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ABSTRACT 

This bulletin is a summary of CERC's progress in coastal engineering research for FY's 
1970-71. Included are summaries of research and development programs on wind-wave 
action in coastal waters, shore processes, long-period waves and surges, inlet and estuary 
dynamics, coastal ecology studies, shore protection, offshore engineering works and 
effects, and environmental data collection. Reports on CERC support activities include 
ADP and administrative and technical services. CERC publications for FY's 1970-71 are 
listed. 

FOREWORD 

The basic mission of the U.S. Army Coastal Engineering Research Center (CERC) 
includes the conduct of laboratory and field research and development in coastal 
engineering, publication of findings, review of Corps reports as requested by the Office of 
the Corps of Engineers (OCE), and consultative advice to Corps offices and other 
governmental agencies on request. 

This bulletin is a progress report on CERC's research program to improve the capability 
for planning, analysis, design, construction, operation and maintenance of coastal proje~ts 
within the Corps. It was prepared by the CERC staff. 

At the time of publication Lieutenant Colonel Don S. McCoy was Director of CERC; 
the Technical Director was Thorndike Saville, Jr. 

NOTE: Comments on this publication are invited. 

This report is published under authority of Public Law 166, 79th Congress, approved 
31July1945, as supplemented by Public Law 172, BBth Congress approved 7 November 
1963. 
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SUMMARY OF RESEARCH PROGRESS 

F1SCAL YEARS 1970 · 71 

I •. WIND-WAVE ACTION IN COASTAL WATERS 

A. STUDIES AT COASTAL ENGINEERING RESEARCH CENTER (CERC) 
1. Wave Runup and Setup • 

Tests in the 72-foot wave tank (72 feet long, 1.5 feet wide, 2 feet deep) were made 
to collect runup data on a slope of 1on10 using both monochromatic waves and selected 
wave spectra. A runup hoard mounted on the face of the slope (an adaptation of the 
relay-type step-resistance wave gage, see CERC TM 30) was used to measure the wave 
rmmp. The gage was etched in the· slope face with 120 relay contacts over a 12-foot 
length. It was reliable and accurate, and even a cureory investigation of the registration 
gives some insight of the runup phenomenon. The characteristic runup record (actually the 
maximum elevation of the wave uprush on the hoard as a function of time) is similar to an 
inverted trochoidal wave record, with broad flat crests and short, sharp troughs. There is 
one runup crest for each long wave, hut as the wave period decreases there. are fewer runup 
"crests" than wave crests. When the wave period is short, i.e., T = 0.5 or 0.6 seconds in a 
water depth of 1.25 feet, the number of distinct runup "crests" is less than half the 
number of wave crests. 

The phase and volume of runhack strongly influences the succeeding runup. For 
monochromatic waves, an equilibrium is usually attained between the runup and runhack 
after 5 or 6 waves, hut for variable waves, the interaction between runup and runhack is 
much more complex. 

Wave setup and runup on the runup hoard were measured by water pressure 
fluctuations at several points along the hoard slope. At the same time, runup measurements 
were made with the relay type step-resistance gage. The test series included a variety of 
wave periods and heights, and the data indicated that the instrumented gages give runup 
values similar to those recorded by observers. 

2. Secondary Wave Study. 
An irrotational flow theory pertaining to the generation of slightly nonlinear 

progressive waves by a wavemaker has been developed. When a sinusoidally moving 
piston-type wavemaker generated waves of finite amplitude, the motion generated can he 
described, to second-order accuracy, in a Stokes' type expansion, as the sum of three 
components: 

(1) A Linear Wave corresponding to the classical linear wavemaker theory; 
(2) a small, second harmonic wave coupled with the linear solution; and 
(3) a small, sec.ond harmonic behaving as a free wave. 

The theory shows that for long waves generated by such a wavemaker, components (2) 
and (3) will cancel each other near the wavemaker, so that the generated wave of small hut 
finite amplitude will appear as a pure sinusoidal wave (linear solution (1) above). when 
these waves have traveled down the tank, components (2) and (3) will no longer cancel 



each other since -they travel at different speeds. In fact they may add and exhibit their 
presence as secondary waves. Experiments lend some support to this theory. 
Unfortunately, most experimental results are for very long and highly nonlinear waves, and 
the applicability of this theoretical development is doubtful. However, it can exp!nin the 
fact that it is possible to generate long waves of finite amplitude without significant 
secondary waves. 

For relatively long waves generated by a piston-type generator having an essentially 
sinusoidal motion, the classical linear wavemaker theory has been extended to 
second-order accuracy. The .solution is analogous to a Stokes' second-order solution for 
progressive waves, and is, therefore, limited in validity to only slightly nonlinear waves. For 
a purely sinusoidally moving wavemaker, the solution shows that the generated motion 
consists of: (1) a period equal to that of the generator, T, and (2) a small (of second order) 
harmonic-free wave of period T/2. Since these two waves generally travel at different 
speeds, a beat effect in the magnitude of the second harmonic is in excellent agreement 
with experiments performed at CERC, and predicts the secondary waves caused by the 
existence of the free secon$1 harmonic wave. 

The foregoing physical interpretation of the secondary wave phenomena shows that the 
generated motion will consist of a purely progressive wave if the wavemaker is given a 
motion that subtracts out the second harmonic free wave. This · was verified 
experimentally. 

3. Wave-Current Measurements. 
a. A Westinghouse Acoustic Flowmeter was tested and results published in CERC 

TM-31 by R. H. Multer (see Section X). Because of the high cost, approximately $70,000, 
and restricted environmental operating conditions, it was decided not to purchase this 
instrument although the performance was good. 

b. Three Electromagnetic Flowmeters, produced by Engineering-Physics 
Company, Rockville, Maryland, were purchased and tested. Field tests were conducted in 
the Chesapeake Bay entrance by George M. Hecker, and the results published in his Ph.D. 
Thesis, Old Dominion University, September, 1970. The study, entitled "Evaluation of 
Electromagnetic Meter for Study of Water Particle Motion," reported te.sting for 
directional characteristics and sensitivity to salinity and temperature changes. 

The instrument gives a cosine response to varying current directions, and is nearly 
unresponsive to water temperature and salinity changes. In controlled calibration tests, it 
measured current velocities between 0 and ±5 knots with an accuracy of ±0.2 knot, and 
current direction within ±7° with a threshold of ±0.02 knot, and a response time of 0.25 
second. 

Further tests of the electromagnetic flowmeters in laboratory wave tanks were 
conducted in which the records obtained were found to be unduly noisy due to electronic 
interference. A new preamplifier which improves the operation of the instrument was 
obtained, and further tests were planned. 
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4. Numerical-Hydrodynamic Model of a Mechanical Wave Generator. 
A numerical model of the mechanical w~ve generation process was developed in 

which the exact solution of the nonlinear, potential, free surf ace problem is estimated by 
the model. Results are good, but the computer progra·m is not efficient. The possibility of 
using an integral-equation technique to improve the efficiency of the calculations was 
investigated. It was found that the extreme difficulty of accurately computing the kernel 
of the integral equation precludes a major increase in the efficiency through introduction 
of the technique. 

Two significant results were obtained. These were a generally applicable algorithm for 
accelerating the convergence of successive approximations to the solution of the integral 
equations which are associated with potential theory, and an application of the integral 
equation to the determination of the wave motion induced by the movement of a 
submerged body. Significantly, computation of the k~rnel function has been found to he 
much less troublesome for this· case. A paper resulting from this work has been published 
in the Journal of the Hydraulics Division, ASCE. 

5. Wave Generator Design. 
The calculation of various quantities pertinent to the design of wave generators is 

based on the classical, linear, wavemaker theory. This theory, is only concerned with the 
motion generated in front of the generator (the test section). Clearly, the maximum 
pressure force on the piston will depend on the motion on both sides of the generator. So 
far, the motion behind the generator is the major concern of this study. Depending on the 
length of this region relative to the length of the generated waves and the reflective 
properties of the "back wall," the power requirement and the maximum pressure force 
vary significantly. However, in most cases, it "is safe to treat the problem as a wave 
generator producing waves in both directions. Based on this assumption, power 
requirements and maximum forces, have been calculated for the generation of mono-
chromatic and complex waves. 

6. Last-Wave Effect. 
When a wavemaker generates a finite number of waves, one of the first and one of 

the last waves in such a burst is much larger than the average. A mathematical model, based 
on the linearized governing equations, is used for the particular problem of the waves 
generated by a sinusoidally moving piston-type wavemaker starting from rest. Theoretical 
results for the magnitude of the large wave relative to the average are in close agreement 
with experiments. However, actual wave height is lower in the experiments than predicted 
by theory. It is shown, by extending the classical wavemaker theory to the second order, 
that finite amplitude effects do not offer an explanation. However, pistons rarely fit the 
tank dimensions, and an approximate evaluation indicates the discrepancy between 
predicted and observed wave heights can he attributed to leakage around the piston. A 
paper, "Waves Generated by a Piston-type Wavemaker," reporting these findings was 
presented by Ole S. Madsen at the Twelfth Coastal Engineering Conference in Washington, 
September 1970, and appeared in the proceedings. 
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7. Wave Presstire-Theory and Data. 
To evaluate the theoretical pressure depth with actual depth, measurements were 

made at two depths below a staff gage at the Steel Pier, Atlantic City, New Jersey. Some 
records were analyzed, and agreement between the pressure wave gage spectra and 
significant wave heights, as corrected for hydrodynamic attenuation by linear theory at 
each harmonic obtained in a Fourier transform, was much better than the agreement 
between two staff gage records of different design, separated by 12 feet parallel to the 
shore and- about 1,000 feet offshore. Agreement was also better for significant wave 
heights near 8 feet than for low waves. The details of the surf ace wave as obtained from 

" staff gage records could not be reproduced from the pressure record because of a 
frequency-dependent phase shift of the wave with depth which is not adequately explained 
by present theory. Results of this study, "Comparison of Pressure and Staff Wave Gage 
Records," by D. Esteva and D. Lee Harris were presented at the Twelfth Coastal 
Engineering Conference and published in the proceedings. 

8. Wave Spectra-Theory and Data. 
Work was done on the mathematical simulation of wave-spectra data, particularly 

directional spectra determinations. A small array was laboratory tested at Scripps using a 
modification of their software package. A larger array was laboratory tested at CERC, and 
digitized data obtained were sent to the University of California for analysis under CERC's 
contract for wave diffraction and refraction. In addition, a five-gage array at Point Mugu 
was installed, and digitized data were received at CERC. Analysis systems for determining 
wave direction from the records obtained from an array of wave gages were tested at 
Scripps and at Berkeley. The procedure tested at Scripps appears adequate for some cases, 
but not generally applicable. 

A computer model developed by CERC for determining the direction of waves from the 
five-gage array at the experimental groin site at Point Mugu, California, has been checked 
out, but not enough data had been analyzed by the end of the reporting period to permit a 
full evaluation of the procedure. 

9. Evaluation of Laser Velocimeter. 
A survey of literature detailing the latest application of laser velocimeter systems for 

reversing flow measurements was made, and various researchers were contacted. Complete 
measurement of the reversing velocity field under gravity waves now appears within the 
capabilities of a laser velocimeter. Reports have been published of measurements of the 
two-point cross correlation of velocity components perpendicular to the mean flow 
direction in a turbulent liquid flow field, and of the three instantaneous components of the 
flow velocity in a gas jet. 

The main drawback in assembling a laser velocimeter system is the lack of 
standardization and commercial availability of the electronics needed to process the 
detected scattered light signal. The design problem to be solved is the instantaneous 
frequency measurement of a signal that is high-frequency and amplitude-modulated. The 
conclusion reached from the literature survey and from communication with active 
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researchers is that it will be necessary to use a hot"film velocimeter and a laser velocimeter 
simultaneously in initial researches to verify the accuracy of the laser velocimeter 
measurements. A talk was given by Dr. M. M. Das of the CERC staff on, "Measurements of 
Turbulence in Water with a Hot-Film Anemometer," at the Seventh Interagency 
Conference on Hydraulic Laboratory Techniques and Instrumentation, Bureau of 
Reclamation and Research Center, April 1971, Denver, Colorado. 

10. Wave Runup on Vertical Cylinder. 
It was observed that greater wave heights were measured with a staff gage than with 

a Baylor gage at a location in Atlantic City, aue to wave runup at the staff-gage mount .. 
This project was initiated to examine the effect of runup on wave records, to describe and 
predict the runup according to fluid-mechanic principles, and to determine whether runup 
can be used to determine wave prop~ation direction. Initial tests were conducted in the 
96-foot, 2- by 1.5-foot cross section wave tank. In a water depth of 1.0 foot, with wave 
periods of 1.55, 2.32, and 3.10 seconds, and heights between 0.1and0.5 foot, it was 
found that directional sensitivity of runup permitted measurement of wave propagation 
direction to within ±5°. Additional tests were .. made on wave runup on vertical structures 
of different sizes and shapes, with one or two incident waves. 

A memorandum entitled, "Height Differences in Simultaneous Records from Staff and 
Baylor Gages," was completed. Data presented indicate that the staff gage gives larger wave 
heights than the Baylor gage, because there is greater runup and drawdown on the staff 
gage. Analysis indicates that the excess heights from the combined effect of gage runup 
and drawdown is about equal to twice the velocity head of water particles in the wave 
crest. The fact that wave heights from Baylor and staff gages occasionally do not differ, 
may be related to changes of velocity head at the staff gage, presumably due to changes in 
wave direction. 

Results described led to two additional investigations. The first was an examination of 
the effect of roundoff and zero elevation for the two gages simultaneously recording the 
same waves. One gage could measure only to the nearest 0.1 foot; the other was rounded 
to the nearest 0.1 foot. Assuming both gages work perfectly, and using wave heights 
determined by random numbers along with paper models, it was found that in about 
67 percent of the waves the two gages would record the same wave height, but in about 
33 percent of the cases, the wave heights would differ by 0.1 foot, even though both gages 
were accurate. 

