, accidental spills are
the major potential confliect with FNP depioyment. This is again important in
processing oil and gas, but of grcﬁing concern are the poséiblg changes in -

population distribution rééulting from use of the CR for processing oil and




gas. These new population distributions could render the posgible cumulative 150
exposure of the regional population in the event of an accidental radioactive .

release to a level unacceptable to the AEC. Clearly the concern is with expansion

or with new facilities in the area, not the substitution of incoming resources

for resources already processed there, for if an FNP locntioﬂ were acceptable

for the resources being proceﬁsed, it is likely to be acceptable for new

resource processing. A substitution is not likely to incur significant popula-

tion redistributions.

Purther, any induced growth may enhance competition of other uses for the

0CS or CR. In particular, pressure for recreational and commercial development

may increase.
USES RELATED TO OUTDOOR RECREATI N

Peoéle are turning to the ocutdoors for recreation, relaxation, and rewarding

use of their leisure time in increasing numbers each year. In its recent publi-

74

cation, Qutdoor Recreation Trends, the Bureau of Outdoor Recreation indicates

that by the year 2000, participation in the 16 major forms of summer outdoor
recreation activities will quadruple over what it was in 19&0. This figure
converts to 16.8 biilion recreation activity occasions in the United States by
the turn of the century.

Aside from its aesthetic values, water 1s essential to ocutdgor recreation.
Of the 16 major summer outdoor recreation activities identified by the Bureau,
4 are wholly dependent on water: swimming, fishing, beating, and watér skiing.
Six others are frequently associated directly or indirectly with water: walking
for pleasure, driving for pleasure, picnicking, nature walks, camping, and hiking.
Large numbers bf pecple are involved in th;se activities. Fof example, in 1965,
48 percent of our popul;tiop 12 years of age or older went swimming, 30 é.rc.nt
fished, 30 percent enjoyed boating (including canoceing and sailing), and 6 pe?cent
participated in water skiing. )
The consensus is that pressures for water-associated recreation activities

can only grow. Current projections indicate that by the turn of the century,

swimming activities will increase 207 percent, boating about 215 percent, water

B U
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skiing almost 365 percent, and fishing nearly 80 percent. Each of the six

cr
-3

activities mentiocred earlier which are frequently associated with water will
increase‘by at least 125 percent. All of this adds up to even more severe
pressures fo£ water-based and water-associated recreation activities in the
future. : o ,

From a national standéoint; public (owned by Federal, staté,vand local .
governments) recreation areas and facilities are a relativelf $mall proportion

of the total land bordering the coasts, Great Lakes, and rivers on which there

-is navigation. The balance is privatelw owned. Some is developed for public

recreation use. Most of it may not be developed specifically for recreation,
but it has racreation potential.

Table VI:-lvshows how much of the U.S. shoreline was in outdbbr recreation
in 1973. Lite:#lly, the entire three coasts of the United Staﬁes, all the Great
iakes shoreline, and a sizable percentage of our river and triﬁutary stream banks
are actual or potential recreational areas of great value :- a value that will
undoubtedly increase in the years ahead. -

1/

Recreational Activities in the FNP Candidate Areas

Portsmbuth, N.H., to Canada. The major recreational resources are listed
in Table VIi-Z. In the ;outh the ever ihcre;sing demands fof mére_public
béaches are expected to cause developﬁent of publicly owned shorefront through
beach widening #nd raising. Residential development will continue to expand
throughbut the ehti&e southern region. More attractive'motél Complexes will
be built to sﬁtisfy an increasing tourist and summer populétion. In the
northern section the state and towns will continue to develop parks and scenic
viewing points. The many natural embayments will be prdvided with facilities

for growing recreational boating use.

Sandy Hook, N.J., tb Cape May, N.J. The major récreationai resbﬁrces are
listed in Tablg.VII-3. In the southern reach the shoreline is mostly long,
sandy barrier iélands separated from the mainland by tidal mérshés, bays, creeks,
and lagoons. Most of the habitable land has been developed,,primariiy for

recreation.  The shoreline of Reach 11 is 240 miles long, abdut 35 miles in
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sandy beaches. Most of the development is related to recreational boating.

Reach 12 is highly developed for both recreat;dn and residenées, which are
generally high cost ocean front. .__.. The northern reach is primarily residential
and recreational, with important recreational boating. Here is a section of

the newly created Gateway National Recreational Area.

Chincoteaque, Va., to Cape Charles, Va. The major recreational resources -

are listed in Table VII-4 This region is characterized by a number of barrier
and interior islands. Thevb;Frier islands alone account fof 126 miles of shoreline
between Cape Charles and the Maryland/virginia border. Of this, the sandy windward
shores measure 62 miles and the marshy leeward shores measure 64 miles. The
area is very important in the lives of migratory waterfowl and sea birds because
of the numerous islands and interwoven marshes‘and the local climate.

Cape Kennedy, Fla., and South. The major recreational resources are listed
in Table VIi-S.‘IThis region is characterized by heavy recreational and recre-
ational-based residential and cdmme;cial development. As the winter playground
of a large U.S. population and as a retirément area, it is heavily-developed'in
recreationéiveconoﬁies. o

Possible Interactions of FNPs and Recreational Uses

Recreation in the coastal regions is obviously closely tied to their
natural resoﬁrées. Fishing, hunting, clamming; and scuba di;ingf for example,
are all directly related to the biclogical populations of é_given region.

Thus, the effects of FNPs aﬁd associated activities on the ehvifonment directiy
affect the recreational uses of that environment. But effects on recreation

are not ali direct, for péople often base their decisions on facfors other ﬁhan'
facts. If-an iﬁdividual believes that an FNP contaminates the surrounding bipté,
ﬁe will_modify his use of the area, even though no contamination has resulted.
It is the users' concept that is important -- not just the‘feal interactions.

Given'an accidental release of contaminanis, it would be difficult to
iéolate_the'exposed organisms because many ocean biota are very mobile and
are often migratory.b This mobility added to thé caution of individuals may
result in évoidance.of large segments of the water volﬁme and biological
invéntory if an accident is suspected. Any attempt to analyze the effects of

an FNP on recreation, then, becomes quite difficult.




162

Table VII-4

Recreational Resocurces from'chincotcagﬁa, Va,.,, to Capa Charlaes, Va.®

' , ‘ Shore ownership Shore use
Section Description (miles) (miles) .
Chincoteague 113 miles of Atlantic 30 Federal 2 Public rec.
to Cape Charles coast with Assateague 32 Public 20 Private rac.

National Seashore at 302 Private . 30 Nonrec.
the northern- end. 364 Total 212 Undevaloped

364 Total

* Including the Chesapeake Bay shoraline of Virginia

Source: National Shoreline Study, Regional Inventory Report
US Army Engineer Division, Corps of Engineers
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Based on Chapter V discussions, some possible interactions of the FNP and

recreation are:

' summer visitors.

The thcrmalrefflgentl during normal operations provide a volumi of
water atihigher temperature than the surrounding ocean. This could
attract all forms of marine life, even sharks and‘other predators,
thus precluding other water activities. ‘

The breakwater, acting as an artificial rec!; will concentrate the
local bicmass, thus enhancing fishing opportunities.

Possible accidental or chrenmic kills of marine organisms could
provide "spectacular” evidence of adverse environmental effects
which, if they occurred during the peak recreational season, may
seriously affect the local economy.

Some seagonal residents and weekend visitors may prefer to avoid
the FNP araa due to suspected radiation hazards. This effect is
likely to be more pronocunced in the early stages of operation whea
the-populace is not fully knowledgeable about potential radiation

exposura. It may be severe in shore communities that depend on

° But others mayvvisit the shore communities in the vicinity of the

FNP because the FNP is there. Socme communities may benefit fram--"~

special tourist trade based on sightseeing trips around the FNP.

% ' Recreational boating may be curtailed in the viciﬂity of the FNP.

Within a 10 mile radius of the proposed PSESG FNP facility, there are

58 marinas and approximately 6,283 boats. More than 13,500 boats are
3/

berthed within 30 miles. Although the currently plamned exclusion zone

of the plant is only 0.4 miles, recreational hoating may be further con-

strained to assure the safety of the FNP and the boats. This could have a

siguificant effect if recreation boating wéte excluded from the area around

the breakwatar ~- where the biota is concentrated. Similarly, recreational

£lying may not be permitted within some digtance of the FNP.

164
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As recreational development will vary throughout the four areas candidate 1to

for FNP depléyment. $0 too will the possible effects of the FNP on recreational
activity. Though'the actual effects are not known, it is clear they can be

significant. Appendix F illustrates the possi£1e~impact of FNPs on the recre~
ational economy of cne FNP candidate area in Atlantic and Cape May counties in

New Jersey, a major summer resort area. It is clear for that area that even

a small change (positive or negative) in the recreational economy will result

in'a larger change for the economy of the region. This arises from the rather
large income multiplier (~ 3.0) for the region. Thus for every dollar change
in basic earnings (e.g., recreational iﬂEOme), there will be a $2.06 charge

in supporting income flows. Further, the range of income multipliers for the

other three FNP candidate areas ranges from 2.16 for the sparsely developed

'region from Chincotegue to Cape Charles, Va., to 3.05 for Portsmouth, N.H. north.

USES RELATED_TO COMMERCIAL DEVELOPMENT

0f major concern are commercial development to support oil and gas proceésing,
commercial development to support recreation coastal transpd%tation. offshore
mining, and commercial fishing.
Coastal Transportation

As in any industrialized nation, transportation systems invthe United States

are an important component of the econoﬁy. As shown in Table VII-5, the total

‘tranépprtation industry contribution to the GNP decreased from 5.9 percent to

4.0 percent in the last quarter century, and water transportation rose by only
S percent, froﬁ.SZ.O to §2.1 billion (in constant 1958 QOllais); Yet. it is
clear that ih_spite of these relatively small contributions to the GNP, a
significant decrease in transportation industry activities would have a serious
effect on'thg nationai econonmy - Moreover, it is vital to the U.S. commitment-
"to é cbntinuéd expansion of world trade.“éﬁ/ that coastal t?a?sportation
commerce not be unduly restricted by future action.

That the FNP may. possibly conflict with coastal transportation must be

considereq in terms of safety. Key to interference is the cargo that is shippea.
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Hazardous ﬁaterials. For this discussion, hazardous materials is generally
defined as materials that would significantly threaten an FNP by fire, explosion,
toxieity to peréonnel, or corrogion if deposited in the vicinity. Natural gas;
crude oil, many petroleum products, céﬁ;entrated acids, munitions, ané nuﬁerous
chemicals wouldvfall in'this category.-_/ As discussed earlier in the chapter
regarding transportation of oil and gas, haZafdous materials must\be‘kept
sﬁfficiently remote from FNPs Qo that any threat is at an acceptable level.
Further, the FNP must be so located tﬂat it dées not interfere with the
transport of hazardous materials, quite seéarate of their threat to FNP
operations. i

Nonhazardous Materials. For coasta; transportation of nophazardous
cargo, the maj&r concerns are loss of life and property resulting from Qessels'
colliding with the breakwater and the breakwater's inability to protect the
FNPs after the collision. Because the breakwater is designed to protect the

FNP from ship collisions, a collision is likely to damage the vessel seriously

and could significantly lessen the breakwater's capability to pfotect the FNP

- against further 'ship collisions or weather. (Particularly if a large vessel

running out of control in very heavy seas were involved in a high speed
collision with the breakwater.) Additionally, even vessels carrying non-

hazardous cargo. carry fuel which could be released as a result of a collision

.and present a‘thréat to the FNPs.

. Vessel Traffic. An important consideration in decisions on FNP deployment

is the number of ships %o be expected in the area. _ o

Table VII-7 lists the coastal tanker traffic for the candidate FNP areas

_ for 1970.’ The densities apply to coastal tank ships that pass the locations

en route to onloading or offloading ports. It should be noted that there could

be a range of distances offshore that the tankers use whén passing these locations.
Off the east coast of Florida, however, because of the strong northerly current
not far offshore (see Appendix C), northbound ships tend to mové in thisvcurrent
and soutﬁbdund ships to stay out of it (shoreward of it). Representative of the
coastal trafficAin this east cogqt of Florida is the illustration of ratio of

passage presented in Figure VII-2.
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Table VII-7 1970 U.S. Coastwise Tank Ship
Traffic Density

~ Location | . 'I‘anker Density == 1/
East Coast of Florida . 45 Tankships/Day
Chincoteaque to Cape Charles | 30 Tankships/Day
Atlantic City, N.J, to . |
Sand Hook, N, J. 32 Tankships/Day

. Portsmouth, N,H. and North 4 Tankships/Day

9 / Tra.fﬁc density includes traffic in both dxrectmns--for one way
traffic halve the density figures.

Source:

All information extracted and extrapolated from Analysis
of the Coastal Tank Vessel and Barge Traffic -- Design
and Development of System Alternatives to Identify and
Locate Ballast Tank Vessels and Barges Report DOT-CG-

23560-A prepared for Commandant (GWEP) April 1973.
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Offshore Mining
Sand and gravel have been taken from the continental shelf for a number of

years, and mining manganese nodules and crusts is about to begin. The effects
of this ocean mining on nuclear powerplant decisions will differ with the location

of the mineral deposits.

Sand and Gravel. Sand and gravel deposits of commercial thickness (some are

1

200 feet thick) and quality are common along the Atlantic Shelf., - _ o

Although in this country the deposits are large, the sand and gravel industry
is having difficulty finding new deposits near markets that permit high production
rates at reasonable prices. For this reason as well as growing public concern

over the envirommental aspects of sandpits, the induatry is interested in conti-
16/ '

nental shelf depositsa.

Mining continental shelf sand and gravel may conflict with FNP location.
In the discuassion here it is assumed that mining technology will be similar to
what the industry is employing in the United Kingdom,as deacribed below.

Some dredges recover material from a single point while at
_anchor. This results in the creation of a pit 10 or more
feat deep initially, and finally, a pockmarked deposit.
Other dredges recover material while drifting at anchor
with the changing tidal current. This results in the
creation of a crescent-shaped trench about two to three
feet deep. Eventually the deposit becomes laced with
thesse trenches. Other dredges recover material while
drifting unanchored. This results in numerous shallow
trenchea, each about one foot in depth.

Most UK dredging operations are governed by the tides,
operating on a 24-hour cyele whereby the dredges take
advantage of high tides for leaving and returning to

" normally shallow-water cargo discharge points in
“estuaries or rivers. Generally,” a dredge leaves port
at the start of ebb tide, steams to its lease area,
f£filla its hopper in a matter of cne to three hours,
returns on the floocd tide, discharges in one or two
hours, and again leaves for sea. If the draft of the
dredge is not a critical factor, and the lease area not
too far away -- 80 miles is not uncommon ~- the cycle
may then occupy less than 24 hours. The majority of
deposits worked in the UK are raelatively short (1 to
20 miles), comparatively close to market, generally
in 60 to 100 feet of water, and from 3 to 30 feet
thick. ’
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Sand and gravel is economically mined from the sea floor
in several ways: clam-shell barge; bucket-ladder dredge:
suction dredge; and, steam shovel barge. The clam-shell
technique is gradually phasing out as uneconomic, except -
in certain deep water glacial lakes such as are found in
Switzerland.

Except for a few old barge-mounted clam-shells, the UK

marine mining fleet is made up of suction hopper dredges.

Cargo capacities of the dredges range from about 500 to

about 10,000 tons. The trend is toward larger and larger

dredges to reduce the cost per unit of material dredged.

Recovery of sand and gravel is done by use of high-capacity

pumps which suck up the materials from the sea flooxr (up

to about 100 feet beneath the ocean surface)} through a

large pipe. The slurry, about 10 percent solids, is fed:

to the hopper where most of the solids remain. The excess

water. weirs overboard, along with the fine particles

trapped in suspension.

Possible conflicts between FNP development and offshore sand»and gravel

mining are ev;dent from both operations at the mining sites and transport of
the materials to port, depending on the proximity of these activities to the

FNPs.

Operations concerns are possible interference with submergeé cables and
with FNP operations and, to a lesser extent, possible contaminationlof the sand
and gravel deposits caused by FNP operations or accidents. Materials in suspen-
sion from‘dredge mining could accelerate erosion of the secondary cooling systenm,
resulting in abnormal chemical releases {see Chapter V); accelerate maintenance

dredging of the materials deposited in the FNP basin to assure safe operation

of the FNP; compound environmental effects resulting from the ohce-through

cooling systep’(see Chapter V) as the suspended mate:ials interact with the
mechanicalland thermal loads on the environment- etc. Radiocactive contamination
of the sand and gravel could render them unacceptable (see Chapter IV for dis-
cussion of desxgn to minimize this possibility)

Any transportation problems are the same as for other nonhazardous

materials. _Should the phosphorite deposits in these regions

be developed, the effects would be similar to those of sand and gravel mining.

‘Manganese Nodules and Crusts. Existence of

. manganese nodule deposits on the Atlantio continental margio have been

known for many years. Although nodules occur in some freshwater lakes and in
some shelf areas, the'highest quality are in tﬁe deep ocean (5,000 to 6,000

meters) over areas measured in millions of square miles.
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Knowledge of the nodules may be traced back to 1875, when they were found

s
at many stations of the Challenger expedition. The current econcmic attraction

is their relatively high concentrat@on of copper, nickel, manganese, and cobalt.
The following describes how the manganese may be mined:

Three main types of mining systens are proposed: Hydraulie,
air 1lift and continuocus line bucket (CLB). In the first two
types, vertical transport is accomplished by hydraulic or
air-lift pumping and the nodules and sediments as well as
bottom water are forced to the surface through a pipe
lowered from the mining ship to the sea floor. The nodules
are then separated from the entrained sediment and bottom
water, which can be discharged either at the surface or at
some intermediary level in the water column (such as a plat-
form rigidly suspended beneath the mining ship).

The CLB dredge system consists of a continucus line which
travels from the bow of the ship down to the bottom --

along the bottom -- and then up to the stern of the ship

and back down again. Large, open mesh buckets are attached
to this line at regular intervals. As the rope is circulated,
the buckets descend, scrape the ocean bottom and then ascend
to the ship where they are unloaded and lowered again. 'This
system is designed to bring only nodules to the surfaca, but
in practice some benthos and sediment will also be trans-
ported and washed cut throughout the water column.

In all systems, probably 3 to 4 tons of sedimentary material
will be stirred up and resuspended by the collection devices --
mostly in‘£§7 lower water column -- for every ton of nodules
»recovured.

Bacause the most attractive no&ule deposits are di;t;nt from the FNP candidate
areas, there will probably be ﬁo'interaction between FNP Operations and the mining.
Any possible conflict arises from the transport of these nonhlzardou;-mgtnrials
to shore. | |
Commercial Fishing

Perhaps one of thc‘oldeqt users of all coastal regions and the shelf is
the commercial fishing industry. An indic;tion of the size of this {ndustry
is totalkcatch. All countries tock 500,000 metric tons of finfish from the
Atlantic from Cape Hatteras to the Bay of Fu;dy in 1960 and over 1,500,000 métric
tons in 1972. In addition, 217 million fish were landed by sports fishermen
in the Atlantic Ocean (35.3 million in the North Atlantic, 69.5 million invthe

20/
Middle Atlantic, and 112.2 million in the South Atlantic).

Conflicts between FNP and fishing cbviocusly depend on how far apart they ara.
The FNPs such as proposed by OPS are likely to be in depths of 45 to 75 feet

and within 12 miles Of shore. Most sport fishing is within a few miles of shore.
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Further, nearly one~half the value of the U.S. commercial fish catch off the
Atlantic, Gulff and Pacific coasts was within 12 miles of shore in 1972. Tables
VII-8 and VII-9 present some details on Atlantic and sport fishing.

Fishing activities remote from the FNP present a possible conflict only
on their way throuéh the FNP area. Commenté on transportation are apropos here.
On the other hand, the FNP may conflict with both commercial and sport fishing
because many épecies could be expoagd to the environmental challenges discussed
in chaptef V. Further, their mobility and the ocean transgort'mechanisms are
such that in case of significant contamination, the fishing activities over a
much larger area;than that of the FNP could be affected. ‘ ]

If FNPs are located in areas that do not support fishing activities, ﬁheir -
structures and efflgents hay tend to concentrate the local biomass, thus stimu-
lating local fishing activities and increasing traffic in the vicinity. fhe'
concerns, éhéié, are those for nonhazardous carge transport.

