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Fig. I. Before Hurricane Eloise hit the Gulf of Mexico coast of Florida in
September 1975, this section of heavy sea wall in Bay County provided
seemingly strong protection against storm surge tide and strong waves.
Note the end triangle of the gable house in the upper left part of the
photograph.

Fig. 2. After Hurricane Liois of 1975, along the same section of Bay County as
shown in Figure ). The same house as indicated in Figure I is shown by
the arrow. The heavy sea wall and several of the houses have been
completely demolished as a result of large storm tides and high waves.
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Preface
Hawaii, Alaska, and 21 of the 48 contiguous states have

shorelines on the Pacific, Arctic, and Atlantic Oceans, the Bering
and Beaufort Seas, and the Gulf of Mexico. Eight states border
the Great Lakes (New York also borders the Atlantic Ocean).
Thus, 30 of our 50 states, plus Puerto Rico. the Virgin Islands,
Guam, and other protectorates, have coastlines. It is estimated
that roughly one-half of the population of the United States lives
within 50 miles of a coast. Therefore, the safety and economics of
structures on the coast and in the ocean are of major importance
to the United States.

The forces from waves, currents, wind, ice, and human activi-
ties are continuously reshaping the shoreline and changing the
ecological equilibrium of the coast. Offshore on the continental
shelf are thousands of platforms supported by the ocean bottom.
Anchored in the deep ocean are structures of various sizes, from
small buoys to large ocean vessels. Environmental forces and how
they are accommodated through engineering design determine the
safety and economic viability of these structures. Harbors link our
land transportation terminals to vital overseas trade routes.
Consequently, they must be designed properly to resist natural
hazards, and they must be economically competitive in world
markets.

Engineers have designed well in most cases, but some coastal
and ocean systems have failed, and some may have been designed
too conservatively. Failures of both kind demonstrate that engi-
neering research is needed to understand better the characteristics
of hazards and the physical systems that resist them. As new chal-
lenges appear, there must be a well-educated cadre of engineers to
develop effective solutions.

On February 14 and 15, 1984, an ad hoc committee of invited
engineers met at Oregon State University to explore the research
needed on natural marine hazards. The workshop was supported
by the National Science Foundation and the Office of Naval
Research through grant no. CEE-8320314 to Oregon State Univer-
sity. The committee comprised 26 eminent engineers who have
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devoted most of their careers to working on coastal and ocean
problems. They came predominantly from universities, although
three were from federal agencies and one was associated with a
consulting engineering firm. Alaska, Hlawaii, Colorado, Washing-
ton, ).C., and 12 of the 48 contiguous states with shorelines were
represented. The participants energetically discussed the hazards
to which coastal and ocean structures, beaches, and disposal sys-
tem, are subjected, the research needed to understand these
hazards, and the necessity for further development of ulierity
graduate programs for this subject. h-is report is a summary of
the workshop findings.

The committee reached a consensus that the United States
would benefit from a national focus on coastal and ocean engineer-
ing research in its universities. A very large area of the country i,
subjected to the effects of hurricanes, %%inter storm,, possible
long-term sea level rise. tsunamis, the disposal of heat, organic%,
and chemicals in the ocean, and other natural and man-made
hazards. Carefully directed research programs can help to mitigate
these hazards and reduce the loss of life and property.

Research needs in this area are significant. This report pres-
ents a first estimate of what research is needed. The committee is
aware that many subjects presented here are under investigation to
some extent by government agencies and by relatively small univer-
sity research efforts. The recommendations presented are intended
to supplement these programs, not supplant them. For example,
an emphasis is placed on the need for an investigative team to
report on the effects of severe events on the coasts and in the
oceans, in conjunction with measurements, to gather much needed
additional information on the characteristics of natural hazards.
The Committee on Natural Hazards of the National Research
Council at present performs a similar function. However. the
committee must respond to all types of disasters, on land and sea,
and budget limitations preclude surveys of most of the severe
coastal and offshore events.

In the time available to the ad hoc committee, all existing
organizations that could be touched by the recommendations herein
could not be identified. Thus, this report represents a first attempt
to identify those coastal and ocean hazards that can be mitigated
by federal support of engineering research in U.S. universities.
Coordinating such research with on-going efforts is left to the
future.

Coastal and ocean engineering is a highly technical and di-
verse subject. However, it is our intent that this report be readily
understood by persons with nontechnical backgrounds. In a lim-
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ited space, it is not possible to address all the problems that exist,
but the important issues presented here indicate the breadth of the
committee's concerns. It is hoped this report will serve as a prelimi-
nary planning document.

The primary recommendation of the committee is that the
('isil and Environmental Engineering Division of the Engineering
Directorate of the National Science Foundation establish a pro-
gram of coastal and ocean engineering research with a funding
base building to $10 million per year within three year% from the
program initiation.

John H. Nath. Chairman
Ad Hoc Committee for a Workshop on
Natural Hazards: Research Needs
in Coastal and Ocean Engineering
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Executive Summary
Winter storms, hurricanes, tsunamis, submarine mudslides,

the thrust of ice packs, corrosion, and other marine hazards have
caused heavy loss of life and property on the coasts of the United
States and at sea. Annual losses have increased rapidly since
World War I, partly because of the accelerated population growth
in the coastal regions and partly because of increased property
values there. Some coastal engineering problems are exacerbated
by domestic, industrial, and agricultural waste disposal, the vol-
ume of which grows out of proportion with the population growth.

University research in coastal and ocean engineering has been
funded piecemeal by federal and state agencies for the past five
decades. The work has been important for developing basic knowl-
edge of the characteristics of natural hazards and of ways to plan
for them in terms of building appropriate structures and regulat-
ing human activities. However, research funds have diminished
severely in the last decade, while losses to the nation have in-
creased from hurricanes, winter storms, ocean waste disposal, and
other hazards. The nation must reverse this trend and give more
attention to hazard mitigation through university engineering re-
search and graduate education. The effort will help provide eco-
nomical solutions, ensuring maximum public safety within fiscal
and other constraints.

Even under ordinary storm conditions there is at least some
economic loss because the quality of our coastal structures and
harbors varies widely. Under extraordinary conditions with partic-
ularly severe events like Hurricane Frederic in 1979, losses run into
billions of dollars. Economic losses result from a variety of factors:
flooding of coastal areas, beach erosion, harbor siltation, exces-
sive wave forces on structures, breakwater failures, capsizing of
fishing and recreational boats, broken moorings for aids to
navigation, ice forces and other cold weather problems, metal
corrosion and collapse, accumulations of marine growths impair-
ing operations, loss of timber strength from marine borers, and
pipeline displacements from submarine mudflows. The list is not
exhaustive, but it provides an idea of the range of problems that
concern coastal and ocean engineers.
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Coastal and Ocean Hazards
The ad hoc committee on natural hazards and research needs,

supported by the National Science Foundation and the Office of
Naval Research. identified the following hazards as the most
important ones and cautioned that they require engineering re-
search now.

Winter Storms
The winter storms of 1982-1983 resulted in extensive eco-

nomic losses all along the west coast. In California alone nearly
$100 million in damage to public property occurred (2).* Nor-
mally about four to six major storms strike the California coast
each %inter. However, there were seven in 1982 and eight in 1983,
all of which were unusually intense. The paths of Pacific Ocean
storms approaching the west coast of the U.S. were more due
west-east than usual. This meant that the wind transferred its
energy to the water over longer distances, resulting in much stronger,
more dangerous waves. The combined effects from stronger waves,
extreme lunar tides, wind-induced storm surge, and an increase in
the general sea level of about I foot (apparently caused by El
Nii'o) destroyed pier decks and pilings, scoured sediment around
piles and under seaw all foundations, and produced wave overtop-
ping of breakwaters and seawalls.

Future losses of this nature can be greatly reduced if pilings
are stronger and driven deeper into the foundation materials; if
pier decks are built higher above the mean sea level; if higher
breakwaters are designed using heavier and stronger armor units;
if seawall foundations are more extensive; and if local or state
planning agencies provide more prudent guidance or regulations
for siting and constructing coastal structures and facilities.

Obviously, these remedies are expensive, but a well-educated
coastal engineer can make decisions that are et.onomically sound.
For example. it is the engineer's responsibility to determine how
high the breakwater must be. Breakwaters are much wider at the
bottom than at the top because the side slopes must be maintained.
Therefore, construction costs rise rapidly with increasing breakwater
height: the higher the breakwater, the broader must be the base
which supports it. Additional heights are achieved by adding
material all across the bottom of the breakwater. If the breakwa-
ter is constructed higher than required to prevent overtopping,
resources have been wasted. If it is too low, the safety of the
public is at risk. If an engineer were better able to predict the

Numher% in parcnthee refcr to the relernce%.
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combined effects of severe events, such as those that occurred on
Ihe sest coast ill the " inlter of' 1983, he could design struct urcs that
are both safe and economical. We need to knowk more about tihe
selection of designs ss hich work best in storm conditions, more
about the resulting wind, s.asc, and current forces on coastal and
ocean structure,,, and more about structural resistance to el ironl-
mental forces.

Hurricanes
Hurricanes originate in the tropics during sarm summer

months and ilntenlSi\ b extracting tremendous encrg from the
warm ocean surface swater. The. produce sustained %%inds of 120
mph or more \Aith gusts of around 180 mph. I he % ind, combined
w ith high storm tides and large ssases, destro\s lscs on land and
at sea and desastates propert. A negatise pressure s, ithin the
storm causes the %,ater lesel to rise higher than the le\el outside the
storm. In addition, the wind acts sith a shearing force ol the
surface of the %%ater. causing it to "pile up" to, ard ,horc. I hi,
storm surge can create a temporary rise in sea lccl shich etcc-
tisely carries the destructise wave forces esen further inland, as
%%ell as inundating the loser coastal clesations. In 1969. lurricane
Camille caused a peak storm tide of more than 22 feet. If an
extreme lunar tide %%ere to occur simultaneously ,s ilh this peak
storm tide, the resulting destruction ss ild be increased.

