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e) But - very important - not all material needed to fill a beach has to be "first 
class"- It is enough that all the exposed material is suitable. Below the lower 
level of .fluctuation less adequate material may be placed - just to provide volume 
and support for the upper floor of "beach material". 

Where do we find suitable material? - Every artificial nourishment project includes 
a hunt to locate proper material which can be secured in an economic bay.  Such mate- 
rial may be found in borrow areas in nearby lagoons and bays where it is usually fair- 
ly easy to dredge it and dump it where it is wanted. Most artificial nourishment pro- 
jects so far have been based on bay, lagoon and land sources.  But it may also be se- 
cured from offshore sources.  The "sand inventory program" carried out by the U.S. • 
Army Corps of Engineers on the U.S. East Coast revealed the existence of such deposits 
- of varying origin almost everywhere - but not always within an economic pumping dis- 
tance (61). 

Is sand in ample quantities available offshore? - This depends upon the geological 
structure and the recent - that means the quarternary-geological development. All 
shores and shore areas have been subjected to changes in sea level. During submerges 
shores and beaches were drowned.  We find old shores including shore material every- 
where.  Coastal geomorphologist have dealt extensively with ancient shores (69). Dur- 
ing emerges materials returned to shore.  Land areas which were subjected to glacia- 
tions - and deglaciations - and therefore to high fluctuations in pressure moved up 
and down with the ice load.  At the same time oceans subjected to glaciations received 
tremendeous quantities of icecarried material incl. gravel, sand and clays and this 
was dropped in the ocean when  the ice melted away.  The North Sea and Baltic Sea off- 
shore moraines and meltwater deposits are typical examples of that.  The consequence 
is that many sea territories are able to deliver materials suitable for beach nourish- 
ment in ample quantities - but, this is not enough.  The material also has to be 
available within a reasonable distance from shore and at depths which makes recovery 
practical and economical.  To investigate the availability of material*core samples 
should be taken up to the depth of the planned borrow.  It is selfexplanatory that the 
borrow pit must not be located so close to shore that it present a danger to beach 
stability.  This question is dealt with in ref. 59.  The 20 ft contour may be the 
boundary for milder conditions but 30 ft should probably be the minimum depth for con- 
ditions on the eastern seaboard of the United States. 

How will we then bring this material back to shore? - As it cannot creep itself the 
only practical way of moving it is by hydraulic power, pumps and pipes.  For this we 
need machinery and a device to carry the machinery. For the latter, three different 
possibilities seem to exist: 

a) offshore mining from a surface vehicle (ship) 
b) offshore mining from a vehicle operating on the bottom 
c) offshore mining from a fixed or movable platform 

re. a - Offshore mining from a surface vehicle - A test on mining of sand offshore was 
run by the U.S. Army Corps of Engineers in 1966 (67).  The U.S. Hopper-Dredge "Goet- 
hals" was selected for the operation (Plate 9, Fig. 50).  The mooring barge used for 
discharging from the hopper dredge was anchored in approximately 30 ft of water and 
its discharge pipe was connected to a 28-inch diameter, 2.000 ft long submerged pipe- 
line running ashore.  The line between the discharge piping on the barge and the sub- 
merged line, to form a connection from the plant to the ocean floor, needed both 
flexibility and ruggedness to withstand the lateral and vertical movement and the 
forces anticipated in this severe service.  Much experience of operation and equipment 
was gained by this test by which fifty-two hopper loads, comprising more than 250,000 
cubic yards of sand, were pumped ashore along a 7/10th-mile stretch of beach.  The 
sand fill was piled on the beach to elevations about 5 feet higher than existed pre- 
viously and the beach was extended seaward some 50 feet. 

The Corps of Engineers beach nourishment experiment at Sea Girt, New Jersey, demon- 
strated that a suitably equipped seagoing hopper dredge could pump sand onto an ocean 
beach from an offshore mooring, thereby further enhancing the versatility and useful- 
ness of this type of hydraulic dredging plant. 

In 1971 a comprehensive nourishment from offshore sources was run at Pompano Beach,Fla. 
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by C.E.Bean, Inc.  La. This work was performed between, late Apral and October of 1970 
by a cutterhead-suction dredge. During this period approximately 1*100.,000 cubic 
yards of material was pumped on the beach.  The material was located approximately 
3-4,000 feet offshore in depths of 30-50 feet of water.  The depth of sand available 
seldom exceeded 15 feet and never exceeded 20 feet.  The dredge was 215 ft long, 45 ft 
wide, and 10 ft deep with a displacement of approximately 2,000 short tons.  The pump 
engine was 3700 h.p.  The pipeline used was 25" I.D.  The floating line was conven- 
tional.  The Pompano Beach project was described by the contractor as being "routine 
in every respect, with the exeption of sea conditions".  The operation was limited by 
the inability of the floating pipeline to remain intact when the seas exceeded 4-5 ft 
in height.  It is felt by the operators that the dredge could have operated in seas 
up to 5-6 ft provided the wave period was relatively short.  Long-period waves tended 
to affect the dredge's capability while short-period waves had more effect on the 
floating pipeline.  Subsurface pipes have now been developed for use in cases where a 
pipeline must be able to remain in position in bad weather. 

The largest beach restoration or creation project is probably the 14 million cubic 
meters beach fill which was carried out in 1971 at Hook van Holland to create a 100- 
hectare (250 acres) beach north of the north breakwater of the Rotterdam Waterway. 
The material was dredged in the deep water channel serving Europort, Rotterdam's new 
gigantic seaport (62) . 

re. b - Offshore mining,from a vehicle operating on the bottom - The underwater dredge 
is an old dream which appeared at intervals during the latest two decades. Underwater 
dredging for minerals has been known for long.  Submergence of pipelines in the ocean 
bottom by jet pumps is of recent date.  Similar large scale projects for placement of 
tunnel pipes across the Straits of Dover and elsewhere have been advocated during re- 
cent years.  The underwater dredge (Plate 10 Fig. 52) which was put in operation on a 
test basis in 1970 at Ft. Pierce, Fla., was a result of many years of trial and error 
(66). A total of 63,000 cubic yards was discharged on the beach from the borrow area 
1,200 ft offshore. Many improvements still seem to be needed to make such an operation 
successful technically and economically.  700,000 thousand cubic yards were pumped 
ashore by a convential dredge in continuation of this work. 

re. c - Pumping from a platform - Another type of offshore dredge is a result of re- 
search undertaken by IHC, Holland, over a long period of years^which resulted in the 
development of the "platform-dredge" (56).  Using this dredge a high rate of produc- 
tion can be achieved at considerable depth in currents and swells.  Plan and side 
views of the platform are given in Plate 9, Fig. 51, which shows the dredge with the 
ladder lowered for dredging at the maximum depth of 25 meters.  Supported on three 
legs, the platform can be moved by means of three twin-spud rotors, in any direction. 
Length of the L-sides is 30 m.  The cutter ladder projects about 22 m when in the 
raised position.  The legs are approximately 38 m in length. At a dredging depth of 
25 m and a cutter penetration depth of 2 m, the platform can be jacked up to a height 
of 4 m above water.  Table 13 is a list of data predicted by the IHC (56) comparing 
output capacities of conventional dredges to the cutter platform dredge. 

Table 13.  Output Capacity by Conventional and by Platform Dredge (56)  

Conventional   Conventional 
cutter dredger cutter dredger   Cutter 

 with spuds with swing wires platform 

Basic output in m^/hr 1,000 1,000 1,000 
Less factor for overrunning - 0,5 m 
Number of pump-hours attainable 
per year in calm water 3,100 3,100 3,100 
Maximum wave height fn even swell 0,30 m 0,75 m 2,0 m 
Percentage of workable hours 15% 37% 80% 
Actual pump-hours per year 465 1,145 2,480 
Annual production in m3 465,000 573,000        2,480,000 

Maintenance - Any artificial nourished beach will suffer loss of material.  This 
raises the question of how to decrease loss of artificially nourished material.  This 
may be accomplished by structures.  It is generally accepted that groins are able to 
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slow down longshore drift but loss by transversal drift is probably f.ar more severe, 
particularly on shores with steep offshore profiles. Addition of shoreparallel break- 
waters at the extreme end making a "T-groin" or "mini pocket beach" is an improvement 
which has been used with success e.g. at Deerfield Beach, Fla. (Plate 8 Figs. 46 and 
49) on Lido Key, Fla., on Hilton Head Island, S.C. etc. Another solution is the con- 
struction of an "offshore sill".  Such sills have been used e.g. on some of the Chicago 
beaches and on Singer Island, Fla.  It is in fact some kind of an offshore breakwater. 
The difference is that while offshore breakwaters are built in single sections sills 
are continous training walls providing an offset or step in the bottom profile. 

Looking at the experience available in Florida, it may be said that many shores in 
Florida are already protected by some kind of offshore breakwater in the form of the 
limestone, coquina, and beach rock reefs, which are found along a good part of the S. 
E. coast as well as part of the lower Gulf coast.  It is a known fact that deteriora- 
tion of some of the offshore reefs had caused increased erosion (e.g. at Jupiter Is- 
land, Fla., Atlantic Coast and on Casey Key, Fla., lower Gulf Coast).  Model experi- 
ments carried out at the University of Florida in 1965 demonstrated the ability of the 
sill (reef) to make a step in the bottom but also revealed the scour problem, parti- 
cularly inside the wall.  It is, however, quite evident that the offshore bulkhead or 
training wall has had a beneficial effect on the profile.  The result, needless to say, 
is quantitative,,but compared to field experience it indicates the trend correctly. 