The numerous species which are currently not commercially §ignificant
but whose abundance and characteristics are such that they rép:esent potential
commercial value, must also be considered in FNP decisions.:
Summary -

The extent and sevérity of potential conflicts between FNPs and several
bther uses 6f the coastal area and shelf vary consideraﬁly. It is reasonable
to assume that careful consideration of and accommodation to possible inter-
actions would permit ée&eral uses simﬁltaneousiy without intg:ference. Fﬁrther,
if the competition among uses is low intensity (either because development of
the use is low intensity o;vthe high-intensity developmept‘ié spaced geographically),
then mutual development of several uses apéears compatible. Yet the ﬁreas th&t
are attractive for scme uses also have high potential for etﬁe:-uéés.—- for example,
tﬁe New Jersey coastal region and cuter continental shelf have been identified
for a nuclear‘powefplant. for oil and gas, for a deepwater port; all this where
recreation, transportation, and commercial fishing are heavy. If some or all

of these uses are‘developed to a large extent, competition and potential hazards

could be unacceptable.
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Further it appears that in these cases involving intenée conflicts among
alternate uses, the severity of the confl:i:ct between the high intensity use
and lower intensity uses may not depend upon which use is developed at high
intengity and which use is developed at low inter{sity. For example, the
severity of conflicts between heavj( deployment of FNPs in a region l.nd lpw
intensity Ocs oil and gas developﬁent‘in the region may not differ significantly
from the conflicts between heavy OCS oil and gas development in a region and’
low level deployment of FNPs in that region.

The extent to which t.hzf.s competition occurs will depend in large part
upon the laws that have been and will b; passed and the institutions that
are established to regulate thg offshore ;ctivities. Chapter VIII discusses

these legal and institutional issues.
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"Council on Environmental Quality, OCS oil and Gag -- An EnvironmentaL

Assessment.

This assumption is based on studies detailed in the 0CS report. It should
perhaps be raiterated that the FNP has special safety features should such

- an event occur (soe Chapter IV).

The selection of potential onshore areas was for analytical purposesvonly:
it does not represent judgment on where oil and gas should come ashore..

Y

Transhipment of oil and gas between onshore destinations may well involve
0CS and CR routes. . ‘

These locations were selected for analytical purposes only. Sae Potential

Onshore Bffects of Deep Water 0il Terminal - Related Industrial Development,
CEQ 1973. :

See, for axample, the New Jersay Wetlands Act.
Sae Appendix A.

i

This does not imply that an individual would receive a hazardous- exposure
but that certain siting guidelines would no longer be adhered to.

Bureau of Outdoor Recreation, unpublzshod data.

Taken from the Hational Shoreline Studx. Ragional Inventory Report, U.S. Army
Engineer Division, Corps of Engineers. . :

Public Service Blectric & Gas Company, Atlantic Generating Station, 1973;
Bromley, G.W. and Company, éoating Almanac, Vol. 3, New York, 1972.
Economic Report of the President (Washington, D.C., 1974).

For a discussion of these materials see "Maritime Administration Bulk

ChemicaLVCarrLeg Construction Program, "Draft Environmental Impact
Statement, EIS 740366, Dept. of Commerce, March 1974.

Report to the Congress on Ocean Dumping and Other Man-Induced Changes to
Ocean Ecosystems. Prepared by the Office of Coastal Environment, NOAA,

February 15, 1974.

Ibid.

Ibid.

14, , : | .

&

U.S. Bureau of Censhs_fot the National Marine Fisheries’Servico.

. .
T

National Marine Pisharies Sarvice, unpublished.
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CHAPTER VIII 1
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LEGAL AND INSTITUTIONAL CONSIDERATIONS

This study considers some of the environmental challenges and potential
conflicts of the FNP with other uses of the coastal region and the outer
continental shelf. The United States will want to consider theée effects to
ensure that the design and placement of offshore nuclear powerpl#nts, as well
as their operation -- indeed, the initial decision to build them at all -- are
consonant with national and international interests.

Provisions of international law on the construction and regulation of
activities associated with offshore nuclear powerplants mus£ be considered.
Further, any deployment of FNPs which would constitute a claim of sovereignty
over areas of the high seas would violate Article 2 of the Canehtion of the
High Seas and could jeopardize other U,S. interests in‘freedoﬁ of the high seas.

Federal regulation is essential to compliance with the‘applicable provisions

‘of international law and to the interests of individual states. An effective

and efficient overall regulatory process can be carried out with a minimum
of duplicativéAeffort by the Government agencies concerned while assuring public
health and safety and incorporating environmental values.

States too will need legislation to ensure consideration of their environ-
mental, economic, and social interests. Further, Federal and state regulations

must ensure that'all interested parties, including the general public, are an

effective §aft of the decisionmaking process.

This chapter treats the major legal and institutional considerations of
offshore nucleaf powerplants on all three levels., From the digcusgion several
general observations and conclusions arise:

1. Unﬁef international law, the United States may depioy’FNPs in its

teérritorial {ea, or on the high seas. As with all_ﬁctivities on
the high seas, howe?er, the FNP must be construeteé and operated
with reasonable regard for other uses and must not iﬂvﬁlve an ) -

assertion of sovereignty.

2. The Federal'process for licensing floating nuclear powerplants



in coastal waters involves sevaral agencies, each with separate
responsibilities. Streamlining the licensing process to esliminate

unnecessary duplicative efforts appears to be a definite possibilicy.

3. Pederal and state regulatory procedures provide opportunity for
interested parties to participate in consideration of environmental,
economic, and social questions. Any change in: requlatory procedures

should preserve this opportunity.

INTERMATIONAL LAW ASPECTS OF OFFSQQRE NUCLEAR POWERPLANTS

A major legal issue is whether internmational law permits construction and

raqulation of offshore nuclear powerplants in the ocean. International law
i/

defines ocean areas beyond the 3-mile territorial sea as high seas.=
The Territorial Sea
Articles 1 and 2 of the Convention on the Territorial Sea and Contiguous
Zone state that a coastal nation has sovereignty over the waters, seabed, and
subsoil of the territorial sea. Thus, in its territorial sea the United States
can regqulate activities connected with the cgnstfuction and generation of PNPs
{including such activites by fo:eig; nationals) and navigation in the viciﬁity

of these facilities with due consideration of the right of innocsht pausage.z/

The High Seas

Construction
What international law permits on the high seas may be determined in part
from the 1958 Convention on the High Seas. Article 2 provides:

The high seas being open to all nations, no State may
validly purport to subject any part of them to its
sovereignty, Freedom of the high seas is exercised
under the conditions laid down by these articles and
by the other rules of international law. It comprises,
inter alia, both for coastal and non-coastal States:
1. Freedom of navigation:

2. Freedom of fishing; .

3. Freedom to lay submarine cables and pipelines:

4. Preedom to £ly over the high seas.

These freedoms and others which are recognized by the
general principles of international law, shall be
exercised by all States with reasonable regard to the
interests of other sStates, in their exercise of the
freedom of the high seas.

)

.'\
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Construction and operation of offshore nuclear powerplants is not an
enumerated high seas freedom. ‘However, it ié ¢lear that the article is not
all inclusive. 2nd although it is quite unlikely that offshore nuclear power-
plants were contemplated when the Convention was négotiated in 1958, the
United States has taken the position that the phrase "and others which ire
recognized by th¢ general principles of international law" should be interpreted
with flexibility so as to accommodate reasonable new ocean uses as they arise --
deepwWater po;ts, for one. The United States could likewise justify offshore
nuclear pawerplaﬁts as a reasonable use of the high seas. Clearly, the
freedom to undertake new high seas uses ;uuld have to hé exercised with
reascnable regard for other high seas uses and users. For example, it would

. - .
be necessary to ensure that the powerplant does not unduly interfere with
navigation, scientific research, construction of submarine §ipe1ines, and
fishing.

It shoﬁld be noted that although a deepwater poit may be viewed as an
enhancement to navigation, offshore nuclear powerplants are not directly related
to navigation, -ports of refuge, or navigatibnal aids. 1In these respects, the
reasonable use argument for 6ffshore powerplants is not so‘strong as for deep-
water poét facilities.

Two other existing theories about offshore facilities have been considered

in connection with deepwater port development -- jurisdiction over continental

shelf resources and -the "roadstead".theory. The United States has interpreted

the Convention on the Continental Shelf as restricting the exclusive jurisdiction

of coastal nations to the exploration and exploitation of resources and other express

grants of jurisdiction in the convention -- neither of whiéh‘is appropriate to
FNPs. The roadstead the&fy restricts use to the loading, unloading, and
anchoring of éhips. Furthéf, it permits facilities to be trééted as an enclave
of the territorial sea. As a matter of policy; the United States is reluctant
to take action that e%tends sovefeiqnty into the ﬁigh seas in this manner.
Underﬁthe reasonable use concept, the United stages can and must assure that
deplo&ment of FNPs in no way constitutes a c¢laim of s&vereiénty over Qn area

of the high seas.

-

W



Legislation might be necessar& to ensure that a complete regime of civil
and criminal law will govern generating stations located beyond the territorial
waters. The Constitution and all federal law should be made applicable. And
certain federal laws, such as the Longshoremen's and Harbor Workers' Compensation
Act, should be made specifically applicable. Relevant and non-conflicting state
law should be assimilated to apply to an offshore facility. Provision should be
made to control matters generally regulated at the city and county level.

Requlation of Activities of Fordiqn Entities

Thers are two questions concerning activities of foreign vessels and
nationals on fho high aseas: whether the United States can regqulate activities
of foreign nationals within the offshore nuclear powerplant facil;ty’and whether
the United States can regulate the navigation of foreign vessels ig the vicinity
of the facility.

Because the powerplantz/ would not be used as a port facility, foreign
nationals in the facility would probably be employed the;e or otherwise engaged
in commercial relationships with the United States, In this event, presence in
the plant could clearly be conditioned on the acceptance of U.S. criﬁinal
and civil jurisdiction for activities undertaken thereoy.

The question of'controlling navigation by foreign £flag vessels in the
vicinity of the facility is more difficult. wﬁile, under international law,
the United States may define reasomsble warning areas, promulgate navigational
safety warnings, and@ indicate them on widely publicized charts these precautions
would not be binding on foreign vesgels. In addition, physical markers such as
buoys, lights, aﬁd other effective means of warning may be deployed whera
practicable, These kinds of steps can be éékan to'wurn foresign flag vessels.
Should they go unheeded, compliance could be requested, with the potential denial
of use of U.S, ports and bunkering facilities as an indirect sanction. cCompliance
would not be mandatory and could not othexwise be enforced.

In extraordinary cases of imminent physical danger, U.S. authorities
could legally intervene on the high seas to prevent harm to the powerplant or

persons within it. The need for immediate measures would be particularly strong

where nuclear contamination is possible and reascnable preventive measures

1:0
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would be acéeptable under customary norms of international law in certain limited 162
circumstances. This would not, however, be a general regulatory right and could
be exercised only in an actual case of danger.

‘Although powerplants may be considered a reasonable use of éhe high seas,
the United States is seeking agreement in the Law of the Sea Conference to
Qtrengthen apd‘formalize the right of coastal nations to construct such
facilitiés:off their coasts. The United States ha§ proposed recognition of an
exclusive tight to authorize and regulate installations relatiﬁg to a nation's
economic iﬁte:e#ts in its coastal seabed economic area?/ subject to certain

»

international standards.

FEDERAL REGULATION

.Assuming thai FNPs ﬁomply with international law, the United States is
ocbligated tec assure that they do not unreasonably interfere with other uses and users ¢
with the marine environment. In light of the potenital‘environmgntal effects
discussed in Chapters V and VI, the assurance is best provided through licensing.

The Atomic Energy Comﬁission has major responsibility f&r licensing a
nuclear péwerplant. when the powerplant is offshore, other Federal agencies
{(particularly the U.S. Coast Guard) too haveé licensihg andvreéulatory
responsibilities. With the exceﬁtion'of the Coast Guard, this additional
responsibiiity relates primarily to siting'and preserving environmental quality.

Agency Responsibilities

The AEC has major responsibility for FNPs., Under the Atomic Energy Act

of 1954,

as amended, the AEC is vested with licensing and regulatory authority
over, among other things, the manufacture, construction, and operation by any

"person” of a sutilization facility", such as a nuclear powerplant, within

the territorial sea. Bgcausé of the broad definition of these terms, AEC

‘authority is complete. The act provideé for the AEC to issue permits for

construction of nuclear powerplants and requires the AEC to issue licenses

before powerplants can begin operations. The AEC may not issue a license to
any person if doing so would be inimical to the common defense and security

or to the health and saféty of the public. The AEC has au;hority to promulgate




' regulations govaerning the design, location, and operation of nuclear powerplants 1&;2 .

in order to protect health and to minimizﬁ danger to life or property; it also
has general authority to promulgate ragulations to affectuate the purpoaes and
provisions of the act. Accordingly, the AEC has promulgatid regulationaé/
specifically applicable to manufacture of nuclear powerplants at an industrial
;ite for eventual location and op;rntion at utility sites, includiﬁq ocean sites.
The act confines matters to be considered by AEC in issuing permits and
11cens§a esaAntiaily to radibloqicai ezfccﬁs and the common defenge and
secu:ity.l/, The states are generally without authoriiy to license or regulate
nuclear powerplants from the\standpoint of radiological effacts'or'coﬁnnn
defense ;nd secu:ity.g/
The National Environﬁental Po;iey Act of 19693/ enlarged AEC authority
to require full consideration of the environment and possible alternativqa before
issuing permits and licenses. In Calvart c1i£fs';lg/ REPA was coﬁatrued as
ééquiring AEC to analyze thé costs and benefits of licensing actions, to include
the analysis in both draft and final environmental impact stata@ents, and to
consider cost-benefits in the same fashion as radiological issues in the licensing
hearing process.
In sum, y?thin the territorial sea AEC authoritf over nuclear powerplants
vis-a-vis the states is.comprehensive and exclusive -- comprehensive in that.
it covers all pcésonc and activities and exclusive in that the Atomic Energy
Act preempts the states in radiological, common defense, and security matters.ii/
In’th. contiguous zone and the high seas tﬁe statutory and regulatory frame-
. work applicable to manufacture, construction, and operation of a nuclear power-
plant is ginernlly the samé as in the territorial sea.ég/ Howevar, AEC authority

‘would apply only to U.S. citizens, not to foreign governments or foreign

nationals.

Rngardloli of where the FNP ie located in the ccean, the Coast Guard has
responsibility under Title 46 of the U.S. Code: (1) to reviaw and approve the
contract plans for a barge-mounted plant, (2) inspect the plant during maau-

facturing, (3) issue a certificate of tow before it can be moved frqﬁ the

T
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manufacturing facility, (4) issue a certificate of ‘inspection before the
FNP begins operations cffshore.

The Coast Guard has general authority within and ‘adjacent to navigable waters

‘of the United States toc regulate vessels and waterfront operations (onshore

support facilities and construction related to the FNP), including the unlawful
discharge of oil, hazardous substances, and vessel sewage into the water. This
regulation extends to the transportation of dangerous cargo. Finally, where a
breakwater is in the U.S. territorial sea or other navigable waters, the

Coast Guard has regulatory authority ower safety egquipment and marking (e.g.
lights and signals) on structures.

The Corps of Engineers also has regulatory authority over offshore nuclear
powerplants. Specifically, a Corps permit must be ocbtained to construct a break-
water, locate underwater transmission cables, or place any structure in the
navigable waters of the United States (including the territorial seas) pursuant
to the Rivers and Harbors Act of 1899.32/ On the OQuter Continental Shélf the
Corps of Engineers has authority over structures erected for the purposes of
exploration and exploitation of natural resources pursuant to the Outer
Continental Shelf Lands Act aof 1954755/ its authority is not clear in other cases.
Permits are also requiréd for any activities (e.q., dredgingf affecting the
course, conaition, or capacity of navigable waters of the United States. 1In
addition, a'Corps permit is regquired for the disposal of dredged or fill material
in navigable waters (including the territorial seés) pursuant to the»Federalj

X 5
Water Pollution Control Acti-/ and for the transportation of dredged material for

" the purpose of disposing of it in the ocean (including the territorial seas)

16/

pursuant to-thg Marine Protection, Research, and Sanctuaries Act of 1972.—~
The Coastal Zone Management Act of 1972i1/ authorizes ghe éecretary of

Commerce to assist the states in developing land and water use programs for the
coastal zone. The coastal zone is defined as the coastal waterQ and adjacent
shorelines, including transitional and intertidal areas, salt marshes, wetlands,
and beaches. Once the Secretarf of Commerce approves a state program, no Federal
license or permit may be granted for any activity which affécts the state coastal
zone without state concurrence or unlesslthe Secretary of Commerce finds that the

activity is consgistent with the cbhjectives of the act or is otherwise necessary

in the interest of national security.




In addition, under the Marine Protection, Research, and Sanétuaries Act of
1972,39/ the Secretary of Commerce may designate as marine sanctuaries areas of
the ocean as far seaward as the outer edge of the continental shelf, coastal
waters where the tide ebbs and flows, and the Great Lakes and their connecting
waters for the pu:pésa of preserving or restoring them for their conservation,
recreational, ecological, or aesthatic values. The Secretary may issue reguJ
lations to control activities in the sanctuaries by persons subject to U.S.
jurisdiction. Ro permit or license for an activity -- including FNPs -~ within a
sanctuary is valid unless the Secretary certifiss that the activity is ;onsintont
with the Act.

The Federal Water Pollution Control actl® authorizes the Environmental
Protection Agency tb regulate discharge of pollutants into U.S. waters,
including the territorial seas, and into the waters of the contiguous zone
and beyond from a point source other than a vessel or other floating craft. 1In
general, no person subject to the jurisdiction of the United States may discharge
a pollutant into these waters without first obtaining a permit from either EBPA
or in the case of territorial seas, the state., Before issuing a licensse or
permit for an activiiy‘that may result in the discha?ge ©of a pollutant, Federal
agencies are required to obtain certification from the staﬁe or EPA that the
discharge will comply with the Federal Water Pollution Control Act. Aas it
appears in the act, "pollutant” does not include radioactive materials ragulatad
by AEC under the Atomic Energy Act.

The Marine Protection, Research, and Sanctuaries Act vests EPA with permit
authority over tranépottation of material from the United States for the purpose
of dumping it into ocean waters (defined a; the te;ritorial sea or the contiguous
zone if the terxritorial gea may be affected). Overlap with other statutes is
avoided by the provision that "dumping” does not include effluent from any
outfall structure as regulated by the gederal Watar Poliution Control Act, the
Atomic Energy Act of 1954, or section 13 of thea Rivers and Harbors Aét‘of 1889.
Nor does dumping include construction of any fixed structure or artificial
island or intentional placement of any device in ocean watars for purposes other

than disposal when such matters are regulated by other Federal law, The act

T
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also prohibits absolutely discharges of high-level radicactive waste. 1&%5
Under the oﬁter Continental Shelf Lands Act,gg/ the Department of the
Interior issues mineral leases on the outer continental éhelf and permits for
any actions which might affect lands and mineral leases which it administers.
It has no gengral licensing authority over offshore nuclear powerplants as
such. . ’ |
Under the Federal Aviation Act of 19582l/ and the Department‘of
Transportation Aqt of‘1966,22/ the FAA is required to review and endorse plans
relative to pétential obstructions affecting navigabie air space. Because a
nuclear powerplant limits aircraft traffic in its vicinity, the FAA is party
to the permit proceeéings. Any plan to operate helicoﬁters on either the

breakwater or the floating plant itself is als¢ subject to FAA endorsement.

Licensing Procedures

- AEC regulations prohibits onsite manufacture of a nuclear powerplant,
including excavation or other substantial action that would adversely affed;the
natural environment, prior to receipt of a construction permit. Detailed require-
ments have been set forth regarding permit or license applications’ cohpliance
with both NEPA and the Atomic Energy Act.gé/ A license is also reéuired prior
to opefaﬁion._ o

Public hearings prior to issuance of the manuf;cturingblicense and con-
struétion permit are mandatory, and they may alsb be held prior to issuance
of aﬁ oﬁeratihévlicense. Aﬂthough the construction permit proceedings focus on
the site, the applicant ié,reqﬁired to evaluate in general terms the effects of
the reactors. In addition, there is a NEPA environmental evaluation in

‘connection.with the construction permit and operating license. The regulations

seek to aﬁqid needless duplication by providing that matters resolved along the

3-step process are not reconsidered later, However, the Commission can reopen

mattérs prévibusly resolved if significant new information wqdlé substantially
affect conclusions reached earlier or for other good cause, Final decisions by
the AEC are subjéct to judicial review in the Federal Cou;té of Appeals. )
The Corps evaluates permit épplications submitted under these authorities

to determine whether issuance would be in the public interest, It considers many

factors «= conservation, economiecs, aesthetics, fish and wildlife values, navigation,
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water quality, and human needs and welfare —- by soliciting information, data,
and comments from igtez;ated Federal, state, and local agencies and from private
inatitutions. >c§rps personnel also make an environmental assessment of each
proposedlactivity, sometimes finding it hecessary to prepare the impact statement
required by the National Environmental Policy Act when a proposed activity will
aignificantlylimpact the quality of the human environment. In addition, if the
proposed activity involves the discharge of dredged or £fill material into
navigable waters or the tran-portatioﬁ of dredged maéerial for disposal in the
ocean, the Corps applies EPA guidelines and criteria and offers an opportunity ;
for a public hearing during the permit review.

Decision by the Corps on whether to issue a permit, then, directly affects
the proposed location of an offshore nuclear powerplant. Moreover, all District
Engineers supervise all authorized activities to ensure that théy are conducted
and executed in conformancg with the approved plans and other conditions of the
permit.