After spending several days flirting with the east coast, Iturri-
cane Diana hit the North Carolina coast on September 13. 1984,
with 110-mph %%inds and tides 10 feet abosc normal. I)amage %%as
estimated at more than $25 million even though the ssinds "ere of
lower speed than for many hurricanes. As population increases on
the coast, the cost of property damage increases for esen rclatisels
weak hurricanes.

In 19X). one of the most notable hurricanes in tile histor\ of
the United States caused the drosning of 6,()1 people in tie
vicinity of Galveston Island, Texas. Since then, modifications to
costal structures and development of evacuation procedures ha\e
reduced the possibility that a similar tragedy %%ill recur. After the
hurricane, the elevation of the island sas increased %sith fill, and a
large seawall was constructed along much of the gulfsard shoreline.
In addition, a hurricane warning system was dcscloped by the
National Weather Service, National Oceanic and Atmospheric
Administration. The system has markedly improved the ability of
the National Hurricane Center to predict %hen a hurricane %%ill
reach land and to provide early warning to residents should evacua-
tion be necessary.
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Offsetting these technological advances is the greatly increased
population density along mans hundreds of miles of loss-Ilying
shoreline. Safelk e\acuating the increased population w hen a se-
\CrC hurricane hils again \% ill he much more difficult since more
lead t ime is needed to a\ old high\ay congest ion and ot her problems.

A summary of the most costlv ilnited States hurricanes of
this century shows that the losses in dollar values frorn tile most
recetll sec\rc hurricanes are mu11ich greater than those that occurred
at the beginning of this cent ur\, Ihis trend is due to the increase in
propert. \ alhes and population shifts to tie coast.

Sea Le-el Rise

A long-term general rise in sea lc\el wsould expose the coastal
/one to increasingly serious economic losses from %%inter storms
and hurricanes. Some recent studies have projected that the gen-
eral aserage sea lceel will rise at a faster rate than in tile past (7).
[he studies predict that the increased carbon dioxide in the
atmosphere. a result of the burning of fossil fuels, \%,ill create a
"greenhouse" effect that %\ill cause some melting of polar ice
caps. ihe rise is estimated to be in tile range of from I to 7 feet in
the tnext centurl-\, %shereas sea le\el rose approximately I foot
during the last century. It is argued by some that natural mitigat-
ing effects \\ill offset such a rise. iHo\ke\er, if a long-term rise is in
progress, there ssill be major problems on all of our Ios -lying
coasts from strong storms. The most effectisc defense against
such a posibilit. is informed planning based on sound data. A
long-term measurement program should be Initiated no%% to aug-
ment the efforts of the National Oceanographic Strs e and other
agencies io determine the magnitude and rate of sea l'el rise.
.Most existing tide gages are located in harbors for nasigation
purposes. A sea lesel measurement program should be planned
and implemented to measure tides and mean sea lesel, riot onl. in
the harbors, blt inI the open ocean as %%ell, o\ert a long period of
time. Ness measurement techniques \kill need to be developed a,
part of the research.

Ice and Other ('old Region Problems
The Arctic and the (ireat Lakes have attracted special atten-

tion lately because of the ra% petroleum reserses in tile former and
the increased population and property values on the shores of the
latter. Stationary ice can cause pull-out of piling for fixed structures,
associated with very large hori/ontal loads. This pull-out results
from tides and the wind and current forces acting oil tile ice. Ice
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restricts navigation and, thus, the ability to conduct commerce in
these regiowts. Coastal structures are threatened when ice scours
the shoreline. A basic fund of knowledge about ice formation, the
resulting forces on structures, the resulting shoreline scour, and
ice mitigation measures is just beginning to form. Continued
advances in our understanding of basic ice phenomena are essen-
tial for the development of modern engineering in arctic coastal
regions.

Tsunamis

Tsunamis are long waves, usually generated in association
with coastal earthquakes. Their character is such that as they
approach land, the wave height increases drastically. Individual
tsunamis have killed thousands of people in countries bordering
the Pacific Ocean. In the United States more people have died in
the past 50 years from tsunamis than directly from terrestrial
earthquakes (8).

Other Marine Hazards

The marine environment, even %,hcn benign, creates difficul-
ties for human operations because of our lack of basic kno% ledge.
One example is the growth of sea organisms on structures. These
organisms add to the sie and roughness of structures, which in turn
increases the forces of waves and currents on them. These growkths
also contribute to equipment failures by blocking intakes, coating
heat exchangers, and causing instrument sensors to malfunction.
More information is needed to be able to control or account for
these organisms. Specifically, little is known regarding rate,, and
characteristics of growths as related to geographical locations and
depths belo%, the surface. The effects of changes in ,,ater tempera-
ture, salinity, and nutrients from human activities need to be
established.

The safety of moored shir,,, guyed offshore platforms, and
oceanographic research buoys is sometimes limited by our knowsl-
edge of the resistance provided by sea floor sediments. Adsances
in geotechnical knowledge for terrestrial construction ha%e been
considerable in the past three decades. However, due in part to
measurement problems and sampling difficulties and in part to the
heterogeneous nature of marine sediments, advances in kno,, ledge
for marine construction have been slower. As activities and expen-
ditures increase in the marine environment, we must learn more
about the engineering characteristics of the geological features and
geotechnical characteristics of the ocean bottom.

14

I~m



F

A Technology Deficit
Within the last 20 years, coastal and ocean engineering in the

United States has steadily declined from a position of eminence in
the world. The decline is a direct result of severely reduced fund-
ing of university research in this field. There is a feeling of alarm
in this committee that the failure of the federal government to
fund research, to support graduate students, and to modernize our
laboratories has forced U.S. industries to import technology from
the United Kingdom, the Netherlands, Japan, and Norway. The
result, if this trend is not reversed, will be a continuing weakening
of our present position and a worsening of our balance of pay-
ment deficits.

Hazard Mitigation Efforts and Research Needs
Engineering research must be encouraged in order to reduce

the risk to the nation from marine hazards. The following efforts
are recommended by the committee as the activities most needed
at this time. Engineering research can generally be divided into
three categories: field studies, laboratory studies, and analytical
studies. However, social and economic research studies and engi-
neering graduate teaching programs are also essential to the suc-
cess of public works projects.

Field Studies
* Hazard assessment. More information about the physical

and statistical anatomy of natural hazards such as winter storms,
hurricanes, and tsunamis must be exposed. Long-term measure-
ments of %ind speeds, wave heights, and recurrence intervals
typify the type of field measurements needed for each hazard. It is
especially important to develop instruments and techniques to
measure physical phenomena in the surf zone and the nearshore
region during high energy events.

e Long-term studies. Most, if not all, studies to date have
been short-term because of funding limitations. Long-term studies
are needed to identify important slowly varying phenomena, such
as the gradual change in mean sea level and the shifting of geologi-
cal features. Expriments should be designed with completeness in
mind; some projects may require several years of effort. In the
past, budget restrictions have forced a tendency for projects to be
short-lived and somewhat incomplete.

* Post event surveys. After severe events (such as tsunamis or
hurricanes) that pertain to coastal and ocean engineering, there is
a need for an immediate response by well-funded, well-equipped

Is



engineers, %%ho can record perishable data. i-or example, eidence
on the actual extent of a tsunami i, lost within a fe% %ceks or
month% by the cleanup effort% of humans, and the groth i ot
vegetation.

0 Prototype measuremrents. Accurate measurements of the
response (stresses, motions) of scaalls, break~aters. moored
platforms, piers, pipeline ballast, and other structures to eniron-
mental forces are needed.

* Measurements of tide and long-term sea leel rise. Measure-
ments should be made in appropriate locations to obtain the
information ne,.essary for research on changes in relative sea level.

laboratory Studies
* Generally, our university laboratories are not capable of

performing important model studies for coastal and ocean struc-
tures. They lag far behind the size and quality of laboratories in
Japan. Norway, the United Kingdom. the Netherlands, and other
countries. They need to be upgraded with ne , wave basin and
data processing equipment.

o Laboratory hydrodynamic model studies at present provide
our only insight into the response of many engineering systems to
certain marine hazards. Our ability to perform well is severely
limited by antique equipment and inadequate space.

* The resistance characteristics of construction materials and
configurations to the forces of the ocean need continuing research.

0 Harbor siltation is an expensive phenomenon. Our ability
to properly engineer for it by eliminating it or by preventive, or
corrective, maintenance can be enhanced with appropriate labora-
tory model studies in coordination with analytical studies and field
measurements.

Analytical Studies

* In the last three decades we have improved our ability to
analyze the effects on structures of forces from the marine environ-
ment and the distribution and mixing of waste effluents by envi-
ronmental forces such as wind, waves, currents, and earthquakes.
We must continue to advance our ability to predict analytically, in
order to reduce the human and material losses from marine hazards.

• The statistics (probabilities) of the combined effects of
extreme events (high tides combined with strong winds from unfa-
vorable directions, combined with land subsidence) needs to be
studied.

16
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Social and Economic Studies
* Alternatives to expensive protective works, such as long

,eawall,. must be considered by engineers. For example, the evacua-
tion of an area threatened by a hurricane may be feasible and
desirable. Such evacuations affect individuals through injuries,
sometimes death, emotional distress, and lawsuits. These social
costs must he considered along with monetary costs in designing
coastal structure, and in providing effective land-use planning.

Coastal and Ocean Engineering Graduate Programs

0 University coastal and ocean engineering programs are usu-
ally at the graduate level (master'-. and doctoral degrees) because
the technology required to engineer problems in the ocean and on
the coast is heavily dependent on higher mathematics and ad-
%anced analysis methods. Some educators believe the number of
graduates is adequate: however, most agree that the supply is less
than the demand. Continuing education for practicing engineers is
essential in this field because of the rapidly evolving technology.
Design engineers must gain current knowledge through technical
journals, monographs, books, and technical conferences-the end
products of research. A national focus on research in this field will
provide not only these end products, but an incentive for engineers
to enter graduate schools and a means for faculty to contribute
more effectively than ever to this discipline.

General Conclusions and Recommendations
Each year in the United States, natural and man-made haz-

ards in our coastal and ocean environs cost many lives and some-
times billions of dollars in loss of property and commerce. These
losses can be reduced through engineering research which pro-
duces better understanding of the hazards and better ways of
dealing with the physical and economic results of severe events.
This research carries national importance and should be accom-
plished within the aegis of a national agency that is relatively free
of regulatory pressures and lobbies.

