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Preface

Report No. 2, “Bibliography on Tidal Hydraulics” and Supplements 1-10
thereto were published by the Committee on Tidal Hydraulics in 1954, 1955,
1957, 1959, 1965, 1968, 1971, 1975, 1980, 1985, and 1987, respectively, in
connection with certain of its objectives. This supplement consists of
775 references on the subject and includes both current and older references
which have been accumulated. References not indicated by a dagger (1) are
available for loan within the continental United States from the Research
Library, U.S. Army Engineer Waterways Experiment Station (WES).

This supplement follows the same form as the original bibliography and
consists of eight sections, each preceded by a brief statement of its scope. As a
further convenience to the user, the references are arranged alphabetically under
each subject matter heading (section), and all have been annotated. Although the
majority of the references appear in more than one section, the complete entry
appears only once—under the most applicable subject heading—with other
listings giving only author, date, title, and key for its location.

Copies of this report may be obtained from the Committee on Tidal
Hydraulics, care of U.S. Army Engineer Waterways Experiment Station, ATTN:
CEWES-IM-MI-R, 3909 Halls Ferry Road, Vicksburg, Mississippi 39180-6199.

This supplement was compiled by Katherine M. Kennedy, Librarian (Engr),
Research Library, Management Information Division, Information Technology
Laboratory (ITL), WES, under the general supervision of Mr. Frank A.
Herrmann, Jr., Director, Hydraulics Laboratory (HL), and Chairman, Committee
on Tidal Hydraulics. Recognition is made of the following persons who
provided assistance on this supplement: Marsha C. Gay, editor, Editorial
Section, Visual Production Center, ITL, and George M. Fisackerly, Chief,
Estuarine Processes Branch, Estuaries Division, HL, who reviewed this report
for contents and classification.

At the time of publication of this report, Director of WES was Dr. Robert W,
Whalin. Commander and Deputy Director was COL Bruce K. Howard, EN,

The contents of this report are not to be used for advertising, publication,
or promotional purposes. Citation of trade names does not constitute an
official endorsement or approval for the use of such commercial products.




SECTION I. THEORETICAL CONSIDERATIONS

Basic principles of tidal hydraulics, including the mechanics and types of
tides, height and time of tide, tide-producing forces, tidal currents, theories,
cubature techniques, predictions, computations, estuarine circulation, and

meteorological effects.




2

Section I. Theoretical Considerations

tAgnew, D. C. 1984. Sea level variations and ocean
dynamics in the Aleutian Islands, 1 August-30 April
1983. San Diego, CA: Institute of Geophysics and
Planetary Physics, California University.

The overall purpose of this project was to study
ocean dynamics along the Aleutian Island chain,
which is the boundary between the North Pacific
Ocean and the Bering Sea. These two bodies of
water communicate through a number of straits
(usually called passes) which are shallowest at the
eastern end. The specific goal of this project was to
use pre-existing data sets, particularly long time
series of sea level and meteorology, to understand
something of the physical oceanography of the area.
Particular questions of interest included the follow-
ing. Tidal dynamics: how do the tides propagate
along the chain and through the passes? Why is
there an anomalously small S2 tide in the Bering
Sea? What is the flux of tidal energy into the Bering
Sea, and how is it distributed along the chain? Other
sea level variations: how does atmospheric forcing
affect low-frequency sea level changes? Are other
low-frequency signals present that could be corre-
lated with shelf waves or with changes in currents
such as the Alaskan Stream near the island chain? Is
there any nonlinear interaction between tides and sea
level? Can any pattern of meteorology be associated
with the harbor seiches observed in some of the tide
records? This report presents what results were
obtained: in all cases they are preliminary rather
than final.

tAiyesimoju, K. O. 1986. Numerical prediction of
transient water quality in estuarine/river networks.
(See complete entry in Section VI.)

Al-Bakri, D. 1986. Provenance of the sediments in
the Humber Estuary and the adjacent coasts, eastern
England. (See complete entry in Section II.)

Amin, M. 1987. A method for approximating the
nodal modulations of real tides. The International
Hydrographic Review 64(2):103-113.

A simple method for approximating the nodal modu-
lations of tidal constituents generated in shallow
waters is described. The changes in the nodal modu-
lations from their equilibrium values are found to be
mostly due to bottom friction. In this method, func-
tional approximations of interaction coefficients are
obtained with the help of resolved nonlinear tides of
frictional origin. New nodal terms and contributions
to the nodal terms of gravitational origin are esti-
mated by using the interpolated values of interaction

coefficients for respective frequencies. Four years of
observations can provide a reasonably accurate esti-
mate of nodal terms and nodal modulations as such,
which normally requires at least 18.6 years of obser-
vations. Tidal predictions are shown to be quantita-
tively improved when newly derived modulations are
used in place of the conventional equilibrium
modulations. (10 refs)

Amin, M. 1986. On the conditions for classification
of tides. The International Hydrographic Review
63(1):161-174.

This investigation is carried out to examine the
conditions which are commonly used to classify a
tidal regime as diurnal or semidiurnal. It is observed
that the application of COURTIER'’S criterion in tidal
predictions is not always appropriate. It is shown
that during some neap tides most of the major tidal
harmonics of the semidiurnal band may conspire to
oppose the M, tide. Consequently, at some ports the
semidiurnal component may degenerate into a dodge
tide. Under these circumstances, though a tide may
be classified as semidiurnal according to Courtier’s
criterion, the tidal profile is determined by the con-
stituents of the other species. A diurnal tide can
occasionally become semidiurnal for similar reasons.
A simple mathematical explanation of these condi-
tions and when they are likely to occur is given. For
practical purposes, new conditions that must be
satisfied for a tide to be diurnal or semidiurnal
during the full spring-neap cycle are suggested.

(6 refs)

Anderson, F. E., and Meyer, L. M. 1986. The
interaction of tidal currents on a disturbed intertidal
bottom with a resulting change in particulate matter
quantity, texture and food quality. (See complete
entry in Section II.)

Anderson, G. F. 1986. Silica, diatoms and a fresh-
water productivity maximum in Atlantic coastal plain
estuaries, Chesapeake Bay. (See complete entry in
Section II1.)

Andrews, J. C., Dunlap, W. C., and Bellamy, N. F.
1984. Stratification in a small lagoon in the Great
Barrier Reef. (See complete entry in Section III.)

Apelt, C. J. 1980. A decade of hydraulics in Austral-
asia. In 7th Australasian conference on hydraulics
and fluid mechanics, 18-22 August 1980, Brisbane,
Australia, 1-8. Barton, Australia: The Institution of
Engineers, Australia.
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Research and developments in hydraulics in Australia
during 1968-80 are reviewed. The survey covers
hydraulic structures, waterhammer, open channel
flow, estuaries, and flows with density differences.
The impacts of the marriage of fundamental fluid
mechanics to hydraulic design and of computers are
reviewed and shown to be extensive in all areas sur-
veyed. Several topics are identified as requiring
much more attention than they have received in the
past, particularly the field of energy loss in open
channel flows. (73 refs)

Ashley, G. M., and Grizzle, R. E. 1988. Interac-
tions between hydrodynamics, benthos and sedimen-
tation in a tide-dominated coastal lagoon. (See
complete entry in Section II.)

Badenhorst, P. 1986. Effect of dredging on estuarine
environments, alternative disposal sites and dredging
guidelines. (See complete entry in Section V.)

Baker, E. T. 1984. Patterns of suspended particle
distribution and transport in a large fjordlike estuary.
Journal of Geophysical Research 89(C4):6553-6566.

Seasonal and spatial patterns of the distribution and
transport of suspended particles in Puget Sound, a
large fjordlike estuary, are a product of the interac-
tion of the subtidal circulation with surface and bot-
tom particle sources. The particle distribution differs
from the distribution of hydrographic properties and
is characterized by four persistent features: (a) a
thin (<10 m), high-turbidity surface layer, (b) a
thick (~50 m), low-turbidity zone centered around
the level of no net motion between net seaward and
landward flow, (c) horizontal particle fronts at the
sill entrances, and (d) a bottom nepheloid layer main-
tained by local resuspension. Removal of particles
from the surface waters by advective downwelling at
the seaward sill and gravitational settling throughout
the basin make Puget Sound an efficient particle trap.
Particles sedimented on the basin floor are trans-
ported preferentially landward by the action of
erosion/deposition cycles enhanced by fortnightly
intrusions of new marine water. (39 refs)

Baker, T. F., Edge, R. J., and Jeffries, G. 1982.
High precision tidal gravity; Final report, 1 April
1980-31 March 1982. (See complete entry in
Section VII.)

+Bales, J. D. 1986. Field and numerical studies of
tracer gas transport and surface gas transfer in later-
ally uniform, partially stratified estuaries. (See
complete entry in Section VI.)

Banal, M. 1989. Tidal energy in 1989 (L’énergie
marémontrice en 1989). (See complete entry in
Section V.)

Barthe, X., and Castaing, P. 1989. Theoretical
study of the action of tidal currents and swell on the
sediments of the continental shelf of the Bay of
Biscay (Etude théorique de 1’action des courants de
marée et des houles sur les sédiments du plateau con-
tinental de Golfe de Gascogne). (See complete entry
in Section II.)

Barwell, L. 1988. Dynamics of the Palmiet River
mouth. CSIR Report EMA-T 8802. Stellenbosch,
South Africa: Division of Earth, Marine and
Atmospheric Science and Technology, Council for
Scientific and Industrial Research.

A synthesis of available data on the existing state of
the Palmiet estuary mouth is provided in the form of
a baseline technical report. It includes information
on the hydrology, wind regime, aeolian transport,
wave regime, sediment movement, and mouth stabil-
ity as well as an analysis of historical changes.

(5 refs)

Bedford, K. W. 1985. Selection of turbulence and
mixing parameterizations for estuary water quality
models. (See complete entry in Section VI.)

tBerger, T. J. 1987. A simple numerical model for
the study of baroclinic estuarine shelf interactions.
(See complete entry in Section VI.)

Bernshtein, L. B. 1988. From experimental to large
tidal power stations (20th anniversary of the
Kislogubsk tidal power station). (See complete entry
in Section VI.)

+Besnier, G. 1983. Equipment of the estuary of the
Vilaine; Building of Arzal Dam (L’amenagement de
I’estuaire de la Vilaine; Construction du Barrage
d’Arzal). (See complete entry in Section V.)

+Bickerton, I. B., Heydorn, A. E. F., and Grindley,
J. R., ed. 1982. Estuaries of the Cape;
Part 2: Synopses of available information on individ-
ual systems; Report No. 15: Zeekoe (CSW 5).
Stellenbosch, South Africa: National Research Insti-
tute for Oceanology.

Information is summarized on various aspects of the
Zeekoe estuaries of the Cape region of the Republic
of South Africa. Among the topics discussed are
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rivers, public health, land ownership and use, water
pollution, plants, and animals.

Bliek, A. J., Klatter, H. E., Konter, J. L. M., and
van der Meulen, T. 1986. Short cut channels in
tidal estuaries. (See complete entry in Section V.)

Blumberg, A. F. 1978. The influence of density
variations on estuarine tides and circulations. (See
complete entry in Section VI.)

Bodge, K. R., and Dean, R. G. 1987. Short-term
impoundment of longshore sediment transport. (See
complete entry in Section II.)

Boersma, J. R., and Terwindt, J. H. J. 1981.
Neapspring tide sequences of intertidal shoal deposits
in a mesotidal estuary. Sedimentology 28(2):151-
170.

The hydrographic properties, the distribution and
response pattern of various types of bed forms, and
the sedimentary structures produced were observed in
the mesotidal Westerschelde Estuary, The Nether-
lands. Ebb and flood tides generally differed in
strength; the resulting dominance changed over the
neap-spring tide period. Parallel, long-crested sand
waves and irregular short-crested dunes responded
differently to the neap-spring variation in current
velocity. The internal structure largely consisted of
unidirectional cross-bedding, separated into a succes-
sion of tidal bundles, each formed during one tide.
These tidal bundles were arranged in a lateral
sequence reflecting neap-spring tide periods and
differed in character with location. Within the tidal
bundle, reactivation, full vortex, and slackening
structures reflected acceleration, full stage, and
deceleration of flow, respectively, in the dominant
tide, usually the flood tide. The full vortex struc-
tures tended to be well developed around spring tide
and disappear toward neap tide. The subordinate tide
carved pause planes which enclose the tidal bundles.
These pause planes can be either erosional or
depositional. (20 refs)

tBogdanov, K. T., and Kharkov, B. V. 1975.
Calculation of Indian Ocean tides. (See complete
entry in Section VIIL.)

Boggs, S., Jr., and Jones, C. A. 1976. Seasonal
reversal of flood-tide dominant sediment transport in
a small Oregon estuary. (See complete entry in
Section I1.)

Bohm, E., Magazzu, G., Wald, L., Zoccolotti, M-L.
1987. Coastal currents on the Sicilian shelf south of
Messina. Oceanological Acta 10(2):137-142.

The dynamics of a coastal current flowing on the
eastern shelf of Sicily are investigated by means of
hydrological data and satellite-derived imagery.
Strong tidal mixing occurring near the sill of the
Strait of Messina generates a water mass whose
hydrological characteristics are intermediate between
Levantine and Atlantic waters. This water mass
flows southward along the Sicilian coast as far as
100 km from the sill and as far offshore as 10 km.
It therefore affects a major part of the eastern coast
of Sicily. Furthermore, this current can become
unstable and display meanders and eddies. (8 refs)

tBonnefille, R, 1980-81. Residual phenomena in
" estuaries. Oceanis 6(4):343-357.

The theory of residual phenomena, based on the
elimination by averaging of tide-alternating effects, is
introduced. When applied to estuaries in a two-
dimensional system, the original circulations are
revealed, the main parameters being the river dis-
charge and the salinity gradient along the estuary.
The main manifestation of these phenomena is the
appearance of closed circulations near the bottom
which prevent the seaward evacuation of suspended
matter. Data on the Gironde estuary (France) were
used to estimate the eddy dispersal coefficients which
model the residual phenomena. The application of
these theories of the temperature distribution
indicates that in an estuary the difference between
bottom and surface temperature rarely exceeds 0.5°
to 1° C.

" Bose, S. K., Ray, P., and Dutta, B. K. 1987.

Mathematical models for mixing and dispersion in
forecasting and management of estuarine water
quality. Water Science and Technology 19(9):183-
193.

The dispersion or spread of a dissolved or suspended
substance in an estuarine system occurs due mainly
to the nonuniformity of velocity distribution, includ-
ing turbulent fluctuations, shear stress at the bound-
ary, and surface stress caused by winds. The mixing
and dispersion phenomena in rivers and estuaries are
extremely important in water quality management
and control. The development of a dispersion model
in harmony with the nature of the flow field in a
river or estuary is necessary in the estimation and
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correlation of dispersion parameters, called disper-
sion coefficients, which may, in general, be aniso-
tropic in a multidimensional transport process. The
earlier one-dimensional models have gradually given
way to higher dimensional models for better descrip-
tion of the phenomena as well as for more accurate
estimation of parameters. Field studies of dispersion
of tracers have been the most important method of
generating data for parameter estimation. A number
of correlations for mixing and dispersion coefficients
in terms of flow rates and other fundamental system
parameters are available. The present study incorpo-
rates the analysis, assessment, and applications of
various dispersion and mixing models available.
Also, a critical appraisal of the validity, inherent
degree of uncertainty, and the range of applications
of different correlations have been incorporated.

(64 refs)

Bottin, R. R., Jr., Outlaw, D. G., and Seabergh,
W. C. 1985. Effects of proposed harbor modifica-

tions on wave conditions, harbor resonance, and tidal

circulation at Fish Harbor, Los Angeles, California;
Physical and numerical model investigations. (See
complete entry in Section VI.)

Bowden, K. F. 1984. Turbulence and mixing in estu-
aries. In The estuary as a filter, ed. V. S. Kennedy,
15-26. Orlando: Academic Press.

Mixing and dispersion in an estuary result from a
combination of advective and diffusive processes and
are closely related to patterns of circulation. The
intensity and scale of turbulence depend largely on
the stability of the density distribution and so affect
directly the vertical fluxes of momentum and matter.
Indirectly, the state of turbulence also influences the
longitudinal and transverse mixing. In setting up
models to predict changes in estuarine conditions
arising from natural external causes or human inter-
vention, most attention in the past has been given to
longitudinal fluxes across planes perpendicular to the
axis of an estuary. The apparent simplicity of one-
dimensional treatments, often used for this purpose,
conceals the importance of contributions from physi-

cal processes in the vertical and transverse directions.

It is likely that two- and three-dimensional models
will be more widely used in future but their success-
ful employment calls for a better understanding of
the physical processes which are to be simulated.
(19 refs)

Bowman, M. J., Kibblewhite, A. C., Murtagh, R.
A., Chiswell, S. M., and Sanderson, B. G. 1983.

Circulation and mixing in Greater Cook Strait, New
Zealand. Oceanologica Acta 6(4):383-391.

The shelf seas of Central New Zealand are strongly
influenced by both wind and tidally driven circulation
and mixing. The region is characterized by sudden
and large variations in bathymetry; winds are highly
variable and often intense. Cook Strait canyon is a
mixing basin for waters of both subtropical and sub-
antarctic origins. During weak winds, patterns of
summer stratification and the loci of tidal mixing
fronts correlate well with the h/u? stratification index.
Under increasing wind stress, these prevailing pat-
terns are easily upset, particularly for winds blowing
to the southeasterly quarter. Under such conditions,
slope currents develop along the North Island west
coast which eject warm, nutrient-depleted subtropical
water into the surface layers of the strait. Coastal
upwelling occurs on the flanks of Cook Strait canyon
in the southeastern approaches. Under storm-force
winds to the south and southeast, intensifying trans-
port through the Strait leads to increased upwelling
of subsurface water occupying Cook Strait canyon at
depth. This spreads seaward as a cool, nutrient-
laden mesoscale plume ~10* km? in area. It is
suggested that this source of nutrients may have an
important influence on the long streamers of apparent
phytoplankton patches which stretch southeastward in
the Pacific Ocean from the mouth of the strait.
Satellite imagery has identified a large (~100-km
diameter) anticyclonic eddy which may permanently
occupy the deep slope waters east of the southeastern
approaches. (31 refs)

+tBoynton, J. E. 1985. The influence of current

velocity on nutrient and oxygen exchanges between
estuarine sediments and the water column. (See
complete entry in Section II.)

Bratkovick, A. 1985. Aspects of the tidal variability

observed on the southern California continental shelf.
Journal of Physical Oceanography 15(3):225-239.

Observations of the current and temperature field
from the southern California continental shelf are
analyzed in a frequency band (0.6-6 cpd) dominated
by tidal fluctuations. The seasonal variability of the
temperature and horizontal velocity component fields
for this frequency band is characterized both in terms
of mean variance statistics and changes in the power
spectra. The most striking seasonally varying feature
is the 0(10%) increase in tidal band temperature vari-
ance observed from winter to summer on the inner
shelf. Energetic cuspate peaks are observed centered
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at 1, 2, 3 and 4 cpd. The bandwidth of the peaks is
approximately 0.2 cpd giving a decorrelation time of
5 days for tidally induced current and velocity
component fluctuations. A complex empirical eigen-
function analysis indicates that the amplitude and
phase of coherent structures in the veloCity compo-
nent and temperature fields vary over vertical and
horizontal spatial scales comparable to the local depth
and shelf width, respectively. The most energetic
modes vary in spatial structure with frequency. The
first mode semidiurnal (diurnal) fluctuations tend to
be bottom (surface) intensified. The estimated verti-
cally averaged cross-shelf mass transport associated
with semidiurnal and diurnal cross-shelf currents is
sufficient to sustain tidal sea surface elevation
changes. The total cross-shelf mass exchange is
approximately three times larger than the vertically
averaged mass flux at tidal frequencies. Estimates of
the bulk Richardson number indicate the vertical
current shears associated with baroclinic fluctuations
in the tidal frequency band are of sufficient magni-
tude to induce a marginally stable baroclinic flow
field on the shelf. (31 refs)

Briscoe, M. G. 1984. Tides, solitons and nutrients.
Nature 312(5989):15.

Tidal energy mixes the coastal waters, providing
nutrients for biological processes. The mechanism is
indirect; the topography of the shelf break, the strati-
fication of the coastal waters, and the tides interact to
produce groups of solitons--strong, short, high-
frequency internal waves--and it is the breaking of
these solitons as they propagate inshore to even shal-
lower water that is responsible for the mixing. It is
proposed that the surface tides at the shelf edge are
converted to internal tides and then to solitons that
dissipate on the shelf. (4 refs)

Broche, P., Salomon, J. C., Demaistre, J. S., and
Devenon, J. L. 1986. Tidal currents in Baie de
Seine: Comparison of numerical modelling and high-
frequency radar measurements. (See complete entry
in Section VI.)

Brown, R. D. 1982. Ocean tide measurement by Sea-
sat altimeter data. (See complete entry in
Section VIII.)

Brown, W. D., and Trask, R. P. 1980. A study of
tidal dissipation and bottom stress in an estuary.