A coastal ;tmte with an approved management program will exerciag a kind of
pernmit authority over location of an FNP offshore, with a right of roviéw vested
in the Secretary of Commerce. Under the Coastal Zone Management Act, an applicant
for a Federal license or permit to conduct an activity affecting land or water
—uses in the co;stal zone must certify that the activity complies with the program.
He must also send the certification and backup information and data to the state.
The states have heen directed to set procedures for public notice of all the
certifications and, to the extent fhat it deems appropriate, procedures for

public hearings. The state then notifies the Federal licensing or permitting

The Qoast Guard has no public hearing requirement for any of its cartification
actions. .;kequired" pians for the FNP are submitted, reviewed, and, when
acceptable,happtoved. The conatruction of ghe plant and the installgticn of its
components are monitored and inspected during both manufacture and final onsige
preparation for opergtion. "Certificates of inspection will be issued when the
inspection indicates that construction and installation is satisfactory.”

The Department of the Interior has the responsibility of reviewing permit
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proceedingé at all stages of the offshore plant life cycle. DOI authority derives 1 ) &

from the Fish and Wildlife Coordinatim Act of 1958,2&/ the ﬁational Historic

Preservation Act éf 1966,32/ the Ouéacor Recreatioﬁ Development Act of 1963,2

and the Antiquities ActTEZ/
In accordance with the Marine Protection, Research, and Sanctuaries Act,

EPA must provide notice of an opportunity for public hearings prior to issuing

any dumping permit. EPA's permit criteria include consideration of need for the

proposed action; effects on fisheries-—-plankton, f£ish, shellfish, wildlife, shoref

lines, 2nd Beaqhes; effects on other uses of oceans; and land-based alternatives.

A permit is issued only when EPA determines that the dumping "will not unreasonably

degrade or endanger human health, welfare, or amenities, or the marine envirohment,

ecological sfstems, or economic potentialities."2§/ In additidn, the Federal

Water Pollutioﬁ Control Act directs EPA to develop "ocean discharge criteria,®

and no dischafge permit may be issued except in conformance with these criteria.zg/

The_éct calls for an opportunity for a public hearing prior to issuing any discharge

permit,

Interagencv,Coordination

In recognition of the number of government agencies involvea in licensing
offshore-nuclea# powerplants, an Interagéncy Regulatory Steering Committee was
formed in mid-1973 to6 facilitate licensing grocedures. The committee is chaired
by the AEC and is composed of senior representatives from: the U.S. Coast Guard,
National Oceaﬁic and Atmospheric Administratibn, Corps of Engineers, Department
of the Inter;or,.Fedéral Aviation Administration, Environmentél ?rotection Agency,
Pederal Power Commission; Atomic Energy Commission, and as_cbser&e:,,the Council
on Environmental Quality and the Federal Energy Administration.

Before-the_éstablishmenc of the Steering Committee, the Coast Guard and the
AEC had begun to cpordinate their activities relating to floating nuclear plants.
Their effort resulted in a "Memorandum of Understanding on the Regulation of
Floating Nuclear Power Plants."gg/ The Memorandum assigns primary safety and
environmental pfotection responsibilities for review, inspection, and enforce- .
ment. The Atomic Energy Commission assumes princibal responsibility for
radiological heﬁlth and safety, including nuclear powerplantISafety, and for

environmental protection. The Coast Guard is responsible for all maritime




safety congsiderations, barge design and operation, special aspects of maritime 1158
environmental proctection, and participation in the preparation of the environ-
mental statemeni. Each agency will enforce its own license and certification
conditions as well ﬁu its own regulations. |

The Steering Committee has coordinated other similar memoranda of understanding;
one between the AEC and the Corps of Engineers which is in effect, and one betwe@n
the AEC and EPA which is being finalized. The initial report of thea Committee on the
Federal Regulatory Process for FNPs has been recently released. A summary network of

the Pederal Regulatory Process for licensing of

Financial Responsibility

The Atomic Energy Acﬁ requires licensees to maintain financial protection
to cover public liability claims for nuclear incidénts in an amount équal to .the
maximum amountazf L;ability insurance available frém private sources (currently
$1ll0 million).__/ In addition, the licensee must execute and maintain an indemnity
agreement whereby the AEC indeminifies the licenaee and other persons from nuclear
liability. The net effect is that public liability claims for nuclear incidents
are firat covered by the licensee's insurance; the indemnity agreement covers
any excess liability up to $506 million for all persons indemnified for a single
incident. | -

The act also provides for waivers of defenses generally corresponding to the
imposition of strict liability for certain types of nuclear incidents ("extzra-
ordinary nuclear occﬁrrences');gz/ Althoﬁqh issues relating to wh¢thcr the
occurrence led to the damage could be litigated, insofar as "proximate cause” is
an element in establishing the claim, the requirement that the plaintiff establish
that the damages were foreseeable will be ;aived. The waivers of defaenses extend
to any issue or defense based upon any statute of limitations if suit is instituted
" within 3 years after the claimant first knew, or reascnably coﬁld have known, of
the damage of injury, provided suit ia brought witﬁin 10 years of the incident.

The financial protection, indamnit;, and waivers of defenses provisions of the act
would operate to the benefit of all claimants, including foreign qitizenl; In the

event of an “extraordinary nuclear occurrence® in U.S. territorial watars, foreign

citizens suffering persconal or property damage would be entitled to recover

FNPs has been reproduced as Pigure VIII-
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ﬁnder the licensee's financial protection (generally an'insurancé policy) and the
indemnity agreement with the AEC, and the licensee would not be able to raise as
a defense such matters as a lack of negligence on its part. The purpose of the
agreement and waiver of defenses is to ensure available funds to compensate for
losses in the event of a nuclear incident. Financial regponsibility for nuclear
" incidents cccurring‘beyond the territorial limits of the United States is not

covered by the act.

STATE PARTICIPATION

The states and their political subdivisions can significantly shape FNP
deﬁloyment and the.construction #nd use of related nearshore and onshore
facilities through pollution control programs, land use planning and regu-
lation, and transmission line regulation. Several staﬁes have recently enacted
legislation p;ovidiﬁq for state review of development in "envirohmentally
critical areas" and of the giting of key facilities, ircluding powcrpiants and
refineriea.lsl

State authority over FNp-related activities may well be streng}héned under
existing and proposed Federal legis}ation. In addiCion.to the Coastal Zone
Management Act of 1972, broader land use Législation that would foater state
planning and regulation capabilities is being considered by the Congress.

State reiction to potential FNP deployment is varied, even though only five
states are involved in the four areas id?ntified as FNP candidates.

At the end of 1973, the New Jﬁ:aey Department of Environmental Protection
suggested that oftshbre nuclear powerplants not be ruled out bccause_ot thoir

poténtial in minimizing the environmental impact ot pcwai generation., However,

outright support was reserved until further information on their environmental

impacts 1s available. 'Through the Wetlands Act of 1970;}5/ the subsequent wetlands

order of the Department of Environmcntel Protectionpééland the Coastal Area:
F;cility Review Act of 1973f19/wa Jersey has created the mechanism for state
control over the location of FNPs. Although there is some concern about the
effacts of FNPs, the legislature did not act on a sanctuary bill which could

have prohibited offshore nuclear facilities.

120

iy

3
L]

R




v

Com

The executive branch'of the Florida government has expressed support of the $2
floating nuclear powerplant concept. In approving the Jacks§nville Port Authority's
applicatiog #or a dredge and £i11 permit for construction of an offshore nuclear
powerplant manufacturing facility, the state controller said: " [T]he floating
plants are”thzonly answer to providing power for our cities and at considerably
less ecological lbss than following the conveéntional pattern for such power
plants, which is plaguing most of the urban areas of our nation."EZ/ The
legislative branch, on ﬁhe 6the: band, is somewhat neutral, It recently enacted
the Florida Eleqtrical Power Plants Siting Act of 1973 §§'/t:o assure that there is
a reasonable balance between the need fo; a facility and the,environmental impact
resulting frbmiits construction and operation.

The loqation ofﬁoff;;ore nuclear powerplants has not become a public issue
in Maine. HoweQer, the experience with the only nuclear pcwe:plantzg/in the state

has been somewhat negative because of its poor siting. Maine's site Location

42/

Act,fg/ Shoreland Zoning Act,fj/ Wetlands Act,~—~" and the 0il Discharge Prevention

and Pollution Control Actﬁz/ provide regulatory authority. '
The arfay of Federal and state power and céncerns-indicstegga poEE?tial for

conflict when,ngeral and state(objecfives‘on FNPs diverge. Mechanisms must Dbe

developed‘to identify and resolve any conflict exéeditiously-and fairly. Thé

need for coordination is not less when Federal and state cobjectives converge,

The state'regﬁlato:y authorities are significant means of protecting ané promoting

important state interests.

Because there is no FNP experience upon which to draw, it is essential to

establish expertise at all levels of government. Affected states can strengthen

~ their coastal zone managemenf programs by developing technical expertise on all

phases of FNP deployment and its onshore and offshore‘impacts. The coastal
zone management agenéies should attempt to ensuré ﬁhat state interests and -
regulations are fully coordinated with FederaI.FNP technical and management
activities, and Federal agencies should make every effort to coordinate and-
cooperatg with the state agegcies on an ongoing basis at all stagés of manage- .

ment,

Simply establishing state technical expertise and calling for Federal




)
cooperation will not necessarily yield coordination, hcwever. Mechanisms for 152
effecting interaction must bhe buili‘into the decision-making process itself.
NEPA, for instance, could be an important focus of Féderal-state coorxdination
concerning the FNP if state ccastal zone management agenciés and Federal agencies
jointly design and prepare initial environmental analyses in addition to tha
states' commenting on draft environmental impact statements.

The Coastal Zone Managnﬁcnt Act provides a framework for cocoperation in
PNP planning, particularly with ze-ﬁet to siting the switching yards, trans-
mizsion lines, and support facilities within‘the coastal zone. State coastal
zZone management plans should cover transmission lines, switching facilities,
and ail FNP-related developmant in the coastal zone. Although under the stACute
the plana are :aquirea to.p:ovide "adequate consideration < the national intarest
 involved in the siting of facilities necessary to mseet requiztmenﬁs which are
other than local in nature."iﬁ/ they should consider the full range of statm
interests as well, State coastal zone management agencies and concarned Federal
agencies should jointly develop these portions of the plans.

The legal and inatituticnal issues are complicated by the ££ct that many
impacts of the FNP ;n environmental, economié, and social interests are simply
nat known, It is egsential that ail levels of government coopgrate to identify
the gpecific areas and tﬁen gset about to fill the voids. The legal and
institutional questions --hinternational, national, state, and ‘local -- involved
in making decisjions about where and how the off;hore nuclear powerélant shall be

sited cannot long remain unanswered,
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FOOTNOTES

Pursuant to Article 24 of the Convenion on the Territorial Sea and the
Contigquous Zone, the United States recognizes a nine-mile contiguous zone
_immediately adjacent to its three-mile territorial sea for customs,
fiscal, immigration or sanitary purposes, and under international lawthe
United States also recognizes an exclusive fisheries contiguous zone in the
same area. )

Under Article 14 of the Convention on the Territorial Sea and the Contiguous
Zone, all nations enjoy a right of innccent passage through any territorial
sea. No coastal nations must hamper innocent passage and are required to
publicize any known danger to navigation in their territorial seas.

In order for the conclusions made in this paragraph to be true, the FNP being
discussed must itself be subject to U.S. jurisdiction. This could be accom-
plished through the nationality of the owners or operators, its shoreside
connections, or its voluntary submission to this jurisdiction.

(Definition of CSEA)

42 USC §2011-2282.
Appendix M to 10 CFR Part 50.

New Hampshire v. AEC, 406 F2d 1970 (lst Cir. 1969), cert. denied, 395 U.S. 962
{1969). Under Act - 105, the AEC must also consider issuing construction permits
and certain operating licenses whether the activities under the license would
“create or maintain a situation inconsistent with the antitrust laws." 42 USC §2135

Northern States Power v. Minnesota, 447 F.2d 1143 (8th Cir. 1971), affirmed,
405 U.S. 1035 (1972).

42 USC §4321 et seg.
Calvert Cliffs v. AEC, 449 F.24 1109 (D.C. Cir. 1971).

There is no preemption with respect to matters not covered by the Act but covered
by NEPA.

For example, the AEC licensed the nuclear ship SAVANNAH with the license restric-
tions and specificatiomns fully applicable to operations in the contiguous zone
ané on the high seas.

"33 UsC 403

43 USC §1333(£)

33 USC §l344

33 USC §1413

16 USC §1451-1464

16 USC §1431-1434; 33 USC §1401-1444
33 USC §1251-1376 ‘

43 UsC 1331 et seq.

49 USC §1501. See l4 CFR Part 77
See 49 USC §1655(g) (6) (c)

10 CFR §S1

153
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16 USC §661 et seq.

16 USC §470 et seq.

16 USC §460 et seq.

16 USC §461 et seq.

33 USC $1412 , !
33 USc §1343

39 F,R. 2124, January 17, 1974.

‘See 10 CFR Part 140

42 USC §2210(n)

Of the states most likely to be affected by early FNP deployment, only Florida
has enacted comprehensive statewide land use legislation. Some -- inecluding
New Jersey and Maine -- have passed laws regulating davelopment in coastal
areas. Others (New Hampshire, Connecticut, New York, and Maryland) regulate
powerplants and transmission lines under state siting acts.

State of New Jersey, The Wetlands Ag¢t of 1970, State Assambly 13:9A-1 et seq.

State of New Jersey, Department of Environmental Protection, Wetlands Order,
April 13, 1972. ’

State of New Jersey, Coastal Area Facility Review Act,' P.L. 1973, Chapter 185, '
June 20, 1973, ’

Cad-
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77 7 Chapter IX. Recommendations for- Research -~ ~ -

One of the difficulties of this generic study is that many critical questions
are site-specific, and only after a site has been'chosen can the gquestions be
addressed meaningfully. Because of this, it is difficult to assess the relative

importance of the recommendations. Some will be important at one site, not so

important at another. Issues not considered important in general could be critical

in specific cases. All recommendations should be congidered within the broad
framework posed by site-specific restrictions.

Although the study is one primarily of issues associated with offshore nuclear
powerplants, it is élear that there are deficiencies in knowledge and. data of much
broader apﬁlication. Further, some coastal areas have been investigatéd more
extensively than others. Decisions bearing. upon use §f any marine resources

i}

suffer from these deficiencies. o ) [T

Another difficulty is that much of the discussion included here is technology-
specific. Al;hough there appear to be other feasible technologies besides the
FNP-fixed breakwater configufation, available information is insufficient to ﬁake
meaningful comparisons.

That itéms'are'not ranked according to priétity or sequence does not mean
that.the oZfshore nuciear powerplant must wait for all the answers. Nor does
omission of an issue mean that implementation should proceed without considering

it.

‘Multiple D‘eglom' ent
Although it is possible to estimate the environmental, economic, and safety

consequences of one facility, only the most rudimentaryigﬁesses can be made
about a clﬁster or stfing.of several facilities. The initial intent of this
study was to addresa‘multiple deployment, but.the requisite information simply
does not exist. Thoée:research efforts which will provide infcrpaéion necessary

for multiple deployment decisions should be given high'p:iority.




What are the regional electricity demands and onshore powerplant

siting constraints? What pressures does this imply for multiple offshore

sites in each regiom. -

What are the aeconomics of multiple deployment?b Do economic factors

make the clustering bf stations likely within offshore regions? Are

there gconomic factors affecting the pattern of clustering?

What are the environmental effects of the more likely siting patterns?

What ara the effects on marine or§nnisms of multiple FNPs closely spaced?
What are the limiting separation distances between FNPa from thefé;yndpp?gt
of imhicg—on marine biota?
What ara the safaty, reliability, and ndtional security implications of
single versus multiple deploymcnt’

How would multiple deploynent conflict with other uses of the offishore area?

These are just a few of the questions that come to mind. Basically, the issue

i3 this: a single nuclear powarplant off New Jersey mﬁy'be acceptable, but what

about 25 or 50 similar plants along the New Jarsey coast? 1Is this not an issue

that should be addressed now? If the first plant can be constructed and operated

profitably,. others will follow.

These general comments suggest the utility of a strong rasgulatory program. 1ts

strangth should not be confused with its complexity or comprehensivenesg. Strength

should be measured by the program's effectiveness in indueing both government and

industry to focus on important issues and to ensure that critical questions are

answered.

- safety

Safety is paramount. This study concentrates on the safety challengea and

accident consequences peculiar to ofzshore sites although discussion of FNPs of

course includes nuclear pownrplant safety in general. A major handicap in analy=zing

safety is the lack of accident probability information -- onshore or offshore,

generic

or site specific. The Atomic Energy Commission hopes soon to have campre-

hensive probability estimates (see Chapter IV). Although generalizations prasently

difficult or even impossible, important problems related to offshore plant safety

)

can be identified.
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There are several basic safety challenges peculiar to FNPs which deserve more

thorough examination:

~- Barge-mounted plantﬁ are subject to wave and tidal motion wﬁich, although
limited by the breakwater and the’mooring system, could affect the per-
formance and reliability of important plént elements. Because of these
diffaerences f;om onshore power stations, adequate testing and requisite

design modifications are necessary. 1In addition, the long-term performance

and reliability of important plant components should be investigated under

»

conditions that simulate the most severe conditions anticipated for an FNP. .

The development of ‘motion-tolerating’ designs for some components may be

_ necessary.

~= Further, the FNP is located in a corrosive environment, requiring added
insurance that restraining devices can tolerate the corrosion attack and

still perform under sevefe meterological and seismic stresses.

-~ Nuclear plants several miles offshore will face severe storms and waves which

thé breakwater and bargg can be designed to withstand. The probability of
a storm more severe than the design basis storm, though very low, is still
finite. The potential effects on the FNP and means of minimizing them

should be determined.

- ERE -

-- Unlike onshore‘plants, FNPs must b; ératected ff;m collision with massive
vessels. Again, the breakwater can be designed (possibly at prohiﬁitive
costs) téywithstand the impact from a large ship moving at maximum speea.
IQuestions arise, however, regarding vessels containing danqerous‘ca;go.

LNG, for example. Such a posgibility can be minimized by siting an FNP

for from shipping lanes, but a risk remains. Extensive data and data analysis

134

coﬁcerning shipping lane traffic by type of cargo and vessel must be made available.

'In addition, the effectiveness of dlternative breakwater designs and of

ship-axrestiné devices external to the breakwater should be fully evaluated.

~— The interaction of breakwater and seabed is crucial to breakwater stability. ’

Questions must be examined regarding the engineering propérties and
stabilify of offshore seabed formations under breakwater loading over

long periods and under heavy seas and seismic events. Can desirable




seabed characteristics be 1dentif;ed<to aid in site Qalection? ﬁhat
extent of seabed deformation or modification will be acceptable? |
The most important safety questions arise from the worst possible caées.
A supertanker célliding with an FNP in a severs storm storm, for example.
Whethar such occurrences can ba toleratad is an important Question.

Further research is necessary to assass these compound cases.’

-~ Although water tmnsportation of nuclear fuel and waste is not unusual,

FNP locationg add new dimensions: more severe and prolonged weather and
sea conditions, deeper water, and most important, for some matarials there
miy ba no alternative to watar transportation. Spscial attontioﬁ should
be given to transportétion accident prevention. ‘

Sabotage and other hostile acts must be considered. The FNP could be a
potantial target for acts of political teérorism. It is potentially more
vulnerable than an onshore plant. Proposed se;urity systenms must be

£fully developed. In addition, procedures muat be worked out to neutralize

hostile landings on the FNP if the proposed security systems are breached.

-~ Security and national defense problems may be compounded by multiple

deployment. Would clusters be undesirable militarily, and how vulnerable

are they?

-= Much attention has been given to defining’and describing the classes

of powerplant accidents. Although it is recognized that the moat'sQQQre

accidents are in a sense undefinable, ongoing efforts to describe accidents

in the ocean environment should be increased.

~~ Limlting the dispersion of waterborne radicactivity released within

the basin during an accident should be investigated. in the event of
a radiological release to the basin, water, it may be possible to close
permanent openings in the breakwater. On the other hand, it could be

proferable to dilute the release by allowing free passage into the

surrounding ocean watexrs.

196
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More needs to he known about the migration patterns and rad%oactive
accumulation of mariné organisms. Fish retaining radiocactive materials
(whetler acquired directly or through the food chain) must be diverted from
human consumption. In such a case, it would be critical to know typical
movements of different fish species and how long they would remain a

threat if consumed. ’

In case of a transportation accident, containers can minimized damage.
Current cask.desighs are tested to withstand pressures in 50 feet of water,
But depths ﬁay well exceed 50 feet thus cask designs must be shown adequate.
Methods of revocery from deep water ;hould be investigated and.continqgncy
plans proposed. ‘

Different decommissioning methods may envolve the release of radiocactive
materials. Decommissioning alternatives must be carefully analyzed to
minimize the -threat of radiocactive releases.

Aéart from possible radicactive discharges is the éossibility of accidental

chemical discharges. How they would affect the offshore biota and whether

and how éxpo§ed species potentially threaten man should be delineated.