The second investigation will experimentally examine gage runup sensitivity to wave 
direction. Tests have been formulated and an apparatus built which will measure wave 
runup due to velocity head on various cylindrical shapes placed vertically in a train of 
waves. 

11. Riprap Stability Study. 
Since November 1968, CERC has conducted laboratory tests to determine the 

stability of dumped quarry stone riprap exposed to wave action. This study was requested 
by the Office, Chief of Engineers due to damage to riprap in reservoirs by wave action. The 
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study was later expanded by CERC to include riprap stability in coastal waters. On many 
reservoirs in this country, good stone for riprap is not available locally, causing over-design 
of a levee to be extremely expensive. In coastal areas, dumped quarry stone riprap is used 
on occasion for bank protection and seawalls. With increased construction in coastal 
waters, this use may increase significantly in the near future, e.g., offshore islands and 
airports. This study is intended to provide data for a better understanding of the stability 
of riprap exposed to wave action and lead to improved design criteria. 

Riprap-protected earth embankments in the 635-foot wave tank are subjected to 
progressively higher waves until armor fails. Twenty-two embankments were used in the 

" tank. The first 16 tests were conducted on an embankment with a slope of 1 on 3.5. 
Twelve more tests are planned for the 1 on 3.5 slope, and 15 more for a slope of 1 on 5. 

·variQus tests in this study were run at one of the following five wave periods: 2.8, 4.2, 
5.7, 8.5, and 11.3 seconds to subject the riprap to a variety of wave conditions. The wide 
range of wave periods led to a tentative conclusion that the influence of wave period on 
riprap stability is related to the breaker characteristics. A paper, "The Influence of Breaker · 
Type on Riprap Stability," was presented by John P. Ahrens at the Twelfth Coastal 
Engineering Conference and appeared in the _proceedings. 

The gradation of the riprap armor is similar to that specified in EM 1110-2-2300. Three 
batches of. riprap were made up with this gradation, one with a median of 28 pounds, one 
with a median of 79 pounds, and one with a median of 125 pounds. The purpose of testing 
with several different weights on different embankments is to establish a relationship 
between the zero damage wave height, the median riprap weight, and the embankment 
slope. Results indicate a relationship similar to Hudson's formula for breakwater stability 
can be used to estimate riprap stanility for the most dangerous wave conditions. 
B. CONTRACT STUDIES 

1. Wave Forces on Coastal Structures. 
Under the University of California contract, the instrumentation to measure lift 

forces using a strain-gage-instrumented pile as a wave force meter was checked and found 
suitable. Several experimental runs were made in the I-foot flume of the Hydraulic 
Laboratory, using regular and random waves. A computer program using fast Fourier 
transform methods was developed for the spectral anlaysis of wave records. Computer 
programs were written to determine the cross-spectral densities, the coherence and the 
phase. Professor Leon E. Borgman completed a year of residence at CERC and conducted 
for the staff seminars on time series analysis and on directional wave spectra including a 
"wrapped around" normal distribution spectrum model. Other laboratory work was 
initiated to measure the lift forces induced by eddies formed by wave action at piles. 
"Waves and Their Effects on Pile-Supported Structures," by R. L. Wiegel was issued as a 
University of California Technical Report HEL No. 9-15. Another report, "Maximum Wave 
Height Probabilities for a Random Number of Random Intensity Storms," by 
Leon E. Borgman was received. It presents a very general model listing, and discusses 
possible choices of functions in the model. Techniques of an equivalent rectangular storm 
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modeling a historically recorded storm were developed~ The final model formula expresses 
the probabilities for a random number of random length storms, each with random 
intensities. Theoretical analyses of the forces on a horizontal pipe just under the water 
surf ace are underway. -

2. Ship Waves. 
a. "Ship Waves in Navigable Water," University of California Hydraulic Laboratory 

Report HEL No. 12-2 by Duncan Hay. Tl1is study was concerned with the energy in a train 
of ship waves generated by towing models of a cargo ship and a pleasure boat at various 
speeds and water depths. The report evaluates energy and peak energy in a system of waves 
resulting from the. passage of a ship, These values are important in bank erosion, the 
motion of moored vessels, and the forces on fixed and floating docks. A significant 
question was whether passage of a single large ship was more damaging than passage of 
numerous small craft. A model study was conducted to determine the relative importance 
of peak energy resulting from the pru;sage of a cargo ship and a small craft. The 
characteristics of waves generated by the vessels moving· at various speeds in deep and 
shallow water were determined from the studies. A numerical example is given in which 
prototype values of peak wave energy were predicted from the model data, then ratios of 
peak energies are computed for a specified distance from the ship sailing line. The 
importance of ship speed is evident in the test results. 

b. "Mapping Ship Waves Breaking on a Beach," by F. H. Moffitt, was issued as 
University of California Report HEL No. 12-8, Dec. 1968. Measurements of wave heights 
as they break on a beach are needed to study the effect of a ship wave breaking on the 
sloping shores of a relatively confined channel such as a navigable river. Surface 
configurations of ship waves w~re defined photogrammetrically by a technique developed 
by the author to obtain faithful portrayal of amplitudes as the waves broke. This report is 
a graphic portrayal of the results. 

3. Wave Interaction with Coastal Structures-Massachusetts Institute of Technology 
(MIT). 

Laboratory work continued on the generation of waves by overtopping and energy 
transmission on a landward side of a breakwater. Tests with two small models at different 
scales produced roughly similar results. The shallow-water theory for reflection and 
transmission was evaluated. A series of laboratory experiments were run, in which water 
was impounded by a lift gate on a sloping surf ace at the end of a channel. The initial 
potential energy of the impounded water can be calculated from its elevation. Evaluation 
of the wave energy in the wave generated on release of the impoundment is more difficult. 
For smooth surfaces at a 45° slope, about 15 to 20 percent of the initial potential energy is 
converted into wave energy. 

The theoretical approach to account for the energy passing over the breakwater was 
basically that developed by P. J. Lamarre (1967). Recent work by Kern included a review 
of Lamarre's thesis which resulted in the derivation of a far simpler theory. 

7 



A paper on overtopping with essential results was presented by Charles Sollitt at the 
Twelfth Coastal Engineering Conference. This paper was later published in the Journal of 
the Waterways and Harbors Division of ASCE. 

4. Wave Generation-Wave Turbulence Interaction and Modeling of Wind in Relatfon to 
Air-Sea Interaction. 

A contract with the University of Florida for laboratory studies of air-sea interaction 
and a contract with the University of Michigan for. observations of turbulence in both air 
and water near the interface above Lake Michigan both show that waves h1 the water affect 
the turbulent transfer of momentum from the air. The laboratory data are simpler to 
interpret because of. the greater-control over the environment. The Lake Michigan contract 
was completed, and CERC processed the data. The Universj~y of Florida has a new 
contract for further study on this subject. 

5. Interference Between Wave Action and Turbulence. 
This contract with the University of California began with basic planning, a 

literature survey, and procurement of wave and turbulence generating equipment and 
instrumentation. Some preliminary experiments were made in an outdoor flume 1,000 feet 
long and in an indoor 2-foot wide recirculating flume which was equipped with a 
permeable absorber of rublierized hair suspended as a curtain. The flume bottom was 
roughened to obtain significant turbulence. It was found that interference of flowing 
turbulent water with the waves can cause significant attentuation even for waves traveling 
short distances (10 to 20 feet) through it. A new turbulence generator was built that 
generates a much smaller surface wave and a more closely reproducible spectra of velocity 
fluctuations than the one previously used. Experiments have been run with both high 
frequency periodic waves and wind waves. New data is being analyzed. 

6. Wave Diffraction and Refraction-University of California. 
The following reports were received as a result of this contract: 

BIDDE, D. D. and WIEGEL, R. L., "Translations of Four French Papers of 
Ocean Wave Climate Distribution Functions," HEL 1-15, University of 
California, Berkley, May 1970. 

BORGMAN, L. E., "Directional Spectra Models for Design Use for Surface 
Waves," HEL 1-12, University of California, Berkeley, Jun. 1969. 

BORGMAN, L. E. and PANICKER, N. N., "Design Study for a Suggested Wave 
Gage Array off Point Mugu, California," HEL 1-14, University of California, 
Berkeley, Jan. 1970. 

KRAii, P. T., "Comparison of Wind Wave and Uniform Wave Effects on a 
Beach," HEL 1-13, University of California, Berkeley, also published in Shore 
and Beach, Vol. 37, No. 2, Oct. 1969. 

PANICKER, N. N. and BORGMAN, L. E., "Directional Spectra from Wave Gage 
Arrays," HEL 1-16, University of California, Berkeley, Nov. 1970. 

SAKUMA, NOBORA, BUHLER, JOHANNES and WIEGEL, R. L., "Experi-
mental Study of the Excitation of Waves Inside a Bottomless Harbor," TR 
HEL No. 1-17, University of California, Berkeley, May 1971. 
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The Kraai study (HEL No. 1-13) concludes that while the deepwater wave steepness 
and the ratio of wave height to median sediment size may account for the form of the 
beach profile in its seasonal cycle, the basic mechanism for the movement of sand seaward 
in the winter season is the offshore-directed bottom current that is a result of the wind 
setup during intense winter storms. Analysis of directional spectra obtained for wind waves 
in the model basin was completed. A computer program was written, and debugged, for 
obtaining spectra in the lee of the breakwater, using the measured directional wave spectra. 

Work completed under this contract on the design of a wave-gage array for the CERC 
installation off Point Mugu, California, was reported in UCB TR HEL No. 1-14. The report· 

' recommended a five-gage instrument array of pressure-cell wave recorders designed for the 
direction distribution of energy in waves of 7- to 25-second periods. Geometry of the array 
is based on a regular pentagon with gages at every vertex except one, and at the center of 
the pentagon. The center of the gage array lies 1,600 feet offshore in a water depth of 28.2 
feet, mean lower low water. 

More recent work under the contract included development and testing of a generalized 
computer program for the determination of directional spectra from wave gage arrays. The 
computational scheme and the computer program allow a_ large variation in the number, 
array configuration and type of gages that may be used. The program was first checked out 
using simulated directional spectra data. The program was next applied to data from a 
five-gage array in the CERC-SPTB, Shore Processes Test Basin, with good results for the 
case of a single wave train. It was then applied to data from the five-gage array installed by 
CERC off Pt. Mugu, California. This work is discussed in Tr HEL No. 1016, November 
1970. 

In addition, a number of tests have been made in a new experiment on the diffraction 
of wind waves by a breakwater gap. Basic data from the tests are on magnetic tape in 
digital form, i.e., computer programs to analyze the data were written. 

Work on the circular-harbor study was completed and the results are reported in report 
TR HEL No.1-17. 

7. Beach Processes in the Inshore and Foreshore Zones. 
Under the MIT contract on this study, the theoretical work on the research phase of 

the shoaling of finite amplitude waves over a slowly varying bottom was completed. This 
included the development of a complete second-order theory applicable to shoaling of 
monochromatic waves. Applications of this theory are made to the work of Stokes, 
Benjamin and Whitham in regard to wave instability. Numerical studies by Dr. Ole S. 
Madsen were made on dispersive shallow-water waves. These studies show (1) that a 
distorted solitary wave would disperse into a sequence of normal solitary waves of 
different amplitudes with the larger ones outrunning the smaller ones, and (2) a sinusoidal 
wavemaker at one end of a horizontal channel sends off multiple-crested waves (i.e., not 
simple sine waves) downstream. The contractor's report suggests that if the full nonlinear 
equations are studied, the dispersive effects as noted above are not an "instability" but are, 
presumably, predictable by the full nonlinear equations. A technical report summarizing all 
the efforts and conclusions in the experimental work prepared on the basis of a doctoral 
thesis was published. 
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A technical report (doctoral thesis), "The Utility of a Hot-Film Sensor and a Direction-
Vane in the Laboratory Measurement of Velocity Fields in Water Waves," by M. M. Kolpak 
and P. S. Eagleson has been issued as MIT Hydrodynamics Laboratory Report No. 118. 
The report describes the laboratory evaluation tests of a single-ended, cylindrical, hot-film 
sensor and a direction-vane transducer as instruments for measuring the flow field in 
laboratory waves. The instruments are tested in a laboratory wave system using stationary 
and traversing measuring techniques. The measurements obtained are compared to those 
obtained by a photographic technique in carefully repeated, same-condition tests. The flow 
speed measurements are between ±0.5- and ±1.0-inch per second for the range of 1 to 11 
inches per second tested. The report concludes that, "it appears that the hot-film sensor 
may he successfully used from deep water up to, and probably beyond, the breaker 
region." The flow direction comparisons indicate that the direction vane response is 
dependent upon the ratio, h/ p where h is vane chord length and p is radius of orbital 
curvature of the measured flow. Directional error decreases with decreasing b/p, with 
errors of 5° or less requiring that b/p < 0.1. 

A manuscript of a paper, "The Nonlinear Evolution of Stokes' Waves in Deep Water," 
by V. H. Chu and C. C. Mef was reviewed. It was reported from the theoretical and labora-
tory work relating to the paper that waves are attenuated mainly by f?Urf ace films and 
bottom boundary layers. A theory for induced streaming by standing waves, as those near 
a vertical breakwater, has been completed. It was found that outside the ordinary 
boundary layer thickness there is a secondary layer of greater thickness in which a steady 
stream occurs. 

8. Water Wave Theories for Engineering Application. 
Work is continuing under contract with the University of Florida on the develop-

ment of a set of tables (a tabulation of wave variables) derived from the stream function 
wave theory. The tables will facilitate calculations required in engineering uses. The general 
format includes: (a) variables that vary with horizontal and vertical position within the 
wave (such as the horizontal component of water particle velocity), (h) variables that vary 
only with the horizontal position within the wave (such as the water surface displacement), 
and (c) variables that are not a function of position in the wave (such as the wavelength). 
For each of the variables listed, as calculated from the stream function representation, the 
percentage difference between this value and the value that would he obtained using Airy 
theory will also he listed. The computer programming required in the development and 
generation of the tables was completed, and a check-out of the program on a desk calcu-
lator is complete. Work was completed on the development of examples to illustrate the 
use of the tables. A sample table (for one wave condition) is being reviewed by a range of 
future users. 