Journal of Physical Oceanography 10(11):1742-1754.

A method for inferring an area-averaged bottom
stress and energy dissipation rate in a tidal estuarine

channel is presented. The one-dimensional continuity
and momentum relations are developed using simpli-
fying assumptions appropriate for a well-mixed shal-
low and narrow estuary. The finite-difference form
of these relations is derived for a section of the Great
Bay Estuary, New Hampshire, an estuary which has
been shown to have a relatively large energy dissipa-
tion rate. A set of current, bottom-pressure and sea-
level measurements from the estuary is used to
estimate time series of all important first- and
second-order terms in the momentum equation.
Except near slack water, it is found that the instanta-
neous first-order balance must be between the
surface-slope-induced pressure gradient and bottom-
stress forces. Important second-order contributions
to the balance come from the inertial and convective
acceleration terms. Time series of bottom stress are
inferred by summing the estimated terms. For this
study site the 14-day root mean square (rms) bottom
stress is 45.1 + 4.5 dyn cm? with a corresponding
rms and mean dissipation rate of 3,526 +420 and
2,478 +297 ergs cm? S, respectively. The role of
the first-order tidal motion and nonlinearities in the
mean second-order force balance is discussed.

(18 refs)

Butler, H. L. 1986. Advanced numerical models for
coastal currents and sediment transport. (See
complete entry in Section VI.)

Camara, A. S., da Silva, M. Cardoso, Ramos, L.,
and Ferreira, J. G. 1967. Tejo 1--An interactive
program for the division of estuaries into
homogeneous areas. (See complete entry in
Section VI.)

Cannon, G. A., Bretschneider, D. E., and Holbrook,
J. R. 1984. Transport variability in a fjord. (See
complete entry in Section II.)

Cartwright, D. E. 1985. Tidal prediction and modern
time scales. The International Hydrographic Review
62(1):127-138.

Modern time scales introduced since about 1950 and
revised formulas for the mean lunar and solar longi-
tudes are defined and compared with the formulas of
NEWCOMB and BROWN, which still form the basis
of current tide prediction practice. Changes in tidal
arguments of order 0°.02 are identified, with a
tendency to increase towards the 21st century. Small
changes in potential amplitude and speed of some
leading harmonic constituents from AD 1900 to 2000
are also noted. While all changes are small by tidal
standards, it is recommended that the modern
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formulas be adopted by tidal authorities before dis- Central Board of Irrigation and Power. 1988. Tidal

crepancies become noticeable. The modern formulas
require at least an approximate correction for the
difference between Dynamic or Ephemeris Time and
Civil or Universal Time, which will probably exceed
1 minute before AD 2000. (16 refs)

Cartwright, D. E., and Amin, M. 1986. The vari-

ances of tidal harmonics. (See complete entry in
Section VIIL.)

Catewicz, Z. 1985. On the variability of currents in

the coastal zone of the African shelf at 16° North.
Deutsche Hydrographische Zeitschrift 38(2):69-92.

In the period from May 1980 until the end of January
1981, an experiment was carried out in the shallow-
water area of the West African Shelf off Saint Louis.
During the investigation the seasonal variation of
currents was observed, the current phenomena then
being characterized by various intensities and flow
directions. The most important period is that from
December to May, when the currents are emphati-
cally affected by trade winds. Characteristic for this
period are the southward flow direction and high
velocities from the range of 15 to 33 cm/sec. Strong
turbulence anisotropy occurs in the zone under con-
sideration. The values of the turbulence intensity in
most cases exceed unity; it is thus impossible to
apply Taylor’s hypothesis of "frozen turbulence."
The exchange coefficients, calculated by means of
the Lettau-Ertel method, are in general in the range
of 10° to 10° cm¥/sec. The ellipses of momentum
horizontal exchange, related to the directions of
extreme exchange, are characterized by anisotropy,
where the parameter (p = a/b) (a, b are ellipse axes)
ranges from 3 (at 1 km from the shore) to 2 (at 3 km
from the shore), with p = 2.5 at 2 km from the
shore. The current spectral analysis has indicated the
domination of the oscillations with the semidiurnal
tidal period. Moreover, there occur maxima related
to the diurnal tide, also the maxima with the period
of 54, 44 to 41, 21, and 17 hours. The water-level
harmonic analysis has indicated the occurrence in this
region of the tide of semidiurnal, regular type. On
the other hand, the currents there are of semidiurnal,
irregular type. The mean value of the amplitudes of
the semidiurnal tidal currents is diversified; as for
the periods chosen, the value of 2 (M, + S,) ranges
from 2.1 to 5.4 cm/sec, whereas for the whole mea-
suring period these amplitudes are somewhat smaller.
The shift of the tidal current maximum with respect
to the sea-level maximum in the coastal zone is
slight, ranging from 0.2 to 0.7 h before high water
(16 refs)

power development. (See complete entry in
Section VI.)

+Chabert D’Hieres, G., and Le Provost, C. 1977.

Synthesis of determinations of the principal tidal
components in the English Channel, resolved with
the aid of the Grenoble scale model. Annales Hydro-
graphiques 5(1):47-55 (In French).

Following the previous Franco-Soviet oceanography
symposium when the principle of detailed studies of
the main spectral components of tides in the English
Channel was explained, recent years have seen the
application of this principle; and it has been possible
to define almost every significant component: diur-
nal, semidiurnal of astronomical and radioactive
origin, semidiurnal of nonlinear origin, fourth
diurnal, and sixth diurnal. This paper attempts a
synthetic presentation of this detailed information and
regroups the various components into distinct groups
within which the waves have similar characteristics
which may be determined theoretically.

Chaloin, B., Péchon, P., and Coéffé, Y. 1985.

Hydraulic studies of the bed evolution of the River
Canche Estuary and of the Dunkirk Harbour exten-
sions. (See complete entry in Section VI.)

+Chaoyu, W. 1986. A dynamics and sedimentology

study of eastern Atchafalaya Bay, Louisiana. (See
complete entry in Section II.)

+Chatterjee, A. K., and Debnath, L. 1980. Mathe-

matical model for flood and embankment prediction
in a tidal river. Acta Mechanica 36(3/4):187-194.

The authors present application of one-dimensional
Saint Venant equations integrated in an explicit finite
difference scheme using classic development pro-
posed by Dronkers. The reviewer made a number of
such applications and found these schemes equally
adequate for analysis of tidal flows in estuaries.
Results are presented as curves of maximum water-
surface elevation for each riverine discharge, and
hydrographs of water elevations versus time. Tidal
influence progresses further upriver with decrease in
freshwater flow. The authors state that the scheme
may be applied to interlacing channels. The
reviewer has applied such a scheme to treelike
systems with tributaries, but found out that interlac-
ing channels which result in islands are better treated
with network analysis using "node" expression for
continuity equation. The reviewer assumes that the
boundary condition at the confluence with the
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Hooghly River, India, was well defined from existing
records. Otherwise, the model should have included
this channel with the boundary condition defined at
sea.

TChatterjee, A. K., and Debnath, L. 1978. Study of
nonlinear wave propagation in tidal rivers. (See
complete entry in Section VI.)

TChen, C.-L. 1985. Simulation of hydrodynamics and
water quality in a well-mixed estuary by using finite
element methods. (See complete entry in
Section VI1.)

Cheng, R.-T. 1986. Modeling of estuarine hydrody-
namics—A mixture of art and science. (See
complete entry in Section VI.)

TCheng, R. T., and Walters, R. A. 1982. Modelling
of estuarine hydrodynamics and field data require-
ments. (See complete entry in Section VI.)

tChevereau, C., and De Sogreah, M. 1977. Mathe-
matical models applied to the study of morphological
processes and pollutant propagation in coastal
regions. (See complete entry in Section VI.)

Chu, W.-S., Barker, B. L., and Akbar, A M. 1988.
Modeling tidal transport in the Arabian Gulf. (See
complete entry in Section VI.)

Chu, Y.-H., and Chen, H. S. 1985. Bechevin Bay,
Alaska, inlet stability study. (See complete entry in
Section VI.)

Church, J. A., and Forbes, A. M. G. 1983. Circu-
lation in the Gulf of Carpentaria. I: Direct observa-
tions of currents in the south-east corner of the Gulf
of Carpentaria. Australian Journal of Marine and
Freshwater Research 34(1):1-10.

Data from three current-meter moorings in the south-
east corner of the Gulf of Carpentaria indicate that
barotropic diurnal tidal currents are predominant.
The low-passed currents are also barotropic, but
there is not a good correlation between the currents
at the three moorings or with the wind recorded at
Mornington Island. This may be due to the existence
of topographic gyres in the residual currents, or the
winds recorded at Mornington Island not being
representative of those at the moorings sites.

(18 refs)

Cialone, M. A. 1986. Yaquina Bay, Oregon, tidal
and wave-induced currents near the jettied inlet;

Numerical model investigation. (See complete entry
in Section VI.)

Clarke, Allan J., and Battisti, David S. 1981. The

effect of continental shelves on tides. Deep-Sea
Research 28A(7):665-682.

Coastal tides are influenced by several factors and
one of the most important of these is the character of
the adjacent continental shelf. A continental margin
theory is derived and used to discuss several different
aspects of the effect "smooth" continental shelves
have on tides. The main results are as follows.

(a) The theory suggests, in accordance with observa-
tions, that semidiurnal tides should be amplified on
wide shelves in mid and low latitudes, but that diur-
nal tides should not be amplified. (b) Continental
shelf tidal resonance occurs when the shelf scale
ga/(w? - f(a = shelf bottom slope, w = tidal fre-
quency) is approximately equal to the shelf width.
Theoretical arguments and observation can be used to
show that shelf resonance occurs, for example, along
sections of the northwest Australian shelf. (c) Given
the easily obtained coastal tide, theory shows that
tides over the continental shelf and slope can be
approximately estimated analytically. Calculations
using simple prediction formulas can be made on a
hand calculator. Subject to some restrictions, a sim-
ple and inexpensive method is thus available for
estimating barotropic tides on continental shelves.

(d) An appropriate boundary condition for global
numerical tidal models, which cannot resolve the
continental margin region, is derived. For the
diurnal tides, the boundary condition can be well
approximated by an impermeable wall condition at
the deep-sea continental slope boundary. For the
semidiurnal tides, the impermeable wall condition
usually, but not always, suffices; it can break down
on wide continental shelves. (22 refs)

Coenen, R. C. A. 1986. Water quality management

for the Dutch sector of the North Sea. Water Pollu-
tion Control 85(2):200-207.

The need for a water quality management concept
emerged from an inventory in 1982 of conflicts
between uses of the North Sea and of the present
sectoral policy decision on North Sea matters in The
Netherlands. The policy scheme primarily focuses
on the quality of water and, secondly, on the quality
of sediments and organisms. The planning area is
defined as the Dutch continental shelf limited by the
high tide mark. Sources of pollution outside the
planning area but relevant for the water quality inside
the planning area are taken into account. A
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predominant hydrological factor in the southern part
of the North Sea is the tidal influence. Apart from
the intensive transport of sand in the sea, small parti-
cles of clay silts of marine and riverine origin circu-
late in some parts of the North Sea, and often
precipitate in estuaries and other net-sedimentation
areas such as the Waddensea. The salinity varies in
the coastal zone, due to the freshwater inputs.

Collins, M. B., and Ferentinos, G. 1984. Residual
circulation in the Bristol Channel, as suggested by
Woodhead sea-bed drifter recovery patterns.
Oceanologica Acta 7(1):33-42.

Woodhead sea-bed drifters were released from

11 stations in the Bristol Channel. Recoveries
ranged between 51 and 68 percent of those released
at each station. Drifter transport paths are inferred
on the basis of geographical recoveries and elapsed
times. The suggested near-bed residual water cir-
culation pattern represents seaward and landward
transport in midchannel and along the coastal zones,
respectively; it is consistent with numerically
predicted frictionally driven tidal current residuals.
Landward transport of water in the coastal zone of
the Bristol Channel provides a possible explanation
from upstream transfer of fine-grained sediments.
Such a mechanism might be more generally appli-
cable to other estuarine systems. (40 refs)

Costa, S. L., Landsteiner, M. C., Stork, J. W., and
Gould, T. C. 1982. Discharge-displacement calcu-
lations for tidal flushing. (See complete entry in
Section VIIIL.)

Craig, P. D. 1987. Solutions for internal tidal gen-
eration over coastal topography. Journal of Marine
Research 45(1):83-105.

Internal tides may be described by a hyperbolic equa-
tion which, for the case of constant buoyancy fre-
quency, has constant coefficients. The equation is
solved by using the characteristic geometry and char-
acteristic functions to establish a set of linear
algebraic equations in the model amplitudes. The
accuracy of the solutions can be assessed using
energy considerations. The capability of the solution
technique is demonstrated by simulating the baro-
tropic generation of internal waves over linear topog-
raphy, with emphasis on near-critical topography,
when the solution exhibits high shears and discon-
tinuous behavior at the critical slope. The structure
of the waves is determined by the ratio, «, of the
bottom slope to characteristic slope. The magnitude
of the waves may be estimated by considering the

ratio of the baroclinic to the topographic length
scales which, for linear slopes, is also given by «.
For supercritical slopes, the offshore energy flux
varies approximately linearly with o, while for sub-
critical slopes it varies as o°. (17 refs)

Crickmore; M. J. 1982. Data collection -- Tides,
tidal currents and suspended sediment. (See
complete entry in Section VII.)

Curtis, R. J. 1985. Tidal recirculation of dredge
spoil: Major sedimentary process in Lyttelton
Harbour, South Island, New Zealand. (See complete
entry in Section II.)

Davies, A. M. 1985. A three-dimensional model of
the northwest European continental shelf, with appli-
cation to the M, tide. (See complete entry in Section
VL)

Davis, R. A., Jr., Knowles, S. C., and Bland, M. J.
1989. Role of hurricanes in the Holocene stratig-
raphy of estuaries: Examples from the Gulf Coast of
Florida. Journal of Sedimentary Petrology
59(6):1052-1061.

Sarasota and Little Sarasota Bays are shallow, coastal
bays located landward of a Holocene barrier/inlet
complex on the west-central, microtidal Gulf coast of
Florida. Sediments presently accumulating in the
bay consist of (a) fine to very fine quartz sand con-
tributed from the Gulf shoreline during storm-
generated washover, through tidal inlets, and from
reworking of older deposits; (b) fine sand to pebble-
sized quartz and phosphatic sediment contributed by
Tertiary and Pleistocene deposits; (c) biogenic car-
bonate debris which is produced within the bays
and/or derived from the Gulf of Mexico; (d) clay
minerals derived from weathering of Tertiary and
Pleistocene carbonates and clays; and (e) particulate
organic debris. Interpretations from 51 vibracores
from throughout the bays have enabled delineation of
four major depositional sedimentary facies resulting
from specific environmental conditions: protected
bay, open bay, tidal delta/washover, and storms.
Bedrock in the area ranges from O to about -8 m
MSL and is largely responsible for the areal configu-
ration of the bay and the location of the barrier
islands. The Holocene stratigraphy of both bays has
been greatly influenced by the passage of major
hurricanes which carried large volumes of sand and
shell gravel into the bays. At least four of these
storms are documented in these cores. Three storm
units from Sarasota Bay have been radiocarbon dated
at 2,270, 1,320 and 240 years before present (YBP).
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Historically documented severe hurricanes influenced
this coast in 1848 and 1921. Hurricanes interrupted
the normal, low-energy, slow deposition in the bays
and caused inlets to open and close. Three storm-
sedimentary facies are identified: (a) a graded storm
facies which is composed of conspicuously fining
upward units ranging from sandy shell-gravel to
slightly shelly quartz sand, (b) a homogeneous storm
facies consisting of homogeneous and relatively thin
shelly-sand and gravel units, and (c) a fluvial storm
facies which is muddy and generally free of shells
representing terrigenous influx from runoff.

(26 refs)

tDebnath, L., and Chatterjee, A. K. 1978. Non-
linear mathematical model of the propagation of tides
in interlacing channels. (See complete entry in
Section VI.)

7Debnath, L., and Chatterjee, A. K. 1981. Two
dimensional nonlinear wave propagation in a shallow
tidal estuary. (See complete entry in Section VI.)

de Boer, P. L., Oost, A. P., and Visser, M. J.
1989. The diurnal inequality of the tide as a
parameter for recognizing tidal influences. Journal
of Sedimentary Petrology 59(6):912-921.

Tidal periodicities, in particular the neap/
spring/neap cycle, can be recognized in the internal
structure of large-scale cross-bedded sets. Another
frequently occurring periodicity is the diurnal
inequality of the tide. This is a regular variation of
the water levels reached by successive high and/or
low waters in semidiurnal and mixed tidal systems.
As a result, the strength of successive flood and ebb
currents fluctuates. A particular depositional site in
a tidal environment is frequently dominated by one of
these two tidal currents. This can be reflected in the
sediments in a bundle-wise building up of
unidirectional cross-strata. During a dominant cur-
rent stage, the bedform advances, and its displace-
ment is reflected in the thickness of the forest
deposits (bundles). The neap/spring sequence is
reflected in variations of the bundle thickness over a
period of 14 days. Variations in the strength of
successive dominant currents due to the diurnal
inequality of the tide are reflected in thick-thin varia-
tions in the thicknesses of successive bundles. The
diurnal inequality of the tide occurs in semidiurnal
tidal regimes and in the semidiurnal parts of mixed
tidal systems. When the tidal currents within a
semidiurnal or mixed tidal regime drop to such low
magnitudes that bedform migration ceases, for
example around neap tide, the number of bundles

within a neap-spring cycle may be (much) less than
28, and the depositional system can be incorrectly
interpreted as a "diurnal tidal system." Then the
reflection of the diurnal inequality of the tide in the
bundle thicknesses may reveal that bedform migra-
tion was subject to semidiurnal tides and that stand-
still periods in the bedform migration must have
caused a reduction in the number of bundles per
neap/spring cycle. Several examples from the recent
literature are used to demonstrate this principle. In
present-day diurnal systems the difference between
low and high water is generally small and, moreover,
the time span between low and high water is twice as
long as in semidiurnal systems. The low tidal ampli-
tude and the low frequency result in generally small
tidal current velocities, which are rarely strong
enough to produce large-scale megaripples with
bundle cycles. Apart from the recognition of tidal
influences in fossil sedimentary deposits, measure-
ments of lunar cycles offer a tool for differentiating
diurnal from semidiurnal and mixed tidal systems in
the geological past. Changes in the earth-moon rota-
tional system may also be recognized. (26 refs)

de Boer, P. L., van Gelder, A., and Nio, S. D., ed.
1988. Tide-influenced sedimentary environments and
facies. (See complete entry in Section II.)

Dejak, C., Lalatta, I. M., Messina, E., and Pecenik,
G. 1987. Steady-state achievement by introduction
of true tidal velocities in a pollution model of the
Venice Lagoon. (See complete entry in Section VI.)

Delft Hydraulics Laboratory. 1983. Mathematical
modelling of estuarine phenomena. (See complete
entry in Section VI.)

Delft Hydraulics Laboratory. 1986. Special issue on
estuaries and coastal seas. (See complete entry in
Section VI.)

de Mowbray, T., and Visser, M. J. 1984. Reactiva-
tion surfaces in subtidal channel deposits,
Oosterschelde, Southwest Netherlands. Journal of
Sedimentary Petrology 54(3):811-824.

Recognition of unsteadiness in flow velocities is an
important factor in the identification of tidal deposits.
One consequence of such unsteadiness is the produc-
tion of reactivation surfaces-erosion surfaces devel-
oped within a cross-stratified set. Reactivation sur-
faces can be produced in a unidirectional flow
system, by the migration of a faster-moving megarip-
ple over a slower one ("overtaking"). The form of
the surface is dependent upon the relative sizes of the
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two megaripples concerned and the flow conditions
under which they migrate. Other types of reactiva-
tion surfaces are produced by the action of a subordi-
nate current, which erodes the lee side of the
dominant-current megaripple. The morphology of
the reactivation structures depends on the size of the
megaripples concerned (the examples considered here
had heights in the range 0.2-2.5 m) and, most
importantly, on the relative strengths of the dominant
and subordinate currents. Where the subordinate
current is relatively weak, only the tops of the
dominant-current foresets are eroded. With increas-
ing subordinate-current strength, the whole foreset
height is subjected to erosion, and a large angular
discordance is produced between the large-scale fore-
sets and the reactivation surface. Such strong ero-
sion drastically alters the megaripple relief-the lee-
side slope is much reduced. Recovery of the lee side
during the subsequent dominant-current phase is
gradual, as can be seen from the development of
small-scale structures immediately overlying the
reactivation surfaces. The regular variation in the
strength of the subordinate current during the neap-
spring cycle is often reflected in the morphology of
the reactivation surfaces. In such examples, the
reactivation surfaces formed during spring tide peri-
ods have a large angular discordance with the
foresets, indicating that there was considerable ero-
sion by the subordinate current. Reactivation sur-
faces formed during periods between spring and
neap, in contrast, are developed only in the upper
parts of the foresets, suggesting that subordinate-
current erosion was relatively modest, while the
deposits of the neap tides themselves show no evi-
dence of any erosion by the subordinate current.