This ad hoc committee recommends that the National Science
Foundation provide a special program on coastal and ocean engi-
neering research. The program should be administered by the Civil
and Environmental Engineering Division. The program should
have its own panel of peers composed of professionals from the
field of coastal and ocean engineering. The director of the pro-
gram should be one of these professionals, to keep the program
focused on the coastal and ocean engineering goals. He should

17
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sets e tot MI %c0 ar'., at sM ich Ti mec the direct orship should roto CTO
atiot hert patiel mi her. isI peri-od ss ill a Iloss him Timei to asserf
II is i Iluerice on the program, s i le not bcI ug t oo I( )rg to precl rIide
1wis return to h i% o\% n research.

Ih tc omnuT tece recommendsii~ a [i ding les el ot $3 iniionWI The
t IrsT \eari . $6 m Ii IIon th tiecon d \ ea I anIId st cadi \ 11L I II rg 0f t St)
milli1on per \cear r hercafter to pros ide much-needed. research equip-
menlt Iaborat ors and field studies. and anak1t ical research. I ongi~-

r IIi lu udinmg les els Can hec best esi inurecd after (the fti r ss'- e
period t tist

Fig. 3. On January 27, 1983. one of eight heavy .storm% impacted the California
coasl. The combined revult of Lii Noto, higth lunar 106e, and the eight
%torms caused nearhs S 10~mullion worth of damage it) coastal %ructurev.
The people in thi.% photo are attemnpting ito reifiorce their ht'achlrri
cottage in (urhad. alifornia.
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Benefits From Coastal and
Ocean Engineering Research

I tvitecring icesearch seek,, to add to our k nosN ledge oft he
ph sclor Id eit her for L'encral, k u uspCCIflied use or for solf in

specit ic problem. I )eigii eigpiier, relN on) t hi icsarc1h to pros idc
s 3C et cono1mical tatlWitiHCs Iftu ILndanrenital Iintformat ion I'

idequateC~ne, , iut rel% onl their judgmecnt. When this
happens., t he pos i i ncreases% that thle st-L r ce can bic 1111co-
nom i1cal. tjnsat e. or hoth Ai.. dist ir niish ing tealtire of coasta-l and
ocean ClencTieei eIs that there is, less fu ndament al in format ion
t toirn M10 fI0c to deign thaii I ictrrestfrial enginieering. Fisl, dearth
of iritoritiaton c:an he attribted to three t'actor%: (1) the discipline
is NLfL (2) tril iri tructue require innosalion:; and (3) it takes,
I iIeI and 111011C to desC11 PoI prope hiard aesteNt . I Or CV1ample1,
he miost pres aletit haiard is ocean s% as es. N~et, s\ ase measure-

MenMr o er- anl adequate n urn he of \csars ito estahl ish reliabl \
anals~~ t capoahlItditib ihon hin ct ions for the \%-ave charac -

ecrist ics hasC enot heenl conductecd along an\- port ion of the Vi. ited
States, cokist line. No data c\ist onl high resolutijon directional s as e

spetr. hreto)re, engineers IUIn ls l on) u11dizmen, a-nd those
s it h pros en good j udgment are in high demland. IDestgns of' engi-
neering! ssor ks in the mairine ens ironment~ genecrall\ s\ otIld he
great ls enhancd h\ ti dedicated, long-term programn of I \ as c
mecasutremlents. Irnpros ed designis \%I ti beefit the COLIntr\ b\ reduc-
ing losses from storm s was es.

Modern research:I in coastal engineering in the United States
hegan in Janutar\ 1929 w ith ins estigations into the cause of' and
remed% f'or erosion along the beaches of' New% Jerse\ tinder the
direction of' Prof'. M.P. ( ) rien, a miember of is% commit tee. [-his
study led to the formation of' the Reach I-rosion Board of' the U.S.
Arm\ Corps of- [nginecrs in 1930, w~hich becamne the Coastal
Engineering Research Center (CURC) in 1963. ('IiRC does ewecl-
lent research for the U.S. militar\ a% well as for the civil sector; for
example. the center conducts a miodest wave measurement program.
Hos~eser, the activities at the center are too limited to meet the
general needs of' the profession, and a much broader scope of'
research is needed.
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Research in coastal engineering increased significantly during
the Second World War. The military sought a better understand-
ing of wave generation by wind, together with the transformation
of waves in the surf zone and the effects of the surf on landing
craft, in order to plan and implement amphibious assaults on
beaches. At present, fundamental knowledge is needed for the
safe and economical development of offshore resources, for the
protection and enhancement of the infrastructure along the
shoreline, and for the increased safety and well-being of those tho
reside within the hazard zone of the coastal states, including those
states bordering the (reat Lakes.

There have been many successful applications of coastal and
ocean engineering research in the United States and elsewhere.
Because of the growing value of the infrastructure along the coast,
the shifting of population density to and along the coast, and the
rapidly increasing efforts to develop resources in greater water
depths (with their more hostile environments), a much larger
research effort will be required in the future if we are to reduce
losses from natural hazards. The following two projects are illus-
trative of many successful engineering accomplishments that have
benefited from effective research.

Miami Beach Nourishment Project
Miami Beach is a low barrier island that stretches for approxi-

mately 10 miles along the southeast Florida shoreline. Deselop-
ment of this island commenced in the 1930s and, at present,
condominiums and large hotels are closely spaced along most of
its length. In the late 1960s, the beaches had become so narrow
from sand depletion that people in the tourist industry became
concerned. The cause of the narrow beaches was threefold:

I) In an era (1940-1950) of little land use control, most of the
beach front hotels expanded seaward, encroaching upon
the beaches with swimming pools and sunning decks.

2) Natural erosion processes were gradually at work.
3) The construction of Baker's Haulover Inlet at the north

end of Miami Beach interrupted the natural transport of
sand into the system, inducing beach erosion.

Previous field, laboratory, and analytical studies had identified
mechanisms for the littoral transport of sand by waves and the
onshore/offshore sand transport on which the beach nourishment
program was based.

The Miami Beach project included the relocation of 10 mil-
lion cubic yards of offshore sand onto the beach, at an approxi-
mate cost of $65 million. The project is regarded as a success in
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term% of re' ying the ailing tourist industry, restoring the stability
of the beach, and providing protection to the hotel foundations.

It is estimated that the increase in tourist revenue as a result
of the project amounts to $20 million per year. 'he portion of the
beach completed in September 1979 was subjected to Hurricane
DaId. which it weathered very effectively. At present, the rela-
tively minor expected erosion at the north end of the project has
occurred because of the net southerly longshore sediment transport.
The beach condition is nevertheless considered to be "excellent"
over 98 percent of the project length.

Fixed Platforms in the Gulf of Mexico
The exploration for offshore petroleum resources in the Gulf

of Mexico occurred gradually, commencing in the late 1940s. At
that time. there w~as little information on soil conditions, w~ave
conditions, currents, storm surges, and the associated wave forces
to be expected during hurricanes. In addition, little was known
about the effects of metal fatigue in a saltwater environment or
the amount of biofouling to be expected. Substantial laboratory
and field studies and advances in analysis have been undertaken to
quantify the design environment, the fluid/structure interaction,
and the structure response. As a result of this research, over 300
platforms and thousands of miles of pipelines experience remarka-
bly few failures in severe hurricanes. These platforms are designed
for relatively shallow %vater and are rigid, composed as they are of
stiff tubular members. Future construction will be in deeper %ater
P here rigid platforms may not be economical. Additional research
will be needed to satisfy the special needs of deep-water structures.

V!

Fig. 4. A geodesic dome beach cottage at Nags Head, North Carolina, 1982. The
beach erosion is clearly illustrated because the pilings supporting the
coltage were originally driven into an area much like that in the right-
hand side of the photo. The right-hand cottage does have a series of
pilings equal to those shown by the left-hand cottage. In this case, at least
8 vertical feet of sand has been removed and the shoreline has recessed
landward from 50 to 100 feet.
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Fig. 6. Severe cliff erosion at Pacifica. C'alifornia as u result if the unusual
winter storms of /1982-1/983. The Masonic lodge sho wn here 1wai mo ved i)
another site as a result of ,h:m Iom of foundation vupport.
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Natural Hazards:
Overview and Recommendations

(oastal anid oc in enginltrng, like terrestrial engineering,
applie% tile Ilaw of, s%:iefiCC to miet h uni de' 2lopiment needs onl
tilhe coastN and in hie ocean. Fihe coast, Inclu~dinlg est tiaries, is
'onlsidered to lie tile % ater-land interface. Fi-gincering actisities at
his interface include beach protection, transportation across the
interface, and recreat ion anid commerce inl thle est naries, all inl
balance it h thle preSersat ion of' important breeding gr-ounds for
ocean ori.ankis. Thec ocean includes, thle corntminetal shelf. anid
deCpj-\s ater region% remnos d tromi thle land interface. I-hus, thle
construct ion arid design of' offshore platforms and tindcrss ater
pipelines anid thle solution of' tran-sportation problems, inl thle sea
arc usuall\ considered to be %% It hill thle realm of ocean engincering.

1:'. Imples of- coastal engineering are harbor designs, beach
erosion, piers, harbor siltation, estuarine %s arer qua lit\ as affected
hN dredge anid fill projects and introduction of' heat and municipal
ss aste. hreak~~aters. at entrances, to harbors,, arid nearshore naviga-
tion inl the presence of' %%as s anid crosscurrents. Other coastal
ciilvineering acti' ities include constructing high%%avs close to the
shore, building beach homes, and hoteis. anid designing sewers and
sNstenis for discharging pos\ er plant cooling \%ater.

I \amnples of' ocean engineering arec the design, construction,
and installation of' offIshore platf'orms% and pipelines, offshore
loading anid off-loading terminals, for super tankers,. large oceano-
graphic mlooring arrays, fIor research, submarine stirs cillance
%sicstes, moorings of large buoys, anid ships in the deep portions of'

-thle ocean, anid artificial islands in thle Arctic; thle linsallation and
mlaittenanice of aids to nla~igatiion:; thle determination of' thle time
distribution of' pollutants discharged into [the ocean; and tile
sols Ing of toA ing problems.