A very special type of "offshore training wall" has been built at Durban, South Africa. 
It consists (1972) of an almost 3 km (2 miles) long offshore deposit of 5 million m3 
of sand placed in 1966-1972 on 17-18 m depth, crown elevation at approximately 7,5 m 
below M.S.L., maximum waves ab. 6 meters, (ref. 55 brought up to date by private comm. 
with Mr. J.A. Zwamborn).  This "wall" or breakwater has so far been remarkably stable 
although it fluctuates slightly, the upper developing gentler slope during storms and 
steeper slopes during fair weather (swell) conditions. Losses have been small and the 
breakwater has caused considerable decrease of wave action during storms, benefiting 
the beaches. 

Considering the coastal geomorphological side of the problem,nature has established 
large pocket beaches (Plate 4, Fig. 18).  Improvments of natural conditions may be 
undertaken taking advantage of natural headlands and extending then by breakwater - 
additions.  Such pocket beaches have been established at several places, e.g. on the 
Venezuelan shores at Los Caracos and at the Sheraton-Macuto Hotel.  Pockets may also 
be established by stockpiling of sand on the beach at intervals.  This will undoubted- 
ly cause some (temporary) slow down of longshore drift creating a (temporary) leeside 
erosion problem.  More material will probably be lost offshore however. 

STRUCTURES 
With respect to structures - whether groins, offshore breakwaters or seawalls including 
revetments - it may be expected that prefab, elements will take over to a still in- 
creasing extent.  The shore-parallel structures will be in the lead because they ful- 
fill requirements of consideration to adjoining property, recreational needs and aest- 
hetics better than shore-perpendicular structures. Where the latter are built they 
are most likely needed for special "interlocking purposes" as "pocket" or "perched" 
beaches. Most structures will probably either be mass-produced in elements as large 
as practical or needed - or mass-produced in sheets of various materials easy to handle 
and place.  This trend is already evident. A sloping sea wall e.g. may be split up in 
the following units:  prefab, toe protection, prefab, mattress, prefab, armor, prefab, 
wave screen and prefab, overslash protection, totalling five "units". Groins may be 
made up of prefab, stem elements + possibly a T-head which could also be of prefab. 
elements. 

Bypassing of material - Bypassing of littoral drift at tidal and other entrances can- 
not be considered "artificial nourishment".  It is a re-establishment of natural pro- 
cesses which were disturbed due to man's adverse interference.  This may be accomplish- 
ed by "bypassing plants" or by "bypassing arrangements" (59, 60, 63, 65, 68). = 
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Table 14.  Sand By-passing Status in the United States 

Location 

Bakers Haulover, Fla. 

Boca Raton, Fla. 

Canaveral Harbor, Fla. 
Channel Islands Harbor, 
Calif. 
East Pass, Fla. 
Fire Island, L.I., N.Y. 

Ft, Pierce, Fla. 
Hillsboro, Fla. 
Houston, Corpus Christi, 
Tex. 
Jupiter, Fla. 

Masonboro, N.C. 
Moriches Inlet, L.I.,N.Y 

New Pass, Fla. 

Newport, Calif. 

Ocean Beach, Calif. 
Palm Beach, Fla. 
PerdidoPass, Ala. 
Ponce DeLeon, Fla. 
Port Everglades, Fla. 

Port Hueneme, Calif. 

St. Lucie, Fla. 
Santa Barbara, Calif. 

Sebastian, Fla. 

Shinnecock, L.I., N.Y. 

S. Lake Worth, Fla. 
Twin Lakes Harbor, 
Santa Cruz, Calif. 
Virginia Beach, Va. 
(Rudee Inlet) 

By-passing arrangement 

Bay shoal dredging 

Trap in entrance 

Dredging of channel 

Trap behind breakwater 

Depressed weir and trap 
Transfer from bay shoal 

Transfer from bay shoals 
Depressed weir and trap 

Bay and ocean shoal dredging 

Transfer from bay shoal 

Depressed weir and trap 
Fixed plant proposed 

Ocean shoal dredging 

Undetermined or being studied 

Trap inside updrift jetty 
Fixed plant 
Dredging of channel 
Depressed weir and trap 
Ocean shoal dredging 

Trap behind updrift jetty 

Depressed weir and trap 
Transfer from shoal inside 
updrift breakwater 

Bay shoal dredging 

Undetermined or being studied 

Fixed plant 

Fixed plant 

Fixed plant 

Status, 1970-1971 

Permanent transfer from bay 
shoal trap suggested 
Transfer from trap behind up- 
drift jetty connected break- 
water suggested 
Fixed plant to be constructed^?) 

Operational 

Weir jetty completed 
Has been studied/model study 
on trap arrangement 
Has been studied/suggested 
In operation since 1952 

Sidecasting in operation 

Depressed weir and trap/pro- 
posed 
Operation 3 years 
By-pass of jetties to be ex- 
tended authorized 
Occasional transfer from 
ocean shoals 
Recirculation by trap at lower 
end of |-mile reach being studied 
By-pass from trap inside 
Revision planned 
Weir jetty completed 
Almost completed 
Transfer from shoals in ocean 
and entrance suggested (model) 
Transfer from trap behind up- 
drift breakwater 
Construction recommended 
Extension of west jetty, con- 
struction of east jetty and 
detached breakwater authorized 
Permanent transfer from bay 
shoal trap suggested 
By-pass of jetties to be ex- 
tended authorized 
New jetties and pump in 1968 

Operational 1972 

Revision planned; being studied 

Table 14 shows the status of by-passing procedures in the United States 1970-1971. 
It may be observed that the flexible arrangements: dredging from traps behind de- 
pressed weirs or detached breakwaters or other traps now are in the lead compared to 
fixed or movable plants on jetties or trestles. Major movable plant installations 
are found in Durban, South Africa (stopped in 1953) and at Paradip, State of Orissa, 
Bay of Benegal, India. A small movable plant mounted on a trestle which may be closed 
or opened for passage of drift by "shutters" or "needles" is found at Nagapatam, State 
of Madras, India.  The jetty is left open during the monsoon period. 

Plate 10, Fig. 55, shows schematically various by-passing plants and arrangements. 
Hydraulic "lift procedures" (63) are being considered in a few places (U.S.A., India, 
Denmark). 
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DATA NEEDED FOR DESIGN 
The data needed for design,needless to say, depends upon what one intends to design. 
If you are "scientific" you may make up a menu-card with 57 courses or so and start 
eating the appetizers without accomplishing any work of actual improvements.  If you 
are "over-practical" and "over-experienced" you may wind up with a quick judgement 
with accompanying 50% change of failure.  Table 15 summarizes what, in the opinion of 
the author,is necessary to secure information needed for a sound evaluation and design. 
With respect to artificial nourishment reference is made to the preceeding section. 

Table 15. Basic Data Needed for Design of Coastal Protection  

Structures  Beaches  

Adequate tide data incl. data on storm 
tides (statistically and hindcasted). 

Adequate wave data incl. data on extreme 
storms (statistically and hindcasted). 

Current data to the extent needed for the 
particular location.  Longshore and 
transversal currents are related to tides, 
winds, bottom topography, discharges from 
rivers, tidal inlets etc. 

Profile data incl. long range and short Profile data incl. long range and short 
range (seasonal) movements of profiles range (seasonal) movements of profiles 
and shorelines normally up to at least and shorelines normally up to at least 
30 ft depth. Knowledge about undulations 30 ft depth.  Knowledge about undulations 
of shoreline and changes in bar geometry, of shoreline and changes in bar geometry. 

Grain size analyses of sand from beach   Grain size analyses of beach and offshore 
and nearshore offshore bottom. bottom extending to min. depth of seasonal 

and/or long range fluctuations.  Seasonal 
fluctuations of grain characteristics. 
Detailed investigations of borrow pit 
materials based on core sampling.  Tracing 
preferably by fluorescent tracers advan- 
tageous for evaluation of stability and 

 future maintenance.  

Some may claim that the experienced designer needs less data than the in-experienced. 
Practice, however, often tends to demonstrate the opposite because the experienced 
person is more aware of the difficulties and he is therefore more careful with his 
planning.  It is also experience that advocators of patented "super marked" devices, 
e.g. within the branch of permeable groins, usually need little or no data at all. 
The designer's "experience" is based on "faith" or on "just business". Consequently 
they can also be proud of having the absolute record of absolute failures. 

PLANNING.  ADMINISTRATIVE ASPECTS 
With respect to planning of coastal protective'measures even the best "philosophy" and 
professional (technical) approach will not work unless the administrative and political 
aspects are planned as well.  In the United States national (federal), state, county or 
other public body if requested may grant specific favours in accordance with rules and 
laws but support by local groups is very essential and may be gained through confidence 
and detailed exposure of the program.  The responsibility of developing plans that re- 
concile conflicting demands is the responsibility of all levels of government. Although 
planning criteria must be orientated towards the multiple-use concept based on local 
desires, it must also consider State and National needs.  The State (province or county) 
should have - and some actually have - a single agency with the administrative and 
technical ability, financial resources, and enforcement authority to regulate coastal 
protective measures and provide cooperative support to help blend local interests with 
the State interests.  It can also supply some expertise and files of basic data.  And 
not least it should support with funds. 