(24 refs)

+deSwart, H. E., and Zimmerman, J. T. F. 1934.

Tidal rectification in lateral viscous boundary layers
of a semienclosed basin. Amsterdam, Netherlands:
Center for Mathematics and Computer Science,
Department of Applied Mathematics.

The rectified flow, induced by divergence of the
vorticity flux in lateral oscillatory viscous boundary
layers along the sidewalls of a semienclosed basin, is
studied as a function of the Strouhal number, equiva-
lent to the Reynolds number. It is shown that for
small Strouhal numbers the ratio of the rectified flow
and the tidal current amplitude is proportional to the
number but for larger values the behavior is expo-
nential. The latter conclusion is reached using a
global renormalization of the vorticity equation.

+De Young, B. S. 1986. The circulation and internal

tide of Indian Arm, B. C. Ph.D. diss., The Univer-
sity of British Columbia, Vancouver, BC, Canada.

The wintertime deepwater exchange in a silled fjord
is described. Bottom-water renewal took place in the
third year of the study, 1984-85. Hydraulic control
of the exchange was consistent with the observations.
This control is exerted over the long sill, which
restricts access to the fjord. The maximum density
at the sill was observed during neap tides. No dis-
tinct peaks in the velocity at the sill were observed
during the inflows. During each inflow, associated
with a neap tide, about 20 percent of the water in the
fjord was replaced. These exchanges occurred over
periods of 5-10 days. An internal tide was observed
in Indian Arm in all three winters studied. In the
winter of 1983-84, this internal tide was observed to
change from a predominantly M, internal response to
a predominantly K,. This change in the response is
explained as a partial resonance response of the sys-
tem. During the 1983-84 winter, the resonance
period steadily increased from 14 hours at the start to
22 hours at the end. It is suggested that the
enthanced internal response at the K, frequency, late
in the winter, is due to resonance. Fitting of normal
modes was done to look at the energy flux in Indian
Arm. About 20-30 percent of the energy flux is
found to propagate from the head of the inlet, sup-
porting the resonance hypothesis, which requires
energy to be reflected from the head. The energy
sinks for the barotropic tide are investigated using a
variety of data. From an analysis of the tidal data, it
is estimated that a total of 10-15 percent of the
barotropic tidal energy which enters Burrard Inlet is
dissipated. About 0.7 MW is lost from the baro-
tropic tide in the vicinity of the Indian Arm sill.
About 0.3 MW was found in internal waves propa-
gating away from the sill. Of this flux about 60 per-
cent was in the internal tide, with 40 percent in high-
frequency internal waves. The vertical diffusion
coefficient (K,) is determined from an analysis of the
density data. K, is found to be related to the
buoyancy frequency N by the relationship, K, o
N9%_ Using K, and N, the amount of energy which
does work against buoyancy is found to be about

100 kW. From this energy estimate, the flux
Richardson number (R) is estimated be 0.05-0.1.

De Young, B., and Pond, S. 1989. Partition of

energy loss from the barotropic tide in fjords. Jour-
nal of Physical Oceanography 19(2):246-252.
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As the barotropic tide propagates into and out of a
fjord, it loses energy to friction, internal tides, and
high-frequency internal waves. Estimates of these
losses for three British Columbia fjords, using cur-
rent meter data, indicate that friction is negligible in
two, but important in one inlet. The length and
depth of the sill determine the importance of friction.
When friction is not important, most of the energy
lost goes into the internal tide but less than half of
this energy propagates away from the sill. Simple
models of the internal tide predict the correct energy
transfer to satisfy an energy budget but do not agree
with observations of the internal tidal energy flux
away from the sill. Energy loss from the internal
tide in or near the generation zone would account for
the discrepancy. The energy flux of the high-fre-
quency internal wave field is relatively small, about
2 percent of the energy lost. (18 refs)

Dick, G., and Siedler, G. 1985. Barotropic tides in

the northeast Atlantic inferred from moored current
meter data. (See complete entry in Section VIIL.)

Dick, S. 1987. The tidal currents around the island of

Sylt: Numerical investigations of the principal lunar
semi-diurnal tide (M,) (summary)
(Gezeitenstromungen um Sylt. Numerische
untersuchungen zur halbtigigen hauptmontide (M,)).
(See complete entry in Section VI.)

Dijkzeul, J. C. M. 1984. Tide filters. Journal of

Hydraulic Engineering, ASCE, 110(7):981-987.

In engineering studies with numerical tide models it
is often necessary to isolate the variations of the
height of water levels or the intensities of the cur-
rents in certain frequency bands. It may be desirable
to obtain time series of the diurnal or semidiurnal
water level variations of a record free from meteoro-
logical disturbances and free from overtides. Such
time series can be obtained by digital filtering of the
original records. A series of bandpass filters for
important tidal frequency bands were designed and
results are discussed. In the design the effort was
directed to fulfill the following requirements:

(a) The filter should pass information in the chosen
tidal frequency band. (b) The modulus of the filter
should be very close to unity in the chosen tidal
frequency band. (c) The phase of the filter should be
zero in the chosen tidal frequency band. (d) Outside
the chosen band the modulus of the filter should be
close to zero. (e) The band width should be suffi-
ciently wide to permit transmission of all tidal fre-
quencies in the chosen band. (f) The filtered time
series should be represented as a time series at the

same times as the original time series (thus a time
series at the whole hour should, after filtering again,
be represented at the whole hour). The application
of these filters to model results and field data has
proven to be an important tool in engineering studies
with numerical models. (4 refs)

DiLorenzo, J. L. 1986. The overtide and filtering

response of inlet/bay systems. (See complete entry
in Section VI.)

Donnell, B. P., and McAnally, W. H., Jr. 1985.

Spectral analysis of Columbia River Estuary cur-
rents. Technical Report HL-85-5. Vicksburg, MS:
US Army Engineer Waterways Experiment Station.

A spectral analysis study was conducted to determine
if wind-induced currents within the Columbia River
estuary were sufficiently large to justify their inclu-
sion in a numerical model of sediment transport
within the estuary. Completion of the analysis
showed that wind-induced current velocities were
considerably less than 0.5 fps and consequently have
little effect on instantaneous sediment transport.

(10 refs)

Dooley, H. D. 1979. Factors influencing water move-

ments in the Firth of Clyde. Estuarine and Coastal
Marine Science 9(5):631-641.

In the period 1972-1974, 530 days of current obser-
vations were obtained in the Firth of Clyde, on the
west coast of Scotland. In addition hydrographic
surveys were conducted at frequent intervals from
which geostrophic currents were calculated. Tidal
streams in the area were low (<10 ¢cm s); and
because of the resulting low levels of turbulence and
mixing, the water structure was patchy with rela-
tively large horizontal and vertical density gradients.
Many of the fluctuations in velocity were due to
advection of the patches which were in geostrophic
balance. In addition there were wind-driven flows
which occasionally caused rapid renewal of the water
in the Firth of Clyde. The wind/current relationship
was complex, however, and appeared dependent on
the existing density distribution. (7 refs)

Dronkers, J. 1982. Conditions for gradient-type dis-

persive transport in one-dimensional, tidally averaged
transport models. (See complete entry in Sec-
tion II1.)

tDunbar, D. C. 1985. A numerical model of

stratified circulation in a shallow-silled inlet. (See
complete entry in Section VI.)
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Dyer, K. R. 1986. Coastal and estuarine sediment
dynamics. (See complete entry in Section II.)

+Eades, J. B., Jr. 1978. Tidal frequency estimation
for closed basins. AMA Report No. 78-11. Jericho,
NY: Analytical Mechanics Association, Inc.

The basic aim in this work was to develop a method
for determining the fundamental tidal frequencies for
closed basins of water by means of an eigen-value
analysis. In this regard, the mathematical model
which was to be employed was the so-called Laplace
Tidal Equations. The proposed procedure for solv-
ing these was to represent a different and somewhat
unique approach. It was proposed that these mathe-
matical statements by Laplace would be cast in a
format employing the finite element method. Once
this model of the governing expressions was in hand,
it was proposed that solutions for the tidal frequen-
cies be pursued. (15 refs)

+Eisma, D., Gaast, S. J. van der, Martin, J. M.,
and Thomas, A. J. 1978. Suspended matter and
bottom deposits of the Orinoco Delta: Turbidity,
mineralogy and elementary composition. (See
complete entry in Section II.)

Elahi, K. Z., and Noor, M. A. 1983. Tidal
dynamics of the Pakistani coastal water. (See
complete entry in Section VI.)

$Elliott, A. J. 1979. A numerical scheme for predict-
ing the location of tidally-generated fronts in shallow
water. (See complete entry in Section VI.)

+El-Sabh, M. 1., Murty, T. S., and Briand, J. M.
1984. Storm surges in the St. Lawrence Estuary
(Les ondes de tempete dans I’estuaire du Saint-
Laurent). Sciences et Techniques de L’eau 17(1):15-
24 (In French).

Hourly observed and predicted sea level variations in
the St. Lawrence Estuary, for a period of 11 years
(1965-1975), were examined to describe the storm
surge amplitudes. A statistical analysis was used to
determine monthly and annual distributions in addi-
tion to return periods for positive and negative surges
for various amplitudes. Influence of topography,
location of a given tide station with reference to
storm tracks, freshwater discharge from rivers, the
presence of ice cover in winter months, and general
meteorological conditions in the area on storm surge
amplitudes were examined. The results show that
the amplitudes depend on the phase of the tide and

they are subject to annual, seasonal, and temporal
variations.

+Engel, M. 1976. The simulation of motions in the
sea using numerical models: Applications and
limitations. (See complete entry in Section VI.)

Essen, H.-H., Freygang, T., Gurgel, K.-W., and
Schirmer, F. 1984. Surface currents in front of
Sylt--Radar measurements in fall 1983--(Summary).
(See complete entry in Section VIII).

Ewertowski, R. 1988. Mathematical model of the
River Odra Estuary. (See complete entry in
Section VI.)

tEwing, D. J. F. 1982. The spreading-out of cooling
water discharges from direct-cooled power stations.
(See complete entry in Section VI.)

Falconer, R. A. 1984. A mathematical model study
of the flushing characteristics of a shallow tidal bay.
(See complete entry in Section VI.)

Falconer, R. A. 1985. Application of numerical
models in the hydraulic design and operation of four
U.K. harbours. (See complete entry in Section VI.)

+Falconer, R. A. 1983. Mathematical models for the
water industry. (See complete entry in Section VI.)

Falconer, R. A. 1985. Residual currents in Port
Talbot Harbour: A mathematical model study. (See
complete entry in Section VI.)

Falconer, R. A. 1984. Temperature distributions in
tidal flow field. (See complete entry in Section VI.)

Falconer, R. A., and Owens, P. H. 1984. Mathe-
matical modelling of tidal currents in the Humber
Estuary. (See complete entry in Section VI.)

Falconer, R. A., Wolanski, E., and Mardapitta-
Hadjipandeli, L. 1986. Modeling tidal circulation
in an island’s wake. (See complete entry in
Section VI.)

Fandry, C. B., Hubbert, G. D., and MclIntosh,
P. C. 1985. Comparison of predictions of a
numerical model and observations of tides in Bass
Strait. (See complete entry in Section VL)

Farmer, D. M. 1989. Tide-induced variation of the
dynamics of a salt wedge estuary. (See complete
entry in Section IIL.)
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Fedosh, M. S., and Munday, J. D., Jr. 1982. Satel-
lite analysis of estuarine plume behavior. (See com-
plete entry in Section VIII.)

tFiladelfo, R. J. 1984. Subtidal sea level and current
variability in the Hudson Raritan Estuary. (See
complete entry in Section VI.)

tFisher, C. W. 1986. Tidal circulation in Chesapeake
Bay. (See complete entry in Section VI.)

FitzGerald, D. M., and Nummedal, D. 1983.
Response characteristics of an ebb-dominated tidal
inlet channel. Journal of Sedimentary Petrology
53(3):833-845.

A 3-year study (July 1974 to July 1977) of Price
Inlet, South Carolina, monitored inlet hydraulics and
channel morphology. The inlet is strongly ebb-
dominant. Both the peak and mean current velocities
during ebb exceed the corresponding velocities dur-
ing flood. The velocity asymmetry is caused by
changes in inlet efficiency during the tidal cycle.
The intertidal marsh of the Price Inlet drainage area
experiences a change in open-water surface area of
about 670 percent during an average tidal cycle. At
high tide, the large water surface of the marsh is
responsible for inefficient exchange of water through
the inlet. This causes a long time lag between ocean
and bay tides. The small surface area of open water
in the marsh at low tide, on the other hand, yields
nearly no time lag. These differential time lags
cause longer flood durations than ebb durations in the
inlet throat and, consequently, stronger ebb veloci-
ties. Monitoring of the cross-sectional flow area of
the inlet throat demonstrates rapid adjustment to
changing flow conditions. The 1,159-m? cross-
sectional area of the inlet throat varied as much as
8.3 percent during one tidal cycle. The cross-
sectional area varied in phase with the tidal range.
Long-term changes in the dimensions of the channel
appear to be a direct result of changes in the size of
ebb-tidal delta shoals. During the study period, the
growth of the linear bars in the channel margin grad-
ually reduced wave energy along the inlet shoreline
and on the inner ebb-tidal delta platform. This in
turn reduced sediment transport into the inlet, which
resulted in a gradual increase in the cross-sectional
area of the channel. Seasonal fluctuations in mean
sea level appear to have little effect on the inlet
channel. (25 refs)

Forbes, A. M. G., and Church, J. A. 1983.
Circulation in the Gulf of Carpentaria, II: Residual

currents and mean sea level. Australian Journal of
Marine and Freshwater Research 34(1):11-22.

Recent observations of satellite-tracked drogued
buoys in the Gulf of Carpentaria indicate a slow,
clockwise mean circulation, which appears to be a
permanent feature in the gulf. Residual currents,
derived from 3-5 months of recent current meter
observations, and from a numerical tidal model of
the gulf, are compared with the motions deduced
from the buoys. Northwest monsoon winds and
density-induced currents enhance the clockwise circu-
lation. However, application of the southeast trade
wind stress at neap tides drives a counterclockwise
circulation, and at spring tides, a weak clockwise
circulation. The large annual variation of mean sea
level in the gulf is a maximum in the southeast
corner (75 cm): 70 percent of this can be accounted
for by the effects of winds, atmospheric pressure,
and steric variations, all of which exhibit marked
seasonality, are approximately in phase, and are thus
additive. (15 refs)

Fornerino, M., and Le Provost, C. 1985. A model
for prediction of the tidal currents in the English
Channel. (See complete entry in Section VI.)

Forrester, W. D. 1986. Direct inference of tidal con-
stituents. (See complete entry in Section VII.)

Franco, A. S. 1985. Tidal prediction with a small
personal computer. (See complete entry in
Section VIL.)

Franco, A. S., and de Mesquita, A. R. 1986. On
the practical use in hydrography of filtered daily
values of mean sea level. The International
Hydrographic Review 63(2):133-141.

It is shown that the mean monthly sea level of a
nonpermanent station can be referred to the long-
term sea level of a permanent one when tidal stations
are influenced by similar meteorological and oceano-
graphical effects. Practical methods are derived:

one is based on the direct transference and the other
based on the ratio of the variances of the daily mean
sea level. Applications of the methods are made for
the ports of Cananeia, Ubatuba, Santos, and Ilha
Grande on the southern coast of Brazil. (2 refs)

Franco, A. S., and Harari, J. 1988. Tidal analysis
of long series. The International Hydrographic
Review 65(1):141-158.
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It is shown how M (=5) sets of Fourier coefficients
obtained from M successive Fast Fourier Transforms
(FFT) of 2' tapered hourly heights can be combined
to obtain the harmonic constants of the clusters of the
main astronomical and shallow-water constituents and
their respective satellites. It is also shown how the
clusters of the shallow-water constituents are formed.
(12 refs)

Fromme, G. A. W. 1985. The dynamics of the

Keurbooms-Bitou Estuary. CSIR Report T/SEA
8511. Stellenbosch, South Africa: National
Research Institute for Oceanology, Council for
Scientific and Industrial Research.

Problems with the alleged sanding-up of the
Keurbooms Estuary and the apparently continued
southwestward migration of the tidal inlet, which
threatens to destroy the famous Lookout Beach at
Plettenberg Bay, as well as development plans such
as extensions of the town and the necessary addi-
tional water supply, necessitated a reassessment of
the physical conditions of the combined Keurbooms
and Bitou estuaries. All available previous studies
and cartographic evidence from as far back as 1867
and up to 1980 were used, and a series of surveys
and inspections were carried out during 1984. This
report covers the hydraulics and coastal dynamics
aspects of the system. (19 refs)

Fryer, J. J., and Easton, A. K. 1980. Hydrodynam-

ics of the Gippsland Lakes. In 7th Australasian
conference on hydraulics and fluid mechanics, 18-
22 August 1980, Brisbane, Australia, 500-504.
Barton, Australia: The Institution of Engineers,
Australia.

A narrow man-made entrance connects the estuarine
Gippsland Lakes with Bass Strait. This paper
describes the response of the system of lakes to the
influx of water from the ocean in terms of salinity
intrusion, height attenuation, and phase lags.
Modifications due to river discharges are quantified
from flood conditions, when the lakes are virtually
purged of seawater, to droughts, when the sea makes
up the net loss of water due to evaporation.
Meteorological conditions induce significant
resonance, setup, and drawdown in various regions
of the lakes. Suggestions are made on methods of
regulating the ingress of seawater into Lake
Wellington, and conditions in the lakes prior to the
construction of the permanent entrance in 1889 are
estimated. (8 refs)

Gade, H. G., Edwards, A., and Svendsen, H., ed.

1983. Coastal oceanography. NATO Conference
Series IV, Vol 11. New York: Plenum Press.

This volume evolved from the Coastal Oceanography
Workshop held as a NATO Advanced Research Insti-
tute at Os, Norway, 6-11 June 1982. The aims of
the workshop were to deal with the frontiers of
research on physical oceanography of coastal waters,
both inshore and offshore including shelf waters and
shelf seas. Contents: On the dynamics of coastal
currents, by M. Mork (20 refs); Observations of the
Alaska coastal current, by T. C. Royer (16 refs);
Aspects of the dynamics of the residual circulation of
the Arabian Gulf, by J. R. Hunter (9 refs); Hydro-
dynamic model of a stratified sea, by N. S. Heaps
(6 refs); Three dimensional models of North Sea
circulation, by A. M. Davies (21 refs); On the circu-
lation of the stratified North Sea, by J. O. Backhaus
(23 refs); The state-of-the-art in coastal ocean
modelling: A numerical model of coastal upwelling
off Peru - including mixed layer dynamics, by J. J:
O’Brien and G. W. Heburn (56 refs); The currents
in a shallow coastal corner region - the German
Bight - model, measurements and forecast, by

E. Mittelstaedt (1 ref); Upwellings and Kelvin waves
generated by transient atmospheric fronts, by

M. Crépon and C. Richez (9 refs); Wind-forced
shelf break upwelling, by B. D. Petrie (8 refs); A
seasonal upwelling event observed off the west coast
of British Columbia, Canada, by H. J. Freeland (6
refs); Shelf waves of diurnal period along Vancouver
Island, by W. R. Crawford, R. E. Thomson and W.
S. Huggett (18 refs); Topographic influences on
coastal circulation: A review, by G. A. Cannon and
G. S. E. Lagerloef (28 refs); Topographically
induced variability in the Baltic Sea, by A. Aitsam,
J. Elken, L. Talpsepp and J. Laanemets (18 refs);
An additional analysis of inertial oscillations on the
continental shelf, by C. Millot and C. Moulin

(3 refs); Coastal upwelling, cyclogenesis and squid
fishing near Cape Farewell, New Zealand, by M. J.
Bowman, S. M. Chiswell, P. L. Lapennas, R. A.
Murtagh, B. A. Foster, V. Wilkinson and

W. Battaerd (37 refs); Whirls in the Norwegian
coastal current, by T. A. McClimans and J. H.
Nilsen (11 refs); Observations of instabilities of a
Great Lakes coastal current, by T. Green (13 refs);
Stratified flow over sills, by D. M. Farmer (42 refs);
subcritical rotating channel flow across a ridge, by
K. Borenis (4 refs); Internal gravity waves in sill
fjords: Vertical modes, ray theory and comparison
with observations, by B. Cushman-Roisin and
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H. Svendsen (16 refs); Numerical simulations of
internal wave generation in sill fjords, by G. Merk
and B. Gjevik (8 refs); Two-year observations of
coastal-fjord interactions in the Strait of Juan de
Fuca, by J. R. Holbrook, G. A. Cannon and D. G.
Kachel (19 refs); Water exchange between the sea
and complicated fjords with special reference to the
Baltic water exchange, by A. Stigebrandt (6 refs):
Shelf-fjord exchange on the west coast of Vancouver
Island, by D. J. Stucchi (10 refs); Considerations of
coastally forced flow in a branched fjord, by J. M.
Klinck, B. Cushman-Roisin and J. J. O’Brien ‘
(8 refs); Some aspects of circulation along the
Alaskan Beaufort Sea coast, by J. B. Matthews

(42 refs); Low frequency fluctuations in the
Skagerrak, by G. Shaffer (23 refs); Reduced gravity
modelling of outer Oslofjorden, by S. A. Gjerp

(8 refs); On entrainment in two-layer stratified flow -
with special focus on an arctic sill-fjord, by FI.