C oastal and ocean engineeriny research is based onl concepts,
of structural anid fluid mechanics, materials engineering. geotech-
nical engineering, and construction engineering. Sometimes this
engineering insolses thle weather;, %%hen it does, the %sork inter-
f'aces %%ith that of' atmospheric scientists as well as \sith occailog-
raphers. C'oastal and ocean engineerinlg is intricately itnvolved %%ith



wave and current actions and the response of %arious kinds of
systems (structures, sediments., wastes) to them. Ocean currents,
tides, storm surges, earthquakes and associated tsunami s"ases,
and the support capacity of bottom sediments are of concern in
establishing structures and in other human activitlies (for example,
recreational areas).

-he committee considers the following topics to be of prime
importance at the start of a national program in coastal and ocean
engineering research.

Winter Storms and Hurricanes
r-he unusually sescre destruction caused by \%ases along the

California coast in the 1982-1983 -. inter storm,, \%as due to a
combination of factors, including the storm route, suie, position,
and intensity (Figure 7). The storms caused much damage to the
shoreline, as re\iewed in the -xecutlivc Summary. Nearl S1(X)
million wsorth of damage to public property \%as reported, as sum-
mariled in Table I.

Sosere storms also generate \ery large ,ase,, in the deep
ocean that may or may not be breaking. [arge, deep-\%ater break-
ing sa\es can be particularly destructise to ships, boats, and
oceanographic research buoys. -igure I0 is a photo of a large
\%ac in the North Sea impacting on part of the Ekofisk oil
production platform in Norwegian waters. Very little is knovn
about the magnitude of forces from such breaking \,a.cs on
platforms and coastal structures. Although the majority of plat-
forms are constructed by petroleum companies, federal agencics
also have used fixed platforms for radar stations, nasigation, and
military training operations. Federal agencies also have plans to
deploy moored semisubmersible and other types of instrumented
platforms. In addition, the U.S. Geological Sur\ey is responsible
for certifying industrial offshore platforms. Consequently, there
is an urgent need for nonproprietary design data on breaking and
nonbreaking wave forces on fixed and moored platforms, the
effects of waves superimposed on currents, and the correlation
and influence of combined waves and wind.

Hurricanes are cyclonic storms that form in the tropics and
propagate to more northern latitudes. Winds take on energy from
the relatively warm sea, and so they are high by the time they reach
land. Hurricane Alicia struck Texas in 1983 with aerage wind
speeds of about 120 mph and gusts up to approximately 150 mph.
Very large waves were generated by these intense %inds. This
storm cost Texas more than $I billion.

A summary of the cost of damages from the worst hurricanes
since 1926 is given in Table 2. The hurricanes are ranked by cost,
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SURFACE WINDS
'WAVE FETCH

F ig- Conceptual view of the winds in a typwal/y large winter storm of 1983 in
the Pacifit Ocean. The wave fetch wa.s much further south and was
nearlv direct/lv from the west int ead of the usual north wtsz direction. El
,N,'lo also produced a I -foo, increase in mean sea level, which increased
damage from wave.i con. sderablv.

not chronology, but there is a clear trend in the cost of damages: it
is increasing with time.

In August 1984. a specialty conference was held in Galveston,
Texas, by the American Society of Civil Engineers entitled, "Alicia
One Year Later." It is significant that none of the 30 papers
presented dealt with waves and their destructive forces. Most
engineering efforts have focused on the wind speeds and the
effects on terrestrial buildings. However, in addition to informa-
tion on winds, coastal and ocean engineers require the wave and
sea level conditions in such hurricanes. Wave measurement system
installations must be designed to survive the wave conditions they
arc meant to measure. Long-term wave gage installations are
called for at a number of locations along the continental shelf of
the United States to form the statistical data base required for
addressing exteme waves.
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Table I. Summari of Findings
on (oastal Damage (2)

Ihc .oastal damage suffercd in (alitornia at1ctcid harhot
structutre, piers. high ays, park facilities., scav alls. pri%iat
buildings. and %'CgCt it ion. lhe losses included coastal I flooding
damage caued h.% elc atcd sea le el and the costs of massi
debris remoal. ()nl 2 out ot 15 coastal couti, reported tn
damage. I'tedictablh. the highest costs oc urred in countic,, \\ith
the highest coast al populal ions,.

Ih c .st ilmaics of total damage b\ :onitl\, Irorn north to
south1. are

(M1illion"' (l)I

)l \ottc 4.61
I1uiboldt 2.62
MciIOld,11 11011C'

Marn 2. i 32
Sni~l J-rancisco 1 1. 16
Nsai M' alco 1.91

Santa ( rui 9.09

MontcrcN 3.39
Sa I I ui, (L)hi ,po 1.X5
Santa Barhara 2.66
\t'nt ura I.5-
1 o,, Angele, 200.()
Orange 16.19
San il)iego 13.56

1ie totals for tile hole ,late, by categor\, ate

(lillions of $)
Beach tacilities 12.11
Harbor facilities 18.84
Piers 10.42
Other facilitic 51.52

STA1.IF [0)I Ai 92.95

26

• i|I -



Table 2. (ostliet Hurricanes, United Stale 1900-1983**
(more than $50 million damage)

I ,I 1;.)Z

( oricinpo.
rart $ 1984 $

I unk.f, Ycal (,accor% (inllion,,) (mllm,,)*°

1 1 RI R)i RI( I \lalam , 19"9 3 2,3M 3,520

2. \(1 sfNor lhca,,l It.%.) 1972 1 2. () 5,3( W
1. ( W\l I \l l . I a.) 1969 5 1.420 4.23(0
4. BI. 1 ) Ila. I ai. 1965 A 1,42( 4,750
5. \[I (1IA (I e\,,,) 1981 1.2(W) 1,280
6 1)I\N INorlthcia. I . .) 195" I l 3,2(M)

-I 0-ISF (Northca,,t Vla.) 195 3 550# I.I00
s. (.,\R()I (N rihc,, '.S.) 1954 3* 461 1,8(X)

9. (I1 IA (S. Ic a%) 1970 3 453 1,28(0
10. ( ARI A (I e \aq 1961 4 408 1,430
II. (1 AIi)i ] I 1979 1 .S. 4(X1 613
12. [)()NN\ (Ia. I+,tcrn 1960 4 387 I,400

[.S.)
31. 1).A\ [1) 9'79 2 320 490

14. Ncv, I-ngland 1938 3" 306 2,2M
1S. Al I IN 1980 3 3(M) 410
16. tAl< I(S.( . N.C.) 1954 4* 281 1,1(MW
I-. I)()RA (Norlihl, la.) 1964 2 250 850
IS. IM.A (Iavaii) 1982 1 234 260
19. BI 11H Al I(S. Ie\as) 1967 3 2M0 640
20..AVl RI-Y 0 a. I ev) 1957 4 150 570
21 (ARMiN (I ouksiana) 1974 3 150 340

22. (I IO Southeast Fla.) 1964 2 128 440

23. 1i11 DA (I ouisana) 1964 3 125 420
24. 1 lorsda (Miami) 1926 4 112 660
2 . Southea%, I-la. I a.-Mi,,%. 1947 4 I M 580
26. Northealo U.S. 1944 3" 1(M 600
2'. Bi-l I U (Northeast L'..) 1976 I 100 190
28 IONI N. (arolina) 1955 3 88 340

29. Souwhvcil and N+I. -la. 1944 3 63 380
30. Sou ea! }-orida 1945 3 60 350
31. Southcast lorida 1949 3 52 220

% irk II lhork: hwn 10 f1)ICe pcr hout
• In.lude, $4i.(KKI.(O I it iuerto Rico

)111% o I ropldl storril IllltnMl \ hu InIdu cd bek.ause tit high d.triage tigtre

I h1% it) rmf i o ie r l ltro)% % Ref f itfi1 .ddtl oIiml thlu l l1ltti l o I) 1 flan k

f d.i (wc .olifril ffc filr llh rs)

il' ( 19%o It P.4 f'.setl il ( 1 lhl ll, r I "'tf" , cravcd) i
s (ti 1111 all ior 1.11
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Fig. 8. Undermining of foundation and building offset from Hurricane Eloise,
9 975, Florida.
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F ig 9. Detail (it inadequate construction details between foundation beam and
piling. lro.sion o f sulpporting sand from under the heam in Hurricane

iiliiii
"  

195 1 lorda

Almost no data exist for conditions within and adjacent to
the surf /one during extreme events. Information is needed on
wase characteristics, littoral currents, suspended sediment, and
the distribution of sediment transport. This information should be
interpreted in terms of the associated incident waves and currents.

Offshore Platforms
The combination of high waves and storm surge poses a

serious threat to construction along the coasts and offshore. The
(Julf of Mexico contains about 3000 platforms and thousands of
miles of pipelines for the transportation of raw petroleum. Water
depths range from only a few feet to 1025 feet (at the Shell Cognac
platform). Offshore structures have been designed well with con-
,erative methods, so that losses from hurricanes have been rela-
ticly small.

The fe%, failures that have occurred in the last few years have
been dramatic. Among the most notable failures of floating and
bottom-mounted platforms was the Alexander L. Kielland, which
capsited in a strong winter storm in March 1980 in the North Sea
off the coast of Norway. The accident took 183 lives. This disaster
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was directly caused by metal fatigue in a fillet weld for a hydro-
phone. A chain of es ents followed the failure of the w eldment
some braces sequentially broke, followed by the collapse of one of
five support pontoons and by severe listing with only a fe min-
utes for escape before the giant platform capsi/ed (10). Another
disaster occurred %%hen tile Ocean Ranger. a semisubmersiblc drill-
ing rig in the North Atlantic off Newv Foundland, capsi/ed in a
storm with the loss of 84 lives. Yet another %as the drilling ,,essel
(;lomar .ava Sea, v hich N as lost along %sit h the entire cre, oI' 8I
in October 1983 during a heavy storn in the South China Sea.

