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INTRODUCTION



Aguatic structures suffer a severe punishment from
nature. Sterms, strong waves, currents, sea fleor
conditicns, winds and marine fauna are the major elements

responsible for this destruction.

Building marine structures in the ocean is not an
easy task. It is also a very expensive operation. Unfavor-
able weather conditions could happen during the lifetime of
the structure as well as during construction. For these
reasons, until today, the design and the methods of

construction of these structures are not well developed.

One of the oldest and most important offshore
structures is a breakwater. Breakwaters are structures
constructed for the purpose of forming an artificial harbor
with a water area so protected from the effect of sea waves
as to provide safe accomodation for shipping (Quinn,1972).
They will break or dissipate the force of waves and thus
prevent their incidence on an area it is desired to protect

(Wiegel, 1975).

With the advent of the very large crude oil
carriers ({ VLCC )} and deep drzft iron ore carriers, and
colliers, breakwaters have had to be constructed in much
deeper water, so as to provide adequate depth ( nominally

25m or 83 feet ) behind their protection.

The importance of breakwaters is shown by their



large 1inital cost but even moré importantly, entire
developments and projects depend on their continued
function. Failure of a breakwater can often have far
reaching consequences that greatly exceed the breakwater's
initial cost. For many years these structures have been
designed on the basis of empirical formulae and rules-of-
thumb. However, as these structures have been built in
deeper water serious scale effects with large quantity and
cost over runs and at least one catastrophic failure (Sines

breakwater in Portugal) have resulted,

For a large percentage of breakwaters, records
indicate eventual failure at one time or another. Recently
2 major breakwater failed at Sines, Portugal shutting down
facilities of several billion dollars. What is the
underlying cause of these failures? Is it the type of
material used, the methods of construction or the severe
conditions occurring in service which reflect deficiencies

in the design procedure?

To overcome these problems, researchers and
specialists in this field have studied different ways to
preovide a better protective layer (armor layer) that will
withstand the wave action. Several designs and shapes of
the units of this layer have been developed. However, there
are very few known current studies on the core, which is the

mass portion of the breakwater. The interfaces between the

core and the armor layer and between the core and the



natural seafloor become critical. Control of tolerances has
a direct effect on the quantity of the expensive armor, yet
this control becomes increasingly difficult in deeper waters
and greater exposure to wave action. Erosion of the core
during construction becomes a significant factor,

particularly at the leading edges.

Construction of a breakwater in specific and
development of a harbor in general is a major project that
the government should determine its overall objectives and
importance befcre approving its validity. Since this project
will occupy a substantial portion of land which is
considered a natural resource it is imperative to review its
benefits and advantages in accordance with the total system.
A nontechnical study on this subject is very well presented
by C. West Chuarchman in his book "The Systems Approach™.
In this book, Churchman discusses the planning and
management interaction in government, business, industry,
and human problems. Specifically, this review is aimed to
spell out in detail the objectives of such a structure and
the performance measures which will evaluate the use of its
resources. A continuation of this discussion is presented by
the same author in another bhook entitled "The Systems

Approach And Its Enemies"”,

This report will focus on the design and

construction of the core of rubble mound breakwaters.



The first chapter will present a brief history of
breakwaters. It will also define in detail the functiens of
the core (quantitatively to the degree possible) in terms of

its role in the total breakwater system.

The second chapter will present an investigation
of some major breakwaters built in different parts of the
world. It will also discuss the importance of the presence
of the core material and its effect on the permeability and

wave energy transmission.

Since a rational design of the total breakwater
construction requires understanding of the interactive
effects of the core with its foundation, its armor and the
sea, a review of different sea floor conditions will be
presented in the third chaptar. It will also include
‘several recommendations for the preparétion of the sea

£loor.

Chapter Four will focus on the available rock
material used for the construction of the core. The
characteristics of the desired rock will be described along
with the recommendations in this area, such as rock guality,
durability, gradation and specific gravity. The filter
layers between the core and the armor will also be

addressed.

Chapter Five will present the effect of the



construction procedures adopted on the adequacy, cost and
performance of the final structure. This chapter will
include a review of the available equipment and the current

methods of construction,

The closing chapter (Chapter VI) describes the
current methods used in the sufvey, and tolerance controls
of the core o¢f rubble mound breakwater. Control of
tolerances has a direct effect on the quantity of the
expensive armor, vyet this control becomes increasingly
difficult in deeper waters and greater exposure to wave

action.

The Ceonclusion will present a complete review of
the recommendations cited in the previous chapters as well
as an overview of the total concept of the design and
construction, from the practical aspects, of the core of

rubble mound breakwaters.



CHAPTER I

FUNCTIONS OF THE CORE



BISTORY OF BREAKWATERS

Breakwaters are not the invention of our modern
time. We should have to go back very far, indeed, into the
history of artificial harbours to trace their origin. The
historical development of ports is directly related to the
growth and extension of maritime trade. Indeed there were
ships upon the Red Sea long before the Pyramids were built,
and there were vessels on the Mediterranean Sea and Persian

Gulf by 7808 B.C.

Henry Cornick (1968) stated that, "Among the
earliest ports ever built was the port on the Northern
Egyptian coast. It was named A-Ur and was built on the
Canopic¢ branch of the Nile by 4068 B.C. Unfortunately its
exact site is unknown. The next Egyptian harbor that
followed was the great port of Pharos (Saville,1940). It was
located between Ras-E1l-Tin and the rock of Abu-Bakar. The
remains of its breakwater can be traced facing the sea to
the north. This one was 2590 m long and consisted in the
main part of two rubble mound structures between 40 and 66 m
apart, each with an upper width of 8 to 12 m and & te 9 m
high. These were made of very large blocks and the space
between them was filled with smaller stone. The top width

was between 55 and 76 m (Wiegel, 1964).

Actually, breakwaters were a common feature to

most of the ports of the ancients. In the ancient harbours



of Tyre which were built on the coast of Phoenicia around
1868 B.C., their breakwaters were formed by massive stones
weighing as much as 15 tons each. *Their construction
showed a great advance upon the work of Phares. There were
two walls of hewn stone keyed together with metal dowels,
the space between the walls being filled with concrete.”

{Henry Cornick, 1968)

The Greek harbours, such as that built by
Themistocles at Piraeus in 493 B.C. employed what would now
be regarded as composite breakwater construction. “Pierre
Perdue"{lost rocks) or heavy rubble was first tipped into
the sea and followed by a superstructure of heavy blocks

dowelled together.

Roman harbours were commonly protected by arched
moles, generally regarded as the forerunner of the ﬁodern
piled jetty. The Roman mole, whose purpose was threefold,
allowed access round the harbour, acted partially as a
breakwater and tended to inhibit general silt deposition by

virtue of the flow through its openings (Townson, 1973).

It appears, therefore, that the alternative
characteristics of breakwater design, namely the rubble
mound and the vertical wall, were present before the end of

the Roman civilization.

By 347 B.C., Alexander founded the city of

Alexandria and built the port by connecting the island of



Pharos .with the mainland by reclamation. The port of
Alexandria is considered the main port of Egypt. At the
present time the port authority is extending the breakwater

another 688 m and reinforcing and repairing the old port.

The next figurerunl) shows a cross section of a
breakwater built in 1879 at the port of Alexandria, Egypt.
It was then remodeled in 1385. The different layers of the
breakwater were installed one on top of the other
horizontally without any protection of cover layers of the
slopes. The earlier design was a mound of two types of
protection units, some natural rock and others concrete
blocks, piled up to form the reguired cross section of the
breakwater. Most of the blocks were placed towards the sea
side and the natural rock was placed toward the harbour
side., There were no core material or filter layers used in

this design.
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Christopher Columbus' voyage in 1492 to what
he thought was India gave a great stimulus to international
trade and incidentally thereby to breakwaters (Wells,1945).
Not long after this event the 0ld Mole at Genoa was severely
damaged by a storm in 1498. It was examined by Leonardo De
Vinci, who observed the effects of large wave forces but
apparently failed to suggest any far reaching solution

(Hammond, 1956).

One of the best examples of breakwaters that is in
existence at this time is the Plymouth breakwater located in
England. It was constructed in 1806 in approximately 15m of
water. This 15,0800m long offshore breakwater is exposed to
Atlantic gales. The concept of the design was based on
dumping stone continuously and allowing waves to shape the
mound into a stable profile. The exposed section of the
breakwater above low water was armored with a layer of
tightly fitting limestone blocks on a slope of 1:5. The
breakwater is periodically maintained (Riley, 1958) but it
has, almost certainly, experienced the one in one hundred
year storm without any appreciable amount of damage to the
structure. The next figure (1l.2) shows a cross secti&n of

the Plymouth breakwater.



HIGH WATER

Plymouth Breakwater

1.2

Pigure
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FUNCTIONS OF THE CORE

The armor and the breakwater cap can be considered
to be the superstructure of the breakwater. The core is the
substructure. A breakwater is a complete system. It is
designed by its different components, but it functions as
one unit. The core of the breakwater constitutes the
largest component by volume, hence it is desirable to reduce
the unit cost of core material to the minimum. The greatest
cost-effectiveness in quarrying and core construction is
usually obtained by utilizing most or all of the guarried

rock material in the combined core and armor layers.

The functions of the core of a typical rubble

mound breakwater could be summarized as follows:

l. Furnish the mass

2. Provide stability

3. Provide support for the riprap and armor

units
4. Reduce wave energy permeability
5. Act to transfer the wave forces and gravity

loads to the foundation.

A knowledge of wave-structure-seabed interaction
is very important in coastal hydrodynamic problems. The wave
load transferred tco the core through the armor units depends
on the pressure gradients in these particles (Moshagen,

Hermann, and Torum 1875). Understanding this complete
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system, as a wh&le, as well as each individual component by
itself will lead to a rational design and a more
comprehensive and thorough methodology for the construction
of the core of rubble mound breakwater. This in turn will

result in a more rational, economical and safe structure.



CHAPTER II

REVIEW OF SOME MAJOR BREAKWATERS



il

This chapter will present a review of some major
breakwaters visited by the author in order to aquire a
better understanding of the design and construction of the
core of rubble mound breakwaters. This site investigation

was undertaken during the early part of 1981.

SINES BREAKWATER, PORTUGAL

One of the most important harbours in Europe is
the Port Sines, Portugal, which is mainly intended for oil
and mineral tankers. In view of {ts excellent conditions,
the government of Portugal planned this industrial base
associated with an ocean terminal. Sines is practically the
southwestern tip of Europe. It lies 168 km south of Lisbon,
The harbour of Sines is a deep water seaport with depths
reaching 5¢ meters at a short distance from the shore and is
designed to berth ships up to 500,008 dwt. This capacity
together with its geographical situation at the intersection
of the main Atlantic Ocean routes, demonstrates the port's
location as a highly competitive base for short storage and

redistribution of bulk solids and liquids.

The main breakwater is 2 km. long. For its
construction, about six million cubic meters of rock £fill
was used. Beside providing shelter from the Atlantic Ocean
for the port, the breakwater supports oil pipelines for

offloading to mainland storage facilities.
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The breakwater is an artificial rubble mound with
a rock fill core armored with larger stones. On the seaward

side the stone is blanketed with 42 tons of concrete dolos.

The breakwater has a c¢oncrete superstructure
composed of a wave deflector and a platform for laying pipes
running all along its length, Figure (2.1) represents a
layout of the Sines Harbour including the main breakwater

and the three berths which are the crude oil terminals.



Figure 2.1: Layout of Sines Harbor, Portugal
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The design of the breakwater started in March,
1372 and the construction Eollowed in August, 1973,
The core of this new breakwater was made out of gquarry fill
rock brought from a site located near the port. The filter

layers were made out of heavier cut stcone.

Being a non developed region, very little of its
geology and nothing of the engineering geological properties
of their formations in land and offshore were known when the

project started.

Zwamborn, 1979 presented the design of the main

elements used in construction:

ELEMENT TYPE WEIGHT OF UNITS CBARACTERISTICS

Core material 1l to 30900 kg specific gravity
2.9 to 3.1

Underlayer 3 to 6t 1: 1.25 slope

Stone

Toe protection 16 to 20t 1: 1.33 slope

Stone

Dolos trunk 49t 1: 1.5 slope

Deolos head 49t l: 2 slope

Concrete Capping 4900 to 5800t 15m longsections

According to specifications two grades of core

material were specified:
a. The principal grade TOT (the term used by the
Portuguese referring to quarry run material used in

the core) complies with the following:
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l. Core material shall not contain overburden
or any clavey organic or other deletericous

material.

2. It shall consist of rock evenly graded from

1 kg to 30080 kg.

3, It may c¢ontain broken rock fines under 1 kg

not exceeding 5% by weight.

4. The gquantity of rock under 12 kg in weight

shall not exceed 15% by weight.

b. The selected grade (selected TOT) used in the main
cross section only above level -2.5 meters CD and in
the route of the breakwater is similar but the final
material under 1@ kg is restricted to between 5% and

1% by weight.

The selection of a quarry for the exploitation of
suitable rock was an important engineering geological task.
The study started with geophysical exploration campaign
consisting of electrical resistivity profiles aiming at the
elaboration of a resistivity map of the area and of

seismic refraction Soundings. A program of borings was
prepared firstly to check the validity of these geophysical
exploration and secondly to obtain the necessary geological
and geotechnical information about the rock mass

considered of good qgquality. A total of 31 rotary
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boreholes were drilled dipping from 45° to 98° their length
ranging from 25 to 6% meters (Qliveira, Rodrigues, Coelho,

1978).

The results of this investigation concluded that
the gquarry chosen seemed suitable for the purpose of the
construction of the rubble mound breakwater. The roack

consisted of gabbro and diorite.

Most of the rubble core was dumped by 1,008 ton
hopper barges in the middle of the core to form the berm up
to elevation -15m in the winter and te -18m in the summer.
The remainder of the core was placed directly by dump trucks
of 58 tons to 65 tons, The underlayer stone was placed by
1,408tm floating craneé'and a l1l,800tm crawler-mounted crane.
The floating cranes were also used to place the 16 to 28 ton

toe protection.

Figure (2.2) represents the design cross section

of the Sines breakwater.

Figure (2.3} shows the progress of core

construction by month.

Figure (2.4) is a schematic of different metheds
of construction used in placing the core material and the

underlayer stone.
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On the 26th of February, 1978 a severe storm
destroyed most of the breakwater. In December, 1978 and in
February, 1979 more storm action removed most of the armor
units and alsc some temporary remedial works placed in the
Fall of 1978. The construction of the breakwater was not

completed when the first storm occurred.

The cross section of the breakwater after the
storm has a much flatter slope than the original design. The
large stones and some broken dolos were found at the bottom
of the slope and the smaller rock was at the top (select
TOT). Figure (2.5) represents the profile of the cross

section before and after the storm.

Some remedies were made as attempts to stop a

complete failure of the remainder of this structure:

1. The berm was extended toward the sea then a
slope of 1 :+ 2 was made for a horizontal

distance of 42m.

2., This slope changes to 1:8 for another
horizontal distance of 16.8m and then

changes to 1:3 for a distance of 44.7m.

3. There is a level distance afterwards of 6m
and the contour of the breakwater takes
ancther slope of 1:3 for a 46.5m horizontal

distance.
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4, The toe of the breakwater 1is leveled ltm

towards the sea.

5. The total horizontal distance from the wave

wall is approximately 2llm.

6. The change in the cross section was made in
the seaward side only {(a change of almost

188m in width).

7. Instead of using dolos this time they used

blocks of concrete of 99 ton weight.

Figure (2.6) represents part of the breakwater
subjected to the wave action on a calm day. This picture was

taken in March, 1981 on a visit to the Sines Port.

Figure (2.7) illustrates the quarry for the rock
used in the Sines breakwater. This gquarry is located 5 km

from the ceonstruction site.
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BILBAO BREARKWATER, SPAIN

The breakwater at the oil harbour of Bilbao has a
total length of 2,480m. The construction was completed in
1976, The core of the breakwater consists of gquarry run
material. The filter layers have two thicknesses: 2m on the
sea side and 1.3m on the harbour side. It was made out of
.35 ton quarry stone. There is also a second filter toward
the sea side made of heavier stones 4 to 8 tons in weight.
The thickness of this layer is 3.4m. The front armor layer
consists of 65 ton concrete blocks in a thickness of ém. The
dimensions of these blocks are 2.5 X 3.25 X 4.55m. The

density is 2.3. These blocks were placed randomly.

In the first days of December, 1976 the breakwater
at Bilbao was subjected to a heavy storm, which did major .
damage to the structure. Actually, this was the second storm
that this breakwater was subjected to during the same year.
The first storm occurred in March, 1976 and there were no
repairs made at that time. {(Torum, Mathlesen and Escutia,

1979)

Figure (2.8) is a photograph of the breakwater
located at Bilbao, Spain taken during the wvisit of March,
1981.

Figure (2.9) illustrates the design cross section
of the breakwater. It also shows the profile before

December, 1976, and after the storm.
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The water depth inside the breakwater was
maintained at 31Im te facilitate the large oil tankers up to
500,000 dwt. The rock used in the core was guarried from the

shoreward end of the dike at Punta Lucero.

In completing the repairs of the breakwater the
¢ross section was changed and became wider. Cn the Harbor
side it was increased 15m and on the sea side it was
increased by 58m. The thickness of the filter layers were
increased from 1l.5m to 2.7m. The slope was also changed from
1l : 1.5 to 1 : 2. The armor blocks of 65 tons were replaced
by heavier blocks of 158 tons. The concrete wave screen or

the wave wall was widened from 4m to 12m.

Figure (2.19) represents a mix of different sizes
of rock used in the core. This picture illustrates the gaps
in the gradation of the rocks used in the breakwater. Voids
tend to happen when there is no care taken in the gradation
of the rocks used, which in turn could lead to hydrostatic
pressure as well as ailr pressure inside the core during the

wave action.,

Figure (2.11) is a photograph of the face of the
quarry used for the production of the core material as well

as the filter layers.

Figure (2.12) 1illustrates part of the Bilbao
breakwater after the repairs. This picture was taken in

March 1981,
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Part of Bilbao breakwater is presented in the
following picture, figure (2.13), which illustrates the size
of the breakwater in compariscn to the size of a man

standing on the cap.
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HUMBOLDT BAY, CALIFORNIA

Humboldt Bay is located on the northern coast of
California, approximately 450 km north of San Francisco. The
entrance to the harbour is protected by two rubble mound

jetties and is dredged to a 12.2m depth.

The difference between a hreakwater and a jetty is
not significant. For this reason the rubble mound Humboldt

jetty has been included in this chapter.

The structures were initiated in 1889, Magoon
(1374) stated that the gquantity of stone placed for repair
has been greater than the quantity placed in the initial

construction {more than one million tons).

Figure {2.14) is a schemati¢ of the seaward head

South 3Jjetty.

A timber trestle was used in the construction of
these Jjetties in 1888. Four-pile bents sixteen feet apart
formed the trestle. These bents supported two standard gauge

tracks of forty pounds T rails.

A layer of brush mattresses was used to provide
the jetties with a good base hefore dumping the core rock
material. These brush mattresses were made out of grillage
of poles that were bound together at every intersection with

strong wire. Bundles of brush (12 feet long) were placed
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upon the grillage in successive layers. Once this grillage
reaches the thickness of 6 feet, another grillage is placed
on top of it. Long screws were used to tie the two grillages
together and compress the brush to two thirds of its
original volume. The grillages were then bound together by
wires and the screws are removed. Small rocks were placed on
top to provide the mattress with sufficient weight to serve

as ballast.

The core rock material was constructed from rocks
brought to the site by cable cars. The rock was dumped in
the water by opening the car doors and releasing the load.
The trestle was built to last only long enough to complete

the construction of the jetties,

Due to lack of maintenance, these jetties
deteriorated rapidly. Between 1911 and 1925 they were
rebuilt again. A crane mounted on tracks was used in the new
construction (the cap method). Sea conditions and
limitations of floating equipment forced the canstruction to

be conducted from the jetty crest.

The jetties at Humbolt Bay Harbor have required

constant maintenance during the past years.

In 193¢ and 1957, more repairs were required. They
consisted mainly on placing armor stones over the previous

slope which was 1:1,5.
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A severe storm deteriorated the north and south
jetties during the winter of 1957-1938. Several experts in
this field credit the damage to the light weight of armor
stone used, because of the limitations on the equipment used
at that time. The main repairs consisted of heavier blocks
and concrete capping. The c¢oncrete was reinforced by bars

and track rail.

Another storm washed away most of the armor blocks
during the winter of 1964-1965. More Qdamage occurred in 1978
and destroyed the heads of the jetties., The repairs were
conducted by a crane {model VC 4688 Manitowoc-Ringer). A TFew
breakages have occurred since that time, but accerding to
Magoon, Slean and Shimizu (1976}, the structural integrity

of the jetties is not endangered.

A cross section of the jetty built in 1926 is
shown in figure (2.15). It also shows the construction

method used at that time.
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Figure 18. Jetcy conatruction,
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Figure 2.15:Cross Section O0f Humboldt Jetties,California
And Method QOf Construction
(Magoon, Sloan, Shimizu,1976)
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CRESCENT CITY HARBOUR, CALIFORNIA

The rubble mound breakwater protects Crescent City
Harbour. Its length is 1,447m and the slopes wvary from 2.5
te 1 through 4 on 1, Five hundred feet of the breakwater was
extensively damaged during the storm of the winter of 1956-
1957. Repairs of the breakwater were completed in June of

1957 by replacing the missing layers with 25 tons tetrapods.

In February, 1968 another storm occurred and
damaged the breakwater extensively again. Some of these 25
ton tetrapods were moved more than 180 feet away from the

breakwater.

The core of this breakwater is made ocut of quarry
run material, with a slope of 1 : 1.5 and a height of 22
feet. The seabed is at an elevation of -32 feet. This quarry
run core is protected by another layer of class C stone with
rocks weighing between 18¢ lb. to one ton. The thickness of

this layer is 6 feet.

A filter layer of class B stone weighing 2 to 3
tons protects the core material. The thickness of this layer
is alsc 6 feet. The armor layer, tetrapods on the seaward
side and class A stone {average weight 12 tons} on the

harbour side, cover the filter layers.

The next figure (2.16) is a photograph of the

breakwater and a cross section showing the different sizes
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of stone used In the construction of the Crescent City

breakwater,



Cresens City, California (1957)

SEAWARD SIDE HARBOR SIDE

"8y Stone Chinked

Tore Can) “Q"RConcrete Stone Grout
gL 2280 / “B3"Siene 2-3 Ton
- / EL + 200 .
1=172 - _/(_7_-%]- £, +i108G
. oo
' ; _ f EL s wpQ
o~ / / o e
wL_Lw EL 00 o - o R &-07
g ot & 3‘0 C” Stone . = ——— ———
13-a ¥« [% GO Lts. - 4 Ton
o o £ -0 0
N 5\ﬂ
e L% s ¥-0 L -40
€L -0 *D" Stone s |
£ -32.0 v : {Quarey Run}
/
"8 Srene ( “8y""Stone 1000-2000 LBs.
"A" Signe Min T Tgn  Avg 12 Ton
. "87 = One ton vorigton 1o T tan mex
. "By~ /2 ton 10t ten Awn.~ 7 1gn MO, 06 Gvoilable.
rew

B = i ron tn 7 tons of e su depin conditions O seCword tow,

Figure 2.16: Crescent City Breakwater, California
U.S5. Army Corps Of Engineers, Shore Protection Manual



47
PAILURE OF THE CORE

In the last twenty years more harbours have been
built in deeper water than previously and often at very
exposed sites. The design of rubble mound breakwaters is
currently a matter of controversy following the failure of
some of these recent structures. Most of the attention is
directed to the failure of the outer armor layer and
neglecting the other components of the breakwater. The
failure of the c¢ore could be a major factor in the eventual
destruction of the breakwater or it could lead to severe

wave enerdgy transmission to the harbour side.

Eugene Harlow (1980) reported that "Fine material
from the core of the Sines breakwater has been raised up
near the face of the capwall. This implies relative motion
between core and capwall.” This was evident from a
Photograph presented by Zwamborn,(1979) describing the
damage to the Sines breakwater. Harlow stated that
"Although the photos do not reveal the nature of the motion
or which component moved first, the armor being moved down
the slope or the'core being ejected. Plumes of water and
spray were observed during wave attack, spouting upward from
joints in the horizontal slab forming part of the capwall.
These plumes demonstrate extreme fluid pressures existing in

the core material beneath the zoncrete.®

The next two figures demonstrate this phenomena.
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Figure (2.17) is a photograph of the high impact
of the waves against the breakwater built at Diablo Canvyen,

California,

Figure {2.18) shows the high pore pressure inside
the breakwater,as shown by the plumes of water and air

ejected from the relief openings in the breakwater cap.
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Hannoura and McCorquodale {1879} presented a paper
in the Civil Engineering In The Oceans IV Conference
discussing the environmental wave forces on rubble mound
breakwaters. This paper focused on the effect of air
entrainment on the hydraulic conductivity of the flow media
and the results of the instantaneous pressure distribution
due to the wave impact. It determined also the inertia

coefficient of the crushed rock.

Even though Hannoura and McCorgquodale's paper was
directed to the front slope of the rubble mound breakwater
in order to determine the stability of the armour units, the
experiment could be extended to cover the effect of pore
pressure inside the core and the resulting consequences on

the breakwater as a total system.

Harlow{(l978) also stated that "Repeated impacts
and large sudden pore pressures in the boundary layers of
the core will produce shearing forces along inclined planes
and small shifts in particle position with each impact.
These shifts will produce increasing forces in the legs of
armor units as they try to dowel the slope, tending to break
any that are securely locked into the lower planes. As the
core looses its capacity to support the armeor, sloughing
downward and seaward, a space must appear at the interface
with the capwall, opening a gap into which successive wave
impacts can, like a hydraulic ram, split the two components

still further apart.”
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Scllitt and Cross (1972) concluded that f£for a rubble

mound breakwater:

l. The transmission coefficient decreases with
decreasing wave length, breakwater porosity
and permeability and increasing wave height

and breakwater width.

2. The reflection coefficient decreases with
decreasing breakwater width and wave length
and increasing porosity and permeabtility.
Correlation between experiment and theory is
best when the incident wave height exceeds

the particle diazmeter of the medium.

A suggestion, has been made by Harlow, that an
existing computer program for analyzing the seepage
pressures in dams could be utilized in the study of the pore
pressures in the core of rubble mound breakwaters. He also
recommended a model study for the determination of the
angle of internal friction, permeability of the core, the
direction and magnitude of the seepage pressures and the

slope stability for various breaking wave patterns.

Half Moon Bay breakwater lost most of the class C
small core material due to the pounding ¢of waves on the
outer slopes during storms. This phenomencn occurred because
the gradation of core rock and filter layers that were

placed during construction was not properly selected. The
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results of the loss of this material transformed the
breakwater into a permeable structure transmitting wave
energy in the harbour side. Needless to say, this could lead
to the eventual collapse of the remainder of the breakwater

due to the lack of support from the core.



CHAPTER 1III

BREAKWATER FOUNDATION
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The principle function of a breakwater is to
provide the protection to make loading and unloading vessels
possible without risks of damage to the vessels or berthing
facilities resulting from wave and/or current action during

the process (BRUNN,1981).

The site selection for a breakwater is dependent
on the site selection of the entire port. Per Bruun (1981}
reported that "“the choice of a particular location for the

establishment of a port depends upen many factors including:

1. Land requirements.

2. Regquirements to depth and space.

3. Reguirements for the protection of the
harbor against wave action.

4, Current action .

5. Sedimentation to the extent possible.

Richards, Ling and Gerwick (19768) stated that

there are two methods in site selection, as follows:
a, Determined by the Structure:

In this method they summarized the methodology of

offshore site investigation as follows:

1. Select potential regions.
2. Compare. Select most desirable regions.
3, Select suitable areas within these regions,

4., Compare and select candidate areas.
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5. Select suitable candidate sites within these
areas.

6. Compare. Rank the sites.

7. Select primary candidate sites.

8. Investigations ! through 7 are based on
available information. At this stage limited
studies on primary candidate sites will be
performed.

9, Compare benefits of candidate sites with
environmental engineering costs.

1. Select prime site.
b. Determined by the Site

In the second method, the site Is provided due to
the location of the facilities that the port will service.
This site will control the design and construction of these

structures.

Treadwell, Ridley and Magoon {1988) reported that
"Consideration of regional geothechnical conditions early in
the site selection process may reduce costs significantly by
identifying sites which might require extensive variations
from anticipated designs in order to mitigate potential
geologic and seismic hazards. If such a site cannot Dbe
avoided, knowledge of the potential hazards should result in
more realistic site investigation programs, analysis,

designs, and cost estimates.”
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In either method, complete and detéiled
hydrographic surveys are necessary. This phase of the
investigation should be complete to the extent of
supplementing standard survey procedures with bottom
samplings, measurements of existing currents, and
measurements, if possible of amounts and directions of

materials transported by these currents. This data will:

l. Furnish informatiecn on foundation
conditions,

2. Provide a permanent record of conditions
prior to constructiocn.

3. Through use of prior surveys, old charts,
maps, etec., indicate any changes the bottom

has undergone.

Foundation conditions must be known accurately in
order to properly design the breakwater to be constructed at
a particular site. The foundation analysis can be made by
means of probings, washborings or drillings. In the
majority of cases, the rock mound type breakwater is
normally selected, unless the bottom is so soft and of such
great depth that an excessive amount of rock would be
required to reach a satisfactory supporting medium. Magoon,
Sloan and Foote (l1974) reported ™ that a few instances have
been noted where settlement of the flexible portion of a
rubble mound structure with a concrete cap has resulted in a

hole or gap under the rigid cap." This has occurred both at



58

the Crescent City OQuter Breakwater and the Noyo Harbor

nerth jetty near Fort Bragg, California.

Brunn (1981) reported that "Foundations for marine
structures deserve as much if not more careful study than
foundations for land structures. Wave forces acting against
a rubble structure have been found to attack the natural
bottom and the structure foundation even at depths usually
thought to be little affected by such forces. A rubble
structure may be protected from settlement resulting from
leaching, piping, undermining or sc¢our, by a bedding layer
or blanket. Blanket mattress protection is explained in
more detail at the end of this chapter. Experience
indicates that using a bedding layer to protect foundations
of rubble mound structures from undermining is advisable

except where:

A. The depths of water are greater than twice

the maximum wave height.

B. The anticipated current wvelocities are
smaller than those necessary to move the
average size of foundation material, and
the material has sufficient strength to
prevent settlement of the individual pieces

of stone.

C. The foundation is hard, durable material,

such as bed rock.
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When large stones are placed directly on a sand
foundation at depths insufficient to avoid wave and current
action on the bottom (as in the surf 2zone) and 1If an
adequate bedding layer is not provided, the rubble will
settle into the sand'until it reaches the depth below which
the sand will not be disturbed by the currents. Actually,
this phenomenon is one of local liquefaction of the sand,
allowing the rock to settle while the sand flows out from

under it.

The planning phase of bathymetric survey will
involve an evaluation of the existing data available from
navigation and specific purpose charts. "Boat sheets”
.usually provide sounding data in much greater abundance than
the published navigation chart, which is prepared from the

boat sheets made during the actual bathymetric surveys.

For general survey, side-scan sonar may serve to
cover the area rapidly and to identify natural or artifact
obstacles. Wide~beam echo sounders may be satisfactory for
general bathymetry. For these surveys, conventional
navigation using existing navigation networks may be
adequate for location control. On the other hand, detailed
site surveys may require a degree of accuracy and precision
that may not easily be obtainable using common state-ocf-the-
arts methods. In these cases, precise depth determination
may necessitate the use of narrow-beam echo sounders and/or

deep-towed transducers; location control often will require
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deploying a special navigation network.

Ships may utilize accurate electronic aids for
navigation, bottom~founded acoustic beacons, or other
methods of location control. Echo socunders or pressure
sensors deployed by submersibles may be effective for
accurate depth determination in limited areas. With the use
of inertial gquidance and transponders on the sea floor, it
has become possible to make very accurate and detailled
surveys. However, these methods are very costly, and cannot

be used in the surf zone.

Identification of surface soil materials adequate
for some siting purposes may be obtained from nautical chart
bottom notations, from atlases published by hydregraphic or
oceanographic agencies, and from the gquality of seafloor

traces appearing on echograms.