Bo Pederson (19 refs); Salt entrainment and mixing
processes in an under-ice river plume, by R. G.
Ingram (12 refs); On entrainment observed in labora-
tory and field experiments, by E. Buch (15 refs).

TGardner, G. B. 1984. Internal hydraulics and mix-

ing in highly stratified estuaries. (See complete entry
in Section III.)

Garvine, R. W. 1987. Estuary plumes and fronts in

shelf waters: A layer model. Journal of Physical
Oceanography 17(11):1877-1896.

A layer model that treats fronts as discontinuities is
developed to study the steady-state behavior of shal-
low estuary plures on the continental shelf. The
complete range of earth rotation effect is evaluated
from small-scale or nonrotating plumes (Kelvin num-
ber equal zero). Supercritical flow is assumed in the
outlet channel and the method of characteristics is
used to compute the flow downstream. Nonrotating
plumes have strong boundary fronts and concentrate
their greatest layer depth and mass transport offshore
near the front, but form no coastal current. Rotating
plumes have boundary fronts that weaken soon after
discharge, form a turning region where Coriolis
action deflects the flow toward shore, and subse-
quently set up a coastal current. Soon after its for-
mation this coastal current is bounded offshore by a
strong front called the coastal front, across which the
momentum balance changes from nearly inertial in
the turning region upstream to nearly geostrophic in
the coastal current itself. In traversing this front the
flow loses total energy, but gains potential vorticity.
Farther downstream the coastal front weakens, and
meanders of the coastal current begin. Their

wavelengths are short, about two Rossby radii, and
their amplitudes grow, doubling after about 20
Rossby radii. The presence of supercritical speeds
and fronts generates a plume dynamics that is remote
from any linear description but shows analogous
behavior to supersonic, compressible gas flow with
shock waves. (31 refs)

Gascoine, I. S., and Jury, K. M. 1984. The

development and use of a theoretical mathematical
model for the Medway Estuary. (See complete entry
in Section VI.)

Gerritsen, F. 1985. Tidal hydraulics - Historic

perspective and future trends in engineering analysis.
In 1985 Australasian conference on coastal and
ocean engineering, 2-6 December 1985, Christ-
church, New Zealand, 1:1-28. Barton, A.C.T.,
Australia: The Institution of Engineers, Australia.

In this paper the role of tidal hydraulics and its rela-
tionship to coastal engineering practice are examined.
The mathematical formulations of the tidal hydraulics
problems are presented and the various solutions
examined, whereby the one- and two-dimensional
(depth-averaged) forms of the equations are particu-
larly considered.. Of the one-dimensional tidal equa-
tions both analytical and numerical solutions have
been developed. For the two-dimensional forms of
the equations only numerical solutions offer a practi-
cal way for real problem solving, particularly if the
equations inctude the surface wind stress as an added
term. This is also true for the three-dimensional
equations where the vertical velocity distribution of
the horizontal velocities and the vertical velocity
components are considered. The two-layered and
multilayered systems have promise and are possible
because of the high capacity of modern computers.
In addition to the tidal equations per se, various

- formulations for the distribution of salt, heat, and

other dissolved matter are discussed. The tidal equa-
tions are then coupled to diffusion equations to calcu-
late the distribution of suspended or dissolved matter.
This approach is valuable for an evaluation of the
ecological impact of future engineering works. Of
significant interest is the problem area in which the
channe] bottom consists of a movable bed, subject to
changes due to the tidal currents. The study of the
behavior of natural channels affected by the acts of
men, e.g., by dredging, falls in this category, as well
as the stability of tidal inlets. For a complete solu-
tion of this problem the hydraulic equations have to
be coupled with a set of equations describing the
motion of sediment and the changes in the water
depth due to sedimentation or erosion. At present,
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semiempirical solutions are utilized for these prob-
lems, because of the lack of a reliable formulation
for the description of sediment transport in tidal
flow. More research of fundamental nature is

required to fill this gap in knowledge. For the stabil-

ity problem in estuaries and tidal inlets an overview
is given of the present state of the art. (52 refs)

Godin, G. 1984. A comparison between two simulta-

neous sets of current measurements in the Strait of

Juan de Fuca. (See complete entry in Section VIII.)

+Godin, G. 1980. Cotidal charts for Canada. (See
complete entry in Section VIIL.)

Godin, G. 1986. The use of nodal corrections in the
calculation of harmonic constants. (See complete
entry in Section VIIL.)

Goh, H. S., Rajendra, A. S., and Pui, S. K. 1983.
Coastal problems encountered at Muara Port area in
Brunei. In International conference on coastal and
port engineering in developing countries, 20-

26 March 1983, Colombo, Sri Lanka, 1:115-129.
Colombo, Sri Lanka: Conventions (Colombo) Ltd.

This paper discusses the winds, tides, tidal currents,
waves, and swell at Muara Port, Brunei. It also
discusses the morphological changes with emphasis
on the coastal problems encountered since construc-

tion of an approach channel through Pelompong Spit

in 1969. Erosion, scouring, stability of a training
bund, shoaling, and siltation are described and the
associated protection measures outlined. (2 refs)

+Goodrich, D. M. 1985. On stratification and wind-
induced mixing in the Chesapeake Bay. (See
complete entry in Section IIL.)

Gotlib, V. Y., and Kagan, B. A. 1985. A recon-
struction of the tides in the paleocean: Results of a
numerical simulation. Deutsche Hydrographische
Zeitschrift 38(2):43-67.

Results of a calculation of the spectrum of eigenoscil-

lations, spatial structure, and energy characteristics
of the M, tidal wave in the paleocean for nine peri-
ods of the Phanerozoic are discussed. It has been
shown that consolidation of the continents causes
attenuation of the semidiurnal and amplification of

the diurnal eigenoscillations, and vice versa, isolation

of the continents contributes to amplification of the

semidiurnal oscillations and attenuation of the diurnal

ones. Changes in the resonant properties of the
world ocean result in a reconstruction of spatial

structure of the tides and in evolution of the tidal
energy dissipation. As it retreats to the past, the
tidal energy dissipation first decreases and then,
beginning from the period between the Late Carbon-
iferous-Early Permian, increases, reaching its maxi-
mum in the Early Cambrian. (27 refs)

Graham, D. S., and Mehta, A. J. 1981. Burial

design criteria for tidal flow crossings. (See
complete entry in Section VI.)

Granat, M. A., Brogdon, N. J., Cartwright, J. T.,

and McAnally, W. H., Jr. 1989. Verification of
the hydrodynamic and sediment transport hybrid
modeling system for Cumberland Sound and Kings
Bay navigation channel, Georgia. (See complete
entry in Section VI.)

Granat, M. A., Gulbrandsen, L. F., and Pankow,

V. R. 1985. Reverification of the Chesapeake Bay
model; Cheseapeake Bay hydraulic model investiga-
tion. Technical Report HL-85-3. Vicksburg, MS:

US Army Engineer Waterways Experiment Station.

The Chesapeake Bay hydraulic model, an 8.6-acre
fixed-bed model, constructed to a horizontal scale
ratio of 1:1000 and a vertical ratio of 1:100, repro-
duces the entire Chesapeake Bay estuarine system
from the offshore Atlantic Ocean to the head of tide
for all tributaries. The model is equipped with the
necessary appurtenances to accurately reproduce and
measure tidal heights, tidal currents, salinity distribu-
tions, and freshwater inflows. It is the largest and
one of the most sophisticated estuarine models of its
kind. State-of-the-art modeling techniques continue
to be developed and incorporated into the complex
model operating system. Complete computer control
and data acquisition capabilities ensure accurate and
precise monitoring and control throughout the 14-
acre shelter. Dynamic testing conditions associated
with time-varying freshwater hydrographic conditions
and lunar-monthly tidal reproduction are important
technological advances utilized at the model. During
the summer of 1980, unusual concrete expansion on
the model resulted in compression and unequal verti-
cal concrete movement. Damaged areas were
remolded and all existing and new expansion joints
were widened and filled with a closed cell expansion
material. Reverification of the model was required
following this rehabilitation effort. This report pro-
vides all the necessary information to adequately
assess model reverification and model operating
capabilities. The nonsynoptic nature and short dura-
tions of prototype data greatly complicate the verifi-
cation process. Model and prototype hydrodynamic
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characteristics are compared in a manner that
clarifies model and prototype response trends while
minimizing the amount of noise associated with
complex and dynamic prototype conditions. Tide
and velocity characteristics are examined under
"quasi-steady-state” conditions associated with the
reproduction of a repetitive M, cosine tide and a
constant, long-term average freshwater discharge and
distribution. Salinity characteristics are examined
under more dynamic conditions associated with the
reproduction of a 12-tidal constituent, 56-cycle tide;
and a time-varying 4-year freshwater inflow
hydrograph simulating the prototype weekly average
discharge and distribution. An induced-mixing
bubbler system is used to enhance vertical mixing to
more accurately reflect prototype salinity structure
resulting from wind-associated energy. Simplifica-
tions and associated limitations of model boundary
conditions used in simulating dynamic prototype
conditions are discussed. Direct extrapolation of
model results to the prototype should be undertaken
with these considerations in mind. When evaluated
in such a manner, excellent model reproductions of
general prototype tide, velocity, and salinity charac-
teristics are demonstrated. The Chesapeake Bay
hydraulic model is shown to be a valuable tool for
assessing man-induced changes to the three-
dimensional hydrodynamic characteristics of the
Chesapeake Bay estuarine system. (19 refs)

Gray, W. G., and Kinnmark, I. P. E. 1983,
QUIET: A reduced noise finite element model for
tidal circulation. (See complete entry in Section VI.)

Green, T. 1986. The double-diffusive aspects of sedi-

mentation. (See complete entry in Section II.)

Griffin, D. A., Middleton, J. H., and Bode, L.

1987. The tidal and longer-period circulation of
Capricornia, southern Great Barrier Reef. Australian
Journal of Marine and Freshwater Research
38(4):461-474.

Between June and December 1983, nine current
meters and three water level recorders were deployed
on the continental shelf and slope of the Capricornia
Section of the Great Barrier Reef between Fraser
Island (25°S) and the mouth of the Capricorn Chan-
nel (23°S) on the east coast of Australia. Tidal
analyses of the hourly data set reveal an amplification
of the semidiurnal tides as they propagate north-
westward into the Capricorn Channel. The results of
a numerical model of tidal flow show excellent
agreement with observations. The daily averaged
(nontidal) currents are highly variable and produce

complex circulation patterns, but with a mean flow
generally alongshore to the northwest. Comparisons
with previous drifter studies and satellite-tracked
buoy data suggest that the southeastward flowing
East Australian Current drives a large clockwise
eddy, in the lee of the Swain Reefs, located east of
the study region. It is postulated that this eddy, in
addition to the generally northwestward wind stress,
contributes to the northwestward flow within the
study region. Temperatures recorded by the
deployed instruments and temperature profiles from
conductivity-temperature-depth casts confirm that
tidal and longer period variability contribute to
upwelling onto the continental shelf. (17 refs)

TGross, T. F. 1984. Tidal time dependence of geo-
physical turbulent boundary layers. Ph.D. diss.,
University of Washington, Seattle.

Measurements of the mean velocity and stress pro-
files obtained in a simple horizontally uniform,
unstratified tidal flow and in a steady canal flow
demonstrate the expected scaling of the turbulent
bottom boundary layer. Within the uncertainties
imposed upon the measurements by natural turbu-
lence variance and nonstationarity of the means,
10-minute averages of velocities and stress in the
tidal flow give agreement to the quasi-stationary

logarithmic velocity profile boundary layer theory (.

+ 8.8%,Z, + 50%, u'w’ + 40%). The stationary
canal flow demonstrates the same agreement and

clearly demonstrates the linear stress profile expected

in depth-limited flows. By using longer averaging
times the errors of the canal data were less (1. +

7.0%, Zy + 40%, u'w’ + 18%$). Simple scaling of
the time-dependent momentum equation indicates that

acceleration and advection should be large contribu-
tors to the stress divergence-pressure gradient
balance. The effects of this dependence were
modeled using the turbulent kinetic energy equation
second-order closure. The model, which was forced

with a tidal time-varying pressure gradient, solves for

velocity and stress profiles through the tidal period.
It was found that for the parameters of Skagit Bay
the development of the stress profile was fast enough

that the quasi-steady model solution holds throughout

most of the tidal period. Spectral analysis reveals
that the high-frequency isotropic inertial range scales
with u. and distance to the wall. Estimates of dissi-
pation from spectra give #. to +10 percent. The
low-frequency contribution to the Reynolds stress
was found to be contained in relatively rare episodic
events of short duration. These events are described
in the steady canal flow by conditional sampling and
Lagrangian correlations. Their initial size, strength
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and rate of dissipation are well modeled by simple
scaling by depth, the boundary shear velocity, and
the spectral rate of energy dissipation.

Guymer, 1., and West, J. R. 1988. The

determination of estuarine diffusion coefficients using

a fluorimetric dye tracing technique. (See complete
entry in Section VIII.)

Hamilton, K. 1984. Detection of the lunar diurnal
atmospheric tide. Monthly Weather Review
112(8):1620-1625.

A search was conducted for the principal lunar
diurnal tide (0,) in an 18-1/2-year time series of
twice-daily digitized sea level pressure analyses
covering the region 20-90° N. At 20, 25, 30, and
possibly at 35° N there is evidence for a systematic
variation of the zonal wave number one harmonic of
the pressure as a function of the phase of the 0, tidal
potential. This variation is clearly dominated by a
westward traveling component (i.e., one that follows
the tidal potential around the earth each day). The
computed amplitudes are very small (less than 0.01.
mb), and north of 35° N the random meteorological
noise obscures the 0, tidal oscillation to the point
where it cannot be detected from analysis of the
present data. (10 refs)

Hamm, L., Quetin, B., and Usseglio-Polatera, J. M.
1985. Two-dimensional modelling of wind-induced
currents in coastal and harbour area. (See complete
entry in Section VI.)

Hamon, B. V. 1988. Spurious long-period tides due
to tide gauge errors. (See complete entry in
Section VII.)

Hao-lin, L., and You-fa, X. 1983. A finite-element
method for numerical computation of unsteady flow
in estuarine branchine channels. (See complete entry
in Section VIIL.)

Harris, J. E., Hinwood, J. B., Marsden, M. A. H.,
and Sternberg, R. W. 1979. Water movements,
sediment transport and deposition, Western Port,
Victoria. (See complete entry in Section I1.)

Harris, P. T., and Collins, M. 1988. Estimation of
annual bedload flux in a macrotidal estuary: Bristol

Channel, U.K. (See complete entry in Section VII.)

Hayes, M. O. 1983. Role of geomorphological pro-
cesses in inlet and port-entrance sedimentation

problems: An overview. (See complete entry in
Section II.)

+Hayward, D. M. 1986. Contribution to the hydro-

biology of the York River: Predicting surface mixed
layer depth. (See complete entry in Section II1.)

Healy, T., Black, K., and de Lange, W. P. 1985.

Numerical model field requirements for detailed
simulation of currents and sediment transport in large
tidal-inlet harbours. (See complete entry in

Section VI1.)

Hearn, C. J. 1985. On the value of the mixing effi-

ciency in the Simpson-Hunter A/ criterion.
Deutsche Hydrographische Zeitschrift 38(3):133-145.

The Simpson-Hunter A/i criterion involves a tidal
mixing efficiency e which determines the location of
seasonal thermal fronts in shelf seas. Fronts
observed on continental tidal shelves throughout the
world all give similar empirical values of e = 3 X
103 . This suggests that € is an intrinsic parameter
of tidal mixing processes. However, no theoretical
estimate of e has yet been reported, and so a simple
steady-state theory for e is developed in this paper.
The theoretical ¢, .calculated using a logarithmic
velocity profile, agrees well with the empirical value.
A detailed comparison is made between the theory
and data for the Celtic Sea front. (19 refs).

Hearn, C. J., and Pearce, A. F. 1985. NOAA satel-

lite and airborne sensing of a small-scale, coastal
tidal jet. Australian Journal of Marine and Fresh-
water Research 36(5):643-653.

Koombana Bay, on the southwest coast of Australia,
contains a tidal jet that emanates from Leschenault
Inlet via a man-made channel 150 m wide. The tides
are of mixed diurnal-semidiurnal character. The
strongest jets are induced by the diurnal tide and
flow at night in summer and during daytime in
winter. The duration of the discharge is about 9 hr,
after which the maximum length of the jet is a few
kilometres. Extensive field studies together with
numerical and analytical modelling have recently
been completed on the jet. These allowed predic-
tions of optimum times for viewing the jet via an
airborne thermal scanner aboard the CSIRO Fokker
F27 aircraft, and a NOAAT satellite image. The
airborne imager mapped the late-summer jet, which
consisted of night-cooled water from the shallow
inlet. Because the satellite pass occurs in late after-
noon, the seasonality of the tide limits visibility of
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the jet in the imagery to late winter. The NOAA7
image shows a jet composed of warm water that has
been heated during the day inside the inlet. These
observations confirm the sea data and model results
and are believed to be the first use of NOAA
imagery to resolve a coastal oceanographic feature of
this scale. (13 refs).

Hearn, C. J., Hunter, J. R., Imberger, J., and van
Senden, D. 1985. Tidally induced jet in Koombana
Bay, Western Australia. (See complete entry in
Section VI.)

Heath, R. A. 1981. Estimates of the resonant period
and Q in the semi-diurnal tidal band in the North
Atlantic and Pacific oceans. Deep-Sea Research
28A(5):481-493.

Fitting the deep-sea harmonic tidal constants to a
single normal development of the North Atlantic
semidiurnal tides gives estimates of the resonant
period based on the vector-averaged data of between
12.6 and 12.8 hours in the semidiurnal tidal band
with a @ of between 10 and 12. A two-mode
development has been used in the Pacific Ocean.

The percentage frequency separation between the
modes has been calculated from the travel time of a
Kelvin wave around the perimeter. A relationship
between the resonant period and Q has been
derived; it depends on the observed spatial separation
of the open-ocean amplitude maxima of the M,, S,,
and N, tidal constituents evident in the tidal charts of
the western Pacific. The ratio of the maximum
open-ocean amplitude of the M, and S, tide was then
used to estimate the relative coupling between the
tidal potential and the two modes as a function of the
resonant period. The two relationships are then used
in calculating the frequency-dependent change in
phase with position to allow comparison with the
estimate made from the tidal charts. The resonant
periods near the semidiurnal tidal band in the Pacific
are estimated to be at 10.2 and 12.8 hours with a Q,
which has been assumed in the analysis to be the
same for both modes, of about 5. (14 refs).

Heath, R. A. 1981. Resonant period and Q of the
Celtic Sea and Bristol Channel. (See complete entry
in Section VI.)

Heath, R. A. 1983. Tidal currents in the
southwestern Pacific Basin and Campbell Plateau,
southeast of New Zealand. (See complete entry in
Section VIII.)

Heath, R. A. 1981. Variations of the semi-diurnal

tidal admittance near New Zealand. Deep-Sea
Research 28A(8):847-858.

A sharp decrease in the semidiurnal tidal admittances
around New Zealand occurs for constituents with
periods less than 12.19 hours. The situation is epito-
mized here by analysis of the principal lunar (M,)
and solar (S,) constituents, the admittance of S,
being significantly smaller than that of M,. Incident
tidal energy from the northeast of New Zealand gives
rise to trapped progressive wave components moving
anticlockwise around the coast, whereas incident tidal
energy from the northwest gives rise to standing
wave components on the west coast. Differences in
the relative strength of the tidal energy incident on
New Zealand from different directions result initially
from spatial differences in the tidal distribution of the
semidiurnal constituents in the Pacific Ocean further
north. The M, tide has a dominant trapped progres-
sive wave component around New Zealand whereas
on the west coast the S, standing wave component is
slightly larger than the small progressive wave com-
ponent. Little of the standing wave component
energy on the west coast is transmitted around south-
ern New Zealand to the east coast, and this leads to
the observed decrease in the S, tidal admittance from
the west to the east coast. (16 Refs)

Heathershaw, A. D., and Langhorne, D. N. 1988.

Observations of near-bed velocity profiles and seabed
roughness in tidal currents flowing over sandy
gravels. Estuarine, Coastal and Shelf Science
26(5):459-482.