Separate of possible radioactive or chemical discharges is the possibility
of plant shutdown in the face of some accidents. 1In the case of multiple
deployment this raises significant questions about electrical grid reli-

ability. Since these questions could be key to multiple deployment decisiems,

~they must be addressed.

Construction, Operation and Decommissioning

Much work is needed to explain more fully the environmental affects of

constructing, operating, and decommissioning the facilities necessary to implement

the offshore nuclear powerplant concept. For simplicity the facilities are discussed

separately.

Onghore Support Facilities

-'The acute toxicity of heavy metals and other substances introduced to -
the marine enviromment in significant quantities has long been documented.
Subtie effects from contaminated sediments, (e.g., gene mutation rate

changes, effects on fecundity) are less well-known. Because construction



may involve dredging and resuspension of contaminated sediments, thereby
creating opportunities for biological magnification through the food

web, the subtle, long-range effects of such activities are of interest.

Transmission Cables

—

Breakwater

— High-voltage underwater transmission is one of the least certain technologies
involved in terms of reliability and of environmental impact. Whag would
be the effects of electrical or magnetic fields or the leakage of toxic

insulating fluids? How are the cables to be maintningd and repaired?

—— . L

-~ The construction of the breakwater requires the production and placement
of very large amounts of materials. What are the effects of the site
preparation? Are some seasons and techniéues less damaging than others?

-- Because the breakwaters are expected to be permanent, it is important
to estimate their long-term effects on ccean currents and on the shoreline.

- Once the offshore breakwatar is completed, the structure may extend from
the bottom to more than 50 feet above the plane of mean low water. As
suéh, the seasonal thermocline will be penetrated. Since organisms are
directly affected by the thegmociiﬁe to the extent that many are distri-
buted of necessity above, within, or below the zone of discontinuity, the __

breakwater structure may interfere with the thermocline's tfability if

currents are deflécted or upwelling occurs. The distributicn of marine
organisms and related fooé webs may, as a result, be interrupted.

Additional research should determine the effaect of the breakwater on the

stability of the seasonal thermocline a;d its sﬁﬁse&uent effect, if any,

on marine organisms in adjacent waters.

-- Artificial reefs and offshare platforms attract fish, leading to the belief
that local fish productivity increases as a result of their presence. If
reefas and platforms concentrata org;nisms already in the vicin;ty, increased
productivity is doub#ful: rather, the species will have changed habitat.
Research must be conducted to determine the species changes that would -
result from the breakwaters and the sensitivity of these changes to

breakwater components and design.

200
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-~ The breakwater will alter or entirely eliminate one—quarter mile of shelf
‘ substrate benthic habitat. Should additional breakwater facilities be

constructed adjacent to or in a series paralleling the coast, the loss
may be correspondingly greater. Research is necessary to determine the
significance of one-quarter square mile to resident and migratory species
utilizing the ccntipental shelf and the effect that the breakwﬁtef will
have on an otherwise homogenecus habitat. -

-- 1f the breakwater is locatediin an area reflecting a dynamic, shifting
substrate, erosion may be enhanced, with subseéuent benthic instability
increased along its periphery. Productivity in dynamic, shifting sand
areas is less than in more stable ones. How the breakwater will affect
bottom currents and erosion and hence habitat sfability in adjacent waters
may Be important. S

—— The activities associated with dismantling the breakwater upon decommissioning
the FNP could have severe effects on the environment. Research should be
conducted to determine these effects on the marine ecosystem that has
stabiriied aroun§ an artificial reef.

- SimilarIQ. what are tﬁe effécts of breakwéter repairs, and what is the best way to
effect repairs? Héw can breakwater damage be repaired during less-than-
favorable weather, ;hen wind and wavé conditions limitvnormally anticipated

repair operations?

-~ Breakwaters require massive guantities of granite; Although it is very common,
granite with the right qualities and in sufficient quanfities is much less
Aﬁﬁiaa’ntj."_" 'Ef‘fb‘ft”'v;i:‘.’n"‘havé"ﬁo"be'_*ma'qg ';ta“détam‘aﬁmg“ locations of T T
granite, whether alternative paterials could be used may warrant study.

Floating Nuclear Plant

== Much more needs to be know about ocean currents anq circulation along the
continental shelf. Rather than inferring circulation patterns from drift
bottles, currents should be measured directly, and measurements should be
made to determine tidal and wind influences. seasonal vertical temperature

~and salinity fluctuation, and net flushing rateés. Remote offshore sensing




deviges should be utilized to record these data. The resulting information ~
should permit the development of mathematical models to predict dispersion
of thermal, radicactive, and cother pollutants. ‘

-~ Much mors needs to be known about the behavior of air masses over water,

in particular, the characteristics of dispersion, and the mechanics of

atmospheric plumes and instantaneocus gaseous discharges from an offshore

&

source -~ including the influences of low-level temperature inversion
conditions and land-sea breeze circulations. What is the nature of long-~
term transport phenomena, diffusion, and mass transfar among the water, ' =
the sediments, and the atmosphere?
-=- More needs to be kncwn of the potential danger to various organisms at
acute and chronic.expoﬁura levels of thermal, chemical and heavy metal
effluents. Are discharges éf toxic effluents as important to the

ecosystem as for land-based plants?

-— The individual and combined effects of action, turbulence, gas
supersaturation, and pressure éhnnges should be determined. What are
the alternative aischarge modes during oéeration of offshore powerplants,
and what are the corresponding relative impacts? What is the water
quality “enQelope" required? Baseline data are necessary on aﬁbient
levels in the marine environment of those metals and isotopes normilly
associated with nuclear powerplant discharges.

-~ The basin within the breakwater presents special analytical problems.

what informetion is needed for analyzing wave resonance in the basin,

sediment transport, and hydrological interactions? -

¢

“One final caveat, evén afterrsatisfying the technical data requirements to écrmit
adequate consideration of pertinent issues, the accaptability of FNP deplqymeqt will
depend upon public: appreication of the issues and the merits of the deployment. Thus, - “
future afforts in response to the research needs indicated in this chapter must provide
answers to the satisfaction of the public in general ~-- not juat the technician.

Further, the concerna of the public may introduce important issues for future research ~

not identified in this chapter. .



(€]

“

(s

A Y

(34

APPENDIX A

CONSTRUCTION, OPERATION, AND DECOMMISSIONING OF AN FNP

Aﬁ thil‘iime, the floating nuclear powerplant protected by a massive
caisson and rubble breakwater is the only one of the various technological
alternatives subjected to detailed analysis.‘ Offshore Power 8ysteﬁs (OPS)
has applied to the AEC for a license 'to manufacture barge-mounted nuclear
powerplants. The information contained in the application is the basis
for moét of the following discuision. gublic Service Electric and Gas
(PSE&G) has proposed placemeht of two OFS FNPs inside a massive caisson
and rubble bfeakwater (Figure A-1).

Descriétion of a Floating Nuclear Generating Station

The FNP is a complete electric generating station of standardized

" design constructed on a floating platform in a shipyard-like facility. Plant

components and systems are nearly identical tc those of recehtly licen;;d
land-based pressurizedﬂwater reactor (PWR) nuclear powerplants. The supporting
platform is a specially designed barge.

After the FNP has been tested but not fueled, it is towed to an offshore
site wﬁeie‘it is moored within a protective breakwater (see Figure A-2).

Underwater cables transmit power from a substation on the platform to an

‘onshore switchyard for distribution to coastal load centers. -The general

characteristics of the FNP are listed in Table A-1l.

The Floatihg Nucliear Powerplant

Near the center of the platform is the plant. 1Its most distinguishing
features are the containment structure and refueling building. The PWR
nuclear steam supply system is a standard Westinghouse 4-loop, 3,425 MW

thermal unit with ice condenser containment. Condenser cooling water is drawn

- from within the breakwater enclosure by means of six circulating water pumps

at a combined rate of approximately 1 million gpm; it is discharged outside

" the breakwater. ‘ : .
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TABLE A-1 FNP General Charaéteristics

160,000 tons

Displacement

378 feet x 400 feet x 44 feet

Platform

209 feet - 174 feet above

water line

Overall Height

35 feet

Draft (Salt Water)
Net Electrical Ouﬁput

1,150 Mw

345 kv

Transmission Voltage

PLATFTORM STRUCTURE AND COMPARTMENTATION

Pigure A-3.
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The turbine-generator and its auxiliaries are located in the turbine
building. The power generation plant contains a standard Westinghouse

six-flow-tandem-compound 1,800 RPM turbine with 44~inch last row blades and

_a 1,400 MVA, 4-pole generator with a hydrogen-cooled rotor and a water-cooled

stator. Efficiency of the power generator cyéle is optimized by six stages
of feedwater heating, two stages of steam reheating, and use of é#traction
steam to drive the feedwater pump turbine. |

Output-from the generator is fed into a pair of step-up transformers and
then through a gas-insulated substation t; potheads on the edge éf'the platform.
Four separate onboard emergency power supplies. are provided. The instrumen-
tation and control systems are consistent with modern powerplant practice
and include a centralized control room and 1ocal‘control stations. These
systems enablg plant operating personnel to monitor and operate the plant
safely and effectively.

The administration and service facilities provide working and living space
for operating, édministrative, and mainténance personnel and supplies for
normal and emergency conditions. There are sleeping quarters,ya cafeteria,
administrative offices, supply rooms, and recreation rooms.

The platform (Figure A-3) is'g 44-f§ot deep grillage arrangement of shear
webs (longitudinal and transverse bulkheads and side shell) separating the
bottom shell apd the strength deck. The strencth deck and bottom shell are
strengthened by_iongitudinal stiffeners and transvérse girders. The plat-
form's all-welded, cgrbon steel plate-stiffener framing is designed to meet
requirements of the American Bureau of Shipping (ABS) Rules forvBuilding
and Classing Steel Vessels and Barges. To give planes of stiffness, bulk-
heads are framed horizontally with ve_r}tic‘al bulkhead webs in line with the
deck and botfom shell girders. The bulkheads divide the platform into_

watertight compartments sized to fulfill the Coast Guard criteria for a

two-compartment standard of subdivision. . .

“VU



Struetures on the élatform are arranged to maintain trim. The largest
single mass, the coﬁtainment building and its associated structure ﬁnd
equipment, is slightl* off center. Other major masses located around the
containment building are the turbine generator, switchyard, and their
foundations and equipment, the spent fuel pit and its shielding, thé/
shielded auxiliary components in the processing and waste treatment systems,
and the shielded engineered safeguard equipment. »

For the major structures on top of the platform, structural steel
connected by welding and similar in design to a conventional plant is
generally uéed_ Bolted joints are used in special circumstances, and
concrete is used in such afeas as the containment, fuel pit, auxiliary
nuclear systems, and safeguérds are;. A steel wave ghield around the
plant’s periphery extends from théﬂ40— to 70-foot level ani serves as a
weathertight barrier, protecting the plant from waves during toying.

Several service systems are independent of the nuclear and ggnerating
plants. The platforh.has a gengral fire alarm system, and cheQical-foam,
water spray, or carbon dioxide prote;tion is provided on.a selecti&é basis
for fire-hazardous areas. Plant list and trim are controlled by a trim
system that transfers water among trim tanks t§ compensate forichanges in
weight distribution. Provisions are made for potable water supplies,:
collecting and treating crew-generated waste, and removal of excess water
from bilges of wate:gight compartments and exposed weather surfaces.

‘Various other systems provide for control of s0lid, liquid, and gaseous
radioactive wastes, mechanical handling equipment, énd process systems for
refueling operations, fejection of waste heat to the ocean, and engineered

safeguards to protect the plant during accidents or other nonroutine .incidents.
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For a plant in place, the morring system, circulating cooling water discharge,
and electrical power connections can accommodate movement of the‘platform

due to tides, winds, design basis seismic occurrences, and other environ-

mental challenges.

The Breakwater

The D-shaped breakwater forms a protective basin for two plangs (see
Figure A-4).l/ For its initial application at thé Atlanﬁic Generating Station
and presumahly‘at.similar sites, the breakwater covers about 100 acres.

The curved portion of the breakwater fac;s the open ocean and is about 3,000
feet long, 300 feet thick ai the base, 30 feet thick at the top and extends
64 feet above mean low water. It is not a homogeneocus structure. After

the foundation is prepared, concrete caissons are sg;k in position and then
filled with sand and rocks. Sand and quarry run rock are then placed

to form a mqund which becomes the core of thg breakwater. The mound is
covered withra iayer of 800-pound rock topped with a layer of 8~ to 10-ton
jetty s;one and then with layers of precast armor units, known as dﬁlosse,
for wave protection (Figure A-5). The breakwater contains about‘e.s million
tons of sand, gfavel, rock, and concrete. 'The straight section of the break-
water is 2,140 feet long and is constfucted‘partially of removable caissons
to permit eﬁﬁry or exit of the FNP (see Figure A-6). TheAmassive ends

are of roekAand dolosse. The appréximately 200-foot apertures between

the curved and straight portions allow access to service vesselslﬁnd

provide circulation between basin énd ocean water. Breakwaters for FNPs

will be the largest manmade structures ever placed in the ocean.

Transmission Lines

A major part of the connection between the powerplant and a shore-based

switching station is a proposed submarine cable. It would, of course, transmit

208
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electric power from the generating plant to the electric grid and'provide
an independent power source to supbly the protective an& saféty sYstems
in the nuclear plant.

Options for the cable system include impregnated-paper-insulated
cablesg, golid dielectric cables, compressed-ga;—insulated cables, aﬁd pipe
cables. A‘revie‘w 6! submafine cable technology x4 suggests that further
work is required to develop subﬁarine cable systems for offshore plants.
Cable manufacturers say that there are no ;‘undamental barriers to developing
the required technology.

One alternative for power transmission is overhead lines supported from
transmission towers or a causeway. 0verhead.lines‘appear technical%y
feasible in warm climaces, e?en though buildup\of excessive salt deposits
may be a problem, but in colé regions, spray freezing on the iﬁsulators.is
a problem. 0ver§ead lines and cauéeways are likely to be unacceptable both
aesthetically and because they obstruct marine traffic. A further drawback
is the danger of ships' colliding with the towers. A

Whatever system is used, a minimum of two independent three-phase
circuits is needed for a single—lg;xit‘ installation. Multiple-uni‘t stations
will require more circuits. For example, the two-unit station proposed by
PSE&G will use five circuits -- two for each offshore plant and a spare.

Installation pro.cedurés for the submarine transmission system-will |
depand on the type of cable, but all must be buried in a trench on the ocean
floor in order to protect the cables from physical damage, primarily ship
, anchors. Anchors can penetrate 8 feet iﬁ s;nd. Thua, depending oh local
marine traffic and on the extent of hottgm sand movement due to waves and

currents, cables will be buried at least 10 and possibly more than 15 feet deep.
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Shore Facility

A pearby onshore construction facility may include a concrete batch
plant with bulk storage areas for cement and aggregates, a paved area for
production of concrete caissons and concrete armor for the breakwater, a
shipping dock,.and cranes serving the sto;aqe: production, and shipping
areas. ' If rock is transported from the quarry by truck or rail, the onshore
support facility must also include a rock storage area, a’barge loading dock,
and cranes. It no existing facilities afe acceétabla then a new facility
is required which would occupy about 100 ;cres, a major cdmmitment of land,
albeit for a short time, séparate ffom the powerplaAt site. Additional
dredéing for a 20~ to 30-foot harbor and éhipping dock may also be required.
When construction is finished (6: if existiné facilities were used), the shore
facility would reguire only about 15 acres, just enough for moving supplies
and personnel to the FNP and for connecting the power transmission cables.
Maintenance facilities will be a continuing need.

Site Characteristics and Design Criteria

The General Case

seve£a1 factorsishould be considered in offshore reactor siting:

° oOther activities‘in_the area -~ recreation, conservatioﬁ,
industry, commerce; etc.

° Hazards to the reactor plant, i.e., airports and seismic
faults,in the vicinity. | '

- Pproximity to existing §ower transmission co;ridors 6hshore
and to electrical load centers.

° fThe ecological effacts of plant construction and operation

on the local marine community.




Water Depth and Wave Height. . Acceptable water depth is determinqd by

the draft of the FNP and the space required to assure that the barge will
clear the bottom under all sea and wind conditions. Dredging for an
access channel an&lto deepen the protective basin may be feasible in
shallow water. The FNP proposaed by OPS ¥ has a draft of 35 feet and
requires a minimum watcr‘depth of 47 feet in the basin.

The naximuﬁ'water depth practical for FNPs protected by rock break-
waters will probably be determined by economics rather than by engineering.
In coastal waters, wave height is directly related to water depth; the
résulc is that as depgh increages, so must breakwatar freeboard in order to
3upply proper proteéticn. Thus, breakwater height and subsequently its cost
increase drastically with water depth. Although technical feasibility is
the overriding issue in breakwater construction, as ; practical matter,
the maximum depth in which an FﬁP is located may be limited to the. extent
that breakwater height and cost 4o not force overall costs above those of
an alternative electrical power(source. A maximum water depth of 75 feet
has been suggested fér the 'offshore gtaticns proposed Dy. OPS. Another

recent study of offshore siting suggests a depth limit of about 70 feet

for a 2,000-MWe station; the corresponding depth for a 4,000-MWe is 100 feet. =~

Meteorological Consideration. Tw6 changes in water level characteristic
.of larée storms may challenge the FNP; The first is a storm surge which is
a positive or negative change'(it may be substantial) in the mean-water level
caused by the normal effects of tides and the effects of pressure differentials
associated with the storm's passage. The second is resonance which is the
sﬁperposition of wave effects githin the breakwater resulting from reffaction,
ovartopping, on reflection of waves outside the breakwater. These are

discussed in chapters IV and V.
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High winds that accompany storms, hurricanes, and tornadoes exert K
sizable forces on FNPs and their moorings. Engineering solutions appear
available, and wind forces should not be a major issue in site selection.

The PSE&G FNP is designed to withstand a tornado or waterspout with a

‘maximum wind speed of up to 360 mph and the probable maximum hurricane

with a 1l0-minute sustained wind speed of 200 mph below 64 feet..

The atmospheric diffusion at an offfhore site must provide adequate
dispersion for gaseous releases under accideﬂt and under normal operating‘
conditions. -Table A-2 shows the minimal acceptable diffusion characte;istics
proposed by OPS. | |

Population Separation Distance. Factérs to be considered in site

selection relating to both thgnpropoééd design and to peculiarities of the
site include population density and uses of the environs, including the
exclusion area, low population zone, and population center distance.

The exclusisn area is defined as that area ground the reactor over which

the reactor licensee has authority to determine all activities, including
exclusion and reﬁoval of'perﬁonnel and propefty. Activities unrelated to the
reactor may be ‘permitted in an exclusion area provided that‘effecﬁivér
control over the area can be exercised by the licensee in the event of an

emergency.

' fhe low population zone is defined a; the area adjacent to the exclusion
area in which: the number énd dep;ityrof residents permits protective measures
to be taken éh their behalf in the evené pf serious accidenﬁ. _The population
center distance.refe:s.to the distance from the reactor to the nearest

boundary of a densely popu;ated center containing more than about 25,000

residents.




TABLE A-~2

ENVELOPE OF ADVERSE ATMOSPHERIC DIFFUSION CONDITIONS FOR OFFSHORE SITES

\

Accident Conditions

Time Following Accident Atmogpheric Conditions Equivalent to:
0-8 hours - : Pasquiii Type G, windspeed 1/2

meter/sec., uniform wind speed

8-24 hours “ Pasquill Type G, windspeed 1-1/2
- meter/sec., variable direction
within a 10° sector

1-4 days ‘ a) 50% Pasquill Type D, windspeed
: 1-1/2 meter/sec.

b) 50% Pasquill Type G. windspeed
1-1/2 meter/sec.

4-30 days a) 33-1/3 pPasquill Type D, windspeed
: 5 meters/sec.
b) 66-2/3 Pasquill Type F, windspeed
2 meters/sec. .
¢) Wind frequency in 22-1/2° Sector
90%.

Average Conditions Over ]l Year (Normal Qveration)

a) 33-1/3 Pasquill Type C, windspeed
3 meters/sec.

b) 33-1/3 Pasquill Type D, windspeed
5 meters/sec. | ‘

¢) 33-1/3 Pasquill Type G, windspeed
2 meters/sec.

d) Wind frequency in 22-1/2° gector, .
30%. :

-
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Generally, nuclear powerplant sites which have an exclusion area radius
of about 0.4 miles and a low population zone radius of 2 miles provide ‘
reasonable assurance that the exposure guidelines can bé met even under
extremely poor meteorclogical conditions. As more information of over-ocean
meteoroclogy becomes available, these distance; may require modification.
Further, the distances consider biological transport mechanisms only if
they are currently identified and defined. The guidelines als§ require that
the ciosest ﬁbundary of the nearest popu¥?tion center of more than about
25,000 personé be not less than one and one-third times the distanée to
the outer boundary of the low population zone. whére large cities or high
population densities are involved, more distance may be necesséry because of
total integrated population dose considerations.