With respect to public administrative control with coastal protective structures it 
should always be an absolute requirement that what you do and ensure a positive result 
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for yourself should not be allowed to have any adverse effect upon property belonging 
to others.  It is generally accepted that one should not deprive anyone of the water 
which flows to his property by which he upholds his living e.g. by farming or by indus- 
try.  Neither should anyone cut roads or accesses over somebody else's property. Why 
should it then ever be permitted to rob your neighbour of his shore property by in- 
creasing nature's forces on his shore or by decreasing the flow of beach materials to 
his property? These are essential for maintaining it - just as important as water is 
for farming the land. Neither should anybody be permitted to expand the public access 
road constituted by the public ocean on the cost of any neighbour or shore property 
owner.  It is peculiar that for a long period of time the most simple analogies in 
public administration were not recognized.  The reason was probably twofold:  first 
the mechanics of the matter were not understood and, next, public agencies were often 
responsible for the errors made either by direct sponsorship of the ill-advised struc- 
ture or by permits granted to erect the structures.  The consequence was that "face 
savings" and other "bureaucratic reasons" often became more important than recognition 
of facts.  The peculiar situation therefore developed that it was the courts who were 
forced to look into such problems because a few individuals were hardheaded and wealthy 
enough not to bend their neck for certain shortcomings of public administration. 
One of the major problems for progress in coastal protection, however, is that funds 
for planning have been difficult to obtain - or very late in coming. Most coastal 
states in the U.S.A. still have not provided adequate agencies and funding and the 
lack of coordination and planning of coastal protective measures has gradually become 
a national problem.  The Federal Government has taken an active - but still incuffici- 
ently funded - interest.  The most difficult task, however, seems to lie on the local 
government and group level because the democratic system does not advocate the kind of 
discipline which is a necessity in all warfare including the tough fight against the 
sea.  Practices in Europe and in the United States differ to some extent due to dif- 
ferences in the political and administrative pattern.  In Europe, particularly in the 
low countries and in the countries rimming the North Sea, problems are often fully 
national. Contributions by local governments or groups are minor or non existing but 
they may handle the problems partly or wholy on less exposed shores. 

Ten demands in Coastal Protection are listed in Table 16.  They are as strict and de- 
manding as those listed in Deuteronomy.  But if we do not obey them we may soon need 
a number of "Adams Bridges" for escape - because nothing can stop the forces by tides, 
waves and currents.  King Canute of Denmark and England placed his royal throne on the 
beach but the waves washed over his feet.  He withdrew.  Flexible defence costs less 
and mostly it is the most successful and it does not prohibit stand-by positions when 
needed. 

Table 16.  The Ten Demands for Coastal Protection  

1) Thou shalt love thy shore and beach 
2) Thou shalt protect it gainst the evils of erosion 
3) Thou shalt protect it wisely yea, verily and work with nature 
4) Thou shalt avoid that nature turns its full fortse gainst ye 
5) Thou shalt plan carefully in thy own interest and in the interest of thine 

neighbour 
6) Thou shalt love thy neighbour's beach as thou lovest thy own beach 
7) Thou shalt not steal thy neighbour's property, neither shalt thou cause da- 

mage to his property by thy own protection 
8) Thou shalt do thy planning in cooperation with thy neighbour and he shalt do it 

in cooperation with his neighbour and thus forth and thus forth.  So be it 
9) Thou shalt maintain what thou has built up 

10)  Thou shalt show forgiveness for the sins of the past and cover them up in sand 
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PLATE    1 

Fig. 1.  "Golden Hoop" in the Netherlands. 
Currentbreaker of later date in front (van Veen, 1962) 

Hi  ! Z' H?4 55'  H36 EIJ7 S8 i!*' 
Fig. 2.  Cross section of ancient dike, Netherlands. 

("Antiquity and Survival", 1959) 
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II. CLAY   WITH   SHELLS 

12. RUBBLE   WITH   SHELLS 

13. MASONRY 

14. PILE 

Fig. 3.  Cross section of ancient dike with pile support. 
("Antiquity and Survival", 1959) 

Fig. 4.  Polder boys repairing dike with willow, 
Netherlands (van Veen, 1962) Fig. 5.  Willow mattress, Netherlands (van Veen, 1962) 
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PLATE    2 
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Fig. 8.  The Delta Plan.  (Rijkswaterstaat, 1971) 
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Fig. 9. Towing of willow mattress for bottom protection 
(van Veen, 1962) 
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PLATE    3 
KELING       VAN     HET        DWAR5PROFIE 

Fig. 14 b.  Beaconsfield Sea Wall, Bridlington, 
under wave action 

Fig. 13.  Hornsea sea wall.  (Journ. Inst. 
Civ. Engrs., 1877-78) 

Fig. 14 a.  Beaconsfield Sea 
Wall, Bridlington 
(Mattews, 1934) 

Fig. 15.  Whithernsea Groins {Journ. Inst. Civ. Engrs. 1877-78) 
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Actual bottom profile after rise 
of sea level and after quantitative 

balance between shore erosion 
and bottom deposits 

PLATE    k 

Initial sea level 

Limiting depth between predominant 
nearshore and offshore material - 
and littoral drift characteristics 

Fig. 16.  The influence of sea level rise on 
erosion (Bruun, 1962) 

Fig. 17.  Dyrholaey, headland 
and natural break- 
water on the Icelandic 
South Coast 

Fig. 18.  Rock outcroppings make natural sea walls 
and form pocket beach in Puerto Rico 

Fig. 19.  Man o'War Rocks, 
Dorset, makes off- 
shore breakwater 
(Steers, 1947) 

Fig. 20.  River pouring material into the 
sea nourishing beach and off- 
shore profiles on the Icelandic 
south coast 
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PLATE 5 
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21.  Comparison of elder with modern dike profiles (Kramer, 1971) 
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22.  Cross sections of dikes with sand core and clay or 
asphalt cover (Kramer, 1971) 
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Fig. 24.  Dune building by sand 
fences (NPS, USA) 
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PLATE    6 
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Fig. 25.  Pett Level Sea wall (Thorn, 1960} Fig. 26.  Walland Sea wall (Thorn, I960) 
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Fig. 27.  Stone pitching revetment and stone pitching piggy back groin (Rijkswaterstaat) 
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Fig. 28.  Noordostpolder revetment on dike (Rijkswaterstaat) 
Legend: Basaltzuilen (basalt prisms), stortlaag (gravel layer), vlijlagen 
krammat (straw mat), kraagstuk {willow mattress), bestorting (rock), beton 
(clay dug from canals and marshes) 

(la'yer of brick) , 
(concrete), klei 

Fig. 30.  Sea Carpet at Europeport, Netherlands 
(Hydrospace, Oct. 71) 

Fig. 31 a and b.  Concrete blocks with 
friction arrangements (Rijkswaterstaat) 
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PLATE   7 

Fig. 32.  The Galveston Wall, Texas 
(USCE = U.S. Army Corps of 
Engineers) 

Fig. 33.  The Fernandina Wall, Florida (USCE) 

Fig. 34.  The Ft. Story Wall, Va. (USCE) 

PACKING BY HAND WITH 
STONES 50 TO 500 kg SUCH 
THAT  THE  FLATTER  SURFACE5 
MEET AND FORM A FAIRIY 
SMOOTH SURFACE 

I -*•>•' K 

T Fig. 35. I Indi- an Sea Wall (Kerala State) 
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m 
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Fig. 37.  Interlocking block revetment on Jupiter Island 
Fig. 36.  Vertical wall on Jupiter Island under       under heavy wave attack (Bruun and Manohar, 1963) 
heavy wave attack, 1962 (Bruun and Manohar, 1963) 
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PLATE    8 

Fig.   3 
Dutch basalt pitching 
groin at Petten 

fig. 39.  Dutch group of groins, Walcheren   F19- 40 a and b 

(Rijkswaterstaat) 

./^British adjust- 
able king pile 

^ groin (Thorn} 

Fig. 42.  Group of groins with slanting land ends at the Old Skaw, 
Denmark (Bruun and Hanohar, 1963) 

Fig. 43.  Groin built of 4-8 ts concrete blocks in the crown 
and 2-8 ts granite in the slopes.  The Lime fiord 
barriers, Danish North Sea Coast (Hofdahl) Fig. 41.  Adjustable groin at South 

Palm Beach (Greiser) 

Fig. 45.  Groins, mostly steel sheet piling, 
at Miami Beach, Florida 

American rock groin (USCE) 

/ 
J r-\ . 

(~-f» 

-1 V^ t 
a_i V ? 

T-groin design for Deerfield Beach, Fla.  Adjustable Fig. 47.  T-groins at Deerfield Beach, Fla. 
king pile stem, rock T-head (Bruun and Manohar, 1963) (Bruun and Manohar, 1963) 



66 COASTAL ENGINEERING 

PLATE   9 

Earlier reclaimed land 
Recently reclaimed land 
Works In progress 
Future projects 

Fig. 48.  Offshore breakwaters form pocket 
beaches, at Monte Carlo (Terra, 
Holland, No. 1, 1972) 

•» ' ^ V^jf     *   ># Reclami Reclamation 

Fig. 49 a and b.  Artificial nourishment from land sources, 
1,6 mill cuyds on 16,000 ft of shore, Hilton 
Head Island, S.C. 