Measurements of near-bed velocity profiles and bot-
tom roughness in tidal currents flowing over sandy
gravels in the west Solent, England, have shown

that, although the seabed in the immediate vicinity of
the study area was generally level and devoid of
regular bed form, the observed velocity profiles were
consistently curved concave downwards. This
behavior may be attributed to the presence of an
internal boundary layer which was due to form drag
on irregular topography upstream of the measurement
position. Loosely packed gravels of the type found
in the West Solent had a geometric mean roughness
length of about 0.3 cm. Comparison of the observed
ratio of roughness length of mean particle size with
laboratory data suggests an equivalent two-
dimensional roughness element spacing of about three
particle diameters. In contrast to tidal flows over
rippled sand beds, the roughness lengths for sandy
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gravels remained relatively constant throughout the
tidal cycle. Furthermore, these measurements
provided no systematic evidence of the effects of
flow acceleration on profile-derived estimates of the
friction velocity «. and the roughness length z,,.

(39 refs)

+Heinecken, T. J. E., Bickerton, I. B., Morant, P.
D., Heydorn, A. E. F., and Grindley, J. R., ed.
1982. Estuaries of the Cape; Part 2: Synopses of
available information on individual systems;

Report 12: Buffels (WES) (CSW 1), Elsies

(CSW 2), Sir Lowry’s Pass (CSW 8), Steenbras
(CSW 9), and Buffels (00S) (CSW 11). Stellen-
bosch, South Africa: National Research Institute for
Oceanology.

Information is summarized on various aspects of the
estuaries in the Buffels, Elsies, Sir Lowry’s pass,
and Steenbras regions of the Cape area of the
Republic of South Africa. Rivers, water pollution,
erosion, plants and animals are among the topics
discussed.

+Heinecken, T. J. E., comp., Heydorn, A. E. F.,
and Grindley, J. R., ed. 1982. Estuaries of the
Cape; Part 2: Synopses of available information on
individual systems; Report 13: Silvermine (CSW 3).
Stellenbosch, South Africa: National Research
Institute of Oceanology.

The estuaries of the Cape of Good Hope and their
individual systems are described. The function of
estuarine systems under variable conditions prevalent
along the South African coastline was investigated.
Long-term research on selected estuarine systems is
described. Topics described include historical back-
ground, location, abiotic characteristics, and
biological characteristics.

Herbertson, P. W. 1982. Salinity and resource devel-
opment problems in East Kent. (See complete entry
in Section III.)

Hinwood, J. B., and Jones, J. C. E. 1979. Hydro-
dynamic data for Western Port, Victoria. (See com-
plete entry in Section VIIL.)

+Hires, R. I., Oey, L.-Y., and Mellor, G. L. 1983.
Prediction of oil spill trajectories in New York
Harbor. (See complete entry in Section IV.)

Ho, F. P., and Miller, J. F. 1982. Pertinent
meteorological and hurricane tide data for Hurricane
Carla. (See complete entry in Section VIIL.)

Holloway, P. E. 1984. On the semidiurnal internal
tide at a shelf-break region on the Australian North
West Shelf. (See complete entry in Section VIIL.)

Holloway, P. E. 1985. A comparison of semidiurnal
internal tides from different bathymetric locations on
the Australian North West Shelf. (See complete
entry in Section VIII.)

Holly, F. M., Jr., and Usseglio-Poletera, J.-M.
1984. Dispersion simulation in two-dimensional tidal
flow. (See complete entry in Section IV.)

Houston, J. R., Vemulakonda, S. R., Scheffner,
N. W., and Ebersole, B. A. 1986. Coastal and
inlet processes (CIP) numerical modeling system.
(See complete entry in Section VI.)

Howarth, M. J. 1981. Intercomparison of AMF
VACM and Aanderaa current meters moored in fast
tidal currents. (See complete entry in Section VIIL.)

Howe, B. M., and Munk, W. H. 1988. Deep-sea
moorings in a tidal current. Deep-Sea Research
35(1):111-119.

A taut mooring has been observed to experience two
types of response to tidal forcing. Along the axis of
maximum tidal current, the mooring displacement is
roughly in phase with the tidal velocity; along the
minor tidal axis the mooring displacement lags the
tidal velocity by roughly 90 deg, and thus is more
nearly in phase with the tidal displacement. For a
highly idealized model, the mooring response can be
written as a function of two parameters: a dimen-
sionless frequency o and a dimensionless tidal dis-
placement amplitude o (hence velocity amplitude
oa). The velocity response occurs for o « 1 and
the displacement response for o’ » 1, contrary to
observations. The mooring response can be recon-
ciled with the observations by superposing a mean
flow, which is more rapid than the tidal flow and is
roughly in the direction of the minor tidal axis.

(2 refs)

Huang, Z., Yuan, X., Chen, S., and Qin, H. 1986.
The experimental investigation for the improvement
of Modaomen Outlet of the Pearly River Estuary in
China. (See complete entry in Section VIL.)

Hunkins, K. 1986. Anomalous diurnal tidal currents
on the Yermak Plateau. (See complete entry in
Section VIIL.)

Huizinga, P. 1984. Application of the Nrio 1-D
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hydrodynamic model to the Swartkops Estuary. (See
complete entry in Section VI.)

Huthnance, J. M. 1981. Large tidal currents near
Bear Island and related tidal energy losses from the
North Atlantic. (See complete entry in Section VIII.)

Huthnance, J. M. 1983. Simple models for Atlantic
diurnal tides. (See complete entry in Section VI.)

Huzzey, L. M. 1988. The lateral density distribution
in a partially mixed estuary. Estuarine, Coastal and
Sheuf Science 26(4):351-358.

The density distribution across the York River is
characterized by distinct inhomogeneities, especially
in the upper 2 m of the water column. The pattern
of variability is repetitive and closely correlated with
the semidiurnal tidal cycle and water depth. In the
shallow areas the water column remains vertically
well-mixed at all times. The density differences are
greatest at times of minimum currents. At slack-
before-flood, the least dense water is located in a
lens over the main channel. Toward the end of the
flood cycle, and at slack-before-ebb, this is reversed
with the least dense water situated over the shoals.
These density differences result in horizontal
pressure gradients which at times may be of suffi-
cient strength to generate localized lateral circula-
tions. Such circulation patterns would form zones of
convergence or divergence across the estuary depend-
ing on the particular density distribution. (13 refs)

tHuzzey, L. M. 1986. Lateral variability in a coastal
plain estuary. Ph.D. diss., College of William and
Mary, Williamsburg, VA.

A series of observations of the density distribution
across the York River estuary documents distinct
lateral differences in density and degree of vertical
mixing. The magnitude of the density differences
varies throughout the tidal cycle; maximum lateral
gradients occur at times of minimum current. When
the density distribution is sufficiently inhomogeneous,
longitudinal estuarine fronts are generated. These
fronts are axially aligned, up to several miles in
length, and are apparent for less than 2 hours at any
given location. Although the density difference
across the frontal boundary is often small, horizontal
pressure gradients acting over a broad frontal region
generate the convergent circulations necessary to
maintain these fronts. Measurements of the longitu-
dinal velocities across the same section reveal
negligible phase difference but a significant amplitude
difference between the currents in the channel and

those over the shoals. Differential advection across
the estuary due to this velocity shear is the process
by which the observed density distribution is
generated.

Imberger, J., Berman, T., Christian, R. R., Sherr,
E. B., Whitney, D. E., Pomeroy, L. R., Wiegert,
R. G., and Wiebe, W. J. 1983. The influence of
water motion on the distribution and transport of
materials in a salt marsh estuary. (See complete
entry in Section VI.)

Ingram, R. G. 1983. Vertical mixing at the head of
the Laurentian Channel. Estuarine, Coastal and
Shelf Science 16(3):333-338.

Temperature, salinity, and velocity profiles taken
over a 5-day period in the St. Lawrence Estuary at
the head of the Laurentian Channel are used to
describe the semidiurnal tidal period isopycnal oscil-
lations occurring in this region. The observed varia-
tion in the degree of vertical mixing over the tidal
cycle is used to support the concept of nutrification
of the estuarine surface waters and suggests an
explanation for the quarter-diurnal variability of
primary production in this region. (13 refs)

Isaji, T., and Spaulding, M. L. 1987. A numerical
model of the M, and K, tide in the northwestern Gulf
of Alaska. (See complete entry in Section VI.)

Jarvis, R. M. 1985. Problem associated with the
development of a partially open tidal estuary with
particular reference to Currimundi Creek, Queens-
land. (See complete entry in Section V.)

tJay, D. A. 1987. Residual circulation in shallow,
stratified estuaries. Ph.D. diss., University of
Washington, Seattle.

Residual flows in shallow, stratified estuaries arise
primarily from the interaction of the density field,
riverflow, and the tidal currents. This study defines
three basic types of residual circulation that occur in
shallow estuaries and relates each first, to the pre-
dominant vertical exchange mechanism causing the
mixing of salt and fresh water, and then ultimately to
external parameters--the tides, riverflow, and baro-
clinic forcing. The vehicle for this analysis is an
examination of residual flow in the Columbia River
estuary, a large, shallow, river estuary, in which the
density field alternates regularly between the weakly
stratified and highly stratified states. To investigate
residual flow generation in and transition mechanisms
between these two regimes, scale analyses and
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perturbation expansions have been developed of the
governing equations for these two conditions. The
resulting models successfully predict tidal and
residual density and velocity fields and the tidal
ranges at which neap-spring and spring-neap transi-
tions occur. The advance and retreat of the saltwater
mass in a highly stratified estuary is internal wave-
like. Kelvin-Helmholtz instabilities at the interface
are the major vertical exchange mechanism. The
residual circulation originates primarily from ebb-
flood asymmetries in interface thickness and position.
The neap-spring transition occurs when the two-layer
system is destroyed on flood by internal mixing. In
contrast, tidal-frequency, internal oscillations are
impossible in the weakly stratified case. Bottom
boundary-induced turbulence is the major vertical
exchange mechanism, and tidal processes maintain
the density field. The spring-neap transition occurs
when the gradient Richardson number increases as
the tidal range decreases, and this turbulence cannot
penetrate into the flow. Stratification increases until
a two-layer flow is reestablished. The circulation
theory developed here also leads to a new classifica-
tion system for shallow estuaries. This classification
system offers a useful alternative to that of Hansen
and Rattray in that classification is based on the
strength of the barotropic and baroclinic nonlineari-
ties that drive the residual flow. It indicates the
existence of a third regime, the partially mixed state,
in which the stratification is strong enough to extin-
guish turbulence, but too weak for tidal-frequency
internal waves to be possible. Vertical exchange is
caused primarily by random interaction and conse-
quent breaking of internal waves. Baroclinic mean
shear dominates the salt batance. This state is not
normally observed in the Columbia River estuary,
because the riverflow is too large.

Jiaju, L., and Jingchaeo, Z. 1983. Siltation study of
some extension projects of the Lianyun Harbour.
(See complete entry in Section II.)

Jiang, J. X., and Falconer, R. A. 1985. The influ-
ence of entrance conditions and longshore currents
on tidal flushing and circulation in model rectangular
harbours. (See complete entry in Section VI.)

+Josanto, V., and Sarma, R. V. 1985. Coastal
circulation off Bombay in relation to waste water
disposal. (See complete entry in Section IV.)

Joshi, M. 1986. Tide guide. (See complete entry in
Section VIIL.)

Kalkwijk, J. P. T. 1985. Dispersion of matter at sea
under homogeneous conditions. Deutsche Hydro-
graphische Zeitschrift 38(6):245-260.

In this paper the dispersion of a solute at sea is
examined by means of a horizontal two-dimensional
approach. The velocity field is horizontally homo-
geneous and is characterized by a velocity ellipse
with axes of arbitrary magnitude. Stratification is
absent. Because of the tidal motion, the dispersion
tensor is time dependent. In the case of instanta-
neous release of a solute, an analytical solution for
its spreading is derived. It is particularly shown that
the initial behavior of the concentration is very vari-
able and depends on the moment of release and on
the dispersion transverse to the mean velocity. The
"Breeveertien" experiment (North Sea) is analyzed in
terms of the theory presented. In an appendix,
estimates for dispersion coefficients under homo-
geneous conditions are derived. (13 refs)

Kang, Y. Q. 1984. An analytic model of tidal waves
in the Yellow Sea. (See complete entry in
Section VI.)

Kawahara, M., Hirano, H., Tsubota, T., and
Inagaki, K. 1982. Selective lumping finite element
method for shallow water flow. (See complete entry
in Section VI.)

Kelly, L. R., and Andrews, J. C. 1985. Numerical
models for planning coastal circulation studies. (See
complete entry in Section VI.)

Kennedy, V. S., ed. 1984. The estuary as a filter.
(See complete entry in Section VI.)

Kenyon, N. H. 1970. Sand ribbons of European tidal
seas. (See complete entry in Section II.)

Kerchaert, P., Roovers, P. P. L., Noordam, A., and
De Candt, P. 1986. Artificial beach nourishment
on Belgian East Coast. (See complete entry in
Section II.)

+Kessler, T. A. 1986. Mixing-primary production
coupling in Holberg Inlet, a tidally energetic fjord.
(See complete entry in Section VI.)

Ketchum, B. H., ed. 1983. Esocystems of the world
26: Estuaries and enclosed seas. New York:
Elsevier.




24

Section I. Theoretical Considerations

Section I consists of seven chapters which discuss
estuarine characteristics, physics of estuarine circula-
tion, responses to estuarine stress, the phytoplankton
of estuaries, the zooplankton of estuaries, estuarine
benthos, and estuarine fishes. The characteristics of
ten enclosed seas are discussed in Section II. Each
of these enclosed seas is connected with the open
ocean in a way which modifies and controls the cir-
culation within the sea and produces an environment
and an ecosystem which are unique and different
from the adjacent coastal waters. For several of the
enclosed seas there is only a single connection which
is narrow and shallow; these are the Mediterranean-
type seas. For others there are multiple connections
separated by islands or island arcs. (1,741 refs)

Keulegan, G. H. 1989. Estuary numbers. (See

complete entry in Section III.)

Kjerfve, B. 1978. Bathymetry as an indicator of net

circulation in well mixed estuaries. Limnology and
Oceanography 23(4):816-821.

In well-mixed, high-salinity estuaries of the south-
eastern United States, the net circulation is mirrored
in the bathymetry. Measurements in North Inlet,
South Carolina, indicated a net current reversal
across the estuary. The cross-section bathymetry is
usually bimodal, with two channels separated by a
shallow area. The deeper channel experiences ebb-
directed net flow with ebb-oriented sand waves as the
predominant bed form. In the shallower channel, the
net current is flood-directed. In well-mixed estuaries
similar to North Inlet, it may be possible to deter-
mine qualitative circulation features from a few
lateral and longitudinal bathymetric traces without
measurements of current velocity and salinity.

(13 refs)

Koblinsky, C. J. 1981. The M, tide on the West

Florida Shelf. (See complete entry in Section VIIL.)

tKoop, K., comp., Heydorn, A. E. F., and

Grindley, J. R., ed. 1982. Estuaries of the Cape;
Part 2: Synopses of available information on individ-
ual systems; Report No. 18: Bot/Kleinmond System
(CSW 13). Stellenbosch, South Africa: National
Research Institute for Oceanology.

A catalog of available information on the
Botriviervlei and Kleinmond estuaries of South
Africa is presented. Information includes geographic
and water flow patterns, physicochemical characteris-
tics, and land use as well as records on flora and
fauna of the region.

Koutitas, C. G. 1986. Coastal circulation and sedi-

ment transport. (See complete entry in Section II.)

Koutitonsky, V. G., and El-Sabh, M. I. 1985.

Estuarine mean flow estimation revisited: Applica-
tion to the St. Lawrence Estuary. Journal of Marine
Research 43(1):1-12.

Mean value estimate errors for estuarine (and
oceanic) parameters which exhibit serial correlation
and nonstationarity over a finite record length are
discussed. It is shown that when trends are nonlinear
over the record length, the mean value estimate error
does not decrease with time. Instead, it goes through
a minimum and then increases again. An optimal
averaging time over which the mean estimate error is
minimum is presented. The mean circulation in the
lower St. Lawrence Estuary is described over a
record length of 78.5 days in 1979. Standard, bias,
and root mean square errors in mean value estimates
are discussed, and an averaging time yielding a mini-
mum error is suggested for the lower St. Lawrence
Estuary. New measured features of the mean circu-
lation are a coastal current flowing downstream near
the north shear which deflects to the right at the
mouth, and a 2-cm/s inflow in the bottom layer at
midchannel location. (17 refs)

tKowalik, Z. 1981. A study of the M, tide in the ice-

covered Arctic Ocean. (See complete entry in
Section VI.)

Ku, L.-F. 1985. Modulation factors in tidal predic-

tion. The International Hydrographic Review
62(2):173-1717.

The predicted tide A(z) is usually expressed by the
following equation:

h(ty = Y Af(n) cos (wg +u, (1) - g)
k

where w,, A,, and g, are the angular frequency, the
amplitude, and phase of the k¥” constituent, and f,(z)
and u,(z) are the modulation factors produced by its
satellites. For most of the constituents, the most
significant period in the modulation factor is 18.6
years which is the period of revolution of the moon’s
node. For a few constituents like L, the most
important period is 4.4 years, which is half of the
period of the revolution of perigee of the lunar orbit.
Because of the slow change in the modulation fac-
tors, they are usually assumed as a constant within a
fixed interval 7. This interval is usually taken as a
month or longer. This paper derives the formula for
computing the expected error in the tidal prediction
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caused by fixing the modulation factors within an
interval T. (1 ref)

Kuo, C. Y., and Campbell, R. A. 1989. An over-
view of coastal stormwater drainage problems. In
Hydraulic engineering, Proceedings of the 1989
National Conference on Hydraulic Engineering, 14-
18 August 1989, New Orleans, LA, ed. Michael A.
Ports, 711-716. New York: ASCE.

Considerable studies have focused on the drainage
design in upland areas. In the Atlantic and Gulf
coastal region, the stormwater drainage presents
many unique problems due mainly to the flat terrains
and the tidal effects. This paper presents the storm-
water drainage design problems in the coastal
environment. (16 refs).

tLeendertse, J. J. 1982. The relation between the

| semidiurnal tide in the eastern Scheldt and its over-

| tides. Report RAND/N-1787-NETH. Santa Monica,
CA: Rand Corporation.

An analysis of a 16-day record of water levels at
stations in the Eastern Scheldt was conducted. It was
found that the semidiurnal tidal amplification is
strongly dependent on its tidal heights (tidal range).
The lag of the semidiurnal tide is also influenced by
the tidal range. The quarterdiurnal tidal range in the
main part of the Eastern Scheldt increases nearly
linearly with the range of the semidiurnal tide over
the range from neap tide to spring tide. Proportion-
ally, the quarterdiurnal tide increases much faster
than the semidjurnal tide. This is not the case in the
Volkerak where the quarterdiurnal tidal range _
decreases with increasing semidiurnal tide when the
semidiurnal tidal range is larger than the average
range. The sixth-diurnal tidal range increases also,
nearly linearly, with the range of the semidiurnal tide
except at Bruinisse which is close to a node in the
system. Generally, the sixth-diurnal tidal range
increases faster than the semidiurnal tidal range.

Leendertse, J. J. 1988. Influence of the advection
term approximation on computed tidal propagation
and circulation. (See complete entry in
Section VIII.)

Li, C. W., Lee, J. H.-W., and Cheung, Y. K. 1986.
Mathematical model study of tidal circulation in Tolo
Harbour, Hong Kong: Development and verification
of a semi-implicit finite element scheme. (See
complete entry in Section VI.)

Lin, H.-C. J., and Martin, W. D. 1989. Newport

News channel deepening study, Virginia; Numerical
model investigation. (See complete entry in
Section VI.)

Lin, P.-N., Huan, J., and Li, X. 1983. Unsteady

transport of suspended load at small concentrations.
(See complete entry in Section II.)

Lincoln, J. M., and Fitzgerald, D. M. 1988. Tidal

distortions and flood dominance at five small tidal
inlets in southern Maine. Marine Geology
82(3/4):133-148.

Maximum and mean flood current velocities
exceeded ebb current velocities by an average of
more than 20 cm s at five small inlets along the
southern coast of Maine. Distortion of the tidal
wave as it interacts with these shallow inlets, such
that the rising tide duration averages 3:22 hours less
than the falling tide duration, may be the cause of
flood current dominance at these inlets. Tide records
from three locations at Ogunquit Inlet, located along
the southern coast of Maine, show that the 29-day
average tide duration asymmetry increases from a
rising tide that is 0:07 hour longer than the falling
tide for the offshore record to a rising tide that is
2:15 and 5:15 hours shorter than the falling tide for
the inlet throat and bay records, respectively. Previ-
ous field studies and numerical models of tidal asym-
metry have not examined tidal distortion in very
shallow inlets where the channels shoal to depths
shallower than the forcing tide amplitude. At the
inlets investigated in this paper, channels are shal-
lower than the ocean tide amplitude by an average of
30 cm. A model is presented that explains how the
shallow inlet bathymetry truncates the ocean tide and
produces an inlet tide characterized by an extended
falling tide and a shortened rising tide duration. The
dominance of flood tidal currents at these inlets
produces net landward sediment transport. (18 refs)

Littlewood, A. 1987. A new approach to the presen-

tation of tidal information. The International Hydro-
graphic Review 64(1):141-146.