9. Generation of Wind-Wave Spectra in Intermediate and Shallow Water. 
The final report on contract work by Science Engineering Associates (SEA) on this 

subject, by J. A. Hendrickson, was received. The report describes three phases of the 
contract work. The first phase consisted of a literature review and the mathematical 
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definition of the terms appearing in the field equation. This equation describes the genera-
tion and propagation of the directional spectra, and includes terms for energy input due to 
wind effects and energy dissipation due to bottom friction. The report summarizes the 
definition of the terms in the field equation, but is mainly concerned with the results of 
the second phase of the contract-the reduction of the field equation to a numerical 
solution and the form of the computer output. The third and final phase of the contract 
concerned the development of the computer program, and its application to the solution 
of several test cases based on data furnished by CERC. 

10. Application of Aerial Remote Sensing to Coastal Engineering. 
Under a contract with Clemson University, a search was made for pertinent litera-

ture on remote-sensing applications to coastal engineering. The literature search was 
completed for 10 journals and continued for 6 others during October-December 1970. A 
second approach in the literature search used a computer-based search using key words. 
The computer phase was conducted by the principal investigator using the NASA Facilities 
at the Manned Spacecraft Center in Houston. Much remote-sensing literature is contained 
in the NASA source tapes. So far, the computerized literature searches have located about 
250 articles pertinent to remote sensing application to coastal engineering. 
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II. SHORE PROCESSES 

A. STUDIES AT COASTAL ENGINEERING RESEARCH CENTER (CERC) 
1. Longshore Transport. 

a. A summary of U.S. methods of littoral drift measurement and control was 
presented at the 22nd Permanent International Association of Navigation Congresses 
(PIANC) 1969 Meeting, and was published in the proceedings and as a CERC reprint 
R. 3-70. The authors are Thorndike Saville, Jr., and George M. Watts. 

b. A paper describing the Longshore Transport Tests in the Shore Processes Test 
Basin (SPTB) was presented at the Twelfth Coastal Engineering Conference and published 
in the proceedings. 

c, A compilation of data available from six laboratory and five field studies on 
littoral transport and associated wave and sediment characteristics was prepared in a 
uniform format. It includes measured data from the experiments and information on the 
test facilities and equipment used to make the measurements. The data format includes the 
variables necessary for a reexamination of the relationships between longshore wave-energy 
flux and littoral transport -quantities. Initial computations of the longshore wave energy 
flux were to test the relationship suggested in CERC Technical Report, TR-4, however, 
evaluation was also made of other relationships. A paper, "A Review of Longshore 
Sediment Transport Data," was presented at the Fifty-Second Annual Meeting of The 
American Geophysical Union in Washington, D.C., by M. M. Das with main conclusions as 
follows: 

(1) A single coefficient in the power type relationship does not fit all the subsets 
of data with equal accuracy. 

(2) Within the range of the data reviewed, the influence of sediment size on 
transport rate is not noticeable. 

2. Suspended Sediment. 
a. Suspended Sediment-Field Studies. The study of suspended sediment in wave 

action in the field has focused mainly on three sets of field data, their analysis and results. 
The initial data collection was made at Crystal Pier, Mission Bay, California, and was 
preceded by laboratory development of a pump system for collecting the suspended sand 
samples. The results from the Mission Bay field data collection are reported in Beach 
Erosion Board Technical Memorandum, TM-34, 1953. Subsequent field collections were 
made at Nags Head, North Carolina in 1964 and at Ventnor, New Jersey in 1965. In 
preparation for these collections, a pump system was developed that was mounted on a 
small tractor for operation from a pier. The system was used to collect samples at Nags 
Head, and Ventnor and described in Shore and Beach, October 1965, and in CERC 
Reprint, 4-66. A draft report treating the samples collected at Ventnor, in 1965 has been 
completed. An abstract of the draft was published in the April 1971 issue of Eos, and the 
American Geophysical Union (AGU) monthly periodical. A paper summarizing the data 
collection and findings was presented at the 52nd Annual Meeting of the AGU in 
Washington, D.C. Although a report on the Nags Head, suspended sediment collection was 
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never completed, the data reduction and much of the analysis were completed. Scatter plot · 
analysis by computer is now in progress to evaluate and compare results of the Nags Head 
data with the Ventnor data, and to incorporate the two data sets into a single report. 

Preliminary findings from the Ventnor suspended sediment analysis confirm earlier 
laboratory results that show there is a gradual decrease in the average concentration of 
suspended sediment with increase in distance above the bottom. Average suspended 
sediment concentration increases with an increase in wave height, and increases sharply 
with an increase in the ratio of wave height, H to water depth d, peaking near an H/d 
ratio of 0. 78. ' 

b. Suspended Sediment-Laboratory Study. A laboratory study on sediment 
suspension under waves is planned. The purpose is to develop and evaluate the applicability 
of necessary instrumentation techniques to measure suspended load in the laboratory, and 
to use the data obtained with the evaluated techniqu_es to develop methods for predicting 
the suspended sediment concentrations in the zone outside the breaker zone. 

c. Suspended Sediment and Longshore Data Review. A literature review of 
sediment suspension in wave a~tion was mad.e to determine the present state of knowledge 
of the mechanics of suspension and the means for predicting suspended sediment 
concentrations under wave action. Data on suspended sediment from 10 laboratory and 
field studies were collected and reexamined along with the data obtained on diffusion of 
sediment at the University of California, Berkeley. The results were published in MP 1-71 
by M. M. Das. 

3. Beach-Evaluation Program. 
In this program, repetitive profiles are taken at selected beaches. Storm-wave action 

between surveys is analyzed, and correlations between the wave action and observed 
profile changes are established. In September 1962, repetitive profile lines were established 
at nine locations between Delaware Bay and Cape Cod. These profiles were originally 
resurveyed at weekly and biweekly intervals. The current interval 6 weeks. Storm ~aves are 
measured by CERC ocean wave gages and by volunteers. Storm surges are measured by 
existing U.S. Coast and Geodetic Survey tide gages. 

Automation of data continues. Digitizing, plotting, and computing profile changes were 
completed for the entire backlog of surveys. Optical-scanning forms for data acquisition 
are now in use to rec.ord survey data, wave observations, and sand elevations on pipe 
profiles. A computer program, SVYLIST, tabulates the coordinates of surveyed points on 
the profile, and prints elevation above MSL in semigraphic form. The input cards are 
produced by the Optical Mark Page Reader from the scanning forms. All surveys from 
October 1968 through May 1969 are in this program, and were published in MP 3-69, 
"Pipe Profile Data and Wave Observations from the CERC Beach Evaluation Program, 
January-March, 1968," by H. D. Urban and C. J. Galvin, Jr. 

An unpublished report "The Beach Evaluation Program," analyzes all wave 
observations obtained in the BEP, and compares the average values of the observations 
with data obtained in the Cooperative Surf Observation Program (COSOP), and data 
obtained from wave gagei;; on the Steel Pier at Atlantic City. 
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BEP and COSOP data were presented at the 1969 meeting of the Geological Society of 
America in a talk entitled, "Winter Beach Profiles and Wave Climate." A beach-profile 
conference of 27 geologists and engineers from the United States and Puerto Rico made a 
field trip to BEP localities in southern New Jersey, and at the meeting after the field trip, 
nine additional papers on beach profiling were presented. Two laboratory reports, "South 
Jersey Barrier Islands and Inlets," and "Beach Profiling-Purposes, Techniques and 
Results," describe the field trip and meeting. Included in the laboratory reports was, 
"Mean Particle Sizes on Sou~h New Jersey Beaches," and "Size Analysis of BEP Sand 
Samples from the Southern N~w Jersey Beaches." The later reported that the beach sand 
size decreased noticeably going from north to south on the south New Jersey coast, and 
that the Rapid Sediment Analyzer classification was one-third coarser than the Wentworth 
size classification obtained by seiving. 

The following beach observations were received at CERC in these periods: 

Date Profile Surveys Observations 
Beach Pipe Visuals 

Jul-Dec 1969 53 115 102 
Jan-Jun 1970 574 222 777 
Jul-Dec 1970 531 800 1,256 
Jan-Jun 1971 626 285 2,078 

Most of these data were transferred to punched cards for computer processing and 
plotting. Surveys ma4e along seven profiles at Atlantic City and 11 profiles on 
Westhampton Beach between October 1962 and December 1970 were run through 
computer programs PRFL2C, PRFL3A, and PRFL4A. Output consists of microfilm and 
hard copy plots for the 1,784 profile surveys, and tables listing changes in contour 
positions and changes in area under successively surveyed profiles. 

Initial analyses of meterological, wave, and survey data, collected during the storm of 
16-18 December 1970, indicate that a moderately intense low pressure system with 
20- to 35-knot winds caused waves up to 11 feet and storm surges up to 3.6 feet above 
normal along the beaches from North Carolina to New England. Ninety-one profiles at the 
seven locations between Cape Cod and Ludlam Island, New Jersey, were surveyed within 2 
weeks before the storm, through the storm, and immediately after. 

Comparison of before and after surveys indicates that 77 of the profiles showed a net 
loss of sand above -2-foot mean sea level (MSL). Usually, maximum erosion occured at 
about +6-foot MSL; maximum accretion occurred between -1 and + 1 foot MSL. Profiles 
of maximum accretion and erosion (245 yd.3 /yd. accretion and -70 yd.3 /yd erosion) both 
occurred along Cape Cod beaches. Maximum vertical changes in sand level (-4, ft.) were 
observed on coarser, steeper beaches (Cape Cod and Westhampton Beach), and maximum 
horizontal changes in position of the MSL contour (-96 ft.) were observed on the finer, 
flatter beaches (Ludlam Island). :, ., ,'. 
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A computer program VISl, was written for the BEP wave data to: (1) produce a listing 
of wave data, (2) punch BEP Data Log Cards, (3) produce a SURF2 format tape that can 
he used in the CERC battery of SURFX programs, and (4) produce distribution tables of 
height, period, direction, breaker type, and mean values of height and period. 

An office study was begun on the Absecon Inlet Study of_1935-1937 (Greaser-Wicker, 
Philadelphia Corps of Engineers District Report-unpublished), to examine data for BEP. A 
memorandum, 10 March 1971, summarizes the report. Analysis of the data included 
recording over 1,100 wave observations on Littoral Environmental Observation (LEO) 
scanning forms, running them through computer programs for a listing of the data, and 
preparing histograms of longshore current and wave period versus wave height. The data 
were then put into the Wave Observation Report (WOR) format and run through computer 
program, VISl. Profile surveys t~en during the Absecon Study are being digitized for 
computer analysis and comparison with recent profile data from Atlantic City. A talk 
entitled, "Visual Observation of Nearshore Wave Direction," was presented at the 52nd 
Annual Meeting of the American Geophysical Union. It included a description of the 
coastal-sector method of measuring wave direction, results of the direction data, and the 
relation of other wave parameters to wave direction. 

Two data collecting localities were established on Assateague Island, in cooperation 
with the National Park Service, one on the Maryland end and one near the Virginia end of 
the National Seashore. Wave and pipe profile observations are made in the area. 

The report, "Evaluation of Visual Wave Observations," was revised, and a Memorandum 
for Record, "Processing Visual Wave Observations," completed. Additional results in the 
first of these reports are: (1) For the winters of FY s 1968 and 1969 at six localities, mean 
wave height increased from 2.05 to 2.45 feet, and mean period increased from 6.89 to 7.80 
seconds; (2) Mean heights and height distributions from the BEP observations at Atlantic 
City were found to compare closely with simultaneous records obtained from the Hytech 
gage on the Steel Pier, if the gage records were adjusted for shoaling. Mean heights were 
2.29 feet (Hytech gage, adjusted for shoaling, December 1967-March 1968), compared 
with 2.28 feet (BEP December 1967-March 1968). 

A Memorandum for Record, "Visual Observation of Wave Direction," described the 
methods used to visually estimate wave direction. Wherever possible, visual estimates of 
breaker direction on a straight coast should be made with a five-sector split of 60°, 25°, 
10°, 25°, and 60°. Data obtained from visual observations at Atlantic City indicate that 
almost 100 percent of the winter waves approach the beach in a 40° sector extending 
from 30° to the left to 10° to the right of the normal to the beach (azimuths 60° to 100° 
from N.). 

The report, "Size Analysis of BEP Sand Samples from Three Southern New Jersey 
Beaches," summarizes the analysis of 468 grab samples. Computer programs for plotting 
survey data were consolidated into two programs, BEPROF and PRF2A. BEPROF 
reformats, edits and puts on tape the output from Survey Report Forms (CERC Form 
Nos. 60 and 61) and PRFL2A uses the edited data to plot profiles by date and location. 
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An analysis of data reported on Wave Observation Reports (CERC Form No 73-70) 
from December 1969 through March 1970, was made for six stations with the following 
conclusions: (1) the mean wave height for the northern Atlantic coast was 1.87 feet in 
FY 70 compared to 2.45 feet in FY 69, and 2.05 feet in FY 68; (2) the frequency of 
spilling waves decreased from FY 69 to 70; the frequency of plunging waves increased; and 
(3) period distributions for FY s 68, 69, and 70 were about the same. 

For future work it was decided to eliminate the IO-week study, and survey each beach 
once each month from December through April, then every 2 months through the summer 
and fall. Additional surveys will he made after severe storms. Pipe-profile and wave 

' observations by volunteers will he continued. 
Studies were made at Holden Beach and Wrightsville Beach, North Carolina, and at 

Cape , Cod, Massachusetts. Pipe profiles were installed. Profiles on Cape Cod were 
reoccupied at sites of a previous profile study by the Woods Hole Oceanographic 
Institution. These profiles are on beaches hacked by cliffs up to 100 feet high which are 
actively eroding. Regularly scheduled surveys were made on IO Cape Cod profiles. Two 
pipe profiles were installed by the New England Division. Surveys were made on 43 
profiles at Holden Beach· and Wrightsville Beach, by the Wilmington District, and pipe 
profiles installed. 