Sampling methods can be approximately divided
according to penetration distances below the seafloor.
Surface sampling, to & depth of a few meters, can be
undertaken by grab-type samplers or short cores from a
stationary vessel., Free-fall type short corers or grab-
samples can be taken from ships underway. Box gravity-type
corers often provide high quality short cores. ©Short cores
or grab samples can also be obtained from a submersible or

by divers.
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Brown (1971) suggested the use of a piston coring
device which can retrieve undisturbed samples of the ocean
bottom. This device can yield eleven ft. c¢ores in soft
clays, six ft. cores in hard-packed sand, and one ft., cores
in stiff clays. Needless to say, sampling o¢£f loose
surficial sediments is a very difficult task as the
structure cannot be preserved during sampling. Core
penetrometer tests may be used as an indication of the

relative density of sands.

Sampling to a depth of about 328 - 58 m is
conventionally done using marine-geological types of piston
CoOrers. For all piston corers, if the piston is movable
relative to the bottom during the drive stroke, the piston
corer is dynamically operated. If the piston is fixed with
respect to the seafloor during the drive stroke, then the
piston cover operates statically. The latter method is

preferable.

POUNDATION FAILURES

Foundation failures can be classified as follows:
1. Shear failures.
2. Migration of sand under wave and current
actions.
3. Scour.
4,.Settlement

5. Liguefaction.
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1. SOIL FAILURE DUE TO ITS OWN INSTABILITY:

SHEAR FAILURE OR LANDSLIDE.

Underwater shear failures can be initiated by
dynamic forces due to waves, earthquakes, and construction
operations. These shear failure,s once initiated can

propagate, leading to more extensive damage.

The shear strength characteristics of sands and
inorganic silt (unless the soil is exceptionally loose) are

calculated by Terzaghi and Peck {1967} as:

c=(p-"Y,) tan (8) =P tan (9)
Where:

¢ = shear strength

p = confining pressure
uw = pore water pressure

@ = angle of internal friction
P=p - uw = effective pressure

Figure (3.1} shows a shear failure occurring
during the dumping of rock onte the seafloor. Such shear
failures are due to both the static lead and the dynamic
shock, the later diminishing the effective shear strength

by causing a sudden rise in pore pressure.
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Seg Water Level

Mud Wave

SHEAR FAILURE DUE TO STATIC LOAD AND DYNAMIC SHOCK

Figure 3.1: Shows a shear failure occurring during the
dumping of rock onto the seafloor. Such shear
failures are due to both the static and the
dynamic shock, the latter diminishing the
effective shear strength by causing a sudden
rise in pore pressure.
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2. MIGRATION OF SAND UNDER WAVE ACTION, SEEPAGE:

Rocking motion may induce seepage forces {(pumping
action) in the soil, resulting in tunnelling (internal
erosion}. Soil compaction or drainage methods may be

possible solutions.

3. SCOUR

Massive breakwaters placed on the ocean floor
cause local changes in the current pattern Iin that
particular area. This c¢can lead to local scouring,
especially if the seafloor is a sandy bottom. Scour holes
can then affect the stability of the breakwater and cause

failure.

Scour is the removal of seafloor soils caused by
currents and waves: the potential for scour is particuarly
great in locations with sand and gsilt at to the seafloor.
Scour can result in removing vertical and lateral support
for the rock near the periphery, causing undermining of the

toe rock.

Zeevaert(1957) reported that the spreading of
the rock mound because of erosion is a very important
phenomenon that may take place because of erosion at the
foot of the slope of partially submerged breakwaters on fine
cohesionless sediments, such as fine sand. This phenomenon
is facilitated as the fine sand becomes loose during

spontanecus ligquefaction. Let the figure { 3.2 } be the
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slope of a partially submerged breakwater. As the crest of
the water wave travels along the slope, the water fills up
the voids left in the rock mound. During the following
trough of the wave, because of the lower water level, the
water flows strongly out from the inside of the rock fill,
producing a strong erosion in the fine sand at the base.
Therefore, the stability of the slope may be lost and
spreading may take place. Furthermore, the combined effect
of the uplift pressure and the horizontal force produced by
the rapid drawdown as the trough of the wave passes along
may eventually produce a total spreading of the fill. The
shearing strength at the base of the rock mound may be not
enough to counteract the internal water force developed in

the rock mound.

The grain size of cohesionless soil has a great
influence on the amount of scour; the larger the size, the
less the scour. The figure ( 3.3 ) represents a relationship
between flow velocity, particle transport and erosion

susceptibility as a function of grain size, (Zeevaert,1957).
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4. SETTLEMENT

When a heavy breakwater is constructed on fine
sand, silt and clay sediments, large settlements of the fill
may occur due to excessive loading of the soils. Settlement
may also be the result of exceeding the allowable mechanical
properties of shearing strength and compressibility of the

soft clay deposit, (Zeevaert,1957).

Excessive settlements and shear failures may be
avoided by controlling the rate of deposition ( or even
carrying it out in stages) and by aveiding dynamic effects,
S0 as to allow the so0il to gain in strength before it has to
resist the maximum load. Another solution that has proven
to be very effective is to widen the base course (reducing
the slope ) and even placement of berms on either side of
the breakater 80 as to counter the shear forces under the

breakwater proper.

5. LIQUEFACTION

Ligquefaction is a phenomenon in which a
cohesionless soil loses its strength, due to excessive pore
water pressure build=up during an earthquake, storm waves,
or shock, and acquires a degree of mobility sufficient to
permit local or area movements. The essential factors
influencing liquefaction potential are:

a. Soil Type (grain size distribution)

Uniformly graded materials are more
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susceptible to liquefaction than well-graded
material. For uniformly graded material,
fine sands tend to liquify more easily

than do coarse sands.

b. Relative Density (void ratio). Loose sand

( DR < 76 % ) may liquify.

¢. Initial Confining Pressure.
The liquefaction potential of a soil is
reduced by an increase in confining
pressures {overburden pressure).

d. Intensity of Ground Shaking or Impact Shock.

e. Duration of Ground Shaking.

Although factors d. and e. can not be controlled,
factor c. can be increased by surcharge, and factor b. can
be improved by compaction. In the case of imported £ill
material, factor a. may be controlled. 1In many other types
of projects (other than breakwaters) various compaction
techniques are frequently carried out in order to prevent
ligquefaction, since they are usually practicable and

economical.

Provision of drainage, so that the excess pore
water pressure can escape, is another solution. This can be
accomplished by placing a filter blanket of small rock on

sea floor.
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In no case should a breakwater be used where the
strength of the bottom is not sufficient to support the load
without excessive settlement, as this may eventually result
in the failure of the breakwater due to uneven settlement.
However, it may be possible to consolidate the soft material
by:

1. Dumping rock until a stabilized base has
been built and allow it to settle for a
period of time prior to constructing the
upper part of the breakwater. Waiting allows
the remolding effect from the dumping of the
rock to dissipate and the clay to regain its

shear strength,

2. Placing a wide blanket of rock first, say
three times the width of the breakwater
base. The wide blanket will confine the
soil under the breakwater proper. Combined
with a period of waiting, the critical
strength at the edges of the dike will be

improved.

3. Excavate (dredge) a trench to firm material
and refill with rock or other gecod

foundation material.
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Dredging could be done by one of the following types of

equipment:

CLAMSHELL
In this method a flcating crane is emploved,
with a clamshell bucket (different sizes are
available). This operation is very slow and
currents may partially refill these trenches
before the placing of the firm foundation
materials. Therefore, the trench may need to
have a supplemental cleaning operation just
pricr to placement of the rock. See figure
{3.4) showing a clamshell dredging
operation. Another disadvantage cof this
operation is that it is very difficult to
dredge the seafloor in an even and uniform
pattern. On the other hand a clamshell
dredge may be operated in moderate sea
states and even in the surf. It is not

depth limited.
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HYDRAULIC DREDGE

There are many different types and sizes of
hydraulic dredges. Depending on the nature
of the sea, the depth and the work required
a specific type of hydraulic dredge may be

selected.

Figure (3.5) represents a Cutter Suction Dredge of

the Beaver 4000 type.

Figure (3.6) represents a Hydroland Cutter Suction

Credge.

Figure (3.7) represents a dredging operation
showing the drege Umpqua "Fisher" loading a dump barge in

the San Francisco Bay.

Figure (3.8) represents a "Seal" bucket dredge,

Umpgqua, dredging in the San Francisco Harbour.
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DIFFERENT SOLUTIONS FOR SOIL IMPROVEMENT TECHNIQUES TO

STRENGTHEN OFFSHORE FOUNDATIONS

Scoil

follows:

improvement techniques can be classified as

1. Vibro=-compactien and vibro-displacement

compaction.

A,

B.

Blasting

Heavy duty penetrating vibrators
(Terraprobe, Vibroflotation ( see figure
3.9 ), Toyomenka, Dutch Vibratory Probe,
(Tomen) etc..)

Vibratory rollers (surface compaction)
Compaction pile

Heavy tamping (dynamic consolidation)

also known as the "Menard Method"

Grouting and Injection

A.

B.

Particuiate grout

Chemical grout

Preloading (surcharging). This may be

accompanied by wicks or sand drains to

facilitate drainage of the foundation soils.

Pisplacement, Rapid and continous dumping

can be used to create shear failures in the

weak surficial soils, so as to push a mud
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wave ahead of the rubble fill.

The technique applicable to a specific project is
determined by a number of factors, especially the grain size
cf the so0il to be stabilized and the sea conditions at the

site,
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1, VIBRO—-COMPACTION AND VIBRO~-DISPLACEMENT COMPACTION

The basic concept of vibro-compaction is that

vibration and shock waves In loose saturated cohesionless

soils cause liquifaction followed by densification and
settlement accempanying the dissipation of excess pore water
pressures. The effectiveness of this method is greatly
reduced if there are more than 20% of silt or 5% clay size
material, primarily because the hydraulic conductivity of
such material is too low to allow rapid drainage following

ligquifaction.,.

Vibro~-displacement c¢ompaction is similar to
vibrocompaction except that the vibrations are supplemented
by active displacement of the soil. Appendix B shows one
such system used to consclidate land fills: this could also

be applied in shallow water;

Blasting transmits shock waves through the soil
which momentarily liquefy 1it. Then as it drains and
reconsclidates, it acheives a higher densification and

strength,

Vibratory rollers act directly onm the seabed and,
just as in dry land applications, result in densification of

the surficial soils.

Terraprobe and compaction pile give the vibration

to the probe or pile first, and then the vibration 1is
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transfered to the soil. The stress wave excited at the pile
top may move through a pile without loss, because the
frictional resistance of water is negligible. Therefore,
vibration energy may be transmitted to the soil almost

completely.

The Japanese have carried out underwater’
compaction using a sea bottom crawler tractor: this however

is of questionable applicability to the typical breakwater.

DYNAMIC CONSOLIDATION

"Dynamic Consclidation™ is the term used to denote
the method of compaction in which a large weight 1is
repeatedly dropped, so as to cause local shock waves. A
sudden rise in pore pressure is followed by liquefaction,

then reconsolidation in a more dense state.

The efficiency of dynamic conseclidation will be
reduced in underwater operation due to the viscous damping

force of water,

Dynamic consoclidation may work well in
consolidation of underwater fills up to 4-5 m thick.
Dynamic consolidation can be applied to a great range of
various seoil types. It can be carried out in moderate sea
conditions. Figure ({3.11) shows a schematic of the operation

procedures of such a system.
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BLASTING

Mitchell (1976) states that, although blasting is
one of the most economical stabilization methods, with low
costs, it suffers the disadvantages of non-uniformity,
potential adverse effects on adjacent structures, and
dangers associated with the use of explosives in populated
areas, or near to other constructed facilities. In the

water, fish will be killed.

Most of these methods for soil consolidation can
be applied to offshore breakwater foundations, depending on
the availability of equipment and the type of soil to be

compacted, and the sea conditions at the site.

Figure (3.11) shows the applicable grain size
ranges used in different stabilization methods. The ranges
vary from clay to gravel depending on the nature of the sea

floor material.

Figure (3.12) displays a schematic of the

different methods of compaction mechanics described earlier.
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ALY TTTE L4 4
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BLASTING VIBRATORY RQLLER

VIBRATORY RAMMER
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COMPACTION PILE

Pigure 3.12:A schematic of the different methods of compaction
mechanics described earlier.
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The following tables (III.1,2,3,4,5,) taken from
the Army Corps of Engineers design manual (1976} represent
the different methods of scil stabilization for foundations
of structures. They detail the relationship between these
methods and the soil conditions, effective depth and the
area in which they can be most effective. They also note
the special material and equipment required for each method,

as well as their advantages and limitations.
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STABILIZING THE SEABED FOUNDATION

Experience in many breakwaters placed on seabed
sands shows that the surficial layers may locally liquefy
during the dumping of the core rock, thus allowing the rock
to work down into the sand. Later, under service
conditions, the pore pressures may be increased by the
dynamic pounding of the waves, leading to 1local
liquifaction, settlement of the breakwater, and migration of
sand up into the core. This phenomenon has occured on the

Oregon c¢oast and on the East Coast of India.

One solution, as prac:ticed in India, is to place
an initial filter course of small rock, blanketing the sea
floor. Then the core rock is dumped on this. The Dutch, in
carying out their Delta Plan, have developed a number of
schemes, based on the principle of laying a filter carpet or
mattress on the seafloor sands. This mattress is designed
to initially protect the sands from scour and additional
loosening by wave action until the core can be placed. Then
the mattress functions as a filter, to provide relief of

pore pressure without upward migration of the sands.

These practices of scil densification, fellowed by
laying of a filter mattress, are currently being carried out
in a very sophisticated manner on the Oosterschelde Storm
Surge Barrier in The Netherlands. This mammouth project

requires the construciton of an underwater rock dike across



24

the mouth of the Eastern Scheldt. Later, caissons will be

set on the dike.

For the Oosterschelde Storm Surge Barrier, a
trench was first dredged in the unconsclidated sands, then
filled back with small rock. They then employed vibrating
probes to penetrate the loose underlying sands and compact
them by vibration. Figures (3.13} and (3.14) show the barge

mounted plant and the sequence of operation.



Figqure 3.13: Deep Compacting Barge Myhilas
Used Iin The Ezstern Schuaiat
Seaficor.

-

Fiqure 3.14:Schematic Showing The Deep
Compacting Bdarge At Work

L

vh
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The second step involved the placement of a
protective layer of filter fabric mattresses weighted with
concrete blocks. Then the construction of submerged dike
followed. Appendix A illustrates a brochure describing the
filter assembly plant used in the Oosterschelde Storm Surge

Barrier.

The next section presents different methods of
placement of mattresses or filter cloth on the bottom of the
Sea to prevent migration of sand or small soil particles
from foundation. These filter mattresses act to relieve the
pore pressures generated in the sands below during the
dumping of the breakwater core and subsequently by the
dynamic impact of bréaking waves. They alsoc serve to
protect the seabed from erosion and disturbance during the

initial periods of breakwater construction.
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FASCINE MATTRESS WITH POLYPROPYLENE FILTRE CLOTRH

The mattress consists of a polypropylene filter
cloth (weight 708 g/sm) with fixed lashings (polypropylene
ropes), one layver of willow (thickness 1@ mm. when loose)
and two frameworks of wieps in the form of squares at 1 m.

centres.,

The machine-made wieps have a circumference of not

less than 350 mm. throughout.

The total thickness of these mattresses is about

4¢¢ mm. {(including @,4¢9 t./sgm stone).

These mattresses protect a sandy bottom far better

then fascine mattresses without filtre cloth.

They are practiced by the Deltaworks in Holland.
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Figure 3.16:

Placement of Filter Fabric Mattresses on
Seabed
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Pigure 3.19: Laying of Filter Fabric Mattress on Seabed:
Installation Schenme




Figure 3.21: Laying Mattra=sc
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ADVANTAGES OFFERED BY PLASTIC FILTER FABRICS

1,

The filtering ability (permeability and
particle retention) is factory controlled
and cannot be altered due to careless

placement.

They possess good tensile strength, thus
preventing rupture during subsequent rock

Placement.

Quick wvisual inspection assures architects
and engineer the filter is in place as
desighed. (Screening and inspection of
graded material, and inspection of placement
to insure proper thickness and compaction

are eliminated).

Permit greater opportunity for consistency in

filter design.

Geographic location and availability of
materials (sand and gravel}) are eliminated
as economic considerations in the design of

the filter system.

Relief of water presssure and prevention of loss

of soil is important in any design; it is especially

critical in a rock structure. Since a rock structure has no

independent strength, it depends upon the scil for its
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stability; if soil leaches thru the armoring units, the

structure will fail.

Poly~Filter X, Filter-X, and Poly-Filter GB have
been successfully used to stabilize structures armored with
rock, sand-cement riprap, interlocking concrete block, and

Gabions.

Figures (3.22) and (3.23) illustrate a filter

fabric applied under a breakwater base.
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Poly-Filter X
Poly-Filter GB
Filter-X

ROCK BREAKWATER/JETTY/GROIN

The Architect/Engineer has difficuity with conventicnal
fiter blankets in breakwater, jetty, or groin construction, since the
lightweight stone is often washed away before the heavier units are
in place. POLY-FILTER X* / FILTER X*® used as the base filter has
eliminated this problem in many coasial projects.

Figure 3.22: Filter Fabrics Applied Under Breakwater
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ALTEAMATE TOE
TREATMEMT

LW =00 §

...ﬁ . Poty-Fitter X
M.LW -2 ..-'......o p— Boly-Filtar G2

Filtesr-X

PERMEABLE ROCK REVETMENT

ALTERNATE TOE
TREATMENT

Apron |

MLWaa =1

SPANISH METHOD

Pigure 3.23: Filter Fabrics Applied Under Breakwater
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APPLYING A SANDMASTIC CARPET ON THE SEABED

Another method of preparing the seabed is
illustrated by the figures (3.24 and 3.25). In this method
the converted ship (by the name "“Jan Heijmans") lays large
sand-asphalt mattresses. Recent research reported by Prof.
C. Monosmith at the University of California at Berkeley
indicates that rubber asphalt may produce a more flexible

and resilient matrix for the sand-asphalt carpet.

The asphalt layers can be applied under water at a
depth up to 20m (66 ft.) by a vessel equipped with asphalt
making machinery. The nylon carpeting is unrolled from a
trolley towed along the sea bottom. The carpeting has
pockets at regular intervals filled with sand for
ballasting. The ballasting of these underwater protective

layers is also done mechanically.

Appendix I represents some illustrations and

schematics demonstrating the sandmastic application process.
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Pigure 3.24: A Roller Trolley Used for Laying Nylon Cloth
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CHAPTER IV

MATERIAL
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The core of rubble mound breakwaters consists of
rubble of different sizes, which ideally is graded and
placed so as to develop maximum compactness with a minimum
of cavities. The minimum size of its constituents is’
limited due to the fact that during construction these
particles will be placed through the water, either by dump
trucks or barges, and therefore must be of sufficient size

to prevent washing and to be stable on the sea floor.

The core material usually consists of Class C rock
which is a residue from quarry operations or consists of
dredged material, or in some cases of sands ( e.g. the Los

Angeles - Long Beach Breakwater).

MATERIAL SPECIFICATIONS

Contract specifications for materials vary from
one structure to another, depending on many different
criteria such as the purpose of the breakwater, its
location, the climate and environment in which it is built,

the material available for construction, etc.....

One of the first requisites in the design and
construciton of rubble mound breakwater 1Is the
identification of a reliable source of stone (Wakeling,1977)
The core is normally selected from gquarry run ranging in
size from fines to individual pieces weighing 208 pounds
with the average size stone weighing 25 pounds. No more than

5% by weight should pass a No. 4 sieve when tested in
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accordance with ASTM designation Cl36 (see Appendix C). All
overburden and organic material must be excluded. If the
core material consists of particles of sand or gravel, then
no more than 19% percent fines should be passing the number
209 sieve and in some specifications, this number is reduced
to 5% In general, there should be a limit on the maximum
size as well, so as to prevent large voids forming under the
rock. Maximum limits have been prescribed ranging from 3"

to 24" with 12"being the most common.

PROPERTIES OF MATERIAL

Breakwater materials must be sound, durable, hard,
free from laminations or cleavages, and of such character
that it will not disintegrate from the action of air, sea

water, or the conditions to be met in handling and placing.

The rock chosen for the protective layers and also
for the core-material, should undergo adequate testing to
determine its acceptability. In a number of breakwaters,
most notably San Ciprian in northern Spain, the core rock
has not been properly tested and has turned out to be
unsound in sea water. In addition, the model test was made

from rock from a different scource than the chosen quarry.

Wherever possible, service records of the rock
should be considered. The tests employed are not
exclusively designated for breakwaters, but in many cases

are chosen from ASTM procedures that are used for aggregates
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for concrete.

The agencies that have set gpecifications for rock

products are:

ASTM
The American Society for Testing and

Materials

AASHO
The American Association of State Highway
Officials

The U.S. Department of Transportation
(significantly, the Federal Highway

Administration)
The Army Corps of Engineers
Various State Highway Departments

The ASTM and AASHO have developed standardized
tests to evaluate the physical properties of rock pertaining

to its similarity as aggregate.

l. DENSITY QF STONE

Rocks should have as high a density as practicable
but In any case not less than 168 pounds per solid cubic
foot. It is the underwater or buoyant unit weight that

determines the stability of the basic structure: thus an
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increase in air density of 5% can produce an increase in
underwater unit weight of 8%. Stability is normally believed
to vary as the cube of the underwater unit weight, thus the
stability ratios are 1:1.27, representing a 27% difference
in performance with only a 5% increase in unit weight.
Conversely a 5% under density produces a 23% reduction in
stability. The density based on the saturated surface dry
specific gravity of the stone s determined in accordance
with ASTM designation C 127. The minimum value for the bulk

specific gravity is 2.60. See Appendix C for more detalls.

2.DURABILITY OF STONE

Tests that identify deleterious materials are also
very important, The presence of large quantities of organic
matter, chert, clay, coal, shale or other soft particles may
interfere with one of the most important characteristics of
the rocks for breakwater construction; its hardness and its
specific density, as well as leading to potential

disintegration in seawater.

A gqualitative evaluation of rock durability
relates to the geological origin and history of the rock;
and is based on, in the first instance, a petrographic
examination of the mineral and crystallographic makeup cof
the rock. Large scale macro studies of hand specimens and
field observations of large fragments and any exposed rock

faces are made to determine weak seams, such as poorly



healed joints or fractures and incipient c¢racks. All of
the above factors influence the potential durability of the

rock.
3. ABRASICON RESISTANCE

Apbrasion tests measure the resistance of
aggregates to abrasion.The Los Angeles Abrasion Test ASTM C-
535 is normally employed. (This is based on the ability of
rock fragments to remain intact when subjected to the
axtensive abrasion and impact which occurs when these
fragments are rotated with iron balls in a drum, reflects
the toughness and durability of the rock.) A maximum
acceptable value is 45% loss in 589 revolutions. The Los
Angeles Abrasion machine is illustrated in the following

figure (4.1).

16
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4. SOUNDNESS

Soundness tests also give a rough indication of
the porosity, permeability, and tensile strength of the
rock. This can be determined by the Soundness Tests in
Magnesium and Sodium Sulphate ~ ASTM C-88, (These tests
determine the resistance of rock to disintegration by
saturated solutions of magnesium and sodium sulphate. These
tests will determine also how much the rock weakens from the
expansion of ice or salt crystals in its pore spaces. The
tests are designed to simulate weathering action and to
supplement information on the service records of the
material when exposed to actual weathering conditions.) For
typical acceptable values, see Appendix C. These tests are
indicative but not conclusive: they should be considered in

conjunction with service experience wherever available.
5. ABSORPTION AND SPECIFIFC GRAVITY

Specific gravity measurements indicate the solid
volume occupied by the rock and are significant in the

proper design of the stability of breakwaters.

Test for Absorption and Bulk Specific Gravity are
designgated as ASTM C-127. (This test provides an
indication of the rocks porosity and is a measure of
resistance of stone to freezing and thawing., The specific
gravity provides a measure of a fragment susceptibility to

movement and indirectly relates to mechanical abrasien in
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the breakwater.) Typical acceptable values are 2.7 and up.
6. COMPRESSION STRENGTH

Strength tests are also important in evaluating
the performance of the rock under the variable loading

forces to which it will be subjected to.

Test for Compression Strength 1is designated as
ASTM C-179 (This test provides an index of the general
strength and toughness of the rock element and alsc is an

index of durability.)}
7. SBEAR STRENGTH

Type 1V core stone may be tested to determine its
shear strength. The testing consists of a series of
consolidated drained triaxial tests. The l2-inch diameter
triaxial cell of Geotesting, Inc. of San Rafael, California
is currently being used to test various stone specimens for

acceptability in breakwaters.
8. GRADATION

Gradation tests are useful in determining 1if
crushed materials meet appropriate standards for the

specific application and requirements,

The core material is the smallest size rock in the

total breakwater system. It must be protected by filter

layers gradually increasing in material size until the armor
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layers. A proper gradation will provide the structure with
minimum cavities for entrapped air which will increase
internal pressure, Figures (4.2 and 4.3) show a mix of
quarried rock for breakwater construction. The gaps in
gradation sizes is very well illustrated. To remedy this
problem, specific sizes of rock have to be obtained which

means an increase of cost.
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9. PRESENCE OF FINES

Another important test is a washing procedure used
to determine the amount of 280 mesh material present in
crushed stone. For breakwater construction, an excess of
fines is undesirable, as it will be washed away during
placement. It should be noted that the very act of dumping
the rock through the water tends te improve its strength,

while at the same time reducing its impermeability.

1¢. SHAPE OF ROCKS

Shape of crushed particles is another key property
that must be looked at when the quality of the rock in a

prospective quarry deposit is being assessed.

A large quantity of Elat or elongated particles
are undesirable because they tend to prevent consolidation
and produce voids. This will lead to a reduction in density
and the overall strength. Flaky particles break easier than
the equidimensional ones. Alse flaky materials increase
segregation during placement. Round rocks such as cobbles
are also undesirable since they tend to roll and have a very

low angle of internal friction.

1l. SURFACE ROUGHNESS

Surface roughness is very important in the core

rock material chosen for construction. A rough surface will
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increase friction between the particles and increases
stability. Water polished or glacially-polished rock will

have a lower angle of internal friction,

D'Angremond, Weide and Woestenenk (1970) presented
a method for rock classification, based on field experience.
A graphic illustration, of the classification of strength
and fracture spacing of rock, used in each component of a
rubble mound breakwater is demonstrated in the following

figure (4.4) (Wakeling,1977).
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Wakeling,(1977) presentad "a typical specification
of rock gquality used by his firm in the selection of
material:

(i). Apparent specific gravity not less than
2.6 (Test Method in BS812).
(ii). Water absorption not greater than 3% gain
by weight. (Test Method in BS812).
(iii). Aggregate Impact Value 30% for standard
test fraction (Test Method in BS812).
{iv). "Ten Per Cent Fines"™ value not less than
190 tonnes (Test Methed in BS812).
(v) . Soundness(Mg80,) not greater than 18% loss
by ASTM Method (€88 Test.
(vi). Prismoidal shape, maximum dimension less

than or equal to twice minimum dimension.”

TYPES OF ROCKS FOR THE CORE

The types of rock most suitable for constructing a

breakwater are:

A. Those which have a source favorably located
for ecomonically producing fragments of
rubble of the required sizes and quantities.

B, Those types of rock sufficiently tough to
withstand both the short-term processes
associated with gquarrying, transportation

and placing and the longer term processes



associated witih the life cycle of the

breakwater,

The following paragraphs are parts of a study on
the properties of rock used in the construction of rubble
mound breakwater, (A.G.5., P.5.A.,R., Amendment 1, April 17,
1974). This study was prepared for the Diablo Canyon
breakwater, California. Apwrendix C represents more

information on these specifications.

"Geologically, the most suitable materials are
derived from massive, fine-grained igneocus rock such as
diabase or basalt; the massive metamorphic rocks such as
greenstone and qQuartzite and the massive sedimentary rocks
such as hard sandstone and limestone. Coarser=-grained
ignecus and metamorphic rocks such as granite and granitic
gneiss are also suitable. Lithologic suitability applies
especially to the larger size ranges of rubble, since for
the most fine-grained igneous and sedimentary rocks, their
inherently closer jeoint spacing or bedding tends to linit

the maximum size.”

" Highly.foliated rocks such as schist, micaceous
gneises and some amphibolites, as well as thinly bedded,
sheared, and excessively jointed rocks are not suitable,
since these are likely to shatter on blasting, producing a
large number of flat elongated particles that would leave

voids in between them and would regquire more fines to £fill

b

~1
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the gaps. " If these voids are not filled, the whole
structure will be excessively permeable and may have low

shear resistance.”

"The importance of the characteristics of natural
discontinuities (l.e. jointing, bedding, etc.) in the rock
mass cannot be overstressed, since these control not only
the ability of the rock to break into angular roughly
equidimensional fragments showing suitable surface
roughness; but they control also the distribution of
fragment sizes (gradation) in the production blast. Such
properties, if favorable, contribute significantly to a
relatively dense rockfill with a relatively high angle of

internal friction. "

This is a very important point in the construction
of breakwaters. The importance »f these characteristics of
the core rock is illustrated in the following schematic

figures (4.5 and 4.6).
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As a result of this wave attack, hydrostatic
pressure (P) will travel between the rocks whenever there is
a free passage and may end up underneath one of the cover
stones, so as to dislodge, roll or eject it. The shock wave
of breaking waves can reach instantaneous values as high as
30 T/MZ (ref. Det Norske Veritas, "Rules for the Design,
Construction and Inspection of Fixed 0Offshore Structures”,
1977) Once the armor rock is displaced, progressive failures
may take place. The armor rocks have lost their
interlocking aspects thus creating more voids and openings

seo that the core can be easily washed out.

However, if there is a proper distribution of
fragment sizes, these particles wil fill the interstices and
create internal friction that will attenuate the forces
created by the impact of waves through the rocks. This will

help prevent the displacement of the cover layer.

"Suitable breazkwater stone 1s further
geologically characterized by being resistant to physical
and chemical weathering. Rock with a minimum of internal
voids 1is usually least prone to frost action. Chemical
weathering involves rock disintegration accompanied by
marked changes in chemical and mineralogical c¢ompositioen.,
Over a geological time span, the complex silicates that make
up the bulk of igneous and metamorphic rocks commonly change
into hydrous silicated hydrous oxides, and carbonates. Some

materials, such as carbonates, are lost by solution. With
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the exception of carbonates, the susceptibility of a rock to
chemical weathering is related to the temperature at which
the rock formed. Higher temperature rocks (igneous and
metamorphic} are more susceptible than lower temperature
recks (sedimentary). Except under extreme climatic
conditions {sub-Artic or Tropical), weathering is a very
long-term process and the possibility of weathering
adversely influencing any sound rock placed in the
breakwater during its 44 year life cycle i3 extremely

remote.” (A.G.S./P.3.A.R. 1974).

"Favorable geological rock types relate to
materials with favorable engineering index properties. In
other words, properties such as mass per unit volume,
compressive strength and durability in terms of mechanical
and chemical stability, are a function of the mineral
composition, texture, and macro structure of the rock
element. Favorable properties are generally assocciated with
such features as fine grain size, a lack of micro-fracture
or well—developed-cleavage, hard stable minerals, isoctropic
mineral arrangement, and good <crystal interlock.
Conversely, less well suited rocks are associated with
coarser grain size, the presence of micro-fractures,
unstable soft minerals, an abundance of minerals with well-
developed cleavage, a well defined anisotropic mineral

arrangement, and a clastic texture.” (A.G.5. 1974).
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The susceptibility of a rock type such as diabase,
granite or granitic gneiss to weathering or break-down in a
salt water environment {s almost non-existent. Most
chemical weathering phenomena occur in an acid environment
{pH < 7.0) under conditions favoring oxidation, where
precipitation containing dissolved CC, acts as the solvent,
In the ocean, however, the pH is always in the neighborhood
of 3.0 as the combination of several solutes (moest notably
the CQ5 - Hy = CO03 = HCO, - CO3 system) serve as an
effective buffer., This inhibits the rapid fluctuation of pH
and {s probably respcnsible for the relatively benign
conditions which have prevailed in the oceans over a long

geologic time period.

While the dissolution of minerals within diabase,
granite or granitic gneiss in a salt water environment is
feasible thermodynamically, it is kinetically improbable.
The c¢oncentrations of anions and cations already present in
sea water (and common to those in the subject crystalline
rocks) can approach saturation at certain temperatures and
pressures. Such a condition would make it highly unlikely
that solution of any of these minerals would take place.
This is evidenced, in part, by several petrographic analyses
of rock specimens from existing breakwaters. Clinton Point
dolomite from the Jones Beach Breakwater (N.Y.) and granite
from the Hyannis Port breakwater (Mass.,) (granite from

Stonington, Maine) were analyzed in thin sections and showed
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no mineral alteration after up to 48 years of exposure in a

salt water environment.