Based upon the Hull Tide Table of 1814, the author
presents a new approach to the presentation of tidal
information. No hydrographic, astronomical, or
mathematical knowledge is required of the user. All
one will require are tide tables, a pencil, ruler, and
either a pair of parallel rulers or a square. The
accuracy of Secondary Port tide times and heights is
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to a higher standard than is available by Admiralty
methods. The accuracy of intermediate tidal infor-
mation is to the same standard for all ports and is
equivalent to the accuracy of the Admiralty Standard
Port diagrams. Diurnal port and tidal stream
information is available by the same method.

Liu, J. 1986. A study on the siltation in the approach

channel with different alignments of the Lianyun
Harbour. (See complete entry in Section VIII.)

Loder, J. W., and Wright, D. G. 1985. Tidal recti-

fication and frontal circulation on the sides of
Georges Bank. Journal of Marine Research
43(3):581-604.

Using Wright and Loder’s depth-dependent tidal
rectification model and Garrett and Loder’s
diagnostic frontal circulation model, predictions of
the residual circulation associated with the
topographic rectification of tidal currents and the
summertime density field on the northwestern and
open ocean sides of Georges Bank are made and
compared with observations. In general, the
estimates of both wintertime and summertime along-
isobath currents are in qualitative agreement with
observations, but the agreement between predicted
and observed cross-isobath currents is poor. The
circulation associated with tidal rectification is pri-
marily along isobaths in an anticyclonic sense around
the bank at all depths. The cross-isobath circulation
is much weaker and, in the Eulerian specification, is
dominated by two cells with opposing current direc-
tions. However, a significant Stokes velocity is
predicted such that the along-isobath Lagrangian
current is generally less than its Eulerian counterpart,
and the cross-isobath Lagrangian current is some-
times in the opposite direction to its Eulerian
counterpart. Both the along-isobath and cross-isobath
currents associated with tidal rectification are
predicted to be significantly stronger in summer than
in winter due to a reduction in the strength of friction
as a result of reduced wind stress and increased
density stratification. An additional contribution to
the anticyclonic circulation around Georges Bank is
associated directly with the summertime tidal front
around the bank. This flow component is predicted
to form a second intense along-isobath jet on the
northwestern side, slightly offbank of that due to
tidal rectification, and a broader flow on the open
ocean side. The associated cross-isobath circulation
is predicted to be much weaker than the along-
isobath circulation, with a general onbank bottom
flow on both sides of the bank. (31 refs)

TLorant, F. I. 1981. Truro hydrotechnical study: A

tidal flood plain analysis. In Proceedings, 5th
Canadian hydrotechnical conference, 26-27 May
1981, Fredericton, Canada, 1:289-306. Montreal,
Canada: Canadian Society of Civil Engineering.

This paper describes part of the Canada-Nova Scotia
Flood Damage Reduction Programme, the Truro
Hydrotechnical Study. It discusses the floodplain
analysis which has to consider the Bay of Fundy high
tides, high freshwater runoff, sea and river ice jams,
and constriction of floodways by dikes and struc-
tures. The combined effect of astronomical and
meteorological factors on tides and storm surges in
the Bay and Salmon River Estuary are described. It
presents design data flow curves of large watersheds
and historical analysis on floods, many of which
were caused by ice jams. Implications for flood
prevention diking systems are outlined.

Lung, W.-S. 1986. Advective acceleration and mass

transport in estuaries. Journal of Hydraulic Engi-
neering 112(9):874-878. Discussion by Jerome
Peng-Yea Maa and Flora Chu Wang and Closure by
Wu-Seng Lung, 114(5):559-562.

Estuarine hydrodynamics and mass transport are
important aspects of fate and transport modeling of
pollutants in waste load allocations. One of the com-
mon problems in modeling studies associated with
waste load allocations is the availability of hydro-
dynamic data. Although many complex three-
dimensional time-variable estuarine hydrodynamic
models are available, their input requirements usually
far exceed the extent of data available. In many
waste load allocations studies for estuaries, analysts
have to settle for a reasonably simplified, yet
scientifically credible framework of analysis for
which data requirements can be readily met. The
purpose of this paper is to present an analysis that
assesses the effect of omitting the advective acceler-
ation term on the computation of tidally averaged
circulation and mass transport for partially mixed
estuaries. The analysis shows that dropping the
advective acceleration term has no effect on tidally
averaged circulation and the mass transport calcula-
tion when the effect is lumped with the surface slope
term. This further simplifies the task of quantifying
mass transport in the modeling analysis of waste load
allocations for estuaries (5 refs). Discussion (4 refs)
and Closure (2 refs).

Lung, W.-S., and O’Connor, D. J. 1984. Two-

dimensional mass transport in estuaries. Journal of
Hydraulic Engineering, ASCE, 110(10):1340-1357.
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Discussion by M. I. El-Sabh and T. S. Murty and
Closure by Wu-Seng Lung, 113(6):799-801. Errata,
112(9):879.

On a tidally averaged basis, the two-dimensional
estuarine circulation is characterized by a horizontal
seaward velocity in the upper layer and a landward
velocity in the lower layer, with a compensating
vertical velocity to maintain hydraulic continuity. A
relatively simple method of analysis is developed for
this type of circulation from the hydrodynamic equa-
tions of momentum, continuity, and state. It is based
on the condition that the salinity distributions in both
the longitudinal and vertical directions are known or
may be assigned. In addition to an analytical solu-
tion for the horizontal and vertical velocities, the
analysis generates the values of vertical eddy
viscosity which characterizes the vertical exchange of
momentum, an important process of circulation in
partially mixed estuaries. Successful applications of
the analysis to a number of estuaries throughout the
country prove that the present method is efficient and
simple to use. The present method of analysis offers
a definite advantage as a first approximation to this
type of estuarine circulation (30 refs). Discussion

(4 refs).

McCave, I. N. 1979. Tidal currents at the North
Hinder Lightship, southern North Sea: Flow direc-
tions and turbulence in relation to maintenance of
sand banks. (See complete entry in Section VIII.)

+McCoy, S. E., and Watson, W. A. 1984. Georgia
estuaries circulation survey. In HYDRO ’84, Hands
on to high tech, Proceedings, National Ocean Service
Hydrographic Conference, 25-27 April 1984,
Rockville, MD, 36-41. Rockville, MD: Hydro-
graphic Society.

The 1980 Circulation Survey, Southeast Atlantic
Coast Estuaries, Sapelo Sound to St. Andrew Sound,
Georgia, was conducted from March through June
1980 by the National Oceanic and Atmospheric
Administration’s Ship Ferrel. Sapelo Sound, Doboy
Sound, Altamaha Sound, St. Simons Sound, and their
tributaries (collectively referred to as Georgia Estuar-
ies) were studied. Current, tide, meteorological, and
conductivity-temperature/depth data were collected.
These data were processed and harmonic and nonhar-
monic analysis results are presented. Investigative
methodology and findings with respect to physical
characterizations of the Georgia Estuaries are dis-
cussed. Findings are important for understanding the
physical and ecological dynamics of the region.

McCoy, S. E., Long, E. E., and Dingle, G. 1984.

Analysis of current meter data collected at
Chesapeake Bay entrance from 1981 to 1983. In
Oceans ’84 conference record: Industry, govern-
ment, education...Designs for the future, 10-12
September 1984, Washington, DC, 2:979 (abstract
only). Piscataway, NJ: The Institute of Electrical
and Electronics Engineers, Inc.

The National Ocean Service (NOS) conducted a
three-phase, 2-1/2-year project from August 1981
through December 1983, to obtain physical oceano-
graphic and meteorological data for the Chesapeake
Bay. Harmonic analyses of 87-day, 58-day, 29-day,
and 15-day records were performed on current data
from long-term station 40, Chesapeake Bay entrance.
This long-term station was important for the analysis
of low-frequency currents and for the computation of
accurate tidal current predictions. Station 40 is
planned to be published as a predicted reference
station in the NOS "Tidal Current Tables 1985 -
Atlantic Coast of North America.” Circulation data
from the Chesapeake Bay Circulation Project will be
provided to aid safe navigation and environmental
management. Moreover, these data will aid in inter-
preting the hydrodynamics of the Bay. Interpreta-
tions of data analyses with respect to comparisons of
tidal current characteristics are discussed.

Maas, L. R. M., and van Haren, J. J. M. 1987.

Observations on the vertical structure of tidal and
inertial currents in the central North Sea. (See
complete entry in Section VIII.)

Malone, F., Kuo, J. T., and Chen, N. M. 1982.

Finite element modeling of tides and currents of the
New York Bight. (See complete entry in
Section VI.)

Marmorino, G. O. 1983. Summertime coastal cur-

rents in the northeastern Gulf of Mexico. Journal of
Physical Oceanography 13(1):65-77.

This paper presents an analysis of observations of
currents and temperature from a mooring on the
inner part of the West Florida Shelf in the northeast
corner of the Gulf of Mexico taken in late summer.
From the analysis, tidal currents accounted for

85 percent of the observed kinetic energy, and fric-
tional effects gave rise to a veering with depth of
both the low-frequency flow and the energetic,
counterclockwise-rotating twice-daily tidal currents.
(23 refs)
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Marsden, M. A. H. 1979. Circulation patterns from

seabed-drifter studies, Western Port and Inner Bass
Strait, Australia. Marine Geology 30(1/2):85-99.

Seabed drifters were used to investigate bottom-water
movements in Western Port, Victoria, Australia, and
in nearby parts of Bass Strait. The objective was to
document circulation in and around the entrance
areas and also throughout the bay, placing emphasis
on smaller scale patterns associated with net flood or
ebb movements. Approximately 2,000 seabed
drifters were released in close-spaced arrays, half
between November and December 1974, during the
summer wind regime, and the other half in
September-October 1975, before the onset of the
summer wind regime. The 1974 deployment was
made along 26 transects located throughout the major
and minor channels of the bay and its entrances and
in Bass Strait. Groups of 5-15 drifters were released
at any station. The 1975 deployment was based on
the 1974 results and release stations were chosen to
elucidate specific characteristics previously observed
and also to document the characteristics of bottom-
water movement associated with spring and neap
tides. Drifter returns were 37 percent for the 1974
releases and 16 percent for 1975. These numbers
were adequate to clearly define the patterns of
bottom-water movement in and around the bay. In
some cases drifters were retrieved by fishing boats so
that drift rates could be computed. Results show an
eastward movement of bottom waters in Bass Strait
with net speeds of 2.3 cm/sec (1.9 km/day). The
main net inward movement of water to the bay is
through the western side of the western entrance with
an ebb-dominant zone existing on the eastern side.

At the eastern entrance, evidence of net movement is
inconclusive. Detailed circulation patterns for eight
smaller-scale features have been recognized, and
these are often closely related to the morphology of
various segments of the bay. The net movement
within the bay is clockwise around French Island.
(12 refs)

Marsden, M. A. H., Mallett, C. W., and Donaldson,

A. K. 1979. Geological and physical setting, sedi-
ments and environments, Western Port, Victoria.
(See complete entry in Section II.)

Marsden, R. F. 1986. The internal tide on Georges

Bank. (See complete entry in Section VIII.)

Mayer, D. A., Leaman, K. D., and Lee, T. N.

1984. Tidal motions in the Florida Current. (See
complete entry in Section VI.)

Mehta, A. J., and Joshi, P. B. 1988. Tidal inlet

hydraulics. Journal of Hydraulic Engineering,
ASCE, 114(11):1321-1338.

The unique physiographic features of tidal inlets
make it convenient to treat inlet hydraulics in two
parts, one pertaining to the channel through the land
barrier, and the other to the near-field region charac-
terized by ebb and flood circulations beyond the
channel. Theoretical formulations for flow descrip-
tion in these regions lead to approximate but useful
analytic solutions in simple cases. For detailed
hydraulic description, physical and numerical model-
ing techniques are widely employed. Limitations in
predictive capabilities seem to arise mainly from a
lack of fuller understanding of hydromechanical
process. Such interactive phenomena as the propaga-
tion of the buoyant jet through ambient seawaters
during the ebbing phase of tidal flow and the influ-
ence of waves on the tidal flow regime require con-
siderable additional scrutiny via field investigations.
The complex nature of inlet behavior necessitates the
collection of site-specific prototype information as an
essential component of hydraulic analysis and inter-
pretation. (67 refs)

Meyer, Z., and Buchholz, W. 1988. Hydrology and

hydrodynamics of the Odra Estuary with special
reference to the influence of wind. Bulletin of the
Permanent International Association of Navigation
Congresses 60:64-76.

The article presents the factors which constitute the
hydrology and hydromechanics of river mouths with
special attention paid to the effect of wind, this being
of great importance for the estuary of the Odra.
Analysis of this phenomenon enabled the formulation
of a mathematical model of a tactoid with the
influence of wind taken into account and its introduc-
tion into the mathematical model of the Odra estuary
in order to define the phenomenon of wind back-
water. Technical aspects of wind backwater have
been presented with special attention paid to the
safety of navigation, protection of aquatic environ-
ment and flood protection. (10 refs)

tMiller, A. J. 1986. Barotropic planetary-topographic

oscillations in ocean basins. Ph.D. diss., University
of California, San Diego.

Basin-scale, low-frequency, linear fluctuations in
idealized, rotating ocean basins with planetary and/or
topographic vorticity gradients are discussed in three
free-standing chapters. In Chapter I, free vorticity
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modes are numerically computed for square,
midlatitude ocean basins with topography. It is
found that strong coupling between planetary
(Rossby) modes and topographic (shelf, ridge, or
seamount) modes can occur. This results in the
generation of families of modes, the members of
which exhibit spatial structures and time scales com-
parable to a flat-bottom counterpart mode. The
mechanism provides an alternative to strong dissipa-
tion as an explanation for broadbandedness in
spectral observations of planetary modes. It is found
in Chapter II that mesoscale turbulence, when con-
fined to western-boundary regions of numerical
models, can efficiently excite basin modes at
resonance, with (parameterized) bottom friction
limiting the response. Furthermore, the midocean
mesoscale eddy field, driven by Rossby-wave radia-
tion from the turbulent region, is found to be
remarkably similar to that of a stochastic-wind-driven
model. This suggests that fluctuating winds and
boundary-current radiation may be of comparable
import as sources for the open-ocean mesoscale field.
Topography is observed to significantly alter the
amplitude but not the nature of the model fluctua-
tions. The long-period tides are discussed in Chapter
III in the light of recent observations and theories.
Quasi-geostrophic solutions which include topography
and friction are computed. Friction is found to
decrease the effects of bottom roughness in the quasi-
geostrophic models.” The divergent velocity field
associated with a nearly equilibrium tide is found to
be comparable to equilibrium-tide vortex stretching in
driving quasi-geostrophic flows. However, quasi-
geostrophic solutions are shown to be insufficient for
interpreting the observations. A divergent velocity
field is suggested to be an important element of
future long-period tide models. The results suggest
that oceanic planetary modes may yet be observed
once calculations are extended to realistic basins and
sea-level records are properly interpreted. Oceanic
mesoscale turbulence may excite rather than dissipate
basin, or sub-basin, modes, thus providing an excita-
tion mechanism distinct from atmospheric forcing.
Understanding the oceanic response to long-period
tidal forcing provides an important benchmark for
oceanic circulation theory.

tMofjeld, H. O. 1982. Recent observations of tides
and tidal currents from the Northeastern Bering Sea
Shelf. (See complete entry in Section VI.)

+Morant, P. K., Bickerton, I. B., Heydorn, A. E.
F., and Grindley, J. R. ed. 1983. Estuaries of the
Cape; Part 2: Synopses of available information on
individual systems; Report 19: Groot (WES)

(CMS 23) and Sout (CMS 22). Stellenbosch, South
Africa: National Research Institute for Oceanology.

Information on the Greek and South Estuaries is
summarized. Historical background, abiatic
characteristics, river catchment, flora, fauna, maps,
and aerial photographs are described.

tMorant, P. D., and Grindley, J. R., comp. 1982.

Estuaries of the Cape; Part 2: Synopses of available
information on individual systems; Report 14: Sand
(CSW 4). Stellenbosch, South Africa: National
Research Institute for Oceanology.

Information is summarized on various aspects of the
Sandvlei estuaries of the Cape region of the Republic
of South Africa. Among the topics discussed are
rivers, public health, land ownership and use, water
pollution, plants and animals.

Moses, J. E., and Blair, C. 1988. Prediction of tidal

surge in lower Chesapeake Bay. Journal of Water-
ways, Port, Coastal, and Ocean Engineering, ASCE,
114(2):248-256.

Tidal surge is the difference between observed water
level and predicted astronomical tide. At present,
surge predictions for Sewell’s Point, Virginia, rely
on Pore’s hurricane surge model, a linear combina-
tion of forecast surface pressures over a large portion
of the Atlantic Ocean. A variation on this method
has been developed by including previous surge,
local wind, and local pressure terms with time lags
of up to 18 hr to predict local daily surge. Surge
prediction equations were derived for three substa-
tions 15-120 km (8-65 nautical miles) from Sewell’s
Point. Surge predictions at all four stations were
improved at least 23 percent by the new regression
equations. The ease in using the new equations and
their improved accuracy make these new equations
preferable to the Pore prediction method. The proce-
dure described in this article is especially useful to
shippers, property owners, and others with limited
data sources. (10 refs)

Miiller, K.-D., and Schwarze, H. 1988. Some stud-

ies to reduce sedimentation in a port on a tidal river.
(See complete entry in Section II.)

+Nair, R. R. 1984. The Indus paradox. New Science

101(1397):40-42.

This paper discusses the distribution of sediment
observed in a study of sediment flow from the Indus.
The abnormal variations are explained by the concept
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of dynamic barriers. When the sediment-laden
coastal current (southwest monsoon drift) encounters
the strong tidal currents at the mouth of the Gulf of
Kutch, the surface current is deflected from its
southerly flow to the west, sending sediment into
deeper waters of the continental slope and starving
the Saurashtra coast (to the south) of sediment. It
discusses the behavior of the tidal barrier as a crude
filter. Bed-load material is certainly deflected, but
extremely small particles can pass through. As the
Gulf of Kutch receives no sediment from its head or
sides, siltation is not likely to be a problem at the
proposed tidal power station at this site.

Nakamura, S. 1987. A note on numerical evaluation

of tsunami threats by simple hydrodynamic and
stochastic models referring to historical descriptions.
Bulletin of the Disaster Prevention Research Institute
37(1):1-18. Kyoto, Japan: Kyoto University.

This work is a speculative study to clarify what is
essential for hydrodynamic or stochastic studies of
the tsunamis and what is important in the historical
descriptions and the tsunami catalogs for numerical
simulation and prediction and for stochastic evalua-
tion of practical tsunami protection works. First, a
brief description of the historical documents of past
tsunamis are introduced and evaluated in order to
give a local chronological tsunami catalog which will
aid in understanding what should be noted in reading
the tsunami descriptions. In addition to the descrip-
tive tsunamis, numerical simulation of the past
tsunamis were reviewed and evaluated. The author’s
finite difference method with a uniform grid spacing
is introduced in order to show a simulation of a
tsunami. The author has used a uniform grid spacing
in his numerical model because he knows that it is
helpful in minimizing the truncation error in a
numerical model of a finite difference method. In
any numerical simulation case, the historical descrip-
tions are the essential references to confirm how
successful the simulation is. Although no numerical
model can predict when the next tsunami occurs, the
stochastic model is now very useful in making proba-
bilistic predictions. This measure is for long-term
practical planning of tsunami protection works with
reliable references selected from the historical docu-
ments of the past tsunamis and the tsunami catalogs
well revised. (32 refs)

Nakamura, S. 1987. A numerical prediction of semi-

diurnal current patterns in Tanabe Bay. Bulletin of
the Disaster Prevention Research Institute 37(3):91-
105. Kyoto, Japan: Kyoto University.

The study of tidal currents in Tanabe Bay has a long
history which is related to the fields which cover
coastal hazards as will as study of physical oceano-
graphy and biological oceanography. In this study,
the dynamics of Tanabe Bay are studied by using a
model of a finite difference method with comments
on the previous observations of tidal currents in
Tanabe Bay. In order to get a reasonable solution
from the author’s model, as has been done in the
other cases, it is necessary to consider first how to
choose the initial conditions of the dynamic factors
concerned. Although the effects of the so-called
Kuroshio Current coastal waters and meteorological
effects are occasionally significant in the area of
interest, the simple semidiurnal oscillation in the
model is considered and compared to the previously
observed current velocity of M, constituent in this
model. The flow patterns at the peak ebb and peak
flood in the model are compared to the flow patterns
for the resonant mode with an offshore node of
Tanabe Bay as a wide-open bay. (26 refs)

Nece, R. E., and Smith, H. N. 1982. Photodensim-
etric methods in tidal flushing studies. (See complete
entry in Section VI.)

Nichols, M. M. 1986. Storage efficiency of estuaries.
(See complete entry in Section II.)