A field test was conducted on Assateague Island National Seashore, for jetting-in pipes, 
using a portable water pump and tripod. This method is satisfactory and as efficient as 
techniques previously used. 

In response to a request from the City Engineer, Sea Isle City, New Jersey, 54 profiles 
were plotted in an attempt to show the effectiveness of three groins, constructed by the 
city in 1967. The study did not indicate any significant changes resulting from the 
structures. 

4. Laboratory Effects in Beach Studies. 
In 1969, a series of short-term tests were conducted on sand and concrete beaches in 

3- and IO-foot flumes. Wave reflection was measured by the wave-envelope and wave-burst 
methods. Results indicated different methods of analysis produced the same reflection 
coefficients, and that wider tanks and sand beaches had higher reflection. 

A laboratory report, "Wave Height Variability in Inclosed Basins," was prepared and a 
talk given at the ASCE Transportation Meeting in Washington, D.C., 22 July 1969. A 
laboratory report, "Wave Height Variability Caused by Holes in the Generator Blade," 
showed that even small holes in the blade could measurably reduce wave height. 

During the summer of 1970, tests were conducted on sand and concrete beaches in 
6-foot and IO-foot-wide flumes. The purpose was to determine the change in wave 
reflection resulting from changes in the beach profile over a long period of time. The tests 
lasted 175 hours in the 6-foot-wide flume and 210 hours in the IO-foot-wide flume. 

A computer program, that uses wave-height data digitized from the strip-chart 
recording, was written to determine and plot the height deviation from the local mean 
height versus distance along the wave tank (or wave envelope). A second program fits a sine 
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curve to this plot and the ratio of the amplitude of the sine curve to the average wave 
height is the coefficient of reflection. Results indicated the computer-method values were 
about 15 percent less than these obtained by the method using wave heights measured at 
the node and antinode of the wave envelope. The computer-method results are probably 
more realistic. 

Tests were begun to determine how accurately the results from the half-scale Froude 
model in the 96-foot tank matched the test data obtained from a 3-foot-wide flume in the 
(SPTB). Tests were run in the north and center sections of the SPTB and in the 96-foot 
tank. New 100-foot-long, 6-foot-wide tanks with aluminum walls were constructed in the 
center section of the basin. 

Possible effects on wave height caused by a gap between the center wall end and the 
generator bulkhead in the 10-foot tanks were studied using tests with and without the gap. 

5. Inshore Sediment Instability 
Based on a simple model of the horizontal pressure variation on the bottom under a 

near-breakii:ig wave, the flow induced in the porous bed is found. This flow affects the 
intergranular stresses in the sand. A stability analysis reveals that the sand bed is likely to 
be in a state of failure during the passage of the steep front of a near-breaking wave. Since 
the sand bottom may be in a state of failure due to th~ flow within the bed itself, the 
ability of the flow of water above the bed to pick up sand grains from the water-sediment 
interface will be increased. Hence, the flow induced in the bed may significantly influence 
the amount of sediment moved by a passing wave. The failure of the sand bed is also used 
as a hypothesis to explain the burial of tracer particles that initially were introduced on the 
surf ace of the bed. The hypothesis enables several deductions about the maximum depth 
of tracer particles that are in qualitative agreement with a limited number of reported 
observations. In tests in the SPTB; fluorescent sand was introduced to obtain laboratory 
data on the burial depth of tr~cers. 
B. CONTRACT STUDIES 

1. Beach Response to Winds and Waves. 
Under contract with Florida Ocean Sciences Institute, Incorporated (FOSI), "Basic 

Research to Analyze Time Sequence Changes in Beach Configuration in Response to Wind 
and Wave Conditions in Coastal Regions," progress reports were submitted on: site 
construction and repair, surveying, data acquisition, data processing, and analysis. Pipe 
profiles were installed to study beach changes at Hollywood, Boca Raton and Jupiter 
Island. Methods used to install pipes on beaches underlain by beach rock and coral were 
reported. Boca Raton profiles extend seaward several hundred feet, and are surveyed by 
scuba-equipped divers. Wind, wave, current and sand-level data were collected daily at Boca 
Raton, and weekly at Jupiter and Hollywood. "In addition to daily and weekly 
littoral-environment and sand-level observations, the report included a 24-hour continuous 
series of observations at the three locations. Inspections of the study areas were made 
periodically by CERC personnel. Profiles were expanded, and now extend 500 feet 
offshore. 
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2. Simulation of Wave-Induced Penneahility. 
This work began at the National Bureau of Standards (NBS) in June 1970, and is 

based on previously formulated theoretical considerations regarding the relative 
importance of the permeability of the bed materials to onshore-offshore sediment motion 
compared to the effects of the nonsinusoidal character of water waves, slope of the sea 
bottom, and the mass transport current. These theoretical considerations show that the net 
effect of permeability is to move sand onshore. Also, the movement is found to increase 
with the size of the grains, so that permeability has a sorting effect. 

The purpose of the present contract is to experimentally simulate the boundary-layer 
flow under oscillatory waves •and the vertical seepage flow in the sand bed in an oscillatory 
simulation and sediment bed-test facility. 

The tank will have two identical U-channels side by side. In each channel water is made 
to flow hack and forth over a level sand bottom by a piston placed in one of the vertical 
sides of the U-channel. In the opposite vertical sides, two loose-fitting pistons move in 
opposite directions resulting in an oscillatory pressure difference and permeability flow 
between the two channels. 

The principal advantage of this tank is that, by varying the amplitude and period of 
oscillation, a wide range of near-bottom, wave-induced motion can be simulated in the 
laboratory. In the setup, the amplitude will range up to 1 meter and the period can be 
varied from 2.5 to 20 seconds. 

3. Interaction of Waves, Currents and Sediment-University of Califomia-SIO. 
Three areas of research were covered: (1) Longshore Transport of Sand on Beaches, 

(2) Nearshore Circulation and Longshore Currents, and (3) Breaking Waves and Runup. 
Progress in these areas was reported in three papers presented at the AGU meetings in 
Washington, D.C., April 1969 on, "Dispersion of Water in and Near the Surf Zone," by 
D. L. Inman, R. J. Tait and C. E. Nordstrom; "Low Frequency Resonance in the Surf 
Zone," by D. L. Inman and R. J. Tait, and "Longshore Transport of Sand on Beaches," by 
P. D. Komar and D. L. Inman. Paul D. Komar completed a Ph.D. dissertation on, 
"Transport of Sand on Ocean Beaches." A final report reviews the work and study 
program and cites significant reports available or in press. Listed are 11 reports, published, 
in press, or in preparation and four abstracts of published reports. 

4. Local Scour Around Piling. 
A final report, "Localized Scour Around A Vertical Circular Pile in Oscillatory 

Flow," was received from the Georgia Institute of Technology under contract, 
DACW 72-67-C-0017. This doctoral thesis ·presents a method for analyzing the local scour 
that develops around a single vertical cylinder in a cohesionless bed under the action of 
first-order Stokian water waves. The thesis presents a theoretical and an experimental 
analysis of local scour when an obstruction, such as a pile, is placed in the flow. Measured 
scour depth is compared with predicted scour depth for 13 model tests, and the 
preparation of general, scour-depth versus time curves is demonstrated. To illustrate the 
application of these curves to actual situations, numerical solutions to six sample problems 
are presented. 
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5. Nearshore Sediment Movement. 
Work under this contract included the collection, analysis, and interpretation of data 

on nearshore sediment in Bolinas Bay, and between Half Moon Bay and Santa Cruz, 
California and laboratory work on the mechanics of sediment suspension under wave 
action. Contract reports received from the University of California, Hydraulic Engineering 
Laboratory, Berkeley, are as follows: 

,.,. HEL Title Author Date 

2-24 Prediction of Bottom Current Velocities from Panicker, N .N. Nov.1969 
Sediment Depositis on the Sea Bed 

2-23 Recent Sediments of Bolinas Bay, California, Wilde, P. Dec. 1969 
Part C-Interpretation and Summary of Results Isselhardt, C. 

Osuch, L. 
Yancy, T. 

2-25 Equilibrium Profiles of Model Beaches Nayak, I.V. May 1970 

2-26 Recent Sediments of the Central California Yancey, T. Jul. 1970 
Continental Shelf-Pillar Point to Pigeon Point, Isselhardt, C. 
Part A-Introduction and Grain Size Data Osuch, L. 

Lee, J. 
Wilde, P. 

2-28 Recent Sediments of the Central California Lee, J. Oct. 1970 
Continental Shelf-Piegon Point to Sand Hill Yancey, T. 
Bluffs, Part A-Introduction and Grain Size Data Wilde, P. 

2-29 Fauna! Communities on the Central California Yancey, T. Dec. 1970 
Continental Shelf Near San Francisco- Wilde, P. 
A Sedimentary Environmental Study 

2-27 Literature Survey and Bibliography of Garcia, W.J. Feb. 1971 
Engineering Properties of Marine Sediments 

Mechanics of Sediment Suspension due to Das, M.M. Jun. 1971 
Oscillatory Water Waves -
Proceedings of Sedimentation Symposium 

2-30 Recent Sediments of the Central California Lee, J.M. Jun. 1971 
Continental Shelf-Pillar Point to Pigeon Point, 
Part B-Mineralogical Data 
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Contract work continued at the University of Iowa where an electro-optical probe for 
the measurement of the statistical properties of suspended sediment concentration has 
been developed. The probe, designed for laboratory and field use in unidirectional flow or 
in wave motion, has been designat~d the Iowa Sediment Concentration Probe (ISLP). A 
report was published in the proceedings of the Thirteenth Congress of the International 
Association for Hydraulic Research, 31 August-5 September, 1969, that describes the 
instrument, the calibration and response characteristics, and summarizes some data 
obtained using the ISCP in steady uniform flow and in breaking waves. 

6. Coastal Movable-Bed Scale Model Relationship. 
Under a contract with Tetra Tech, Inc., on coastal model technology, the following 

four basic quantities are proposed for a scale model to study movable-bed beach problems: 
horizon~al scale, x; vertical scale, N; sediment size scale, ND and sediment density 
scale, Ny. Thus far, five classes of materials have been tested, and some data reduction 
from the work and experiments has been done. In the first series of experiments, 
equilibrium profiles starting from a dumped material were determined. The second series 
of tests investigate profile changes from different starting profiles, and mainly treats the 
most promising model materials. A final report TC:191 by Dr. Edward Noda on this phase 
of the work was received. 

7. Systematic Beach Profile Study of Eastern Lake Michigan. 
Under contract with Western Michigan University, 17 beach profiling stations were 

established along the eastern shore of Lake Michigan on different types of shores, and 
include dunes, till cliffs, and lake sands. Elevation control ~s maintained by lake-level 
measurements when water is calm and by altimeter measurements. Beach sediments are 
collected at each profile location at 4-week intervals. 

8. Chesapeake Bay Survey Contract. 
This contract, funded by CERC, is between the Baltimore District and the Beavin 

Company, Baltimore, Maryland, for periodic hydrographic and topographic surveys in the 
Randle Cliff-Chesapeake Beach area of Calvert County, Maryland. The contract covers 
four surveys a year (1 each quarter) of six profile lines, with an option of two additional 
surveys a year after severe storm conditions. 

The initial survey was on 27 October 1967 for profile, A, and on 20 November 1967 
for the remaining profiles. A revision of the initial survey was submitted 12 February 1968 
with a profile location chart. Four regular surveys and one storm survey were made in 
1968. In 1969 and 1970, four regular surveys were made each year, and two were made by 
30 June 1971. 

9. Dune Studies. 
a. Texas. Gulf Universities Research Corporation (GURC), began contract work on, 

"The Use of Grasses for Dune Stabilization Along the Gulf Coast with Initial Emphasis on 
the Texas Coast." A nursery for sea oats and beach panic grass was established on the 
north end of Padre Island. Potentially useful plant species were screened before selection 
for further testing. Soil samples were analyzed, an irrigation system designed and 
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constructed, a transplanter was purchased, and plantings established for dune creation. The 
Galveston District erects and maintains the sand fences; GURC is responsible for planting 
and establishing beach grasses. 

Results of the study to date are: (1) Of the five grass species selected for further testing, 
bitter panicum and sea oats are best adapted for creating a foredune system, (A foredune is 
the front dune just behind the backshore.). (2) Use of multiculm clones for transplanting 

·~ did not increase survival rate enough to offset the extra time required for digging and . 
handling, (3) Despite early indications that nursery-produced transplants were more 
vigorous with more desirable root development, no significant difference in survival rate 
was found between nursery and field plants, (4) While only moderately successful, the use 
of sea-oats seed to establish plants is feasible, (5) Cross-section surveys show that 50-foot 
wide I-year-old sea oats plantings trapped 3 cubic yards of sand per linear foot of beach, 
and (6) If vegetation is to be used to create and stabilize foredunes, grazing cannot be 
permitted. 

h. North Carolina. This study is monitored by North Carolina State University. 
Sections on the south end of Okracoke Island are being maintained and are in good 
condition. Additional lifts were installed on the fence sections. The grass sections are 
well-vegetated and growing. Although American beach grass has diseased areas up to 
10 feet in diameter, the total performance as a dune builder has not been affected. 

c. Cape Cod. The recently established grass sections were ineffective; only 1 
percent of the transplants survived. Small, naturally occurring, grassed dunes have grown so 
much in height and horizontally adjacent to the study site that they may affect the study 
results by interferring with the local wind pattern. Aerial photographs of the area were 
studied, and it was concluded that the experimental results would not he reliable due to 
the interference by the invading· natural dunes. It was decided that the program should he 
continued, hut the present experimental site would be abandoned. A new installation 
south of Nauset Inlet, of slat fencing and American beach grass plantings, would replace 
the fabric fences on the spit north of N auset Harbor. Five 'experimental sections, 500 feet 
long, were established at the new location in May 1970. Three sections are American 
beachgrass plantings; two are sand fences. Due to poor survival of the transplants, two of 
the grass sections had to be replanted. All sections had trapped maximum sand volume by 
March 1970. A contract was let to a local nursery, and the sections were replanted in 
October. Additional fence lifts were erected, and cross-section surveys were made by the 
New England Division. 
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III. LONG-PERIOD WAVES AND SURGES 

A. STUDIES AT COASTAL ENGINEERING RESEARCH CENTER 
I. Harbor Surging Study. 

A study was initiated at the Waterways Experiment Station for an investigation of 
mathematical techniques for computing harbor surging and a comparison of the results of 
mathematical techniques with results measured in selected hydraulic models. 