Unfortunately, the majority of published detailed
studies have been directed towards rock on the Atlantic
coasts, and thus are not directly applicable to the Mid-
East. Becsuse of the geological history of the Mid-East with
its lack of natural weathering, the rock qualities there
require mere examinations and study. There is limited
experience available by which to evaluate the performance of

rock from particular sources.

The properties of the rock may be evaluated in
quantitative terms in accordance with standarized laboratory
procedures, as discussed earlier In this chapters., Specific
gravity is an important index property in this respect since
as noted earlier, the specific gravity of a rock is directly
related to its resistance to movement. An 1llustrative
example is discussed by Treasher who compares two similar
sized stones} one having 18% greater density in air than the
other. The heavier stone, when immersed in water has 50@%
more resistance against movement by wave action than the
lighter stone. A specific gravity of greater than 2.6 1is
desirable. Frequently, however, there will be an alternate
source with rocks of heavier unit weight and the added cost

of transportation may be offset by the better performance.

There have been relatively few studies on the



~actual forces induced by waves on individual units of a
rubble mound breakwater. In design practice a type of
integrated approach is used. The formula generally used to
calculate the size of armor rock to use is a modification of
the original Iribarren formula, and (Hudson, 1953 ,1959)

where W is the weight of armor units {(pounds), Y, is the

r
unit weight of the armeor units {(pounds per cubic foot), Hg
is the design wave height {feet), usually taken as the
significant wave height at the structure location with no
structure present, Kp 1s a experimentally determined
dimenslionless conefficient that wvaries primarily with the
shape o0f the armor units, roughness of the surface,
sharpness of the edges and degree of interlocking obtained
in placement, S, is the specific gravity of the rock
relative to the water in which the structure is placed (S, =
Y,./Y,' where Y, is the unit weight of the water; Y, = 54.0

pounds per cubic foot in the ocean), a2nd & is the angle of

breakwater slope measured freoem the horizontal in degrees.

It is suggested that the relationships given by
this formula also have applicability to the cecarser

fractions of the core rock.

Design suitability of rock is evaluated in terms

of the efficiency with which individual rock fragments
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recombine and act as a single rockfill mass., The critical
design parameter in this respect is the angle of internal
friction needed to prevent the shear failure within the core
mass, this alsec determines the safe slopes, which defines
the strength of the rockfill structure.- The highest angle
of internal friction is naturaly desirable, Determination
of this parameter should be consistent with the confining
stresses and density anticipated for the core material of

the breakwater.

Some of the major breakwaters built in the last
few years are suffering damage and experts in this fleld ar=
peinting to the poor quality of rock used as being one of
the reasons of failure., Based mainly on the economic aspect
of the construction of the breakwater, the closest quarry is
often chosen as a source for the core rock. Most of its
rock is used, regardless of quality, and often it does not

properly meet standards as to gradation and quality.

The crushed stone industry is considered an
important industry all over the world., The use of crushed
stone is tied in very closely with the construction
industry, and thus the standards developed for its use in
construction may contribute to improving the guality of the

core of rubble mound breakwaters.

In order to better evaluate the production of rock

for breakwaters, an indepth investigation was made into the
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procedures currently used for site selection and rock

production in existing quarries.

GEOLOGIC INVESTIGATION OF QUARRY SITES

An important activity which must be carried out
before beginning the operation of any crushed rock quarry is
a geological investigation of the gquarry site. It will
assist in a better evaluation ¢of the properties of rock used
for the rubble mound breakwatar, both for the armeor rock and

the core and filter layers.

The Purpose of a geologic Investigation is to
evaluate the continued economic usefulness of an existing
quarry deposit near the proposed construction site for the
breakwater or to explore a new deposit to determine if it

will be worth develcping.

A PROPER GEQOLOGIC INVESTIGATION SHOULD CONSIST OF SEVERAL

PHASES, as described very well in Zaruba and Mencl ({197%):
1. Office research.
2. Preliminary deposit reconnaissance.
3. Detailed explcoration.
4. Selection of operational methods to be used

in exploiting the deposit.

The investigation should start on a general basis
and continue to more detailed studies if the initial

research and reconnaissance indicates that further work 1is

~1



b
[N ]

warranted.

FIRST PHASE:

In the first phase of an investigation of a quarry

site, the initial step is to establish the type, size, and

quality of material that is regquired. In addition to the

characteristics of the rocks which have been mentioned
previously in this chapter, it is important to specify the
sizes (gradation) of rocks required for the different parts

of the breakwater.

Once the material reqguirements have Deen
established, prospective sites should be selected. The
location of the site relative to the breakwater will dictate
the methods of transporting the rock products which can be
used. Transportation costs are a key factor in determing
the deliverd costs of the core and armor rock and the

overall economy of the project.

Geological information can be obtained from
geologic maps. One drawback of many maps and publications,
is that the rocks are described from a purely geological
standpoint without any discussion of their engineering

characteristics.

SECOND PHASE:

When office research on a quarry site has been

completed, a preliminary reconnaissance of the deposit
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should be made to see if it is of sufficient size, and the
core rock of sufficient quality tov meet the previously
established material requirements, as described in the
beginning of this chapter.In addition to testing for rock
guality, data from the preliminary field reconnaissance
should be used to compute approximately the total volume of
the deposit and make a rough estimate of the reserves
available, These rough computations are important because
they give a first indication of whether or not the deposit

is large encugh to be worth exploiting.

Samples of the rock should be taken for 2nalysis
to determine pertinent properties such as: friability,
toughness, c¢leavage, color, ;tructure and weathering
characteristics, Several representative samples of the rock
to be quarried should be collected, in order to obtalin a
characteristic range of material properties, since some
variation s to be expected. Petrographic and X-Ray
diffraction techniques c¢an be used to ascertain the
mineraloqic content of the rock, as well as give additional

clues to its durability and other properties.

Chemical analysis .s helpful to assess the
suitability of the rock to withstand the seawater attack.
The guality of the rock to be quarried is usually evaluated
by seeing how well it meets crushed stone specifications
established by the various public agencies,{(ASTM, AASHC

eCts), and consultant firms, since their standards are the
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most widely us=d in the construction of breakwaters.
Unfortunately this procedute is not always wvigorously
applied to specific projects, even though breakwaters ars
designed to last for long periods of time in an gxtrememly

severe environment.

THIRD PHASE:

Detailed explorations of the guarry site, This

phase should include datailed mapping of the topography and

geoloqy; photogrammetry may be helpful for these activities,

The comprehensive site survey should be
undertaken from an engineerirg point of view, both in
mapping the site and in the classification of the rocks,
keeping in mind the functions that these rocks will be used

for in the total system of the breakwater.

In mapping the site geology, the following items

should be considered:

1. Majer joint systems

2. Faults and Fractures

3. Extent of overburden

4. Qutcrop locations

5. Strikes and dips of exposed beds
h. Location of all test, pits, trenches and

boreholes used in explorations.

The volume ¢f the overburden of soil and weathered
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rock should be determined. An excessive amount of
overburden material may render this quarry site uneconomical
for this project because of the expenses involved in the

removal and disposal of the unuseable material,

The mapping of the quarry site should be carried
out even after the mining operation begins in order to
gather more detalled information., Opening a face (trial
pits) can be very helpful in locating subsurface cleavage
planes. This will provide the gquarry engineer with the
necessary information to determine if the site is

appropriate for the project at hand.

FOURTH PHASE

At this stage the primary site has been assessed
and determined to be economicaly feasible. The gquarry
engineer will then develop the best method to be used in the
operating procedures. These activities should be planned in

a very precise manner.

1. The development and sSequence in which the
rock will be removed. |

2. The method in which the overburden can best
be stripped, and wasted.

3. The selection of the blasting equipment.

4, The design of the blasting patterns.

S. The selection of the powder type, speed,

loading ratio, and stemming.



6. The selection of the transportation
egquipment, to move the blasted rock from the
guarry to the processing plant.

7. The layout of the material stockyard.

8. The means of delivering the product to the
construction site of the breaxwater:

selection of equipment and methods.

Thesz2 four phasas represent the begining of the
quarry operation intended for producing rock used In the
complete breakwater. Follow=-up surveys and investigations
should be conducted on an ongoing basis, so és to Ilmprove

the efficiency and productivity of the gquarry.

The following table (IV.l) represents a summary of

the four phases.
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QUARRY OPERATIONS

REMOVAL OF THE OVERBURDEN

Stripping the ground cover layer to reach the rock
that will constitute the rubble for the core material, as
well as the filtsr layers, and armor units, is usually the
first operation performed in most guarries, The depth and
the area to be stripped vary from one site to another. This
overburden should not be used in the core material unless it
passes the tests previously mentioned. It is of course
desirable to remove as little material as poessible so as to
lower the cost of the quarrying operation while still
ensuring that the remaining material will meet the

specifications.

FACTORS INVOLVED IN THE LAYOUT OF THE QUARRY OPERATIONS

While extension of an existing quarry operation
has the advantages of facilitating the geclogical
investigation and experience as to fragmentation when shot,
nevertheless it is often easier to open a new guarry for the
production of rubble for the construction of breakwaters,

than to readjust the existing guarry.

1. The geometry of the deposits and its
orientation relative te the existing site
topography and overburden plays an important
role in the design of a gquarry. If the

exsisting quarry has been established for
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the production of crushed rocks to be used
in highway construction, the equipment and
method of mining (drilling and blasting
according to the geometry of the deposit)
will differ from the egquipment used ¢to
produce the wide variety of sizes of rocks

needed for breakwater construction.

The geologic structure of the rock such as,
bedding, jeints, and folids will be a major
factor in the stability of excavations made
in the deposit. The quarry engineer should
design his layout to minimize the
possibility of the development of large
unstable zones, This includes the
hydrogeoclogical conditions and the flow
patterns of ground water seepage. Proper
drainage should be observed to avoeid such

problems.

Since rubblelmound breakwater construction
uses a large volume of rocks, this makes the
production requirement one of the most
important factors influencing the planning
and design of a gquarry operation. It is
necessary to select the type of mining
operation as well as the layout of benches

and ramps, and the drilling and blasting
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procedures to produce the size and grade of
rubble mound material that will meet the
specifications for the different sections of

the rubble mound breakwater.

DESIGN OF BENCHES

In designing the benches in a quarry, the
' geological characteristics and safety should be very
thoroughly examined. B8enches serve as a means of protecting
personnel and equipment from slope failures and provide flat
areas to spiral down from the top of the pit to the bottom,
or to lay out horizontally with connecting ramps between
them as a working area giving access to different sections
of the quarry (Appendix D provides consideration for berm
selection and bench design.). The geological
characteristics of the material will control the maximum
slope and height that can be safely cut into the rock.

These characteristics include:

1. The strength and density of rock.

2. The orientation and strength of
discontinuities such as bedding, joints,
shear zones and folds.

3. The drainage conditions at the site.

4. The size and type of equipment that is used

in the quarrying operation.
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Once the sizes and types of mining equipment have
been selected, the benches can be designed to provide
adequate room for safe and efficient maneuvering of the
excavators and haul trucks. The following figure (4.7) is a
photograph of the gquarry used for core and underlavyer
material for Sines Breakwater, Portugal. It is also showing

the benches and quarrying operation.
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DRILLING AND BLASTING

After preparing the qgquarry by stripping away the
overburden, the next step is to break the rock deposits into
the sizes of rocks needed for the breakwater construction.
This (s the most important step in the entire gquarrying
cperation. If it is carried out with careful planning,
minimum material will be wasted, and the cost of the entire
project will be reduced. The major attention should be
directed to the Class A rock, since this is usually the
Scarcest size to obtain, and is the highest in price. This
focus on Class A rock will normally dominate the decisions
as to drilling and blasting operations. For this reason the
blasting program should be tailored to give minimum
fragmentation. Large, widely spaced drilled holes and low

velocity explosives will produce large fragments of rock.

SELECTION OF DRILLING EQUIPMENT

Contrelling the size of rock fragments depends on
the design and layout of the drilled holes and the equipment
used. The factors involved are:

l. Production requirements

2. Volume of rock that must be blasted.

3. The amount of drilling that must be done.

4. The hardness of rock and the degree to which
it is fractured.

5. The terrain at the site,

b



6. The mining operation.

TWO OF THE MOST WIDELY USED TYPES OF DOWN-BOLE RIGS are:

1. Rotary drills use tri-cone roller bits that
could be made either with steel teeth nor
tungsten carbide teeth depending on the type
and hardness of the rock to be drilled.

2. Percussion drills use cross bits which have
four tungsten inserts set at right angles to
each other or X-bhit with the same inserts,
Bat set at angles forming an X pattern.
These drills can be either surface- mounted
or down-hole. The major difference between
the down-hole percussion drills and the
surface-mounted drill is that the down- hole
drill gives greater penetration rates in

deep holes.

Eazh type of equipment and bits have both
advantages and disadvantages. There is a great variety of
drilling equipment on the market and the guarry engineer
.should select the proper type of drilling equipmant
depending on the factors discussed previously.(Morrell and

Unger, 1973)

SELECTION OF THE EXPLOSIVES

The procedures and equipment wused in quarry
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ocperations must be determined with full regard to the
geological character of the quarry and the sizes of rock
required for a specific structure. This is especially
important where large quantities of armor rock and even

greater-quantities of core material are required.

The two types of explosives most widely used in gquarry
operations are:

1. ANFO (ammonium nitrate with fuel oil) which

has several advantages:

a. Low cost

b. Equal performance to dynamite
(if it is carefully controlled

when used.)
c. Safe because of its low sensivi-

ty (Gregory, 1979)

The major disadvantage of this blasting
agent is the fact that it is not water
resistant, i.e. it is socluble in water. The
use of SBA ({(slurry blasting agent) will be
more suited for these wet conditions,

because of its high velocity of detonation.

2. WATER GELS (which are highly explosive
materials). Thelr main advantages are:
a. High loading density and

performance.
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b. Low sensitivity to impact.
¢. Water resistant.
d. Absence of headache-causing

ingredients.

A third type of explosive material used in special
cases is dynamite (nitroglycerin). This explosive is very
dangerous and causes headaches known as NG Headaches.

Extreme caution should be maintained in its use.

The initiating devices used with the ANFO and the
slurry blasting agents should be a high energy priming

charge, because of their low sensitivity.

There are many types of detonators. The milli-
second delay electric detonator should 'be used when
quarrying for armor rock material. This is due to the fact
that individual charges when fired milli-seconds apart
produce overlapping shock waves which will give a much
better fragmentation as well as a lesser amount of fly-rock
and a smaller amount of owver break{ Gregory 1979). To
produce the core rock material, an opposite procedure could

be applied.

According to Gregory (197%9), the most effective
stemming material is sandy c¢lay. However, it often is not
readily available, and thus other materials are used as

substitutes.
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Each blast is designed with a pattern which is
selected to achieve the most effective results. The most
important factors in the determination of these patterns
are:

1. The properties of the rock(Its strength, the
distribution and orientation of
discontinuities etc..).

2. The geometry of the bench section being
blasted (specifically the availability of
free faces, since rock breaks more readily
to a free face.).

3. The sizes of rock to be developed.

4. The amount of rock to be required.

5. Water content in the holes.

6. Safety precautions and requlations.

7. The weather conditions at the time of the
shot.

8. The restrictions concerning air concussion

and ground vibration.

The parameters involved in the design of the
blasting patterns vary according to the size of rock to be
fragmented. These variables should be specifically
determined to produce the wide wvariety of rubble for the

construction of breakwaters. They are

l. The spacing of the holes.

2. The burden



154

3. The hole depth and diameter.

4., The sub-drill degth.

5. The number of holes,

6. The number of rows.

7. The size of each individual charge.

8. The detonation sequence or delay pattern,

9. The amount of stemming for each hole.

These nine parameters do not necessarily represent
all the variables that should be considered but they are the
major factors.{Appendix E illustrates different blasting

wAattarns.)

Once the blasting operation has been accomplished,
the large rocks (Class A and B) are accumulated in stock
piles in accordance with the planned lay out of the quarry.
S5omeitines the remaininq rock can be all employed in the
2are, Although it is desirable to put it through a grizzly
{spaced bars) so as to exclude oversized fragments. In other

ases, where gradations are erratic, it may be necessary to

]

screen the rock into several sizes and then reblend then
during 1loading. As actualy opracticed, the reblending
operation is oftsn very crude and subjective, depending on
the judgement of the scocop loader operator as to propertions
and reblending seguence., It would appear desirable to
exercise more engineering control over the reblending, since
the extra costs due to this control would be nominal when

related to the overall costs of production.
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In extreme cases, some of the rock may have to be
put through a crusher in order to produce rock of
sufficiently fine gradatiocon. This is a relatively costly
operation and it may be preferable to adjust the blasting

Program so as to obviate its necessity.

It is important to note here that very fine
material should be wasted at the quarry and not be
transported to the construction site for use as core
material. The following figures (4.8, 4.9 and 4.16) show the

quarry operation at Gijon breakwater, Spain.

Appendix C represents a copy of specifications
from contract documents used by the Army Corps of Engineers

in the construction of rubble mound breakwaters.
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FILTER LAYERS

After the construction of the core, which is class
C rock or quarry run, the filter layers will follow. They
are a layer of class B material, which is heavier and larger
than the core material. The thickness varies from one
structure to another depending on the design criteria and
the wave conditions. Filter lavyers are very important to
protect the core material from leaching out through the
armor layers. Undoubtedly, several failures were caused by
inadequate placement of a well graded filter layer over the
core. The design must consider practical aspects of
construction and supervision as well as engineering
regquirements of these filter layers. The control of thin
filter layers is complicated and made more difficult by the
fact that to a large extent they are carried out underwater
and subjected to wave and surf action like the core.
Internal erosion, where the materials are removed by
percolating water, such as that due to water waves, surface
runoff, and tidal flow will cause severe damage to the

structure.

The size of stones in these filters is of primary
importance., It should be graded in such a manner that the
first layer next to the core will be the next size larger.
The second layver should be larger in stone size than the
first one. This process is continued until filter material

size is large enough to resist washing away through the
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voids formed by the armor layer.

The criteria for filter design (Sowers & Sowers,
19780) is given as

‘D5 (OVER)

- <5

Dgg (UNDER) ~

Where D85 (under) is the diameter exceeded by the
coarsest 15 percent of the underlayer and Dysg (cover) is
the diameter exceeded by the coarsest 85 percent of the
layer immediately above the underlavyer. The design
principles of filter layers are presented by the U.S5., Army,
Corps of Engineers, Coastal Engineering Research Center
(1966). Failure in the proper design and construction of
these filter layers will resul:t in an excessive amount of
armor material which will escalate the cost of the entire
project. Proper surveying and quality control (discussed in

Chapter VI) will minimize this problem.



CHAPTER V

CONSTRUCTION PROCEDURE AND EQUIPMENT
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As scon as a coﬁtractor has been awarded the
project, the design team and the contractor should
collaborate to determine if any changes ¢could be made to
provide a better structure and tec facilitate a more
efficient method of construction. The design of a breakwater
core must consider practical aspects of construction and
supervision as well as engineering requirements. The
control of slopes and relatively thin filter layers is
complicated and made more so by the fact that to a large
extent they are carried out underwater and subjected to wave

and surf action.

Site conditions will be the determinant of the
construction method and must be considered in the design and
specifications. Facteors which cannot be ignored include

(Miller ,D,.X}:

1. Proximity to available guarries.

2. Transportation methods

3. Prevailing weather

4, Tides and currents

5. Seafloor {foundation sSoil } and bathyme:try.

6. Time évailable for completion

7. Shipping and boating activity

8. Availability of construction areas near the
water.

9. Adjacent on-shore areas for storage.
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13. Whether moorage or space is available for
construction equipment and plant.

11. Econleogical considerations.

The objectives of a good construction method are:

1. Rapid placement of material during the good
weather so construction will not be
interrupted until the cover (armor) layers

are placed and the core is protected.

2. Minimum segregation

3. Economical

4. Not excessively sensitive to weather

conditions during construction

5. Porms a well consolidated structure.

6. Maintaining acceptable tolerances

Recent developments of heavy construction
equipment have made it easier to overcome the difficulty of
placing a large volume of heavy rocks. The availability of
large offshore floating equipment ( dump barges, large
cranes, etc.) plus the Jack-up platforms (for placement of
the heavier stones or armor units) has made the work and

placement of rock in the surf zone more practicable.
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As recently as 1967 two distinct types of
construction were prevalenc in the area of rubble mound
breakwaters:

1. A rock mound in which the core material
extends above water level and is covered
with an envelope of armor rock sometimes
separated from the core material by one or
more intermediate lavers.

2. The core £ill is stopped at a considerabie
depth below water level and covered with a
medium-weight rock, which forms the base for

the heavy armor capping.

In the first type of construction the core is
extended out from shore by end or side dumping from trucks
which operate on top of the core as it is brought up above

water level. This requires:

1l. The top of the core to be above the highest

water level.

2. The material out of which it is constructed
to be broken rock of sufficient size with a
minimum amount of fines so that it will not
be washed away by the waves during the

period of construction.



The disadvantages of this method are:

l‘

The top may have to be made somewhat wider
than otherwise required by the breakwater
design, in order to provide space for the

trucks to operate,

The upper surface of the eeore, to form 3
roadway, will contain a considerable amopunt
of fines, which will bezome compacted from
the travel of the trucks. Before placing
the capping armor rock, the top surface of
the core will have to be removed or the
fines washed out, so as to make a more

pervious bed directly under the armor rock.

Unless placing the armor rock follows
immediately that of the core, a considerable
amount of storm damage may occur and the top
of the recently placed core matarial may be
washed away, by several feet, below water

level.

The advantages of this method are:

Possible economies in construction (maximum
use of smaller size fragments), especially
if the gquarry rock blasted has an excess of

small fragments suitable for the core.

A5
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The second type of consﬁruction is based on the
core being dumped or placed from fleating barges and
scows, The top of the core is at a considerable distance
below water level and the core is covered with a medium-
weight rock to a level about egqual to the height of the
usually expected wave below mean sea level, where it forms
a base on which to place the heavier armor rock extending to

the top of the breakwater.

The advantages of this method are:
1. The breakwater is less susceptible to storm
damage during construction because the core

is stopped well below sea level.

2. The breakwater can be constructed to optimum

design configuration.

The disadvantages of this method are:

l. The amount of Class B or medium-weight rock
is considerably increased over that required
in the other method . This may be a problem
if the quarry is deficient in this size of

rock.

2. The top armor rock will have to be placed by
floating crane barge, Installation with
floating egquipment may result in

considerable loss of time because work
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cannot be done from water-borne equipment
operating so close to the rock breakwater

except in relatively calm sea states.

In an article in the Dock and Harbor Authority
Magazine, Bertlin (1967) discusses these two methods of

construction in detail.

In the earlier days, the best method in breakwater
construction was accomplished from "floating plants®™. The
heavy facing stones and the topping were placed by derrick
and fitted closely together, forming a structure which
offers the maximum of resistance to attack by the waves.
The core is built with bottom-dump scows. This type of
construction is practicable only where the sea is
comparatively smooth most of the time and storms of great
severity are infrequent. Another method is the use of a
trestle. In this case the material will take a rough natural
slope as it is dumped from the cars only to be flattened out
and compacted by the action of the waves. In the normal use
of this method an elevated double-track tramway 1is
constructed on the axis of the proposed breakwater. The
rock is carried out on the tramway by means of specially
constructed flat cars, capable of being dumped to either
side. The core is dumped between the tracks and the heavy
facing stone is dumped outboard on each side. This method
was adopted in the construction at Humbolt Bay, California

in 1899.
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After a storm in 1912 the structure was maintained
by a crane operating on a double track, 17 feet out to out.
The crane had a capacity of 20 tons at 35 feet radius. To
protect the undermining of the structure, an apron of rip-
rap was placed along the toe of the slope. In 1978, another
rehabilitation for Humbolt Bay took place, 116,000 tons of
stone for the core were barged to the site. A Manitowac
4680 Vicon Ringer crane placed 48,000 dolosse of 42 tons
each. The following figures (5.1 thru 5.3) shows an example
of a2 crane operating on a double track, the Manitowac 4680
at Humbolt Bay, California and the storage yard for the

protective units.
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In the early years of the seventies, the offshore
oil industry increased tremendously and construction of the
facilities has progressed to deeper water and more exposed
locations. ©New modern and sophisticated equipment was
developed for offshore operations, much of which is

applicable to breakwater construction.

A number of major breakwaters were constructed off
the coast of Southern California in the 1968 - 197¢@ decade,
with the majority of the work being carried out by floating
equipment. Initial core rock placement was by bottomdump
targes, extending as close to sea level as these bEarges
could coperate (about-8'). Then the remaining core and armor
rock was placed by a long boom derrick barge, using a large
clamghell bucket for the remaining core rock and Class B8
rock, and rock tongs or slings for the Class A rock. The
derrick barge was positioned in the lee of the already
constructed breakwater dike, so0 as to enable work to

continue even in moderate sea states.

Since the construction of breakwaters involves
Placing large quantities of cofe material, a large fleet of
high-powered tug boats and self un-loading barges are
required. The Dutch, in particular, have developed such
vehicles which they call "omnibarges”., They are center
hinged, hydraulically controlled, self-dumping barges which
carry up to about 922 cubic yards of material with a loaded

draft of about 1! feet, The next figures (5.4 and 5.5) show a
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"fleet of barges and tug boats heading towards the
construction site while another barge is being loaded at the

shore,
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Using a clamshell bucket or skip teo place the core
material in deep water is a classical way to minimize
segregtion and te confine the material within a fairly
limited area. The disadvantage of the method is the high
cost and the time consumed during the construction
operations. Equipment cycle =ime is a problem in deep
water. The clamshell or skip must be lowered and raised the
full distance, from the barge on the surface to the core on
the bottom, each time a load is deposited, and depending on
cable reel speed, operator proficiency, and water depth,
cycle times of several minutes per load may arise. Since
construction operations in a marine environment are always
more expensive than similar operations on land, anything

which lengthens the time spent on location is undesirable.

For breakwaters extended out from the shore,
Method No. 1, using trucks to deliver the rock out over the
partially-completed breakwater is cften the most practicable
and economical means of construction. Core rock is placed by
end-dumping trucks (Figure 5.6 and 5.7). In order to provide
sufficient width for truck operation, the crest may be
temporarily lowered to a few feet above high tide, where the
cross~sectional width i{s greater. 8Small size fragments are
placed to form a road surface. If necessary the core cross-
section may be widened as well. Trucks run out on the
completed core, headed seaward, then must turn around to

dump. So a turn-table may be installed at intervals,
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Widened passing zones may be required.

The Class B rock is alsc delivered by truck and
often placed by a crane using a skip or clamshell bucket.
Then the Class A rock is delivered and placed by crane,
usually using slings or drilled-in lifting bolts and a

single sling (Figure 5.8 and 5.9%.
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To gain the necessary capacity and reach, the
crane must be very large: typically a Manitowoc Ringer Crane
(nominal 2808 ton capacities) is used, which enables it to
Place 28 ton rock at a radius of 62 to 80 feet. By this
means the breakwater is constructed to full cross-section,
except for that portion above high tide (Appendix F
represents a schematic of Manitowoc Ringer Crane showing

its range and capacity).

Specifications and good practice usually require
the Class B rock on the seaward face to be not more than
130-208 feet behind the core at any time, and Class C rock

not more than 300 feet behind the Class 8.

When the entire length of breakwater has been so
constructed, then the top crest is progressively completed,
working from the outer end towards shore, with the large
crane now mounted on crawlers, backing up as each portion is

topped out.



183

MODEL TESTING OF THE PLACEMENT OF THE CORE OF RUBBLE MQUND

BREAKWATERS

In order to fully understand the mechanism of the
Placement of rock in the water model tests were carried out

of the dumping of rock in a tank at a scale of 1:20.

The objective of this model testing is to present
an understanding of the results obtained in placing the core
of rubble mound breakwaters. This will enable an evaluation
of these methods to determine the best possible-way to place

the core material with minimum segregation and waste.

A review of the considerable literature concerning
model testing on Breakwaters reveals that model studies fall

into two broad categories:

l. The hydrodynamic model to study wave

action and energy dissipation.

2. The structural model, where the focus is on

the strength of the individual unit,

Although great Progress has been made during the
last decade in these two categories there have been very few
attempts to study the actual Physical placement of these
rocks. This is due to the complexity of the matter and the
difficulty to simulate the construction procedure in a
laboratory. However, similar tests have been carried out by

Dutch engineers during their Planning for specific projects
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of the Delta Plan.

In practice, the core rock material are
transported either by:
1. Trucks, {onshore operation) and placed by
end or side dumping.

2. Being placed or dumped from floating scows.

The use of floating craft (in calm water) in
construction has the advantages of flexibility but its use
may f£frequently be interrupted by adverse weather. Cranes
mounted on Jack-up -barges are useful in deep water but are
expensive. Also there is the danger of damaging the Jack=-up

legs due to rock falling against them.

The construction procedure of placing the core
rock material in practice is like trying to reach a target
blind-folded. The water is very cloudy and murky and the
contractor is working in a very difficult environment,
Studying the behaviour and pattern of movement of rocks in a
calm water (like a lake) is easy to model. But in most
cases, real breakwaters are built in water with currents
that are changing directions and speed with time and also
with waves and swell that move in a multidirectional pattern
and with different heights and intensities. These problems
combine to make the contractor's work very gdifficult.
Needless to say that the placement of the core is very

important in the construction of the breakwater since the
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core is the foundation of the overall structure.

Important effects can occur due to model
construction procedures and scale effects. Not all these
could be overcome Iin the model tests, due to practicable
constraints. This study will attempt to clarify some of the
important patterns that occur during the placement of the
core of breakwater. The model scale chosen was based on

several factors:
ad. The available facilities

b.'A greater Reynolds number than 195 will be
maintained to avoid any viscous scale
effects. According to J. Ploeg (1981) rubble
mound breakwater model tests on a scale of
1:28 or less present no viscous effects of

importance.

¢. The purpose of these tests are mainly to
give an indication or comparison of the
pattern and behaviour of rocks placed in

different conditions.

The model scale chosen for this test is 1:2¢. The
flume used is 166 feet long by 8 feet wide and 5 feet in
depth., A simulated beach is made out of plywood, resting

on a steel frame to permit varying the depth. A mechanical
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wave generator and a pump to produce current at different
speeds are used in these tests. To simulate the actual
placement of rocks, a frame of steel was constructed to
provide a platform on which a toy dump truck (figure

S5.lB8)scaled to 1:28 was operated.
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Serious scale effects can be avoided by distorting
the shapes and/or the size of the core material. A Reynolds

Number can be calculated for the flow in the core:

1/2 1/2
Re = g H L
v
g = gravity
H = wave height
V = viscosity
L = length parameter

1
/3
L =K fw/y)

K = Shape coefficient (usually 1)
W = Weight of armor units
Y s Specific weight of armor units

V Kinametic viscosity of water at 28°C = 1.003 x 187°% m2/

g Acceleration of gravity = 9.81 m/s?
H .0762 m

1/3
L=k

v
1/3 .
{(20.1)gm /3 3
=1 = (1226357.54) = 187.84 Kg/m

.00081639 m>

1 1
/2 /2
(9.81) “(.B762) “(187.04) 3.13 X .276 X167.04
Re = =
1.283 X 18-° 1.803 X 19~6

= 92.25 X 105 which is greater to 18°



TEST PROCEDURE

The back ocf the toy truck is tied with a rope that
will 1ift the back by pulling on it. Each load is 18 lb. in

the model which will be equivalent to :

Weight
Specific Weight = in the model
Volume
1¢ 1b 19 1b
12%%8"x4" 384 Cu. In.
Weight
Specific Weight = in the Prototype
Volume
W
= —_— 33 .826
384(28)

W = 32.936 or 40 tons

1l ton 2008 1b (1 short ton)
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SIEVE AND WASH ANALYSIS

U.S5. STANDARD WEIGHT CUMULATIVE PERCENT PERCENT

SIEVE NO. RETAINED WT. RETAINED RETAINED PASSING
11/, in. 841.63 841.63 3.75  96.25
i in. 1128.13 1961.76 8.74  91.26
3/, in. 5443.11 7404.87 32.98 67.02
/5 in. 5782.98 13187.85  58.38  41.62
3/ in. 5662.41 18178.26  80.93  19.07
4 2393.31 20563.57  91.59 8.41
8 962.67 21526.24  95.88 4.12
28 517.48 22843.72  98.18 1.82
35 371.31 22415.93  99.84 .16

100 36.73 224151.76 l9a.90 2.0
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WATER
DEPTH

CURRENT VELOCITY IN THE FLUME

DEPTH OF PROBE
FROM BOTTOM

frequency

f

SPEED
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S=¢.1 + @.0818f

12"

71/,

Av,

f = 18.97

P.1+0.818 X 18.97
+2974 ft/s

18"

1
11 1y,

WW -] -JWwwomwooh
¢ % & 8 B 8 4 B 4 &
WO WL W W

Av.