Fig. 50.  Artificial nourishment from offshore 
by hopper dredge.  See Girt, N.J. 
(Mauriello, 1966) 

Fig. 51.  Dutch platform 
dredge (World 
Dredging and 
Construction, 
Jan. 1972) 
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PLATE   10 

Fig. 53.  Artificial nourishment by dragscraper on Jupiter  Fig. 54. 
Island, Fla. (Bruun, 1967) 

Bulldozer operation at Deerfield 
Beach, Fla., following the March 
1962 storm (Bruun and Purpura, 
1963) 

Hydroulie   lifi   by 

pump]   for   EBB   < 

^^^^ 

•|[] .00 
° /A  1 = 

I I        % ft s 
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Fig. 55.  Various bypassing arrangements (schematics) 
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NOTES ON DUNES AND DIKES 
1 The dune is a natural dike which was created by wind-blown sand and was possibly 
vegetated by nature,  Man's counterpart to the natural dune is the artificial dune or 
dike.  The difference between dune and dike lies solely in the fact that the dune usus 
ly has land higher than sea level behind it, while the dike may protect low lying lane 
which would otherwise be flooded. 

Dunes are always built of sand, using mechanical equipment like draglines, scrapers, 
hydraulic pumps etc.  The experience on the North Sea Coast is that an outer slope of 
1 in 7 and an inner slope of 1 in 3 is practical (25).  The width and elevation of th€ 
crown depends upon the actual exposure and upon the expected combined tide and wave 
elevations.  Dunes, however, may also be erected with the assistance of wind and sand 
fences (28, 30).  See Plate 5, Fig. 24. 

They may be protected by dune vegetaion of various kinds (26, 27, 31, 32, 33).  Mo.st 
common are species of Ammophila - (arenaria or brevigulata, the latter called Americar 
Beach Grass in the U.S.A.).  Planting machines have been developed.  See Plate 5, Fig. 
23 (29) and considerable research has been undertaken on fertilization etc. (32). 

2 The dike is by its nature a more solid design because its tasks and obligations are 
more severe. The modern dike is a result of almost 1.000 years development. Plate 5, 
Fig. 21 (42) is a comparison of older and modern dike profiles on the German part of 
Nord Friesland. The oldest dike built about 1.000 A.D. had a width of 3.80 m and stee 
slopes. The 1962 dike was higher, had gentler slopes and a width of about 70 m. In 
some vulnerable areas "sea dykes" and "withdrawn dykes" have been built parallel to 
each other to provide satety against breakthroughs of the sea dike (25). 

Dike design and construction has developed in various directions in accordance with 
actual needs.  Plate 5, Fig. 22 shows various cross sections all fulfil'ing specific 
requirements.  Plate 6 shows examples of hard pavements described in a great number of 
publications (11, 34, 38, 40, 42). 

3 A new type of dike protection consists of various kinds of synthetic materials incl. 
polypropylene and nylon fabrics used as replacement for willow and other types of 
mattresses which are much heavier and difficult to handle.  One. of the best known is 
the Dutch-German "Sea Carpet".  Plate 6, Fig. 30 demonstrates an application in re- 
clamation work at Europeport, Netherlands.  This carpet is a combination of natural 
reed and woven polypropylene fabric which has a tensile strength of 2 to 10 metric 
tons per meter.  It is claimed that it is unaffected by wet conditions and is very 
durable, remaining stable against chemical and bacteriological influences.  An ad- 
ditive incorporated into the polypropylene gives it high resistance to ultra-violet 
rays.  Its specific gravity of 0.9 enables it to float, while its lasting filtering 
properties permit the water, but not the sand, to pass through.  The reeds assist in 
the filtering action of the fabric and increase bouyancy  enabling it to be towed to 
the site and protect the fabric against damage from stone used to sink the carpet and 
keep it in position when it is used as a mattress. Not all synthetic fabrics or im- 
permeable sheets offer adequate protection against ultra-violet light and generally 
speaking experiences are best when the sheets are not subjected to light but covered 
with other materials. 

For further information on various commercially available brands in the United States 
and in Europe the reader is referred to articles in Proc. of the recent Coastal En- 
gineering Conferences (Japan, 1966, London, 1968, Washington, 1970) and to commercial- 
ly available catalogues. 

NOTES ON SEA WALLS 
•*• ^ave run-up - An important design parameter for sea walls and revetment is the wave 
run-up which depends upon spectral characteristics. According to Battjes(35) explicit 
expressions for the run-up on a smooth slope are obtained for waves of which the 
heights and periods squared have a bivariate Raleigh distribution. For further infor- 
mation the reader is referred to refs. (11, 35 and 44) and to several papers on this 
topic in the Proc. from the 11th Conf. on Coastal Engineering, London, 1968, part 2. 
Furthermore the Proc. from the 10th, 11th and the 12th Conf. on Coastal Engineering 
include a great number of papers on wave forces on all kinds of coastal structures, 
fixed as well as floating. 
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; The scour problem in front of sea walls is important and has to be considered.  Wave 
height is the most significant variable to the depth of scour (39 and 41).  Other im- 
portant parameters are the position of the wall in the profile, the beach slope, the 
wave length, characteristics of beach material (41) and longshore current velocities. 
As the beach slope flattens, scour decreases.  Scour decreases as the angle of incli- 
nation of the wall decreases, which indicates that scour decreases with decrease of 
reflection.  Each case has to be considered separately. Model studies will be able to 
give qualitative information on the relative magnitude of scour.  A 10 to 20 ft scour 
(toe)protection is usually necessary. 

! Plate 6 and 7 - Ordinary design criteria for a revetment call for sufficient weight of 
blocks including interlocking effect to withstand the combined effect of hydrodynamic 
uplift pressures due to wave breaking, down-rush and hydrostatic pressure which both 
cause uplift.  Normally a filter layer is placed partly to make an even slope and part- 
ly to drain water, which will inevitably penetrate through the joints between the 
blocks.  This needless to say, requires a proper "filter ratio" between block layer 
and filter material.  If the filter material is too small it may disappear out through 
the joints of the blocks and if it is too large this may increase hydrodynamic and 
hydrostatic pressures with adverse affects on stability.  Drain holes may then replace 
the space between blocks. 

Slope should not be steeper than the core material has a stable slope in fully saturat- 
ed condition apart perhaps from the uppermost less exposed section of the revetment 
when - as proved by experiments - the weight of blocks is useful for squeezing blocks 
in the lower part of the slope together. Fill material must be well compacted to mini- 
mize settlings.  Examples of failures e.g. in Holland and Florida can often be traced 
back to inadequate compaction e.g. caused by negligence during construction.  Revet- 
ments of blocks are not used in Holland where wave action exceeds 10 ft.  In Florida 
the limit may be set a little lower due to the predominance of sand fill and less ex- 
perience in building such walls, which require good workmanship and in addition on ex- 
posed shores a protective apron and/or beach in front (38, 40). 

Research on revetments for reservoirs carried out in the U.S.S.R. (43), has proven 
that the stability of a revetment may be improved by reducing thickness of or eliminat- 
ing the filter layer entirely.  The flexibility of the armor layer and the porosity of 
the underlying soil are important parameters. 

Regarding design principles for rubble mound revetments, reference is made to a paper 
by Johannesson and Eruun (51). 

i  Plate 7, Fig. 35 - The "developing countries" have sometimes been wiser than the 
"developed countries".  As an example the Indian standard stone-pitched rock mound 
used extensively for sea walls particularly at many places along the SW coast (State 
of Kerala) is an excellent example of long time experience adopted to "what we have 
and what we can do with available tools".  It is startling to see the similarity in 
several respects between old Dutch and old Indian experience. 

i Plate 5 and 6:  Asphalt and bitumous products have been used considerably for break- 
waters and revetments under small to moderate wave action (34).  In several cases 
maintenance has presented some problems and in some respects the application of asphalt 
is still in an experimental stage. 

NOTES ON GROINS 
. Layout and geometry - The general experience is that groins should be built perpendi- 
cular to shore although some laboratory experiments may have revealed that efficiency 
increases a little by turning them downdrift e.g. to 70 degrees in case waves approach 
the beach under 70 degrees.  Length/spece ratio may vary according to littoral drift 
capacity and exposure from 1:1 to 1:4.  Streamlining downdrift is often advantageous 
(6 to 10 degrees tapering off). 

I  The design of a groin protection also depends upon the beach material as well as the 
material available for construction.  Unless beach material is coarse (pebble up to 
shingle) a streamlined design is preferable and the optimal design undoubtedly is the 
one which is streamlined and energy-absorbing at the same time.  The Dutch groins 
(Plate 3 and 8) with their wide stone pitching fulfil such requirements.  The vertical 
face sheet pile or king pile groins do not, but their function may be greatly improved 
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by adding roughness on their sides, e.g. in the form of rubble mounds. 