I-ixed and moored instrumentation platforms are planned for
use by federal agencies. Waes like the one in ligure 10 pose a real
threat to platform safety. FLuture platforms are being designed and
constructed for %sater depths of several thousand feet. Such plat-
forms are %cry costly, so an overly conscratise design can be
needlessly wasteful. lowever. safety must be maintained. Therefore,
more detailed information is needed on the influence of high
\%inds, large wsaves, and the accumulation of marine biofouling on
the structures. These natural phenomena result in large kawse
forces that must be resisted adequately by the structure. Research
is called for not only to quantify and predict the accurac\ of sscic
natural esents but also to improse the reliability of structural
desigrns using modern materials.

The foundations for these structures rest on submereCd mate-
rials that beha\e much differently than their counterparts on
"dry" land. [his is a nes% area of study, sometimes called marine
geotechnique, that requires a great deal of research.

Shoreline Erosion
Shoreline erosion represents a threat to lives and to much of

the expenis e infrastruct ire along tile nation's shores. A 1971
assessment by the Corps of Engineers indicated that of tile 35,(0
miles of shoreline in the continental United States, oer 2(X) miles
were termed "critical" in terms of erosion potential. This means
that some people living along the shoreline are in imminent danger
of loss of life or property (12). E-stimated remedial costs for 27()
miles of shoreline needing protective structures \%ere, at that time,
$1.8 billion. Today, the costs are much higher, partly because of
the relatively small expenditures for beach protection that hae
been made since 1971, but also because of the large influx of
populations to coastal areas and the resulting increased construc-

I Ption costs and property values.
Beach erosion can also be the result of man-made alterations

to the natural environment. The sand supply to beaches can be
reduced by the construction of dams on rivers that supply the
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I-ig. 10. Winter storm. and hurricane.s cause huge waves to impinge on offshore
platform.s of many ype.s. Here a large breaking wave impinge.i on a
porion of the I-kof.k platform in the North Sea, off the coa,%t 0.1
.Notrway.

sand. Construction of, or improvements to, jetties at harbor chan-
nel entrances, and channel deepening, can cause sand erosion on
one side of the jetties and sand deposition on the other. One
example is Ocean City Inlet, Maryland, which was established by a
hurricane in 1933 and stabilized by jetties. The shoreline to the
north has accreted some 800 feet, and Assateague Island to the
south has receded by some 1700 feet. At the time of construction,
the magnitude of both accretion and erosion could not be predicted.
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What little research has been done on this topic since then has
yielded information that allows us to make at least approximate
estimates of sand quantities. Further research is needed before wke
can apply this computation to improved future construction.

Beach erosion can be characterized by long periods of rela-
tively little loss or even some accretion. tlowver, during intense
storms accompanied by high storm surge and large waves, the
shoreline can recede by as much as 200 to 300 feet with the
lowering of the nearshore profile by as much as 6 to 8 feet.

These storms create the greatest potential for destruction of
upland structures. Most of the sand removed from the dry beach is
transported seaward and deposited as an offshore bar during a 6-
to 12-hour period. The recovery of the beach profile can be a
much slower process, in some cases requiring up to five or more
years for beaches to return to their prestorm condition. Ftowever,
in Monterey Bay, where a small storm surge was associated with
the 1982-1983 storms, severe erosion was replaced in one year.
Research is needed to identify more clearly those conditions that
result in long-term erosion.

Research can enable us to determine with more certainty the
best course of action to be taken for protection of sensitive
coastlines. In some cases a structure may be needed. In others
planners should consider beach replenishment or zoning to pre-
vent construction in hazardous areas.

Gradual erosion has placed considerable stress on the nation's
beaches. In many locations, these beaches are extremely valuable
recreational features as well as effective absorbers of high energy
waves. Realistically, there are only three possible responses to this
erosional stress: (I) armor the shoreline, in which case the beaches
will gradually disappear as a result of the continuing erosion
pressure; (2) nourish the beaches, a fairly expensive, but in some
cases effective, approach; or (3) abandon any existing facilities on
the shoreline and prevent future construction. The best solution
obviously depends on the location and the associated economics;
however, present knowledge and data bases are inadequate to
make these decisions with confidence in many locations of concern.
This knowledge gap is reflected in the present differences and
discussions between the egineering and geological communities.

Capsizing
The Pacific Northwest fishing fleet is subject to considerable

loss from winter storms. The storms can be sufficiently severe to
keep fishermen in their harbors. However, if a ship is caught at sea
in a severe storm with a fairly full hold, it may capsize, with a loss
of lives and equipment. The average annual loss for the Pacific
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hig 11. U'ndrmining of foundation followed hy wall collIapse, North Atlaiwgc
Storm. I-ebruarv 93 Attly /hiu~, Nirth Carolina.
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Northwest fishing fleet is 30 to 40 lives and $50 million in property
(fishing boats). Recent research has shown that capsi/ings are
caused mostly by a large quantity of free water on deck carried
over the rail by large waves (13). A resonance can occur between
the sloshing of the deck water and the roll periodI of the boat. The
resonance, coupled with a particularly large wave and a full hold,
can finally capsize the boat. This danger can be reduced with more
research to determine a quantitative measure of ho,% full the hold
should be with respect to the occurring storm hazard, a better
design of the ship rails and surface drainage, and a more stable
boat design that reduces resonant rolling.

Recommendations
i. Research should continue to explore analytical and - ',ri-

mental means of determining more thoroughly the wave, cut rent,
and wind forces on ocean structures of various kinds.

2. Almost no data are available within the surf zone and just
seaward of it on waves, currents, suspended sediment, sediment
transport, and bathymetric changes during extreme events. Thus,
we observe beach and dune erosion and damage to coastal
structures, but we have almost no measurements of the physical
phenomena causing the damage when it is occurring. Basically,
this is because it is very difficult to take measurements during
high-energy storms. Equipment and techniques must be developed
to do this in conjunction with an intensive research effort to study
the phenomena.

3. A research effort focused on the causes of beach erosion
and methods for stabilizing beaches should be promoted bN the
National Science Foundation. It is true that many studies on this
subject have been made by universities in the past and many ot'hers
are at present underway by the U.S. Army Corps of Engineers and
other agencies. However, the subject is so difficult and so broad
that only a concerted, continuing effort will uncover the laws of
nature, and, in doing so, yield better information for engineering
design.

4. The causes and extent of structural fatigue in the marine
environment should be investigated with the goal of identifying
limitations of existing materials and developing improved materi-
als for the special marine environment.

5. The engineering properties of marine geological rock and
sediments should be more thoroughly explored for their efficacy
as foundation materials for supporting vertical dowsnward and
upward direct loads and lateral anchoring loads.

6. The United States is in critical need of improved labora-
tory facilities for model studies. At least one large rectangular
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a' c bain ~' t directional a e generation capability is required.
fhis facility should be available for use by researchers from any
uni'ersit%. Among the relatisely large model studies that could be
undertaken in the laboratory are those of sand transport proesses
on our beaches, harbor designs (including siltation characteristics),
ship and platform responses to directional wave spectra, and the
mechanics of short- and long-crested waves. The wave facilit,
should be capable of producing deep-water breaking w av.es for
studics of s eCsel stability under storm wsave conditions.

long-Term Sea Level Rise
Man\ scientist, bcliese that the carbon dioxide and other

Lascs in the at mospherc are increasing significant ll because of the
continued increase in the burning of fossil fuels and because of
other hunan acti\itiev. -wo studies by the National Academy of
Science hasc predicted an increase of from 2 to 8 degrees Fahren-
heit in a'erage \%orld-vide temperatures over the next century.
1Ben a small general increase in the average annual temperature
%% ill cause increascd neiting of the large polar ice caps. a thermal
expansion of oceanic waters. and a subsequent increase in the
general sea leel (7). (Some scientists think there are compensating
mechanisms that %%ill nullifx such a trend.) The predicted sea level
increase ranges from I foot to about 7 feet by the year 2100.
Another recently completed report b\ the National Research Council
predicts a probable upper limit of sea level rise of 2.3 feet during
the next I1M years. (It is estimated that the total relative change
bet\% een the sea level and the land during the last century has been
I foot.) fosc\cr, some scientists and engineers believe that the
e.idence is weak that a sea level rise is in progress. Their skepti-
cism stems from the fact that virtually no accurate measurements
exist on this subject.

If the predicted long-term sea level increases actually occur,
the effects on the shorelines of the United States will be significant.
The long-term hori/ontal shoreline recession may be from 100 to
300 times the relative vertical rise in sea level. These figures are
substantiated by an approximate analysis of the change experi-
enced along much of the sandy shoreline of the United States
during the past century.

It is estimated that 50 percent of the population of the United
States now resides 'ithin 50 miles of the coastline. A substantial
portion of this area is low and relatively flat, such as the Missis-
sippi River delta area and portions of the Texas and Florida
coastlines. If' we consider the addition of the storm surge and high
lunar tides to a long-term sea level rise, it is obvious that major
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dislocations of the population. with the associated loss of life and
expense. will occur for each major hurricane or storm. This dan-
gerous situation could be mitigated by the construction of dikes
and other protective barrier,, similar to those constructed in the
Netherlands. The costs would be significant, so the structures
must be designed to keep both acquisition and maintenance costs
to a minimum. To design structures that are both sate and economi-
cally sound. engineers rely hca i!y on good predictions, of sea le% el
rise, storm intensity, and storm track. Thus, it is urgent that a
carefully organi/ed program of mcasurements determine the cur-
rent state of long-term sea leel change along the coastlines.

Recommendation
IExtended research for 10 years or more should be started as

soon as possible to determine the long-term relative sea l eel with
respect to the land masses of the United States. A plan should be
developed and implemented to establish sea level indicators at sea
and in other locations that will give the best information for this
purpose. It is anticipated that sophisticated systems engineering
will be required to establish the necessary base reference level.
Instrumentation must be designed to survive severe storms. Re-
mote sensing techniques may be helpful in reducing the amount of
instrumentation required.

