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@ Method and apparatus for constructing an underwater fill.

&) A method of constructing an underwater fill in a manner
which enables the formation of a dense fill pile having steep
side slopes and having an improved capability to resist ero-
sion. The method comprises withdrawing water from fill de-
posited at an underwater construction site as fresh fill is
added to the underwater fill pile.
Apparatus for performing the method comprises a per-
forated conduit, pumping means for pumping water and a
closed conduit for water communication between the perfo-
N rated conduit and the pumping means. Operation of the
pumping means withdraws water from underwater fill sur-
rounding the perforated conduit for passage through the
- conduits and discharge from the pumping means.
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METHOD AND APPARATUS FOR
CONSTRUCTING AN UNDERWATER FILL

This application pertains to a method of con-
structing an underwater fill (i.e. so as to form an
artificial island, causeway, breakwater, etc.) and to
apparatus adapted to carry out the method. More parti-
cularly, the application pertains to a method of con-
structing an underwater £ill so as to increase the den-
sity of the underwater fill pile, increase the angle of
inclination of the pile side slopes and improve the
fill's ability to resist erosion. The apparatus is used
to withdraw water from the underwater f£ill pile as fresh
fill is added to the pile.

Artificial islands, causeways, breakwaters and
other civil engineering structures are constructed using
well-known underwater fill techniques. Typically,
particulate fill material such as sand or sand-silt is
excavated at an underwater site termed the "borrow pit"
and then dumped at an underwater construction site at
which the particular structure is desired. Usually,
very large quantities of £ill material must be excavated
and dumped at the underwater construction site in order
to accumulate an adequate base to support whatever
structures may be desired above the surface of the
water. For example, if it is desired to build a cause-
way, then sufficient underwater £ill must be dumped at
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the construction site to form an above-water surface
upon which a road or railbed of desired width may be
constructed. Similarly, if it is desired to build an
artificial island, then sufficient fill must be depo-
sited at the underwater construction site to yield an
island having an above-~water surface area adequate to
support whatever buildings or equipment may be required
to satisfy the contemplated end use of the island.

Masses of particulate fill dumped at an under-
water site tend to form underwater fill piles shaped
like truncated cones. It has been found that the side
slopes of such piles typically form an angle of about
three to five degrees with respect to the horizontal.
It is the relatively shallow side slope inclination of
the underwater fill pile which necessitates dumping
massive quantities of fill material at the underwater
construction site in order to accumulate an underwater
base which will yield the desired above~water surface
area.

Suppose, for example, that it is desired to
construct an artificial island in fifteen meters of
water such that the island surface is circular, one-
hundred meters in diémeter and projects two metres above

-the surface of the water. It can easily be shown that

about 1,300,000 cubic metres of f£ill material would be
required to construct the island if its sides slope at
about five degrees with respect to the horizontal.
Approximately three to four months would be required to
construct the island using conventional dredging tech-

niques.

Clearly, the time required to construct an
island or other underwater structure could be reduced if
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the amount of fill material required could be reduced.
Reduced construction time is of particular interest with
respect to Arctic construction projects since climatic
conditions in the Arctic permit construction operations
to be carried out for at most three months of the year.
The cost of constructing an artificial island (or other
underwater f£ill) could also clearly be reduced by
reducing the amount of fill material consumed. Concomi-
tant environmental advantages may also be obtained by
reducing the amount of £ill material consumed, since the
size of the borrow pit could be minimized, along with
the surface area of the underwater bed upon which £ill
material must be deposited to yield the desired struc-
ture.

Obviously, the amount of material required to
construct an underwater £ill may be reduced so as to
yield the aforementioned advantages by steepening the
angle of inclination of the pile side slopes with res-
pect to the horizontal. For example, if the artificial
island discussed in the above example could be con-
structed with side slopes angled at fifteen degrees with
respect to the horizontal, then only about 370,000 cubic
metres of fill material would be required. Stated
another way, less than one-third as much fill material,
requiring only about one-third as much time to excavate
and deposit, would be required to construct the island
with fifteen degree side slopes as opposed to five
degree side slopes. If the island was to be constructed
in thirtyfive metres of water (as opposed to fifteen
metres of water), then an island with fifteen degree
side slopes would consume less than twenty percent as
much £ill material and construction time as an island
having five degree side slopes. Indeed, the amount of

fill and time required to construct an island having
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fifteen degree side slopes in thirty-five metres of
water is roughly the same as would be required to con-

struct a conventional island (having five degree side
slopes) in only fifteen metres of water.