2. Project Tugboat. 
The Nuclear Cratering Group, Corps of Engineers, conducted an experiment in 

Kawaihae Bay, Island of Haw~ii, in April 1970 to test the feasibility of excavating harbors 
by the use of multiple 10-ton, high-explosive charges. CERC collected observations on the 
waves generated by these explosions. Three staff gages recorded the waves, and four rows 
of passive wave poles were photographed with movie cameras. An examination of the data 
indicates that the highest waves were between 6 and 10 feet, 250 feet from the blast, and 
less than 1 foot high one-half mile away. 

A report on the data collected during Project Tugboat was completed and submitted to 
the Nuclear Cratering Group. The development of a comprehensive theory was not 
attempted, due to the extremely complex bottom topography in Kawaihae Bay. 
B. CONTRACT STUDIES 

I. Tsunamis-University of California. 
Edward Noda developed . a linear theory for the water waves generated by 

time-dependent displacements of the boundary. The theory was carried forward to an 
analytical solution for two specific cases that could be tested in the laboratory. From the 
laboratory standpoint, the first case might be thought of as simulating the effect of a 
vertical landslide by dropping a box vertically into one end of a wave flume. The other case 
could be represented by the horizontal motion of a bulkhead at the end of the wave flume. 
In both cases the solution is restricted to a consideration of the water motion as a form of 
the coordinate x in time. Both studies are reported by Edward Noda in "Theory of 
Water Waves Generated by Time-Dependent Boundary Displacement," HEL 16-5 
Hydraulic Engineering Laboratory, College of Engineering, University of California, 
Berkeley, October, 1969. 

Good agreement between analytical and experimental results was obtained for 
conditions in which the flow might reasonably be expected to be linear. Schematic 
agreement of the resulting phenomena is also well produced into the nonlinear region, but 
with departures in phase and amplitude from the linear predictions. 

Experimental investigations of the waves generated by the horizontal motion of a 
vertical wall were reported by M. M. Das and R. L. Wiegel in, "Water Waves Generated by 
Horizontal Motion of a Vertical Wall," HEL 16-7, Hydraulic Engineering Laboratory, 
College of Engineering, University of California, Berkeley, February, 1971. The agreement 
between theory and experimental results was regarded as satisfactory provided the region 
very near the moving bulkhead was disregarded, and provided the motion of the bulkhead 
itself was not too great. The experimentally determined limits on the theory are given in 
the report. 
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A computer program was developed for computing the hourly tide heights based on the 
equations and constants provided by the National Ocean Survey. Results were obtained 
both in the form of listing and punched cards. A second program was developed for finding 
the maximum and minimum tides in the predicted interval and for constructing a 
frequency density distribution for the reported hourly tide heights and also for computing 
the first four moments of this distribution. Both programs were used to obtain distribution 
functions of the astronomical water height at Crescent City, California and San Francisco, 
California for the years 1960 and 1964. The second program was also used to obtain a 
distribution function for minute readings for the tide pap~r record obtained during the 
tsunami of 22 May 1960 at Crescent City. The results of these studies were given by R. D. 
Borcherbt and L. E. Borgman, "Empirical Probability Distributions for Astronomical 
Water Heights," HEL 16-6, Hydraulic Engineering Laboratory, College of Engineering, 
University of California, Berkeley, July, 1970 and by Charles, Petrauskas and 
L. E. Borgman, "Frequencies of Crest Heights for a Random Combination of Astronomical 
Tides and Tsunamis Recorded at Cresent City, California," HEL 16-8, Hydraulic 
Engineering Laboratory, College of Engineering, University of California, Berkeley, March, 
1971. 

2. Two-Dimensional Long Waves-Texas A&M DACW72-67-C-0002-032005. 
The analytical studies of the interaction between tsunamis and islands were 

continued. Numerical solutions of this problem obtained earlier were compared with 
hydraulic experiments for tsunamis at Wake Island and the results are presented in the 
report by Vastano and Reid, "Tsunami Responses at Wake Island, Comparison of the 
Hydraulic and Numerical Approaches," Journal of Marine Research, Volume 18, pages 
345-356, 1970. 

The possibility of inferring deepwater tsunami signatures by measurements from one or 
more marigrams recorded at or near the island boundary was investigated and the results 
reported by Reid and Knowles, "An Inverse Tsunami Problem," Proceedings of the 
International Symposium on Tsunamis, IUGG, held in Honolulu, Hawaii, October, 1969 
and published in Tsunamis in the Pacific Ocean, East-West Center Press, Honolulu, 
pp. 399-406, 1970. 

It was assumed in all of these studies that the incident tsunami in deep water 
approaches the island as a plain wave, i.e., the incident wave front and all following 
incident waves are assumed to be straight and parallel in deep water. 

3. Tsunami Signature. 
Dr. Basil Wilson completed an analysis of tide-gage records designed to obtain 

tsunami signatures and to identify the effects of basin and shelf resonance. These data have 
been reported in a report by Basil Wilson, "Tsunami Characteristics at Representative Tide 
Stations along the Pacific Seaboard," May 1971. 
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IV. INLET AND ESTUARY DYNAMICS 

A. STUDIES AT COASTAL ENGINEERING RESEARCH CENTER (CERC) 
1. Office Study of Inlets. 

This investigation is an attempt to describe and classify the gross morphology of 
inlets in sandy barrier islands and fo explain the most prominent features of these inlets 
using fluid mechanics principles. 

The planform of inlets and neighboring barrier islands is obtained from charts with a 
scale of 1 :80,000, supplemented with some vertical dimensions from the same charts and 
other sources. Inlets being studied include 41 selected from the U.S. Atlantic and Gulf 
coasts. Up to 35 variables are measured for each inlet and contiguous barrier islands. These 
chart data have been verified in an extensive quality control study to be accurate within 
the limits required by the reconnaisance study, and data have been tabulated and displayed 
in an internal laboratory report, "Office Study of Inlets-Geometry." For the inlets 
studied, minimum inlet widths averaged around 1,300 feet and depths averaged 12 feet at 
low tide, a value biased toward the deeper inlets. 

Based on planform, inlets are divided into four classes: overlapping, updrift offset, 
negligible offset, and downdrift offset. A hypothesis, based on coastal processes and wave 
climate data, explaining these planforms has been published in the MIT Symposium on 
Water Environment and Human Needs in a paper, "Wave Climate and Coastal Processes," 
by C. J. Galvin, Jr. Present work is aimed at quantifying the effect of coastal exposure. 

Work is underway to apply empirical rules of river mechanics and results from 
hydraulics to the explanation of inlet characteristics, particularly inlet cross section. 

2. General Investigation of Tidal Inlets (GITI). 
Major emphasis on the GITI program was recommended by the CERB during FY -70, 

and several models were constructed at WES to pursue the basic research goals. In July 
1970, CERC was given technical direction of the program, and the responsibility of 
organizing and presenting two training courses on the mechanics and design of tidal inlets. 
These courses were held in May and November of 1971, and most coastal districts and 
divisions of the Corps, including WES, sent representatives. 

In addition to the physical models at WES, a study to mathematically model the 
hydraulics of flow at Masonboro Inlet, North Carolina, was established at CERC. The work 
to evaluate mathematical modeling of inlets is to be done by contract. In answer to request 
for proposals, 24 were received. After a review for technical adequacy, the proposals were 
rated for quality. Three of the top rated proposals were selected for funding. 

Research efforts at WES are summarized as follows: 
a. Reanalysis of BEB TM 94. On the recommendation of the CERB, a reanalysis of 

BEB TM 94, "Preliminary Report: Laboratory Study of the Effect of an Uncontrolled 
Inlet on the Adjacent Beaches," was started to determine whether modifications in the 
GITI program should be made based on results of the reported tests. Detailed 
documentation of each inlet run was compiled, and hathymetric charts were analyzed. 
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Geometric and hydraulic variables as a function of time for each test were calculated to 
relate the observed changes in inlet bathymetry with measured hydraulic conditions. 

b. Masonboro Inlet, North Carolina-Physical Models. Distorted models of 
Masonboro Inlet, North Carolina were constructed with fixed and movable beds at WES to 
evaluate the models' capability to reproduce and predict prototype conditions and changes 
in bathymetry. Verification of the fixed-bed model was completed, and a number of basic 
tests were conducted to define the hydraulic conditions for mean- and spring-tide ranges. 
In addition, the effects of waves on the ocean circulation patterns of the inlet were 
evaluated. Waves were found to have a measurable influence on velocity and tidal height. 

Verification of the movable bed model was started. The hydrographic changes observed 
in the prototype before jetty construction (October 1964-August 1965) were used as the 
basis for verification. Major problems were encountered in simultaneously reproducing 
bathymetric changes in both the· interior channels and the seaward area of the inlet. 
Shipboard wave observations in the vicinity of Masonboro Inlet were compiled and 
analyzed by CERC to help select model wave conditions. 

c. Scale Effects. A series of basic movable-bed inlet model tests were conducted at 
WES to evaluate the response of various materials to ~ombined wave and flow conditions. 
The material used was a well-sorted quartz sand with a median diameter of 0.25 mm. Data 
were analyzed to delineate trends in cross-section area response and sediment transport as 
functions of wave and flow characteristics. 

d. Inlet Hydraulics. Plans were made to construct a fixed-bed model to investigate 
the basic characteristics of flow and energy losses through inlets. Initial consideration was 
given to use of the Masonboro Inlet fixed-bed model, but revised plans concerned an inlet 
representative of several inlets. Prototype survey data were analyzed to arrive at an 
"idealized" configuration. , 

e. Inlet Classification. An inlet classification was started to develop a rational 
classification scheme for United States coastal inlets. Compilation of hydraulic, 
bathymetric, and climatic data was the first step. Lists of available prototype data were 
requested from each of the coastal districts, and other non-Corps sources. Bathymetric 
data were collected for a number of inlets, and an analysis was started to find the 
geometric characteristics of a "representative" inlet. The classification program is essential 
to a comprehensive understanding of inlet behavior. 
B. CONTRACT STUDIES 

NONE 
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V. COASTAL ECOLOGY STUDIES 

A. STUDIES AT COASTAL ENGINEERING RESEARCH CENTER (CERC) 
The development of a long-range, ecological research program was started. A framework 

was established to organize research projects designed to assess the effects of coastal 
engineering activities on the ecology of the coastal zone. The major efforts were the 
preliminary planning of program emphasis and scope. 
B. CONTRACT STUDIES 

I. Offshore Construction-Ecological Effects. 
A contract was awarded to the Marine Sciences Institute of the University of 

Alabama to conduct a literatu~e and research survey and to prepare a planning document 
for this ecological problem area. This is to include: a selective annotated bibliography, a 
review, ~nd a plan of research necessary to provide knowledge of ecological effects. 

Coordination was established with the Maritime Administration and the Federal 
Aviation Administration on their studies of proposed offshore structures. 

2. Offshore Dredging-Ecological Effects. 
The Jacksonville District agreed to conduct for CERC an ecological monitoring 

study of a beach nourishment project at Lido Key on the west coast of Florida. Field trips 
were made to survey the site, establish sampling stations, develop a basic study plan, and 
supervise the study. 

A contract was let with the Biological Laboratory, National Mari_ne Fisheries Service 
(NMFS), St. Petersburg, Florida for a 3-year base-line ecological study before an 
anticipated off shore dredging and beach fill project was started on the west coast of Florida. 

A second contract was awarded Florida Atlantic University to conduct an ecological 
monitoring study of a beach nourishment project using an offshore borrow area, on the 
east coast of Florida. Numerous surveys were made by the University in conjunction with 
the Broward County, Florida, beach nourishment project. Small fish and invertebrates 
were numerous in all samples, and detailed analyses are necessary to ascertain any trends or 
correlations with dredging operations. 

3. Artificial Marsh Creation. 
A contract was let to North Carolina State University for a study of the 

establishment of a new salt marsh using bare sandy dredge-spoil areas and marsh grass. 
Summarization and interpretation of the first-year observations were initiated. Initial 
plantings of marsh grass were expanded as part of the study, and a start was made to 
develop techniques of nursery production of marsh grass plants, both from seeds and 
transplants. 

4. Coastal Waste Management. 
The study of the ecological effects of waste disposal in the New York Bight area 

began in 1967 and was terminated in 1971 when responsibility for waste disposal studies 
was transferred to the Environmental Protection Agency. 

Under contract, the Smithsonian Institution assembled a Scientific Advisory Committee 
of eminent scientists to provide CERC advice on this ecological problem area. Specifically, 
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the committee provided: (a) evaluations and recommendations on proposals submitted, 
(b) evaluations of the results of ongoing studies and (c) recommendations for continuing or 
expanding the current studies, or a different approach to the entire problem. 

The study of the ecological effects of waste disposal in the New York Bight was 
conducted under contract by the Sandy Hook Marine Laboratory of the Department of 
Commerce, National Oceanic and Atmospheric Administration (NOAA) NMFS. 