Tsunamis
A tsunami (commonly called a tidal wave) is a train of very

long period waves usually generated by the impulsive motion of a
part of the ocean floor which accompanies an earthquake. Tsuna-
mis can also be caused by volcanic eruptions, landslides dropping
into the ocean, and submarine slides. The waves are so long that
their small height is unnoticeable in the deep ocean even though
they travel through the deep ocean at speeds of from 250 to 500
mph. As these long period waves shoal onto the continental shelf
and enter coastal waters, the energy is confined to a shallower
depth and the wave height increases sharply, sometimes forming
large destructive bores in very shallow water. Because of the
offshore contours of the ocean floor, some areas-such as Coos
Bay, Oregon; Crescent City, California; Anchorage, Alaska; and
Hilo, Hawaii-act as focal points for the energy and are more
sensitive to tsunamis than other areas. The casualties and damages
from tsunamis in the United States since 1900 are summarized in
Table 3.

We can anticipate and lessen the danger from tsunamis if
we determine the relationships among ocean floor movement,
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I able 3. (awualtses and damage in the United State% from tsunamis occurring

Onc 19M.~rd arig

I 9X4 'A~
Nct OrkC I k.Id lniured SI X vti)", Damage

191-~ro Anerikari
Samoa

191M kiiril I. 100 1 (a Iai

141M arithhcan 401 10 I (M uerto

1422 Nincri~a it) INE) lla~aii,
( alif
American
Samoa

1921 karnchatha 4,00(1 250,ME) Hfawaii

1931 Japan 1100 1,"0 Hfawaii

1946 Aleutian I%. Ill 163 215.000 1 WO00 Hawaii.
Alaska,
West
Coast

10~2 kamchatha 1,200 4,000 Midwsay
Is.,
Hawaii

195' Aleutian 1% - 4.000 14.000 Hawaii,
West
Coast

IWE) S America 61 282 25,500 85.000 Hawaii.
West
Coast.
American
Samoa

1964 Alaska 122" 200 104.000 390,000 Alaska.
West
Coast.
Hawaii

1965 Aleutian Is, - - 10 30 Alaska

1975 Hawaii 2 1,500 2,700 Hawaii,
West
Coast

Not,:
'Data for 1975 hsunirit from %sle of Haiwaii D)ata book. 1"12, (fr other tsunamis from Ayres,
Mileti. and Trainer, Ltniv ( olo Inst Behav Soc NSF .RA4-75O01, 1975

bAdjusted from damages in 157.58 100 in Ayres et #I but not adjusted for increases in viii-
notabulity

Mage reported, but no estimates available
'Another bource shows 116 dead and %4,000.000 damage, but these larger figures may include deaths

and damage directly attributable to the accompanying earthquake
Later estimated to be 119

hThe las entry camse from a) The rest of this table came from ref (0.
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wave characteristics, benthic dissipative mechanisms, and the de-
structive power of waves. Coastal effects such as the focusing of'
wave energy and the impingement of wave runup against coastal-
sited structures are important. Large-scale model studies are needed
to examine the characteristics of the changes in long waves as they
propagate shoreward, where scale effects are minimized. As noted
else6,where in this report, a large wave basin is required in thc
tnited States where this modeling, including the investigation of
three-dimensional effects, can be accomplished. Tsunami wave
generation and propagation can, and should, also be studied
analytically. Analytical methods that have been experimentally
serified enable engineers to predict and design for extreme events.
lor example, a combination of analysis and model testing could
perhaps yield a better computer program that will accept seismic
signals from different origins, to provide a prediction of the
probable magnitude and location of tsunamis at selected sites on
the coast. Such studies could thus contribute to the development
and implementation of an improved tsunami warning system.

Recommendations
1. Analytical and physical model studies should be under-

taken to develop more reliable early %arning systems for impend-
ing tsunamis.

2. Better coastal protective structures and means of identify-
ing hazardous zones should be deeloped for coastal regions that
are sensitive to tsunamis.

3. The magnitude of tsunami %sase forces on structures needs
to be determined for the design of tsunami-resistant structures.

Ice and Other Cold Region Hazards
The Arctic and the Great lakes regions pose unique problems

for coastal and ocean engineers because of ice forces and other
cold region problems. Shorelines in cold regions are a mix of arctic
tundra, sandy deposits, permafrost, and ice. These areas are also
characterized by very high winds and cold temperatures. 'The
buildup of ice ridges on beaches can be most severe, and where
there is a relatively long-term increase in the water level, as has
occurred in the Great Lakes, the destrucion to the beach and
coastal structures is exacerbated. During late spring meltdown,
large ice chunks create a great deal of scour.

Because these problems have emerged only recently, the knol-
edge available for designs is minimal. Consequently, design cri-
teria now in use tend to be very conservative, and they may
sometimes result in overly expensive facilities. Ho%%ever, in sonic
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I ig 12 Hiurricane Frederic a ftermath on the Alabama coast in September 1979.
Winmd and waves have nearly comnpletehv demolished thiv cottage I)
tvaring off the roof. %"iu.hinR oult the vvindow%. and removing the
.foundatiion inaterial~froin around the cottage, leaving it supportedfonhv
lIn the pilings that were intended to he the foundation.

0. \*

ig. 13. Aftermath of the Alaskan tsunamt of /964.
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cases our lack of knowledge may make them unsafe. 'oo little is
kno%,n, and research is urgently needed.

The force required to resist sca ice of maximum thickness (6
to 7 feet) is enormous, perhaps as large as 250,) pounds pcr
lineal foot. Much research on ice loads is needed, so that ice-
resisting structures can be designed safely and economicallv.

A major problem arises \%hen ice flo\,s sciape the seabed in
shallow% \%ater, gouging it by as much as 10 to 2(0 feet. To a'(Nd
damage from ice flows, pipelines need to be buried deeply in these
scour areas. But engineers have to know the actual depth of
gouging in order to prevent the unnecessary expense of burying
the pipe too deeply.

Another unique cold weather problem occurs during spring
breakup Ahen ri\cr flo, s spread oser the nlarshore sea ice. As
this fresh water drains through cracks and holes in the ice cocr,
\igorous swhirlpools de\clop that can scour holes in the seabed
with approimate diameters of 15 to 30 feet and depths of 10 to 20
feet. These craters in ihe seabed are termed "strudcl scour. * I his
phenomenon presents a significant ha/ard to any facilit\ ,,shich
might lie on or beneath the seabed. little is k noss ii about the
conditions s,,hich promote strudel scour, its freqtenc\ or its
int enity.

rhe (;reat lakes have their os n variations of sea coast
problems. There are lMO XX miles of coastline, of M.hich 3600 miles,
are in the United States. About 65 percent of the lake coastlines
hasc suffered significant erosion in past years. Wceathcr variations
from year to year, a change in the mean \sater lcsel, and the
impact of mankind have caused the retreat of beaches and havc
posed problems to construction along those beaches. The increase
in the sater lesel has been a benefit to shipping, but a threat to the
beaches. Siltation of marinas and ice damage to structures are
major concerns.

Recommendation
It is recommended that more research be done on cold wseather

coastal and ocean engineering problems in the Arctic and the
Great Lakes regions.

Other Marine Environment Problems
Coastal and ocean engineering addresses a diverse collection

of problems. In a short report of this nature, it is possible to
consider only those of major importance. This section includes
some brief descriptions of additional subjects that ha\e not re-
ceived much publicity, but \s hich, nesertheless, are of consider-
able significance.
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(;eollogical Hazards
(Yeological hazard,, are posed by relatively sot and unconsoli-

dated sediments along portions of much of the continental shelf.
fhe sediments constrain operations and construction of offshore
facilities, affecting both cost and safety. Sometimes submarine
mudflo\ ss of from I(1) ubic yards to 250 cubic miles occur in a
manner analogous to that of a landslide or side-slopc stability
failure on land. The time required for these sediments to achieve
adequate engineering properties for foundations is estimated to be
extremely long, arid portions of the outer continental shelf are still
undergoing active deposition. In this unstable state, the sediments
respond to grasity, augmented by earthquakes, currents, %aves,
and other forces. The heterogeneous nature of marine sediments
presents an unusually high degree of uncertainty in the design of
marine foundations.

Better characterization of the engineering properties of these
sediments and an improved understanding of the frequency of
movement and failure are required to develop realistic designs.

Other marine geotechnique hazards include gassy sediments,
turbidity currents, permafrost, and diaperism (in which the overlying
sediments force the lower sediments upward through the upper
layers).

Although the incidence of these failure mechanisms is fairly
low, the consequences can be great, usually with no remedy except
abandonment once a structure is in place and has experienced such
problems. The Grand Banks slide of 1939 terminated service on a
number of trans-Atlantic communication cables. The cables failed
sequentially as the slide progressed toward the ocean floor, illus-
trating the magnitude and speed with which these phenomena can
occur. Mudflows caused by Hurricane Camille (1969) led to the
loss of two structures. In one of these cases, sediment displace-
ment extended to a depth of some 70 feet below the bottom in a
total water depth of 330 feet. Buried marine pipelines have
"floated" out of their burial and were exposed to direct hydrody-
namic forces. Bottom-laid marine pipelines have had sections
suspended because of subsidence of the sediments.

Biofouling
Biofouling (the extensive growth of marine organisms on

ocean structures) can increase the effective size of structures as
well as their roughness. Both conditions cause a considerable
increase in the hydrodynamic forces on the structure from waves
and current. Marine organisms reduce the efficiency of cooling
systems and the speed of naval and commercial ships. Older
structures were (appropriately) designed quite conservatively. In
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some ca ss the strumctures are cleaned of gro%,th to relnstate their
original geometric and hydrodynamic properties. We need to im-
prosc our capability to predict the degree of biofouling as a
function of geographical location, clesation in the s, ater column.
and time. Knowledge of these variations is needed to build safely
and economically, to establish safe and economical cleaning
schedules, and to des elop antif ouling treatments.

Construction Materials and Techniques
Corrosion is an obs ous hazard for construction materials.

We need to knlo\% more about fatigue in tie salssater em ironment
under normal and loss temperatures.