One rule should always be obeyed:  If groins are nonadjustable they should be low or 
the beach will be nourished continuously. If groins are high they should be of the 
adjustable type and be kept adjusted to the actual beach profile, that means they 
largely should follow its movement.  Their function is to decrease beach fluctuations, 
not to hinder them. 

3 The efficiency of and distance between groins may be increased by adding a shore- 
parallel breakwater at the extreme making a T or L-shaped geometry (Plate 8, Figs. 46 
and 47).  This appears to be a definite advantage on steep shores but costs increase. 
Scour may develop at the breakwater ends if groins extend to depth when wave action 
is more violent. 

4 Sand filled tubes of synthetic materials have been tested in Denmark, Holland and 
Germany. Diameter may be from 2' to 6'. Generally speaking, experience has been 
rather satisfactory but the tubes are exposed to sabotage and have to be protected 
against ultra-violet light by special treatment. 

5 Please do not use groins unless they are naturally or artificially supplied with ade- 
quate quantities of sand fill. 

NOTES ON OFFSHORE BREAKWATERS 
1 Some offshore breakwaters are shore-connected and some are not. Plate 9, Fig. 48 from 
Monaco is an example of the former.  Many Southern European (Italian and Spanish) off 
shore breakwaters are not shore-connected. Refs. 49, 50, 53 and 54 advise on design 
principles and practical design and construction. Ref. 51 is a review of the ressons 
for failures of rubble mound breakwaters. 

2 Submerged breakwaters - submerged sills and training walls are mentioned in the main 
paper. Ref. 52 is a comprehensive paper on wave mechanic aspects of the function of 
submerged breakwaters.  Some patented devices are also on hand.  They all have in com- 
mon the fact that they suffer from scour problems, and they should never be placed in 
the breaking zone or where longshore currents are strong. 

3 The submerged sand breakwater built at Durban, South Africa, mentioned in the main 
paper, is an interesting invention which so far has been successful. One of its main 
advantages is that should it fail as a breakwater its material will function as arti- 
ficial nourishment.  This experiment therefore advocates offshore dumping of sand 
material in certain cases. 

4 Various laboratory and field tests have been run with a special type of shoreparallel 
protection, namely, artificial seaweed; but the results are inconclusive, although it 
appears that it may have an application mainly in uni-directional flow (C.F. Wicker, 
Shore and Beach, Oct. 1966). 

NOTES ON ARTIFICIAL NOURISHMENT 
1 Suitable sand - It should always be remembered that not all material for artificial 
nourishment needs to be suitable as beach material.  In cases when heavy erosion has 
taken place, requiring large quantities for replacement, the lower layers may be "fill 
which may be separated from the upper layer by a sheet of synthetic material. 

2 Heavy sand - Tests have been run with heavy sand. Laboratory tests confirm the suit- 
ability but the quantities needed makes practical application highly questionable apar 
from enclosed areas of limited size. 
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CHAPTER 1 

COASTAL ENGINEERING MEASUREMENTS 
by 

J.A. Zwamborn* K.S. Russell** J. Nicholson** 

ABSTRACT 

Research during the past ten years into coastal problems around the 
coasts of South Africa has resulted in the development of measuring in- 
struments and techniques which, although specifically designed for con- 
ditions around these coasts, could possibly be used equally well in 
other areas. 

This paper deals specifically with measuring instruments and tech- 
niques used for collecting data on offshore and nearshore currents, wave 
conditions and beach profiles extending through the surf zone.  Also 
included are examples of the data collected and some discussion on the 
accuracy of these data. 

INTRODUCTION 

Proper design of coastal structures, commercial harbours, marinas, single 
buoy mooring systems, offshore ore loading facilities, coastal develop- 
ment works, reclamation schemes, coastal protection works, submarine 
outfalls for effluent disposal and anti-shark protection works should be 
based on reliable coastal engineering data.  These data should be collec- 
ted over a period of time of sufficient length to include all the signi- 
ficant changes taking place in the coastal environment concerned. For 
example (see Figure 1) an intensive programme of field measurements 

Fig. 1 Richards Bay field measurements 

*Head, Hydraulics Research Unit, South African Council for Scientific 
and Industrial Research, Stellenbosch. 

**Chief Research Officer, Hydraulics Research Unit. 
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lasting more than three years was carried out prior to the development of 
Richards Bay, which is situated 160 km north of Durban on South Africa's 
east coast, as a major port for bulk export of coking coal. 

This programme included the following measurements 

(a) On a continuous or regular basis 

- Recording of wave heights, periods and directions 
- Deep sea and nearshore current measurements 
- Wind recordings 
- Tidal recordings in the sea and in the estuary 
- Sand tracer tests in the littoral zone and in deeper water 

(up to 18 m) 
- Water temperature and salinity measurements in the sea and 

in the Bay 
- Flood and suspended solid records in the Hmhlatuzi river which 

discharges into the Bay 

(b) Every three months (at the end of each season) 

- Beach survey extending through the breaker zone 
- Offshore depth soundings 
- Depth soundings of the estuary area 
- Aerial photographs of the estuary mouth 
- Beach sediment survey 

(c) Once per year 

- Sedimentological survey of the sea bottom 
- Sub-bottom survey of the nearshore area 
- Depth survey of the Bay 

Similar field programmes were executed or are still in progress for se- 
veral other harbour and beach improvement schemes on the coast of Southern 
Africa. 

Measurements of sea and sea-bottom conditions, particularly in the 
breaker zone, are extremely difficult and in several instances new tech- 
niques had to be developed in order to complete the planned data collec- 
tion programmes. 

A brief description is given of the measuring techniques used for 
the collection of coastal engineering data with particular reference to 
the techniques developed in South Africa.  Typical results of the col- 
lected data and discussions on the reliability of the data are also in- 
cluded. 

MEASUREMENT OF CURRENT VELOCITIES AND DIRECTIONS 

Reliable data on currents are required for various applications such 
as sediment transport calculations, effluent dispersion studies, determi- 
nation of current effects on ship movements and model investigations into 
the effect of structures on current patterns. Various techniques for the 
determination of nearshore and offshore surface and bottom currents have 
been used with varying degrees of success. Some of these techniques were 
developed in the Hydraulics Research Unit of the South African Council 
for Scientific and Industrial Research to meet particular circumstances. 
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Dye techniques for current measurements 

Breaker zone overrent  directions and velocities can be determined by ti- 
ming the longshore movement of small fluorescent dye floats (such as a 
tennis ball filled with dye).  The tests, when undertaken daily over an 
extended period, give a good indication of the predominant current direc- 
tion and the range of velocities. 

Fluorescent dye is also very effective for nearahore  circulation 
studies including rip currents.  The movement of a dye patch resulting 
from $ kg fluorescent dye is plainly visible and can be recorded photo- 
graphically from aircraft or from a high vantage point on the shore. The 
nearshore circulation patterns can also be observed by aerial photography 
of estuarine silt discharges. 

To improve the accuracy of dye tracking especially in the offshore 
zone,  a so-called dye bomb technique was developed .  A dye 'bomb' con- 
sists of a weighted canister preferably with fins to ensure vertical en- 
try into the water. A bag containing a float and fluorescene dye is pac- 
ked into the bottom of the canister and attached to the canister by a 
thin nylon cord while the upper section of the canister contains a bag 
of Rhodamine dye also attached to a small float to which a collapsible 
(cloth) drogue is connected by a thin cable (see Figure 2). 

TISSUE COVERING 

MASKING  TAPE 

MUTTON  CLOTH  BAG 

In   DROGUE   LINE 

WOOD OOWE 

CLOTH   DROGUE 
0.0< m2 

10mm   STEEL  ROD 

DOUBLE CALICO BAG 

0*mm NYLON LINE 
WOUND ON OUTSIDE 
OF   BAG 
LENGTH. !,*« DEPTH 
AT STATION 

ACCORDING TO : ATKINS R.G. 
'MARINE EFFLUENT RESEARCH COMMITTEE - FALSE   BAY - PROGRESS  REPORT   NO. S " 

Fig.   2.   Dye   'bomb' 
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The length of this cable depends on the depth at which the current is to 
be measured.  On entering the water, the canister sinks to the bottom, 
but the bag of Rhodamine dye comes to the surface immediately and with 
the attached drogue begins to drift under the influence of the current. 
The deposition point is marked by the fluorescene dye leaking from the 
bag attached to the canister.  In practice a series of 'bombs' and their 
movement are photographically recorded from an aircraft.  Current direc- 
tion and speed can be estimated from the relative positions of the two 
dye patches, provided the aircraft course and altitude are recorded (see 
Figure 3). 

LEGEND 

TRUE   DIRECTION  Of   CURRENT • ROM 

T=   TIME   BtTWEtN   CIRCUITS • 
Mr   HElOHTOF   PLANE   m 

6'=   ANGLE   BETWEEN   PIKED   IN 
AND  CENTRE « «DIKED MTCH 

Fig. 3. Dye 'bomb' drop principle 

Floats and current meters 

To obtain information on the general pattern of sea currents,  drogue 
floats consisting of a brightly coloured float to which a cloth drogue 
is attached at the required depth are used (see Figure 4)2. 

Again a series of drogue floats are released 
at various points from a boat or from the air 
and their movements are tracked either photo- 
graphically from the air or by shore instru- 
ments. 