£ = 8.82

#.1+9.918 x 8.62
.25516 ft/s

24"

15"

— [
SN =R~ N,

- L] [ ] * [ ] [ ] L] . - L

0k WD WO S &R WD

Av,

f = 8.82

¢.1+9.018 x 8.92
.24436 ft/s
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CURRENT VELOCITY IN THE FLUME

WATER DEPTH QF PROBE frequency SPEED
DEPTH  FROM BOTTOM £ S=0.1 + 8.018f

36" 18 3/, 5.6
2.5 Av. £ = 3.86
5.4
3.5 § = 6.1+0.018 f
4.0 = .16948 ft/s
3.8
4.8
3.9
8.5
6.3

36" 22 1/, 4.0
2.8
2.6 AV £ = 3.71
3.7
4.3 S = 8.1+0.918 £
3.7 = .16678 ft/s
5.2
2.5
4.1
4,2
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0.30—

0.25p—

Current Velocity {ft/sec)

.20+

0.5 L1 | i | | I
12 18 24 30 36 42

water Depth (in)

AVERAGE CURRENT VELOCITY IN DIFFERENT DEPTHS.
THE CURRENT IS TURBULENT FLOW.

Figure 5.12
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These series of tests are conducted in an attempt
to simulate the different conditions occuring when the core
rock material is placed. The variables in these experiments

are as follows:

l, Different water depths. The depth of the
water in the model varies from 12 inches to
36 inches which is eguivalent to 20 feet to
68 feet, which are average water depths for
breakwater construction. Currently there are
breakwaters constructed in as deep as 138
and 152 feet of water (Sines breakwater,

Portugal).

2. Different saturation conditions. A dry
sample is compared to a wet sample of rock
before it is placed in the water, It was
postulated that prefilling of the voids with
water instead of air might decrease

segregation.

3. Different water conditions. The samples are
placed in calm water {(no movement) versus
the placement in water where current and
mechanical waves are induced. This
comparison will illustrate the difference in

patterns achieved in each state.



4.

fot

Different seafloor conditions. Two different
types of seafloor were used in the model. A
hard surface for the first one 1is
demonstrated by a hardwood plank and a sand
box for the second to represent a softer

seafloor condition.

The first series of tests shows the different

patterns and lay-outs of the rock dumped in 18 inches of

water depth

(equivalent to 39 feet in the prototype). Three

different conditions were used:

RESULTS

l.

2.

Dry rock was dumped in calm water

Wet rock (sprayed with water), was also
dumped in calm water.

Dry rock was dumped in water with current of

an average speed of 0.25516 feet/second.

In the dry sample the pattern was a circle
with a diameter of 2 feet, and the fines

were scattered outside the circle.

In the wet sample, no apparent change from
the dry sample except there were less fines

in the pattern.

In the moving water the shape became

different. Instead of the circle an

o
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elliptical pattern was formed and the sample
was moved 3/4 of a foot away from the datum
in the direction of the current flow. The
dimensions of the ellipse were 2 1/2 feet by
2 feet wide. The fines were easily washed

away in the direction of the current.

The second set of figures in this series show the
same results after dumping another load of 19 lb. in each of
the different conditions. In the inside of the circles and
alliptical patterns the rocks start to £ill up the pattern

and few rocks as deposited on the outer perimeter.

The same results occur when the third load of
rocks is dumped. This is illustrated in the third series of

tests.

The second series of test was conducted in the
same pattern as the first series except the depth of water
is changed from 18 inches to 24 inches. The same results

were observed.

The third and the fourth series of tests were
conducted at 38 inches and 36 inches of water depth

respectively.

The fifth series of tests was executed at a depth
of 36 inches of water. This one represents a comparison

between the formation of a mound in a still calm water
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versus another one in water with current and méchanical
waves with an average speed of water at 22 1/2 inches from
the seafloor equal to 8.3 feet/second. The loads were
dumped until a mound was formed. The total amount of rock

used in each case was 380 lbs.

RESULTS:

l. The shape of the mound formed in the calm
water was circular, but the shape of the
mound formed in the moving water was an
ellipse with the major axis in the direction

of the current.

2. The diameter of the circle was 3 1/, feet
while the dimentions of the ellipse were 2

1/2 feet by 4 3/4 feet.

3. The slope angles differ drastically. In the
case of calm water the angle is from 35° to
42° and in the case of moving water the

slope angle is between 13° to 24°.

The sixth series of tests was carried out to show
the difference between the pattern formed when dumped on
soft material versus hard seafloor. The first sample of
rock was dumped onto a hard wooed " beach®" at a depth of 24
inches in calm water. A second sample was placed from the
same height, but into a sand box, having a 2" thick layer of

sand.
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RESULTS

There was no difference in the pattern formed in
either case, The same c¢ircle with the same diameter was

observed.

The last series of tests was enacted to compare
the method of dumping and the rate at which the operator
unloads the rocks. The first sample was dumped with one
action, while the second sample was dumped with a very

controlled slow speed.
RESULTS:

The pattern formed by the rocks dumped in the
second sample (slow lifting of the bed of the truck) was a

circle with a much smaller diameter.
OBSERVATIONS AND CONCLUSIONS

l. The pattern formed when dumping rocks from
scows or trucks is usually a circular ring
regardless of seafloor characteristics, If
there are waves and currents the circular
pattern is elongated into an elliptical

form in the direction of the current.

2. This pattern is not affected by the water
depth., The variation of the water depths in

‘the model were from 1 foot to 3 feet. This
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did not lead to any appreciable difference

in the size of the circle or ellipse.

There is no apparent difference in the
pattern formed when dumping the rocks
whether the rocks are dry or wet. It has
been reported in field observations that
bottom~dump barges in which the rock was
pre-saturated ( which is not the same as the
case in this experiment) will place the
roecks in a smaller circular ring than dry
loads, due to the adverse effect of the
entrapped air in the dry case. Air bubbles
were noted in these experiments in both
conditions. Further study should be carried

out in this area.

Continuous dumping to form a mound has
proven to be affected by the sea condition.
This was demonstrated by the flatter slopes
formed when there was a current induced in
the water. Many methods were guggested to
place the rocks with a steep slope in order
to achieve greater economy in material and
construction., The use of a clamshell or a
dragline to redress the slopes after
placement of the rock is another method for

obtaining steeper slopes and might prove to
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be more economical.

5. Natural segregation is formed when dumping
continues, with the coarser material being
deposited on the outside. This becomes a

natural filter.

6. Extreme fines wash out and disperse

radially.

7. Slow dumping (as compared to sudden dumping)
has proven more effective in achieving a
smaller spread. This is due to the fact that
sudden dumping creates a full locad as one
mass moving in the water, and generating an
appreciable added mass of water moving with
it. This mass will push the water ahead of
it gaining speed until it impacts the
seafloor., It's kinetic energy then causes it
to spread into a circular ring, the diameter
of which depends on the friction of the
rocks on the seafloor as well as the drag

force in the water until it stops.

The next figures (5.13 thru 5.23) illustrate the

patterns formed in these series of experiments.



"

fF17% 3Hnold

G184l 40

5AT1HAS 1SHI1A AU
aFdWAa avol LsHid

NI 81 Hd3ILYM 40 H14dA
A1dWYS AN

ATARYS LAM LNIBUND HLIM

Lk 1‘}

w

Ny ;-;;;I‘.‘i.@.

[l




- F1{°S JHNOIA

SLSAl 40 SATUAS LSUld THL

U3aSWOd Yol aNooa3s "N B1  U3JVM 40 H.L4AA

ATdWYS AHd ATdWYS LIM LNFHUND HLIM

ey e .;dvl
|I||II||.III|I\|.III|

v

. g -

P N R

JISERFY

1

iy

B 1
o
o

P ;‘,.'r,.:.'

T

13
[
N L]

e
Illl.ll.‘lllll.l.ln



TIdWVS

176 3unord

S1SHL 40 SHIHAS 1SH1a dHL

d3dWNg avo'l  JdHIHL NI 81 HALVYM 20 HLJIO

Aud I1dWYS LIM LNIHHND HIIM




ATdWVYS

dddmwnd

avo'l

L

SLSAL A0

LSHI A

S JAUNDNIA

S31UAS ANOD3S JHL

"Nl P

ATAWYS LAM

HILYM 40 HL4AQ

LNIHHNO HLIM

pgan
it

%

i g !
o %y, !
¥ |
| A
2 o
{
1]
s, )
- il e
"

b
¥
7t
4
i

WA
" \
I al
N g -
. il
r L il




2

L07S FIEYNOIA

545311

40 SATHAS ANOD3IS 3JHL

dadWnd avol  (ONGD3S NI ¥e H3ILVYM J0 #.1L.d43d

ATdWYE AHA

I1dWVYS LIM JNIHHND HLIM

i

H
. =
-’I

Eo™ g
i

LY ¥
5 !
.1#¢q

P
i dniea

*
i
.




ATdWYY

BI°G 3JUnNoIa

SLSAL A0 SI1YAS AUINL SHL

dAdWNA av0l  LSH1A NI Pt

3TdKWYS

Ayd L3aMm

H3L¥M 20

HLAZQ

LNIHAND HLIM

LIS

A B
e —— . ——

4 ...m‘_ . . 4
IR PR ey
IR e R
o

Rt T
a -y o T

e
e




st

ATdWVE

A3dWN avon

617G 3HNDTA

S.LSHL

A0 SATu3S GUIHI JHL

anNoDas "RI 0t H3ILYM 4D HLJ4AQ

LNIHEND HLIM

o™
Y .
K
ropie B
o 1
-
n ¥
- 308 ¥y
i RR Y
x ™
iRy
R
vl A

” P e i
A S SR ‘R

.

et
e

s |
x

] gt 1§
- ; At A
..._,.._L_ s .

5 e
2 - . BT .. »
T 7 [ THSIRE WA N S TP LI




028 AYNDIA

51530 30 SATYAS QHIHL JUL

AAdRNO V0T GHIHL "RT 0t HILVYM A0 HAL4HEQ

AldWWS ANd A'NIdWYS LAM LEIHEND HLITM




[¢°¢

SLGEL

AAdwnad awn’l LS4

ATdRkVS

Add

3

A0 5ATHAS

nnoia

ATdKHVYS LAM

N1

HIYN0Z AL

9€

HALYM

A0 HULAZR

4—iz

JYUND HLIM




S5 AUND1A

53531 J0 SIS HIUNOA AHL

adena avol NG OHS "HT 9t U3LYM 30 HLAIA

iy

H1dWYs RHU JTdWYS 1L3M LNIHUOO HLIM

—
ko

J

poioa y
ORI, D
ATt o




EC7% JUnDig

SLS3L J0 STTUAS HINNO4 ani

UAAWNT avol  gyIdL NI 9C  ¥3LYM 40 HLdAQ

AIdWYS Ahg

ATdWVS LaMm LNIHYNO RHLIM

L 7 PP S




FIGURE 5.24 A MOUND OF CORE ROCK MATERIAL PLACED IN CALM WATER

FIGURE 5.25 A HMOUND OF CORE ROCK MATERIAL PLACED IN WATER
WITH CURRENT AND MECHANICAL WAVES

THE F1FTH SERIES OF TESTS

A PLAN VIEW OF THE MOUNDS FORMED IN CALM WATER AND WATER
WITH CURRENT AND MECIHANICAL WAVES '



FIGURE 5.26 A MOUND OF CORE ROCK MATERIAL PLACED I[N CALM WATER

FIGURE 5.27 A MOUND OF CORE 8CCK MATERIAIL PLACED IN WATER
WITH CURRENT AND MECHANICAL WAVES

THE FIFTH SERIES OF TESTS

A SIDE VIEW OF THE MOUNDS FORMED [N CALM WATER AND WATRAR
WITH CURRENT AND MECHANICAL WAVEDS
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FIGURE 5.28 4.|.
Layout of mound formed in calm water after dumping
30 - 10 b ioads of rock
!
Datum | £t
O - (centerline of —
(rock dump sne)
[ -
" 2 ; ,
0 ! 3 a 6
3-.
FIGURE 5.29
44

Layout of mound formed in water with current and mechanicol
waves ofter dumping 30 - 101b ifoads of rock
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FIGURE 5.33: A LOAD OF ROCK DUMPED ON HARD SEAFLOOR

THE SIXTH SERIES OF TESTS

A COMPARISON OF PATTERNS FORMED ON SOFT SEAFLOOR VERSUS
HARD SEAFLOOR (NO DIFFERENCE IN THE SIZE
OF THE LAYOUT OF ROCK)



FIGURE 5.34: A LOAD OF ROCK IS5 DUMPED SLOWLY
(CONTROLLING THE SPEED GF TRUCK BED MOVEMENT)
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FIGURE 5.35: A LOAD OF ROCK IS5 DUMPED WITH SUDDEN LIFTING
ACTION COF TRUCK BED

THE SEVENTH SERIES OF TESTS

COMPARISON IN PATTERN FORMED BY DUMPING ROCKS
WITH TWO DIFFERENT RATES OF UNLOADING THE TRUCK
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A field experiment was conducted by the U.S. Army,
Corps. of Engineers, (Pequegnat,l1978), to assess the potential
impact of dredged material disposal in the open ocean. Even though
there is a physical difference in composition, between dredged
material and core rock material, tHe results of this experiment

and the model previcusly described show a definite similarity.

Eleven "process variables"™ that will effect the
disposal operation:

l. Mechanical properties of dredge material
2, Insertion speed

3. Volume released

4. Solids fraction in material released

5. Current

6. Density gradients

7. Depth

8. Impact properties of clods and bottom
9. Bottom erosion strength
19, Bottom slope

11, Bottom roughness

The dispersion pattern results gathered from different
sites studied resemble to a great extent the layout pattern of the
core rock material dumped in the model. This complete
investiéation is documented in several volumes prepared for the
Office, Chief of Engineers, U.S. Army, Washington, D.C.

(Pequegnat,1978).
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On the twelfth and thirteenth of Cctober, 1979 =2
Norweglan construction company, Norwzglanm Contractors,
conducted a test in the field for different methods of
placing rock in deep water. Even though there is a great
difference in the water depths between the previous
experiments in the laboratory and this field experiment,

their results are worth consideration.

Three different methods of placing the rock into

a limited area at a depth of 24 meters were tested:
1. Guide pipe dumping
2. Direct dumping
3. Split barge dumping

GUIDE PIPE DUMPING

Rock was placed trough a 32" diameter tremie pipe,

24m in length, into a large test box.

TEST RESULTS

l. The dispersion of the rock Qas twice the
Pipe diameter. There were no pipe blockage
problems. The falling velocity of the rock
inside the guide pipe was approximately

Im/sec.

2. The rock seemed to pile up, with mainly

4
Fy
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coarse matarial in the center surrounded by

a wide thin layer of mainly fines.

DIRECT DUMPING

Dumping directly intoc the sea by means of a

hydraulic excavator with a 2 cubic meter bucket.

TEST RESULTS

l. The lateral dispersion o¢f the rock was
relatively small, about Sm x S5m { in 24m
water depth). The falling rock seems to
rapidly spread out to approximately 5m X 5m,
then it kept fairly well gathered together
while falling the remaining distance. The
falling rock creates a downward current,

that washes out most of the fines.

2. With this £il1ling method, there 1is
considerable segregation of fine and coarser
material, with a substantial amount of fines
in the outskirts of the touch down area.
dowever, the segregation is less with
direct dumping than by use of guide pipe. By
use of direct dumping, the segregating
effzct will be somewhat neutralized by the

ability to constantly change the drop area.
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3. The angle of friction developed 1is

approximately 4¢°- 45°,

SPLIT BARGE DUMPING

This test was carried out by dumping with 156m3

selmer split barge.

TEST RESULTS

The second barge dumping test was inspected by a
diver. The visibility was too poor to give any usable video
recording, however, the diver could observe a minor
spreading. The rock seemed to be kept fairly gathered
together while falling. The rock upon landing spread out
over an 8 x 8 meter pattern. The drop area had a very even

surface.

There were more fines in the outskirts of the
touchdown area than in the center. However, the segregation
was much less significant than by using the guide pipe or

direct dumping. (See figures 5,37 thru 5.42)

CONCLUSION

All three £filling methods are feasible. Split
barge dumping will give the least segregation, whereas guide
pipe dumping will give the greatest segregation. Split
barge dumping is expected to give the best mixing of fine
and coarse agregates, and the most even ballast surface.

Due to a somewhat uncertain touch down area for the direct
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dumping method, the location of the barge when dumping must

be very acscurately maintained.

It was recommended that the rock dumping operation
be based on the use of split barges, with the possibility
of "adjustment dumping” by means of direct bucket dumping

and/or guide pipe dumping.

Cne must assume, that no matter which rock dumping
method i{s chosen, a thin powder-like layer of fines will

always settle out on the top of the ballast.
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DUMPED BY SPLIT BARGE SHOWING EVENESS

ROCK
THE BALLAST SURFACE AND MIXING OF FINE AND COARSE

-
-

PIGURE 5.48
oF

AGGREGATES
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PIGURE 5.42: ROCK DUMPED BY SPLIT BARGE SHOWING BUILT UP
OF FINES IN THE OUTSKIRTS OF THE TOUCH DOWN AREA
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STABILITY OF MATERIALS DURING CONSTRUCTION STAGES

During the construction process, the partially-
completed breakwater 1s exposed to damage from storm waves
and currents. The core material can be washed away, if
these big waves or strong currents occur, while there is no
armor to protect {t. For this reasen, J.R. Ayers, Head of
Waterfront Structures of Bureau of Yards and Docks,
Washington, D.C. reported a testing program at the Waterways
Experiment Station, Vicksburg, Mississippi, which addressed
the stability of component materials during various stages

of construction.{Ayers,1959)

The first tests were performed on models of
pdrtially completed breakwater sections representative of
the various stages of construction on a prototype
breakwater, Each tested condition o¢f the model was
subjected to wave attack until stability of erosion and
displacement has been reached. These tests were limited to
the water depth prevailing at the location of the proposed
prototype, namely 58 ft. Specifically, it was desired that
the model should vield information of value on the following

points:

l., The height to which the Class C material
could be constructed withcout being displaced
by wave action before the protective

covering (Class B) was placed.
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2. The advantages to be gained by placing the
Class B stone concurrently with the placing

of the Class C core material.

3. The amount of covering stone (Class B)
necessary to protect the core material

(Class C).

4. The general stability of the completed

breakwater section.

The following pages are a copy of the results of
this experiment taken from The Proceedings of First
Conference on Coastal Engineering, Long Beach, California,
October, 1959. The title of the paper is Seawalls and

Breakwaters, presented in Chapter 22, PP.192 to 204.

The results, of these, tests demonstrate the fact
that placement of Class B material on both sides of Class C
material concurrently will provide a higher degqree of safety
for the core material to withstand the wave and current

action after placement.
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Class C Material -- unprotected. 1In testing cthe
stability of the Class C material, four different partial
cross-sections representative of four stages of construction
in the prototype, were used. These test sections had top
elevations of - 49 ft., - 38 ft., - 29 ft., and - 24 ft.,
all referred to mean sea level. The model breakwater was

subjected to waves of four sizes as follows:

HEIGHT LENGTH L/H RATIO
7.5 ft. 219 £t. 28.8
1.5 fr. 219 ft. 29.48
15.8 ft 270 ft. i18.d
21.8 ft. 389 fr. 14.3

Figure 5.43 is typical for the tests of the C
material without enrockment, with top elevation at - 24 f%.,
and indicates the outline of the damage to the mound by
waves 14.5 ft., 15.8 ft., and 21 ft. high. Figure 5.44
indicates the heights to which the Class C material may be
placed in 58 ft. water depth, without displacement of the
material outside the design limits, for wvarious wave
heights. It will be noted that the wave heights and

corresponding maximum top elevations are as follows:

Maximum top elevation of unprotected

Wave height Class C material

7 to 8 frt, - 28 ft., mean sea level
18 to 11 ft. - 38 ft.

15 to 16 ft. - 40 ft.
29 to 21 ft. -~ 54 ft.
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Class C Material with Class B stone as toe protection on one

side only.

Two series of tests on each of three partial
breakwater sections having top elevations of - 38 ft.,, - 29
ft., - 24 ft., mean sea level, were made. One series had
Class B stone protection on the harbor side only; the other
series had protection on the seaward side only. A& typical
illustration of the results of the first series is shown on
fig. 5.45. It appears that there is no particular advantage
in adding toe protection on the harbor side only. The waves
carried the unprotected Class ¢ material over the Class B
material to such an extent that no great saving could be
realized by use of this method. Fig. 5.46 is typical for the
results of second series, where Class B protection is
provided on the seaward side only. The damage is very
similar in type and extent to that of fig. 5.45 indicating
no advantage over placing the Class B stone on the harbor
side only and, for all practical purposes, no advantage over

placing the Class C material without toe protection.

Class C material with Class B stone as toe

protection on both sides shows typical results for tests of
partially completed sections with toe protection on both
harbor and seaward slopes. For sections of lower elevation,
there was considerable displacement of Class C material due
to the extensive area of this material exposed to the action

of the waves. The resulting scour was concave in shape,
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with the deposition of the displaced material gr=atest on
the harbor slope. As the top elevations of the sections wers
raised, the exposed area of the Class C material was
dacreased, and the displacement of material became
progressively less. As a result, there was practically no
displacement of the Class C material for the tests of the

section with a top elevation of - 24 ft,, even during the

2l.8 ft. wave attack as shown on fig. 5.48.

From a study of these tests, it is concluded that
the greatest degree of safety with respect to displacement
of mztaerials dge to wave attack, is obtained by placing th=
Class B stone on both landward and seaward sides
simultaneously., At lower elevations, the sections would be
endangered in severe storms, but the damage would not be
entirely detrimenatal, as the Class C material displaced
would be washed over the Class B protection on the harbor
slope where it would not interfere with the future placing
of materials. A distinct advartage results from the fact
that as the sections are raised in elevation, the area of

the Class C material exposed to wave actlion becomes smallar,

thus reducing the displacement.
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FIGURE 5.47: DISPLACEMENT QF BREAKWATER MATERIAL
BY WAVE ACTION
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FIGURE 5.48: DISPLACEMENT OP BREAKWATER MATERIAL
BY WAVE ACTION
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THE USE OF BITUMEN IN BREAKWATER CONSTRUCTION

In closing this chapter it is important to discuss
one of the Jlatest applications in breakwater construction.
It is a Bituminous mixture applied as a protective layer in
hydraulic works. This was previously mentioned in Chapter
ITI when this method was used tc provide a protective sea bed
layer. This part deals with the slopes of the core
material. In order to save materials the construction height
of the core requires steep slopes. This is very hard to
obtain, as has been demonstrated by the previous tests.
Therefore consideration has been given to the applicaticn of

asphalt mixtures with slopes as steep as 1:1.75.

During construction of the core the application
of sandasphalt, which is a mixture of sand and bitumen,
appears to offer advantages, because this can alsoc serve as

a filter laver.
The sandasphalt mixture is applied in several ways

l. As asphalt grouting (so-éalled "pattern
grouting®) which means applying doing it in
intermittent patches. The mixture would be
placed through a pipe so as to penetrate
the class B rock and at least the coarser
class C, on the exterior face , so as to

protect it during construction.
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2. Pre-mixed class C stone asphalt as a core.

3. Sandasphalt as the complete core, to be

later protected by B and A rock.

The application of this material in breakwater
construction is fairly new, but a successful application has
been proven in the construction of the breakwater at Hook of

Holland ( Europoort,Rotterdam ).

One of the major fabricators and contractors of
this product is Bitumarin Inc. which is a Dutch firm with
subsidiary corporations worldwide. Appendix G presents a
complete brochure of the product and its application in

marine construction.



CHAPTER VI

SURVEY AND CONTROL
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Two important phases of the breakwater
construction merit particular attention. The first one is
the accurate positioning of equipment to ensure that the
rock will be dumped in the right spot. The second phase is
an accurate control measurement to check the correct slopes
and thickness of layers placed underwater to form the
breakwater - the first is the Contractor's principal
concern, the second can be used both by the contractor and

the inspector.

In actual work being currently carried out, (as
well as in previous breakwater construction), the
contractor has typically used rather primitive and
inaccurate methods of sﬁrvey and control. These methods are

summarized as follows:

1. LEAD LINE:

By the use of a line with a heavy weight
attached to one end while the other end is
attached to the boom of a crane or a
helicopter. The contractor takes several
measurements by placing the lead line in
diffefent locations and reading the depth by
means of a level, sighting marks on the
lead line. Needless to say that this method
needs accurate horizontal contrel (by

transit or electronic distance measuring as
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well. The major difficulty, in addition to
being a slow laboriocus , and in the case of
the helicopter, dangerous task, is that the
lead line may sometimes penetrate crevices
between large rocks, and other times land on

a point.

CATWALK:

Another method that was used in the
construction of the Humboldt Jetties is
called the Catwalk which is a platform
attached to a c¢rane to allow the inspector
or the contractor to walk out over the slope
and sound the depth by direct lead line
reading. Besides being inaccurate, this

method is inherently dangerous.

SEXTANT

Sextant is an instrument that has been in
use for many years in hydrographic surveys
and positioning systems. This method is
well within the accuracy required for the
construction of breakwaters and is usually
operated by two surveyors each with a
Sextant. Two angles are observed
simultaneously to three onshore coordinated

points, the center one of which is common to
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both observers. The resultant fix Is known
as the three point problem which is arduous
to calculate but can be plotted graphically

quickly and simply.

The best method of graphically plotting a
sextant fix is with a three arm protractor.
The best model is the brass type with a
vernier or micrometer adjustment for the
minutes, To plot with a three arm
protracter, its arms are set to the value
given by two simultaneous sextant angles, By
maneuvering the arms over the positions of
the cbserved points plotted on the chart the
intersection of the arms gives the location
from which the angles were taken, the
observers' location should not fall on or
near the circumference of a <circle,
otherwise the fix will not be unigue

{circular fix).

4. RANGES
Another method that has been used for the
alignment and positioning of barges during
construction is the use of ranges. Two
ranges or lights are fixed on the center
line of the breakwater, while the third one

is fixed on the barge. An observer on shore
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gives signals to the operator aboard to move
either right or left until the third range
is lined up with the 1lights on the

breakwater.

QPTICAL AND ELECTRONIC POSITIONING

There are many ways to determine peosition at sea.
Taking optical bearings on landmarks can give accurate
position but range is obviously limited and dependent on
visibility conditions. The same applies for photography or
photogrammetry (aerial photography). Electronic systems
offer all weather capability and a variety of ranges but

usually involve a trade-off between range and accuracy.

RANGING SYSTEMS

Most of these systems are used for horizontal
coentrol. They use "X" band frequency (RADAR) and can operate
only on line of sight. This system involves a shipboard
receiver for displaying ranges from two remote transponders
situated onshore at points with known coordinates. A coded
pulse is transmitted from the master to each transponder and
counts the time of the return signal from each one. The
shore units can be mounted on a theodolite tripod or on an

iron pipe. The shipboard antenna is also mounted on an iron

pipe.
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HYPERBOLIC POSITIONING SYSTEM

The hyperbolic positioning system operates on the
two MHz range, which is different than the previous system
that depends on the line of sight. These systems can be
used in a range/range or a hyperbolic mode, Thef vary in
the configuration of the network, which consists usually of

three stations, one master and two slaves.

Hyperbolic navigation systems are so called
because the lines-of-position that they produce are
hyperbelic in form. The shipboard receiver derives a
hyperbolic position line by measuring the difference in the
times at which the synchronized signals from the two slave

stations are received. (Milne, 1980)

There are several systems marketed, but generally
they have the same accuracies and are subject to the same
variations and natural influences. They usually use low

frequencies (Omega, Loran C, and Decca Navigator).

This system will give more accuracy to the barges
in the positioning for dumping the rocks than the previous

systems.

HYPERBOLIC RADIO POSITIONING SYSTEM

This classification of systems has even more accuracy
than the preceeding system. This radio positioning apparatus

uses a medium carrier frequgncy. They are basically
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hyperbolic but adaptable to circular operation and they are
intended for radio position fixing as opposed to general
navigation. Systems falling into this category include
Raydist, Hi-Fix/6, C-Fix, Toran, Syledis and Pulse/8 (Milne,

1989).

The Raydist Ultraprecise Electronic Navigation
System can pinpoint locations at sea with a sensitivity of
l.5 feet at ranges of up to 252 miles from base stations.
Raydist is a proprietary radio navigation system designed
and built by Teledyne Hastings-Raydist and is about 3¢ times

more accurate than standard Loran C.

Raydist does not use pulses. Instead, two CW
transmitters at separate locations each radiate a continuous
radio signal. The frequencies of the two signals differ by
several hundred cycles per second. These two transmitted
signals interact to form a beat frequency equal to the
difference of the two original fregquencies. These two
transmitters could be mounted separately on posts at the
ends of the straight row of caissons comprising the closure

breakwater or on the mainland.

If this third or beat frequency, as detected by a
receiver at one transmitter site, is compared with that
detected at the other, the phase relationship of the two
signals can be determined. This phase relationship can then

be used to detect very small changes in distance Dbetween
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the two stations. 1In practice, the signal received at the
fixed transmitter could be sent back to a mobile transmitter
mounted on the crane boom via a separate communication

channel so that phase comparison can take place,

As the mobile station moves toward or away from
the fixed station, it passes through a series of positions
in which the two compared signals are exactly in phase.
These in-phase locations actually form a series of
concentric circular lines of position centered on the fixed
station. The distance from one circle to the next is called
a Raydist lane. The actual width of this lane wvaries
according to the particular fregquency being used, but in a
typical case is about 158 feet. Raydist edquipment 1is
capable of discriminating the phase change accurately enough
to determine position down to l/lggth of a lane, or, in a

158 foot lane, a foot and a half.

Raydist is manufactured and serviced near the site

and has been used in applications on Chesapeake Bay.

A more modern radio positioning system using UHF
is Syledis. It has the advantage of being small, portable

and easily assembled.

Most of these radio positioning systems suffer a
loss in performance and reliability during the night-time,
This is due to the interference with the wanted ground wave

signal by the unwanted skywave component. This is not a
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major concern since most of the construction activities on a
breakwater are completed during the day light hours, unless
the breakwater is built in the northern North Sea where
night can last up to 24 hours as far as skywave is

concerned.

ELECTROMAGNETIC DISTANCE MEASURING (EDM)

This surveying eguipment utilizes electromagnetic
distance measurement system {(EDM) by radic and other
methods. They do not use the hyperbolic principle: instead
they use the c¢ircular or range/range fixing which has the
obvious and real advantage of requiring only two shore
stations compared with three in the hyperbolic mode.(Milne,

1988@)

PRECISE RADIO POSITIONING SYSTEMS

This group uses extremely high radio frequencies
known as microwaves, They operate either on a phase
comparisen or a pulse timing. Instruments falling into this
catagory include Autotape, Mini-Ranger, Ralog, Shoran,
Trisponder and Tellurometer. The advantages cf this type of

system are:

l. High accuracy even at maximum range.

2. Continuous range display.

3. Remote stations require no special attention
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except for power suprlies.

4, Easy compatibiliity with track plotters and

automated plotting equipment.

The Motorola Mini-Ranger III is a light-weight
line of sight measurement system. Its range varies,
deoending on the relative height of the antenna mounted

shipboard and the ones at the shore stations.

CLOSE-RANGE INSTRUMENTS

Ingham,{1975) summarized the direct methods of

posizioning used for close rang=2s as follows:
1. Sextant angle ra2section ( 5 km + ).
2. Theodolite intersection ( up to 3 Km ).
3. Substance ranging { up to 15d4m ).
4. Pistance line ranging ( up to 188m ).
5. Transit cut-offs ( up to 18@m }.

Qther close-range methods are described by
Milne,(1988). These methods inc.ude the modern LASER and the
INFRA-RED E.D.M. "One example is the AGA Geodimeter 7828,
which is a hellium-neon laser., It has been used offshore,
suspended on gimbals, for precise position-fixing of
distances up to 1l km with an accuracy of X Smm with an

additional range-error margin of 1 mm~!. In sea trials near
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the Swedish island of Sylt, distances of up to 6 km were
measured accurately in good weather using a triple bank of
prisms", (Milne, 1980).