Although considerable knos ledge of corrosion and deteriora-
tion of materials in the marine ensironment has been gained,
much remains to be learned. 1-or example, it is reported that s cer.
\ear seamen are killed b\ tile sshiplash that occurs whten a nylon
tosing rope (0hich can be up to 3 inches in diameter) breaks.
Nylon is used extensisely for the to\ing of barges and other
objects because of its shock-absorbing capabilit,. If stressed beyond
the ultimate load, it breaks, releasing the energy stored b snap-
ping back toss ard the tossing craft and to the craft that is being
towNed. We need to knows more about the relationship between the
sea conditions, the towing speed, the tossing resistance of %arioUs
shaped vessels, the dynamics of tethers, and the long-term degrada-
tion of various materials that are used for towing lines.

Recommendations
I. Research should be emphasized on where and under what

conditions submarine mudflows and other marine geotechnique
hazards are likely to occur. The basic forcing mechanisms and
ho\% they trigger a failure should be examined, as should the basic
transport mechanisms and internal stresses. The engineering prop-
erties and spatial distributions of marine sediments must be
determined. Better analytical models that have been experimen-
tally verified are urgently needed to estimate wave-structure-
sediment interactions.

2. The extent of marine biofouling (geographical, depth, and
time distributions) on structures in the oceans bordering the United
States should be determined. Growth rates, types of organisms,
and the ways in which both parameters influence forces on and
operations of floating and fixed structures should be quantified.

3. Strength and fatigue characteristics of materials used in
the ocean should be determined. In some cases, very nonlinear
materials are used, and special analysis methods may be required
to predict their response to the marine environment.
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Research Needs
1 oss of life and property. excessive maintenance, and biologi-

cal damage can be mitigated with the knowledge obtained from
engineering research. More and better information is needed in the
tollo\ ing areas.

Hazard Reduction through University Engineering
Research

t'ni,,ersitN engineering research is the cutting edge of engineer-
ing graduate education. The U.S. must fund this research to
sharpen the minds of its graduate students, to provide a stimulat-
ing environment for professional de%clopment of the faculty, and
to pro% ide the required information for designers and other practi-
tioners that \% ill reduce losses from natural hazards. The following
areas are prime targets of university engineering research.

Common results of coastal or ocean engineering efforts are
the acquisition of a facility in the ocean or on the coast, dredging,
the protection of the water quality of the ocean or estuaries, and
coastal /one management. Environmental studies are carried out
in support of a design requiring locating, relocating, modifying,
or terminating a structure or process such as the disposal of wastes
in the ocean. Typical facilities include breakwaters, harbors, piers,
offshore platforms, coastal roads, aids to navigation, beaches,
outfall pipes, dikes, storm and tsunami barriers, oceanographic
research buoys, and sensor platforms. The engineer attempts to
predict the stresses within the structure, its motion, the fate of
shateer that structure may contain, and the response of the
surrounding environment to that structure or its contents. For
example, ocean outfall pipelines are subjected to forces from
%%aves, currents, mudflow-s, earthquakes, and construction loads.
The engineer must design the outfall to resist these stresses while
dispersing ,wastewater under severe environmental conditions.
furthermore, the facility must not unduly influence sand trans-
port in the littoral region of the ocean, and the effluent must not
unduly degrade the surrounding environment. All of these criteria
must be met within a budget that is affordable.
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Engineering predictions of the response of structures and the
environment rely heavily on mathematics, tempered wAith the re-
sults of measurements and obsersations. This is particularly true
in the case of ocean waves and currents. Very large and sometimes
very compliant ocean structures are considered wherein the mathe-
matical and statistical predictors are of an advanced and compli-
cated nature. Therefore, to help mitigate the haards of nature, we
urgently need basic research into the nature of the nathematics
and statistics for these predictors. Mathematical nethods rely
heavily on modern computers, laboratory and field measurements.
and ingenuity in devising ever better methods of mathematical and
statistical formulation.

The three basic areas of study for developing acceptable
predictors for construction are (I) mathematics and statistics. (2)
laboratory testing, and (3) prototype field measurements. Before
engineers can have confidence in mathematical and statistical
models, there must be carefully controlled experiments to test the
theories.

The engineer can study a scaled model of an engineering
project or the full-scale prototype. The advantages of working in
the laboratory are that it is usually less costly, the physical ,ari-
ables can usually be controlled one at a time, the scaled prototype
design conditions (design storm intensity, etc.) can be modeled,
high-quality measurements can be made, and the test usually takes
a relatively short time. Major disadvantages are that scaling ef-
fects sometimes limit application of the data to the full-scale
prototype conditions, and analytical inferences must be used.
Sometimes important phenomena cannot be included in a model
stud, and the results must be interpreted knowingly. In addition,
laboratories must be kept bus) nearly full time to be self-supporting.
Some countries, such as Japan, the Netherlands, and Nor%%ay,
recognize the powerful advantages of large-scale laboratory
experimentation. Those governments subsidize extremely high-
quality laboratories. The payoff never enters a financial ledger,
but it is real in terms of added safety and economy for coastal and
ocean engineering facilities.

Laboratory model studies can add significantly to our knowl-
edge of the response of engineering systems to marine hazards.
Engineers in the United States, however, are severely constrained
by the lack of quality facilities, which tend to be large and expensive.
New funding is needed to establish them. Laboratory centers
could be established which would be available to all users, regard-
less of the location of their employment. This cooperative venture
would be similar to that existing now in the use of oceanographic
research vessels.
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The third area of investigation requisite to developing ade-
quate predictors is field measurements. The principal advantages
of field studies are that there are no scaling effects and all vari-
able% are necessarily included. The disadvantages of field studies
are relatively high costs, lower reliability of measurements, the
inability to control the variables individually by isolating the envi-
ronmental parameters, and the risk of total loss of an experiment
in an extreme en ironmental event. There are two categories of
field stuidies-measurcnents of the response of a structural or
fluid s\stcm to the various full-scale stimuli, and measurements of
the stimuli themselves.

I ong-term field measurements of storms and waves on all the
coastlines of the U.S. are needed. A long-term commitment of at
least 20 years should be made to gathering and preparing for fast
retriesal the statistical information on %%avc parameters so that a
proper assessment of that hazard can be made. The same is true
for monitoring the general sea level. In fact, wave measurements
and sea level measurements can possibly be combined.

Regardless of the care taken to design ocean structures properly,
a very small fraction of the billions of dollars of construction per
year \ill experience failure. Some of these may result in significant
loss of life and costly property. Valuable information can be
obtained from these failures, providing we accurately document
the remaining evidence. For example, a tsunami may inundate a
coastal area, dro\%ning a number of people and destroying consid-
erable property. A vcry basic question in such an incident is, how
far inland did the %%ave travel? The answer to this question exists
clearly for only a brief period of time before vegetation and
human activities reduce the evidence. Similarly, evidence may be
short-lived regarding the cause of the capsizing of semisubmersible
drilling platforms or fishing vessels.

Recommendations
1. To ensure that valuable information is gathered and re-

corded after a disastrous event, we recommend that a team of
-- experts be on call and a fund of money be available to dispatch

this team to the site as soon as possible. Organized evaluations of
coastal and ocean disasters are not now widely undertaken be-
cause neither the manpower nor the funds exist. The need for such
studies is nationwide. Therefore, a federally funded program of
this nature would be appropriate.

2. L.ong-term field measurements should be funded to study
coastal and ocean hazards.

3. Field studies of full-scale prototype structures, where scale
effects are nullified, should be encouraged. 45I



4. Laboratory equipment should be revitali/ed and enlarged.
Model studies are essential links in the three areas (analysis, model
studies, and full-scalc studies) of engineering research and '.e need
to catch up with the capabilities of other nations.

5. Analytical studies based on mathematics, statistics, and
computeri/ed methods need to he enlarged to encornpass the di-
verse range of activities in 0hich the U.S. is in'olved on the coast
and in the ocean.

Coastal and Ocean Engineering Education
Students of coastal and ocean engineering must hax a thor-

ough knos,,ledge of fundamental and ad'anced mathematic, and a
rigorous, comprehensive understanding of the physics of w. ater
',,aves, tides, and currents. Beyond that, areas of specialization are
in structural design and analysis, sediment transport, mixing
processes, fluid and structure motion interaction, submerged soils
and their characteristics as foundation materials, marine construc-
tion, and electronics. Complex water motions that rcsult from the
interaction of waves with fixed and moving stuctures and w.,ith
bottom and shoreline sediments result in water motions and pres-
sure distributions that are difficult to predict accurately. In addition,
ocean waves often progress from different directions with compli-
cated motions resulting from the several waves present. The em-
phasis on water waves in conjunction w, ith the required broad
:echnical background distinguishes a coastal or ocean engineer
from other engineers. Because of the advanced nature of such
studies, the degree earned is usually a master's or doctoral degree.

The analysis of coastal and ocean engineering structures is
somewhat different from that of land-based structures, although
advanced analysis techniques (for example, finite element analysis
and thin shell methods) may be the same. The difference is in the
type of structures. Fixed ocean platforms have been constructed,
and additional structures are planned, that are taller than the Em-
pire State Building. Large floating platforms supporting drilling
equipment can be moored in water depths of a few thousand feet.
Tension-leg platform decks can accommodate several football
fields. Subsurface, moored, acoustic arrays for defense purposes
may involve several thousands of feet of structural mooring.

Because of the complexity of the related phenomena, it is
only at the graduate level that a student can acquire the necessary
tools to be an effective coastal or ocean engineer. However, many
coastal and ocean works are designed by engineers who have not
had graduate training because the economics of our time induce
them to enter industry right after receiving the baccalaureate.
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Ifistoricalls, coaslal and ocean engineering has generated
modeaic intercs amlong st udent,,, both Ifrom tle United States
and tront othcr countries. liowever, in the past decade, starting
11arire froni pri~ate industry ha'c steadily risen for graduates
'itlh a ne\ bachelor's degree in engineering. %hile availahle fund-

ing for graduate ,tudents has declined because of federal budget
cuts In programs that traditionally supported ocean-related engi-
neering research. As a rcsult, a trend has developed toward in-
,rca,,ed enrollmnent of foreign students and decreased enrollment
of I... ,tudents ini marine-related engineering programs.