In most cases sea current data are requi- 
red on a regular basis. For measuring current 
directions and velocities near the sea bottom 
(e.g. 2 m above the sea bottom) extensive use 
is made of self-contained Kiel Hassee propel- 
ler current meters which are anchored in a 
fixed position.  These current meters, which 
are not described in detail in this paper, 
photographically record current directions 
and velocities. 

THIN   WIRE   ROD 

SMALL TIN   CAN 

SMALL   BAG   CONTAINING 
FLUORESCENT   DVE 

0,6m2   CLOTH   DROGUE 
CORD 
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Fig. 4. Drogue float 
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Current measurements using a system of moored buoys 

A simple method was developed to obtain near surface current directions 
and velocities from observations of the movements of a system of three 
moored buoys using binoculars specially adapted for the purpose.  As can 
be seen from Figure 5 the system consists of an anchored buoy A connected 
by means of a nylon rope to a second buoy B, the so-called directional 
buoy.  Buoy B is in turn connected to a third buoy C, the so-called ve- 
locity buoy, by means of a chain to which a weight is attached halfway 
along its length.  A drogue is suspended below buoy C at the depth where 
the current is to be measured. 

^ a. 

1 6m i l}m nylon n>(>« 76n> chain 

/ 9 :£_ ^v 
A 

• Oft* *.B       v 

A       B'  B C   C 
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arqlt of fotatan • wrth potpor^culof u coast 

KT6CT. 9tf l»r iaTWXf2ICf3«f77ff 30tffltf 3«f 

<&. "5C   i   5   -   «    * 

CURRENT   DIRECTION    GRAPH 

Fig. 

CURRENT  VELOCITY   GRAPH 

5. Moored current buoy system and current 
direction and velocity graphs. 

The direction  of the current at the buoy system is determined from 
the distance between the anchored buoy A and the "directional" buoy B. 
The binoculars used in the readings are fitted with a graticule on which 
are inscribed a series of equally spaced vertical lines and the distance 
between buoys A and B is expressed in terms of the number of graticule 
divisions observed between the buoys. When the line of the buoys is at 
right angles to the sighting line the greatest number of graticule divi- 
sions will obviously be observed between buoys A and B.  This maximum 
reading depends on the distance between the observer and the buoys and 
the magnification of the binoculars.  When the buoys swing through an 
angle 6, say, as shown in Figure 5 and line themselves up parallel to the 
direction of the current, the apparent distance between the buoys becomes 
AB' and 6 is given by       .„. 



80 COASTAL ENGINEERING 

Curves are plotted of cos 6 versus 6 as shown in Figure 5.  As the obser- 
ver must also indicate whether the current direction is upcoast or down- 
coast and onshore or offshore the current direction can easily be deter- 
mined if the bearing of the line of sight is known. 

The current velocity  at the buoy system is determined from the ra- 
tio of the distances between adjacent buoys.  As the drag force on the 
drogue attached to the "velocity" buoy C depends on the velocity of the 
current, the greater the current velocity, the greater the distance be- 
tween buoys B and C.  The current velocity, V, is therefore given by 
the relationship: 

f Mistance BC\  f [ 
\ distance AB/    \ 

observed distance B 
observed distance AB 

'CM 
(see Figure 5) 

where f indicates "function of". 

Various systems were calibrated,both in the field and in the laboratory, 
from which curves giving the relationship between the ratio B'C'/AB' 
and current velocity are obtained.  Typical calibration curves are in- 
cluded in Figure 5 from which actual sea current velocities can be de- 
termined from the binocular readings. 

Since moored current buoy systems are inexpensive, easy to place 
in the sea (by ski-boat) and to maintain, extensive use is made of this 
system for measuring near surface (usually at 3 m from the surface) sea 
currents along the coast of South Africa.  Once an observer is available, 
who can make measurements at regular intervals (usually three times dai- 
ly) it is often worthwhile to place a number of current buoy systems 
at different distances offshore. 

The readings  of the moored cur- 
rent buoys are summarised both on a 
seasonal and a yearly basis and are 
presented in the form of current ro- 
ses.  A typical example for Richards 
Bay is given in Figure 6. 

To illustrate the resolution 
and accuracy  which can be achieved 
when using a moored buoy system, 
the layout at Richards Bay is again 
taken as an example.  At this loca- 
tion three buoy systems were placed 
600 m, 1200 m and 2400 m offshore, 
the corresponding maximum distances 
between buoys A and B, i.e. AB, as 
measured by the graticule of the 
binoculars, being 2,0, 1,0 and 0,5 
divisions respectively.  The accu- 
racy of reading is 0,1 graticule 
divisions. 

For the purpose of investi- 
gating the accuracy of the cur- 
rent direction  measurements de- 
rived from the buoy systems con- 
sider the system moored a distan- 
ce 600 m offshore.  Assume that     Fig. 6. Example of current roses 
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the current is such that the buoys are aligned in a downcoast, offshore, 
direction (see Figure 5) and AB' is say 0,35 thus AB'/AB = 0,175.  The 
value of e can then be read off from the current direction graph in Fig- 
ure 5 as about 80 .  As can be discerned from this graph an error of ± 
1,5 would have been made if the reading had been taken as 0,3 (AB'/AB 
= 0,15, e = 81,5°) or 0,4 (AB'/AB = 0,20, 8 = 78,5°) instead of 0,35 
(AB'/AB = 0,175, 6 = 80 ). However, if readings of 1,9 (AB'/AB = 0,95, 
6 = 18°) or 2,0 (AB'/AB =1,0, 6 = 0°) had been observed instead of 
1,95 (AB'/AB = 0,975, 9 = 13°), when the buoy system is virtually per- 
pendicular to the line of sight, larger errors would have been incurred, 
viz. +5 or -13 respectively. 

For the buoy systems 1 200 m and 2400 m offshore, the possible errors 
are much greater.  This is because the graticule readings can still only 
be made to the nearest 0,1 division and hence the possible errors for the 
1200 m offshore system are twice and those for the 2400 m offshore system 
four times the above values. 

From the above it is clear that the greatest accuracy as regards 
current direction measurements is achieved when (i) the distance between 
the mooring point and observation sight is not excessive and (ii) when 
cos 9 is less than approximately 0,9 or, in other words, when 6 is greater 
than about 25 . 

As regards the auvvent Velocity  measurements derived from the moored 
buoy systems the readings are most accurate when the buoy intervals AB' 
and B'C (see Figure 5) are both large.  Thus the buoy system generally 
becomes more accurate when moored comparatively close to the shore and 
cos 9 exceeds 0,10, say, which corresponds to a value of 9 less than 85 . 
Under these conditions the accuracy of the current velocity readings is 
estimated to be about 25%. 

It can, therefore, be stated that the moored current buoy system 
provides an inexpensive, simple and effective method of determining cur- 
rent directions and velocities provided the above limitations of the 
system are taken into account. The accuracy of reading generally reduces 
proportionally to the distance offshore, and direction errors are minimal 
when the angle between the line of buoys and the perpendicular to the 
line of sight, 9, is greater than 25 and the velocity errors are minimal 
when 9 is less than 85 . 

Other factors which influence the accuracy and reliability of this 
method of measuring current directions and velocities are: 

(a) the difficulty of distinguishing whether the current is onshore or 
offshore - particularly with increasing distance between the buoys 
and the observation point; 

(b) the possibility of the anchor dragging makes it necessary to make 
constant checks on the bearing of the buoy system; 

(c) the effect of wind was investigated and although its influence was 
found to be complex the resulting errors were found to be within 
the limits of accuracy accredited to the system; 

(d) tangling of the chain connecting the "direction" and "velocity" 
buoys can occur, but experienced observers soon become aware of 
such an eventuality having arisen. 
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The accuracy of the current buoy systems as used at present could be fur- 
ther improved by increasing the distance between the buoys and by using 
binoculars with a higher magnification.  These improvements should be 
considered if the distance between the buoys and the observer consider- 
ably exceeds 1 km. 

RECORDING OF WAVE CONDITIONS 

In most cases, reliable data on wave conditions are even more important 
than those on currents. Wave conditions have been recorded along the 
coastline of Southern Africa for many years, in particular since 1967, 
when the Ocean Wave Research Programme was launched and recording sta- 
tions were established along the entire coast3.  Various instruments are 
used for the wave recording programme including: 

(i) Wave clinometers (visual measurement), 
(ii) INES (Inverted Echo Sounder) wave recorders, 
(iii) Ospos wave recorders (pressure type), 
(iv) Wave riders (accelerometer) and 
(v) NIO shipborne recorders. 

The Wave clinometer and the INES wave recorder were developed in 
the Hydraulics Research Unit and are discussed in some detail in the fol- 
lowing paragraphs. 

Wave Clinometer 

The wave clinometer was developed as a simple instrument which could be 
operated by non-technical personnel in remote and undeveloped coastal 
areas for recording wave conditions.  Basically it is an instrument for 
measuring wave directions although it can also be used to give approxi- 
mate wave height and period values.  It is being used extensively in the 
wave climate studies along the South African coastline. 