The difficulty, of course lies in overcoming
the natural tendency of particulate f£ill material to
accumulate in piles having three to five degree side
slopes when deposited underwater during conventional
construction operations. The state of the art is such
that it is currently considered impractical to use
underwater fill techniques to construct artificial
islands in Arctic water deeper than about fifteen
meters, since the shallow (i.e. about three to five
degree) angle of inclination of the fill pile side
slopes necessitates excavation and dumping of more
material than can be handled during the short Arctic
construction season. Where large working platforms are
required in deeper Arctic water (i.e. up to about
thirty-five metres), current practice is to utilize a
costly structure (about $150,000,000) resting on a sand
filled berm about ten meters high formed with conven-
tional underwater £f£ill techniques.

The present invention provides a method and
apparatus for constructing an underwater £ill which
overcomes the foregoing disadvantages, facilitating con-
struction of underwater £ills having side slopes incli-
ned at angles significantly greater than five degrees
with respect to the horizontal, thereby greatly reducing
the amount of fill material and time required.

The inventor believes that the angle of incli-
nation with respect to the horizontal at which parti-
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culate fill may accumulate during construction of a con-
ventional underwater fill pile is limited by forces gen-
erated during construction of the fill. Such forces are
believed to originate in the potential energy of the
fill material dumped onto the pile, to develop within
the pile and to act essentially radially outwardly
against the pile side slopes as the pile is .formed. 1In
particular, the inventor believes that, during construc-
tion, fresh f£ill material dumped onto the accumulating
underwater £ill pile tends to compress "pore water"
trapped in the interstices between adjacent particles of
£ill within the pile. Since water is virtually incom-
pressible, the pore water tends to flow radially out-
wardly from the centre of the accumulating pile, to
escape therefrom at the side slope interface between the
pile and the surrounding water. It is believed that the
escaping pore water subjects the pile side slopes to
forces which tend to knock the side slopes down (or at
least tend to flatten the side slopes). The inventor
believes that the side slope inclination of the £ill
pile may be increased by countering the aforementioned
forces. To that end, the inventor proposes that, during
construction of the underwater £ill, -water be withdrawn
from the pile in controlled fashion and at a rate
approximately equal to the rate at which pore water
would otherwise be forced out of the pile by fresh fill
dumped onto the accumulating £ill pile. It is believed
that this will minimize the afore-mentioned forces and
thus allow the underwater £ill pile to accumulate with
side slopes much steeper than those conventionally
obtained.

Further benefits are believed to be attainable
if the water withdrawal operation is effected such that
water is drawn into the accumulating £ill pile at the
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interface between the developing side slopes of the pile
and the surrounding water. That is, although it is
desirable to minimize the flow of water out from the
sides of the pile, it is more desirable to stop the out-
ward flow of water altogeﬁher and even more desirable to
reverse the flow so that water flows into the sides of
the accumulating fill pile, thereby supporting the pile
side slopes as they are formed and consequently enabling
the formation of a steeper, more dense pile. In parti-
cular, it is believed that the density of the underwater
fill may be significantly increased by drawing water
thereinto as aforesaid. 1Increased density is desirable
in underwater f£ill construction since any post-construc-
tion shaking of a loosely formed underwater £ill may
cause settling or even a catastrophic failure (ie.
collapse) of the fill. The accumulating pile also has
an improved capability to resist erosion at the regions
from which water is withdrawn.

The foregoing theoretical discussion is not to
be taken as limiting the invention - it is presented
only to assist those skilled in the art in understanding
the invention. Because the underlying theories are not
well settled, the inventor has developed several state-
ments of characterization for the invention which differ
only in the way they express the underlying theory. For
example, the invention may be characterized as being
directed to a method of relieving water pressure within
an underwater f£ill during construction of the fill,
comprising withdrawing water from the underwater £fill as
fresh £ill is added thereto, such that the work done on
water withdrawn from the underwater fill is approxi-
mately equal to the energy introduced into the under-
water fill by the combined action of fill material
dumped onto the pile and water set in motion by the
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material as it settles onto the pile. The invention may
alternately be characterized as being directed to a
method of relieving water pressure within an underwater
£ill during construction of the fill, comprising with-
drawing water from the underwater f£ill as fresh fill is
added thereto, such that water flow out from the pile
side slopes is minimized, stopped or reversed. Alterna-
tively, the invention may be characterized as being
directed to a method of increasing the side slope
inclination of an underwater fill pile, comprising with-
drawing water from the pile as fresh £ill is added
thereto. As a further alternative, the invention may be
characterized as being directed to a method of in-~
creasing the packing density of particulate fill depo-
sited in an underwater pile, comprising withdrawing
water from the pile as fresh fill is added thereto.

In accordance with the preferred embodiment of
the invention, apparatus adapted to carry out the afore-
mentioned methods comprises a perforated conduit, a
pumping means for pumping water, and a closed conduit
for water communication between the perforated conduit
and the pumping means. Operation of the pumping means
causes water to be withdrawn from underwater £fill sur-
rounding the perforated conduit. The withdrawn water is
passed through the perforated conduit and through the
closed conduit for ultimate discharge from the pumping
means.