In ordct to dec lop a technology that \xill mitigate losses from
nattur al ald hlilmin mlarilc ha/ards, our ulnicrsitI es must become

co.c)noicall\ cornpetiti\c for the top engineering graduates so that
a reasonable number "ill pursue graduate programs in this field.
NoI onl\ %%ill these .oung people help in the conduct of engineer-
ing research: the\ \,\ill also learn the basics of applied coastal and
ocean ongineering for later application to their profession. Well-
tlained studcents in this field historical!% ha\e been in strong de-
mand by marin,-related industries, consulting firms, and govern-
merit agencies. the number of '.S. graduates in this field can be
increased b\ emphasi/ing a national program of research focused
oil coastal and ocean engineering.

In the last decade, a number of Iuropean. Australian, Indian,
and Japanese laboratories ha% e been built hich have large experi-
mental facilities %kith the most modern equipment, such as direc-
tional sa\c basins and long wave flumes. These superior facilities
pro\ide a technological advantage to foreign researchers because
it is generally true that larger-model studies yield better test results.
Because such laboratories usually attract talented personnel, they
become centers of excellence with international reputations.
Therefore, many U.S. industries conduct model tests for their
advanced technology projects abroad. This potentially devastating
trend can be reversed only with better equipment for research and
graduate studies in universities in the United States.

Recommendation
A federal program should be implemented that will build the

excellent facilities required to restore our universities to a position
of eminence in coastal and ocean engineering. A large expansion
in the financial support of research projects and graduate students
is required to help mitigate the losses from natural hazards experi-
enced by the U.S. on the coasts and at sea.
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Social and Economic Studies
Engineers are required to design for both safety and economy.

It is therefore natural that they become insolved in planning for
alternatives to expensive facilities, such as the evacuation of coastal
lowlands prior to the arrival of a severe hurricane in lieu of
designing hardened structures that will withstand any hurricane.
Evacuation costs money, and we need to know the real cost in
order to compare it to the increased costs of hardened facilities. A
study of the economical and social concerns related to marine
hazards is both reasonable and necessary.

Recommendation
The committee recommends that the coastal and ocean engi-

neering program include both social and economic studies.

Programs Abroad
Countries with a strong emphasis on coastal and ocean engi-

neering include Japan, Norway, the United Kingdom, the Nether-
lands, Germany, Denmark, Australia, and South Africa. Norway
presents an interesting example. Prior to the discovery of the
North Sea petroleum there was very little activity in Norway in
coastal and ocean engineering except for work on fisheries prob-
lems and the design of shipping entrances. In the 15 or 20 years
since the North Sea activity commenced, Norway, a country of 8
million people, has developed laboratory facilities far superior to
those in the United States. Norway also has a visiting scientist
program which attracts a number of coastal and ocean engineers
from the United States. The primary facility in Norway is a large
wave basin capable of generating directional waves. The basin is
about 330 x 460 feet in the horizontal dimensions and 33 feet deep,
with an adjustable floor allowing for different depths as needed.
Similar basins of this general capability are at present being con-
structed in the United Kingdom, the Netherlands, Denmark, and
Japan. United States petroleum companies operating in Norwe-
gian waters are encouraged to sponsor studies in Norway. This
incentive results in a flow of research funds from the United States
to Norway, which increases even further Norway's general capabili-
ties in coastal and ocean engineering. To at least some extent this
results in a deterioration of the programs in the United States.
This example illustrates the need for improved facilities in the
United States as well as increased research to keep U.S. coastal
and ocean engineers internationally competitive.
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I he situation in the Netherlands. the I nited kingdom,
)enmark. and .lapan is similar to that in Norway except that the

origins of coastal engineering in these countries predates the dis-
cos er% o petroleum under the North Sea. lo illustrate hriefl\ the
lesel of facilities and training s, ithin some of these countries, the
Netherlands has recentl\ constructed it large s,.ave flume denoted
as the Delta flume'" shich is about 850 feet long. 17 feet ',ide.
and 20 feet deep. [his flune is capable of' generating irregular
ssase,, that model ocean conditions up to heights of X to 9 feet,
thereb\ representing prototype ,torm %sa\es at scale ratios of from
1:1 to I. Ihis particular sa\e facility is large enough to mini-
nIle almoillt an\ concern about scale efTects.

Both the Net herla nds and 1)enmark are %erN competitive in
attracting international proiects for study in their facilities and in
carr\ing out numerical modeling and analytical studie,. I)enmark
in particular compete,, \er effectively in carrying out field projects.
particularl\ in deseloping countries. lhe results of these studies
further enhance their laboratory and numerical modeling efforts.

The international education programs of the Netherlands
generall\ last for one year and include a designated program in
coastal engineering, v, hich attracts man\ students from deselop-
ing countries, lhese programs proide the Netherlands with an
entree to the projects for these countries.

After WW II the United States s%%as a \sorld leader in coastal
and ocean engineering. This lead has slipped during the last tso
decades because of a lack of competiti\c facilities and because of
the greatl\ reduced research f'unding s, ithin the United States. Jo
some extent, the lack of research funding is related to the funding
b\ U.S. companies of research effo its o\erseas. To an even larger
extent, our competiti e edge is lost because of the \cry loss le\el of
funding by the ntited States gomernmnent. At present there is no

gos ernnent program supporting coastal and ocean engineering in
the uni\ersities.

the largest university vsae flume is at Oregon State Univer-
sit\ (340 feet long, 12 feet sside. and 15 feet deep, and generating
, a\,s t up to 5 feet high). rhis flume has been self-supporting since
its construction in 1973. tHovwever, it is in need of new equipment,
such as data recording and processing computers. Constructed
s, ith local funds, the ()SUt facility grews out of an intuition that it
%%ould be successful because of the scarcity of such installations in
the United States and because of the keen interest of the ocean
engineering faculty. This intuition proved to be sound. Ho\,ever,
the actisities in coastal and (wean engineering by the United States
are so numerous that we need more and better installations, and
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the facilit at OSI i in need of improvement , in order to compete
%kith the major laboratories abroad. One of the first ,tudie in this
tacilit .%%a% for the go~ernment of the Netherlands. t he Nether-
lands used the reult, and the experience to design the )elta flume,
%hich no%% attract% man. international research and engincering
project,.
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Conclusion
This quickly assembled report is intended as a preliminary

planning document to show tile importance of coastal and ocean
engineering research in mitigating natural and man-made hazards
on the coast and in the ocean. This report also intends to alert the
reader to the fact that because of the lack of' research funds,
financial support of graduate students, and the nonexistence of
hund, to moderni.'e U.S. university laboratories, domestic indus-
tries hase been forced to import coastal and ocean engineering
technology from abroad. If the National Science Foundation de-
cides to direct funds to a program in coastal and ocean engineering, a
more detailed cost summary will be developed by an appropriate
conmilee of coastal and ocean engineers.

This report should be considered in conjunction w ith refer-
ence 9, the proceedings from a symposium at which an interna-
tional group of engineers met and reported on research needs and
facilities requirements from the vieypoint of shallow water ocean
engineering. The group also discussed whether a national research
center for this work should be established. However, this report
emphasiies the cause and effect approach-that is, %%hat are the
research needs resulting from the existence of natural hazards?

(oastal and ocean engineering has evolved as a distinct branch
o engineering because of the need to understand the marine
environment in order to design the specialized structures required.
Engineers spend a great deal of time studying the physics of wave
motions and the response of structures and beaches to the waves.
Special considerations have recently been directed toward the
behasior of marine sediments as support for foundations.

There is a need to acquaint the public and gosernmental
organiiations in general with the discipline of coastal and ocean
engineering and demonstrate that more well-educated practition-
ers are called for to carry out the research, design, construction,
and operation of activities along our coastlines and at sea.
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Recommendations
1. A research program should be identified ,,ithin tile NSF

for coastal and ocean engineering research. A first-ycar budget of
$3 million is suggested to cover the cost% of administration,
analytical, laboratory, and modest field research studies: and
planning studies for important new construction of research
facilities. rhe second-year funding should be $6 million to cover
the same subjects as the first year's funding, plus a start on
facilities improvements. Fhe third and succeeding years should
probably be $10 million per year to supply funds for the acceler-
ated research program and ongoing improvement of facilities.
Reports that follo%% will more carefully break do,%.n costs into
detailed areas.

2. The program should be administered by the Civil and
Environmental Engineering Division of NSF. Peer revie% of pro-
posals should be done predominantly, but not entirely, by coastal
and ocean engineers. The director of the program should be a
coastal and ocean engineer and serve in a two-year chairmanship,
after which time another professional in the field should be selected.

3. Initially, the funded research should be directed toward
hurricanes and winter storms, long-term sea level rise, tsunamis,
ice and other phenomena characteristic of cold regions, biofouling
and corrosion, and the ways in which these natural hazards influ-
ence beach erosion, breakwater stability, silting of harbors, wa,.
forces on structures, flooding of low lands, capsizing of small
vessels, loss of aids to navigation, ice abrasion in the Arctic,
accumulation of biological growths on structures, and large sub-
marine mudflows.

4. i: is possible that a long-term sea level rise is in progress
which will create severe losses within the next 100 years. It is
imperative that we promote a concerted effort to make sophisti-
cated measurements of mean sea level over the next 10-year period
to identify changes in sea level.
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The Committee
This ad hoc committee was selected to represent various areas

of research work and various disciplines within the profession of
coastal and ocean engineering. A balance was sought between
eminent, well-established engineers and younger researchers in the
early phases of their careers. These members come from a cross
section of states concerned with coastal and ocean engineering.
Some committee members represented administration and the field
of science. The committee members are listed below with brief
information on their backgrounds.

DAVID R. BAS('O is a professor of civil and ocean engineering
at Texas A & M University. Prior to that he worked at the Corps
of Engineers Waterways Experiment Station in Vicksburg and
spent some time in the Netherlands at the Delft Technical Univer-
sity and the International Institute of Hydraulic Engineering. His
current research topics are coastal hydrodynamics, surf zone wave
mechanics, wave breaking,and numerical simulation.

JOSEPH M. COLONELL is vice president of Woodward-Clyde
Consultants and manager of their Alaska operations. Dr. Colonell
has supervisory responsibility for Woodward-Clyde's engineering
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