Nihoul, J. C. J., and Jamart, B. M., ed. 1987.
Three-dimensional models of marine and estuarine
dynamics. (See complete entry in Section VI.)

Nunes, R. A., and Simpson, J. H. 1985. Axial con-
vergence in a well-mixed estuary. Estuarine,
Coastal and Shelf Science 20(5):637-649.

Transverse secondary circulations involving surface
convergence, observed in a well-mixed estuary in
North Wales, are made visible by the collection of
surface material along an axial line which extends
continuously for many kilometres through the
estuary. The circulation and axial convergence,
however, are seen only during the flood phase of the
tide, and no similar behavior has been observed
during the ebb phase.. Convergent circulations in the
estuary are associated with small but steady trans-
verse density gradients in the cross section, produced
by nonuniform advection of the longitudinal gradient
through the channel. A diagnostic model, using
measured mean distributions of cross-sectional
density, indicates surface transverse velocities

(~0.1 ms") similar to those observed in the estuary.
The model further predicts appreciable transverse
divergent currents at a fractional depth of 0.75, a
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prediction which has been tested in the estuary using
a vertical array of accurately resolving current
direction indicators. (14 refs)

Odd, N. V. M., Wolfe-Barry, J. N., and Berrahim,
A. 1985. Hydraulic modelling of a tidal lagoon at
Benghazi. (See complete entry in Section VI.)

Oey, L.-Y., Mellor, G. L., and Hires, R. I. 1985.
A three-dimensional simulation of the Hudson-
Raritan Estuary; Part I: Description of the model
and model simulations. (See complete entry in
Section VI.)

Oey, L.-Y., Mellor, G. L., and Hires, R. I. 1985.
A three-dimensional simulation of the Hudson-
Raritan Estuary; Part II: Comparison with observa-
tion. (See complete entry in Section VI.)

Oey, L.-Y., Mellor, G. L., and Hires, R. I. 1985.
A three-dimensional simulation of the Hudson-
Raritan Estuary; Part III: Salt flux analyses. (See
complete entry in Section III.)

Oey, L.-Y., Mellor, G. L., and Hires, R. I. 1985.
Tidal modeling of the Hudson-Raritan Estuary. (See
complete entry in Section VI.)

O’Keeffe, P., and Harding, P. 1985. The combined
use of mathematical and physical models to represent
the tidal behaviours of Gladstone Harbour. (See
complete entry in Section VI.)

+Olson, P. 1984. Spectral model for subtidal variabil-
ity in the Chesapeake Bay. (See complete entry in
Section VI.)

Olson, P. 1986. The spectrum of subtidal variability
in Chesapeake Bay circulation. Estuarine, Coastal
and Shelf Science 23(4):527-550.

The advent of long, continuous time series records of
circulation in Chesapeake Bay has revealed the
existence of large amplitude fluctuations within the
subtidal range 0.03-0.6 cycles day'. These fluctua-
tions represent direct and indirect response of the
estuary to variations in wind stress, freshwater
inflow, and coastal sea level. The fluctuations in
circulation are accompanied by synchronous fluctua-
tions in transportable properties such as salinity and
temperature. A quantitative model is presented to
explain this variability within the main stem of
Chesapeake Bay in terms of a linear reponse (o
irregular, time-varying meteorological forcing. The
model calculates transfer functions and energy

spectra of laterally averaged transport, surface ele-
vation, and salinity in two layers separated by a
halocline, over the frequency band 0.03-0.6 cycles
day'. Transfer functions between volume transport
and wind stress obtained from 1-month-long field
experiments at three different cross sections in
Chesapeake Bay are used to constrain model friction
parameters. Using existing estimates for wind stress
and coastal sea level energy spectra, energy spectra
for volume transport and surface elevation are calcu-
lated as a function of longitudinal position. It is
found that the observed volume transport spectrum at
the mouth of the bay can be explained quantitatively
as the combined response to statistically independent
wind stress and sea level fluctuations. Variations in
sea level account for 90 percent of the volume trans-
port variance at the bay mouth and dominate the
volume transport spectrum below 0.375 cycles day™.
In the upper bay, longitudinal wind stress accounts
for most of the variance. A maximum in the volume
transport spectrum at 0.4 cycles day™, caused by a
local maximum in the wind spectrum, is found at all
upper bay cross sections. (15 refs)

Ostendorf, D. W. 1984. Linearized tidal friction in
uniform channels. Journal of Hydraulic Engineer-
ing, ASCE, 110(7):867-885.

Existing models of tidal motion in narrow, uniform
channels are improved by incorporating a spatial
application of Lorentz’ principle of equivalent work
into the characteristic velocity and tidal friction factor
estimates used to linearize the bottom shear stress.
The characteristic velocity is evaluated using numeri-
cal integration. A steady flow analogy is involved to
relate the tidal friction factor to channel roughness
and fluid viscosity. These two parameters in turn
yield expressions for the viscous wave number,
damping modulus, and damping frequency which
describe the wave motion. The procedure is applied
to existing analyses of closed-end and sea level
canals, and models are tested against laboratory and
field data with accurate and physically plausible
results. (31 refs)

Otvos, E. G. 1981. Barrier island formation through
nearshore aggradation--Stratigraphic and field evi-
dence. Marine Geology 43(3/4):195-243.

Extensive core drilling in the Mississippi Sound and
the Mississippi barrier island chain and preliminary
-subsurface data from Apalachicola Bay and its bar-
rier islands, northeast Gulf of Mexico, provided
stratigraphic information to show the existence of
open marine mainland shores here during late
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Holocene times until the emergence of the ancestors
of present-day island chains. Ample field evidence
exists for the emergence and evolution in historic and
recent times of numerous small and several sizable
barrier islands at Gulf locations and elsewhere,
including a few islets on the Atlantic coast. The
emergence process involves development, by various
means, of shallow platform areas on which subtidal
shoals may form. Where such shoals are protected
from the erosive effects of the breaker zone, wave
bore currents transport sand over the shoals and
accrete them to low intertidal-highest tide levels.

This occurs during fair-weather periods when con-
structive deepwater waves dominate. Initial stabiliza-
tion of embryonic islands is accomplished by seaward
widening of berms, the emergence of new intertidal
bars seaward of the earlier ones, and addition of sand
through overwash. Spit growth, aided by emerging
bars downdrift from the island core area, may also
be essential in early stages for the islands’ survival.
Evolution through vertical aggradation, the earliest
advocated mode of barrier island formation, remains
the only widely documented process by which
primary barrier islands are constructed. (50 refs)

Outlaw, D. G., and Butler, H. L. 1982. Model

verification using tidal constituents. (See complete
entry in Section VI.)

Park, Y.-H. 1986. Semidiurnal internal tides on the

continental shelf off Adbidjan. Journal of Physical
Oceanography 16(9):1585:1592.

Important semidiurnal internal tides with a maximum
displacement of isotherms of about 30 m were
observed on the continental shelf, near the submarine
canyon Trou-Sans-Fond off Abidjan, Ivory Coast. It
is proposed from a two-layer submarine canyon
model experiment that the observed internal tides
could have been generated by an interaction between
the bottom topography of the submarine canyon and
oscillatory longshore tidal currents and have propa-
gated away on both sides of the canyon. The
estimated wavelength and phase speed of the M,
internal tides of the region were respectively 22 km
and 0.5 m sec'. The asymmetric profiles of
isotherms and baroclinic currents were explained in
terms of the nonlinear effects of the internal waves.
(22 refs)

tParker, B. B. Frictional effects on the tidal dynamics

of a shallow estuary. Ph.D. diss., The Johns
Hopkins University, Baltimore, MD.

This study demonstrates the dominant role played by
friction in determining the tidal characteristics of a
shallow estuary and in providing a mechanism for the
coupling of tidal and nontidal phenomena. Nonlinear
frictional effects, which have generally received little
attention, are shown to be at least as important as the
effects of the so-called "shallow-water" terms (i.e.,
the nonlinear continuity term and the inertial (con-
vective) term). Frictional mechanisms are important
in the transfer of energy and momentum among the
tidal frequencies and in the interaction of the tide
with riverflow and low-frequency storm surge,
through either (a) the quadratic term, u | u | ; (b) the
term representing the variation in frictional effect due
to changing elevation; or (c) first-order frictional
effects via the nonlinear continuity term. Friction
plays an dominant role in the tidal dynamics of a
shallow estuary because of the low frequencies
involved. Frictional effects increase with decreased
depth, increased tidal amplitude, or decreased fre-
quency. The friction term is shown to have two
nonlinear aspects: (a) the "quadratic" part, u | u |,
and (b) the part representing the elevation effect on
frictional momentum loss per unit volume of fluid,
which produces the same effects as the "shallow-
water" terms, and is more important in the Delaware
Estuary than the inertial term. This elevation/
frictional effect generates even harmonic overtides;
generates terdiurnal, quarter-diurnal, and low-fre-
quency compound tides; generates tidally induced
changes in mean sea level; provides a coupling
mechanism whereby low-frequency storm surge and
local wind setup or setdown affect the tidal amplitude
and phase; and provides a mechanism for the smear-
ing of tidal spectral lines (tidal "cusps") by low-
frequency storm surges. The effect of the nonlinear
continuity term, which plays the other important role
in these effects, is shown to depend on first-order
(linear) frictional effects. The quadratic friction
term, u | u | , generates odd harmonic overtides;
generates semidiurnal and higher frequency com-
pound tides; provides the mechanism whereby the
amplifications of smaller astronomical constituents
are reduced due to the presence of a larger constitu-
ent; and provides the mechanism whereby riverflow
reduces the tide range and generates even harmonic
overtides.

Pearson, C. A., Schumacher, J. D., and Muench,

R. D. 1981. Effects of wave-induced mooring noise
on tidal and low-frequency current observations.
(See complete entry in Section VIII.)
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Pearson, C. E., and Winter, D. F. 1984. On tidal
motion in a stratified inlet, with particular reference
to boundary conditions. (See complete entry in
Section VIII.)

Pejrup, M. 1986. Parameters affecting fine-grained
suspended sediment concentrations in a shallow
micro-tidal estuary, Ho Bugt, Denmark. (See
complete entry in Section VI.)

Pelegri, J. L. 1988. Tidal fronts in estuaries.
Estuarine, Coastal and Shelf Science 27(1):45-60.

Three estuaries in Wales were carefully surveyed
during flood conditions. They are characterized by
the intrusions of a tidal front. In one estuary the
front retreats after maximum flood velocities and
stratification persists during the whole tidal cycle. In
the other estuaries the flood erases the initial stratifi-
cation causing partially or totally mixed situations.
A tidal Froude number is employed to characterize
the evolution of stratification during the flood. It is
shown that gravity current theory approximately

. holds under well-stratified conditions in a region near
to, but not too close to, the head of the front.
(23 refs)

Picaut, J., and Verstraete, J. M. 1979. Propagation
of a 14.7-day wave along the northern coast of the
Guinea Gulf. Journal of Physical Oceanography
9(1):136-149.

Long time series of sea level and sea surface
temperatures measured at different coastal stations
along the northern coast of the Gulf of Guinea are
anatyzed statistically. The results indicate that pro-
nounced fortnightly oscillations in sea level are com-
posed of two waves: one is the lunar fortnightly tide
MTf (13.661-day period) which has a constant phase
all along the coast. The other wave has a period of
14.765 days which is the period of the luni-solar
fortnightly tide Msf; this wave propagates westward
along the eastwest oriented coastline with a mean
phase speed of 53 cm sec” and a wavelength of

675 km. These waves have important effects on the
thermal structure and give rise to strong vertical
oscillations of the subsurface isotherms throughout
the year. The sea surface temperature, however, has
pronounced oscillations around the Msf frequency
during the upwelling season (June-September) only.
The 14.765-day wave is of tidal origin and is due to
a nonlinear interaction of the M, and S, (barotropic
or baroclinic) tides but the generation mechanism is
obscure. (42 refs)

Pickard, G. L. Effects of wind and tide on upper-

layer currents at Davies Reef, Great Barrier Reef,
during MECOR (July-August 1984). Australian
Journal of Marine and Freshwater Research
37(5):545-565.

At Davies Reef, flow over the east reef flat was
unidirectional downwind at 10-20 cm sec” with
strong winds and smaller tides but was semidiurnal
tidal reversing at 5-15 cm sec” with lighter winds
and higher tides. The flood direction was to the
southeast out of the lagoon and the ebb into the
lagoon. Wave overtopping was estimated to contrib-
ute at least 40 percent of the flow over the reef flat--
the first estimate of this component of flow over reef
flats. Transit times over the reef flat were

30-170 min and flushing times for the east lagoon
were estimated as 1/5-1 day for strong winds to the
northwest but 2-4 days for lighter winds. In the east
lagoon, the upper-layer currents were semidiurnal
tidal reversing all the time at speeds up to 20 cm
sec!, with longer term net flow downwind at about
2 cm sec” with strong winds but upwind at 0.2 cm
sec”! with light winds. In the east passage, the
strongly tidal currents (up to 60 cm sec?) had a long-
term net flow to the south at about 2 cm sec’ without
any clear correlation with the wind. (6 refs)

Pingree, R. D. 1983. Spring tides and quadratic

friction. (See complete entry in Section VI.)

Pingree, R. D., and Maddock, L. 1979. The tidal

physics of headland flows and offshore tidal bank
protection. (See complete entry in Section VI.)

Pingree, R. D., Mardell, G. T., and Maddock, L.

1985. Tidal mixing in the Channel Isles region
derived from the results of remote sensing and mea-
surements at sea. (See complete entry in

Section VIII.)

tPirie, D. M., and Steller, D. D. 1977. California

coastal processes study--Landsat II, final report.
(See complete entry in Section VIII.)

Pizzuto, J. E. 1986. Barrier island migration and

onshore sediment transport, southwestern Delaware
Bay, Delaware, U.S.A. (See complete entry in
Section II)

Platzman, G. W. 1984. Normal modes of the world

ocean; Part III: A procedure for tidal synthesis.
(See complete entry in Section VI.)
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Platzman, G. W. 1984. Normal modes of the world
ocean. Part IV: Synthesis of diurnal and
semidiurnal tides. (See complete entry in
Section VI.)

Ports, M. A., ed. 1989. Hydraulic engineering, Pro-
ceedings of the 1989 National Conference on
Hydraulic Engineering, 14-18 August 1989, New
Orleans, LA. New York: ASCE.

The papers in this book were presented at the ASCE
National Conference on Hydraulic Engineering in
August 1989 at New Orleans, Louisiana. The objec-
tive of the conference was to provide a forum for
discussion and exchange of information on issues
related to hydraulic engineering. Papers discussing
hydraulic structures review their analysis, design,
rehabilitation, and upgrading as well as scour and
discharge estimates. The hydraulics of sewers, cul-
verts, and other closed conduits are also included.
Rough flow in shallow channels, channel stability,
unsteady open channel flow, and river mechanics are
considered. A number of papers focus on coastal
and estuarine systems and processes, the impacts of
global climate change, applications of geographic
information systems, and probabilistic approaches to
hydraulic engineering. Other topics presented
include physical hydraulic models, water distribution
systems, computational hydraulics, groundwater
monitoring and analysis, geostatistics, dam safety,
precipitation and droughts, and techniques and issues
in urban hydrology.

Prandle, D. 1985. On salinity regimes and the verti-
cal structure of residual flows in narrow tidal estu-
aries. (See complete entry in Section III.)

Prandle, D. 1987. The fine-structure of nearshore
tidal and residual circulations revealed by H. F.
radar surface current measurements. Journal of
Physical Oceanography 17(2):231-245.

Using the Ocean Surface Current Radar (OSCR)
developed by the Rutherford-Appleton Laboratory
(UK), 30 days of synoptic hourly surface current
vectors were obtained for 84 locations within a near-
shore region some 18 km square. Tidal analyses of
these data show that the currents associated with the
predominate M, constituent sweep smoothly and
regularly through the area, unaffected by the finer
topographic features. Moreover, contours of the
amplitude of the M, semimajor axis are mutually
consistent to a precision of better than 0.5 cm sec.
Statistical analyses of these data indicate that the
standard error of OSCR current measurements is less

than 4 cm sec”. By contrast the major higher har-
monic constituent, M,, shows pronounced, but
ordered, spatial variability. Relating the observed
distributions for M, and M, is foreseen as an instruc-
tive modeling problem that should advance the know-
ledge of shallow water tidal interaction processes.
Standard relationships between residual surface cur-
rents and the associated wind forcing accounted for
only typically 30 percent of the current variance.
However, by using the empirical orthogonal function
technique a single mode was found to be responsible
for up to 90 percent of the total variance with a mean
value of 66 percent over the complete set of mea-
surements. While the time-series for the (complex)
amplitude of this model showed significant correla-
tion with the wind-stress time-series (0.73 E-W and
0.32 N-S), the former was characterized by much
longer period oscillations. The velocity vectors of
this mode were almost uniformly aligned but varied
in amplitude by a factor of 2. Thus, a low-frequency
"slablike" surface current response to wind forcing is
indicated. However, this response includes indirect
components possibly involving modifications to cur-
rent structure due to changes in density fields and
nearshore influences. (16 refs)

Prandle, D., and Rahman, M. 1980. Tidal response

in estuaries. Journal of Physical Oceanography
10(10):1552-1573.

A new general theory has been developed to deter-
mine both the tidal response of estuaries and the
effects of cross-channel tidal barriers on this
response. The theory is shown to be widely applica-
ble and provides a connecting framework against
which the response of different estuaries can be
compared. (14 refs)

Prinsenberg, S. J. 1988. Damping and phase advance

of the tide in western Hudson Bay by the annual ice
cover. (See complete entry in Section VIII.)

Prinsenberg, S. J., and Bennett, E. B. 1989. Verti-

cal variations of tidal currents in shallow land fast
ice-covered regions. Journal of Physical Oceano-
graphy 19(9):1268-1278.

Arctic tidal currents with periods near the local iner-
tial period are strongest and rotate clockwise at mid-
depth, and decrease in amplitude toward the bottom
and the ice cover, experiencing a change in direction
of rotation of the current vector to counterclockwise
near the boundaries. Such observations are explained
by analytical solutions to a simple model in which
the current vector of frequency w is the sum of
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oppositely rotating components. The frictional boun-
dary layer thickness is proportional to (w % f)", and
therefore is markedly different for the two compo-
nents. In the case of semidiurnal tidal components at
high latitudes, the positive rotary component has a
thin boundary layer and dominates near the bound-
aries, whereas the negative rotary component with a
much larger boundary layer dominates at middepth.
For a two-layered ocean, a set of particular solutions
is used to verify the observed vertical variations in
velocity components with maxima occurring at the
interface between the two layers (pycnocline). A
general solution consisting of the sum of particular
and homogeneous solutions is also presented for the
condition when the maxima in velocity components
occurs away from the interface. (10 refs)

Pritchard, D. W., and Vieira, M. E. C. 1984.
Vertical variations in residual current response to
meteorological forcing in the mid-Chesapeake Bay.
(See complete entry in Section VIIIL.)

+tPugh, D. J. 1982. Estimating extreme currents by
combining tidal and surge probabilities. Ocean
Engineering 9(4):361-372.

The need to obtain realistic estimates of extreme
currents for the design of offshore structures requires
optimum use to be made of the data available.
Methods of applying joint tide surge probability tech-
niques to the data are considered, and illustrated by
analysis of 1 year of current meter observations in
the North Sea. Tidal and meteorological induced
vector components of the total observed current vec-
tor are isolated and their separate two-dimensional
frequency distributions are computed. These distri-
butions are then recombined to give probabilities of
extreme total currents from several directions.

Ramsay, P. J., Cooper, J. A. G., Wright, C. L., and
Mason, T. R. 1989. The occurrence and formation
of ladderback ripples in subtidal, shallow-marine
sands, Zululand, South Africa. Marine Geology
86(2/3):229-235.

Until recently ladderback ripples have been consid-
ered diagnostic of late-stage emergence runoff in
intertidal environments. Observations have demon-
strated that ladderback ripples may also occur in the
subtidal environment. New underwater observations
off the Zululand coast support Reddering’s assertion
that ladderback ripples are not confined to tide-
dominated environments. Two types of ladderback
ripple are described. They form in shallow, sub-
marine bioclastic and terrigenous sediments, on the

landward margin of offshore coral reefs. The main
ripple set in each instance is oriented subparallel to
the shoreline and is produced by the dominant south-
easterly swell, while superimposed ripple sets in the
troughs of the larger sets are formed by two
mechanisms: (a) the approach of low-amplitude,
high-frequency northeasterly to easterly swells which
are not sufficiently strong to change the orientation
of the dominant larger set, and (b) longshore currents
produced by oblique wind-driven swells in small
coastal embayments. When conditions change, the
superimposed ripples are rapidly reworked and incor-
porated into the main ripple set. They therefore have
a low preservation potential. Both the occurrences
documented here and those reported previously are in
microtidal, wave-dominated settings. (26 refs)

Reinson, G. E. 1977. Tidal-current control of sub-

marine morphology at the mouth of the Miramichi
Estuary, New Brunswick. Canadian Journal of
Earth Sciences 14(11):2524-2532.