Advantageously, a moveable sealing means is
provided for sealing a selected portion of the perfora-
ted conduit to prevent water communication through the
selected portion. The perforated conduit is perforated
over at least a portion of its length and the sealing
means is preferably moveable with respect to the perfo-
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rated portion so as to permit pore water communication
through a selected portion of the perforated portion.
The perforations in the perforated conduit are select-
ably sized to prevent substantial passage of fill parti-
cles into the perforated conduit.

Figure 1 is a fragmented plan view of an ap-
paratus for constructing an underwater fill in accor-

dance with the invention.

Figure 2 is a cross sectional illustration of
a portion of the apparatus of Figure 1, taken with res-
pect to lines II-II of Figure 1.

Figure 3 is a schematic illustration showing
how multiple units of the apparatus of Figure 1 may be
deployed to construct an artificial island.

Figures 4 through 9 are enhanced side section-
al illustrations of a portion of the apparatus of Fig-
ures 1 and 3, taken with respect to line IV-IV of Figure
3, and illustrate the operation of the apparatus of Fig-
ure 1 during successive stages of construction of an
underwater fill.

Figure 10 illustrates an alternative form of

the apparatus of Figure 2.

Figure 1 illustrates apparatus 10 for with-
drawing water from an underwater £ill during construc-
tion of the £ill. Reference numeral 12 indicates the
surface of the water beneath which the construction
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operation is carried out. Reference numeral 14 indica-
tes the seabed upon which particulate fill such as sand
16 is deposited as hereinafter described to construct
the underwater £ill.

Apparatus 10 includes a plurality of perfora-
ted conduits 18 arranged in spaced, substantially paral-
lel configuration, a pumping means such as pump 20 and a
normally submerged closed conduit comprising conduit
portions 22, 24 and 26 which facilitate water communica-
tion between perforated conduits 18 and pump 20. As
hereinafter explained in greater detail, pump 20 (which
may be mounted upon a floating platform 28) draws water
through perforated conduits 18 and through conduit por-
tions 22, 24 and 26 for discharge from pump outlet 30.
(Preferably, the discharge from pump outlet 30 is
directed as far away from the underwater construction
site as possible to minimize forces acting upon the
accumulating underwater fill pile.) Selected portions
of perforated conduits 18 are exposed (as hereinafter
explained) to the accumulating underwater £ill pile such
that opération of pump 20 causes water to be withdrawn
from underwater £ill surrounding the exposed portions of
perforated conduits 18 for passage through conduit por-
tions 22, 24, 26 and discharge from pump outlet 30.

Advantageously, to minimize damage which may
be caused by relative motion between floating platform
28 and the seabed 14, conduit portion 22 takes the form
of a flexible hose. Such flexibility also simplifies
movement of conduit portions 24, 26 and perforated con-
duits 18 as hereinafter described. Conduit portion 24
may advantageously take the form of a rigid pipe-like
"header" having a plurality of conduit portions 26 de-
pending therefrom as illustrated in Figure 1. Conduit
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portions 26 may also be of rigid pipe-like construction,
capable of telescoping over perforated conduits 18 as
hereinafter described. Header 24 may conveniently be
about 30 metres long and have depending therefrom about
twenty conduit portions 26, each spaced about 1.5 metres
apart, with an equal number of perforated conduits 18.

Initially, the portion of the apparatus com-
prising header 24, conduit portions 26 and perforated
conduits 18 is suspended from cables 32 and lowered to
seabed 14 from platform 28 by means of winches 34.
Cables 32 are left slack once the apparatus reaches the
seabed and sufficient f£ill has accumulated around the
base of the apparatus to hold it upright. Cables 32 and
winches 34 serve as a "remote manipulator means" for
remotely moving conduit portions 26 with respect to
perforated conduits 18 as hereinafter described. The
weight of the apparatus causes anchoring means in the
form of spikes 36 at the base of each of perforated
conduits 18 to penetrate seabed 14 and hold the appara-
tus in position until it becomes covered by sand as
hereinafter described. Structural integrity is provided
by base plate 40 (Figure 2) connector plates 37 which
interconnect the ends of perforated conduits 18 opposite
header 24. Valves 38 provided between each of conduit
portions 26 and header 24 may be selectively closed to
prevent water communication between header 24 and the
associated conduit portion 26 and perforated conduit 18,
in the event of a rupture or other occurrence resulting
in a significant loss of pressure necessitating isola-
tion of the remainder of the apparatus to prevent degra-

dation of overall performance.

Further details of the construction and opera-
tion of perforated conduits 18, header 24 and conduit
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ure 2, which is a cross sectional illustration taken
with respect to line II-II of Figure 1.

As may be seen in Figure 2, anchoring spike 36
protrudes from a base plate 40 which is releasably
attached to the base 42 of perforated conduit 18 by con-
necting means such as shear pins 44, Base plate 40
limits the depth to which conduit portion 18 may pene-
trate seabed 14.