Such & system c¢an have advantages in the

construction of rubble mound breakwaters.

PHOTOGRAMMETRY

The term Photogrammetry means the process of
measuring images on a photograph. In a more comprehensive

sense, photogrammetry includes (Moffitt and Mikhail,1980)

a. Photographing an object.

b. Measuring the image of the object on the

processed photographs,

2. Reducing the measurements to some useful

form, such as topographic map.

Photogrammetry has been used in the past by
archaeologists for the {dentificatlon of submerged harbours
and ruins, for example, by Frost (1969 at the Island of
Arwad, off the Syrian coast, in the Mediterranean. An aerial
survey was also carried out froem a balloon to aid an
underwater survey of the foundation wall of a Mycenean-age
village lying underwater in the southern Peloponnese of

Greece {(Walton,l1969).

Photogrammetry is an excellent tool for control of
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above water sections (stereoscopic) in the construction of
breakwaters. Flying over the construction site once a month,
using shore station controls, this method will provide an
accurate verification of lines, grades, etc. down to about 5
feet below water surface. However, the development of
infra-red and color aerial Photography has allowed a deeper
Penetration, but still dependent on the clarity of the
water. This method will reduce the time spent using other
types of surveying. It also reduces the risk involved in the
other procedures, which has always been notoriously

dangerous and costly.

The success of the Photographic mission is
contingent upon optimal meteorological conditions. Low
clouds, haze, smoke or fog will preclude operations. Light
is usually sufficient for photographic work from one hour

after sunrise to one hour before sunset.

ACOUSTIC SYSTEMS:

After the placement of the core material the
contractor as well as the engineer needs to know the exact
Profile achieved during the construction operation. In the
begining of this chapter several inaccurate methods were
discussed. With the advent of sounding equipment this task

could be performed more accurately and with greater safety,

Sounding is the term used to descrihe the
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operation of taking depth measurements over an area of the

seabed.

ECHOSOUNDERS

Joseph Caldwell (1958) presented a description of
the principles of operation of an echo sounder: " Briefly
stated, the essential components of an echo sounder are a
signal generator, a signal transmitter, an echo receiver,
and an amplifier~-recorder. The first and last items are
frequently put in the same box and are referred to simply as
the sounder. The other two items are usually mounted
together or near each other, and the combination is called
"the transceiver." The sequence of operations in obtaining a

sounding is as follows:

a. The signal generatcr initiates, by
electronic methods, a short, but strong,
electrical impulse which is sent toe the

signal transmitter,

b. The signal transmitter, which is mounted
underwater, converts the electrical impulse
to a mechanical vibration or sound wave

which is directed toward the bottom.

¢. The sound wave reaches the bottom and is

reflected as an echo.

d. This echo is detected by the signal receiver



254

which is also mounted underwater, The
receiver converts the echo into an
electrical signal which is sent on to an

electronic amplifier.

e. The electronic amplifier receives the signal
and amplifies it sufficiently to make it
discernible on a suitable indicater or

recorder.

f. The indicator or recorder receives the
signal from the amplifier, measures the time
lapsed from the generation of the sound
signal to the return of the echo, converts
this time interval to equivalent depth of
water, and furnishes an indication or record

of this depth.

FATHOMETER

The fathometer has been in use for several
decades. It uses ultrascnic pulses emitted by a source that
is most often méunted on the hull of a boat. These pulses
are directed verticélly deownward in a narrow beam and
reflected off the seafloor by materials of different
acoustic impedance. Reflections resulting from each separate
sound pulse are detected and are automatically correlated

and successively recorded on a moving-paper or chart



255

recorder; hence, a cross section with constant scales 1is
produced (fig. 6.2). The horizontal scale is determined by
the speed of the boat, and the vertical scale is controlled
by the travel time of the sound waves in the water and

sediment on rock.

Site surveys are usually made by sonic depth
finding equipment. Echo sounding equipment has a cone of
transmission and thus fails to display sharp changes in
elevation. Since it reads the highest elevation within a
core, but shows it as being located on the axis of the core,
it is relatively unsuitable for breakwater control during
construction although it may be useful for preconstruction

site surveys.

As an example with a breakwater slope of 1
vertical 2 horizontal and a 15° cone in 49 feet of water,
the error will be over 2 feet, always reading higher than
the true value. Refinement is possible by the use of

nNarrower cones.

A schematic of an echo sounder in operation is in

the next figure (6.1).



Note: Echo sounder

reads highast
pomt within cone

OPERATING PRINCIPLE OF A TYPICAL ACOUSTIC
BOTTOM PROFILING

FIGURE 6.1

256
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SCAN PROFILING SONAR

Scan Profiling Sonar is a system which, from a
single location records a profile of water depths along a
particular line of bearing. By manually changing the
orientation of the device, profiles along several lines of
bearing can be obtained to provide detailed information of

bottom contours.

This instrument is potentially applicable to
control of breakwaters during construction. The ability to
gather bottom profile information from a single point
greatly speeds surveys and drastically reduces the amount of

navigation required during a survey.

By integrating this system with an electronic
position and level control on shore, continuous correction
can be automatically made for roll, pitch, heave and tide,
giving an accurate plot of cross~sections below sea level at

the time of survey.

A sketch of a surveying vessel coordinating its
position with a shore control station, and plotting a
profile of the slope of the breakwater, is presented in the
next figure (6.2). A complete description of some egquipment
used in the bottom scan profiling sonar is presented in

Appendix H. It also includes some copies of actual plotted

records of trenches and pipelines.
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ACOQUSTIC PROBLEHS

Several factors limit the application and accuracy

of these instruments(Caldwell, 19%58):

l. The speed of the survey craft must be slow
encugh to avoid entraining air under the

vessel, Air bubbles are sound blocks.

2. The angular size of the sound cone could
vary with the radius of the transmitter

plate and the frequency of the sound signal.

3. The strength of the echo necessary to enable
the amplifier-recorder to detect the echo
and give a usable record depends on the
surface of the seafloor. If it is clean
rock or sand bottom the echo is well
defined, but if it is unconsolidated mud

bottom it will return a faint echo.

4. The absorption of sound enerqy by the water
is limited to the depth te which the sounder
¢can operate. This particular limitation is
of little concern, because breakwaters have
been constructed in water depth not

exceeding 50m.
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ADVANTAGES OF SOUNDERS

Generally, the supersonic sounders are preferred

because of (Ingham,1975):
l, The high directivity from a small source.

2. Their relative freedom from the influence of
random engine noises and similar

disturbances.
3. It is light and often portable.

LASER DEPTH SOUNDING SYSTEM

The Missile Systems Divisions for the U.S. Naval
Oceanographic Office has developed a pulsed laser airborne
depth sounding system (PLADS). This system is based on the
use of the high power output of fregquency-doubled, Q-spoiled
¥Yttrium Aluminum Garnet (YAG) lasers for penetration of the

ocean, (Rattman and Smith, 1i%71)

Similar to PLADS, the latest equipment developed
in Australia (Clegqg and Penny,l1978) consists of a pulse
laser transmitter with an optical recelver to measure the
difference in arrivai time of pulses reflected from the
water surface and the seabed. In the vicinity of Adelaide,
Australia, reflections from the seabed were obtained
regularly in depths of 38m and in places down to 48m. At

present this technigque is restricted to profiling in the
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vertical plane just like an echosounder.

The next step in airborne laser=-beam technology is
to design a system where by the beam is scanned across tha
track of the aircraft to produce a swath survey similar to

the side scan sonar systems described earlier (Milne,1988).

Barring the expense of the operation, this method
could be used to provide the profile of the breakwater, but
a major disadvantage i3 that its depth is limited to the

clarity of the water.

At the present time the Missile Systems Division
is working on a better version of the system that will work
more accurately and enabling a substantial increase in

speed.

Until the laser depth sounding system 1is
affordabls this method i3 not recommended for the use of

orofiling breakwater <ore construction,



CONCLUSION
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A breakwater is a Complete system. It is built of
Several components but it functions as one unit. Failure to
recognize this very important concept in the past has led to

Severe damage and failures.

The abundance of rock ang familiarity with
quarrying methods to Produce large quantities at an
economical cost have led to the adoption of rubble mound
breakwaters for most of the recent construction, to the
eéxtent where the main requirement in any decision-making
regarding the design or construction of 2 breakwater has
Usually been to obtain the lowest costs possible, often
without adeguate consideration of the many other factors
involved. Especially for deep water breakwaters, a more

thorough evaluation is indicated.

One of the Principal components of a breakwater
is the core, and this therefore has been the subject of this

Study. The functions of the core have been defined as:

l. Furnishing the mass.

2. Providing stability.

3; Providing support for the rip-rap and armor
units.

4. Reducing wave energy permeability.

5. Acting to transfer the wave forces and

gravity loads to the foundation.
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In designing rubble mound breakwaters, attention
must be given to the practicable means and capabilities for
agcurate construction and control. Before starting
construction the contractor should collaborate with the
designer to determine if any changes can be made to provide
a better structure and to facilitate a more efficient method

of construction.

Site investigation is an important facter in
building a successful structure., Reinforcing a weak or
unstable s0il by one of the methods described in Chapter
IIT1 will provide a stronger foundation to the entire
structure, The use of a mattress before placing the core
material will act as a filter between the foundation and
core rock. This will minimize the migration of small
particles from the foundation up inte the core and will also
Prevent the settlement of the bigger rock into a sandy
seafloor. Migration of sand, scour, settlement or
liguifaction can cause instability to the whole structure
which may lead to failure. Data from bathymetric surveys,
soll corings, and subbottom profiles should be- studied to
provide an accurate assesment of bottom conditions. The
engineering properties of the seabed, such as soil shear
strength, density, and natural water content, may be

accurately determined from soil samples.

Specifications and tests regarding the quality of

the core rock material should be specific, and should
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address character of fragments, their gradation, durability

and abrasion resistance,

The construction of a breakwater requires a
tremendous amount of rubble, (up to as much as ten million
cubic meters in majer breakwaters). The selection of a
quarry for the exploitation of such a volume of suitable
rock is an important engineering gealogical task.
Petrographic evaluation can be a valuable tool in
recognizing destabilizing qualities of rock. The shear test
may be more valuable than the compression test, since rocks
in breakwater are more likely to fail in shear than in

compression.

Construction procedures and equipment should be
carefully selected. Designer and contractor should be aware
of the weather and sea states that will pertain during
construction, so that suitable and appropriate methods and

equipment will be selected,

The use of floating craft in constructing
breakwaters has the advantages of flexibility but its use

may be interrupted by storm or heavy wave action.

Dumping from barges may present a problem in that
if material is allowed to fall freely through water,
segregation tends to occur. A wider spread of the rock
dumped will also occur if there is fast current or heavy

wave action.
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Placement in large masses, that is dumping all at
once, tends to reduce segregation, but produces a wider

pattern and flatter slopes than dumping the rock slowly.

The core should be properly protected as soon as
possible after placement by the placement of class B rock
so as to prevent excessive leaching of fines and sloughing

of the slopes.

Survey and control are very important operations
during and after construction. Maximum use should be made of

modern electronic survey techniques,

Horizontal position control can be obtained by a
wide variety of mearns: ranges, sextant, lasers, or

electronic positioning.

Seabed and breakwater bathymetry and breakwater
profiles may be drawn using underwater preofiling technigues,
and using multi-channel and multi-angle acoustic sensor
technigues. Above water profiles may be developed by aerial

photogrammetry.,

The design should recognize the need £for
reasonable and practicable tolerances, and the sequence of
construction activities involving foundation preparation,

core rock placement, filter layers and armoring.
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THE RECOMMENDATIONS ARE SUMMARIZED AS FOLLOWS:

l. In designing a breakwater attention should
be given to the practicability for attaining
accurate construction and control, taking
into consideration the environment and the

proposed methods of construction.

2. The seabed should be 1investigated
thoroughly. Where indicated, compaction and
consolidation methods should be utilized to
insure a proper and firm bed underneath the

breakwater.

3. Specifications and tests of core material
should be more accurate and more specific.
Physical and chemical properties as well as
gradation requirements should be specified
So as to insure a durable core which will

properly fulfill its functiens.

4., Construction procedures and equipment should
be very carefully chosen with awareness of
the weather and sea states which wil occur
during construction, in order to ensure that

proper methods and equipment are adopted.

5. Special attention should be paid to methods

of survey and control, making maximum use of
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modern electronie, acoustical, and
photogrammetric technigues %to ensure

accurate construction.

There is a need for co-ordination of
research not only in the laboratory but also
in the field. Most laboratories are heavily
committed to testing of designs for specific
proposed future projects, and insufficient
research appears to have been directed to
studying the conditions and performance of
already constructed and existing

breakwaters.
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APPENDIX A

FILTER MAT ASSEMBLY PLANT

Appendix A is a brochure presenting the Filter Mat
Assembly Plant (prefabricated foundation bed) used as the
foundation for the storm-surge bharrier which is part of The
Delta Project across the Eastern Scheldt estuary in
Holland.This bkrochure has been prepared by the design team

Dosbouw v.o.f. and Tebodin B.V.

This filter mat cculd be used for the preparation

of the foundation of breakwater whenever it is appropriate.
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Filter Mat Assembly Plant Introduction

(pretabricated foundation bed)

Principal:

Ministry of Transport and Public Works,

Delta Works Department (Riiks-
aterstaat)

Main contractor:

Dosbouw v.o.1.
Dosbouw Construction Consortium
consists of:

Bailast-Nedam Group N.V.
Royal Boskalis Westminster B.V.

Baggermaatschappij Breejenbout B.V.

Holiandsche Beton Groep N.V.
van Oord-Utrecht N.V.-A.C.Z. B.V.
Royal Volker Stevin N.V.

Design team:

DOSBOUW v.o.f.
TEBODIN B.V.

r

10ORDZEE

As part of the Deita Project a storm-
surge barrier is being built across the
Eastern Scheldt estuary in the
remaining channels Hammen. Schaar
van Roggeplaat and Roompot. The
barrier consists of 66 prefabricated
piers and 63 sliding steel gates which
can be lowered between the piers in
case of emergency. The piers will be
instailed on the sea bed without the
need of pile foundations, However, in
order to ensure the stability of the
sandy soil beneath the piers a filter
construction will be placed on the sea
bed.

This construction, consisting of
prefabricated mats, wili form the
foundation bed directly supporting the
piers. These so-called filter mats are
being assembled near the Roompot
construction dock on the Geul dam
section in a specially designed plant
which is scheduied to supply the

required number of mats within a
period of 12 years.

Foundation bed

The 66 piers of the Eastern che-{c;?
storm-surge barrier are being buiit in
canstruction docks, Subsequently, they
will be transported tot their final
position and installed on the sea bed
by the lifting vessel Ostrea ({fig. 1).
Considerable attention has been paid
to the foundation bed on which the
piers will be placed. In the estuary
channels extensive soil improvements
have been carried out. In some places
existing layers of sand with poor
bearing capacity have been removed
by dredging and replaced by better
guality sand. The subsoil including the
clean sand newly brought in is
compacted by the speciaily designed
barge Mytilus (fig. 2) to reduce
porosity.

After these soil improvements the
prefabricated filter mats will be {aid,

Function of {ilter mats

The mats consist of a filter
construction of three graded layers.
They are impermeable to the sand of
the sea bed and form a carefully
composed transition 1o the layers cf
ever coarse stone which wili be placed
around the base of the piers.

They hold the underlying sand of the
sea bed in position despite the
prassures to which the barrier may be
axposed, and at the same time provide
sufficient drainage for the water. This
latter function is of prime importance,
thus ensuring that the upper layers of
sand are not washed away should the
barrier be exposed o severe current
action or heavy waves.

The mats, approximately 42 m wide
and 200 m long, weigh about 5.500
tons each.

In order to prevent the mats {rom being
damaged before and during the
installation of the piers, a second
smaller mat, 31 mx 60 m (see fig. 3). is
used immediately below the base of
the pier.

In view of the very high standard ot
requirements both regarding quality
and exact position of the filter
construction, it was decided. after
various ways of production had been
considered, to prefabricate the mats
and to transport them to their location.
The same procedure, used before when
the ‘block-mats’ were so successfully
laid, wil! be foilowed.

The filter mats are assembied on shore
and then wound on to a gigantic
cylinder floating in front of the plant.

Laying filter mats on the Eastern
Scheldt sea bed

The filter mats are placed on the sea
bed in water. having a depth of
maximum 35 m, by the specially buiit
rig Cardium (fig. 4). This vessei is also
equipped with a dust pan suction
nozzle which will dredge and level off
the Eastern Scheidt sea bed to the



correct depth (see Hig. 4),

The filter mats having been laid will
then be compacted by a beam
suspended from the Cardium.

Composition of filter mats

— gul.ower mat: '
»‘_, -ength appr. 200 m

wWidth appr. 42 m
Thickness appr. 0.36m
- {(after compaction 0.32 m)

The mat is composed of three layers of
material, namaly:

Sand (0.3 - 2 mm) layer
thickness 110 mm
Gravel-sand (2 - 8 mm) layer
thickness 110 mm
Gravel (8 - 40 mm) layer

thicknass 140 mm

The respective iayers of filter material
are separated from each other by
synthetic fabric (interlays) through
which water can permeate.

The underside of the mat consists of a
so-calied supporting fabric of synthetic
material, reinforced lengthways with
steel wires.

in order to achieve the required
measurement nine widths of
supporting fabri¢c are stitched together.
The top of the filter mat consists aiso
of synthetic fibre. Across the mat,
within each layer of filter material,
partitions are created by inserting
steel wire baskets in order to prevent
the filter material form shifting during
winding and unwinding operations.
The top edges of these U-shaped

_ baskets are turned inwards 180° to

encicse a membrane (see photograph
of scaie model, fig. 5).

To consolidate the layers together into
a compact mat steel pins, having a
diameter of 6 mm, are verticaily
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injected through the mat and secured
on both sides {see photograph of scaie
model, fig. 5.). Approximately eight
pins per square metre are thus

injected.

..
Upper mat: 272
Length appr.60 m
Width appr. 31 m
Thickness  appr. 0.36 m

The upper mat is assembied in exactly
the same way as the lower mat except
that it is composed of three layers of
gravel (8-40 mm).

General

To enclose the fiiter layers at both
ends of the mat wooden end units
are fitted to which the various
tabrics are stapied. These wooden
units are of the same thickness as
the layers of filter material, and are
joined to each other with nails and
bolts.

- To facilitate the winding and
unwinding of the mats steel
‘handles’, so-cailed holding beams,
are to he fitted at both ends of the
mats. Of these two beams the tail
beam, which guides the mat on to
the cylinder but which is the last to
be pilaced on the sea bed, has to
cope with a much greater load than
the head beam.

To connect the tail beam to the mat
wedges of synthetic resin are
mouided on to the wires in the
supporting fabric.

These wedges are fed into clamping
devices on the tail beam. At the
other end of the mat the supporting
fabric is turned back around a steel
reel which is then inserted into a
clamp on the head beam, called a
wrapping clamp.

Assembling process
General

The assembly piant consists mainly of:
- production hail

- lpading quay

- auxiliary installations

The production of the mat assembly
piant is independent of the mat laying
process in the Eastern Scheldt. two
transport cylinders being used for this
purpose.

The production capacity, however, is
determined by the required progress at
the construction site of the barrier,
This means, in fact, that on average
one filter mat must be completed every
36 hours.

During the assembling process the mat
is moved underneath stationary
machinery. For this purpose the floors
of both assembly plant and loading
quay consist of nine synchronised
chain conveyors driven by electric
motors.

The assembiing process takes place at
ground level and has been phased in
such a way that a two metre strip of
mat can be assembled evary ten .
minutes. The whole mat is then

fio. §
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-forward a further two metres at the
same height towards the loading quay.
The conveyors inside the production
hail can operate independently of
those on the loading guay, so that the
assembling procass can be

isconnected from the operations
1king place on the ioading guay.

e operating machinery of the plant

and loading quay floors is housed in a
jarge concrete basement which also
contains some machinery for parts of
the assembiing process.
The time required to assemble a mat
of 200 m is 20 hours, the time to
‘handie the same mat on the quay is
about 7%z hours.
During the assembling process the mat
moves through the following stages:

Preparatory work - Storage and feeding
in of supporting fabric

In order to connect the tail beam to the
beginning of the mat wedges of
synthetic resin must be fitted on to the
steel wires in the supporting fabric, a
connecting device similar to that used
with steel cable sockets. This
operation is carried out in the so-called
wedging shed which is situated to the
west of the assembiy plant. From here
the rolls ot supporting fabric are then
taken to the west side entrance of the
plant by side loader and mounted to be

paid out (D).

Stitching of the supporting fabric (F)

-~ Nine widths of supporting fabric, each
‘ out flve metres broad, are stitched
\SWgether to an overall width of 42 m by
eight sewing machines housed in the

- basement.

Positioning of sandproof membranes,
interiays and top covering

With the exception of the supporting
fabric all other reels of material arrive
at the plant on the south side and are
fitted into their pay-out position by a
mobile crane mounted overhead, cailed
the ‘serving trolley'.

Fitting of sandproof membrane and
intertays (I, L and O)

The nine widths of these fabrics,
overlapping each other, are fitted over
the sand or gravel layers. Both ends of
the fabrics are stapled on to the
wooden end units.

The sandproof membrane is used only
in the lower mat, namely on top of the
supporting fabric, at the sides and at
both ends of the mat where sand is
used. in the ypper mat a cementproof
membrane, called the upper mat
membrane, is inserted.

Fitting of wooden and units
th ands of the mat consist of
C n end units the first of which is
fitted on to the supporting fabric in the
dging shed.

'woodaen unit at the other end of
.mat is bolted to the supporting

All interlays and the top covering are
tastened with staples, Tha wooden end
units are nailed to each other. Both
staples and nails are driven in
pneumatically.

The wooden end units are transported
by crane and meonorail system from the
arrival area at the south side of the
plant to the designated assembly
point.

Manufacturing and fitting of baskets (U
and G)

To avoid bulky storage within the plant
the baskets are manufactured in the
basket hall, situated north of the mat
assembly plant, at the same time as
the fiiter mats. The basket hall houses
three machines which mould the steel
netting and cut it to size. Both top
edges of the U-shaped baskets are
turned back 18Q° to enclose a
membrane. After having been placed in
position, ready to be fed in, the
baskets are transported to the
assembly plant by four basket
transporters. These transporters are
equipped with adjustable clamps
which place the baskets in the correct
position on the mat. Three such
in?‘tailations operate parailel to each
other.

Depot for storage of sand, Qravei-sand
and gravel (A)

These materiais are brought to the site
by lorry. The storage capacity of the
depot has been calcuiated ont the
basis of the requiraments for a seven
to eight weeks' production.

Distribution system for sand, gravel-
sand and gravel (B, C, H, K and N)

The materiais are transferred to a
hopper by a front loader and
transported to the appropriate storage
silos via 2 movable chute and a
conveyor belt. Three independently
operating conveyor belt systems feed
the materials into three moving,
distributing hoppers and four
stationary hoppers which deal in
particular whith the sides of the lower
mats. Each time they have distributed
the material on a two metre strip of
mat, the moving, distributing hoppers
are re-filled, which takes only two
minutes, whilst the mat moves on. The
stationary hoppers are re-filled only
every four hours, a process which has
to be compieted in approximately eight
minutes.

The adjustable vibrating chutes below
the hoppers ensure an even layer of
filter material, unaffected Dy the
inevitable sagging of the supporting
construction and chain conveyors.

Finishing the sides of the mats

The side ends of the various fabrics
which, during the assembling process,
have been turned up vertically are
stitched together with hand sewing
machines before the pins are injected
through the mat.

Stitching of the 0P COVEOITg-Eiumr-r e

The widths of the top. covering are
stitched together while they are
unrolied vertically, and are then
transterred to a horizontal position.
Both ends are stapled on to the
wooden end units.

Injection of pins (Q)

The installation consists of an upper
and an under carriage. The under
carriage, 12 m long, three metres wide
and 2,55 m high, running on rails in the
basement, hydraulically injects 75 pins
in every 5 mx 2 m area of the filter
mat. A detection and positioning
system ensures that the injected pins
do not hit the steel wires in the
supporting fabric.

The synchronised upper carriage, nine
metres long, 2.50 m wide and three
metres high, running on a steel
construction above the mat, meets the
75 pins, fixes bowl-shaped snap-locks
on to them and cuts off the sharp
ends.

The whole installation has been
designed and built as a resuit of trials
and prototypes.

It is possible to inject, secure and cut
800 pins during the ten minute period
when the mat is stationary.

The whole installation must,
undoubtedly, quatify as a very
complicated piece of equipment,

Loading quay
Head and tail beam system

As soon as the beginning of the filter
mat approaches the fixed quay floor at
the end of the second chain conveyor,
it is connected to the tail beam by
means of the fitted wedges. The taii
beam itself is coupled to the filter mat
cylinder (diameter 16 m) by steel
cables (T).

Braking system (S)

in the finai stages of the mat being
wound on to the cylinder there remains
only a small part of the mat on the
quay. To prevent this end of the mat
from suddenly sliding off the quay, as
well as to control the whoie winding
process, a braking system has been
devised. This system consists
essentially of a heavy steel bridge
construction, weighing 130 tons and
having a free span of 48 metres, on
which two heavy winches have been
positioned, each capable of delivering
a braking force of 150 tons. The
winches are also used to pull the
holding beams on to the quay (pulling
force: 125 tons per winch).

Balancing and loading winches (W)

in order to keep the cylinder in balance
during the winding of the mat two _
balancing winches have been instailed.
The winding operation itsel! is carried
out by two loading winches.

The winding operation proceeds



intermitténtly as each two metre length
of mat, which is finished and fed
through every ten minutes, takes only
one minute to be wound on to the
cylinder. When the mat is being wound
on to the cylinder, the load on gach of
the two winch cables will progressively
sincrease to a maximum of 225 tons,
‘Iative to balance, mat radius, mat
eight and water level.
The force in the two balancing cabies,
providing the pre-stressing in the cable
system, is kept as much as possible to
a constant 30 tons per cable.

Porial crane

The whole of piant and quay area is
bridged by a portal crane, designed for
use during the building as weil as the
running of the plant.

During the running of the plant the
crane, which has a lifting capacity of
120 tons, is used mainly for operations
on the quay, such as the handling of
the head beam, weighing
approximately 110 tons, and the tail
beam, having a weight of
approximatsly 85 tons.

The portal crane is equipped also with
a separate moving platform which is
used when the cables are fixed to the
cylinder. The crane has a span of 60
metres an is fitted with both a fixed
and a moving tackle, each of 60 tons.
The rmoving tackle is equipped with a
turning jib having a hoisting capacity
of about four tons at a radius of 16
metres.

@.\uxiliary instailations
Electro-technical instaillation

Two transformers, each of 1,000 kVA,
supply the plant with power. They feed
a low voltage main distributing
installation, housed under the central
control room and eiectrically linked to
a separate emergency power supply for
the deep well system and the lighting.
In case of a failure of both 1,000 kVA
transformers the power supply is
switched to a 630 kVA transtormer
instailed elsewhere. For reasons of
centralisation, as weil ag to facilitate
localising a fauit, ail distributors for
the package units have been installed
in the same area. Aill cabies have been
mounted in cabie channals.

The covered assembly plant and the
basket hail are lit byfluorescent strip
lighting with an illuminance of 150 lux.
On the quay, next to where the
cylinders are moored, standard lamps,
25 m high, have been erected.

An intercom system has been instailed
between the central console and the
various package unit operators, so that
mutual communication is possible.
The winch operator (quay supervisor)
has the same facilities at his disposal
a’is the central operator.

e Control of electro-technical installation

In view of the special safety and
control reqgulations, the whole
installation has been designed on the

prnnciple that 11 should be possibte 10
operate each part locaily, both
manuaily and automatically.

The various package units transmit
progress, fault and release signals to a
centratly installed control and display
console where the whole process can
he followed and from where, after the
package units have signalled release,
the mat can then be moved forward. In
some cases control of the eiectro-
technicai installation is carried out
through the Programmable Logic
Controt (P.L.C.).

After the mat has been moved on the
central operator signais the local
operators that work ¢an be resumed.
When the mat has been attached to
the cylinder, ihe central operator
hands over conirol of both moving and
winding the mat tQ the quay supervisor
who is in a better position to handle
this combined operation. However, the
central operator still continues.to
supervise the whole orocedure.

Compressed air installation

The compressed air installation
consists of two compressors, aach
with a capacity of 5 m*/min.
Compressed air is required for some of
the operations, for the nailing and
stapling machines, for tools and
cleaning purposes.

Water supply

To cope with the great variation in
water usage a storage tank of 40 m*
capacity has been installed which is
fed by a water mains, 6" in diameter,
running ajong the main road.

The water is required for both sanitary
and cleaning purposes.

Civil engineering and
constructional works/steel
constructions

- Shest piling construction of quay

To build the quay an anchored
sheet piling construction was used
consisting of profiled sheet piling
driven into the ground to a depth of
19 to 23 metres below Amsterdam
Datum Point (NAP).

Foundation filter mat assembly
piant

After investigations of the soil by
the Delft Soil Mechanics
Laboratory, it was decided to
construct the foundations of the
filter mat assembly plant directly on

the sandy subsoil without using pile

driving.

\J
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The ievei of the site is 4 m above
Amsterdam Datum Point (NAP).
Under the greater part of the plant
area a basement, housing the
operating machinery for the chain
conveyor floors, was to be built at
1.50 m above Amsterdam Datum
Point. Consequently, a level of one
metre above Amsterdam Datum
Point was chosen for the
foundations of the basement walls
which had to bear a relativeiy heavy
ioad. The maximum ground pressure
allowed was 12 kg/cm?. To avoid
complications from ground water
pressure, since the ground water
level may rise higher than one metre
above Amsterdam Datum Point, a
drainage sysiem was installed.

The water is carried away by a deep
well installation which must be
capabie of constantly coping with
all overpressure gver a 1% to 2 year
period during which the piant wiit
be in operation.

Quantities of approximately 6,250
m* of concrete and approximately
600 tons of reinforcement steel
weare used.

Steel constructions

An open lattice construction was
chosen with iattice girders running
across the plant,

The greater part of the installation
is fixed, or moves, at approximately
the same level as the underside of
the lattice girders.

Initiaily, the specifications
stipulated that only vital parts of
the plant shouid be protected from
the weather by coverings. Later,
however, it was decided to roof the
whole of the whole of the assembly
plant.

The basket hali, situated to the
north of the plant, was built as a
standard hall, compiste with front
and side walls. )

The total weight of the steel used
for buildings and supporting
constructions is approximately
1,200 tons, exclusive of the chain
convayor floors which weigh about
another 1,000 tons.
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APPENDIX B

Appendix B represents a schematic method for the
stabilization of soil: the Compozer method. It enlists the
different steps executed to provide a more stable foundation
by vibrating a pipe placed at the site where sand is

injected in it. This sand is then compacted by vibration.



Oruer of Compozer Execution Steps

A Install 1he pipe at the spearhed ste an the ground.

g.Lacile the vibraior o penetrate the pipe nio the
ground  When there i3 3 hard layer which makes it
difticult 10 penctrale the pipe, water jet Of air jet is
co used 1o force penetration.
When penetration reaches a certan denth

-3 .4 cettan quanidy of sand s thrown into the pipe

from the upper hepper and white deawing up the pipe
up to the specifrect level, sand n the pine is lorced
oul inlo the Lored hole hy compressed ar,

&, The pipe s redrven into the hole and sand s com:
pacted hy whration. Sand is compressed into the
surrounding subsorl layer.

5 Again feed sand into the pipe and tirew up the pipe
1o the specibied heght,

& By repcating the jhove process, complete the com-
porer mle up (o the graund level.
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APPENDIX C
CONTRACT SPECIFICATIONS

Appendix C consists of typical contract

specifications for the construction of breakwaters.

The first part of this Appendix (pp.363 to pp.324)
is an extract from the specifications for the proposed
Atlantic Generating Offshore Nuclear Power Station, as
prepared by Frederic R. Harris for the Public Service

Electric and Gas Co. of New Jersey.

The second part represents a draft of
specifications prepared by the U.S. Corps of Engineers for
the rehabilitation of Half Moon Bay breakwater (pp.325 to

pp.333).