The mouth of the microtidal Miramichi Estuary, New
Brunswick, is enclosed by a barrier-island system
which is cut by two major tidal inlets. The sub-
marine morphology adjacent to these inlets indicates
the presence of large tidal deltas which formed pre-
dominantly by tidal-current processes. The extensive
shoal water on the landward side of the barrier is due
to the landward transport of sand through the inlets
and the deposition of this sand as coalescing flood-

. tidal delta deposits. The creation of an artificial

channel inside the main inlet in the late 19th century,
and its maintenance since that time, have resulted in
substantial channel flow bypassing of the natural
channel seaward of the barrier. This promoted the
scouring of a new channel through the ebb-tidal delta
shoal. Large tidal deltas apparently are not common
morphological features of estuaries on microtidal,
barrier island coastlines, but they do occur at the
entrances of very large microtidal estuaries such as
the Miramichi. In such cases they are usually com-
pletely subtidal, and much larger than tidal deltas of
mesotidal estuaries reported in the literature. Rather
than tidal range, the tidal prism, which takes into
account both tidal range and estuary surface area,
may play the major role in the formation of tidal
deltas in both mesotidal and microtidal estuaries.

(21 refs)

Richards, D. R. 1988. New Haven Harbor numerical

model study. (See complete entry in Section VI.)

+Richmond, B. M., Nelson, C. S., and Healy, T. R.

1984. Sedimentology and evolution of Ohiwa
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Harbour, a barrier-impounded estuarine lagoon in
Bay of Plenty. New Zealand Journal of Marine and
Freshwater Research 18(4):461-478.

Ohiwa Harbor is a 24-sq-km estuarine lagoon im-
pounded by the 6-km-long Ohope spit in the west and
the 0.7-km-long Ohiwa spit in the east. These bar-
rier sand spits are presently separated by a c. 340-m-
wide inlet channel where the maximum harbor depth
of 14 m occurs. Seventy percent of the harbor con-
sists of tidal flats supporting a rich shelly benthos
and diversified by stands of mangrove and backed
locally by salt marsh. Lower harbor sediment in
barrier beach, dune, and entrance shoal and channel
environments are well sorted, negatively skewed,
medium to fine sands. In contrast, upper harbor
sediments are poorly to very poorly sorted, positively
skewed, medium to very fine (silty) sands, the
coarser of these deposits occurring in channel and
restricted harbor beach environments, and the finer
in intertidal flat, creek, and channel bank areas. The
terrigenous mineralogy is consistent with a
dominantly acid volcanic provenance, directly from
the tephra mantle of the catchment and, most
importantly, indirectly from the oceanic littoral zone.
Sediment dispersal is dominated by tidal currents.
Speeds decrease systematically up-harbor from
maximum values of 100-150 cm/sec at the inlet
channel to 5-10 cm/sec in upper harbor reaches.
Current ripples, megaripples, and sand waves
characterize the high-energy, current-dominated
lower harbor deposits, whereas small-scale current
and wave ripples, together with biogenic markings
and burrows, characterize the lower energy, inner
harbor deposits. Small-amplitude, wind-forced
waves are important for resuspending and moving
sediment in intertidal areas, particularly on the upper
tidal flats. Most areas of the harbor are affected by
biological processes. Rapid growth of Ohope barrier
spit resulted from increased eastward transport of
littoral sands around Whakatane Heads, west of
Ohiwa Harbor. The probable cause of this was the
infilling of the up-drift Rangitaiki Plains embayment
which was essentially completed soon after the time
of the Taupo Pumice eruption (AS 131). Over the
last 2,000 years Ohope spit has accreted laterally
eastwards at an average rate of about 3 m/year,
Ohiwa spit has concomitantly eroded, and there has
been accelerated infilling of Ohiwa Harbor. (41 refs)

Riepma, H. W. 1987. Topographically induced tidal

vorticity in a shallow homogeneous sea area. (See
complete entry in Section VIIL.)

Rinaldo, A., and Putti, M. 1987. On tide-induced

residual transport in schematic expansion. Excerpta
2:119-134.

This paper addresses the problem of computing resid-
ual circulation fields proper to tidal expansions both
from an Eulerian and a Lagrangian viewpoint. The
relevance of the problem lies in the need of establish-
ing a reliable hydrodynamic description to the net
convection over the tidal cycle which is the most
significant factor whenever the impact is sought of
long-term transport phenomena of conservative or
slowly decaying tracers. It is concluded that caution
should be taken in interpreting numerical results for
they might be affected by severe limitations. The
basis is then given to a probabilistic approach in the
search for a dynamics operating at the higher scale of
the whole expansion, with a view to the possible
failure of the description of intertidal dispersion
processes through Fick-type transport equations.

(22 refs)

Roberts, P. J. W. 1980. Ocean outfall dilution:

Effects of currents. (See complete entry in
Section IV.)

Robinson, I. S. 1981. Tidal vorticity and residual

circulation. Deep-Sea Research 28A(3):195-212.

Circulatory residuals, generated by the nonlinear
interaction of tidal oscillatory flow and topography,
are studied by examining the advection of the vortic-
ity of the tidal flow. The time-histories of the vortic-
ity of individual fluid elements are obtained from a
simple Lagrangian model and used to obtain the
Eulerian spatial distribution of residual vorticity.
Different vorticity generating mechanisms are identi-
fied, and typical magnitudes and spatial scales of the
residual circulation associated with them are
tabulated. The possibility of thus estimating the
magnitude and extent of residual flows generated by
topographic features is illustrated by considering the
example of the Hurd Deep in the English Channel.
The implications of the results for the numerical
modelling of shelf seas are considered. (8 refs)

Saiki, M., and Yanagino, T. 1984. Characteristics of

the tidal current deduced from the GEK data in the
eastern China Sea. (See complete entry in
Section VIII.)

Sauvel, J. 1982. The tidal dynamics of the western

North Sea. (See complete entry in Section VI.)
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Scheffner, N. W. 1985. Investigation of tidally
induced turbulent flow. (See complete entry in
Section VI.)

Schmalz, R. A., Jr. 1983. Joint probability method
in Barrier Island systems. Journal of Waterway,
Port, Coastal and Ocean Engineering, ASCE,
109(2):222-235.

The joint probability method is modified to extend its
application to flood level frequency determination for

barrier island systems. The method developed
accounts for the physical mechanism of barrier over-
topping and is more economical than a direct statisti-
cal approach. The method involves an investigation.
of the dependency of hurricane surge at locations at
and behind the barrier island chain on central pres-
sure depression as well as the dependency of total
stilled water elevation on astronomic tide and hurri-
cane surge. To complete the method, a convolution
approach for combining astronomical tide and hurri-
cane surge consistent with overtopping and valid for
large tidal ranges is presented. (16 refs)

Schmalz, R. A., Jr. 1985. User guide for WIFM-
SAL: A two-dimension vertically integrated, time-
varying estuarine transport model. (See complete
entry in Section VI.)

+Schomaker, C. W. 1983. A model for tidal circula-
tion adapted to Monterey Bay, California. (See
complete entry in Section VI.)

Schroeder, W. W., Huh, O. K., Rouse, L. J., Jr.,
and Wiseman, W. J., Jr. 1985. Satellite observa-
tions of the circulation east of the Mississippi Delta:
Cold-air outbreak conditions. Remote Sensing of
Environment 18(1):49-58.

Examination of 12 years of Landsat multispectral
scanner images shows a recurrent pattern of west-
ward flow immediately south of the Mississippi-

Alabama barrier islands under northerly winds. Such

flow patterns are also seen under similar conditions

in imagery from the Advanced Very High Resolution

Radiometer (AVHRR) of the National Oceanic and
Atmospheric Administration (NOAA)-series satel-
lites. The flow enters Chandeleur Sound between
Ship Island and the northern end of the Chandeleur
Islands. It appears to be driven by northerly winds,
which force water south through the Chandeleur-
Breton Sound, drawing water in from the shelf
region south of the Mississippi-Alabama barrier
islands. These observations on circulation can be
simply explained assuming linear dynamics. These

two operational satellite systems are accumulating
valuable records of coastal circulation patterns under
clear-sky conditions. (15 refs)

Schubel, J. R., and Carter, H. H. 1984. The
estuary as a filter for fine-grained suspended sedi-
ment. (See complete entry in Section II.)

Schubel, J. R., and Kennedy, V. S. 1984. The
estuary as a filter: An introduction. (See complete
entry in Section I1.)

Seabergh, W. C. 1976. Improvements for Masonboro
Inlet, North Carolina. (See complete entry in
Section V.)

Seabergh, W. C. 1985. Los Angeles and Long Beach
Harbors model study; Deep-draft dry bulk export
terminal, alternative No. 6: Resonant response and
tidal circulation studies. Miscellaneous Paper
CERC-85-8. Vicksburg, MS: US Army Engineer
Waterways Experiment Station.

Studies to determine the effect of the proposed Deep-
Draft Dry Bulk Export Terminal, Alternative No. 6,
on tidal circulation and harbor resonance in Los
Angeles and Long Beach Harbors were conducted.
The plan included a total of 448 acres of landfill in
Los Angeles Harbor and dredging a navigation chan-
nel and maneuvering area. The effect of the pro-
posed plan on tidal circulation was studied using an
implicit-finite difference scheme numerical model
with a two-dimensional depth-averaged formulation
of the hydrodynamic equations. Tidal circulation
was simulated for 70-hr sequences of spring, mean,
and neap tides for existing and proposed plan condi-
tions. Tidal elevations, velocities, discharges, flow
volumes, net flow volumes, and dye concentrations
were examined throughout the harbors. Only very
slight changes occurred in flow distribution through
the three main entrances to the harbors. Net easterly
circulation in the outer harbor was reduced 21 to

24 percent. Net circulation in the inner harbor
(Main Channel and Cerritos Channel) was reversed
from the existing westerly flow to a net easterly flow
of greater magnitude than for existing conditions,
providing improved flushing of the inner harbor.
Dye tests indicated no change in concentration in the
shallow-water habitat for the plan when compared
with existing conditions. Harbor resonance for the
plan was examined with a 1:400 horizontal, 1:100
vertical scale model of Los Angeles and Long Beach
Harbors, and the results were compared with
resonant response for existing conditions. Wave
periods ranging from 15 to 400 sec were tested. The
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study produced results showing wave height amplifi-
cation factors at 46 locations throughout the harbors.
Testing indicated that for the proposed terminal
locations along the island landfill and on Terminal
Island, the resonant peaks were relatively low. The
185-sec-period wave produced the greatest wave
height amplification of 5.1, but only at one location
along Terminal Island. A 330-sec wave produced
the only significant wave amplification (5.4) on the
outer (or south) face of the island landfill. No
significant resonant peaks were created at other
locations throughout the harbors due to the plan
except for a few very long periods (320 sec) at only
a few locations. Some of the larger resonant peaks
for existing conditions were reduced. (11 refs)

Seim, H. E., Kjerfve, B., and Sneed, J. E. 1987.
Tides of Mississippi Sound and the adjacent
continental shelf. (See complete entry in
Section VIIL.)

Sengupta, S., Miller, H. P., and Lee, S. S. 1981.
Effect of open boundary condition on numerical
simulation of three-dimensional hydrothermal
behavior of Biscayne Bay, Florida. (See complete
entry in Section VI.)

Sha, L. P. 1989. Sand transport patterns in the ebb-
tidal delta off Texel Inlet, Wadden Sea, The
Netherlands. (See complete entry in Section II.)

Sharaf El Din, S. H. 1977. Effect of the Aswan
High Dam on the Nile flood and on the estuarine and
coastal circulation pattern along the Mediterranean
Egyptian coast. (See complete entry in Section II.)

Sheng, H., and Xiu-juan, Z. 1986. The classification
and process characteristics of estuaries in China. In
River sedimentation, Proceedings of the Third Inter-
national Symposium on River Sedimentation,

31 March-4 April 1986, Jackson, MS, ed. S. Y.
Wang, H. W. Shen, and L. Z. Ding, III:507-516.
University, MS: University of Mississippi.

This paper is based on the observed data of twenty
navigable estuaries in China, with overall consider-
ation and comprehensive analysis of data. The
twenty estuaries can be classified into four types:
sea phase estuaries of well mixing type; sea phase
estuaries of partial mixing type; land and sea phase
estuaries of partial mixing type; and land phase
estuaries of weakly mixing type. For different types
of estuaries, not only their plane configurations and
longitudinal slopes are different, but also their fluvial
process characteristics. (6 refs)

Sheng, Y. P. 1986. Numerical modeling of coastal
and estuarine processes using boundary-fitted grids.
(See complete entry in Section VI.)

Sheng, Y. P. 1989. Validation and intercomparison of
three-dimensional numerical models of estuarine and
lake hydrodynamics. (See complete entry in
Section VI.)

Sheng, Y. P., and Butler, H. L. 1982. A three-
dimensional numerical model of coastal, estuarine,
and lake currents. (See complete entry in
Section VI.)

Sherwin, T. J. 1988. Analysis of an internal tide
observed on the Malin Shelf, north of Ireland.
Journal of Physical Oceanography 18(7):1035-1050.

Evidence of an internal tide on the eastern side of the
Rockall Trough is derived from recording current
meters and thermistor chains sited at the edge and
near the center of the Malin Shelf. Although the
barotropic tidal currents are small (M, is 0.13 m sec’
1), temperature contour plots revealed significant
semidiurnal oscillations at both sites. From an analy-
sis of the data it appears that there was a linear,
predominantly mode-1, internal tide which was
coherent with the barotropic tide over the spring-neap
cycle and which had a mean energy of 452 J m? at
the shelf edge. The onshore flux (estimated to be
104 W m™') was about twice that predicted by the
Baines model for subcritical slopes, but in view of
the simplifications that are made, the comparison is
considered reasonable. For the model to be applica-
ble, most of the energy must be generated in the
deep water of the Rockall Trough, propagating east-
ward over a marginally subcritical slope and onto the
shelf. The energy dissipated at about 10 W m™
(with an e-fold decay length of about 85 km) between
the two stations. A number of possible sinks are
examined, and it is concluded that much of the
energy must be lost through overturning due to local
Richardson number instabilities. It is suggested that
the dissipation rate is sufficient to cause internal
mixing of the summer thermocline, and that the
mixing power of the internal tide on the outer shelf is
greater than that of the barotropic tide. (33 refs)

Shideler, G. L. 1984. Suspended sediment responses
in a wind-dominated estuary of the Texas Gulf Coast.
(See complete entry in Section II.)

Smith, L. H., and Cheng, R. T. 1987. Tidal and
tidally averaged circulation characteristics of Suisun
Bay, California. (See complete entry in Section VI.)
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Smith, P. E., ed. 1982. Proceedings of the confer-
ence applying research to hydraulic practice, 17-
20 August 1982, Jackson, MS. New York: ASCE.

Contents by Sessions: Drop structures; Turbulence
models in hydraulics computations I and II; Small
hydro design innovations and applications I and II;
New spillway concepts; Hydraulics of large rivers;
Jets and mixing; small hydro case histories I, II, and
11I; Hydraulics of floods I and II; Scour by free-
falling jets; Design and performance of reversible
flow trash racks I and II; The energy/power
approach to sediment transport phenomena; Metri-
cation in water resources; Modeling of hydraulic
systems I and II; Tidal hydraulics; Sediment trans-
port I and II; Verification of models of hydrologic
transport and dispersion I and II; Hydraulic tran-
sients: Numerical procedures; Lake Erie model
studies; Effective use of tidal hydraulics measure-
ments; Control of water quality in reservoirs and
releases; Hydraulics of tidal inlets.

Snyder, R. L., Sidjabat, M., and Filloux, J. H.
1979. A study of tides, setup and bottom friction in
a shallow semi-enclosed basin; Part II: Tidal model
and comparison with data. (See complete entry in
Section VI.)

Song, W., Yoo, D., and Dyer, K. R. 1983. Sedi-
ment distribution, circulation and provenance in a
macrotidal bay: Garolim Bay, Korea. (See complete
entry in Section II.)

+Spaulding, M. L., and Gordon, R. B. 1982. A
nested numerical tidal model of the southern New
England Bight. (See complete entry in Section VI.)

Stacey, M. W. 1985. Some aspects of the internal
tide in Knight Inlet, British Columbia. Journal of
Physical Oceanography 15(12):1652-1661.

The interaction of the tides with the sill of Knight
Inlet, a fjord located on the coast of British
Columbia, is investigated. The seasonal variation in
the stratification of the inlet causes a large seasonal
variation in the power withdrawn from the barotropic
tide. Usually, most of the withdrawn tidal power
can be accounted for by a simple model of the inter-
nal tide. Obviously, the modal composition of the
internal tide in an inlet is a function both of the inlet
topography and the stratification. In particular, when
there is a thin but distinct surface layer, caused
possibly by river runoff, both first and second modes
can transport significant amounts of energy away
from the sill. When this is the case, the surface

layer as well as the underlying stratification must be
taken into account when calculating the amount of
energy being transported by the internal tide.

(7 refs)

+Staples, D. J. 1983. Environmental monitoring:
Climate of Karumba and hydrology of the Norman
River Estuary, southeast Gulf of Carpentaria. (See
complete entry in Section VII.)

Stelling, G. S., Wiersma, A. K., and Willemse,
B. T. M. 1986. Practical aspects of accurate tidal
computations. (See complete entry in Section VI.)

Sternberg, R. W. 1979. Bottom-current measure-
ments and circulation in Western Port, Victoria.
(See complete entry in Section VIII.)

Stevenson, J. C., Ward, L. G., and Kearney, M. S.
1988. Sediment transport and trapping in marsh
systems: Implications of tidal flux studies. (See
complete entry in Section II.)

Stride, A. H., and Chesterman, W. D. 1973. Sedi-
mentation by nontidal currents around northern
Denmark. (See complete entry in Section II.)

Su, J., and Wang, K. 1986. The suspended sediment
balance in Changjian Estuary. (See complete entry
in Section I1.)

+Summers, L., and Clifford, J. E. 1981. Maritime
investigations for artificial islands. In Proceedings,
international conference on industrial islands, 17-
19 November 1981, London, UK, Paper C250/
81:31-37. Bury St. Edmunds, UK: Mechanical
Engineering Publications Ltd.

This paper describes the parameters such as wave
height, wave direction, tides and tidal fluctuations,
currents, winds, and seabed contours which need to
be investigated when designing artificial offshore
islands. Desirable environmental studies are also
described, and the required data collection and analy-
sis for all investigations discussed. A flowchart for
the analysis and modelling is presented.

+Swift, M. R., and Brown, W. S. 1983. Distribution
of tidal bottom stress in a New Hampshire estuary.
Durham, New Hampshire University.

Estimates of area-averaged, total bottom stress are
made for four channel segments of the Great Bay
Estuary, New Hampshire. Sea level and current
measurements are used to estimate pressure gradient
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and acceleration terms in the equation of motion,
while the equation of motion itself is used to infer
the remaining stress term. Dynamic terms, bottom
stress values, friction coefficients, and energy dis-
sipation rates are estimated for each site. To aid in
interpreting the results, sea level and current data are
subject to a harmonic analysis to determine the tidal
constituents.

tTaft, J. L., and Wang, D.-P. 1982. Vertical mix-
ing and nutrient transport in the Chesapeake Bay.
(See complete entry in Section II.)

Tang, Y., and Tee, K.-T. 1987. Effects of mean and
tidal current interaction on the tidally induced
residual current. (See complete entry in Section VI.)

Tee, K.-T. 1985. Depth-dependent studies of tidally
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of the internal tide propagation up Knight Inlet, B.C.
is reflected by a right-angled bend?" The internal
tide in Knight Inlet is generated by the interaction of
the barotropic tide with a shallow sill seaward of the
bend. - It then propagates in both directions as a
travelling Kelvin wave. The up-inlet propagating
wave then encounters the bend, where some of it
may be reflected. The theoretical study investigates
the propagation of a Kelvin wave around a bend in a
channel. The solution of the linearized long wave
equations is expressed as a truncated series of cross-
channel modes in each of three regions. The solu-
tion is matched across the two common boundaries.
The "rectangular bend" gives unsatisfactory results
because of a singularity in the velocity field at the
sharp inside corner. However, the "annular bend"
gives good results. The bend acts as a diffraction
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angles. For the parameters corresponding to the M,
internal tide in Knight Inlet, the energy flux reflec-
tion coefficient is very small, much less than 1 per-
cent. The method of solution breaks down
inexplicably for diurnal tides. The observational
study is based upon 2-1/3 months of cyclesonde
current meter data from four stations taken during
the summers of 1981 and 1983. The vertical profiles
of amplitude and phase of the M, constituent of
longitudinal velocity and density fluctuations are
decomposed into a truncated series of normal modes
for waves propagating both up-inlet and down-inlet.
At the two stations up-inlet of the sill, acceptable fits
can be obtained using only two up-inlet propagating
modes, indicating that the data are compatible with
the low reflection found in the theoretical study. The




42

Section I. Theoretical Considerations

results indicate that on