Perforated conduit 18 is of generally cylin-
drical construction and has perforations 46 extending
over a substantial portion of its length. Perforations
46 are sized to prevent substantial passage of fill par-
ticles into perforated conduit 18. For example, if the
underwater fill is to be constructed from typical uni-
form Delta sand in which about 90% of the sand grains
are from .1 to .4 millimetres in diameter, perforations
46 may be provided by a number 70 or number 100
(A.S.T.M. standard) wire mesh screen 48 (ie. screen 48
would in such case have apertures about .2 millimetres
on a side). Preferably, perforated conduit 18 is per-
forated over about 1.5 metres of its length, the per-
forated portion commencing at base 42 and extending up-
wardly therefrom. A perforated tube 50 attached to base
42 and having apertures much larger than those in screen
48 provides internal support for screen 48.

As may be seen in Figure 2, conduit portion 26
has a sleeve~like portion comprising an outer wall 49
and an inner wall 51, which portion is slidable teles-
copically over perforated conduit 18. A "sealing means”
in the form of tough rubber or elastomeric skirt 52 is

fitted around and overlaps the lower end of each conduit

0154951
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portion of perforated conduit 18 which is covered by the
afore-mentioned sleeve~-like portion of conduit portion
26 and skirt 52. The portion of skirt 52 which overlaps
the end of conduit portion 26 is drawn tightly against
the immediately adjacent outer surface of perforated
conduit 18 by the suction created by pump 20 and thus
facilitates sealing of a selected portion of perforated
conduit 18 so as to prevent water communication through
that selected portion.

When the apparatus' is initially lowered to
seabed 14, perforated conduits 18 are telescoped inside
the afore-mentioned sleeve-like portions of conduit por-
tions 26, leaving no portion of perforated conduits 18
exposed beneath sealing means and thereby precluding
water communication through the system. As hereinafter
explained in greater detail, fill material deposited at
the underwater construction site accumulates around the
base of perforated conduits 18, thereby £firmly holding
the apparatus in position on seabed 14. When perforated
conduits 18 are thus anchored on seabed 14, winches 34
may be operated to slowly raise cables 32, header 24 and
conduit portions 26, thereby slidably raising skirts 52
with respect to anchored perforated conduits 18 to
expose a selected portion of each of perforated conduits
18 to the surrounding f£ill material. A "wedée means"
such as the 1ockihg dog assembly comprising dog member
54 and annular shoulder 56 permits raising of conduit
portions 26 with respect to perforated conduits 18, but
precludes subsequent lowering of conduit portions 26.
Conduit portions 26 and skirts 52 may thus be selec-

'tively incrementally raised with respect to perforated

conduits 18 to expose progressively larger sections of
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perforated conduit 18 to the surrounding £ill as the
underwater construction operation progresses.

Eventually, as conduit portions 26 and skirts
52 are further raised with respect to perforated con-
duits 18, internal shoulder 58 of conduit portion 26
contacts the opposing internal shoulder 60 of perforated
conduit 18, thereby preventing further upward movement
of conduit portion 26 and skirt 52 with respect to per-
forated conduit 18. Further operation of winches 34
after shoulders 58, 60 come into contact so as to sub-
ject the apparatus to further upward forces, will even-
tually cause shear pins 44 to shear, thereby freeing the
apparatus from base plate 40, which is disposable and
remains buried in the underwater fill. Advantageously,
conduit portions 26 and perforated conduits 18 may have
a slight inverted conical taper (not discernible in the
drawings) to ease their withdrawal from the accumulating
£fill pile. The apparatus may then be raised slowly to
the surface as underwater construction operations con-
tinue, to serve its purpose of withdrawing water from
the accﬁmulating fill pile in the region beneath the
interface between the f£ill pile and the surrounding
water and of drawing water into the £ill pile at that
interface.

A flexible "development conduit" 62 extends
from header 24 inside conduit portions 26 to the bottom
of perforated conduit 18. The end 64 of development
conduit 62 is left open and is anchored to base 42 by
means of bracket 66. Development conduit 62 facilitates
"development" of f£ill in the region surrounding perfor-
ated conduit 18 as hereinafter described to purge that
region of finer particulate matter which might clog per-
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forated conduit 18 and to improve water flow through
said region to the interior of perforated conduit 18.

Figure 3 is a top view which illustrates how
multiple units of apparatus like that shown in Figure 1
may be deployed at a construction site to construct an
artificial island. A fixed working platform 68 may be
positioned at the desired centre of the island (pre-
suming that the island, when completed, will be of
approximately circular shape). Particulate fill
material to be deposited at the underwater construction
site is supplied, in the form of a slurry, to platform
68 through dredge pipe 70. Multiple units of apparatus
like that described above are - deployed from a series of
floating platforms 28 along the desired shoreline of the
finished island (indicated in Figure 3 by broken line
72). Cables 74, 76 tether floating platforms 28 (from
which the apparatus is deployed) to fixed platform 68
and to remote anchors (not shown).