A contract with the State University of New York at Stony Brook was let to study 
trace (heavy metal) elements in the New Y Qrk Bight at the sources, and to develop and 
refine the techniques and methodology for more accurate determinations of 
concentrations of these clements. A contract was awarded t!ie Woods Hole Oceanographic 
Institution for a literature review of the oceanography and waste disposal in the New York 
Bight to provide the basic groundwork for future field studies. 
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VI. COASTAL WORKS EVALUATION 

A. SUMMARY OF ACCOMPL1SHMENTS. 
The evaluation of coastal works consists primarily of supporting the collection of field 

data of projects constructed by the Corps of Engineers, analyzing the collected data to 
refine or improve design criteria for such projects, and ensuring that the analysis is made 
available to those responsible for the planning, designing and construction of coastal 
projects. Presently, data are collected and analyzed on rubble mound structures, weir 
jetties, beach erosion control and hurricane protection projects, and applications of 
special-type protective works constructed by the Corps, other Federal agencies, and by 
local interests. 

Additionally, in support of var.ious Corps Districts, field data of regional areas are being 
collected to provide information on coastal processes where little or no information 
presently exists, and it is anticipated that future coastal improvements will be made. 

Documentation of coastal construction techniques for educational and informational 
purposes is being made by filming selected coastal projects. The film is being compiled into 
documentary-type movies which are made available to Corps offices and the public. 

Since the use of groins is of almost universal application, the CERC staff has 
undertaken a study of prototype ·groins at Point Mugu, California. At this location an 
intensive effort is being made to fully· document the functional effectiveness of various 
groin configurations on adjoining shores. 
B. CORPS OF ENGINEERS DISTRICT AND DIVISION PROJECTS FUNDED BY CERC 

1. Field data on rubble mound construction are presently being collected for structures 
at Morro Bay and Santa Cruz, California and Umpqua, Oregon. Preliminary reports on the 
first two sites have been received and are under review. 

2. The following beach erosion control and hurricane protection projects are under 
study: Carolina Beach and Wrightsville Beach, North Carolina; Hunting Island, So.uth 
Carolina; Virginia Key, Biscayne Key, Lido Key, Treasure Island, Pompano Beach and Fort 
Pierce, Florida; Presque Isle Peninsula, Pennsylvania; Suffolk County, New York; Wallis 
Sands and Hampton Beach, New Hampshire. 

3. Data on Masonboro Inlet, North Carolina and Ponce de Leon Inlet, Florida are being 
collected to document the effectiveness of weir jetties for use in navigation and beach 
erosion control projects .. 

4. Studies are being carried out at Carolina Beach Inlet, North Carolina, where a 
deposition basin is dredged in the throat of the inlet in an attempt to develop navigation 
depths across the ocean bar system without structures; and studies at Virginia Beach, 
Virginia, where large sand bags are being used to form groins to control longshore drift. 

5. Regional data are presently being collected in California, Hawaii, and Texas which 
include hydrographic surveys, sand samples, and photography related to Corps of 
Engineers authorized projects as well as regions where no projects exist and very little 
littoral process data are available. 

6. Two films, "Building Breakwaters-California Style," and "Treasure Island, Florida" 
have been produced as general information for engineers and scientists, as well as the 
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general public, on coastal engineering projects. Additional films are in production and 
cover groin construction, the use of unusual prefabricated shapes for jetty construction, 
and a generalized film on coastal engineering. 

7. The prototype experimental groin at Point Mugu, California has been used to test 
the functional effect ·of a long, high, impermeable groin and _a relatively short, low, 
impermeable groin. Analysis of the data collected on these tests is presently underway. 
Future testing of permeable groins is planned. 

'· 
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VII. DEVELOPMENT OF DESIGN CRITERIA 

This program uses data collected from the evaluation of coastal works, supplemented 
by special field and laboratory tests, to analyze and, where applicable, utilize for 
development or improvement of criteria for the functional and structural design of coastal 
works. 

1. Shore Protection Manual (SPM). 
An extensively revised and reorganized successor to Technical Report No. 4, "Shore 

Protection, Planning and Design," is now in preparation. The new publication is entitled, 
"Shore Protection Manual," and will contain eight chapters, four appendixes, over 1,100 
pages, and be published in three volumes. It is anticipated that the Manual will be 
published in the first quarter of FY -74. 

2. Coastal Engineering Manual. 
"The Coastal Engineering Research Board (CERB) has directed that a manual on 

coastal engineering be prepared. Purpose of the manual is to provide the practicing 
engineer with comprehensive documentation encompassing all facets of coastal 
engineering. Manual format and information content are presently being planned. A draft 
outline for the appendixe~ has been prepared. U.S. Army Engineer Waterways Experiment 
Station (WES) is preparing an appendix, "Physical Models." Lecture notes from a CERC 
course, Coastal Inlet Mechanics and Design, will be reorganized to form an appendix titled, 
"Coastal Inlets." A contract proposal to prepare an appendix on "Small Craft Harbors" is 
heing reviewed. 

3. Steel Corrosion Protection. 
Data are being gathered to determine corrosion rates of steel piles and other 

structural members used in the CERC Prototype Experimental Groin (PEG) at Point Mugu, 
California. Cross members and bracing in the structure are ordinary steel, but the support 
piles are "mariner" steel. Plans to study the corrosion of stressing steel in prestressed 
concrete planks originally used in the groin were abandoned since the planks proved to be 
unsuitable for the groin tests. Test piles, some bare of different steels and some with 
various generic types of protective coating or sacrificial anodes have been installed at 
temperate and at warm sea-water test sites. Data are being gathered from annual 
inspections of these test piles to determine the design life of protected and unprotected 
steel piling in such environments. The same test is to be carried out in cold sea water. 
Prestressed concrete piles have also been installed at the same test sites to determine rates 
of corrosion for stressing steel. 

Various protective coatings on steel panels have been subjected to an accelerated 
laboratory sand slurry abrasion test to determine the relative sand-abrasion durability for 
coatings in surf-zone environments. 

A report, TM-27, "Corrosion and Protection of Steel Piling in Seawater," was published 
by CERC in May 1969. Two papers, "Abrasion Test of Coatings for Steel Piling," and 
"Corrosion Test of Steel Piling in Sea Water," were presented at the National ASCE 
Meeting on Structural Engineering in April 1970; the latter paper was published by ASCE 
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in August 1971. Three unpublished reports. have been prepared on the 1970-71 
inspections of test piles installed in temperate sea water and one on the 1972 inspection of 
test piles installed in warm sea water. 

4. ADP Program for Rapid Sediment Analyzer-Texas Coast. 
Collections of data for the Texas coast were received in FY-70. The data includes 

photography, beach profiles, and sand samples. The sand analysis data received from the 
Galveston District are being converted to machine language for computer processing 
programs for CERC's Rapid Sediment Analyzer (RSA). This is being done to compute the 
statistical parameters necessary for proper interpretation of the data and to faciliate datil 
retrieval. 

5. Beach Fill Project-Hunting Island State Park, South Carolina. 
Survey data, including photography, beach profiles, and sand samples were received 

from the Charleston District. Sand samples were analyzed for size, and the data converted 
to ADP language for machine processing. Four hydrographic surveys were analyzed and 
results furnished to the Charleston District. Replenishment of material over about 10,000 
feet of. beach was started in May, 1971. The preconstruction survey was made in March 
and April, 1971. The survey data sent to CERC have been reduced and prepared for ADP 
area and volume programs. · 

6. North Carolina Beaches. 
Field d~ta collected from the Wrightsville Beach and Masonboro Inlet areas were 

analyzed in connection with a Radiosotopic Sand Tracer Study conducted during the third 
quarter of FY -71. 

A report, "Investigation of Erosion, Carolina Beach, North Carolina," was received 
from the Wilmington District. 

7. Prototype Experimental Groin. 
A draft of a report covering the first phase of this experimental groin study has been 

started. A paper, "Experiment in Shore Protection," by Lt. Col. R. C. Riese, May-June, 
1971 issue of Society of American Military Engineers (SAME), describes the concept of 
the groin study and construction of the basic structure. 

Computer programs were prepared using the hydrographic field notes or survey 
tabulation sheets from Point Mugu, California, to produce survey boat sheets with the 
computer. This program cuts data processing time and eliminates much of the drafting 
support previously required. 

The overall research program to gain a better understanding of groins continues. Since 
March, 1971, an extensive literature search of over 450 related articles has produced about 
300 entries for an annotated bibliography on groins. Supporting computer programs have 
been adopted and automated listings of author, title, and subject indexes are being 
prepared. The bibliography will be published as a miscellaneous paper. 
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VIII. OFFSHORE ENGINEERING WORKS AND EFFECTS 

A review of marine soil mechanics is being made for CERC at the Waterways 
Experiment Station (WES). This review includes a literature survey pertaining to sediment 
sampling, testing and mapping of the continental shelves of the United States. This survey 
is complete. Responses to inquiries for this survey indicate large-diameter steel piles are the 
most common foundation support on the shelf, with use of fills limited to shallower 
nearshore waters. Pile driver capability lags behind the offshore needs of industry. Design 
information on scour around structures such as pipelines and their anchorage design needs 
improvement. 

Soil reports on five light structures offshore on the Atlantic coast were received from 
the Coast Guard. Information was also received from the Naval Civil Engineering 
Laboratory and from three private firms. Visits were made by WES representatives to 
private· engineering firms to obtain comments on current development in marine soil 
mechanics and research needs. Attendance at the Offshore Technology Conference gave 
insight into the industrial investments in offshore work, problems encountered in 
foundation work, and the solutions applied. A proposal for continued research at WES on 
the soil mechanics aspect o( scour was reviewed at CERC. 

The first draft of the Marine Soil Mechanics Report, on this study was completed at 
WES. and is being reviewed at CERC. 

Work planned for the next quarter includes study of marine soil sampling and testing 
with emphasis on the review of submarine foundations and construction techniques. The 
investigator expects to examine case studies of successes and failures of engineering 
structures on the shelf to encompass a review with respect to foundation engineering. 
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IX. ENVIRONMENTAL DATA COLLECTION 

A. STUDIES AT COASTAL ENGINEERING RESEARCH CENTER 
I. The Inner Continental Shelf Sediment and Structure Program (ICONS). 

This program is directed toward surveying the bottom and subbottom of parts of the 
United States Inner Continental Shelf and Great Lakes Basins. Formerly identified as the 
Sand Inventory Program, ICONS has as a major objective the delineation of offshore sand 
and gravel reserves suitable for beach restoration and nourishment. Adjunct studies include 
determination of offshore sand sources and transport history and interpretation of local 
and regional structure as it relates to engineering design criteria. 

During the reporting period, field data collection, and data reduction and collation 
' continued. Analysis of data collected from the south Florida region was completed with 

publication of CERC Technical. Memorandum No. 29 in November 1969. In February 
1971, CERC Technical Memorandu~ No. 34, "Geomorphology and Sediments of the 
Inner Continental Shelf, Palm Beach to Cape Kennedy, Florida," was published. ICONS 
reports for the following regions are nearly complete: North Florida from Cape Kennedy 
to the Georgia border; Chesapeake Bay Entrance; and the New York Bight between Sandy 
Hook, New Jersey and Rockaway, Long Island. Data analysis and reduction for a survey of 
Cape Cod Bay are partly complete. An offshore survey of the Delmarva Peninsula from 
Cape Henlopen, Delaware, to Chincoteague, Virginia, was completed under contract in 
November 1970. Planning was started in early 1971 to let a contract for an ICONS survey 
off the North Carolina coast from Cape Lookout to the South Carolina border. 

Sediment cores and geophysical data from the· South Florida, Cape Kennedy, and 
Chesapeake Bay Entrance surveys have been transferred to the Smithsonian Oceanographic 
Sorting Center, Washington, D.C. and are available to researchers and the general public for 
further study. 

Summaries and preliminary reports were prepared for sand resources of specific areas to 
meet information requests from the Corps of Engineers Districts. Five papers covering the 
ICONS surveys were presented by staff members at national and regional meetings of 
professional organizations. 

2. Radioisotopic Sand Tracer (RIST) Study. 
The objective of this study is to develop a method to synoptically trace and 

determine volume of sediment movement over beach and nearshore areas and around 
engineering structures. Information developed is of two forms: (1) data on littoral 
processes and their relation to environmental conditions to act as a verifying tool for 
process models, and (2) data on littoral drift patterns in specific areas to aid in engineering 
design and maintenance of coastal projects. 

Five field tests were conducted in the period 1 July 1969 to 30 June 1971. Three of the 
tests were at the Prototype Experimental Groin (PEG), Point Mugu, California. Data from 
the PEG tests were analyzed, and demonstrate patterns of sediment movement before and 
during construction of the test groin. Tests were also conducted near Oceanside Harbor, 
California, and the weir jetty at Masonboro Inlet, North Carolina. Sediment movement 
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patterns near these structures were obtained. In addition to the CERC field tests, a 
contract was awarded to Old Dominion University to test and evaluate the use of stable 
(rare earth) isotopes as a sediment tracer. 

CERC Miscellaneous Paper 3-70, describing the basic RAPLOT computer program for 
reducing and plotting the radiation data, was published in May 1970. In addition, work on 
a comprehensive package of RIST-computer programs continues. Most of these programs, 
such as drogue and radiation plotting on a base map, are now operational, although some 
checking remains to ensure efficiency. A gridding algorithm, for use in contouring and in 
transport calculations, has been selected and is now operational. Evaluation of various 
theoretical littoral-drift computation methods was started. Quantitative estimates of 
littoral drift must be supported, in addition to tracer methods, with quantitative 
measurements of both traction load and suspended load. 

Several papers describing recent progress in RIST studies were presented at the Twelfth 
International Coastal Engineering Conference, Washington, D.C., 1970, and published in 
the proceedings. One of these, "Synoptic Observations of Sand Movement," incorporates 
results of the September-October 1969 test at Point Mugu and the February 1970 test at 
Oceanside Harbor. A study describing advances in equipment and technology and the 
results of field tests at Surf (Vandenberg Air Force Base), California, was completed and 
will be published as a CERC Miscellaneous Paper. CERC Technical Memoranda No. 33, 
which describes heavy minerals and littoral drift along the California coast, used sediment 
samples from the RIST and Littoral Environment Observation Programs (LEO). 