3.15 CONSTRUCTION REQUIREMENTS

3.15.1  BREAKWATER

3.15.1.1 Breakwater Stone and Fill Materials

The types and sizes of stone and fi11 material will be as follows:

Type Size and Weight Descfigtion

I #200 Sieve to 3% Caisson Sand Fill
I1 #10 Sieve to 6" Filter Layer

111 3" to 6" Leveling Course
IV 20# to 400# Core Stone

IX 5 to IOT Armor Stone

X 10T to IST Armor Stone

X1 €00# to 1600%# Stone

X1l 1.5T to 4T Armor Stone

Type 1 material will consiét of particles of sand or gravel with no
more than 10 percent fines passing the rumber 200 sieve and no size
larger than 3 inches. The material shall consist of natural inert
materials that are clean, hard and durable.

Type 11 fill material will consist of particles or fragments of
granular aggregates.

Type 111, IV and XI stone will consist of quarryblasted ledge rock
that is sufficiently durable. The rock will te free from open
fissures, planes of weakness, all foreign material and other undesir-
able qualities which might contribute 1o crumbling or breakirg during
handling, placing or weathering.

Type IV core stone will be rough and angular in shape with the least
principal dimension not less than one-fourth (1/4) the greatest

: Amendment 1
AGS PSAR 3.156-1 April 17, 1974




dimension. Type IV core stone will be tested to determine its shear
strength, The testing will consist of a serijes of consolidated
drained triaxial tests. The 12-inch diameter triaxial cell of
Geotesting, Inc. of San Rafael, California is currently being used
to test various stone for acceptability in the breakwater. Type XI
material will consist of uniformly graded rock with not less than
50 percent by weight, in pieces weighing the average weight (1100
1bs.} of that type stone.

Types IX, X and XII Armor Stone will consist of select guarry rock.
The Armor Stone will be free from open fissures, pianes of weakness,
all foreign material and other undesirable qualities which might,
contribute to crumbling or breaking during handling, placing ar
weathering. No less than 50 percent by weight will be in pieces
weighing more than the average weight of that type. Armor Stone will
be rough and angular in shape with the least principal dimension not
less than one-third (1/3) the greatest dimension.

Extensive investigations indicate that there are a number of sources
of materials suitable for breakwater stone and fill, and that such
sources are worked by experienced owners, each capable of meeting the
supply requirements of the present project. The specific type(s) of
natural material to be used, and the actua) supplier(s)} of this
material, have not been identified at the present time. It is
expected that this information will be furnished in September 1974, |
Consequenly the present response is outlined in a generic manner.

A qualitative evaluation of rock durability relates to the geological
origin and history of the rock; and is based on, in the first
instance, a petrographic examination of the mineral and crystallo-
graphic makeup of the rock. Larger scale macro studies of hand speci-
mens and field observations of large fragments are made to determine
weak seams, such as poorly healed Joints or fractures and incipient
¢racks. All of the above factors influence the potential durability
of the rock. A further criterion is the construction history of the

Amendment 9
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rock under consideration in any marine structure.

A1l of the quantitative ASTM tests 1isted below, relate to a greater
or lesser degree, to durability:

c.

" The Los Angeles Abrasion Test ASTM C-535. (The ability of rock

fragments to remain intact when subjected to the extensive
abrasion and impact which occurs when these fragments are rotated
with iron balls in a drum, reflects the toughness and durability

~of the rock.)

The Soundness Tests by Magnesium and Sodium Suiphate - ASTM C-88.
(These tests determine the resistance of rock to disintegration
by saturated solutions of magnesium and scdium sulphate. The
tests are designed to simulate weathering action and to supple-
ment information on the service records of the material when
exposed to actual weathering conditions.)

Test for Absorption and Bulk Specific Gravity - ASTM C-07.

(This test provides an indication of the rocks porosity and is a
measure of resistance of stone to freezing and thawing. The
specific gravity provides a measure of a fragment susceptibility
to movement and indirectly relates to mechanical abrasion in the
breakwater.)

Test for Compression Strength - ASTM C-170. (This test provides
an index of the general tougimess of the rock element and so
also is an index of durability.)

The following discussion presents in a logical manner the require-

ments of suitable rock and identifies sources of rock available for
use in the Atlantic Generating Station breakwater.

Amendment 1
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Possible sources of caisson fill are the loose sea floor sands in the
general vicinity of the plant site. These sands are chemically and

mechanically stable. However, the most probable source of fi11 would
be from presently operating sand pits in the New Jersey Coastal Plain.

The types of rock most suitable for constructing a protective break-
water for the Atlantic Generating Station are: (a) those which have
a source favorably Tocated for economically producing fragments of

- rubble of the required sizes and (b) those types of rock sufficiently
tough to withstand both the short-term processes associated with
quarrying, transportation and placing and the longer term processes
associated with the Tife cycle of the breakwater.

Geologically, the most suitable materials are derived from massive,
fine-grained igneous rock such as diabase or basalt; the massive
metamorphic rocks such as greenstone and quartzite and the massive
sedimentary rocks such as hard sandstone and limestone. Coarser-
grained igneous and metamorphic rocks such as granite and grantic
gneiss are also suitable. Lithologic suitability applies especially
to the larger size ranges of rubble, since for the most fine-grained
igneous and sedimentary rocks, their inherently closer joint spacing
or bedding tends to make the production of stone above 8 or 10 tons
impractical.,

Highly foliated rocks such as schist, micaceous gneisses and some
amphibolites, as well as thinly bedded, sheared, and excessively
Jointed rocks are not suitable, since these are likely to shatter on
blasting, producing a large number of flat fragments and a high

~ percentage of fines.

The importance of the characteristics of natural discontinuities (i.e.
jointing, bedding, etc.) in the rock mass cannot be overstressed,
since these control not only the ability of the rock to break into
angular roughly equidimensional fragments showing suitable surface

Amendment 1
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roughness; but they control also the distribution of fragment sizes
(gradation) in the production blast. Such properties, if favorable,
contribute significantly to a relatively dense rockfill with a
relatively high angle of internal friction.

Suitable breakwater stone {s further geologically characterized by
being resistant to physical and chemical weathering. Rock with a
minimum of void spaces is usually least prome to frost action.
Chemical weathering involves rock decay accompanied by marked changes
fn chemical and mineralogical composition. Over a geological time
span, the complex silicates that make up the bulk of igneous and
metamorphic rocks commonly change into hydrous silicates, hydrous
oxides, and carbonates; some materials, such as carbonates, are lost
by solution. With the exception of carbonates, the susceptibility

of a rock to chemical weathering is related to the temperature at
which the rock formed. Higher temperature rocks (igneous and
metamorphis) are more susceptible than lower temperature rocks
(sedimentary). Except under extreme climatic condition {polar or
tropica]), weathering is a very long-term process and the possibility
of weathering influencing any sound rock placed in the breakwater
during its 40 year life cycle is extremely remote.

Favorable geological rock types relate to materials ﬁith favorable
engineering index properties. In other words, properties such as
mass per unit volume, compressive strength and durability in terms
of mechanicél and chemical stability, are a function of the mineral
composition, texture, and macro and micro structure of the rock
element. Favorable properties are generally associated with such
features as fine grain size, a lack of micro-fracture orlweII-deve1op-
ed cleavage, hard stable minerals, isotropic mineral arrangement, and
good crystal interlock. Conversely, less well suited rocks are
associated with coarser grain size, the presence of micro-fractures,
unstable soft minerals, an abundance of minerals with well-developed
cleavage, a well-defined anisotropic mineral arrangement, a clastic

Amendment 1
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texture, and other deleterious propérties. [t may be emphasized,
however, that the petrographic features described above should be used
to provide quidelines in selecting suitable rock and not to establish
rigid diagnostic criteria for needlessly condemning potential useful
sources.

Many roéks having one or more of the features sited as being charac-
teristic of a poorer material have been satisfactorily used in marine
environments. In this case, a Study of the service records of the
rock in existing marind environments could be conducted to establish
a realistic evaluation of that particular rock.

Although the exact source of breakwater stone has not yet been
determined, the stone selected will be one of the following types:

L) diabase-b asalt, 2) New England granite or, 3) granitic gneiss.

The susceptibility of a rock type such as diabase, granite or granitic
gneiss to weathering or breakdown in a salt water environment would

be almost nonexistent. Most chemical weathering phenomena occur in

an acid environment (pH 7.0) under more favorable oxidation conditions
and where precipitation containing dissolved C02 acts as the solvent.
In the ocean, however, the pH is always in the neighborhood of 8.0

as the combination of several solutes (most notably the COZ'HZ'CO3'
HC03-C03 system) serve as effective buffers. This inhibits the rapid
influctuation of pH and has probably. caused equivalent conditions to
prevail in the oceans for a long time in the geologic past.

While the dissolution of minerals within diabase, granite or granitic
gneiss in a salt water environment is feasible thermodynamically, it

is kinetically improbable. The concentrations of anions and cations
already present in sea water (and common to those in the subject
crystaliine rocks) can approach saturation at certain temperatures

and pressures. Such a condition would make it highly unlikely that
solution of any of these minerals would take place. This is evidenced,
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in part, by several petrographic analyses of rock specimens from
already existing breakwaters. Clinton Point Dolomite from the Jones
Beach Breakwater (N.Y.) and granite from the Hyannis Port Breakwater
(Mass.) {granite from Stonington, Maine) were analyzed in thin section
and showed no mineral alteration from up to 40 years exposure to a
salt water environment.

On a relative scale, Reiche (Reference 3.15.1-4) proposed a weathering
potential index, WPI, for rocks. Those rocks with a high stability
(resistance to weathering attack) have a Tow index . Conversely,
those rocks and minerals with a Tow stability (less resistance to
weathering attack) have a high index. Shown below is a tabulation of
the WPI for several common minerals and rock types:

Material WP1 Average
Quartz ]
Granite 7

~ Granitic Gneiss 10
Basalt (diabase) 20
Olivine 54

The interpretation of such an index would show that a basalt or
diabase would weather three times more rapidly than a granite under
the same weathering conditions. It does not indicate, however, the
length of time involved in the chemical breakdown of minerals that
make up these crystalline rocks. Studies have shown that most
saprolites (weathered rock) were formed during the Tertiary period,
up to 10 miliion years ago (Reference 3.15.1-5).

The properties of the rock element may be evaluated in quantitative
terms in accordance with standarized laboratory procedures. Specific
gravity is an important index property in this respect since the
specific gravity of a rock is directly related to its resistance to

AGS-PSAR 3-15-6 Amendment 9
? August 23, 1974



movemeﬁt. An illustrative example is discussed by Treasher (Referenca
3.15.1-1} who compares two similar sized stones, one having 10%
greater density in air than the other. The heavier stone, when
immersed in water has 50% more resistance against movement by wave
action than the lighter stone. A specific gravity of greater than

2.6 1s desirable.

The specification requirements and test procedures for the various
types of breakwater materials to be used at the Atlantic Generating
Station are given in Table 3.15- 1

Design suitability of rock is evaluated in terms of the efficiency
with which individual rock fragments recombine and act as a single
rockfill mass. The critical design parameter in this respect is the
angle of internal friction which defines the strength of the rockfill
structure. The highest angle of internal friction is naturally
desirable. Determination of this parameter should be consistent with
the confining stresses and density anticipated for the core material
of the breakwater,

AGS~PSAR 3.15-6b Amendment 9
° August 23, 1974



A broad sweep of the geological brush indicates that the northeastern
United States are adequately endowed with sources of highly suitable
basalt, diabase, gneiss, dolomitic limestone and granite an or within
easy reach of water transportation. Such sources are worked by
several we{1 recognized and experienced owners, in whom empioy
competent staffs and would be capable of expanding existing production
to meet the scheduie necessary for the construction of a two unit
breakwater. Although existing suppliers are well-qualified and
capable of providing the necessary rock, the development of a new
quarry in the northeastern states is still considered a viable
alternative at this time.

There are 135 principal crushed stone quarries in the Northeastern
United States (Referenﬁe 3.15.1-2) producing 100,000,000 + tons/year.
These quarries are all in rock types described previously as being
well-suited for breakwater stone or listed in Corps of Engineers
records as being potential sources of aggregate. Several of these
quarries have produced large broken rubble in the past and could
produce such rock in the future. Also many of these quarries are on
or have good access to water and/or rail transportation. Thus the
Atlantic Generating Station site has access to a sufficient number of
alternative sources of suitable rock within economical haulage
distances to make the concept of a rubble mound breakwater highly
feasible.

Table 3.15-2 provides additional data on operations considered to be
most suitable for supplying breakwater materials. The guarries
1isted were selected from the principal crushed-stone pfoducers in
the region as being best potentially able to provide the required
amounts of stone for the least cost and with the least environmental
impact (Reference 3.15.1-3).
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For location in the breakwater c¢ross-section of stone'types, sizes,
and vieights listed in Sec. 3,15.1.1 and in Table 3.15-1, see Fig.
3012-5-31

Based on model tests at the Materways Exr~riment Station (HES} in.
Vicksburg, Mississippi, recommendations were made for a typical mair
breakwater cross-section, a typical cross-section at the roundheads

and a typical cross-section of the closure caisson showing caisson

fi11 material. These recommended sections are shown in Figs. 3.14.2-2,
3.14.2-4, and 3.14.2-5, respectively.’

The recommended cross-section for the main breakwater shown in Fig.
3.14.2-2 is based on a prototype which compares to the actual design
¢ross-section as follows:

Prototype ' Actual
37 ton dolos 40 ton dolos
7 ton rock ET to IOT
736# rock 6004 to 1600#
374 204 to 4004
5 ton rock ' ET to IOTT

1 3/4 ton rock 1.5T to 4

The recommended cross-section for the roundheads shown in Fig. 3.14.2-4
fs based on a prototype which compares to the actual cross-section as
follows:

Prototype Actual
62 ton dolos ' 62 ton dolos
12 ton rock 10" to 167
1500# rock 60# to 16004
20 to 400# rock core 20# to 4004
AGS-PSAR 3.15-7a Amendment 9

August 23, 1974




As seen from the above comparisons, the recommended breakwater Cross-
section is exactly the same as the design cross-section for the
roundheads and is almost the same for the main breakwater cross-section.
In the actual main breakwater design cross-section, the dolos size has
been increased from 37T in the prototype to 30" and slightly heoavier
rock (GT to 10T as opposed to ST in the prototype) is used as a primary
layer topping the caissons. In both of the above cases, the changes

are on the conservative side and provide for a more stable cross-section.

The design cross-section of the material in the closure breakwater
caissons were changed to provide 2 additional layers of stone {Core
Material - 204 to 400# range and filter stone, #6 sieve to 6") under
the 1.57 to 4T armor stone and the design cross-section of the

material in the main breakwater caissons was changed to provide one
additional filter layer (#6 sieve to 6") under the 600# to 1600#

stane. In both cases, additional screening layers of stone were placed
over the caisson sand to prevent the possibility of sand liquifying and
creating a quick condition whereby the heavier stone would sink into

the underlying sand.
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3.15,1.2 Construction Methods For Breakwater Stone and Fil}
Materials

The seabed beneath the caissons will be prepared by placing Type IV
material to a rough grade one to three (3) feet below the elevation
of the bottom surface of the caissons. Concrete grade (leveling)
5i1ls or screed frames will then be placed to the elevation of the
bottom surface of the caissons in such an arrangement as to establish
a firished grade line for the base of the caissons. Type IIl material
will then be placed on the Type IV material and screeded to final
elevation. |

Type IV rock will be placed underwater by dumping from scows until the
rock is so high that the scows could not float. After that stage has
been reached, it will be placed by clam shell buckets. Material will
be deposited in such a manner as to imsure a dense core. There is no |3
assurance that material will naturally come to rest on exact slopes of
2 horizontal to 1 vertical. Consequently, most of the slopes will
need to be dressed to the required configuration by the use of clam
shell buckets.

Type XI material will be deposited by dropping or dumping. The outer
limits of the material will be covered with the largest sizes of each
type and shall be rough, to achieve keying between layers.

Types IX, X and XII armor stone will be individually. placed so that
adjoining pieces will be firmly bedded on the stones below and be in
Jjuxtaposition with each other, to create interlocking of adjoining
pieces where possible. Materials will be placed at the Towest
elevations first, working up toward the higher elevations and shall
be 1aid in horizontal layers. Materials will be placed as closely
together as practicable with vertical joints staggered wherever
possible, '
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The tentative stages of breakwater construction are as follows:
(a) Stage I - Dredge seabed.
Place core material and leveling course to elevation of

underside of main breakwater caissons and closure break- -
water caissons.
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Place main breakwater ciassens (Type I) and caissons
Type IV and V of closure breakwater.

Place core material, filter layer, armor stone and
dolosse tp elevation -19 feet.

(b) Stage II - Place core material, filter stone, armor stone
and dolosse to elevation +37 feet for main breakwater
rubble mound.

‘Place temporary sheeting for circulating water discharge
sections and basin. Excavate and place Type III leveling
course material.

Place circulating water discharge basin and backfill.
Place mooring caissons, Types VI and VII.

{c) Stage 111 - Dredge, place core material, leveling course
and caissons Type Il and III.

Place armor stone and dolosse to elevation +66 feet
(final elevation) for main breakwater rubble mound.

Breakwater construction is tentatively staged in the above order for
the purpose of insuring stability during construction and the corres-
ponding increase in strength of the underiying clay. The placing of
mooring caissons and circulating water discharge basins has been
included under breakwater construction stages because of the proximity
of those structures to the breakwater itself.

Fi1ling operations under Stage I involve seabed preparation which
includes placing the leveling course Type 1lI material. Each caisson
will be placed as soon as the seabed is preapred for their placement.
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mmediately after sinking, caissons will be filled with caisson sand
fill, Type I material. A minimum time before stone filling is |
allowed will be mstablished in order to permif ¢onsolidation of sand

"~ fi11. An instrumentation program will be established to monitor the

soil properties during construction.
3.15.2 CONCRETE DOLOSSE

Concrete for dolosse will be proportioned, mixed and placed in accord-
ance with the requirements of Section 3.15.4. Concrete for dolos
units will have a compressive strength at 28 days of not less than
5,000 psi.

Forms for the casting of dolos units are to be made of steel. Each
dolos unit will be poured in one continuous operation. There will
be no ¢old joints and retempering of concrete will not be permitted.

txcept for lifting loops for removal of dolosse from their forms,
there will be no steel or any other material embedded in the dolos
armor units. No reinforcing steel is required for the dolosse.

Dolosse will be stored after removal from the forms until the time
they have achieved at least the compressive strength specified for
28 days and have been approved as to quality and acceptability up to
that point in their history. Thereafter they will be moved to the
breakwater for final placing.

Dolosse will be placed on the prepared stone slopes, beginning ‘at the
toe of the slopes and working upward. Dglosse will be individually
positioned.

The density of the dolosse units on the surface of the breakwater
slopes will be maintained by placing the correct number of units per
1,000 square feet of surface area, in double layer pattern. The
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required number of units per 1,000 square feet will be as follows:

27 for 11 ton units; 11 for 40 ton ynits; and 8 for 62 ton units. In
general, 55 percent of the dolosse units will be placed in the first
layer,

Equipment utilized for placing dolosse on the breakwater surfaces
will permit the dolosse to swivel to any random position so there
will be no systematic alignments of the dolosse units in place in
any area except as otherwise stated herein.

The first dolosse rank at the toe of the slope will be placed with
the outer flukes standing vertically and their inner flukes Tying
horizontally. The remaining units will be random placed, not packed
in a pattern. This specific placing will be maintained completely
around the toe of the breakwater, around the roundheads of the
breakwater and along the inside of the breakwater on the top of the
caissons so as to completely surround both the main and closure
breakwaters.

Concrete for dolosse manufacture will weigh a minimum of 150 pounds
per cubic foot.

3.15.3 CONCRETE CAISSONS
Concrete caissons shall be of the following types:

(a) Type I - Stationary Caisson in Main Breakwater (Bottom
‘elevation - 34 ft.)

(b} Type L1 - Staticnary Discharge Caisson in Closure Breakwater
(Bottom Elevation - 58 ft.)

(c} Type III - Removable Caisson in Closure Breakwater (Bottom
Elevation - 38 ft.)
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1) Type 1V - Stationary Caisson (for Power Cables) in Closure
Breakwater'(Bottom Elevation - 58 ft.)

(e) Type V - Stationary Caisson in Closure Breakwater (Bottom
Elevation - 38 ft.)

{f} Types VI and VII - Stationary Caissons for the Mooring

System (Bottom Elevation - 44 ft.)
A1l materials required for the fabrication of ciassons will be in
accordance with the requirements of Section 3.15.4 and as specified
herein. Caisson concrete will be air-entrained and have a minimum
compressive strength of 4,000 psi at 28 days. Reinforcing steel will
conform to the requirements of ASTM A-615, Grade 60. Welded steel
wire fabric will conform to the requirements of ASTM A-185. Steel
sheet piling to form the closure between breakwater caissons will
conform to the requirements of ASTM A-328.

A certified model test laboratory will be engaged to conduct towing
tests for concrete caissons. The objective of the testing will be to
obtain the following information: '

{a) The maximum sea state for safe towing of the caisson in the
apen sed.

(b} The maximum moments and forces induced into the caisson during

towing. _

(c) The number and size of the tugs required to safely tow the
caisson through the maximum sea state conditions.

(d) The optimum ballasted conditions for the caisson during
varjous sea states.

Templates will be used between the main breakwater caissons to gauge
the dimensions and aid alignment in placement and shall have absorp-

tion characteristics sufficient to counter the lateral forces of

—
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impact anticipated during placement. Templates will be of such dimen-
sions as to protect the full width of the caissons.

The caissons for the main breakwater will be placed first so as to
form a protective harbor as quickly as possible.

The two removable caissons in the closure breakwater on the Unit No. 2
side of the closure breakwater will be in place prior to the arrival
of Unit No. 1 at the site. The two removable caissons on the Unit

No. 1 side will be installed after Unit No. 1 is in place.

3.15.4 CONCRETE WORK

The cement to be used will be a Type I or Type II Portland Cement.
It will meet the minimum requirements established in the American
Society of Testing Material Specification No. C-150.

Both large and small aggregates will consist of natural inert
materials that are clean, hard and durable, free from organic matter
and uncoated with clay, dirt or any deleterious materials. They will
meet the requirements of the Standard Specifications for Concrete
Aggregates of the American Society for Testing Materials C-33 except
as noted.

The coarse aggregate will be either natural occurring gravels of
which a minimum of 40% is crushed or be 100% quarry crushed stone.

The following criteria will apply for all fresh water and/or ice that
may be required:

(a) It will not contain more than 100 ppm each of chlorides,
sulfides, and nitrates.

(b) Its turbidity will not exceed 2,000 ppm.

{c) It will be potable.

{d) Contain no deleterious substances.
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Admixtures being considered for use in concrete include an air-
entraining'agent and a water reduction and/or retardation admixture.
If used, the admixtures shall conform to ASTM Specifications No. C-260
and C-494 respectively.

A1l reinforcing steel will conform to "Standard Specification for
Deformed Billet-Steel Bars for Concrete Reinforcement", ASTM A-615,
for Grade 40 and 60 steel.

A liquid membrane curing compound, if used, shall conform to and be
certified to meet ASTM C-309.

3.15.5 MOORING SYSTEM

Meoring System concrete will have a minimum compressive strength of
5,000 psi at 28 days and conform to the requirements of Section
3.15.4.

Reinforcement will conform to the requirements of Section 3.15.4.

Sand fi1) material will be Type I material as described in Section
3.15.1.1.

Mooring system steel and rubber bumpers shall be as described in
Section 3.13.

Mooring caissons will be constructed in accordance with the applicable
provisions of Section 3.15.3.

Mooring caissons shall have & maximum draft during tow of thirty-two
(32) feet. Therefore in order to meet the maximum draft requirement
it is anticipated that portions of the mooring ciassons may be cast
at the site. Appropriate procedures will be established for site
concrete casting.
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A1l pontoons or other auxiliary buoyancy tanks used in the towing of
the cajssons shall be designed for the stresses imposed during tow
and placement of the caissons. After pasitioning the caissons will
be seated on the bottom by flooding the interior compartments as
soon as possible.

A survey to locate accurately the position of the caissons will be
made after the caissons have been set. When the survey has been
made, the buffer assembly will be positioned in the caissers to
meet the following criteria:

(a) The center lines of the shaft in the caisson will be set %o an
elevation of plus or minus one inch of the design location.

(b) The horizontal strut pins on the caisson side will be positioned
so that the axis of all four pins are in a straight line and
parallel to each other.

(¢} The projection of the axis of the horizontal pins of the second
caisson of the mooring system will be in the same plane as the
horizontal pins of the first caisson and will intersect the line

- projection of the four horizontal pins of the first caisson at
90 degrees. '

When the mooring caisson has been set and surveyed, the panel assembly
shall be installed. It is intended that these units be set in the

dry with the use of temporary bulkheads. The steel panel with the

two shafts and assembly retaining the strut vertical pin shall be

set in position. The shafts will be set into the slots provided in
the concrete walls so that they are centered in the holes of the walls
after the placement of concrete. The split bearing rings at the shaft
ends and the concrete wall liners at these locations will then be
installed. The shaft collar rings in either side of the steel grill-
age are then fixed.
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\1ignment of the horizontal pins will be checked to determine that
they are all in a straight line. Adjustment may be made by moving the
panels within their respective walls laterally.

After the above alignment, measurements between the concrete walls and
the face of the bearing panel will be made. The steel sheets which
form the sTide housing for the rubber bumper units will be accurately
positioned to allow insertion of the rubber bumpers, so that the
bumpers are force fit against the panels. When the steel sheets are
positioned, the space between the walls and the plates will be
grouted.

The steel stops will then be positioned accurately and the space
between the back plate and the concrete walls grouted.

The rubber bumpers will be inserted into the slide housing and force
fit.

After positioning, the shafts and buffer assmely in accordance with
the foregoing, the "U" shaped slots in the concrete walls surrounding
the buffer assembly will be cast in the dry.

A temporary mooring system will be designed to hold the plants in
position after they are placed in the basin and until the permanent
mooring system installation is complete.

The bracket attachments to the Plant Hull will be installed on the
Hull prior to its arrival at the site.
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JIVISION 2 = STTE wowry
SECTION 2A

STONEWORK

1. WORK INCLUDED,

The work covered by this section conaists of furnishing a1l plant,
labor. materials, equipment, supplies and incidentals and performing all
eperations required to repalr the west and east breakwaters as shown on
the drawings.

2. APPLICABLE PUBLICATION.

The following American Soctety for Testine and Materials (ASTM)
sreeification of the issue listed below, but referred to thereafrey by
vasic dewirnation only, forms a part of this specification to the extent
indicated by references thereto.

Aerican foecicty or Testing and Materials (ASTM) Stand.ar!ls,

Cl27-70 Specific Gravity and Absarption
of Codrse Apgregate

3. MOBILIZATION AND DEMOBILIZATION.

“obilization shall consist of all work required in preparing the
Contractor's plant and equipment for shipment: movingm such plant, equip-
ment, supplies and Iincidentals onto the Jjobsite and preparation for con-
struction averatious. The Contractor's plant and ecquipment proposed for
uge in the work shall be of sufficient size, capacity and efficiency to
meet the Yob requirements and will be subject to approval by the Contracting
Officer's “epresentative. Demobilization shall congist of all work required
to remove the Contractor's plant, equipment, unused supprlies and incidentals
from the Jobsite at the completion of the contract work. including cleanine

up.

4, MATERTALS.

4.1 Quality of Stone. All stone shall be
sound, wurable, hard, free from laminations or cleagvaces, and of such
character that it will not disintegrate from the action of alr, sea water,
or the conditions ton be mer in Yandliugs and placing. All stone rhall be
anrular quarried material and stone shall have the preatest dimension not
greater than 3 timee the least dimenaion. Quarty aperacions shall include



celective guarrying, = teenineg @owriaziviog, handtong, an . loading =n

producs rovs conlorming te pradation requirerents. The Contractor wils
hot Beogrnted any ext o oamjon of cime or oXITa comprnsation Jue Lo arv
delav « wsed he suapling or testing of material under the tequirements

v
ni thesc spec.tication
4.2 Sewrie of Marerials.  stone matesials may he ohtained from

sourves liste. in subparagraph "Sources of Stone Materials', under
paragraph et ITY CONTROLY, or from any source nronosced by the Contractor

ind approved Ly the dontracting Officer . in accordance
with subparaxr ph CMaterials', uader piaragraph TQUALTTY CONTROL".  The
CURLEACLOT sbe !l make all arraneements, pav all rovalties amd secure all

permits neces.ary for furnishing, transporting and placing stone from any
EERRANJ o A L

4.3 Hedeiny.,  Bodding material shall be crushed rock, reasonably
coll graded.  Individoal pieces shall be ungular fn shape aitd shall be
free from v pctable mattor and fines In vxcess of 5 percent.

"

duhomalite. Suitable tests and service records will be used to
Jeterrine i dooeptability o1 the stone materinals, In tig event suitahle
test reports and a service record, that are satisfactory to the
Fantractinge Officer, are not avallable, as in tin case of newlvy operated
sources, tin materlal shall he subjectued to such tests as are necussary
to determine its acveptabilitv for use in the worl.  Tests to which the
materinle m - he supiected include petrapraphic analysis, speclfic pravity,
abrasion, absorptic:, wetting and drviny, frecziny and thawing, und such
other Leats as mav be consldered necessary to demonstrate o the satis-
Faction of the Contrecting 0fficer that the materials are aceeptatle for
use in the vark, ALl tests will bhe made by ar mnder the supervision of
the Government and at fts expense.

4.5 FStone plgspcg_anﬁ_ycigh;s. The minimum, average and maximunm
scone weighes for each class of stene shall bLe as listed below. The
average weinht of the total of the individual piecea of stone for each

class shall not be leas than the listed average weipht.

wLone Type Hinimum Averare Max{imum
jL}ﬁﬁp)___ Weight Welpht Weipht
A1 HoU0 Ton A.0 Ton e 6 Ton
A2 9,0 Ton 13.00 lon 17.0 Ton
A-3 12.0 ton 16,100 Ton 26.0 Ton
i > Tan &. 0 Ton f,0 Tan
" J00. 0 Lbs. 6UD.0 Lbs. Luon.o 1bs.
Hedding
Material No.h Sieve [ o Inca t lnches
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4.7 Stone Density. All scone shall have a density of not less
than 154 pounds per cubic foot. Stone average weiphts shown hereinabove
are based on stone density of 165 pounds per cubic foot. Stone densitles
ereater or lesser than lt> pounds per cubic foot may result in new
stone welirhts as determined by the Contracting vfficer.
The stone denaity shall be vaged on the saturated surface dry specific
gravity of the stone determined in accordance with ASTM C127.

5. PLACEMENT.

5,1 Reddine materlal shall be nlaced on the existing gurface within
the irits and te the thickness shown on the drawings. The nlacement
ahall te such as Lo obtain a praded mAss aof uni{form thickness after
nigcemoat. The tickneas of the laver may have a tolerance rf plus 2
[nctn s O MiNUSs ZCT0.

- S,
5.2.1 Generat. The final timits of stone, in place, shall be Lo the
lines owd prades indicated on the Jrawings, with rcasonable vabiat]on.

v stone shallobe placed or moved after original placement unless a
ropre sentative of the Coutracting Officer . is present.

st rontractor shall cxXercise extreme care during piacement operations so
am te avenid disturbance of "well nested" existinp or newlv placed stones.

Soo.2 Methad of peement . The stones shall be carcfubly placed, keve
ol mer By oplacinge ar rolocating with a crase, derrfok or similar apnroved
vrp1i1'hﬁil; ln general, the fongltudinal axis of vach euter stone shiall be
ottt Lo Lhe asis af the breakwater and shall slope downward toward the coanter
af i LreaRWAber. N

.01 Redectaod Stone, Rejocted stone i defined as stone not sulzable
e Lo aality or sine as Cpeckfied hervin. Any rejected stone will not be

padd for o cbhall he promntiy removed from the johslite at no cxpensce Lo
the noevernment. ARy rejected stoae placed in the permanent work shall be
romavedd by the Contracter AU his expense dd such stone shall be replaced

with luone as =i ified.

a. TRUCK LFELIVERY.

All stone delivered by truck shall be welphed and the scale
rickets certified by authorized weiphers provided by the Contractor. All
trucks used for delivering stone shall be plainly numbered.



i SCALFKS,

Scalea, including truck scales, track acales and other scales
used for the work, shall be of the standard beam type. Tue scalas shall
be of sufficivnt capacities tan satisfy all weighing requirements. Scalas
rhall Le tested, approved and sealed by an inspector of the State Inanec~
tion Jureau nr applicable Government apency chareed with scales Inspection
vithin the "tate of Californta. Seales shall be ¢nlibrated and resealed as
ofter 19 necrasary to insure continuous accuracy. The necesmsary number of
standard weiehts for testing the scalcs shall be on hand at all times and,
if an official inspection bureau of the State or other applicable avency
ir nat avaflatle, the scalem will be tested by the Contracting Officer.