Figures 4 through 9 are a series of side sec-
tional illustrations taken with respect to line IV-1IV of
Figure 3 which show successive stages of operation of
the apparatus which has been described with reference to
Figures 1 and 2.

Figure 4 illustrates how working platform 68
may be suspended above the water surface 12 and fixed
with respect to seabed 14 by means of iegs 78 which ex-
tend from the underside of platform 68 into seabed 14.
(Alternatively, platform 68 may be a floating, tethered
platform.) Figure 4 also illustrates one of the
floating platforms 28 upon which pump 20 and winches 34
are mounted. In Figure 4, header 24, conduit portion 26
and perforated conduit 18 have just been lowered on
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cable 32 to seabed 14 such that spike 36 penetrates sea-
bed 14, anchoring the apparatus in position such that
perforated conduits 18 are upstanding on seabed 14 and
resting on their respective base plates 40. As pre-
viously described, the apparatus is initially deployed
with perforated conduits 18 telescoped inside conduit
portions 26, leaving no portion of perforated conduits
18 exposed beneath skirts 52. Particulate £ill material
(excavated from the borrow pit) is supplied as a slurry
to working platform 68 through dredge pipe 70 and is
discharged from platform 68 onto seabed 14 as indicated
by arrows 80. The particulate f£ill material 16 may be
seen in Figure 4 accumulating beneath platform 68 in a
pile having shallow (ie. 3° = 5°) sloped sides. Since
it takes some time to accumulate a sufficient base of
£fill on seabed 14 before operation of the apparatus can
be commenced effectively, the excavation/discharge oper-
ation may be ongoing as platforms 28 are positioned and
the apparatus deployed therefrom to the position shown
in Figure 4.

Particulate f£ill material is dumped onto sea-
bed 14 from dredge pipe 70 until the lower portion of
perforated conduit 18 has been covered with £ill mate-
rial to a depth of about 1.5 meters as depicted in Fig-
ure 5. Reference numeral 82 illustrates the conven-
tional shallow (ie. about 3° - 5°) angle with respect to
seabed 14 at which the particulate f£ill material accumu-
lates. Once perforated conduit 18 has been buried as
aforesaid winch 34 is activated to raise cable 32,
header 24 and conduit portion 26 to expose about a .5
metre length of perforated conduit 18 to the surrounding
£ill. The £fill region immediately surrounding the ex-
posed portioh of perforated conduit 18 is then "deve-
loped" with pump 20 and development conduit 62 by
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periodically reversing the operation of pump 20 to cause
water to surge alternately inwards and outwards through
the exposed mesh of screen 48 into the surrounding £ill
material. This action removes from the region of con-
duit 18, through conduit 62, finer fill material which
might clog screen 48 and generally enhances the ability
of the surrounding f£ill region to pass water toward the
exposed portion of perforated conduit 18. After the
surrounding £ill region has been adequately developed
(the time required to do so being heavily dependent upon
the characteristics of the fill material) pump 20 is
operated so as to withdraw water from the fill region
surrounding the exposed section of perforated conduit
18, through perforated conduit 18, and conduit portions
26, 24, 22 for discharge from pump 20. Such pumping
continues as long as fill is being discharged from
dredge pipe 70 onto the accumulating f£ill pile.

Figure 6 depicts a later stage at which suffi-
cient £ill material has been discharged from dredge pipe
70 to form a f£fill pile about 3 - 4 metres deep in the
vicinity of perforated conduit 18. In Figure 6, winch
34 has been further activated to raise cable 32, header
24 and conduit portion 26 so as to gradually increase
the portion of perforated conduit 18 which is exposed to
the surrounding £ill. Pump 20 continues to operate to
draw water from the region surrounding the exposed por-
tion of conduit 18, into the interior of conduit 18 and
thence through conduit 18, conduit portion 26, header 24
and flexible conduit 22 for discharge from pump outlet
30. Winch 34 is periodically operated as fill material
accumulates above the exposed section of perforated con-
duit 18 to incrementally raise conduit portion 26 and
skirt 52 with respect to perforated conduit 18 so as to
maintain about one to two metres of fill material above
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the exposed section of perforated conduit 18. As pump
20 continues to operate, water is withdrawn from the
region of the fill pile surrounding the exposed section
of conduit 18 and is also drawn into the f£ill pile at
the interface between the pile and the surrounding
water, thereby offsetting the forces previously men-
tioned, facilitating steepening of the pile side slopes
(as shown at 84) and the formation of a denser pile
having improved erosion resistance at the waterline. As
may be seen in Figure 6, withdrawal of water from the
region surrounding the exposed section of perforated
conduit 18 results in a transition in the angle of the
pile side slope from the relatively shallow angle shown

at 82 to the preferred, relatively steep angle shown at
84.