The instrument consists of a specially adapted hunting telescope 
mounted on a stand in such a way that its axis can be depressed relative 
to the horizontal at one of three fixed angles, namely 3,5 or 1\ 
(see Figure 7).  It is installed on an elevated position onshore at a 

Fig. 7. Wave clinometer assembly 
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fixed compass direction and the angle of depression of the telescope 
fixed at one of these angles so that it can be focussed on the observa- 
tion point at sea where a buoy (0,5 m dia. polyform buoy) is anchored. 
The general arrangement is shown in Figure 8. 

"T- 

:  50 10 350m 

:   1000 TO 2 500 m 

•   12 m[ BOTTOM   CONTOURS 

SEAWARD   OF THE 8U0V 
SHOULD BE REGULAR ) 

1  FOR   DIRECTIONAL  ACCURACY 
THE GREATER VALUES  OF <* 
SHOU.D BE  AIMED FOR 

Fig. 8. Typical clinometer and clinometer buoy layout 

For wave direction  measurements the clinometer telescope is equip- 
ped with a graticule consisting of a metal ring which supports a series 
of equally spaced lateral cross hairs.  The wave direction is measured 
by rotating the telescope about its optical axis until the cross hairs 
are aligned with the wave crests, the angle of rotation from the hori- 
zontal position, 6, being read off on a graduated disc mounted on the 
telescope.  The angle 0 between the direction of wave approach and the 
fixed bearing of the instrument is related to the angle of rotation 6 
by the following formula: 

tan 6 = sin a. tan 0 
where a is the angle of depression of the clinometer.  The graduated 
disc fitted to the barrel of the telescope can thus be scribed to" indi- 
cate directly the angle of wave approach for any angle of depression. 

The wave height  is measured by observing the movements of the buoy 
relative to the graduations on the clinometer telescope graticule, the 
buoy movements being observed over a period of about five minutes in or- 
der to obtain an average reading.  The graticule graduations in the in- 
struments at present in use are so spaced that one division is equiva- 
lent to 0,05 m of wave height for every 100 m of distance between the 
instrument and the buoy, the telescope having a magnification of x3. 
The standard graticule contains seven graduations.  It is not possible 
to increase the number of graduations without obscuring the field of 
view and thereby adversely affecting the wave direction observations. 
If no direct correlation with instrument recorded wave heights is avail- 
able, the wave heights recorded with the wave clinometer may be assumed 
to be equal to the significant wave height, H . 
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The wave periods are also determined with the aid of the graticule 
graduations by noting the time taken for twenty wave crests to pass the 
buoy, the dominant wave period being the value recorded. 

Wave clinometer recordings  are normally made three times daily - 
early morning, mid-day and early evening.  The records are combined to 
give seasonal and yearly distributions and typical examples of direction/ 
height and direction/period roses for Richards Bay are illustrated in Fi- 
gures 9 and 10.  Wave clinometer records are usually made in relatively 
shallow water.  Using well-known refraction theory these records can, 
however, be converted to deep sea wave conditions which are applicable to 
a much larger area of the coast. 

Fig. Typical clinometer wave 
period roses 

Fig. 9. Typical clinometer wave 
height roses 

The directional accuracy  of the wave clinometer is primarily depen- 
dent on the angle of depression of the instrument.  As the angle of de- 
pression, a, increases the corresponding values for the angle of rotation 
of the telescope, 6, for given directions of wave approach, 0, become 
more evenly distributed around the perimeter of the measuring disc. This 
can be seen from Table I below which is based on the relationship tan 6 
= sin a. tan 0. 
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Table I ; Angular rotation of the clinometer telescope as a func- 
tion of direction of wave approach 

Values of 6 

0 
a = 3° a = 5° a = n° 

10° 00° 32' 00° 53' 01° 19* 
20° 01 06 01  49 02  43 
30° 01 44 02  53 04  19 
40° 02 30 04  11 06  15 
50° 03 34 05  56 08  50 
60° 05 11 08  35 12  44 
70° 08 11 13  29 19  43 
80° 16 32 26  19 36  30 
90° 90 00 90  00 90  00 

The instrument is normally positioned so that its line of sight 
makes an angle of about 45 to the dominant wave direction in order to 
ensure that the majority of the readings occur in that area of the mea- 
suring disc where the graduations are spaced relatively far apart. How- 
ever, it is usually desirable to record the wave direction in compara- 
tively deep water, a requirement that leads to an instrument bearing 
which is often nearly parallel to the dominant wave direction.  In addi- 
tion the angle of depression of the telescope tends to be small under 
these circumstances.  The values ultimately chosen for these two varia- 
bles are therefore a compromise between accuracy and the need to obtain 
wave data in comparatively deep water. 

The aoouraay of wave height measurements depends mainly on the dis- 
tance between the instrument and the reference buoy, the magnification of 
the telescope and the size of the graticule divisions. For a telescope 
with a magnification of x3, a graticule division calibration factor of 
0,05 m per 100 m and with the distance from the reference buoy being 
1500 m, each graticule division represents a wave height of 0,75 m. Thus 
by estimating to the nearest half division the wave height can be read 
off to the nearest 0,4 m approximately.  The ability to estimate to the 
nearest half division is influenced by the size of the buoy which, if 
large relative to the size of the graticule divisions, makes observations 
more difficult.  In general it has been found that the most satisfactory 
arrangement is for the buoy and graticule divisions to be of the same 
size. 

Due to the fact that the instrument is clamped in a fixed position, 
under certain tidal conditions the buoy may not be in the centre of the 
field of view.  Thus for very large waves the image of the buoy may move 
beyond the extreme graticule divisions and the wave height reading has 
to be estimated.  The accuracy of the instrument is therefore reduced 
under these conditions. 

It is not possible to arrive at quantitative conclusions regarding 
the aoouraay of the wave periods  measured with the clinometer. Under 
regular swell conditions there is no reason to doubt the reliability of 
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the results.  Under choppy local "sea" conditions, however, the measured 
periods may tend to be too high because the shortest waves in the spec- 
trum create small movements of the buoy which may not be noticed by the 
observer. 

It can therefore be concluded  that individual wave height and period 
data derived from a clinometer have a limited degree of accuracy.  For 
this reason it is of little use when isolated wave measurements are re- 
quired but its value has already been proved in the field when informa- 
tion is required on a regular basis extending over a recording period of 
a year or more. 

Suggested improvements  to the wave clinometer envisage the addition 
of a second and separate telescope which would be used to measure the 
wave heights and periods while the existing instrument would be used to 
measure the wave directions.  The advantage of this arrangement is that 
the latter could then be fitted with a graticule containing one horizon- 
tal cross hair only thus leaving a large unobstructed field of view for 
the observations.  A further possible improvement is to increase the dia- 
meter of the circular measuring disc mounted on the barrel of the tele- 
scope.  This modification would increase the space between the graduations 
and enable the wave direction to be estimated more precisely.  The se- 
cond telescope, on the other hand, would have a magnification of x6 or 
x9.  One graticule division would then correspond to wave heights of 
0,025 m and 0,017 m per 100 m respectively.  Thus if the distance be- 
tween the instrument and the buoy is 1500 m and the observer can gauge 
the wave heights to the nearest half division wave heights could be es- 
timated to the nearest 0,2 m and 0,1 m respectively as against 0,4 for 
the present instrument.  In addition the number of graticule divisions 
could be increased from seven to about twenty making it unlikely that the 
image of the buoy would move off the scale under extreme tide and wave 
conditions. 

INES wave recorder 

The INverted Echo Sounder 
or INES* wave recorder is 
an acoustic type recorder 
developed by the Hydrau- 
lics Research Unit. A 
photograph of an INES wa- 
ve recorder is given in 
Figure 11. It is a self- 
contained instrument con- 
sisting of a conventional 
echo sounder which is 
converted to carry a lar- 
ge supply of recording 
paper. It has a rechar- 
geable battery with an 
operational life of four 
weeks and a control mec- 
hanism with a clock 
which can be set to ope- 
rate the instrument at 

... U i I ,- a. 

Fig. 11. INES wave recorder 

*INES recorders are now commercially available 
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any pre-set time interval.  The instrument is enclosed in a fibre-glass 
canister which is light, strong and resistant to corrosion.  The canister 
is placed on the sea bed in a metal tripod to which a marker buoy is 
attached. A transducer is fitted on the lid of the canister and the 
acoustic waves are reflected from the air-water interface giving a con- 
tinuous record of the sea surface.  For wave recording, the instrument 
is generally set to operate for 15 minuts every 6 hours.  The INES re- 
corder can be used in water up to 30 m deep. 

The INES wave recorder including its tripod can be lowered onto 
and raised from the seabed if a sufficiently large boat with lifting 
tackle is available (e.g. a fishing boat).  Alternatively the recorder 
can be removed from the tripod and a replacement fitted by skindivers 
operating from a small ski-boat.  In theory the instrument need only be 
serviced every twenty eight days, but in practice it has been found to 
give a much higher percentage coverage if serviced at fourteen day in- 
tervals.  To ensure recovery the master buoy must be anchored in such a 
way that the chance of losing this buoy is minimal.  The anchoring sys- 
tem shown in Figure 12 has proved to be the best for prevailing South 
African sea conditions. 

iDnxnlVl') fO*1   L 

Fig. 12. INES anchoring system 

A short length of a typical wave record  obtained with an INES re- 
corder is given in Figure 13. 

i__. Tim 

INSTRUMENT   NO.       W.2. 
LOCATION RICHARDS    BAY 
PERIOD 18 00hrs. 15th APRIL 1970 

Fig.   13.   Typical  INES wave record 
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The records are analysed by the standard Draper method1* and the results 
are plotted in the form of wave height and period occurrence tables and 
combined into exceedance curves for significant wave heights and zero 
crossing periods.  An example of a wave height exceedance curve is given 
in Figure 14. 
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Fig. 14. Typical INES wave height exceedance curve 

The aoouvaoy of the INES recorder is affected by changes in the tem- 
perature and salinity of the sea water, the precision of the timing clock 
and the divergence of the acoustic beam. 