Where scales are found to be defective or theilr accuracy
becomry questionable, stone deliveries shall immediately cease and shall
not resume until approved scales are available. Anproved scales of a type
which can be attached to the crane liftiny line may be used for welphing
individual stones.

LR SCALL TICKETS AND RECORDS.

Loples of sgcale tickets or recards of weiphts includine displace-
ment welsht data, shall be submitted ro the Contractine Officer

during the propress of the work. The Contracting Qfficer

will determine from the displacement welpht data, the weight of stone
shiipped by biree and will certify displacement weipht records. Each scale
ticket or reeconrd shall include the gromss, tare, dunnape and net weight of
stone. The wefpht of dunnape for each leoad will be determined, recorded
and certificd ny the Contracting Officer. Leliveries
of barye stone transhipred after welphing shall be acenmpanied by certified
and numberced scale tichets or records using an approved svystem to maintain
delivery control. coptes of seale tickets and/or receipts siall accompany
vach load of ntooe for all metiods of transportation and A cepy shall Le
delivered (o the Contracting Dfficer , on Jelivery of the
‘tone,  Dwnfore the final pavment is made, the Contractor shall file with
the Contractine Of({icer certlfied neale ticherts or cortif{e!
records for all <tone jued Lo the construction.covered by the caontract.

Do A BGIHING STOUE RY PTISPLACIIENLT.

stone alelivered o barpes may Lhave 1es welpht caleulated by cthe
displacement awthed,  In such raleulatinon one cubie foot of displacement
1L be defined as 66 poumids of welphe.  All facilities far ver{fying
displacement aul for determininp the relatlon between draf{: tononagc,
between depth of water in the hold and bilpes, amd net stone tonnave



suall be +laced on Larves LY and at t.c expense of the Lontractor. All
Larpes shall be loaded o aprroxirate lovel displacement. All Larpes
shall be pininly numbered. ooere the *otton of load corpartments is
Lelow the draft of the loaded bargpc, stone in water will be def ined as
peeupving uo percent of anv water im the compartment with a bunvancy of
L4 pounds rur cuble foot. Lisplacement weight for each barse shall be
obtanined prior to loading, subsequent to loadinp and upon arrival at the

conagruction arca.

10. CALIDRATION OF BARGES .

~ 17,1 Barges are designated as including Jeck , hopper, bortomdump, and
tilt barees, scows and other marine equipment uged for tramsporting stone
or for reasuring stone quantities by displacement method. The Contractor
ahall furnish plana of each barpe as constructed, includine all equipment
and modifications, or barpes shall be drydocked for inspection as directed
by the Contracting Officer. No barge shall be nut in use
conveyiny rock te the breakwiaters without prior approval of the Contracting
nwificer.

10.2 Prior to use on the work, the Contractor shall provide all
facilitics and eruipment fpr the raping of or calibration of encu barge
by the Contractine Officer, . The bilges and hold (ms
applicable; of each barge ghall be £illed progressivelyv with seca water
as dJdirectel to provide tables of displacement versua water levels in

the bilprs and hold. Before calibration of a barpe, cach bilge shall
be fitted with pape wells as may be required and all bilpes shall be
satisfactorily limbered.

1.3 A barge shall be recalibrated when, in the opinion of the
Contractinyg Cfficer, , chanres to the barge and/otr equip-
ment vold the previocus calibraciom.

11. MAINTEHANCE OF MARINE EQUIPMEWT.

Barpes shall be miintained in good operatinp condition including
soundness of hull and operation of mechauical equipment. Barges ghall be
maintained, loaded and operated to preclude loss of transported materials.
Placement bargea and placing equipment gshall have suitabhle conveniences for
gafe and adequate inspection of the work.

1. UUALLTY CONTROL.

1.1 Sggygpg_pﬁnﬁpggg_ﬁptgyip)h. The Contractor shall deslpnate
{n writing «ithin 5 days after award of the centract the sources CT squrces
from whicti he will furmish the stone to be incorporated into the work.
Listing of sources In "Sources of Material” shall not constitute repre-
gentatlon by the Covernment that the source or sources will produce the
guantity or nizes regquired.



1,7 Epg{grgHgﬁ_ﬂggggigi, Stcne meeting the quality requirements
specified has been previously obtained from the sources ligted below.

12.2.1 Davenport Quarry (Lone Star Industries). Located about
12 miles nerth of Santa Cruz. Formerly source of limestone for cement
plant. Nock is hard, gray sandstone which is stockpiled at the quarry.

17.2.2 Basalt Rock Company, McNear's Quarry. Located on San

Francisco Bavy at San Rafael. Rock 1is fresh, blue-grav sandstone.

122.3 Fisher Quarry (Umpqua River Navigation Company) Camas,

Washinpton. The Fisher Quarry is located om the Columbia River. Rock
is a fresh, light pray, dense, columnar basalr.

IZ 0040 tuarrv Products, lne.  Leoeated at Paci{ica, San Mageo County,
Califtornin, Suftable for bedding material and quarry run surfacing material.

IL.3 Materiads. Material may be obtained from the seurces indicated
above.  Tf the Contractor proposes to fuenish material from sources not

Visted sad otest reports or o service records covering the matertals from

such soures Lhat are sati=factory to the Contracting Jificer

Aare nul available, the material will be tested oy the Government for gquality
Lo determine its ceeptability for use {n the work. When the wontractor
desires to use materials from a source not listed, or {f the Cuvernment elects
te retest o osoures that is listed, suitable samples for qualitv evaluation
shisbl he taken by the Contrictor under the suprrvision of the Contracting
Ufficer, namples shall be delivered by the Conrractor to

the Corna of Enainecrs, Svath Pacific Division Laboratery, Sausalito, California.
Campling  od salpping of samples shall be at the Contractor's CLDURS Y,

Listing ar o soure or sources shall not be construed s approval of all
miterials obtained from that source or soureces. The ripght is reserved to
Veject material produced Trom localized areas, Tones, or strata when such
material: are unsuitable for intended use.

Teo Sampieand Venting. Saeples of material from one unlisted
sonree, propesed by the Contractor, will be taken and tested by amd at (he
capense ot the Soverument, Samples of matericols from additiona! nources,
propesca by the Contractor, will be taken and tested by the Goavernment and
the costs of such testing will be deductod from amount . dug or to become duc
the Contractoer. Al work regquired to produce gamples ol material, represcut.a-
tive ot the preposed sources, <hial] be dene he and at the cxpenne of the
Conlractor, and th material, ready lor sampd iag by L Government, shall
be amada vad Table 1t the proposed querry site, at least A0 davs in advance
of the tire whea the placing of slane is expected to heyin.

JA-#



12,5 Insoectino. Tie Contractor sihall establish and maintain qualicy
control tor all quarrving, ioading and placing operations to assurce com; iiance
with contraeot requirements and maintain records of his quality conwrol for
all operatiens, {ncluding, but not limlited to the folliwing:

Quarrying stonne

Quaiity of furnished scone
Placement methods

Size und welght of stone, In place

The records of such quality control and anv corrective action talen
to mointain contract compliance will he noted in the Contractor's
Quality Control Report, one of the above requirements shall be
construed as abregating the rights of the Govermment to {nspect

the work und to direct changes when required to conform to the
drowings and specifications,

13, CIEASUREMENT AND PAYMENT.

3.1 ‘feasurerent. the quantity of stoune to be pald for by welpit
as indicated in the Lidding schedule stall be Jetermined elithier bv scale
weiphts or weiphts calculated by the displacement method. The unit of
welpnt wasurement =all be the ton ecavaling 2,000 pounds, ‘leasuremnnt

wiED be ot the tearesL one tenth (310 of 0 ton of total quantity of
Material oceptably placed in the conpleted work. Detached stone not

placed o0 part ol the specified work will not be included in the measured
Quaatitive Tor payment. Paveoent having enee heen made, quantity measuresonts
For such poyment. will aot be reopencd except oo evidence of collusion, [raud

ol abvioun crror.,

13.72 Density of Stone. The estimated tonnare of stone undirﬁgue
any item for stone is hased on stane with a specific gravity of I. 3.
%tﬁne trom any source where the speeific pravicy varires more'th?n‘s. y
from that used In estimating the tonnape will result in a nov entémzzg;e
tonnage veine derived, based on a specific gravity of Lhelaqprgiiq”
to be wused., General Provisinn "WARIATIONS I3 FSTIMATED YUANTL L

will then be applicable to the tonnafe SO derived.

13.1 “obilization and Demobflization. Tayment far mohilizaction
an demobil?ingggnaiff_Eo onde at the contract lump sum price foj .
"Mobilization and Demobilizaclon' in accordance with Special PrTv q oni_
SO ILIAATTON ARD DLMOBTLIZATION | which price and payment shatl Fonsr_
tute full compensation for moving all lahor, plant, materials an? eqﬁéz;
ment necessary to perform the stoneworh onta the jobsite, ready for ‘
and removiny same from the jobsite upon completion of the contract work.



Plo ionewerk,  Pavaent for oarnishin, and placing new stone Wil
boomade ol the appelicaile contract unit price for "A=l Stonce (3 Ton Avye.),
Lo Place™, "a=2 stopme (03 Ton Aveld, ITn Place”, A=3 Stone (16 Ton Avg ),
Fo Plave,” "B Stone (4 Ton Avel ), o0 Place”™, "0 Stone {(A00 Lh. Avp.), In
Place” od "sedding Miteriad {(So. o cdfieve to 67 Max.), In Plaece”, which
price v pavment chall o eorstitote tell compensation for furmishing atl
plact, tonor, materbals and ecquipment and 1or performiog all operarions
Mocessary Lo cemplele the - tonework in accordunce with the drawings and
sncei i ations,

* x *
SAFEY 18 A TEAM EFFORT

--)a‘ln"H
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APPENDIX D

BERM SELECTION IN MINING OPERATIONS

This part presents a copy of the considerations
used in the design of quarry operations. It is copied from

the Operating Handbook 0f Surface mining.



Saelect berm widih to contain iccal failures

Dennis C. Martin and Douglas R. Piteau, D. R. Piteau Associates Lid.

STABILITY ANALYSES for open pit slope design must
consider the possibility of the failure of individual
benches as well as the [ailure of the overnil slope. In
many cases, the probability of overall siope failure along
major fauits or weak zones may prove to be smalil, while
the design of individual benches against excessive failure
may be the controlling factor for design of the overail
slope. Small failures can cause major disruptions 1o pit
operations and can limit accessibility. A graphical
method for design of individual benches 1o contrel small
failures is described here.

Considerations for basic slope design

In rock slepes, instability occurs as a result of failure
along structural discontinuities. such as bedding piancs.
joinzs, geological contacts, and faults. Instability seldom
occurs in homogencous material unless the rock is
weathered or sofl.

The most important single factor in stability analyses
and design of rock slopes is the determination and
evatuation of the orientation, geometry. and spatial
distribution of discentinuitics in the slopes. This process
should be followed by evaluation of pussible alternative
angles of the proposed pit slopes relative 1o the orienty-
tion of the discontinuities. )

Slope control may be accomplished by designing the
slope sa that no failure can occur or by excavating the pit
under controiled conditions, with the stope designed lor
adequate access. while minor failures are caught on
berms and removed as neceded. The first solution s
usually too conservative to be economical. The second
solution requires a thorough consideration of slope
geometry.

Parameters that govern the geometry of a siupe are
bcn.h hclght 4, berm width {, and bench face angle 8.
(See Fig. 1.) Normz Ily, ‘these ; parameters ars determined
by the strength and nature of the material of the slope.
the size and type of equipment to be used, and mining
regulations. Bench height should provide a safe working
stope. For a given slope. higher benches permit wider
berms.

In general, berms should be designed wide enough to
entrap failing debris 2nd provide access for cleanup.

Inclined bench faces reduce the likelihood of high
stresses near bench crests and minimize tension cracks
and overhangs. Probicms of rockfall are thus reduced.
and the safety of the slope is increased.

Slope and failure geometry are related

The volume of materizl in a bench failure is inversely
proportignal to either the dip of a plane failure or the
plunge of a wedge failure. The volume varies with bench

height. The shallower the dip or plunge of 2 faiture, the

greater the volume of material invelved. Caiculation of

E/MJ OPERATING HANDBOOK OF SURFACE MINING
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Benches a! this muine m Sntish Columbia were designed to
contan the wacdge faures pradicted by stabiity analysis.



the crossesecliondd arel ol 0 poleniidi Benen funure
Fig. 1—Geometry providus un estimate of the voiwme of Tutied maieru per
of stope design it width of bn.jrm..

For plune Laniures, the siumped mattenial on the berm
In assumed 1o lermi a uniform debris slope with o
trnnzuiar cross secton, Siumped material from a wedge
finfure is wssumed Lo form uan approximately conical
debris slope. This stope extends outward across the berm
alunmg the projection of the line of anterscetion. 1L s
assumed that the maximum extent of slumped marenad
from g wedge (ailure wall occar along tiie projection of
the line of intersection and will have a trianguiar cross
section  stouhar o that of g plane failure  of wint width
along the hne of intersection. Therefore, calcuiztion o
the crossssectiona) urca of 2 wedpe failure atong the hine
uf irlersection provides an estimate of the maximum
volume of material, per umt width, thad could slump
ante Lhe berm.

The verticad gross-secttonal arca A of o Gulure taken
parallen 1w the dircction of Qip ol the Gulure plane or
parallel o the hine of intersecnion of 4 wedge Tudlure - i
calculated in Fig. 2 using the Tormula:

.

Salter face angle :
raench lace angle -

i | !
AL, ( T , ) 1
: L i tan 3 .

Fig. 2-——Elements of banch design

N
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balare lasure
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pr after failure ™\
el !
= ! e
3 |
= & Overail siope angle
Dip or plunge Q Angile of
! of taiure rapose r
-t ' E/MJ OPERATING HANDBOOK OF SURFACE MINING
. -l ’



N

Fig. 3—interrelationship of slope geometry and failure geometry, 45-ft benches
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' Fig. 5—Probability of wedge spiliover
; for various siope angles
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In cascs wihere the amount of failed matertd s
gemnatrically too farge to be complelely caught vi the
Lerm (Tor o particudar beneh Beight), o is assuined tha
the slump anyle s less than 7o The reguaced benin widih
iy then caleuliled on the wsumpton it
trrangle of siwmped matersad cxiends frone the ¢rest ol
the bench. I this case, the mummun berm widile s
caleulated as

£ osHnple

I 1
Fonp — f’ .

The Gulking Gowell) factur an Savrcase i the volume
of materind during Bature - s not considesed. Bolkiag is
aocwnplex Lickor relued w rock Type, Mriwctuie intensicy,
and the mechanism of rock fallure. Bulhig can increase
volume by as much as 50%. For conditions where By, 2
applies (v steeply dipping luilures), the minimum
berm, width is increased only by the square rout of the
Lulhiap facter. Qn the other hand. where g 3 applics
(e, for shalivw failures), the relalionship s dircctly
proporuenal, and the required minimum berm width can
be 1.5 umes Lthe miimimum berm width determined Ly
that equation. Depending on the type and size of failure,
bulking may be an important factor 0 be incorporaled
o the cdeslations. The lactor can be determmed
caperunentally by compuring unit werghts of in-situ and
of Tailed rock material.

Minimum berm width is used 1o caleulaie the wverall
slope angle for the particular bench heght and bench
face angle that are assymed in Lhe aaalysis.

Acknowledgemene: The techmyue descrnibed here
was developed in conjuncuun with pit slope
stability analyses and design work at the mines of
Cyprus Anvil Mining Corp. and Cassinr Asbestos
Curp. The authors wish o thaek personned of te
iwo mines for their assistance.
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Graphs of bench and failure geometry

For a partiudar beneh height, the mierrclatonship of
crossesectional arca A aunimum berm width . and
averat! slope ungle # can be presented on three graphs.
The graphs show the varous bench lace sugics und dips.
of plunges of the fuduere o, The relationships for
benches 45 [t high and 90 Tt high xre graphed in Figs. 3
and 4, respectively

Design graples tor o speciic bench height can be used
te determine the size of a potentiul fatlure, including the
berm widlh and vverall slupe angle necessary lo contn
the bench failure. JFig. 4 llustrates o tvpical example
with Y0-(l-ligh benches and 80 bench fave angles. In
this case, the peologic structure indicated that plane
faifures could develop. dipping at 60"

Fig. 4 shows that the minimum berm widih required
to cateh such ladlures is 48 {1, and the resuiting overall
allowablc slope angle is about 547, The ameunt of failure
that wondd have w be cleaned ap is approsinastely 1,600
cu {1t per 1 width of the failure (big. da). I the number
and size of fuilures per unit length of beneh can be
estimuted, the wtal amoent of cleanep of fuiled materal
can bu cadeulated.

The accompianying griaphs assae that ouminat back-
Lreak of the bench crests widi devetap, Proper controi ot
bizating and inclined beneh Taves wall reduce backbreak.
Where Gieeess iy required alung berms, berm wadth
should be increased to permil eyuipiment passage past
failures. Where discontinuities are large and invoive
more than one bench, the vverall slope ungle may have to
be fhtened.

Graphical analysis applied to B.C. mine

The application of the analytical technique described
here oroved cextremely useful at a mine ia northern
British Cotumbia. At this mine, anakysis was made of the
upper 700-M-hiph section of an 1.100-ft-hiph hanging-
wall slope of argillitic rock. Numerous potentinl wedpe
lailures, formed by the combination of two joint sets,
controlled stope  geometey and  the stability of the
benches. (See photo.)

Graphical technigue was used with probability theory
w determine the opumum bench geometry required 1o
contain a reasonuble number ol wedge Ttures upon the
bernis. The plunge of the wedpes varied mathenutically
as 4 normal distribution about the mean plunge value.
Probability technigues were applied 1 assess the likcli-
hood of unstable wedges occurring whuse plunge would
be greater than that determined by probability entera.
The probability of an unstable wedge spilling over a
berm, lor a particular overall slope angle. was deter-
mined as shown in Fig. 5. Mine management was then in
a pesition to evaluate allernauve slope designs.

A more complete discussion of the technique deseribed
here is preseated in “Slope Stability Analysis and Design
Bused on Probabiily Technues at Cassiar Mme,™ a
1976 CIM Bulictin by D.R. Pieau and D.C.
Murtin, ]

E/MJ) OPERATING HANDHQOK OF SURFACE MINING
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DIFFERENT PATTERNS OF BLASTING HOLES

This section presents a copy of different layouts
for the drilled holes in the bhlasting operation. It is

copied from the "Blasters' Handbook" {duPont,1977}.



L ] L ] L . . » » [ ] L ._|'
. . ) . . . . . . —
}
L L * - L [} L L . .f_
L -* L ] L ] L ] a » * L] .L—
H 1 B 1 1 .
'r-—r—-:-——r.—g—r-_T—-r il } - : + ; Pop -

open lace
Squarce Pallorn ' o 7

Figure 15-G, The square patiern feaiuioy equal burden and spacing wilth 1he holes 1N
vach tow aligned duectly behind the correspanding hoies 171 the patiern & frant row.

SQUARE

[ ] - » » - - - ."—
. - . . . . . --1'—
» [ ] [ ] - ] a [ ] .—;-
. . ™ . . . . o+
» - [ ] [ ] L [ ] - - i*
| el Ll 1 .

1-— - .1-- v -.J. BRI TR ' 9:--- “.--!- L] -I- . -l

i I

open {ace
Recranguiar Paitern 6 1 9

Figure 15-A The rec:angulir patlern nSs tne surden loss M the sgaging. and the
hales 1N eadh row are aygain ahgaerd ditedtly detind corresponding hates o bond row

RECTANGULAR

3L



. @ N » . . . " -
= >
. ° . . . . . L
13
. @ . » . . . [ S
Y - L]
. . . . . - - [
— 1 ] 1 [ t v ] * 'l L] 4 1 ---j

i
M
Slaggared Patiorn 6 5 9

Figure 15.. The stuqgurert pallern may have 1he burden and SPpacing equal but ne
010 th the alletpawe ruws are in the nuddie of the spacings al the fronl row hules

STAGGERED

.’t_lt.' I:: IEO L:"! I:»n 114 Iy
' E : 4 6 . F
XL e 1
- - L] - - 1
“ \ “ .
;'...u |;-; sl S .
.
R a s ‘ ! .
‘\
‘n
-
ies tao-”
.
H e
T
&
Pl
-
-
L et
et
4 K
—] 11 i
et g,

P |
15G — froun, e - did e
A

& - M8 sy Aeiam b By Lt sl Mooy annr

Figure 15-6 the ¥ pattern s APphcne tu_mesi types of formausas. It s reaarty
adaptaule 1o square or recianguiar pallerns of Can Go used with the staggercd palicmn

PATTERN

(3
1IN



V - MS DELAY PATTERN

'
oG L] it S aug 3w ¥ i ] dey at raul A
. - . * " H . . . = L
1] Iy 4 L HF 4 3] [T} 1 1 N o ALl . l
A e Aidp il LI ' dl (LY v B - fiuirg =l
o ' P v . . . ‘ . . S
B v i i w " “ u 1 1. . s . |
g 41 o L [ Tk u fENTY e 1t 3 o 1'
- . . - - v . . . . !
-4 ! nl 1 [} Ll - - N . ;
‘" e “un u ' ' [t . . Lo .
. . . . . - . . - . .
i . i " - n .
‘e
A 1 " wa i 1 B cuy [ .
lb L] Il L] . - I' - - - - - - - oy
v? L B 9 ] - ’ H 1 - .~ ) -'_
H
i -n, :
. . . . -
11 K - I
i . o .
HU " -
|
L M
L] - - R .
. M - '
i
i
Lish ' ' . .
. - - PR
n . B |
4 fe N L i
- . . v |
' ’ * '
—— _ - _-
! ' -l +
b [~ LB v T L ST

Figure 15-L (samc as 19-1;. Qeprending on formanon and oumber ol holes-per-row, it
May he UeKIraBio 1o open HAST With two holes.on 25 M5 delay (and move muck lorward)

ECHELON MS DELAY PATTERN

L e M BEL M e v - Vo W e e
" B . . . . [ N . . . .
Y] .- v it I~ 4 i s ) 1 L]
l‘ H

W el A B SA0 D e e’ PG @ iYL ||I
- - . . . - " - e Ll - - - -

X W & 13 14 Ik 12 IL T » " : PR S
- 1' i

g +e.n (1) ) Fag's Hit 1 144G T el
- . . . . . .

1 I3 113 il . n K . o a |

ng LI n °h oMl (XA Sl I "\ Wi ” ||

l. L) - L] * . -
I . 14 ] " M ~ '

L) “ni LU Al 1] L ﬂ‘-‘ ol K FI I
. . B . . . . .
Rl N 12 , LR . 3 N |

0 w0 I 19 2y 15 k] ool
» " . . . . [ .
4 1 ) . B i 1 H Do

1
pr—- — __-)

149 = Funyg loiwe - WS Ly
H
3 = M5 ey Fevnd wmrw Qi i4on of Muwrrunt

Figure 15-M. When 1he blast area ic open on two Jdyacent sides 1n an external corner
{lowar right abgove], the blasl shouid be designed 10 utilize this addiional rehel.

o
~1



| WUy g FU ] ~g L] 19 Y 0 1os 2w
. . : . (e N .
+ ' ] B ] ] -1 ERS 3 Ll . ’ ]
‘. . \
« |
W0 s g W 0. s PF N 1w s e !
- - - - L] [ . - * L] - -
] 6 3 . 4 2; ] 1 2 N " E) & ,
1 1 t 1
i
e e i g 5oser 2% 2 LR Loe 125 TR
. . . H £ . . + - . . .
- L k] EH 1 ;J: | I -'" i :4 N - i
: [ [ ' ‘
P 1y LY e wu! > o JETEN ET” B - u
. + . . * ) . - . ) N - |
[ L] N B < Byl 1 1 [ a 1l 3 L |
' ' i 1
. ' h I | -
H fug i P29 ol LT (UL Fout . T
Z - . . . . . - . . L] . . . LA -
5 L N " 49 1 . i 1 i r e " 1 n <
? ' ' ' 1
H ' 1 ! '
- o,y Iy SN e iy N [T r, Dok LT N "
v . . . - . ) - . . .
i I . u i 3 it i B 4 i ;4 .
- - - -
M g S . e tno , sivw i in
. . - 0 . . . - . H .
" i N . . . i I ' I &
. i 1
I 0! o o an Ly Dlgt I Fires
¢ . . 0 . . . »
4 H : i e 4 i Y [ n
H ; i
T AT o ty M T e e RIL 1)
- - - - . Ll Ld L4 . . {
R ' i 3 it 3 « 2
' v H
i o e e 1y oy
. . ¥ . . . . . » .
. 1 : K 1 H X ) B
i
et e— e
P ey T My [ETY PUp +
REEEN | YT Sy = bve Dt 0F Wovginan

Figure 15-N (same as 19-h. Frequently quarries Must be cpened on side hill tertain
whetc there 15 not enaugh open ares in frant g1 the biasl for the forwarg movement
M530CA10d with the V ar schelon MS delay patierns, In these cases o channet M5
delay pattern like this can B¢ used 10 conting mavement of broken rock to biust area.

FLAT-FACE MS DELAY

175 150 150 150 150 150 150 150 175
- - - Ll
7 [ 6 6 [ [ & (1 !
125 100 tnn 125
- E d L]
4 4 5
100 75 75 75 100
- - - - *
4 3 3 3 4
75 50 50 75
[ ] - [] [ ]
3 2 2 3
50 25 2% 25 50
[} - - .
2 t 1 1 2

Rl e PR LR

Figure 15-0. Fiat-face pattern witi move broken material tarther from fgce andg usuaily
resuit in larger size rock. Fisi-face is aimost SHways usad with the stagoered patiern.

ALTERNATING HOLE MS DELAY

F:gure 15-P Aiternating hoie MS delay patiern has been used with limited success n
thiniy lsmunatod formations on wide spacngs. il § not recommended Tor mosi lormations.
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DETONATING CORD PATTERN
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Figure 155 (same as 19-L). Wdls ¢atrth movemeint there s always 3 chance Tor cliliiug
delonaling cord. Sysiems fof patiorns wsing delonahag cord Jand MS doelay connuecions)

shouid be designed hike the one abave 10 provide consideradie redundance as safequard.
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Chapter 15

The sinking Blast pattern Figure 15-X01 has prosen seps suevess.
Y i redicing vibrations ionam aveeptable Tevel Dnonddieon has
pre-du etarehie ve-ptt= i pudlng full depth o enprovng
frocimentabon with a o mn ol B ek

Wahideek foonding in targe-diumeter kite - Firwre 13 hoas bwen
wrtes operatint ndersely populated e
er, o waih cister e ed
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Figure 15 %, The sinking blast has reduced vibraions 10 an acceptante tevel and
has produced oulitangding resufts in pulling full depih and Improving {ragmeniabon.
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TYPES CF HOLES

SNAKEHQOLES

Snakeholes are horizontal holes drilled under a

relatively low face to blast the rock.

SECONDARY BLASTING

Secondary blasting is an extremely expensive
operation. Measures should be taken in the primary blasc

to hold the amount of secondary blasting to a minimum.

SPRUNG HOLES

For many years it was a common practice to drill
small-diameter holes and spring or chamber the bottom of
the hole to allow room for additional explosives as a bottom
load. This practice is extremely hazardous and has been
largely abandoned with the technical advances in drilling

equipment.
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COYOTE TUNNELS

Chapter 15
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Figure 15-£. This typical Coyole iunnel plan conuisis of an adil with either one ar
two crous-wigy Diiance irgm porial pnud belweaen crogs- wings vanes walh Hee terram,

Coyate Tarnels, Covow tunne] blasting 1s condimed to formidions that
will produce the desired fragmentation by displacement, Jor the entire
explosive load is concentrated in tunnels on the quarry floor. '%.lrt'
usetl when t_ix neeessary 1o produge Jarge volumes of stane in's ~ngie
hlast " Fhoy will roige from T0U thousand” puunds ol @xplisives e
severad melbion poumds 1n a0 soyzie blast.

Blasts of this aggmittde require considerahie cngiecrine sad o

Yiknl LTI ni experience. A TVRICHE coyore Laniwe i plan Mgure 1537
consasi= ol 11 il witl e o o cross=wiigs Fhee disGoee S The
portal and the disuinee belween winds will vary with the contour of
the terruin. The height over the tuanels shoubd be approvimately 11«
tines he distaner between tannels =

Tl voTame ol rock in front and oy er cach lunned iast be aecarate s
determined s should the aren to be sheicced an frosd ol coach tunnel
The~e two factors should Tre consudered o reladion o the tvpwe of
Tormabion on determuung the amount of explosivos to e loaded.

Your Du Pont representative should be consulted on any propuscd
cayole blast,
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VoS Defay Pattern, The Veopatieen Fiooie D500 s appvadie
o=t types of ormativas, 13 reas iy seapled Lo e sipaane e
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drdl pottern, the angle ol ove ment = 30 degoes ta Hhe aien L,
Thervfore. a0 10 T Tilool square potern bBeones o ech ey
partteren watdy an 07400t hivieden wand a0 PE Db spaving or e e
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I ocreetamgudar dcall poiterns os Geedds the ageae of e oo vl
vaes 1 rebatron to b relacive Dardens o s 2 i s e
Toveleterenie Dhe oz he ol B T e st b e e foeea Dol
aorectangidar pattes s hene
Ir DBureden
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A Yiple of oy ennenl
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tubi A L
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Todeteruine the cilecuve beeden sl spacisg 1o relatian o tee
direvtim of movemesl where:
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Quarries and Cuer Pt Mines
jon  Effeclive Spacing
E1 = Effective Burden
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APPENDIX F

MANITOWOC RINGER CRANE

This section presents a copy of the Manitowoc
Crane copied from the company brochure. It includes the

capacity and ranges of this equipment,.
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MANITOWOC ENGINEERING CO.

[ A division of The Manitowec Company, inc.}

99

Manitowoc, Wisconsin 54220

LIFTCRANE CAPACITIES

-
WEETS

{ sires ' 4600 SERIES — 3

4OOM NO. 37 — 60 FT. RINGER ATTACKMENT — ON BLOCKING

760,000 LB. AUXILIARY COUNTERWEIGHT

LIFTING CAPACITIES: Capacities for various boom lengths and
operating fodii may be based on per cent of tipping, strength
of wruciyrai components, operating spseds and other factors.
Capacities are for freely suspended loads and do not excesd
759%, of static tipping loads. Capacities based on structural com-
petence are shawn by shaded areas.

Capacities are shown in pounds. Waeight of jib, {vee chart A}, all
lood blecks, hooks, waeight ball, slings, etc., is considered part of
the main boem lood, Boom is not 1o be lowered beyond rodii
where combined weights gre gracter than roted capacity. Where
ne copacity is shawn, operotion iz not intanded or approved.

OPERATING CONDITIONS; Mochine to operote with roiler
path ievel within a tolerance of 1%" in 60 ft. and properly
supporied and under conditions referred to in rigging drawing
No. 55210 and load line specification chart,

- -
-

\ REQUIREMENTS , e
RINGER SERIES - 2

and boom top. Boom angle is on indication of operating rodius,
but in ail cases, operating rodius shall govern capacity.

BOOM POINT ELEVATION: Boem point elevotion, in foel, is
ihe vertical distance from ground lsvel to centeriine of boom
point shaft,

MACHINE EQUIPMENT: Machine squipped with 261"
crawlers, 50" treads, 30’ heovy duty mast, 30 pert independent
hoom hoist resving, eight 13" galvanized boom suppart sirand
pendants, 80' fixed auxiliory most, 112,000 Ib. crone counter-
weight and 760,000 Ib. auxiliary counterweight.

LOAD LINE SPECIFICATIONS: For machine with 30" width
tandem drums ond 43'° width tandem drums, reler te Load Line
Specification Chart No. 5429 or 6431,

Crone operator judgment must be used to allow for dynamic MAKIUN BOON A0 (A) DECUCT PROM CAPACTIIES
load effects of swinging, heisting or lowaring, os wall o3 odverse THS UFTED uufsss ' WHEN Ji8 15 “"“c"m__. i
operating conditions ar physical machine depreciation. Saom Length Jib Ne. 27 Jib Langth Jib Ne. 27
. L , 280° — ay 44,300 Lb.,
OPERATING RADIUS: Opercting rodius is the horizontal dis- 260° 120¢ 100/ 51,700 L.
tance from the axis of rolation ta the center of vertical hoist fine 120 57,300 ib.
or 1oad biock with 1he load freely suspended. Load block, hook and weight boll an greund of sion.
Boom angle is the angle batween horizentai and a line through -~ N i
the boom hinge that is poraliel to the lower chards of inserts For jib capocities, consult jib chart,
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APPENDIX G
USE OF BITUMEN IN COSTAL STRUCTURES

Appendix G is a brochure supplied by Bitumarin,
Company, demonstrating the several uses of Bitumen in
hydraulic engineering projects. It gives details of the
process as well as illustrating the different equipment

used.