As more fill material is added to the under-
water f£ill pile, winch 34 is further periodically opera-
ted to increase the length of perforated conduit 18
which is exposed to the surrounding £ill, thus increas-
ing the £fill region from which water is withdrawn.
Eventually, shoulders 58, 60 (Figure 2) come into con-
tact with one another and further operation of winch 34
to raise conduit portion 26 with respect to perforated
conduit 18 ruptures shear pins 44, thereby freeing per-
forated conduit 18 from base plate 40. As illustrated
in Figure 7, the freed assembly is drawn slowly upward
through the fill pile as more fill is added thereto,
always maintaining about one to two metres of £ill above
the uppermost exposed portion of perforated conduit 18
so that continued operation of pump 20 results in water
withdrawal from the accumulating £ill pile in the region
about one to two metres beneath the region of transition
from the relatively shallow slope 82 to the desired
steeper slope 84.
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Figure 8 illustrates a still further advanced
stage at which conduit portion 26 has been withdrawn
from the f£ill pile to protrude above the water surface
12 while perforated conduit 18 remains buried beneath
the surface of the fill pile and pump 20 continues to
operate as the final portion of f£ill material required
to break surface is discharged onto the £fill pile
through dredge pipe 70. Continued operation of pump 20
at this stage is believed to enhance the resistance of
the developing f£ill shoreline to erosion by wave lapping
and scouring until sandbags or other reinforcing means
can be positioned. After the f£ill pile has broken sur-
face to the required height, the apparatus is disas-
sembled and removed and the shoreline protected as shown
at 86 in Figure 9 to leave the finished underwater fill
88.

Figure 10 illustrates an alternate form of the
apparatus shown in Figure 2. This alternate form elim-
inates conduit portions 22 and 24 and includes an inte-
gral pump, thereby allowing greater flexibility in
placement of the apparatus. Cable 102 protrudes through
the upper end 104 of apparatus 100 and is connected to a
sealing means 106. Sealing means 106 includes an inner
conduit 108 with seals 110, 112 fixed at the upper and
lower ends thereof.

Seals 110, 112 provide a watertight seal
against the inner surface of conduit 114. Conduit 114
is made long enough to extend from the base to the top
of the pile, and is perforated over the entire length to
be covered by fill material. (Initially some lateral
support - not shown - must be provided to hold conduit
114 upright until sufficient fill has accumulated around

the base of conduit 114 to support the conduit.)
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Seals 110, 112 subdivide the inner portion of conduit

114 into upper, central and lower compartments 116, 118
and 120.

Pump 122 may be positioned in lower compart-
ment 120 or in central compartment 118. Pump 122 is
operated to draw water through the pump intake 124 and
through the perforated portion of conduit 114 sur-
rounding lower compartment 120 into and through inner
conduit 108 for discharge into upper compartment 116
from which the water flows outward through the perfor-
ated portion of conduit 114 encircling upper compartment
116 and into the surrounding water.

When apparatus 100 is initially placed on sea-
bed 14 inner conduit 108 and seals 110, 112 are posi-
tioned so that the base of lower seal 112 is about one
metre above the base 126 of conduit 114. Once £ill has
accumulated on seabed 14 to a depth of about 1.5 metres
(illustrated, for example, at 128) pumping may commence.
As further f£ill is deposited on the accumulating pile
conduit 108, seals 110, 112 and pump 122 may be incre-
mentally raised on cable 102 to maintain about one to
two metres of £ill above the uppermost end of lower com-
partment 120. (As conduit 108 and seals 110, 112 are
raised, the volume of lower compartment 120 increases
while the volume of upper compartment 116 correspond-
ingly decreases.) Once the fill has been completed
cable 102, conduit 108, seals 110, 112 and pump 122 are

withdrawn from conduit 114 which remains in place.

As will be apparent to those skilled in the
art in the light of the foregoing disclosure, many
alterations and modifications are possible in the prac-
tice of this invention without departing from the spirit
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or scope thereof. Accordingly, the scope of the inven-
tion is to be construed in accordance with the substance
defined by the following claims.
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CLAIMS

1. A method of relieving water pressure within an
underwater £ill during construction of said £ill, com-
prising withdrawing water from said underwater fill as
fresh f£ill is added to said underwater fill, such that
the work done on water withdrawn from said underwater
fill is approximately equal to the energy introduced
into said underwater fill by said fresh £fill and by
water set in motion by said fresh fill.
2. A method of relieving water pressure within an
underwater £ill during construction of said fill, com-
prising withdrawing water from said underwater fill as
fresh fill is added to said underwater fill, so that
water flow from within said underwater fill to the water
surrounding said underwater f£ill is minimized.
3. A method of relieving water pressure within an
underwater f£ill during construction of said fill, com-
prising withdrawing water from said underwater fill as
fresh £ill is added to said underwater fill, so that
water surrounding said. underwater fill flows into said
£i11. '
4. A method of constructing an underwater fill,
comprising the steps of:
(a) depositing fill at an underwater site; and,
(b) as fresh fill is deposited at said site, with-
drawing water from fill previously deposited
at said site such that the work done on water
withdrawn from said fill is approximately
equal to the energy introduced into f£ill depo-
sited at said site by said fresh f£ill and by
water set in motion by said fresh fill.
5. A method of constructing an underwater fill,
comprising the steps of:
(a) depositing fill at an underwater site; and,
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(b) as fresh fill is deposited at said site, with-
drawing water from fill previously deposited
at said site so that water flow from within
said deposited fill to the water surrounding
said deposited £ill is minimized.