An exclusion area and a low population zone are as much a safety require-
ment for an offshore plant as they are for a land-based one. Howeyer,
implementation of this requirement foé an FNP may differ considerably because‘
a land-based plant either owns or otherwise controls its exclusion area and
the ofishore one‘cannot. The bréakwater could conceivably bou;d fhe.exclusion
area, but a larger plant would require restric¢tive zoning of the open sea,'

an action requiring careful interpretation of laws of the sea. They are

discussed in Chapter VIII.

Besthetics. 1Intrusion on the landscape of laige containment structures,
7rectilinear:$heet-metal buildihgs, cvclone fences, brick stacks, énd other
appurtenances of power stations may be objectionable, especially in a
naturally scenic area. Offshore stations are visible from a longer distance
by more people than onshore plants. Distance is important to aesthetics.

A two-unit station 1oéated 10 miles offshore would be almost unnoticeable:
at 3 miles i; would be noticeable but probably unobtrusive once it becomes

a permanent fixture of the seascape. (Just as ships have become acceptable

because they are a common visual occurrence offshore).
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Geology and Seismology. Requirements for nuclear power reactors siting

gpecify that the geologic, seismic, and engineering characteristics of a site
be investigated in sufficient detail to permit adequate engineering solutions
to geologic features and seismic events affecting the proposed site. Here
tha integrity of the breakwater and the mooring system are essential to keeping
the FNP motion within safe bounds. |

Geologic and seismic investigations are complicated by the gite's being
underwater. Geologic and seismic events could include tectonic uplift or
subsidence; surface faulting, possibly accompanied by permanent ground dis-
placement; ground motion; submarine landslides; soil liguefaction; and
tsunamis. Tecteonic movement, surface faulting, and permanent ground displace-
ment may result in dislocaticn and shiftiné of the ocean floor that in turn
can lead both t5 tilting, misalignment, and failure of a breakwate? founded
on the bottom as well as grovnding of the FNP. Cbviously, locations with-
potential for these phenomena will be avoided.

For land-based }eactors earthquake-induced ground motion is not an
insurmountable problem, and it probably will not be for offshore plants.
The OPS plant is designed to withstand 0.3g horizontal ground acceleration
and 0.2g vertical ground acceleration. |

A key factor governing response of offshore structures to earthquake
motion is the character of the ocean floor material. The extensive damage
from major earthquakes frequently is associfted with unconsolidated water-
saturated rock aﬁd soil; the problem is sedimeﬁt liquefaction -- the tendency
of saturated sediments to lose their shear strength or to liquefy when
subjected to vibrations of the sort that muét be considered in a seismic

event. The rearrangement of the saturated sediment toward a more compact state
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while there is no escape path for the excesé water can result in ligquefaction.
Earthquake liquefaction occurs principally in surface and near-surface
sediment. SQQe fypes of relatively loose, unconsolidated sand or silt on

the ocean bottom, -often of fecent deposition, could fail in this way. 1If
liquefaction were to occur, the sand-water mixture would act as a fluid with
density close to that of sand and would tend to cause aboveground structures
to gink or tilt. .

Site investigations may be neceésary to determine the long-term effects

of ocean waves of low fréquency and 1arge amplitude on the stability of .the
soil adjacent to the breakwater.

' Seismic activity can create tsunamic conditions at locations remote from
the source of disturbance. Tsunamis ﬁre discussed in Chapter IV and
Appendix C.

The Specific Case: The Propbosed Atlantic Generating Station

For PSEsG's proposed floating nuclear powerplant off New'Jergey {the
Atlantic Generating Station), OfZshore Power Systems has prepared design criteria
correlated to the specifié site. Although thé data have no: yet been
verified by the Atomic Energy Commission, the table is reproduced in
Table A-3.

Activities of Plant Construction and Operation

The Atlantic‘Ocean; Gulf of Mexico, Pacific Ocean, and Great Lakes are
all uniéue in terms of water quality, hydrology, climate, gedlegy, and biclogy.
The effects‘cf_construction and operation of FNPs.'then, wili be generally similar
but will be site specific. Chapters V and VI discuss the effects in some detail.
construction, | )

Preparation of the site and construction of a breakwater for an FNP may

‘take 4 years. It is expected to occur in the following sequences:




Design

Maximum Wave
Conditions
Within Basin:

Operating
Basis Wind:

Design Basis
Wind:

Design
Criteria

Ship
collision:

Hazardous
Cargoes:

TABLE A-3

SITE ENVELOPE COMPARISON
PLANT WIND AND WAVE LOADS

Site Envelope Value

Must not cause greater than
3° pitch and rell of plant.
Preliminary Limits: Less
20 feet in height.

180 miles per hour

(Maximum Tornado)
Tangential Velocity
= 300 mph .
Translational Velocity’
= 50 mph
Pressure Drop = 3 psi

SITE ENVELOPE COMPARISON
SITE HAZARDS

Site Envelope Value

The breakwater must prevent
colliding ships or displaced
portions of breakwater from
contacting plant.

Probability of collision
and explosion of munitions
ship must be less than
10-6/year.

Probability of collision
and fire from LNG tanker
must be less than 10-5/year.

Atlantic Generatihg
Station Site value

Calculated to be below
allowable limits - to

be confirmed by model

tests.

156 miles per hour
sustained ~ 1 minute.

(Maximum Tornado)
Tangential Velocity
= 300 mph
Translational Velocity
= 60 mph
Pressure Drop = 3 psi

Atlantic Generating
Station Site value

Analysis shows that con-
tact will be prevented.

.This will be confirmed

by model testing with a
scale model of a 326,000
DWT, 1l.135-foot vessel
of 46-foot draft.

Probability of collision
and explosion of munitions
ship is approximately

7 x 10~10/year and during
peak traffic (wartime)
years is approximately

1.5 x 107 %/year.

Probability of collision
and fire from LNG tanker
is approximately 2.2 x
10-2/year.
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Design

Criteria

Hazardous

- Cargoes

(cont'd)

Aircraft
Collision:

Design
Criteria

Minimum

Water Depth:

Maximum
Water Depth:

SITE ENVELOPE COMPARISON

SITE HAZARDS (cont'd)

Site Envelope Value

Probability of collision
and rupture of an anhydrous
ammonia . tanker must be less
than 10~5/year.

OR

Provide emergency
ventilation or breathing
apparatus.

Fuel spills other than
LNG must be prevented
from coming nearer than
100 feet to plant.

Probability of fixed-wing
aircraft/plant collision
must be less than 10-6/year.

" SITE ENVELOPE COMPARISON
SITE WATER DEPTH

Site Envelope Value

48 feet (approximately
35 -foot draft plus 13-foot
plant motion during tornado).

76 feet (during the
postulated sinking
occurs simulatneously
with the operating basis
storm OR with design
basis tsunami.)

221

Atlantic Generating
Station Site Value

Probability of collision
and rupture by an anhydrous
ammonia tanker is under
study. 1If necessary,
emergency breathing
apparatus can be supplied.

0il boom within breakwater
prevents fuel spill from
coming nearer than 100
feet to plant.

Probability of fixed-wing
aircraft/plant collision
is approximately 3 x 107/
year.

Atlantic -Generating
Station Site Value

50 feet ~ Dredged depth
of 50 feet at mean low
water. (Normal tide
rise = 5.3 feet maximum
storm surge plus tide
during PMH is conserva-
tively taken as plus

25 feet.)

66.3 feet plus wave
height within basin -
(dredged depth of 50
feet at mean low water .
plus operating basis
storm surge and tide of
16.3 feet. wave height
within basin of less
than 9.7 feet during
operating basis storm
to be confirmed by
model testing.) .




Design
Criteria

Breakwater
Support:

Sunken
Plant
Support:

Saismic
Response
of Seabed:

Design
Criteria

Minimum Acceptable

Atmospheric Diffusion
Conditions:

Rainfall:

Air
Temperature:

Water
Temperature:

SITE ENVELOPE COMPARISON
GEOLOGY AND SETSMOLOGY

Site Envelope Value

Seabed must support
breakwater under static
and dynamic conditions.

Seabed must support a
static load of 1,600

" 1bs/£t2,

Characteristics must not
exceed defined response
spectra with maximum
acceleration values of
0.30g horizontal and
0.20g vertical.

METEOROLOGY

Site Envelope Value

Minimum acceptable
conditions are shown
in Table A-2.

Plant is designed for
a maximum of 7"/hour.

Plant is designed for
a minimum of (-) S°F
near sea surface, -

Plant is designed for
a minimum of 3d°F and a
maximum of 85°F.

22¢

Atlantic Generating
Station Site Value

After initial deformation,
the seabed will adequately
support the breakwater
(approximately 10,000
1bs/f£t2.

After initial deformation,
the seabed will support
the plant with a factor
of safety in excess of 5.

- Characteristics are

within defined spectra.
Maximum aceslerations

_are 0.20g horizontal

and 0.13g vertical.

Atlantic Generating
Station Site Value

Predicted x/q values are

_hetter than reference

plant by a factor of 2.

These conditions will

be verified by meteorological
test program.

Recorded monthly pre-
cipitation (measured at
Atlantic City) has never
axceeded S5"/month. ’

Minimum air temperature
(measured at Atlantic
City) from 1951 to 1960
was 5°F. 8ite conditions
near sea surface will

be warmer - to be
verified by meteoro-
logical test program.

Water temperatures obtained
to date from test program
are 37.2°F minimum (January
1973) and 75.7°F maximum
(August 1972).

Sl
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Design
Criteria

Pitch
and Roll:

Heave:

Plant/
Breakwater
Contact:

Alignment of
Connections:

SITE ENVELOPE COMPARISON
MOORING SYSTEM

Site Envelope Value

Pitch and roll accelerations
must not exceed those due

to a motion having ap ampli-
tude of 3° and a period of 13
seconds.

Vertical accelerations
mus t not exceed 0.03g.

The mooring system must
prevent plant/breakwater
‘contact.

Mooring system must
sufficiently limit plant
motion to maintain the
integrity of the trans-
mission lines and circu-
lating water discharge
structures.
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Atlantic Generating
Station Site value

Accelerations will be
determined by wave
conditions within basin.
Mooring system design
will not amplify these
accelerations.

Accelerations will be
determined by wave
conditions within basin,
Mooring systems will
not amplify these
accelerations,

.

The mooring system will
prevent plant/breakwater
contact. (Plant/seabed
contact is prevented by
minimum water depth),.

Mooring system restrains
horizontal motion of these
points to 8.2 feet maxi-
mum, which is sufficient.
(This motion occurs

only under simultaneous
worst motions; simultaneous
worst motion is very un-
likely).
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e If no facility within a reasonablo distance has the required
capabilities, then an assembly-mafshalinq yard musat be
constructed. About 100 acres of land must be acquired, the
do;osso and caisson manufacturing facility prepared, a barge
docking facility built, and access and transportation
facilities for people and materials established.

° Preparaﬁian'of the FNP site will taki several months of
dredging and leveling. Construction of the breakwater will
then begin; it will involve activity both on- and offshore
and will probably extend over' 2 or 3 years, depending on
weather. |

° installqtion of underground transmission lines will require
trenching between the site and the shore. Either an aerial
or unde:grgund transmiﬁsion line from the onshore facility to
a substation will be constructed. .

plant Cperation and Maintenance

Condenser Cooling System. The -basic components of ‘an FNP water
cooling‘system as exampled by the propoaed'AtlanticvGenerating Station off
New Jersey & are illustrated in Figure 3—7. All therroutine discharges
from an FNP are cpntained in either thg condenser coolipq water or Ehg
plant building veﬁtilation sysﬁems. No liquid wastes are expected to be
discharged routinely into the protective lagoon directly.

The condenser cooling water is pumped at a rats of about 1 million
gpm and a velocity of llft./sec.‘through intake scresns inside the lagoon
inté a high-flow, low-temperature-rise (16° F temperature increase)
condenser system. It is discharged into a low-head catchment basin from

which it flows to a submerged discharge-structure outside the breakﬁaﬁer

into the ocean. Discharge velocity is slightly less than 8 ft./sec.; it

W
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will vary with the discharge system used. Time of transit from point‘of
intake to point of diséharge is approximately 4 min. All secondary liquid
waste, laundry and sanitary, as wall as the liquid radioactive waste, is
treated and then discharged into the catchgent basin.

Waste heat discharged to the‘ocean per FNP will amount to about 7.5 x
109 BTU/hr, with the thermal plume occupying se&ernl hundred acres due
éo the high flow rate. Dilution and other cooling mechanisms will reduce
~ the 16°F increase.

Hydraulic model studies have been conducted for the Atlantic Generating
Station to evaluate alternate cooling water discharge ar:auqements.z/

They have shown that for a two-unit FNP, either a surface or hottom point
discharge can achieve a reduction‘iﬁ temperature elevation from 16°F to
2.5°F at the boundary of the near field. A temperature reduction.o! 16°F
to 1°F could be achieved by a multiport diffuser,Q/ but it wouid increasa
costs and increase residence time for entrained organisms up to 300% at
high temperatur; .

A varieﬁy of processes in the ;oastal zone -- tidal effects and macroscale
éizculaticn. for example -- combine to produce a hydrographic situation
with no dominant current pattern. Thus, analysis of the f;r field iffects
may be very difficult for offshore plants,

The openings in,£he breakwater proposéd by PSE&G'lie normal té the
éoaatlinc and thus are generally parallel to the coastal currents (see
Figure A-7). Two patterns of current flow lead to two ditfer.nt‘impingomnnt
possibilities. The first wé may eﬁviaago is a strong coastal cu:reht of
more than 1 fps. Under this condition, water flow will be approximately

2 fps into one breakwater opening and roughly zero through the other. when

R { R
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there is no coastal current, flow into the bfeakwater will a&erage
roughly 0.75 fps, with a maximum of 1.3 fps into each opening. Wate;
flow at the intake of the barge ;ill‘be roughly 1 fps under ;11
conditions.

The challenges presented by the condenser cooling system to the

environment are discussed in Chapter V.

Radiological Considerations. Operagion of the FNP station during the
30- to 40-year pericd fo:‘whiéh it is licensed should differ only slightly
from land—baéed plants with respect to‘ﬂuclear operation. Periodically,
fresh reactor fuel will have to be provided, and spent fuel will be remo#ed.'
After the initial core loaaing. approximately one-third of the core, about
65 fuel assemblies, will be replaced annually. The totai weight of fresh
fuel shipped annually will be about 92,000 pounds.

Spent fuel will haQe operated on the average at thé equivalent of
24,000 full power hours. Prior to shipment. the spént fuel assemblies
will be cooled in't£e spent fuel pool for about 4 months after removal
from the reactor. The potential for the accidental release of‘radioe
actiyity during refueling, fuel shipment, and operations is discussed in
Chapter iv.

Waste hanaling and treatment systems for current FNP concepts represent
cur:eﬁt LWR.concépts.with ice con;ainment‘adjusted to apply to an offshore
plant. ' |

| Before any treated 1iquid wastesvarekreleased..samples will Be analyzed
for type andbamount of radioactivity. The wastes will then'be.reqyéled.
released unde; controlled coﬁdipions into the circulating water,
or’further processed. Estimated liquid releases are given in Table A-4.
More compleﬁe descriptions may se oﬁtained from the environmental impact

statement (EIS) of similar plants.




TABLE A-4

Egtimated Annual Release of Radionuclides

in piguid Effluent

Release per Unit AFeleaae per Unit
Nuclide (Ci/year) 1/ Nuclide (ci/year)
Na-24 3.0(-95) Te-129m 2.9(-4)
p-32 1.0(=5Y Te-129 1.9(-4)
p-33 5.0(-5) _Te-131m 1.8(-4)
Cr-51 2.0(-4) Te-131 3.0(=-5)
Mn-54 4.0(=5) Te-132 3.85(-3)
Mn-56 4.8(-4) 1-130 2.6(~4)
Fe-55 1.9(=-4) I-131 2.0(-1)
Fe-59 1.1(-4) 1-132 5.9(-3)
Co-58 1.8(=3) 1-133 8.0(=2)
Co-60 2.3(-4) 1-134 - 1.3(-4)
¥i-63 2.0(=5) ! 1-135 1.1(=2)
Br-g82 7.0(-%) Cs-134m 6.4(-4)
Br-a3 6.0(=5) Ccs-134 1.7(-1)
Rb-86 5.0(-4) Cs-135m 3.0(-5)
Rb-88 9.4(=3) Cs-136 7.0(=2).
Rb-89 4.3(-4) ‘c8-137 1.2(-1)
Sr-89 8.0(=5) Cs-138 6.4(-3)
Rb=90 2.0(~S) Cs-139 2.2(-4)
sr-o1 2.0(-5) Ba-137m 9.9(-3)
¥Y-91m 8.0(-5) Ba-139 4.0(=5)
¥Y-91 3.0(-4) Ba-140 8.0(-5)
¥-~92 1.0(-5) La-140 7.0(-5)
Nh-92 4.0(=5) ce-141 1.0(-5)
2r-95 1.0(~-5) Pr-143 1.0(-5)
Nb-95 1.0(=5) w-187 1.7(-4)
Mo-99 3.9(-3) Np-239. 7.0(-5)
Tc-99m 3.6(=3) Total, excluding] 0.70
Sn-117m 1.6(-5) tritium :
sn-123 2.1(~3) Tritium 350
Te-127m 6.0(=5)
Te-127 . 8.0(=5)

l/ The number in parentheses is a power of ten. i.é..'S.O(-S) - 3.0x 10"5

e 8L
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in addition to the sources listed, less than 0.2 Ci per unit may be
released annually in untreated effluent from the turbine building condensate
leaks. The 1iqgid radiocactive waste system is capable of processing
ligquid effluents to satisfy requirements. ’
Radicactive materials released to thé atmosphere as gaseocus effluents

will include fission-product noble gases (krypton and xench), halogens (mostly

iodines), tfitium contained in water vapor, and particulate material, including

.both fission products and activated corrosion produéts. Long-lived gaseocus

radioactive waste will come primarily from the degassing of the primary
collant during letdown of the cooling water into the holding tanks.
Additional sources of gaséous waste inciude veﬁiilation air released from
the auxiliary building and the turbine building, off-gasses from the steam
generator blowdown tanks, off-gas from the condenser steam air ejectors,
and purging of the reactoi containment building. Selective conﬁrolled
emission ensures that gaseous wastes will be released only during favorable
meteorological conditions. Estimated releases are listed in Table A-5.

One other possible radiation cha;lenqe will occur if neutrons coming from
the bottom of the reactor reach the watef under the barge in sufficient numbers
so that indﬁced radioact;vity in the water and in aquatic species living in
that volume of water‘beéomes important.

Worker exposure will>about equal that ag‘a shore-based plant although
workers will spend approximately twice as much time onsite; Living guarters
will be more isolated from direct sources of radiation than working areas.

If gaseous releases are controlled to take ad&antagevof local atmospheric

 conditions, the individual doses to workers as a result of living onsite

should be even less than those acquired on duty.

(>}
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Chemical and Biocide Systems. 'operation of an offshore nuclear powerplant

will result in the release of various chemicals, including biocides, to

the enVironment. In general, their release will be of the same type and magnitude

as would be expected from a shore-based plant:

The hajor use of inplant chemicals is controcl of corrosion, deposition,
and fouling. Chemica}s contained ‘in the closed nuclear system afe essentially
conserved. Any leakage or discharge is careful;y managed and subject to
processing for reuse or offsite disposal.’

Chemicals used in power generation are hydrazine, morﬁholineL and
phosphates. These materials are used in relatively small émounts and are
dischargeé in the steam generator blowdown. Approximate1y<640‘pounds of
35% hyﬂrazine‘éolution, 500 pounds of morpholine solution, énd’3,300 pounds of
disodium and trisodium phosphate will be discharged each yegr'during normal
plant oﬁerations._ When‘diluted with sea water in the cooling water discharge,
the hydrazine and morpholine are too dilute to be detectable, and the phosphg@e
concentration is about 2 x 1073 ppm. .

The cboling water system consists of a noncirculating, enclosed service
water system and the continuously flowing once-through cooling waters which‘
make up the very large vélume of water discharged while the plant is operating.
The enclosed service water will be heavily dosed with an extremely toxic anti-
cc:résion chromatic solution. Ldss of this water is protected to ensure that
leakage will préduce a chromatic concentration at the circﬁlaﬁing Qatef
system outlet of less than 1 x 1074 ppm. Most circuiating ;atér is
continuouslyntreated with sodium hypochlorite to cqntrol fqﬁling Sy keeping
the chlorine residual concentration at less than 0.5 ppm. The average
concentration aﬁ.the discharge is expected to be 0.l ppm o? lesé.

Any other chemicals used are relatively insignificant and will result

in undetectable discharges. 1In all cases, intensional discharge of chemicals, -

including biocides, will be at concentrations within water gquality standards.




Sanitary and Other Waste Systems. The sanitary system is self-contained.

Water for all domestic used in provided by the makeup water system. Waste
water is treated prior to discharge; solid wastes are handled in accordance
with prevailing standards.