~ Bitumenincoastal
- hydraulic engineering

F
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Bituminous mixtures are being useq with
‘ncreasing frequency in hycraulc engi-
neenng. GOnginaily these materials were used
¢ replace clay ana rock materials which are
N0t always avallable averywhere in adeguate
Guantiies. Nowacays. however. bitumen is
used in preference by virtue of its technolo-
gical and economical advantages over
tradiional matenials, It is flexible. Considering
that in hydraulic engineering the sea bed is
in constant moticn, the binder should allow
detormation easiiy. As binder, even in small
amounts. 1t provides the locally available
materiais with extra possibilities.

Bitumarin: specialist in bitumen for
hydraulic engineering.

it1s not at all surprising that specifically the
Dutch hydraulic engineering firm Bitumann is
the mctive force behind the success of
bituminous constructions N hydraulic engi-
ne=rnng.

1. Dunng the last decade grgantic hydraulic
profects came into being in Holiang,
the challenge being the improvement of
conventional constructions.

2. The activities ¢f Bitumarin are concen-
trated tully on the development and reali-
sation of bitumen techniques "in the
wet™: this being an unique specialisation.
which. through constant research, has
culminated in improved processes and
Dy extragpotation of results gained by
experience has reached high levels of
perfection.

3. Development of modern equipment has
opened the road 1o completely new
methods.

The wide knowiedge and broad experience
of Bitumarnn in bitumen techniques and in
hydrauhc engineenng are at your disposal.
Bitumarin Ikes to plan with vou. A call at the

Bitumen techniques in coastal engineering.

The fallowing points speak for the appincation of btumen n

coasial enqineenng:

- greates fiexibilty of design

- refatively mederate quantties are needed when no loose
matenals (stonesi are avalanle

- 1ess labgur-intensive than the traditional construchion
methoas

- high progress speed, this 1s especially impgrtant i case
of uaal work

- also useful far temporary work. such as the construction
of retaiming dams.

ngnt ime can cften iead to technically tette
zlternatives which can save a ict of maney.

Not only coastal engineering.

In coastal engineenng Bitumarn is in s
element. but alsc in other types of construc-
tlons, such as intand waterways and water-
tight constructions. Furthermore, Bittmarin
can give you mteresting solutions to cffshore
problems. Bitumarin has large and small
equipment, maiched to the size of the
project: a harbour pier or a small ditch. For
the smaller prejects we will thankfuily make
use of standard equipment, but for the bigger
ones large and sophisticated equipment 1s
developed and constructed.

- @vircnmentalry advantagecus i case of fiktcre arg —
ficopen’ vegetalion possible. its colour Degames
weathered. can be applied in different cocurs.

Bitumen 1s often used in coastal engineenng. All *he

techniques applied by Bitumann - ang ofter deveicped by

them - praved ther succes under prachical conciiens.
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—~  Frequently the protection of the sea bed is not proved in the Delta Werks. Currents and
g goal on its own but a necessary provision rdaies caused by construction obstacles
to aliow construction. Fixtone® mats, in situ usually make heavier constructions
poured sandmastic, weighted with rocks to necessary. Sandmastic, stone-asphalt and
resist the overpressure. This system was well Fixtone® may be considered.

TR LY Ry I

-y
¥

Grouting mixtures
Agphaltic grouting has been developed "in the wet™ and

Asphaltic concrete "in the gry”. It needs no compaction and its hfe-time (s
Asphaltic concrete slope protection represents the unhmited, For ungerwater appiications Bitumarin uses
classicai application of bitumen in hydraulic engineering. special equipment, through which grout can be placed at
Applied "in the dry” for the watertight iming of steep any desired depth. Used as bed protechon and for grouting

slopes of dams and reservairs. discrete stones.
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Mostly in deep waters. Must resist the

action of heavy waves. By preference therr
slopes are steep to save material, at the
same time a gradual slope from the bottom
to the top is desirable. So the compromise

s a1: 2% slope, with, for example, a limited
height footing, such as a Fixtone®-mat. Under
water the slope may be pattern grouted. but
above water where the effect of the wave
crests is felt, this pattern grouting may
continue oniy if the waves are not too heavy
(Hs = 4 m). With complete grouting even the
heaviest seas can be resisted. Compiete
grouting is the logicai continuation at the
crown and on the inward siope, with the
overtopping waves. In case of high break-
waters the obvious solution is a concrete
crown. In this way a gradual change from
horizontal to vertical can be achieved. For the
core of the dam sand-bitumen is the obvious
solution. The relative strength of this mixture
makes 1t remarkably resistant against the
action of the seas dunng the construction
phase. much better than any material without
a binder. Generally speaking, the application
of bituminous mixtures, i.e,, bonded mate-
rials, ailows the use of simple designs with,
retatively thin protective layers and few or no
intermediary layers, Also the weights to be
handled during construction are relatively
low. The use of asphalt is more competitive
than it is often thought.

Stone-asphait

The excellent quality of groutec stone lead to the sub-
sequent production of stone-asphalt, a rmixture of asphalt.
grout and stone up to 80 kg in weight, Piaced under water
t forms a monoiith which is resistant against heavy seas
and currents.

Pattern grouting

Biturmann has developed a method of pattern grouting rock :

ar stone in two ways. Lighter constructions are grouted pattern grouting overcomes the disadvantages ot imper-
with a low viscosity grout to stabiize the small stenes €.q. meapility. Despite the remaining voids the strength cf the
coarse gravel. Heavy constructions are grouted with a high construction is comparable to fully grouted rock or stone.

visCOosity mix to a predetermined depth. This method of
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Durnng closing operations dams are usually
constructed in artificially acquired shallow
waters. Here the influence of the sea Is only
stight, both during and after the construction
phase. As dams are usually associated with
rcads on top, customarily the siope is very
moderate with stight wave run-up. Especially
when the dam can be constructed with
relatively inexpensive hydrauiic fill, there is no
point in cutting the volume.

Fixtone® .

A permeabie and yet durable asphalt composition was a
long awanted reality in hydraulic engineering, finally realised
by Biturmarin with Fixtone®. A mixture of light stone and a
small quantity of a grouting mixture, in which the pores
remain open. On the deck of the purpese-built ship

Sand-bitumen retaining dams will provide
acdleguate protection for the hydraulic fiil.
representing the ideal base for the final revet-
ment. For the construction of the toe, which
is so necessary in this case. in situ poured’
sandmastic may be used, and Fixtone*-mats
are also useful. To protect the toe in the tidal
zone the water-permeabie Fixtone® is the
ideal materiat. Grouted stone is also used at
tirnes, but in this case the developing water
pressures ' may be so great that a much
greater thickness(=weight) will be needed
than that necessary for the strength.

Above high water level agphaltic concrete I1s
preferable, dimensioned in accordance with
the acting hydraulic pressure induced by
pore-water within the body of the dam.

“Jan Heimans" Fixtone® 1s produced in the form of mats,
a flexible construction which may te placed to great
depths. In tucker layers Fixtone $ also used as protection
for dykes and as protective layer on mogderately exposed
hartxour structures.
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Sea walls serve to protect low-lying land from
the encroachment of the sea. On the
seaward side such walls stand in shallow
water. Since the horizontal width of con-
struction must be restricted as far as
possible, the siope is quite considerable.
Also higher land may need protection against
the sea. In Heliand this usually concerns the
protection of the bottom of dunes, while in

other countries it may invoive protection of
cliffs threatened by ercsion.

Fixopen®.
The gurable Fixopen® was developed by Bitumann
especially for lighter constructions: an open penetration
mortar, Sand-tight. but permeable. Finer than Fixtone®.
Piaced in a iayer or as mattress i is intended for less
heavily exposed appilications.

Sand-bitumen

This is a mixture of sand and some (3%, 4%, sometimes
maore) ditumen. Its costs are relatively low. Very useful in
massive applications where the moderate strength of this
matenal is acceptable. As permeabie as the sand it
consists of: often a regquirement in hydraulic engineenng,

Bitumarin: construction firm for bituminous
constructions in hydraulic engineering

Bi:urmarin 1s a specialised construction firm fully con-
centrating on bitumen technigues in hydraulic engineenng.
Estavlished in 1960 as a subsidiary of then the leading
ccmpanies in hydraulic biiumen techngology Komnkijke
Wegenbouw NV, now the Roads and Asphait Diwision ot
the Kornkiijke Volker-Stevin concern, and the

NY. Verenigde Henmans Bednjven,
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-~ For the protection of beaches short. low
dams are constructed perpendicuiar (0 the
shoreline. The limited construction height
and the moderate slopes effectively suggest
the application of bitumentechnigues.

nence. its Research Department is ready to come up with
In 1971 the Hollandsche Beton Groep has joined these the optimum solution for every specific probtem. It acts
companies participating n Bitumann. Bitumarin makes as a neutral partner in discussions. \ndependent and
avallable to you all its specialised knowleqge and expe- competent.
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APPENDIX H

SONAR PROFILERS

MesotecH Systems Ltd. supplied this section showing
some of the leading equipment for underwater surveying. It
describes a single axis, double axis and the super precision
of the profiling sonars. It also includes some actual
plotted records prepared for a trench survey, glory hole

survey and pipe surveys.



- MESOTECH

SONAR PROFILES

PRODUCED BY MODEL 952
PRECISION PROFILING SONAR

These are copies of actual plotted records, halfl the size
cf the »riginals, except #10 and #11.

#1, DPage 2 is a series of profiles along a plowed trench,
42, Page 3 is a single profile of a Glory dole with Riszer.

#3, Page 4 ig %the same Glory Htle as #2, U0 a larger scale.

#4, DPage 5 is a series of 9 small plots on one page, with
each profile on a different line 2f bearing.

#7, DPage 6 shows two pipes in & trench, under ice.
#8, Page 7 shows 6 profiles of a pipe in a trench, under Ice,

#9, ©Page 8 shows tw> scans of a Subsea Completion Manifold
being pulled in to a Wellhead.

#10, Page 9 (Full Size) shows the dredging 2f a Glory Hole.
The record is plotted in the CONTOUR mode,

#11, Page 10 (Full Size) shows a later stage from #10 with
the Glory Hole enlarged a% centre.

-~ Zage 11 952 Sonar on IRZ Submersible

#12, Page 12 Trench profiles taken by 952/LR3

MESOTECH SYSTEMS LTD.
1174 Welch St. North Vancouver, B.C.
Canada. V7P 1B2

Tel. (604) 980-3474. Telex 04-352773.



|

‘youary sayjy Fuole suor)yend

£3T1u3pY 01 - Adarne rajJe Dappe

- 1J)3] uo mragqamy *safrjoxd juoselpe
I UoT}E0YFTIuapT ABR2 J0J 8Jhofad
anoj ur po11afd  ta[rjoad yowa Io0g
Ay{1100 L1IRIQ, 24} Aurijuemarzout Aq
19008 atMirE v U0 paYIeld ale EpPJODIY
"Yauaar pamord v Bucfe sucfimyg

W noq [{PEF v moJ] uaje} gaTrJuld

FSAMYMEH

L HLUVHD HO $T1T40ud 40 “ON
WS THIJBAT YALYm

YAYRYD
‘YLAWNTOO HSITINA "UNOAHYH NOLSAAHIS

SHOTLYOOT

LAAHNS HONAML  HHOM 40 AJAL
HYNOS SNTTIAONE NVOS HOLEOA 2%6 1300

!

¥

e

L

——

(L

80

i

Lot

90¢

|

h_

:___

L

_ il & ‘mm__ il
C.\rw "ol




T O R

HIVC 080 (DR INOMHATT
ZE 1A YOYNYD D8 UIANOINYA HINON LAMIZ HD 13m :u.h-

dL1 SKWILSAS HO3ILOS3AW

TpuM| JRUOS 8yl MGT] Lol STqQTETA

osie it apie edygerrap ayy -drycriap a2yl

wox] taeyx oy 7 30afqo [entjaaa ayy  cdeap

uoopuw opfM g ayoy padpaJp w yi1Im woyteq

Iel] v omoys proana sYygp  drystptap ayy apre
=fitae patt 1osraa Apddnr v moay voes oTrJord  ioIYVMAY

't :IMYHD NO SHTIHOHI 40 "ON

o 92 CHIJEI YIIVM

OTIONY HVIAYNYD VA9 GHOOVEE  NOILVOCIT
RAA4NS ATOM RYOMD  {HHOM 40 dd AL

HYNOS ONTIIA0HE N¥DS HOLIOE Z%h THUOW
44

fIRARAm

;

it

GHIMNELENT X TALLIE SONILGAS HOLIMS

Kl
_ _ dIHSHFITHE 40 QIS
I I
_

WRLARE TN
Mluvy FavYED HEATLIIG w-diwC Ow

LG L]

'an HIRILIIG JNIENS



bivE-o8 1h00l INOHJIINIL
FAl dih YOYNYD ‘D 8 HIAOONYA HIHOM “133HIE HOAIM Fiis

‘dL1 SW3ILSAS HOALOS3AW

rayess odreg

® e AlqIRTA BT afoy s1ayduos eyy
- W o ored erny uy - afuwx psygne
100m 11 Futen g cagoy Aaoty aqy
PADAE PAIFNNAT JE0TTE PRAY JBUCS GWYVHAY

I PIMYIID NO STIT404d 40 "ON

W 92 IHIIAU YIIYM

OLLDNY NVIAGVNYD ‘vag LYOINYIL NOLEYOOT
AAAHNS FTOI XHOID :H4OM J0 3did

HYNGS DHTTLAOMd NVOS WOLLOZ 266 THAAOH

A1LANMTT A
MY Haved WIRLLEIG W-JLC 0N

LN



T T TRV T S TS MMM I

HMCOM rOOF INOHJATIAL
0L AiA YOVNYD 00 HIANODHYA HIHOM 133418 HOT1IM bl

‘Al SW3ALSAS HD31LO0S3IN

i :

I

7___

| ____
____w__ i

ﬁ_

%

|

fl

_*__:

_. I
|

|
“aroy sy} Jo pIodaJ pensli yoynb

Jo} jaays swen ay uo pajjod pue jiede
posgilop -2z 9lutaeog 49 Uaye)} ade BS[1Jold ISWHYHIW
6 LYMYHD NO STEIJ0Md 40 ON

H 9¢  :NIJIT HALYA

OLLOUY MYIQUHYD ‘vdo 1M0dnyad  TNOILYDOT |

JAAHNS IO AHOTD  SHYOM 40 TJXL

HYNOS DMIITA0Hd H¥DS WOLLOG 256 TIA0W

|

|

i

__
I

i
|

:__

_ w3

§

HALIPIT
Slure HovD MARLLIG M-QLPL DM

| e ind

.o
G0 NIALLIIQ JNFEN2



X

PIPE SURVEY
OFF MELVILLE TSLAND

CANADIAN ARCTIC

MODEL 952 BOTTOM SCAN PROPILING SOHAR
TYFE OF WOHRK:

IOCATION:
WATEH DEPP

1

Pipe trench cluse Lo ohore.

NO. OF PROFILES ON CHART:

REMARKS:

Profile

Trvnch

pipu layced.

ALL RETURNSG® mude,
Onaeen ¢ide of pipe from protider

width 4m with 4" and ip"
pencilled in,

shows lce meeting shure.
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GUIDANCE

MODEL 952 BOTTOM SCAN PROPILING SONAR

TYPE OF WORK:

CANADIAN ARCTIC

LOCATION:
WATER DEPTH

55 m

2
Profiler used horizontally to gulde Suboca

HO. OF PROFILES OM CHART

REMARKS

Completiun Manifold to well head in botiom

The

tnews connecting wonar returny

clearly ghowing 24" pipe, SCM, and 3/4%
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MODEL 952 BOTTCM SCAN PROFILING SONAR

TYPE OF WORK: GLORY HOLE DREDGING PROGRESS MONITORING
LOCATION: CANADIAN ARCTIC

WATER DEPTH: 26.5 M

NO. COF PROFILES ON CHART: 8

REMARKS

: Profiles taken from a dredging barge. Profile bearings are

o 22.5 degrees apart. Plotted in contour mode. Depths indicated
at crossings of 2m elevation intervals. Contour lines and

dredge location peneilled in.
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M0DEL 952 BOTTOM SCAN PROFILING SONAR

IYPE OF WORK: GLORY HOLE DREDGING PROGRESS MONITORING
CANADIAN ARCTIC

LOCATION:

VATER DEPTH:

26.5m

NO. OF PROFILES ON CHART: 8

REMARKS :

10

Same hole as displayed on graph #10 after 9 hours of dredging.

Record indicates dredging progress in centre of Glory Hole.
Contour lines and dredge locations pencilled in.
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MESOTECH SYSTEMS LTD.

174 WELCH STREET, NORTH VANCOUVER, 8.C. CANADA VTP 182

ILEPHONE (604) 380-3474

MODEL

. . .
and during dredging
fim A s .
zrefile informaticn

arastically reduces

The Mcdel 952 Somar
acoustic pulse.

underwater, and th
cable.

22 STNGZz AXIS BCITOM

along a particular line of bearing.
orienstation of the devige, profiles along several lines of bearing
can be obztained to provide detailed information

The Model 3952 is particularly useful

of the slan% rangs to the bozTtom.
from the slant range and angle data.

reads the panel switches,
controls the scnar transmitter and receiver,
me<ter, stores the data, and records the data on an X-Y plotter,.

wken the transducer is logked in the st

SCAN PROFILING SCNAR

sperations. The ability to
frem a singla point greatl]

.n harbour

The Mesotech Model 952 3ottom Scan Profiling Somar is a system
which, from 2 single location records a profile of water depths
By manually changing tkte

of bottoem cecatoars.

and canas »athymetry,
gather beltonm

sreeds surveys and

the ameunt of nav.gaticn regquired during a

Head <transmits a narrow beam, hignh frequency

Recorder Case.

The Scnar Head contains the acecustic <wransducer,
which sweeps the transducer, an inclinometer which senses reclling,
the sonar transmitter and sonar receiver.

o q
Ial

The narrow beam is swept through a verticle plane,
and the time for each pulse return is recorded, allowing calculation
The bottom profile is calculated

The complete system consists of the Sonar Head, which 15 mounte
They are connected oy a 100 foeo=

the stapping motor

The Recorder Case contains a microprogessor control systam whicgh
ives the =ransducer stepping motor,
reads the inclino-

The Model 9352 can also operate as a precision recording depth s:ounder

gh*t dswn position.

Specifications subject %o change without notice.




MESOTECH SYSTEMS LTD.

~2a74 WELCH STREET, NOATH VANCOUVER. B.C. CANADA V7P 182
LPHONE (804} 900-474

MODEL 952
BOTTOM SCAN PROFILING SONAR
METHOD OF OPERATION

NARROW BEAM TRANSDUCER
o IS SWEPT THROUGH A
< -
ot VERTICAL PLANE ALONG A

i
i BEARING LINE OF BEARING
!
|
\ /
\\

- - M pOTTOM *ROALE
. FIGURE | O (vERricaL)
|
H raaFn g ud. i

e Hori i BOTTOM PROFILE ALONG
: t METON" SO0
{ * THIS LINE 1S
i . RECORDED ON TME
' T X-¥ PLOTTER

E1]

i1}

I8 - - 2 A ] e ot - - mma = F Y]

| prouRe 2

]
|
|
|
]
|
I
]
i
| -
' N | PROFILES ARE RECORQED
| . ‘ ALONG SEVERAL LINES
i \ I / OF BEARING TO MEASURE
AOTTOM CONTOURS
- .
| CEI>

7S

2 o/ |

FIGURE 3




-~ 1174 WELCH STREET. NORTH VANCCOUVER, 8.C. CANADA v7P 182

MESOTECH SYSTEMS LTD.

TELEPHONE (604) 980-3474 « TELEX: 04352772

STECIFICATIONS - MCDEL ©°2

OPERATING FREQUENCY:

BEAM WIDTH:

RANGE SCALES:

MINIMUM RANGE:

RANGE RESOLUTION:

RANGE ACCURACY:

SWZEP ANGIES (From Vertical):
SWEEP CFPSETS: (2 Axis onliy):
ANGIEZ RESILUTION:

ZEARING ANGLE (2 Axis only):
SWEE

TIMES: Minimum:

Maximam:
SERIAL INTERFACE:

Sonar
Plstter

POWER REQUIREMENTS:
Secorder Case:

| 4xis Scnar Head in Frame:

2 Axis Sonar Head in Frame:
WEIGHT: Recorder Case (full):

1 Axi= Sonar Head in Frame:
2 Axis Sonar Head in Frame:

Head/Proc. Cable, 30 m (100 £t.):

+80° selectad in 13

360 kiEz
1.5°

20, 40, 80, 160 m

2.5 s (+22.5°, 20 m)
44 s (+90°, 160 m)

20 mA Current Loop
9600 Baud, Full Duplex

115/230*V, 60 Hz, 500 Vi
115/230 V, 60 Hz, 130

840 mm wide x 61C mm deep

X 380 mm high (33"x24"x1iS")

248 mm x 298 mm x 1005 mm loxng
(9.75"x11.75"x39.6")

increase lengzh to 132C mm (52.2")

46 kg (100 1lbs.
32 kg ( 70 1bs.
40 kg ( 88 1lbs.
26 kg ( 57 1lbs.

Nt M St e

*For 230 V operation of sonar, specify at time of order

Specifications subject to change without notice.




MESOTECH SYSTEMS LTD.

“TT 1174 WELCH STREET, NOATH VANCOUVER, B.C. CANADA V7P 182
ELEPHONE (804} 300-3474

MODEL 952
BOTTOM SCAN PROFILING

SONAR RECORDER CASE
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MESOTECH SYSTEMS LTD.

~=- 1174 WELCH STREET. NORTH VYANCOUVERA, B.C. CANADA V7P 1B2

B4

TELEPHONE (604) 980-3474

MODEL 952 DUAL AXIS BOTTOM SCAN PRCFILING SONAR

The Dual Axis version of the 352 Profiling Somar is similar
in operation to the Single Axis version. However, under
processor cortrol, using the integrated Bearing Drive,

the Sonar Head can be oriented to a new bearing. The
Transducer Bearing can be manually selected by operatin

the appropriate controls, or processor selected according
to 2 programmable bearing step angle.

The Dual Axis Model is capable of recording up to &
separate profiles. The stored records can be plotted

_separately, in an isometric format, or ia hydrographic

chart format enabling a contour map to be drawn.

The Dual Axis Sonar can plct these records on ar =2
9872 X-Y Plotter,on & CRT Monitor (or electrosensitive
graphics plotter to be interfaced with the monitor or
electrosensitive plotter, (4 Model 1800 CRT Printer
Driver is reguired).

In the continucus sweep mode the CRT constantly displays
the new profile when a search is being conducted.

Specifications subject to change without notice.




_MESOTECH SYSTEMS LTD.

‘4 WELCH STREET, NOATH VANCOUVER, B.C. CANADA V7P 1B2
., GELEPHONE (804) 980.3474 o TELEX: 04352773

— AT
739 2 6180 mm
{2.878" 281
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NESOTECH MDOEL 9352
GENERAL ANRANGEMENT
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MESOTECH SYSTEMS LTD.

"7 74 WELCH STREET. NOATH VANCOUVER, B.C. CANADA V7P 1B2

LEPHONE (804) 280-2474

MODEL 961 SONAR

The MESOTECH MCDEL 961 SONAR is a precision surveying
sorar system designed specifically for use on remotely
operated submersibdle vehicles. It should not be
confused with "obstacle avoidance" type sonars. The
Model 96+ uses a narrow, conical, high freguency sonar
peam to make accurate measurements of underwater shapes,
up to maximum range of 40 meters. The display and
permanent records are clear, unambiguous, easy to
interpret and in true scale., A real time, CRT display
allows constant monitoring of data, and data can be
stored in digital form, on magnesic tape, for later
analysis.,

Cne important application is that of making a series cf
closely spaced profiles across a pipeline while the
vehicle moves along the pipeline. These profiles will
show trench depth, width and shape and indicate pipeline
exposure. The sonar alsc assists the vehicle in finding
the pipeline, or other underwater objects.

The Sonar consists of a SCNAR EEAD which is mounted on
the vehicle and a SONAR PROCESSOR and CRT DISPLAY
located at the operator's console. Permanent records
are made using a Hewlett - Packard 9825 desk calculator
and a Hewlett - Packard 9872 X-Y¥ Plotter. The use of
this standard equipment allows grest flexibility in
recording, displayirg and analyzing the data. Mesotech
supplies the software required for the Hewlett - Packard
equipment.

Specifications subject o change without notice.




MESOTECH SYSTEMS LTD.

7 74 WELCH STREET. NORTH VANCOUVER, B.C. CANADA VTP 182

.LEPHONE (804) 380-0474 @

TELEX: 0332773

STECIFICATIONS - MODEL Cé&i

OPERATING FREQUENCY:
BEAM WIDTH:

SWEEP ANGIE/TIME:
ANGLE RESOLUTION:

RANGE SCALZS:
DISPIAY TYFE:
DISPIAY RESQOLUTION:
DIGITAL INTERFACE:
TTMING REZSCLUTION:
CABLE REQUIREMENTS:

CABLE FREQUENCIES:

360 kEz

1.5

180° in 4 s (40 m range 8 s)

0.73 5,10 m ranges (256 pulses)
1.4° 20,40 m ranges {128 pulses)
0.5 to 5, 10, 20, 40 m

CRT, 100 dots vert. x 200 dots hor.

1 dot (=10 mm per m of Range Scale)
RS-232-C, 2600 baud
10 us (equivalent T2 7.5 mm rarge)

Cosaxial cable or twisted pair,
maximum length 2000 m (660C £t)

143 kHz gLeft Transmit)
200 xHz (Right Transmit)
250 kBz (Receive)

17.2 kHz (Scan Stop)
18.5 kHz (Scan Reverse)
20.0 k¥z (Gain Step)

16,2 kEgz @ Range) 21.7 xHz (Gain Reset)
SONAR HEAD PRCCESSOR DISPIAY
POWER: 28V DC, 1.5 A 115/230V, 50/60 Hz | 115/230V,50/40 Hz
100 Va 50 VA
SIZE: 173 mm Es.sun)szs 483 mm Ewg in) W 222 mm {8.7% in) W
737 mm (29 in) L 133 mm (5.25 in)H 230 mm (9 in) E=
356 mm (14 in) D 309 mm {15.7 in) D
WEIGHT: 16 kg (35 lbs; 13 kg (28 1bs) 7.7 xg (17 1bs)
In water: [ 2.7 kg (6 1bs - -
OPERATING
DEPTH: 1,000 m (3300 ft) - -

Specifications subject to change without notice.
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MESOTECH SYSTEMS LTD.

1174 WELCH STREET, NOCATH VANCOUVER, 9.C. CANADA VTP 182
TELEFHONE (604) 980-3474 o TELEX: 04352773

MODEL 96/ PRECIS/ION SURVEYING SONAR

SURFACE EQUIPMENT F ST |
; 1 1
o ™
p g o1seLAyY
o
J -
feo ol2k]l ¢ |
s . PROCESSOR
CQIEtRIslEE 1] C

29" -
‘ s.8"
- !
E SONAR NEAD @ .
1 S0° 90°
SONAR SCAN

EBEAM ANGLE




MESOTECH

MODEL 965

SUPER PRECISION
PROFILING SONAR

MESOTECH SYSTEMS LTD.
1174 Welch St. North Vancouver, B.C.
Canada. V7P 1B2

Tel. (604) 980-3474. Telex 04-352773.




MESOTECH SYSTEMS LTD.

ST 1174 WELCH STREET, NORTH YANCQUVER, B.C. CANADA VTP 182
TELEPHMONE (804) S80-347¢ s TELEX: 04.352773

MODEL 965 SUPER_PRECISION PROFILING SONAR

' The MESOTECH MODEL 965 SONAR is a super precise twd axis pro-
filing sonar, effectively an Underwater Theodolite.

It is used whenever the most accurate images of underwater terrain
or objects are required. When excavating difficult material like
rock, accurate monitoring and inspection can show considerable
cost savings. When precise positioning is required for anti-
scour mats, templates, stacks, pipelines, etec., or for civil
engineering works, the Model 965 is fast and efficient.

The s2nar comprises: a processor and a standard video display
monitor on board, and a sonar head underwater.

The rack mountable processor contains: all the controls needed

to operate the sonar, the video display generator and the inter-
face to the extermal computer. Its microprocessor contrsl offers
the potential of custom programming. The external computer pro-
vides the fullest use of the generated data, e.g., three dimensional
,,J plots, and can c¢ontrol all but three 5f the front panel controls.

The pressure sealed sonar head is constructed of hard anodized
aluminum alloy, epoxy coated and zinc anode protected. It contains
the microprocessor based electronics for the transmitter, receiver
and stepping drive motors. The highly directional transducer

scans in 2 axes, "sweep" and "tilt", by means of modular drive
assemblies.

Any arc may be selected in sweep or tilt from -90° to +9¢° (in 1°
increments) and scanned automatically; O° for each axis is
vertically down. The transducer may also be directed manually or
via the external computer., As the transducer scans, short pulses
are transmitted which reflect off the surface being imaged. The
time 2f each returning pulse is converted to a slant range,
corrected for the angle of sweep and displayed as the true depth
at the true range.

Time Varying Gain, Angle Compensated Gain, and manual gain contrals
ensure the best possible signal to noise ratio and hence displayed
image. Each time the 965 is powered up, it performs a self test;
tests may also be made in air without damaging the egquipment.

T Specificatisns subject to change without notice.




- MESOTECH SYSTEMS LTD.

1174 WELCH STREET. NOATH VANCOUVER. B.C. CANADA V7P 182

TELEPHONE (804) 980-3474 =«  TELEX: 04352773

SPECIFICATICONS - MODEL 965

OPERATING FREQUENCY:
BEAM WIDTH:
RANGE SCALES:

SWEEP ANGLE:
(Limits set independently)

STEP SIZE:
ANGULAR RESOLUTION:

TILT ANGLE:
(Limits set independently)

STEF SIZE:
ANGULAR RESOLUTION:
TIMING ACCURACY:
TIMING RESOLUTION:

DIGITAL OUTPUT:
BAUD RATE:

CABLE REQUIREMENTS:
{Sonar Head to Processor)

POWER REQUIREMENTS:

SIZE: PROCEZSSOR:

SONAR HEAD:

WEIGHT: PROCESSOR:
SONAR HEAD:

750 kHz
0.67°
25, 50 m

-90° to +90° in 1° steps
Upper and lower limits

0.25°, 0.50°
0.1°

-90° to +900 in 1° steps
Upper and lower limits

0.25%, 1.00°, 2.00°
0.4°

30 microseconds

9.3 microseconds

RS232C or 20 mA current loop
3600

6 conductors, 2xNs.12 AW.G.,
4xNo.20 AW.G., 200 m maximum

110/220 v, 50/60 Hz, 300 W

483 x 406 x 178 mm

(19"W x 16"D x T"H)

495 mm dia. x 1016 mm high
(19.5" dia x 40" high)

21 kg (45 1bs) approx.

82 kg (180 1lbs)

Specifications subject to change without notice.




MESOTECH SYSTEMS LTD.
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APPENDIX I

PREFABRICATED MATTRESSES WITH MASTICMAC

Appendix I illustrates the application of
Masticmac mattresses with the converted "Jan Heijmans". It
includes photocopies of photographs of this equipment as

well as a schematic illustration of the whole operation.



FRONTAL VIEW OF THE CONVERTED 'JAN HEIJMANS'. THE MASTICMAC MATTRESS
IS BEING WOUND UP ONTQO THE LARGE CYLINDER !N FRONT
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THE QRIGINAL "JAN HEIJMANS', READY TO APPLY A SANDMASTIC CARPET IN A
CLOSURE GAP (1969), AND THE SAME ASPHALTSHIP, CONVERTED TO LAY LARGE
PREFABRICATED MATTRESSES WITH MASTICMAC (1974}
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'Fig 30 4pplication of casticmsc sattresses with the copverted "Jan Heimans"