3. Lake Michigan Littoral Drift Study. 
This study was started in 1966 to determine the erosion or accretion rates along a 

stretch of Lake Michigan shoreline. In cooperation with the Lake Survey (now part of 
National Oceanographic and Atmospheric Administration), a wave gage was installed on 
the Northern Indiana Power Service Company water intake structure, and continuous wave 
records were obtained during the first few months of observations. Results were presented 
in a paper at the Twelfth Conference on Great Lakes Research and published in the 
proceedings. 

Surveillance by aerial photography, surveys, sand sampling, and wave gage recording has 
continued during the reporting period. Profiles and sand samples from field surveys in the 
summers of 1969 and 1970 were analyzed. The data were automated including the 
digitizing, plotting, and computing of profile changes. Further studies have been scheduled 
for th_e last half of FY-71 to obtain new aerial photography and make repeat surveys. 

4. Littoral Environment Observation (LEO) Program. 
This program is a cooperative effort (first program with the State of California and 

the Corps of Engineers) to collect data that will increase understanding of the littoral 
processes and physical characteristics of a shore. The program has been expanded to 
include Florida and Massachusetts; plans to start a program in Michigan are under 
discussion. The objective is to establish a hank of repetitive, systematic measurements of 
meteorological and oceanographic forces affecting the shoreline and the response of the 
shore to these forces. 
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Miscellaneous Paper 2-70, published in February 1970, describes this program, and 
presents in tabular and graphic form the data collected and processed in California. Data 
continues to be.received and processed for the observation sites in California. Compilation 
of data collected in 1970 is available in raw printout form. 

5. Wave-Gage Instrumentation, Maintenance and Testing. 
Wave-gage development in this period included installations at Wrightsville Beach, 

North Carolina in March 1970, and at Holden Beach, North Carolina and the U.S. Coast 
Guard Light Tower off Savannah Beach, Georgia and Destin, Florida, during the first half 
of 1971. Data from these gages are telemetered to the CERC laboratory and recorded. The . 
gage at Lake Worth, Florida, was reinstalled after deactivatiop in June 1971. The Virginia 
Beach pier was destroyed by a storm in March 1971, and the gage was lost; another one 
will not be installed. Technical Memorandum No. 30, published in December 1969, 
describes the sensors and recorders used by CERC in wave-data collection. 

6. Remote Sensing of Wave Data. 
Telemetering of wave data from the east coast recording stations continues. The wave 

data are recorded at the CERC laboratory on strip chart, analog magnetic tape, and digital 
magnetic tape for direct electronic data processing. Telemetering wave data from Point 
Mugu and Huntington Beach, California was started in March 1971. 

Five wave sensors at Atlantic City, New Jersey are being used for a pressure-depth 
wave-height correlation study and for comparison of different types of wave sensors, 
including a laser-type wave gage. Telemetered data are recorded on a digital magnetic tape 
recorder in 20-minute segments. These tapes are compatible with automatic data 
processing equipment. 

7. Wave Data Analysis. 
a. Wave Spectra. Work continues on the evaluation of the quality of standard wave 

observations. Simultaneous records have been obtained from four wave gages (two pressure 
and two surface) at the Atlantic City Steel Pier. A computer program was prepared to 
compare the records, including a depth correction for submergence of the pressure gages. A 
digital recorder was used to obtain the same data from two staff and two pressure gages at 
the pier. Although the tests were interrupted by fire on the pier, analyses of 25 
comparative spectra show that the coherence between the two pressure gages and the staff 
gage was more than 0.98 in the energy spectrum. A change in wave period with depth was 
noted at nearly all frequencies. In most cases, the wave crest arrived first at the surf ace 
gage and last at the lowest pressure gage. The coherence between the two staff gages spaced 
12 feet apart was above 0.90, hut not as consistent as the three gages along the same 
vertical. When the significant wave height was less than 2 feet, the value from the records 
of the staff gages differed by a factor of 1.5 to 2.0. For waves greater than 5 feet, the 
difference sometimes exceeded 1 foot. 

A report on these tests of the quality of standard wave gage observations was presented 
at the Twelfth Conference on Coastal Engineering, September 1970, and published in the 
proceedings. The study showed that the spectra from all gages are highly correlated in the 
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most energetic region of the spectrum, but that correlation was poor for waves of less than 
2 or 3 seconds. The poor correlation between period estimates seems related to the 
prevalence of multiple node spectra in the coastal waters. Slight changes in actual wave 
patterns, or methods of evaluating them, will cause the observer to select the longer or 
shorter periods when the associated energy is nearly constant. 

Most data on significant wave height and period determined by CERC from instrument 
records were transferred to punch cards for ADP analysis. Monthly summaries from these 
data take the form of distribution functions for wave height and period. Copies of 
summaries were sent to the Corps of Engineers Districts . in which gaging stations are 
located. •, 

b. Climatic Summaries. Summaries of climatic observations from ocean ships near 
the United States coast, compiled by the Naval Weather Service Command, were received 
and a~alyzed. Comparison of the distribution of wave heights reported from ships and the 
distribution of significant wave heights determined from the wave gage data are well 
represented by functions of the type log [P (h > h)] = a - bh, where a and b are 
positive constants determined empirically for each set of data, and P (h > h) is the 
probability that the wave. height h will exceed an arbitrary wave height h. The values 
of a and b at wave gages appear to be correlated with those from nearby ship 
observations. This relationship is being investigated as a possible means of estimating the 
distribution function at the coast where no observations are available. 

c. Pt. Mugu, California. The wave-gage data from the five-gage array have been 
submitted to a first-pass computer analysis for quality control. Results of the analysis for 
1 year show most of the data are of excellent quality. The agreement between the five 
gages is within 2 percent in 42 percent of the samples. The relationship of wave height with 
time of day and water depth was examined and results were unsatisfactory. A second-pass 
data analysis has been started; spec"tra are computed for one gage from 1,024 seconds in 
duration at 3-hour intervals. The pressure data are corrected to the surf ace by application 
of classical hydrodynamic theory, and the spectra are recomputed. In 10 percent of the 
samples analyzed, the main spectral peaks for the pressure and surface spectrum did not 
coincide. The procedures previously used for computing wave direction from those data 
are being reevaluated. 

8. U.S. Coast Guard-CERC Cooperative Surf Observation Program (COSOP). 
Surf observations continue to be received from 14 cooperating Coast Guard 

Stations. Six stations (five in Alaska and one at Race Point, Massachusetts) began 
observations during fiscal years 1970-71. A summary of the results of this data was 
included in a paper, "Wave Climate and Coastal Processes," presented by Dr. Cyril 
J. Galvin of the CERC staff at the Symposium on Water Environment and Human Needs, 
October 1970, at MIT. The paper was later published by the laboratory for Water 
Resources and Hydrodynamics at MIT. 

Analysis of data collected for the 3-year period ending 14 July 1969 at the Piedras 
Blancas, California, station showed that wave heights and periods average about 3.2 feet 
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and 11.3 seconds compared with average wave heights and periods of 2.4 feet and 12.5. 
seconds for 31 years of recorded data from the California coast before January 1966. 

Surf observations at Yakutat, Alaska from July-November 1969, show wave heights 
averaging 3.8 feet, and periods between ll.5 and 13.2 seconds; initial data from Ocean 
Cape, Alaska (July 1969-January 1970) show average height and periods of 3.7 feet and 
11.0 seconds. More data are needed for reliable statistics. 

COSOP data have been compared with shipboard wave obser\rations in coastal waters. 
The ratio of shipboard to station wave heights, as a function of seasons, is about 2 for the 
Pacific coast and 2 to 3 on the Atlantic and Gulf coasts. This ratio shows little seasonal 
change for the Pacific coast, but is markedly lower on both Atlantic and Gulf coasts. 

A study of diurnal variations in reported observations for the COSOP parameters of 
height, period, direction, and breaker type showed that variations were small, uncorrelated 
between stations, and not attributed to ideal land·sea breezes. A mean diurnal variation for 
wave height in July when land-sea breezes are most frequent, was found to be 14 percent. 

CERC Form 69 (surf form) has been revised. COSOP data tabulations are now recorded 
on microfilm and microfiche. 
B. CONTRACT STUDIES 

Several contractors are collecting and analyzing data from the coastal environment. 
Continuing contracts are with: University of Massacimsetts, North Carolina State 
University, University of Georgia Marine Institute, Old Dominion University, University of 
Southern California, and Virginia Institute of Marine Sciences; a new contract is with 
Northwestern University. Interim reports are submitted by the contractors. A brief 
summary of each contract follows. 

1. Evaluation of Stahle Isotopes in Sediment Tracing-Old Dominion University, 
Contract DACW 72-71-C-0008. 

Research investigates the use of stable isotopes for sediment tracing. Laboratory 
methods were tested and proved satisfactory, including the stability of the tag on the sand 
grain. A field test using 2 kilograms of sand labeled with Dy2 0 3 (disprosium oxide) was 
made at Camp Pendleton (Virginia Beach), Virginia, in April 1971. Results are being 
evaluated. 

2. Genesis of the Nearshore Modern Smid Prism on a Barrier-Island-Spit-Headland 
Coast-Old Dominion University, Contract DACW 72-69-C-0016. 

This contract was extended and covers a study on the genesis of a barrier island and 
continues the data collection on dynamic processes and movement of sediments in the 
nearshore area of False Cape, Virginia and on a nearby submarine sand ridge. 

3. Sediment Tracing in San Juan and Trabuco Creeks, California-University of 
Southern California, Contract DACW 72-69-C-0001. 

This contract was extended for a year, because insufficient flow in the creeks 
prevented completion of experimental work. Fluorescent tracers were used to calibrate the 
system containing neutron-activated tracers. Samplers of suspended load were designed and 
field-tested. Work continues. 
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4. Modal Analy~is Research of Coastal Sediments-Northwestern University, Contract 
DACW 72-70-C-0024. 

Under this new contract, research continues on coastal sedimentation problems in 
applying a new technique of statistical analysis of sediment characteristics (formerly 
contracted to the University of California at Los Angeles). About 75 percent of the 
hardware and 25 percent of the software for the data acquisition system has been 
developed. Over 300 field samples were obtained and analyzed. Interpretation of this data 
is underway. 

5. Storm Wave and Storm. Surge Modification of Virginia's Ocean Coast-Virginia 
Institute of Marine Science, Contract DACW 72-69-C-0031. 

This contract continues for a second year. Beach profile data is collected and 
analyzed to determine response to abnormal atmospheric activities. This project will be 
completed on the establishment of a niodel, using predictor equations, to relate volume 
changes in the beach profiles to storm activity. 

6. Investigation of the Potential Source, Transport and Depositional Patterns of Clastic 
Sediments in a Portion of the Georgia Coast-University of Georgia Marine Institute, 
Contract DACW 72-68-C-0030. 

This contract was given a I-year extension. A preliminary report details results from 
sand tracer and suspended sediment transport along the Georgia coast as part of a broader 
study of potential resources, sediment transport and depositional patterns of elastic 
sediments. Another. report was received under the contract, "Sediment Hydrodynamic 
Interrelationships at the Entrance of the Doboy-Sound Estuary, Sapelo Island, Georgia." 
The report covers results from investigations of shoal systems, including textural and 
structural characteristics of the shoals and conclusions concerning influence of wind and 
tidal currents on longshore transport and sediment dispersion. 

7. Systematic Study of Selected Beaches in New England-University of Massachusetts, 
Contract DACW 72-67-C-0004. 

This contract covers a 3-year study of beach behavior with short-interval 
measurements of sediment characteristics and the shore and nearshore. bottom profiles. 
The field work of observing, sampling, and measuring the artificially replenished beach at 
Hampton Beach, New Hampshire, and the natural beach and offshore bar behavior at Plum 
Island, Massachusetts was completed; field work at the Nauset Beach-Monomoy Island 
area on the southeast coast of Massachusetts is continuing. Two papers were presented at 
the Twelfth International Conference on Coastal Engineering in 1970, and covered the 
results of research under this contract. The papers were, "Offset Coastal Inlets," by Miles 
0. Hayes, Victor Goldsmith, and Carl H. Hobbs, Ill, and "Effects of Nonuniform Wave 
Energy in the Littoral Zone," by Victor Goldsmith. 

A second-year renewal contract was awarded in May 1971 to moniter and analyze 
short-term variations in beach morphology on Plum Island, Massachusetts. The study of 
tidal currents and correlation with observed bed-form patterns to clarify sand body 
development are included. Data will be collected daily for the CERC Littoral 
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Environmental Observations (LEO) program. This data should correlate with observed 
dynamic processes and measured morphological changes, increasing the understanding of 
process and response in the coastal zone. 

8. Environmental Aspects of Beach Processes, Sediment and Erosion in the Coastal 
Region of North Carolina-North Carolina State University, Contract DACW 
72-68-C-0017. 