Decommissioning An Offshore Nuclear Powerplant

Forty years is the maximum period for which AEC issues a license to
operate a nuclear powerplant on- or offshore. At the end of that time thé
operator must renew his license or épply for termination of the license and
for authority to diémantle the facility and dispose of its components. Z/
Termination of coperation and plant dismantling are generally called

‘”decommissioning."

Land-Based Nuclear Powerplants

Decommissioning Exverience. As of June 30, 1973, 33 central-station nuclear

powerplants were in operation, S7 wera being built, and 7 had been shut down or
dismantled. All are or were land-based. S5ix of the deconmissicned plants
were thermal reactors (chain reaction based on thermal neutrons} of the same
nuclear type as proposed for use offshore. Table A-6 lists the characteristics
of the gix reactors and summarizes the decommissioning actions that have been
taken.

Methods of decommissioning varied according to conditions and cbjectives;
they include combinations of dismantling and burial in élace ({Hallam), conversion
to a fcssil-fueied powerplant (Pathfinder),‘complete removal from the site and
burial in a licensed area(Elk River}, and entombment in place with protective
abandonment (Carolinas Virginia, BONUS). This experience indicates a number
of practical ways to decommission relatively small land-based nuclear powerplants.
Extrapolation to the large FNPs must be considered somewhat speculative and

engineering development may be required.

12
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TABLE A~6

Nuclear Powerplants Decommissioned

)

g

Facility, Piqua, Ohio

and -moderated

Facility Reactor Type MwWe MW Description of Action
net .
Hallam Nuclear Power. Sodium~cooled, 75 240 Startup iﬁ 1962, shutdown in
Facility (HNPF), graphite- 1964. Dismantled, buried
Hallam, Neb. . moderated in place at cost of $3,176,671.
Carolinas Virginia Tube Heavy-water- 17 65 Startup in 1963, shutdown in
Reactor, Parr, §.C. cocled and 1967. Entombed in place.
‘ -moderated Building locked.
Beiling Nuclear Super- : Boiling-water, 16.5 50 Startup in 1964, shutdown in
heater Power Station integral 1968. Entombed in place.
{BONUS), Punta nuclear Building is nuclear museun.
Higuera, P.R. superheat
Pathfinder Atomic Boiling-water, 58.5 190 Startup in 1964; shutdown in
‘Plant, Siox Falls, nuclear super- 1967. Entombed in place.
s.D. heat Building to be used for other
purposes. Plant converted
to fossil fuel, 1969.
Elk River Reactor, Boiling-water 22 58.2 Startup in 1962, shutdown in
Elk River, Minn. 1968. All above~grade material
removed; all below-grade - .-
material contaminated with
detectable reactor-originated
radiocactivity removed at
cost of about $5,600,000.
Piqua Nuclear Power "Organic-cooled 11.4 45.5 Startup in 1963, shutdown in

1966. Entombed in place,
shielding added. Building
used as warehouse. Cost
$1,045,690

1

Sources: “Four Decommissioning Case Histories, " Nuclear News, June 1970, pp-39-58:

A. Giambusso  (Foreword): B. Ureda and W.F. Heine (Hallam); W. Willoughby II
and H.T. Babb (CVTR); Modesto Iriarte, Jr. and J. Hernandex-Fragoso (BONUS):
and N.M. Bjeldanes (Pathfinder):
Dismantling, Elk River, Minnesota," USAEC Report WASH-1516, May 1972;

"Retirement of the Pigqua Nuclear Power Facility." C.W. Wheelock, Atomics
International Report AI-AEC-12832, April 1, 1970.

“Environmental Statement: Elk River Reactor
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Decommissioning Methods. Before a nuclear powerplant is decommissioned,

the operator removes as much of the radicactive material from the site as
can be done in standard or routine operations. All nuclear fuel is removed
from the site and transported to a nuclear fuel reprocessing facility.
Equipment that has been in contact with radiocactive liquids or gases is
cleaned and decontaminated. This process may require disassembly of some
components such as valves and segments of pipe that resist decontamination
by flushing. Disassembly and cleaning in a large system may be both lengthy
and costly.

All solid and liquid radicactive wastes, including contaminated primary
reactor ccolant, ére processed, §-/transferred to suicable c:anspotﬁ casks,
and shipped to licensed repository for disposal or burial. Waste processing,
limited disassembly, and cleaning have been performed during the iife of the
plant.

At the conclusion of these activities, most of the radiocactivity
remaining in the plant will be in those materials which have been exposed
to ;he reactor;s negtron flux, i.e., in the internal structures and walls
. of the pressure vessel, in the biological shield, and in the vessels, piping,
and equipment located within the biological shield. The removal or seguestering
of these materials as well as the disassembly of hard-to-clean components
and systems involves unique and costly activities.

Tﬁgre are three basic decommissioning methods: complete removal of the
entire nuclear powerplant from the site; eptémbment of éhe pressure vessal,
its internals, and the bioclogical shield and removal of the remainder of
the plant from the site; and mothballing the plant. Complete remﬁval
permits the siﬁe to be turned over to other uses. Entombment permits other

84,
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use of the site except for that occupied by the entombment structure.
Mothballing can consist of sealing the containment structure and its
congents while either remoQing the remainder o} the plant or leaving it
in place and providing security and surveillance measures that will limit

access to those authorized to maintain the mothballing. Although many

variations are possible, most decommissioning actions have been variants

‘of the entombment method: only one complete removal opération was

acccﬁplished.

Radioactivity Involved in Decommissioning

Fission products and the neutron-activated materials are the two basic
sources of radioactivity in a nuclear powérplant. For the most part the fission
products are removed with the spent nuclear fuel: some remain in the primary
coolant circuit and in plant systems fof pxécessing radioactivg wastes. Careful
cleaning (decontamination) removes most of the lattér, so that when decommissioning
pegins, most of the remaining fission products are in the form of residues on the
walls of vessels azné pipes and in hard-to-clean spaces in valves. pumps, and‘other
eqﬁipment. .

The neutron-activated materials constitﬁte the significant radiological
hazaré after the initial plant cleanup is completecd. Thev ace contained
within the biolqgical sh;eld. that is, wherever there are neut#oﬁs when
the reactor isbopéfating. Because the neutron flux.deczeaées outside the-
nuclear.fuel volﬁme, thé greatest specific activity (curies éér kilogram)
igs in the materials inside the pressure vessel (core support §:ructure.‘c§n£rol
rod guides, di:fuser plates, baffles, thérmai shield,_etc_i. Similarly,
the first feﬁjihches from the inner surface of the pressure vessel have most of

the induced radiocactivity, as do the inner portions of the biological shield.

~ —




After the reactor has been shut down for several months, three activities
dominate: Fe=55 (2.7 year half-life), Co-66 (5.27-year haif-life), and Ni-63
(92 year half-life); Both the iron and nickel radioisotopes emit relatively
1e;s-penetratinq radiations (low-energy beta particles and soft x-raYs) than
the radioact;ve cobalt, which emits 1.33 and l1.17 MeV gamma rays. Because
all the radioisotopes are hazardous when in airborne mﬁterial or when in

‘materials that‘may come into contact with the skin or be ingested, protective
‘measures must be taken -to prevent ingestion or inhalatiqn by persons wo;kinq

with or dismantling contaminated equipment,

Unlike the iron and niEkel'éadioisotopes.‘:hé.:adiocabal: is also hazardous
at a disctance and shielding is needed for protection against the gamma rays.
Because of its 5.27-year halﬁ—life. the activity of the Co-560 and che
associated gamma emission decreases to 10% of its initial intensity in 17.5
years and to 1% in 35 years. In practicai serms, éhis means that a
auclear powerplant could be decommissioned‘by antombment and then atfter a
faw decades, when the radiation hazard is substantially reduced, the entombed
material cﬁuld be cchplgtely removed.

Experience with decommissioning does not provide quantitative data
on the radioactivity levels that would be present in a floating nuclear
powerplant at the time of decommissioning. The radiocactivity would be
§reater than in-thé Elk River reactor by virtue of the larger masses of the
equipment within'the biological shield and the longer operating time..
However, the spectrum of radiocactive species would be essentially the same

.

as experienced in decommissioning other water-cooled power resactors.
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Configuration of the core and the surrounding sﬁructures has a strong
influence on the level ﬁo which these materials are activated. Regardless
of plant size, vessel activation is implicitly limited by design constraints
imposed to assure structural integtiéy to the end of the plant design life.

Floating Nuclear Powerplahts

Before and during the initial phases of decommissioning, all radio-
activeiy cont&minated equipment in nuclear powerplants would ﬁe cleaned and
decéntaminated ané all the fuel and liquéd, and solid radiocactive wastes
removed. For the FNP, wastes would'be shipped to licensed onshore fuel

reprocessing and radiocactive waste disposal facilities. Except for the removal

of the tritium that has been retained in the plant, these operations are like

those that will be conducted during the offshore plant's 40-year life.

Decommigsioning an offshore plant can also range from mothballing onsite
to complete removal from the site. For discussion, the options between these
two extremes are three: permanenﬁ layup (at the offshore site_orvelsewhere),
dismantling (at the offshore site or elsewhere) and onshore di;pcsal, and -
decontamination (at the site) andbsinking at sea. Table A-7 iisﬁs
probablé actions that might be taken in decommissioning by gaéh of these thrae

methods. In the following sections each of the methods is discussed in turn.

Permanent Lavuo. Long-term storage of the floating nuclear powerplant may

be ar option avalliable to the plant operator. Regardless of whether storage is

within the breakwater or at some estuarine or riverine location, the operator

has to assure thaﬁ radioactive materials (primarily those within the pressﬁré

vessel) are-not aliowed to leak out of the plant. This requires certnin acﬁions

briefly cited in Table A-7. | - '-
If stcrége is within the breakwater, the contiﬁuous'exposure of the plant

to the marine environment and the wind and wave stresses require that
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the plaﬁt be battened down much more securely than if storage is inland.
Moreover, it may be difficult to maintain the integrity of the plant hull
in seawater over long periods of time. With a decommissioned nuclear

powerplant remaining at the offshore site, the breakwater would have to

t
»

continue to protect the barge and its components. Protection wouid réquire
continued maintenance of the breakwater structure, oéération of navigational
aids, ‘and surveillance to protect against unauthorized entry. If the
plant has been well secured against leakage of radioactivity, soée
deteriération of the breakwater may be acceptable.

Depending on the condition of the hull, long-term layup ;nd storage;could
be provided in é freshwater estuary or river where protective custody could
be maintainaé. For ‘storage within the bréakwater, the hull must remain afloat:
however, it is not exposed to‘thé stresses §f open sea. If the operator is
required to maintain the hull in a seaworthf condition during plant operations,
this method of decommissioning should be feasible. Transporting the FﬁP
to the storage site would be possible after measures are'takén to protect thé
plant in transit. For the most part, they would be the same as those taken
when the F&P is, moved from the manufacturer's plant to the offshore'éité. at.
the storage site, maintenance (if necessary) of the hull would réquire continued
use of impressedlcathodi; cur;ent, regular inspection, and qcéa#ional repairs
and replacement o< parts. If a suitable dock were accessible, drvdocking is '
also possitle, ﬁut at éonsiderable cost.

‘ Both methods of permanent layup fequire changes in thg bréakwater.

Storage within the breakwater might require closiné the breakwaﬁer, and
storage at énather site would require partial disméntling pf Ehelbreakwater-
to permit removal of the FNP.

Dismantling and OQghoré Disposal. Dismantling in the breakwater is

tedhniéally feasible but is likely to be more costly than onshore. If the.

seaworthiness of the hull is doubtful, partial or complete'dismantling at the

939
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offshore site could be necessary. ¥ However, it is more likely that the plant
will be ;cwed to a shore-based facility, where decommissioning will be similar —~
-to decommissioning a land-based powerplant. 7

Entombing the pressure vesseL ;nd internals in place is not éractical:
however, with adequgte crane capacity at an onshore facility and withva nearby .
licensed burial ground, it may be practical to seal the vessel and move it a short
distance from a docking area to the burial. site. Or the onshore dismantling
could ba limited'to removal of all nonradicactive components and all low-level
radicactive materials, the pressure vessel and its internals would be kept on
the baréq and the bﬁrge wbuldbbe moved to a long-term storage area. Once |
numerous FNPs are operational, it is possible that a dry dock capable of accemo-
dating the dismantling of the large hﬁllé will become a neaded axtansion of tha
:cffshore nuclear powar indugt:y. Scrapping the hull may raquiras development of
‘special procedu;és for handling residual radioactive contamination and neutron-

induced radiocactivity in the hull structure under the reactor compartment. The

facilities may or may not be locataed at the manufacturing site.

Decontamination and Sinking. After salvaging any equipment or materials of

value, the FNP may be disposed of at sea. Because it is too higﬁ -~ about 250
feet from the bottom of the hull to the top of the containment building --
sinking inside the breakwatgr,‘where water depth i3 less than 75 feet, is not
‘possible. In order to avoid qreating-a navigational or fisheriés'haiard, it
would have to b§ sunk beyond the continental shelf, i.e., at depths greater
than 200 meters, or possibly at an EPA-designated dumping site, [

Before disposal at sea, all radioaétivg materigis would have to be
removed and all remaining equipment carefully decontaminated to remove any
residual fission products. Moreover, because of the neutron-induced radio-

activity and fission-prbduced residues within the biological shield, it would

be necessary to sever pipes, to weld seals,: and perhaps to £ill some systems
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with materials impervious to seawater in order to assure retention of the
radioactivity. These procedurés would prevent the leaching of radio-
active materials and contamination of the sea. Because the dominant
radioactivity (Co-60) has a half-life of 5.27 years, the protection does
not have to be effective for an indefinite period.

There aré variants of the decontamination and sinking method. It may
be practical to detach the containment structure, sink it, and then salvage
or scrap the remainder of the plant at a hrydock. This method will amount to
dismantling with disposal of the neutron-induced radiocactivity at sea rather
than at a licensed onshore burial site. Assuming that these pperaﬁions meet
the rgquiremenﬁs'of the 1972 Marine Protection, Research and Sanctuaries Act;g/
ana the Federal Water Pollution Control Act Améndments of 1972 %lf so that a
dumping permit may be obtained, the floating nuclear powerplant is ready.for

disposal at sea. - Although it is technically possible to sink the plant without

radiocactive or other hazard, decontamination and sinking at sea appear the least -

attractive methgd of decommissioning. No econcmic advantages are apparent.

A conéern guite different Zrom any of the above regards the International
Convention on the Prevention of Marine Pollution by Dumping of Wastes and
Other Matter. 1If the Uniied States signs the convention, it will be necessary
tc consider whether disposal of a decontaminated nuclear pqwe#plant at sea is

agvisable from the standpoint of relations with other signatdries.

The Breakwater

If the plant is to be removed, the straight section of the breakwateé
will be disassembled. First the armor units (dolosse)‘will Se femoved from
around the caissons on the leeward breakwater as réquired to refloat the caissons:
then the ballast is removed from the caissons to refloat them; and the FNP is
moved out through the opening. After decommissioning, the breakwater can either

-

be restored or completely removed.
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A decision regarding removal of the breakwater will follow an evaluation
of the costs and environmental impacts of three basic options: perpetual
care, complete removal, and conversion to other use.

Perpetual Care. .An abandoned breakwater may be a continuing hazard
to shipéinq. At the véry least, navigational aids would be required on and
around the structure, regardless of Qhether the FNP has been removed or is
mothballed within the breakwater.

Other Usa. The breakwater could continue to be used for a thermal electric
powerplant site -; e.g., an improved nuclear unit, or it coculd be used for
other purposes, with or without modification. In it3 original configuration,
the breakwater could serve as a harbor for small vessels, lightering operations,
or to contain a tloatinq industrial plant such as a fish cannery. fishv
protein processing plaﬁt. or other aesthetically undesirable plant. These
alternatives require minimal modification of the breakwater.

Continued use of the breakwater in conjunction with a floating industriai
plant would involve intenéive investment of capital. Some modifications
of the bresakwater -- ;dding slips and wharves for gervice opergtions and
waste disposal facilities -- may be required. It is unlikely that the moorings
for the nuclear plant can alsoc serve the industrial plant, so ﬂew mooring will
'have éo be provided. If the industrial activity could be designed to avoid major
alterations of the breakwater, pgrt of the original investment méy'be:
recovered by the zale or lease of rights to the basin. .Electric power require-
ments could be met by using the buried ﬁranqmission cables, thus eliminating
the need for de&omnissioning the transmission lines or their landward connections.

A more veraatile alternative would be to convert the breakwag#r into an
artificial island. In the years immediately following decommissi&ning, the
area enclosed by the breakwater could be used as a solid waste or dredge spoil
disposal areﬁ: whén filled it becomes an island. The area available at 64

feet above mean low water would be at least 30 acres. Potential uses include

D
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a resort with hotel, an industrial area with bulk transshipment facilities
for coal and iron ore, and oil storage area associated with a monobuoy in
deeper water. |

If the breakwater is converted to an artificial island, the gaps between
the leeward and ;eawqrd breakwaters would havé to be closed prior to filling.
It would be necessary to remove the armor units around caissons on the leeward
breakwater, float the caissoné, etc., and remove the FNP. A navigation
warning system and maintainence of the breakwater (the artificial island
perimeter) would also be necessafy.

Removal. Removal of the breakwater would require an engineering effort
equal to or greater than that involved in its emplacement. After the FNP is
removed, the armor units and underlayer materials would be removéd, the remaining
caissons from leeward and seaward breakwaters would then be removed, and the
materials would be taken to the disposal site.

As during the breakwater emplacement, the heavy floating equipment required

will be severely restricted by/adverse weather and seas. Equipment for removing

the heavy dolosse would be required first. Due to interlocking of the dolosse,

this lifting eguipment may need tc be capacities of 100 tons. Divers may be

l.required to attach the lifting hooks to the underwater dolcosse and the lifting

slings to the largest rock. The smaller rock and sand can be removed from the
breakwater and from the caissons using standaré buckets ané dreégés. The locose
breakwater materials and doloése can be barged to a disposai area. Caissons

can be floated to the disposal area ﬁ#ing seagoing tugs and éhén sunk.vahe time
required for‘bréaiwater removal will probably be equal to the original

emplacement time, depending on site location, weather, and seas.

Shore Facilities
what is done is decommissioning each individual facility depends on
prospects for future use. Po:ts, transmission systems, shops, and buildings

may be used by Ehe utility for other power géneration operations or for other

X
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purposes. Facilities that become useless may be removed, particularly if
salvage valués,_land values, or government policies favor that course.
Resthetic restoration of areas once occupied by transmission lines,

railways, piers; and other highly visible features is not likely to be

undertaken except to satisfy laws and regulations then in force. Materials

and equipment that could be salvaged from the visible structures generally

would not be valuable enough to justiff demolition and removal. In time,

°

|
the space occupied by old structures may be needed for other purposes, in ‘ ’ i

which case the conversion would be effected for economic reasons. Shops and
warves located in an industrialized area would prﬁbably‘continue to be of
value for industrial use. Isoclated ports and transmission lines would he

less likely tc be in sufficient demand to justify rescoration.
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p INPﬁANT NUCLEAR ACCIDENTS: SELECTED CALCULATIONS

Consideration of risks associated with postulated accidents must take
into account both the probabilities of occurrence and consequences. For
analytical purposes, the accidents possible ép a nuclear plant have been'
classified by the AREC; each class is characterized by an occurrencé rate

and consequences. The severity of accidents ranges from trivial to very

.serious, Some examples are shown in Table B-1l.

Classes 1 and 2 represent occurrencee which are anticipated during
nuclear plant operations, and their consequences, which/are very sméll,
are considered within the framework of routine effluents from the plant.
Classes 3 th:qugh L coula océur scmetime during the 40-year plant life.
Classes 6 and 7 are of similar or lower probability than Classes 3 through
5 but are still possible. The probability of Clags B accidents is3véry
small. cClass 9 involves successive failures more severe than those requireé
to be considered in thebdesign bases of protection systems‘and engineered
safety features, Although their conseguences could be severe, the AEé 3udge§
the probability of occurrence to be very small kecause of muitiplg physical
barriers; gquality assurance for design, manufgcture, and operatiOn; continued
surveillance.and testing; ané conservative design., Best estimate accident
doses (a écse_is_“thg quantity of radiﬁtion absorbed, per unit of mass, by tﬁe
nodv or any .porticn of the body"i/) have beer calculated for several clasﬁes
of accidents (see Table B-2) for FNPs by OPS. Aeccident doses ééi_mps will
be ;ndependentiy'éalculated by the AEC during.the safety and en?ironmental

review of the OPS proposal.




Class

TABLE B-1

EXAMPLES OF NUCLEAR POWERPLANT ACCIDENTS

Description

Trivial incidents

Small release outside
containment

Radwaste system failure
Fission products to przmary
system (BWR)

Fission products to primary

and secondary systems (PWR).