6. A method of constructing an underwater fill,
comprising the steps of:

(a) depositing £ill at an underwater site; and,

(b) as fresh fill is deposited at said site, with-
drawing water from £ill previously deposited
at said site so that water surrounding said
deposited fill flows into said deposited fill.

7. A method of increasing the side slope inclina-
tion of an underwater fill pile, comprising withdrawing
water from said pile as fresh fill is added to said
pile.

8. A method of increasing the packing density of
particulate f£ill deposited in an underwater pile, com-
prising withdrawing water from said pile as fresh fill
is added to said pile.

9, A method as defined in claim 7 or 8, wherein
the rate of water withdrawal from said pile is such that
the work done on water withdrawn from said pile is
approximately equal to the energy introduced into said
pile by said fresh fill and by water set in motion by
said fresh fill.

10. Apparatus for withdrawing water from an under-
water f£ill, comprising:

(a) a perforated conduit;

(b) pumping means for pumping water; and,

(c) a closed conduit for water communication bet-
ween said perforated conduit and said pumping
means;

whereby operation of said pumping means withdraws water
from underwater f£ill surrounding said perforated conduit
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for passage through said conduits and discharge from
said pumping means.

11, Apparatus as defined in claim 10, further com-
prising moveable sealing means for sealing a selected
portion of said perforated conduit to prevent water com-
munication through said selected portion.

12, Apparatus as defined in claim 11, wherein said
perforated conduit is perforated over at least a portion
of its length and wherein said sealing means is moveable
with respect to said perforated portion to permit pore
water communication through a selected portion of said
perforated portion.

13. Apparatus as defined in claim 10, 11 or 12,
wherein perforations in said perforated conduit are
selectably sized to prevent substantial passage of £fill
particles into said perforated conduit.

14, Apparatus as defined in claim 10, 11 or 12,
wherein perforations in said perforated conduit are bet-
ween about .1 mm., to about .2 mm. in diameter.

15. Apparatus as defined in c¢claim 10, 11 or 12,
wherein said perforated conduit is tapered to facilitate
withdrawal of said perforated conduit from fill surroun-
ding said perforated conduit.

16. Apparatus as defined in claim 10, 11 or 12,
wherein said closed conduit is flexible over at least a
portion of its length.

17. Apparatus as defined in claim 10, 11 or 12,
further comprising closeable valve means for preventing
water communication between said perforated conduit and
said closed conduit.

18. Apparatus as defined in claim 10, 11 or 12,
wherein said closed conduit is connected to one end of
said perforated conduit and further comprising, at the
opposite end of said perforated conduit, anchoring means
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for anchoring said opposite end at the site of said
underwater £fill.

19. Apparatus as defined in claim 10, 11 or 12,
wherein said closed conduit is connected to one end of
said perforated conduit and further comprising, at the
opposite end of said perforated conduit:

(a) anchoring means for anchoriné said opposite
end at the site of said underwater £fill; and,

(b) shearable connecting means for connecting said
anchoring means to said opposite end;

whereby said perforated conduit may be withdrawn from
fill surrounding said perforated conduit by imposing a
withdrawal force on said perforated conduit sufficient
to shear said connecting means.

20. Apparatus as defined in claim 12, further com-
prising wedge means for wedging said sealing means in a
selected position.

21. Apparatus for withdrawing water from an under-
water £ill, comprising:

(a) a plurality of perfofated conduits arranged in
spaced, substantially parallel configuration;

(b) pumping means for pumping water; and,

(c) a closed conduit for water communication bet-
ween said perforated conduits and said pumping
means;

whereby operation of said pumping means withdraws water
from underwater £ill surrounding said perforated con-
duits for passage through said perforated conduits and
through said closed conduit and discharge from said pum-
ping means.

22. Apparatus as defined in claim 21, further com-
prising, moveable sealing means for sealing a selected
portion of each of said perforated conduits to prevent

water communication through said selected portions.
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23. Apparatus as defined in claim 22, wherein said
perforated conduits are perforated over at least a por-
tion of their respective lengths, and wherein said seal-
ing means are moveable with respect to said perforated
portions to permit pore water communication through
selected portions of said perforated portions.