This 3-year contract was completed. A final report is in preparation. The study 
covers the environmental aspects of active beach processes at .northern Cape Hatteras (Pea 
Island), North Carolina. 
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X. PUBLICATIONS 

A. CERC PUBLICATIONS, FISCAL YEARS 1970 AND 1971 
I. Technical Memorandums. 

TM Title Author Date Acquisition 
AD Number 

29 Geomorphology and Sediments of the Duane, D.B. Nov 69 699 339 
Nearshore Continental Shelf, Miami to Meisburger, E.P. 
Palm Beach, Florida 

' 
30 CERC Wave Gages Williams, L.C. Dec 69 701903 

31 Measuring Directional Velocity in Water Multer, R.H. Apr 70 707 417 
Waves with an Acoustic Flowmeter 

32 Finite-Difference Schemes Compared for Sobey, R.J. Oct 70 715 720 
Wave-Deformation Characteristics in 
Mathematical Modeling of Two-
Dimensional Long-Wave Propagation 

33 Heavy Minerals in Beach and Stream Judge, C.W. Nov 70 717 034 
Sediments as Indicators of Shore Processes 
Between Monterey and Los Angeles, 
California 

34 Geomorphology and Sediments of the Meisburger, E.P. Feb 71 724135 
Inner Continental Shelf, Palm Beach to Duane, D.B. 
Cape Kennedy~ Florida 

35 Storm Surge on the Open Coast: Bodine, B.R. May 71 728128 
Fundamentals and Simplified Prediction 

2. Miscellaneous Papers. 

MP Title Author Date Acquisition 
AD Number 

3-69 Pipe Profile Data and Wave Observations Urban, H.D. Sep 69 697 715 
from the CERC Beach Evaluation Galvin, C.J., Jr. 
Program 

1-70 Experimental Dunes of the Texas Coast Gage, B.O. Jan 70 702 902 
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2. Miscellaneous Papers-Continued 

MP Title Author Date Acquisition 
AD Number 

2-70 Littoral Environment Observation Szuwalski, A. Dec 70 704 720 
Program in California-Preliminary 
Report, February-December 1968 

3-70 Raplot, A Computer Program for Data Turner, P.A'; May .70 708 556 
Processing and Graphical Display for 
Radioisotopic Sand Tracer Study 

4-70 Tracing Sand Movement in the Littoral Duane, D.B. Aug 70 713 001 
Zone: Progress in the Radioisotopic 
Sand Tracer (RIST) Study, 
July 1968-February 1969 

3. Reprints. 

R Title Author Date Acquisition 
AD Number 

1-69 Effect of Particle Size and Distribution Berg, D.W. Apr 68 694 204 
on Stability of Artificially Filled Beach, Duane, D.B. 
Presque Isle Peninsula, Pennsylvania; 
from Proceedings of the 11th Conference 
on Great Lakes Research. 

2-69 Prototype Investigation of Stability of Weymouth, 0.F. Sep 68 697 531 
Quadripod Cover Layer Santa Cruz Magoon, O.T. 
Harbor, California; from Proceedings of 
the 11th Conference on Coastal 
Engineering, London, England. 

3-69 Creation and Stabilization of Coastal Savage, R.P. Sep 68 697 532 
Barrier Dunes; from Proceedings of the Woodhouse, W.W. 
11th Conference on Coastal Engineering, 
London, England. 

4-69 Systematic Collection of Beach Data; Berg, D.W. Sep 68 697 533 
from Proceedings of the 11th Conference 
on Coastal Engineering, London, England. 
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3. Reprints-Continued 

R Title Author Date Acquisition 
AD Number 

1-70 Shallow Structural Characteristics of Meisburger, E.P. Oct 69 702 003 
Florida Atlantic Shelf as Revealed by Duane, D.B. 
Seismic Reflection Profiles; from 
Transactions-Gulf Coast Association 
of Geological Societies, Vol. XIX, 
Oct. 1969. '· 

2-70 Sand Inventory Program; from Shore Duane, D.B. Oct 69 703 583 
and Beach, Oct. 1969. 

3-70 Coastal Regime, Recent U.S. Experience; Saville, T. Jun 69 706 469 
from Proceedings of the 22nd Watts, G.M. 
International Association of Navigation 
Congresses, Paris. 

4-70 Breaker Travel and Choice of Design Galvin, C.J. May 69 712 652 
Wave Height; from Journal of the 
Waterways- and Harbors Division, 
Proceedings of the American Society 
of Civil Engineers, Vol. 95, No. WW2, 
May 1969. 

1-71 The Analysis of Wave Records; from Harris, D.L. Sep 70 732 606 
·Proceedings of the 12th Coastal 
Engineering Conference, Washington, 
D.C., Sept. 1970. 

2-71 Comparison of Pressure and Staff Wave Esteva, D. Sep 70 732 637 
Gage Records; from Proceedings of the Harris, D.L. 
12th Coastal Engineering Conference, 
Washington, D.C., Sept. 1970. 

3.71 Bottom Boundary Shear Stresses on a Teleki, P.G. Sep 70 732 643 
Model Beach; from Proceedings of the Anderson, M.W. 
12th Coastal Engineering Conference, 
Washington, D.C., Sept. 1970. 
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3. Reprints.:....continued 

R Title 

4-71 Waves Generated by a Piston-Type 
Wavemaker; from Proceedings of the 
12th Coastal Engineering Conference, 
Washington, D.C., Sept. 1970. 

5-71 Synoptic Observations of Sand 
Movement from Proceedings of the 
12th Coastal Engineering Conference, 
Washington, D.C., Sept. 1970. 

6-71 Processing and Analysis of Radioisotopic 
Sand Tracer (RIST) Study Data; from 
Proceedings of the 12th Coastal 
Engineering Conference, Washington, 
D.C., Sept. 1970. 

7-71 A Class of Probability Models for 
Littoral Drift; from Proceedings of the 
12th Coastal Engineering Conference, 
Washington, D.C., Sept. 1970. 

8-71 Effect of Long Period Waves on 
Hydrographic Surveys; from Proceedings 
of the 12th Coastal Engineering 
Conference, Washington, D.C., 
Sept. 1970. 

B. TECHNICAL REPORT NO. 4 

Author Date Acquisition 
AD Number 

Madsen, O,S. · Sep 70 732 607 

·Duane, D.B. Sep 70 732 645 

Brashear, E.H. Sep 70 732 608 
Acree, E.H. 
Case, F:N. 
Turner, P.A. 
Duane, D.B. 

James, W.R. Sep 70 732 646 

Magoon, O.T. Sep 70 732 609 
Sarlin, W.O. 

Shore Protection, Planning and Design, is a comprehensive report for engineers 
concerned with the design of shore structures for shore stabilization and navigation 
improvement. The 3rd edition of this report went on sale at the Superintendent of 
Documents in November 1966. By September 1972, a total of 9,500 copies had been sold. 
The report is now out of print, but may be obtained from the National Technical 
Information Service. The acquisition number is AD 750 451; the price is $6.00 for hard 
copy, $0.95 for microfiche. 
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C. THE NATIONAL TECHNICAL INFORMATION SERVICE (NTIS), DEPARTMENT 
OF COMMERCE 
NTIS serves as a clearinghouse for the collection, announcement, and dissemination of 

unclassified, Government-sponsored, research and development reports. All CERC 
publications (and those of the former Beach Erosion Board) are cataloged in the NTIS 
system. A list of CERC publications with NTIS accession numbers and ordering 
instructions is available from CERC. The numbers at the right margin of the preceeding list 
are NTIS numbers. The publications may be purchased from: 

National Technical Information Service 
ATTN: Operations Division 
5285 Port Royal Road 
Springfield, Virginia 22151 
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XI. AUTOMATIC DATA PROCESSING 

1. In January 1970, two Milg? Modulator Demodular units (MODEMS) were purchased 
and installed.· These devices convert data from a form compatible with data processing 
equipment to one compatible with transmission facilities and vice versa. They replaced 
equipment previously used to transmit data between CERC's UNIVAC 1104 terminal and 
the UNIV AC 1108 computer at the National Bureau of Standards (NBS), Gaithersburg, 
Maryland. This change resulted in a 40-percent increase in the amount of data processed 
per unit time at a terminal. 

2. In February 1970, Mr. Ronald Walton, formerly with U.S. Lake Survey, was 
appointed Chief of the ADP Branch, Research Division, and in October 1970 was assigned 
additional duties as CERC ADP Coordinator. 

3. CERC ADP capabilities were increased by the installation of additional equipment. 
An IBM 082 Card Sorter and an 029 Keypunch were installed in March 1970. An IBM 
Optical Mark Page Reader.and a 534 Card Punch were installed in July 1970. 

4. An evaluation of CERC's ADP capabilities was made in relation to immediate future 
requirements, and a University Computing Company COPE 34 terminal was installed in 
April 1971. This terminal is programmable, and can perform foreground-background 
operations so that more than one operation can be performed concurrently. The terminal 
can communicate with a variety of host computers, such as the UNIVAC 1108 and 
CDC 6600. Procedures were established for more efficient use of the NBS UNIVAC 1108 
system. All frequently used programs and data files are read into F ASTRAND drum 
storage, a device using magnetic recording on a rotating cylinder. Programs and data files 
can be readily retrieved, permitting more efficient processing through the terminal. 

5. Discussions were held with the architect-engineer on the design of computer 
facilities ·to be built at CERC's future location at Ft. Belvoir, Virginia. Final 
site-preparation requirements were defined. 

6. A definition of computer requirements through FY-73 was completed. Estimates of 
total central processing units (CPU time) were made for CERC projects. Discussions were 
held with the Water Resources Institute and Board of Engineers for Rivers and Harbors on 
their future requirements at Ft. Belvoir. An evaluation of government and private 
computer facilities to meet CERC's projected needs resulted in selection of the USA 
Mobility and Equipment Research and Development Center (MERDC) Control Data 
Corporation (CDC) 6600 computer located at Ft. Belvoir. 

7. Computer programs were developed or acquired and modified for: 
(1) Preliminary analysis of wave data collected at the Hilo project. 
(2) Accepting revised input and output wave observation (SURF) data. 
(3) Producing Management Information System (MIS) reports. 
(4) Wave Height variability analysis. 
(5) Processing Radioisotopic Sand Tracer Study (RIST) data. 
(6) Using a CALCOMP (California Computer Products) compatible software 

package for plotting with Benson-Lehner at CERC. 
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(7) Processing ocean current data acquired by observing floating drogues. 
(8) Plotting ocean current data. 
(9) Monthly tabulation of tide data. 

(10) Plotting sediment size data and processing geological sample information. 
(11) Determining wave direction and wave refraction and diffraction coefficients. 
(12) Processing and plotting Beach Evaluation Program data. 
(13) Using the Key Work in Context (KWIC) and Key Word Out-of-Context 

(KWOC) methods for photographic-slide file applications. 
3. General ADP support was provided to the research and engineering elements at 

CERC. 
9. A computer program documentation index file system was completed giving a brief 

description of computer programs. From this file, listings can be prepared by the computer 
of all CERC computer programs by author and technical or scientific subject field. Efforts 
were begun to establish computer program documentation and filing procedures. 
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XII. TECHNICAL AND ADIMNISTRATIVE SERVICES 

I. Miscellaneous Technical Services. 
Efforts of staff members in all phases of research in coastal engineering are directed 

toward means of protecting shorelines from further erosion and toward means of restoring 
areas already eroded. In this effort scientists have gone to many parts of the world to assist 
in installing equipment, consult and advise on problems of beach erosion control, hurricane 
protection, navigation projects, storm surge at proposed nuclear power plant sites and 
proposed small-craft harbors; in addition, most Corps of Engineers design reports on 
coastal projects have been reviewed and commented on at the request of various Corps 
offices. Staff members have served on advisory boards of federal and non-federal agencies, 
and institutions in this country and abroad. The following technical services are typical, 
and show the scope of effort, but do not include all the individual technical efforts of 
CERC. 

a. The Atomic Energy Commission (AEC) on storm surge at proposed nuclear 
power plant sites on the ocean coasts of the United States, Great Lakes, Hawaii and Puerto 
Rico. 

b. U.S. Air Force on emergency protection and rehabilitation of the storm-damaged 
breakwater at Praia Bay which serves Lajes Air Force Base in the Azores. 

c. Hawaii and Alaska Districts on harbor su-rging problems. 
d. Two staff members served on the COE Tidal Hydraulics Committee. 
e. Advice on sea grant proposals was given to the National Science Foundation. 
f. Participated with Corps field office representatives at a conference on the 

National Shoreline Study; prepared draft for Shore Protection Guidelines. 
g. Presentations at Marine Sciences Council, Army Science Council and Army 

Mathematical Meeting by CERC Staff on environmental measures. 
h. Planned research programs for COE Districts and Divisions. 
i. Evaluated harbor improvements for Puerto Plata, Dominican Republic, for the 

Inter-American Development Bank. 
j. Study team inspected deep-draft facilities for navigation in Europe and the Middle 

East for Institute Water Resources (IWR) and OCE. 
k. Planned Corps participation in the Environmental Research Technology Satelite 

(ERTS) program. 
I. Assisted the Coast Guard in design of beach oil pollution monitoring. 
m. Staff member served on the Publications Committee of the Waterways, Harbors 

and Coastal Engineering Division of ASCE and other members chaired different 
committees of that society. · 

n. Assistance to Corps and other Federal and non-Federal agencies in wave-gage 
installations and wave-record analysis. 

o. Assistance was rendered in refining plans on site development at Fort Belvoir, 
Virginia, where the Kingman Building will house CERC, BERH, and IWR. 

2. General Administrative Support and Services. 
a. Supervision, review, and edit of university and other contract reports. 
b. Preparation of administrative, fiscal, budget and program reports. 
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XIII. SIGNIFICANT PERSONNEL CHANGES 

1. On 28 July 1969, Lieutenant Colonel Edward M. Willis was appointed Director, vice 
Lieutenant Colonel Myron Dow Snoke. 

2. In June 1971, Lieutenant Colonel Don S. McCoy was appointed Director, vice 
Lieutenant Colonel Edward M. Willis. 

3. In May 1971, Thorndike Saville, Jr. was appointed Technical Director, vice 
Joseph M. Caldwell, who transferred to the Office, Chief of Engineers in February 1971 as 
Chief, Engineering Division, Directorate of Civil Works. · 

4. In May 1971, Rudolpl1 P. Savage was appointed Chief, Research Division, vice 
Thorndike Saville, Jr. ' 

5. Mr. Albert C. Rayner, Special Assistant, retired effective 31October1969. 
6. In February 1970, Mr. Ronald Walton, formerly with U.S. Lake Survey, was 

appointed Chief, ADP Branch, Research Division. 
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