Refuelihg accidents

Spent fuel handling

.accidents

Accident initiation events
considered in design basis
evaluation in the safety,
analysis report

Hypothetical sequence of
fajlures more severe than
Class 8

Examples

Releagses of radioactive
materials within raquiremaents
for routine cperations

Releases through steamline relief
valves and small spills and leaks
of radicactive materials outside

containment

Equipment leakage or malfunctions:;
release of waste zas and liguid
storage tank contents

Fuel cladding defects; off-deszgn
transients that induce fuel
failures above those expected

Fuel cladding defects and steam
generator leak; off-design tran-
sients that induce fuel failure
above those expaected and steam
generator leak:; steam generator
tube rupture

Fuel bundle rod; heavy object drop
onto fuel in core: (inside
containment)

Fuel assembly drop in fuel stcorage
pool; heavy object drop onto fuel
rack; fuel cask drop (outside
containment)

Loss-of-collant accidents; break
in instrument line from primary
system that penetrates the con-
tainment; rod ejection accident
(PWR) ; rod drop accident (BWR):

steamline breaks

Loss-of-coolant accident accompa-
nied by multiple failures of the
emergency core cooling systems

oo

"o~
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Table B~2

&

ACCIDENT EVALUATED BY OPS

& Class Description
3.1 Equipment leakage or maifunction
3.2 ) Release of waste Jas storage =ank ;bntents
3.3 - : Release of liquid waste storage tank contents
5.2 . Off-design 24-hour transient, release from turbine
hall

5.3 ’ : Steam gJenerator tube rupture
6.1 . ‘ Fuel bundle drop
6.2 ’ Heavy object drop onto fuel in Core
7.2 Heavy object drop Snto fuel rack

7.3 Fuel_cask drop
8.1 Loss—of-doolant_accident small pipe break
8.1 - Loss-of-coolant accident large Pipe Break
8.2(a) = ’ Rﬁd ejection accident

‘8.3(a) ) Large stéam line Break

Source: _oﬁfshore Power Systers "Environreatal Reporﬁ; Supélement
~to Manufacturing Application, Part II," June 1973.
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The amount absorbed by individuals exposed to nuclear.radiations is measured in rems. A
rem. i3 defined as "a meﬁsure of the dose of any ionizing radiation to body.tissue in
t;rms of its estimated biological effect relative to a dose of one roentgen of x—rays."z/
A doge of 1 rem is considered equivalent to a dose or 1 roentgen of X- or gamma radiation.
Radiation absorbed by a group of persons is the product of tﬁe number of persons in the
group times the average dose absorbed (in rems) by eacﬁ member of the grdup.

For each accident class, radiologicﬁl consequences were calculated in terms of
the dose as a function of di#tance from the plant. Results of some of these calculations
are given in Figures B-l through B~4. The assumptions underlying the dose values and
the atmospheric diffusion factors used in the calculaéions are given in the OPS report.

The dogses computed by OPS for each postulated event are summarized in Table B-3.

Population doses within a 50-mile radius were estimated by oPS for four

rspregentative sites and are summarized in Table B~4. The sites are: --off the

New Jersey coast; Onslow Bay near Wilmington, N.C.:; off the Floridé coast near Fort

Piarce: and the Gulf of Mexico near Corpus Christi.

— - REFERENCES

Y
10 CFR §20.4(a)

Ibid.
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AVERAGE DOSES FROM OFFSHORE PLANTS TO A 1980 POPULATION (IN MAN-REMS) WITHIN A S0

. TABLE B-4 .

flew Jerse
Whole

Class Event . "Thyroid

3.1 Equipment leakage or 1.8{(-6)*
malfunction

3.2  Release of waste gas —--
storage tank contents

‘3.3 Release of liquid 7.2{-6)
Waste Storage Tank

, Contents

5.2 - Off Dasign Transients 1.1(-3)

5.3 , Steam Ganerator Tube 1.4(-5)
- Aupture o

6.1 ‘Fuel Bundle Orop 7.0(-4)

6.2  Heavy Object Drop 1.2(-2)
Cnto fuel In Care

7.1 . Fuel Assembly Orop 7.0(-4)

. In Fuel Storage Tank

7.2 ‘' Heavy Gbject Orop 1.3(-3)
Onts Fuel Rack

7.3 Fuel Cask Orop 4.1(-7)
(one element) .

7.3 Fuel Cask Drop 2.1(-6)
(ten element)

g.1 LOCA (small pipe 1.5(-7)
break}

8.1  +LOCA (large pipe ©9.1(~4)
break)

8.2(a) Rod Ejection ©9.1(-5)

8.3¢a)  Steam Line Break 1.6(-5)

- (1arge breek)
Hatural Man-rem/year '9.46(+4)

Background

* Note: Read 1.8(-6) as
1.8 x 10~6

e

25+

~MILE RADIUS

North Carolina Florida Texas
Whole Whole Whole
Body Thyroid Body Thyroid Body Thyroid Body
3.0(-3)  3.3(-7) 5.4(-4) 1.0(-6) 1.7(-3)‘ -8.9(-7) 1.5(-3)
. 6.1(=3) ——- 1.1(-3) ——- 3.4(=3) ana 3.0(-3)
3.2(-3) 1.3{-6) 5.8(-4) 4.0(-6) 1.8(-3) 3.6(-6) 1.56(-3)
5.1(=5) 1.9(-4) 9L3(-5) 5.8(-4) 2.8(-5) 5.2(-4) 2.5(-5)
6.1(-4) 2.5(-6) 1.1(-4) 7.6(-6) 3.4(-4) 6.8(-5) 3.0(-%
5.4(-5)  1.3(-4) 9.8(-6) 3.9(-4) 3.0(-5) 3.5(-4) 2.7(-5)
1(-3) 2.2(-3)  1.9(-4)  6.7(-3) 5.9(-4) 6.0(-3) 5.3(-4)
5.4(-5) 1.3(-4) 9.8(-6) 3.9(-4) 3.0(-5) 3.5(-4) 2.5(-5)
§.6(-5) 2.4(-4) 8.4(-6) 7.2(-4) 2.6(-5) 6.5(-4) 2.3(-5)
"1.9(-5) 7.4(-8) 3.5(-8) 2.3(-7) 1.07(-5) 2.0(-7) 9.5(-6)
1.9(-8)  3.7(-7) 3.5(-5) 1.1(-6) 1.1(-4) 1.0(-6) 9.5(-5)
1.9(-5)  2.7(-8) 3.5(=6) 8.3(-8) 1.1{-5) 7.4(-8) 9.5(~6)
8.2(-3) 1.7(-4) 1.5(-3) 5.1(-4) 4.5(-3) 4.5(-4) 4.0(-3)
8.2(-4) 1.7(-5) 1.5(-4) 5.1(-5) 4.5(-8) 4,5(-5) 4.0(-4)
‘--. 2’8(-6) - 3.‘6('6) ;‘- 7-7(-6) A
1.40(+4) 2.02(+5) 1.99(+4)

” .
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APPENDIX C: ENVIRONMENTAL AND LIVING RESOURCES DESCRIPTIONS

Part 1: Regional Environmental Consideratione

INTRODUCTION

The following sections describe the general environmental conditions and living
resources of four regions: the Atlantic, Gulf of Mexico, and Pacific coastal aress and
continental shelves, and the Great Lakes. The ocean arsas considered extend approxi-
mately 60 miles seaward.

The major disciplines covered and their order of discussion are: marine geology
and topography, physical and chemical oceanography, climate and weather, earthquakes
and seismie sea waves (tsunamis), and living resources. Gaps in the daga and informa-
tion resourées currently available for these regions are also identified. Because the
various environméntal elements and the marine ecosystems on which they impact are

. . .

interactive, major interfaces and interrelationships are cited whenever possible, and

significant threshold values identified.

THE ATLANTIC COAST
GEOLOGY AND TOPOGRAPHY

1. Beaches and Shoreline. The‘only significant rocky shores on the Atlantic

Coast are found in areas from Mzine to Connecticut. Between these rocky areas are
several long saﬁdy beaches and numerous emall ones used by the public for. recreational
activities. The remainder of the coastline, from New York to Flotida; generally con~-
sists of long straighe beaches.lj

Typical beach profiles on the Atlantic coast are aﬁoun i; fig.‘i (vertical
exaggeration 2.5x) on which the generally gentle slopes of the inner continental slope§
can be seen. Nearly all profiles are sand both above and below the mid~tidal line
(designa:e& as 0 in fig. 1) except where cobbles, beachrock, or coral bottom (noted in
fig. 1) are present locally. The coarse sediments are the result of relatively active
currents. The average widcth of the beaches is about 70 me:ers:gl ' -

2. The Continental Shelf. The topography of the Atlantic Shelf 15 generally

gentle in slope. The locations of the various named segments of the Atlantic Shelf are shown
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DISTANCE,? IN METERS

BELMAR. N. 7.'? l-w
ATLANTIC CITY, N.J.
ad 13

BETHANY

BEACH. §§ L. ? Imes |
VIRGINIA BEACH. VA - »mu
RODANTHE, N T° e
CAFT LOOKOYL. N.C.

1%
LONG BEACH. - L
[T7SLE OF PALMS S C. - —
! . .
N HILTON M LY ———
ATLANTIC BEACH, FLA ‘ o ——
! - . 13884
EAU GALLE. FLA Teverens
T d
JUNG BEACH FLA = lns:
FORT LAUDEF - :
DALE FLA \mn me—
- PLANTATION KZY. FLA. r\\
- L
KEY WEST FLA - TR OCR 2y
{mes
SAN BLAsm
GULF BEACH~LLA e ———
CRAB LAKE. TEX. —

Figure 1.-—Typical beach profiles of Atlantic and Gulf coasts. Ver~
tical scale 4 m between each horizontal line. Vertical exaggeration
2.5 x. The vertical line (0 m) represents the midtide line.

Source: Emery, K.0., and E. Uchupi, 1972: Western North Atlantic
Ocean, American Association of Petroleum Geologists, Memoir 17.
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in fig. 2. The chief factors i. the development of the individusl shelf segments are:

Gulf of Maine, Bay of Fundy, and Northeast Channel-—glacial

erosion and marine deposition.

Georges Bank--glacial erosion, glacial meltwater, and marine

deposition.

Hatteras - Cape Cod Shelf--glacial erosion, glacial meltwater,

and marine deposition.

Florida - Hatteras Shelf--Marine deposition.gj

The Atlantic shelf may be divided intdb three zones. 1In the northern zone from
Nova Scotia to Nantucket Island it has broad basins separated by flat-topped banks,
undulating swells, and irregularly crested hills. Some of the basins reach depths
greater than 200 meters. The irregular topography of the Gulf of Maine consists of
numerous banks,_basins, and valleys, with mixtures of conrse and fineégrained sand
typical of glaﬁial deposits;ﬂl 7

From Nantucket Island to Cape Lookout, North Carolina, the shelf is smoother,
but its sprfaqe is disrupted by sand swells, channgls, coral mcun&s and terraces.. The
change from the glacfated regions to the north is most abrupt in the Long Island regioﬁ,
where the shelf becomes relatively smooth.

.From Cape Lookout to the Florida Reys shelf topography is more complicated. The
slope seaward is rélativeiy smooth, but has gradién:s as much as five times steeper
than farthe: ﬁotth. The area is complex, cqnsis:ing of a shelf, m;rginal plateau (the
Biake Plateau), a trough (the Straits of Florida) and the Bahama Banks. On the east
coast o South Plorida the sgelf is very narrow because of the strong Gulf Stream
currents, ané in some regions of the Blake Plateau bottom sediment is removed by
scouring action.i/

) The sedimentary beds overlying thc_Con:igental Sheif are generally flat to
genﬁly 1néiihgd. The depth to bedrock is 4 to 10 kilometers.

3. Shelf Sediments. The principal types of shelf sediments are: (1) detrital

(supplied by streems, shores, and glaciers); (2) biogenic (skeletal material of
calcareou; or other composition and nonskeletal organic matter); (35vauthigen1c
(deposited chemically from the water; (4) residual (weathered from undetlying rockQ);
and (5) rafted (mainly by ice). Figures 3 and 4 show the distribution, origin, and the

age of the sediments found on the shelf.

[ AW)
o
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Sand is very common along the Atlantic shelf and rarely more than 10 meters thick,
although there are 'lenses" some several hundred meters thick. Local gravel deposits

may be as much as 60 meters thick. The surface sediments ﬁend to be underlain by a 4

clayey substrate.

4. Sediment Movement. Sediment movement studies are sporadic on the U.S.

Atlantic shelf. Representative of general conditions which may be ex:;apolated for this
grehter area are studies reported by Moody and Duane and others.ﬁj Tﬁese studies show
that sand ridges off Beéhany,Beach. Delaware, moved in a general southéast direction a
ﬁaximum disténcé o? 250 meters im 42 yearé, while the shoreline had migrate& from 25 to
65 meters landﬁard. Ridges may shift during large storms. In general, however, move-
ment of bottom Sediments are not well kmown.

l N N
Data obtained with current meters located 3 meters above the seabed in 50 to 80

‘meters of water indicate that sediment tramsport occurs only during storms. Bedload

sediment ttansporf is negligible compared to suspended load :ransport.l( Calculations

sugge;t that a severe storm occurring every few years might have more geological signifi-

cance than a number of less severe»s:orms.gl
; . )

5. Engineering Properties. The,bottom‘strength on the Arlantic shelf is
undoubtedly quiie good because cf the ubiquity.of sands. However, fluvial channels can
introduce unpredictable lateral and vertical sedimentological varia:ions.'>5uch features
wher. recognized shoulé be studied as regards to potential site locations. From Maine
o] iong Island engineering condi:ipns necessaryv to sarlsfy foundation critefia are best
found where relatively unwéathered overburden is close to sea floor eprsures and where
the giacial overburder consists ol norizontally stratified sznd and gravel with an
abserce of ;hick accumularions of silt ané clay and duried channels.

Buried channels from Long Island to Florida are filled with diversified sediments,
their nature depehding upon souice and ﬁay offer a v;riety of engineering pfoblens in
designing‘found;tion structures. ‘

Much of the area from Cape Kennedy to Miami is underlain by reéf-like coquina
masses_2/ These masses may outcrop on the sea floor or are covered by vatigd thicknesses
of sands. These varied subbottom conditionsvatcordingly will produce dissimilar

engineering foundation conditions.ig/ i

OCEANOGRAPHY

1. Tides. Tides along the Atlantic coast are semidiurnal, with two nearly equal
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highs and lows occurring each lunar day (approx. 24.84 solar hours). There are latitu-
dinal variations in the mean ranges (the difference in height between mean high water
and mean low water) along the coast, with alternating highs and lows. Low ranges are
found at Key West, Fla. (1.3 ft.), Cape Henry, Va. (2.8 ft.), and Woods Hole, Mass.

(1.8 ft.). Spring tides lyfor :hesg areas are approximately 0.5 ft. higher ;han the
mean range. Alternating high rang?s are found at the Savannsh River entrance, Ga.

(6.9 ft.), Sandy Hook, N.J. (4.6 £t.), and the extreme highs in the Gulf of Maine

(9.0 fr. at Bostén L;gh:ship ro 18.2 fr. at Eastport, Me.). Spring tides fot_chase
locacio;s ;te approximately 1.5 ft. higher than the mean range.

Very little information is available to establish tidal datum planes im the off-

shora region. Tidal measuramencs, of very 3hort duration, ara ivailapie Zor Savannan
ight (9 ailes offshore) and Tgxas Tower 2 (11 ailes asffshore om Georgzes 3ank) for
comparison with léﬁd-éositianed meaéurémzncs. The Texas Tower locacidn has a :dean tidal
raﬁge of 4.2 Feet, which ig 2.5 to ].G‘Eeet lower chan ctidal ranges recorded on Cape Cod.

‘

The Savannah Light location exnibits a =2aza tidal ranges of 3.4 Zzec, which is onlv
slighcly lo@er‘(z Q.5 feet) than adjacenc coastal locacions-;;/

Tidal currents in coastal waters can ve idencified as either reversing or rocary.
Reversing tidal curreants are the clasgic ebb and flood currents found in estuarine
embaynents and coastal inlets. Aléng the east coast, revetsing'currenta reflect the
semidiurnal tides, setting in one direction for a period of about 6§ hours, after which
they cease to flow momentarily (slackiwa:er) and then set in the opposite iirection
during the following 6 hours. Velocities are quite variable from location to locaticen,
and reflect the controiling influences produced by both the varying tidal ranges and
the restrictive or non-restrictive nature of the surrounding natural barriers. The
direction of flow is restricred to the channel created by the barriet,_and éur¥ent
speeds in confined iﬁlets exposea go the open o;eau can exceed 3 knots on either the
flood or ebb.

In the offshore region the tide-induced current, not being confined to a rastricted
channél; changes its diéection contiaually and never comes to slack water. During a
tidal cycle (about 12-1/2 hours) the current will have set in all directions of the
compass. This type of tidal current is called "totéry." Current speeds are generally
weak, but speeds of 1-1[2 to 3 knots have been recorded at offshore positions along the

entire east coast.

g

|/
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2. Circulation. The northerly flowing Gulf Stream isione of the most signifi-
cant features directly influencing shelf waters from southern Florida to Cape Hatteras
and, more indifeccly. the shelf watetslnorth of Cape Hatteras. On a regional basis,
the surface circulation over the shelf is markedly influenced by (a) river runoff .
creating horizoﬁtal salinity gradiemts, (b) seasongl horizontal temperature gradients,
(¢) frietional drag of the wind, and (d) the gffecz of the Coriolis force.ég/ Figure 5
illustrates the general surface circulation along the east coast.
(a) Gulf of Maine - Georges Bank.

(1) Surface Circulation (sée'fig. 5). The main feafure of the circula-
tion in the Gulf of Maine is an appa?enfly permanent cyclonic (counter—-clockwise) eddy‘
thatlencompasses most of the Gulf. Imput into this eddy system comes from the east
across the Scotian Shelf and Brown's Bank. -The westerly flow branches northward enter-
ing the east side of the Bay_of Fundy. The second arm continﬁes westwéfd, recombining
with the discharge from the Bay and turning southward to parallel the coast.

The Gulf of Maine Eddy enlarges rapidly during the spring add, by the end of
Méy, encq;npasses the whole Gulf. Around the Cape Cod ares, £he wa:et‘ﬁoves southward
during fall and winter as a broad drift current. In spring and summer an ;nticyclonic
(ciockwise) eddy (Georges. Bank Gyre) deveiops on Georges Bank, leaving only a narrow

14/

stream close to Cape Coéd flowing-southward.-
(il) Subs;rface Circulation. In the Gulf of‘Maine-Georges Bank ares, -

there is a cross-current transfer of coastal and oceanic water (movement of fresh water
offshore along the surface and salt water inshore along the bottom). Superimposed on
this more or less steady excnange are .snport-term variations caused_by:wiﬁd ané large,
frictionally driver eddies.

Bas‘ed on seabed drifters released along the inshore waters of the Western
Gulf qf Maine, the salient bottom water movements are (l)vshoreward, aé vell as into
bays and estuaries, and (2) coastwise for varying distances. The movemegts along the
coast are gsually from east to vesﬁ, except in the west, where drifters move offshore
and Qou;hwgyd.;il

(b) - Middle Atlamtic Bight (Cape Cod to Cape Hatteras).

(1) Surface Circulation (see fig. 5). The gemeral circulation in this

area apparently results from the entrainment of shelf and sldpe water by the Gulf Stream '

over southern portions, and the subsequent replenishment of the enﬁgained waters over

the remainder of the area. As a result, the normal surface circulation over the inshore”

0o
€
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Figure 5.——General surface circulation along the East Coast. -130°

‘Source: Axis of Gulf Stream based on Gulf Stream Monthly Summary,

Vol. 6, 1971, U.S. Naval Oceanographic Office. Circulation patterns derived
from Bumpus, D.F., and L.M. Lauzier, 1965. Surface Cireulation on the
Continental Shelf Off Eastern North America Between Newfoundland and ' .
Florida. Serial Atlas of the Marine Envirommant Folio 17, Anevicom Gevprpnto]
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half of the Middle Atlantic Bight is toward the south and southwest. On the outer part
of the shelf.'the drift is offshore.

An indraft from western Georges Bank and from southwest of Nantucket Shoals
develops during the spring and persists through June or July. During the summer, the
southwesterly drift towards Cape Hatteras narrows'and there 1s often a reversal of the
southerly 1n$hore drift off the Middle Atlantic states. In the winter, the offshore
component of drift broadens and increases to become the prevailing circulation tendency.

The southerly and southwesterly longshore flow can be altered locally to a
considerable degree by winds and abnormal river discharge (particularly south of Long
Island and around the mouth of Chesapeake Bay). L%kewise. turbulent eddies can develop
around the offing of bays and in the lee of islands and points of land.lél

» (i1) Subsurface Circularion. Based on seabed drifter recoveries
between Nantucket Shoals and Delaware Bay, there is evidence to indicate an offshore
bottom drift ea;t of the 55-65 meter depth contours. Shoreward of this interval, the
trend of bottom drift is onshore, to the west or south. The rate of bottom drift varies
from <0.19 km/d;y t; 1.3 km/day-ll/ In the area adjacent to Chesapeake Bay, there is‘a
pronounced drift toward the shore and to the southwest throughout all seasoans (fig. 6),

“'and seabed arifters ﬁave a tendency to travel toward and even to enter Chesapeake Bay.
Seave¢ drifters réleased to the eas: and northeast of Cape Batteras are seldom recovered,
suggesting an offsnore drift of bottom waters.