24. Apparatus as defined in claim 21, 22 or 23,
wherein perforations in said perforated conduits are
selectably sized to prevent substantial passage of fill
particles into said perforated conduits.

25. - Apparatus as defined in claim 21, 22 or 23,
wherein perforations in said perforated conduits are
between about .1 mm. to about .2 mm. in diameter.

26. Apparatus as defined in claim 21, 22 or 23,
wherein said perforated conduits are tapered to facili-
tate withdrawal of said perforated conduits from f£ill
surrounding said perforated conduits.

27. Apparatus as defined in claim 21, 22 or 23,
wherein said closed conduit is flexible over at least a
portion of its length.

28. Apparatus as defined in claim 21, 22 or 23,
further comprising, closeable valve means for selectably
preventing water communication between selected ones of
said perforated conduits and said closed conduit.

29, Apparatus as defined in claim 21, 22 or 23,
wherein said closed conduit is connected across adjacent
ends of each of said perforated conduits and further
comprising, at the opposite end of at least one of said
perforated conduits, anchoring means for anchoring said
opposite end at the site of said underwater f£ill.

30. Apparatus as defined in claim 21, 22 or 23,
wherein said closed conduit is connected across adjacent

ends of each of said perforated conduits and further
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comprising, at the opposite end of at least one of said
perforated conduits:

(a) anchoring means for anchoring said opposite
end at the site of said underwater fill; and,

(b) shearable connecting means for connecting said
anchoring means to said opposite end:

whereby said perforated conduits may be withdrawn from
£ill surrounding said perforated conduits by imposing a
withdrawal force on said perforated conduits sufficient
to shear said connecting means.

31. Apparatus as defined in claim 23, further
comprising wedge means for wedging said sealing means in
selected positions.

32. Apparatus as defined in claim 21, 22 or 31,
further comprising remote manipulating means connected
to each of said sealing means for remotely moving said
sealing means into selected positions.

33. Apparatus as defined in claim 21, 22 or 23,
wherein said closed conduit is connected across adjacent
ends of each of said perforated conduits and further
comprising a base plate connected across the opposite
ends of said perforated conduits.

34. A method of relieving water pressure in an
underwater particulate f£ill comprising, during construc-
tion of said £ill, the steps of:

(a) spacing a plurality of upstanding, perforated
conduits along the desired site of sloped
sides of said fill and on the underwater base
of said site;

(b) 1interconnecting the uppermost ends of each of
said perforated conduits with a closed conduit
to facilitate water communication between said

perforated conduits and said closed conduit;
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(c) connecting a water pumping means to said
closed conduit; and,

(d) operating said pumping means as fresh fill
accumulates around said perforated conduits,
thereby withdrawing water from £ill surround-
ing said perforated conduits for passage
through said perforated conduits and through
said closed conduit and discharge from said
pumping means.

35. A method as defined in claim 34, further com-
prising, before said operating step, sealing portions of
said perforated conduits not covered by fill to prevent
water communication through said non-covered portions.
36. A method as defined in claim 34, further com-
prising sealing portions of said perforated conduits
which are not covered with fill to a depth of about one
to two metres to prevent water communication through
said non-covered portions.

37. A method as defined in claim 36, further com-
prising, after commencement of said operating step, and
as additional f£ill accumulates around said perforated
conduits, gradually unsealing said sealed portions to
maintain a depth of about one to two metres of fill
covering unsealed portions of said perforated conduits.
38. A method as defined in claim 37, further com-
prising, after the perforated portions of said perfora-
ted conduits have been entirely unsealed, and as addi-
tional fill accumulates around said perforated conduits,
gradually withdrawing said perforated conduits from said
£fill, while maintaining a depth of about one to two
metres of £ill covering said perforated portions.

39. A method as defined in claim 34, 35 or 36
wherein adjacent ones of said perforated conduits are
spaced at least 1.5 metres apart.
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40. A method as defined in claim 34, 35 or 36
wherein water withdrawn from fill surrounding said per-
forated conduits is discharged at a point remote from
the point at which fresh fill is added to said under-
water fill.

41, A method of increasing the packing density of
particles accumulated in a water saturated particulate
mass, comprising withdrawing pore water from said mass
while applying a particle-compacting force to said mass.
42, A method as defined in claim 41, wherein said
particle~-compacting force is applied by adding addi-
tional particles to said mass. '

43, A method as defined in claim 42, wherein pore
water is withdrawn from said mass such that the work
done on pore water withdrawn from said mass is approxi-
mately equal to the energy introduced into said mass by
said additional particles.

44, A method of increasing the packing density of
particles accumulated in a water saturated particulate
mass, comprising withdrawing pore water from said mass
while applying inter-particle shear stress within said
mass.

45. A method of constructing an underwater fill
comprising, as fresh fill is deposited at the underwater
construction site, withdrawing water from fill pre-
viously deposited at said site.
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