The extreme water temperature and salinity conditions experienced at 
one fixed recording station may produce inaccuracies exceeding 5 per cent. 
It is therefore advisable to check the calibration of the instrument 
every three months if it is used at one fixed location, or every time it 
is moved to a new position where the salinity or temperature conditions 
are considerably different. 

Inaccuracies in the timing clock are extremely unlikely to be so 
large as to affect an individual 15 minute wave record. However, during 
a monitoring period of fourteen or twenty eight days the accumulated er- 
ror of a slow or fast running clock may result in the waves being recor- 
ded at the wrong time of the day. 

The accuracy of the INES is also affected by the divergence of the 
acoustic beam, the beam divergence of a standard instrument being 20 . 
The fact that a circular area of the sea surface is surveyed instead of 
a point causes distortion of the ascending and descending slopes of the 
waves as well as a flattening effect on their crests.  The resulting 
error has yet to be quantified but it is most pronounced when the waves 
are steep.  Fortunately the majority of the wave records are unlikely to 
be seriously affected because the ratio of the beam width at the water 
surface to the wave length is small.  For example the beam width is only 
7 per cent of the wave length for an INES placed in 20 m of water recor- 
ding waves with a period of 8 s. 

Bearing in mind the above limitations it is concluded that  the INES 
recorder can be used effectively for measuring coastal wave conditions. 
A further improvement to this instrument would be to record the output 
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on magnetic tape instead of in the form of a graph.  Consideration is at 
present being given to this possibility. 

Correlation of wave recordings of various instruments 

In an attempt to check on the overall accuracy of the various wave re- 
cording instruments a comparison has been made of their outputs.  Compa- 
risons of wave height and period values as well as energy spectra ob- 
tained from simultaneous records of five different instruments were in- 
cluded in an earlier paper3.  The results were found to be in general 
agreement although significant differences in individual values of cer- 
tain parameters were found to occur. 

In a further comparison between different recording instruments, an 
INES reoovder  and a waverider buoy  operated simultaneously for three 
months in virtually the same position (100 m apart), 1,6 km offshore in 
a water depth of 17,5 m at Richards Bay (see Figure 15). 

LOCATION OF   CLINOMETER AND  WAVE   RECORDERS 

Fig. 15. Instrument positions 

In Figure 16 the results of the two instruments are compared by cor- 
relating their respective significant wave heights and zero crossing 
periods, as given by the standard Draper method of analysis'*.  Although 
a good correlation is evident there are values which exhibit a poor mea- 
sure, of agreement.  For small wave heights (up to 1 m) the waverider gives 
slightly smaller values than the INES, whereas for wave heights in excess 
of 1 m the waverider values are somewhat greater than those of the INES. 
The wave period correlation shows much greater differences for the two 
instruments.  Again the waverider periods are shorter in the lower ranges 
(below 7s) and larger in the higher ranges (above 7s). However, it is 
clear from these correlations that the INES and waverider outputs on ave- 
rage compare well although in individual cases they can differ by more 
than 50 per cent. 
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16. Correlation of INES and waverider 
wave heights and periods 

A detailed comparison was also made between data obtained at Richards 
Bay using a wave aVinometer  and those from an INES recorder  installed 
approximately 350 m from the clinometer buoy.  The disposition of the in- 
struments is shown in Figure 15, the INES recorder referred to being mar- 
ked INES (Tower) in the figure. 

The results given in Figure 17 clearly show, that, although the dis- 
tance between the two recording points is much greater than in the above 
case and the recordings were not simultaneous (1 to 2 hours difference 
between INES and clinometer recordings), there was a reasonably good cor- 
relation between the respective wave height values.  For wave heights 
above 1 m the wave clinometer generally gives higher values than the INES 
recorder. 

Since the same applied to the wave rider heights, in the case of 
Richards Bay the wave clinometer heights should compare even better with 
the waverider data.  It must, however, be realised that wave clinometer 
readings depend on the particular installation (i.e. distance of buoy to 
instrument) and to some extent on the observer.  The correlation found 
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for the Richards Bay case, therefore, does not necessarily hold for other 
measuring stations.  As regards the periods,the wave clinometer values at 
Richards Bay are on average 2 to A s greater than the INES values.  This 
has been found in all other cases and can be explained by the tendency of 
the observer to record the period of the main swell, neglecting the small, 
short period waves, whereas for the determination of the zero crossing 
period of the INES records all the waves are taken in to account. 

Although the wave clinometer was primarily developed as a wave direc- 
tion measuring instrument, reasonably reliable wave height and wave period 
data can still be obtained with this instrument which is extremely cheap, 
easy to operate and very reliable.  Correlation of the wave clinometer 
data for each particular installation with a wave recording instrument 
over a short period will further improve the reliability of its output. 
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BEACH PROFILES EXTENDING THROUGH THE SURF ZONE 

Until fairly recently it was not possible, on the unprotected coasts of 
Southern Africa, and presumably on other coasts with similar heavy swell 
and surf conditions, to measure beach profiles extending through the brea- 
ker zone on a regular basis.  Various methods were tried with little suc- 
cess including the use of a pressure gauge which was attached to a line, 
fired across the breaker zone by rocket and then pulled back to shore 
while recording the water depth.   The main disadvantage of this method 
was the large friction force caused by the line "cutting into" the off- 
shore sand bar through which it had to be dragged. 

About three years ago, a technique for measuring profiles through 
the breaker zone was developed by the Hydraulics Research Unit using light 
and highly manoeuvrable ski-boats (see Figure 18) equipped with echo- 
sounding equipment and operated by skilled personnel.  This technique has 
been used successfully since its adoption. 

Fig. 18. Ski-boat in the surf returning to sea 

The ski-boat is kept on course  using two theodolites and radio com- 
munication.  One theodolite sights along the profile line and keeps the 
boat heading in the right direction while the second theodolite intersects 
the boat position from a point further along the beach.  At each inter- 
secting fix the echo-sounding trace is simultaneously "marked". Ski-boat 
surveys are normally undertaken during high spring tide conditions and 
extended into a water depth of as little as 0,5 m.  The "dry" beach pro- 
files are surveyed during low tide and extended as far as possible into 
the water.  In this way it is possible to obtain an overlap of "dry" and 
"wet" profiles, thus providing an excellent check on the profiles measured 
by ski-boat.  For obvious safety reasons and to keep the reference level 
of the echo-sounder as constant as possible the ski-boat travels at the 
same speed as the waves, remaining during the entire run in the same 
wave trough. 

A complete profile through the surf zone can be measured in a few 
minutes and the operation must, of necessity, be extremely well organised 
and requires considerable skill from the ski-boat operator.  Under favour- 
able conditions a 5 km length of coast, with sections at 200 to 300 m 
intervals, can be profiled in less than a day using this technique. 
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Originally Inshore Ferrograph 
echo-sounders, which are very simple 
instruments, were used for this work, 
but they were later replaced by high |s=U 
resolution Atlas Deso 10 and Elac 
echo-sounders which give much more 
accurate results.  A typical echo- 
sounding profile using an Atlas 
Deso 10 echo-sounder is given in 
Figure 19. 

The aaouraay  of profiling by 
ski-boat has been checked by re- 
petitive runs along a particular 
section combined with depth measu- 
rements taken by lead line at re- 
gular intervals.  From the results 
of these checks, it was establis- 
hed that water depths which in- 
clude tidal reductions, elimina- 
tion of wave action and tempera- 
ture effects, could be deter- 
mined to within 0,5 m.  When 
comparing successive hydrograp- 
hic surveys differences of less 
than 1 m should therefore be 
considered as insignificant. 

A valuable applieabion  of 
this technique is the study in 
detail of the formation and 
movement of sand bars along the 
coastline by comparison of suc- 
cessive surveys. When the mea- 
surements are made at regular 
intervals, the changes in the 
profiles and the general bot- 
tom topography can be related 
to the sea conditions which 
occurred in the period be- 
tween the two surveys. 

A very good example of 
nearshore bottom changes at 
Richards Bay in the spring 
of 1969 established by the 
above type of survey is shown 
in Figure 20. 

Fig. 19. Beach profile as recorded 
by an Atlas Deso 10 echo-sounder. 
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Fig. 20. Comparison of hydrographic 
surveys 
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CONCLUSIONS 

Accurate data on sea conditions and the related coastal morphology are 
essential for the proper design of all coastal works.  Coastal measure- 
ments, however, are inherently difficult and normally expensive which 
often results in a curtailing of the data collection programme.  It is 
believed that a number of simple and economic measuring techniques de- 
veloped in South Africa over the past ten years may be of use in the 
systematic collection of coastal data on a limited budget. 
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