(¢) ‘Southeast Atlantic Stares (Cape Hatreras to Florida).

‘ (i) Surface Circulation (see fig. '5). Because of its proximity to
shore, the Gulf Stream has its mos: profound effecrs on the coastal circulation alomg
~he Southeas:z Azlanctic States. TFTrom Miami te Cape Kenmedy, northwarc flowing Guls
étream‘wa:er comes almost to the beaches. From Cape Kennédy to Cape ﬁatteras,.the
coastal circuiafion is mainly in the form of numercus eddies, fric:iénally generated
from the Gulf Stream, A general northward drift is typical over the outer shelf,‘with
southerly countercurrents along the shore. There is s general offshore drift during
winter. A cyclonic eddy seems typical of the area between Cape Romain.and Jacksonville,
Fla., for ;11 seasons except spring, but the strength, breadth, and ¢6nfiguration of
this feature_is'probably quite variable. Topographic effects of the three, cusp-ﬁhaped
embaymenté between Capé Romain and Cape Hatteras apparently tend to setup w;ve forms in
the generally norther%g to northeasterly flow in that region, with eddies developing

in the bays at times.
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Figure 6.--Direction of bottom drift derived from seabed drifter
recoverias. .

Source: Harrison, W., J.J. Norcross, N.A. Pore, and E.M. Stanley, 1967:
Circulation of shelf Waters off the Chesapeake Bight-—Surface and Bottom
Drift of Continental Shelf Waters Between Cape Henlopen, Delaware, and
Cape Hatteras, North Carolina June 1963-December 1964. ESSA Pro-

fessional Paper No. 3.
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(11) Subsurface Circulation. Subsurface flow is highly variable,
dependent principally on meanders and pgrturbations along the inner edge of the Gulf
Stream, with some influence from the local winds. Generally, the sub;urface'currents
follow the surfacé flow, but apparently»cag.changg direction more abruptly than at the
surface. This is particularly ;ikely ih;the subsurface waters south of Cape Kennedy
and over the outer shelf north of che‘Capgigvf

3. MWater Mass Characteristics.
(a) Gulf of Maipe.

(1) Water Temperature. The Honest water temperatures for this coastal

sector can be expected during the latter part of February and early March. The coastal

belt will exhibit temperatures below 2°C at the surface all around the Gulf by the end

of winter, uifh its central and offshore cowponents having slightly warmer surface

wvaters (see fig. 7). : \\\
Vertically, water temperatures are very nearly umiform by the end of vinte;b\\
down to depths of 100 meters, rising slowly with increasing depth below this level. \\\\\\
Waters entrapped in the many embayments along the coast will freeze,.as well as show | \“n“\
negative remperatures (°C) with depth. . . . N
Spring warming is caused by solar imput at the surface and Ey drafts of \\\

comparativelv warr slope water entering through thg trough of the Eaétern Channel. Sur-
face_:empera:ureé in June along the Massachusetts coast are >15°C, as compared to 7° and
eocC pff_PenobScot Bay, and >6°C on the Scotian shelf. '

By midsummer the surface water has achieved irs maximur temperatrures (fig. 8).
Temperatures are still nighes:t along the Massachusetts anc soutnern Maine coasts
(16-18°C},with some of the lowest coastal tempera:tures recorded along the ezstern Maine
coast. During this season the vertical temperature gradient is very sharp down to 40
meters, with a slight fall in temperature with increasing depth beyond this level.
Depending on locality, a slight warming or cooling trend may take plaée in‘the Gulf
bélow 100 metérs. With the onset of autumn cooling, the Gulf returns to a more homo-
genous vertical temperature disttibution.gg/ ' ‘

Water temperatures from the surface to a depth of 10 metérs for the Gulf of
Maine as a whole exhibit seasonal ranges of < 22°C to > 8°C for the summer seasom (July-
Sept.) and < 6°C ro -0.59C for the winter season (Jan,-Mar.). .

. - (41) Salinity. The Gulf of Maine is characterized‘by low salinities

averaging about 32 to 32.5 %/oo (parts per thousand) at the surface and 32.8 to 33 %/oo
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Figure 8.——Normal surface temperatures of mid-August.
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at 100 meters. The large influx of fresh water to this semi-enclosed area during the
spring runoff greatly influences the salinity along the western coast for a good portion
of the year.

At the end of February and in early March, the salinity of most parts of the
Gulf is at its maximum for the yéar, except near the mouths of large rivers. The’
regional vertical distribution of salinity for this same period 1s'mucﬁ the same down to

a depth of 40-50 meters as it 1s at the surface (see f£ig. 9); beyond :hié level, salinity

&

increases with increasing depth.
The spring river runoff decreases the salinity of near-coastal wafcrs of
Yaine and Massachusetts. Tﬁe general distribution of salinity at this time of year . e
indicaces that the discharge from :tihe rivers :that drain into the 3ay of Fundy and along
the Maine coast turns wesivard, paralleling zhe shore, and does nq£ spread éou:hward
aver fbe Gulf. 3ecause of chis fresh water incursion, coastal areas show very sharp
vertical salinicy gradients, with salinicy incxeasing with depth.;;/
In summer and fall, river discharges west of 2enobscot 3ay'iﬁ:en$ify che
salinicy gradients both norizonecally and verticaily in :the near coastal region.;a/

(1ii) Oxygen. Oxygen valueé for the Gulf of Maine as a whole sﬁow aigh
cqnceucrations with depth during the winter (Jan.-Mar.) and spring (Apr.-June) se;sons,
with mean surf#ce values of 7.43 and 7.85 millil;:efs per liter (m1/1) respectively.
'_Meéd,surface values for the summer (July-Sept.) and winter (Oct.-Dec.) seasons are some-
:whac lower at 6.17 and 6.50 ml/l, respactively. The range of values is greatest during
- the spring, and the highest surface oxygen conicentration alse appears at this period,
~with surface values between 6.22 and 9.96 ml/1. |

Oxygen values decrease gslowly yith depth, and relatively high values are
found at depths of 125 meters. The annual mean range at 125 meters is 5.56-6.28 ml/1.

(b) Middle Atlantic Bight (Cape Cod “to Cape Hatteras),

(1) ‘Temperature._ Changes in water temperature are most tapid during the

hia

spring and fall. Warming becomes apparent near the coast in early spring and by the end

of April vertical thermal stratification may have developed.gl/

The fully developed

summer thermal structure exhibits a deoply_ﬁapressed thermocline (a layer of abrupt

temperature change) with the mixed layer extending iz to 18 meters below the surface.gs/ -
Fig. 10 1llustrates the development of the thermal stratification. Because of strong

tidal mixing, this summer stracification does not develop just south of Cape Cod. 2/



Figure 9.--Surface salinity, February-March.

70 [ (1
-
-
)
E4
) ~s '
Source: Bigelow, H.B., 1924: Physical Oceanography of the Gulf of
Mgine, Bulletin of the Bureau of Fisheries 40(2).
™
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The pronounced thermal stratification of shelf watéts is usually wiped out
with the onset of co;ling in Sepiember, and the water temperature profile returns to a
nearly isothefmal (no change in temperature with depth) situation. As cooling continues
throughout the fall and winter months the water column reﬁains thermally homogenous.Zé/

Surfacé‘water temperatures are at a miniium late in February or early March,
with the lowest values near land and the highest along the edge of the shelf. During
these months, 1nshore‘w§ters exhibit temperatures of 2-5°C, with temperatures increasing
toward the south} Surface temperatures normally reach their annual maximum in early
August with temperatures of 27°¢C off Cape Hatteras.gzj Table 1 illustrates the Qeasonal
temperature trends with depth for a band through the area between 38-40 degrees north
latitude. . )

(11) Salinity. Shelf water salinities off the Mid-A:iaﬁtic Bight -
increase consistently with depth and distance f?om shore. 1Isohalines (contours of con-
stant salinities) tend to parallel the coasc,.buc the.pattetn is ofteﬁ very irregular.
This -is ‘particularly true for the mouths of large estuaries such as Chesapeake aﬁd _

28/

Delaware Bays during periods of high fresh water runoff, ==

The chief facters tending to alter the basic'salinity patterns over the shelf

are: (1) ffashening by river water entering near the surface inshore, céusing horizontal

s:raﬁificatiqn of salinity and (2) indrafcs of éaltier slope water over the ‘bottom ffom
offshore during the fall, vﬁich result in vertical ﬁixins.gg/-Fig. 11 illustrates the
horizontal strétification resulting fromw fresh-water input inte the éystem. while fig. 12
illuétra:es the vertical s?tatification‘during periods of low Erash—watér inpur.

Nearshore waters typicallyv exhidit salinities less than 32 °/oo; values over

the mid-zone of the shelf range from 32-35 %/oo; anc values of 34-35 ®/60 occur near the

shelf edge. There is little difference in salinity lengthwise over the shelf from Cape

Cod to Cape Hatteras, regardless'of dépth or seaéon. Just south of Hatteras a wedge of
pure ocean:whter,(35.5 %/00) presses in across the shelf (here only 27 ﬁiles wide),
causing an abruﬁ: transition southward to much higher salinity values.ggj

(iii) Oxygen. Surface oxygen values tend tO‘ihctease from Cape Hatteras

(seasonal mean range 4.95-5.91 ml/l) northward, with the highest values found off Cape

Cod (seasonal meén.range 5.60-7.54 ml/1). The spring season (April-June) has the highest

values along the entire coast, with maximum values of 9.55 nl/l occurring at the surface
south of Cape Cod. Based on an 1n4depth survey in the fall of 1969, oxygen distribution

along :his‘section of coast decreases from the edge of the Continental Shelf toward the
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- Figure 12,—Salinity profiles crossing the Continental Shelf, Detember:
Cape May; D, off

A, off Martha's Vineyard; B, off New York; C, off

.Bodie Island.

g.30
n.3e
12.45

e

0.0

Source: Bigelow, ﬁ.B., and M. Sears, 1935: Studies of the Waters on
the Continental Shelf, Cape Cod to Chesapeake Bay, II Salinity, Papers

in Phvsical Oceanography and Meteorology 4(1).
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shoreline. Particularly low values, 3.2 and 0.7 ml/l, respectively, are found off the
entrances to New York‘Harbor and Delﬁware Bay.éll

Generally oxygen decreases'with‘depth during all seasons; houefgt. southward
from .Sandy Hook mean oxygen values increase with depth during thg Summer season.

(¢) Southeastern Atlancic States (cApé Hatteras to Florid#).

(1) Temperature. This section of the Atlantic coast comes under the
direct influence of the Gulf Stream, resulting in both high salinities (>36 o/oo) very
closé 1nsh§re and wide ranges in temperature over short distances. The wide therﬁal
rangés are also evident at depth. .

During the winter season (Janﬁary;uarcﬁ), the waters of th; coastal Carolinas
exhibit a tempgrature‘incregse with depth. Mean temperature values shqv an increase of
39C from the sdrface to 75 me£ers. Surface’temper#tures range between 8 and 23°C. Off
the Florida coast temperatures decrease with depth and Qurface temperatures range
between 18 and 27°C.

During the summer season (July-Sept.), surface tempetatufes exhibit a much
narrower range along the entire coast with temperatures from the surface to 10 meters
ranging fr6m125°c to 29.5°C off the Carolinas and 27°C to 31°C off Ploriék. However, the
thermal range increases with depth, and»along the Florida coast at 75 meters the horfi-
zontal temperature distribution is between 12 and 28°C.

(ii) Salinity. Salinity zends to increase with depth. Mean salinity
values‘of‘36 ®/oo or greater are found along this section of the coast for all seasons
and depths, except near the Cape Hatteras ares, whefe low salinity values are found
dhring al;:seasons at deptns of 50 merers. 1In the spring, surface fresﬁ-wﬁter runoff is
quicze evideﬁg'in the upper 10 ;e:Ers off the Carclina sounds, where surface_salinities,
range bet§§e§v30 %/00 ané 36 °/oo.§2/ Also during the spring season (Ayril-June),
salinities apﬁt;aching 37 ®°/oo can be found to depths of 125 meters aioﬁg the Florida
coast. . . ‘

‘ﬁiii) Oxygen. Mean oxygen values of 4.5 ml/l Arerfound at the surface
and decrease  only slightly with depth (nean.value of 4.0 ml/1) during all sea&ons along
the Flcrid;,;oaéc. This same general trend extends northward to the Cape Hatteras area,

where mean surface values reach 5.5 ml/l.

‘CLIMATOLOGY

1. General. The genérél surface wind pattern along the Atlancic coast is con=

[ )

«l
-3




trolled largely by the position and intensity of the Bermuda-Azores high-pressure system.
"The éharac:eristics and location of this extensive High vary comsiderably during the
- year. In the Qin:er. it usually is centered far to the southeast.

The major low-pressure storm systeme, which develop over the interior, the Gulf
of Mexiéo, and off the southeastern coast, may sweep through the North Atlantic States.

. These extratropicgl cyclones usually travel between north and east-northeast; many are
intenss and severe, and are accompanied by gtrong, gusty winds and rain or snow.

Highs from the interior usually follow the passage of these Lown._p?oducins a
pattern of rapidly changing air masses and variable winter weather conditions. There are
marked temperature fluctuations and an alternation of bdrief stormy periods, clear crisp
days, and relatively mild weather.

In che spring, the Bermuda;Azores digh, although still centered far co the souch-
east, begins to affect the southeastern States. The Middle Atlantic and Yew England
coasts are usually outside the high-pressure circulation, however, and are still squect
to the passage of extratropical cyclones, frontal activity, and changing air massas.
Warm spells, Sometimes with abundant rain, altermata with cool, dry weather.

Ia the summer, :hﬁ Bermuda-Azores High reaches its most northerly agd westerly
position, embracing the entire eastern seaboard within its circulation. The ﬁf:ength-
of this circulation is moderate but persistent, suffiéiently so- to hold back the east-
ward movement of the continental low-pressure system. As-a consequence, the daily
weather along the coast wmay not change much for several weeks at a time; it is ;on-
trolled by the séutherly and southwesterly Qinds bringing moist, warm air from the Gulf.
This weacther 1is charactetized by frequeant instability showgra and thunderstorms, warm
temperatures, high humidity, and relatively low wind speeds. However, :hé summer months
also include the beginning of the hurricane season. .

In the augpmn, the Bermuda-Azores High again shifts southward and eastward,
leaving the Atlantic coast in a weak continental high-pressure area. This gradually
gives way to the yinter weather pattern, bringing increased frontal activity and more
frequent passaée of cyclones and #nticyclones. '

2. Extratropical Cyclomes. Extratropical or "winter” storms are generated from
disturbances along tﬁé boundary between ccld polar and warm tropical air masses. These
disturbances may develop into intense low-pressure systems affecting tems of thousands
of square miles. While they are called winter storms, they may develop at any time.

The most severe ones occur from November through April.
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Winter storms often form along the Atlantie polar front near the coast of
Virginia and the Carolinas and in the general area east of the southern Appalachians.
These are the notorious Cape Hatteras storms -~ nor'easters -- which can develop to
great intensity as they move up the coast, then drift secawsrd toward Iceland. Intense
winter storms aré frequently accompanied by cold waves, ice or glaze, heavy snow,
blizzards, or 5 combination of these; often the precipitation cypé changes several times
as the storm passes. Such storms ﬁay produce hurricane-force winds, stoxm surges, and
high waves in coastal waters. These are discussed below. Although the annual number of
extratropical ‘storms far exceeds the number ;f hurricanes, only a relative few cause
severe demage.

3. Iropical C clones.éé/ "“Tropical cycloné" is a general term‘for storms that
form in the tropics.. The weakest stage is the tropical disturbance, where rotary circu=-
lation is slight or absent at the surface. Next in intensity is the tropical ée;ression,
where a surf;ce circulation is evident, but winds are less than 34 kt. Io the tropical
storm stage, maximum winds range from 34 to 63 kt. At hurricane intensity, winds reach
64 kt or hiéher. When a tropical cyclone moves toward higher latitudes, 1€ slowly
takes on the characteristics of am extratropical storm and finally, if it survives,
becomes extratropical. Most Atlantic hurricanes occur from June through November, a
period ;sually considered the hurricane season. An averagé of 9.6 tropical cyclones
form each sezson, of which about 5.6 reach hurricane imtemsity (> 64 kt). Less than
3 percent have occurred out of seasén ftable 2).

Starting with a few storms in June and July, there is a sharp increase 1nvfre-
quency in early August. This culminat;s in & peak ir mid-September, followed by &
decline in early October, a small increase to a secondary peak in mid-October, and
finally & sharp decrease to a low level of activity in late October and November. About
79 perceﬁt of all hut:icane; from 1886 through 1§72 occurred during the three months from
August through October.

On the average, 3.7 tropical cyclones,.af which 1.8 are hurricanes, reach the
ﬁ.s. coast each year (table 3). One to two of these tropical cyclones can be expected to
affect the east coast, The average life of & hurricane is about 9 days. August storms
normally las; the longest, with an average span of 12 days. July and November storms
last about 8 da}sﬁ

The most dangerous éingle element of the hurricane is tﬂe accompanying high tides

as the stormm moves across a coastal area. It is here, by far, that most of the death
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Table 3.--North Atlantic tropical cyclone statistics for past years.

TOTAL NUMBER OF TROPICAL CYCLONES., LOSS OF LIFE AND DAMAGE

Total Number Tropical Cyclones* Total Number Hurricanes Loss of Life Damage by Cam"
All Reaching All Reaching Total All United Total All United
Year Areas U.S. Coast Areas U. S, Coast Areas States Areas States
1931 9 2 2 0 0 ]
1932 11 5 8 2 0 #
1933 21 7 9 5 63 7
1934 11 5 8 3 17 6
1935 6 2 5 2 414 7
. 58 21 28 12
1936 16 7 7 3 9 6
1937 9 4 3 0 0 4
1938 8 4 3 2 800 8 |
1939 5 3 3 1 3 3 X
1940 8 3 4 2 51 8§ |
46 21 20 8
1941 ] 4 4 2 10 7
1942 10 3 4 2 17 8 7 7
1943 10 4 5 1 19 16 7 7 \
1944 11 4 7 3 1,076 64 8 3 ;
1945 11 3 3 3 29 7 8 P -3 i
48 20 25 11 .
1948 [ 4 3 1 3 0 T N
1947 9 7 5 3 72 33 8 .8
1948 9 4 6 3 24 3 7 7
1949 13 3 7 2 4 4 8 El
1950 13 4 11 3 27 19 7 7
30 22 32 12
1951 10 1 8 0 244 0 7 6
1952 7 2 6 1 16 3 5 8
1953 14 6 8 2 3 2 7 7
1954 11 4 £l 3 720+~ 193 9 9
1955 12 H 9 3 1,518~ 218 9 9
54 _ 13 37 9
1956 8 2 4 1 76 21 8 7
1957 8 3 3 1 475 395 8 g
1958 10 1 7 0 48 2 7 7
1959 11 7 .7 3 - 37 24 7 7
1960 7 5 4 2 185 65 8 8
44 20 25 7
1961 11 3 8 1 345 48 8 8
1962 5 1 3 0 4 4 6 8
1963 9 1 7 1 7,218+ - 11 9 7
1964 12 8 8 4 266 49 9 9
1965 6 2 4 1 76 : 75 9 9
. 43 13 28 7
1966 11 2 7 2 1,040 54 8 1
1967 8 2 [ 1 88 18 8 8
1968 7 3 4 1 11 9 7 7
1969 13 3 10 2 364 256 9 9
. 1970 7 4 3 1 74 11 9 8
46 14 30 7 :
1971 12 3 5 3 44 8 8 8
1972 4 3 3 1 128 121 9 9
1973 7 1 4 0 16 5 7 7
Total 412 ' 158 237 17
Mean 9.6 . 3.7 5.6 1.8

s#The Environmental Data Service has for some time recognized that, without detailed expert appraisal of damage, all figures
published are merely approximations. Since errors in dollar estimates yary in proportion of the total damage, storms are

placed in categories varying from 1 to 9 as fo\lpws:

-

1 Less than $50 4 $5,000 to $50, 000 7 85,000,000 to 350, 000, 600

2 850 to 3500 5 $50,000 to $500, 000 8 $50, 000, 000 to $500, 000, 000

3 3500 to $5,000 8 $500,000 to $5, 000,000 9 $500, 000, 000 to $5, 000, 000, 000
*Including hurricanes Source: U.S. Department of Commerce,

# Not reported in literature, belleved minor.

+ Additional deaths for which flgures are not available. National Oceanic and Atmospheric

Administration, Environmental Data Service.
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and destruction occurs. Every hurricane crossing a coast produces a rise in normal sea
level, called a "storm au;ge." (and, incorrectly, a "tidal wave"). Storm surges ranging
up to lé feet or more above mean sea level have been teliably reported in connection with
hurricanes (in the Flor