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[5 7] ABSTRACT 

A scour control system for establishing and maintain 
ing convergent fluid ?ow conditions at the surface of a 
submerged particulate bed circurnjacent to a sub 
merged structure seated on the bed so that particle 
loss from the surface of the bed, within a closed region 
surrounding the structure, is eliminated as being the 
normal consequence of externally incident 
unidirectional ?uid ?ow past the submerged structure 
at the particulate bed surface. 

17 Claims, 15 Drawing; Figures 
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SCOUR CONTROL SYSTEM FOR SUBMERGED 
STRUCTURES 

Preferably the vertical position of an upper extremity 
of an accumulation of particles against the submerged 
structure, and hence the magnitude of the accumula 
tion of particles, is regulated by automatic control 
means. 

Preferably the automatic control means for regulat 
ing the magnitude of the accumulation of particles in 
cludes: at least one sensing element capable of provid 
ing a signal related to the vertical distance separating a 
reference point on the shroud 
The present invention relates to a pump and shroud 

ducting system for modifying ?uid ?ow patterns around 
the intersection of a submerged structure with a sub 
merged particulate supporting bed in order to mitigate 
against and control the local erosion of the bed ad 
jacent to the structure. Such erosion is generally known 
as scour. 

The submerged structure could, for example, be a 
supporting leg of a jack-up sea drilling platform or rig. 
Scour can occur at a submerged particulate bed 

when a submerged structure presents an obstruction to 
?uid flow over the bed and causes an increase in fluid 
?ow velocity at locations on the bed surface adjacent to 
the structure. These locations then experience in 
creased particle entrainment with the moving ?uid. 
Particle loss from the locations ensues with the result 
that progressive erosion of the surface of the bed within 
these locations occurs. 

If the ?uid velocity is sufficiently high, surface ero 
sion or scour adjacent to the submerged structure may 
proceed until the structure is undermined to such an 
extent that a settlement of the structure into the surface 
of the submerged bed may occur. 
The supporting legs of sea drilling rigs are particu 

larly prone to such settlement due to scour and 
resultant undesirable stresses in the overall rig struc 
ture are presently commonplace. 

Since particle movement at the surface of a sub 
merged particulate bed in the presence of a ?uid ?ow 
in the local area adjacent to a submerged structure will 
generally follow the ?uid ?ow paths at the surface of 
the bed, it follows that particle loss from such an area 
will occur if the ?ow paths pass out of the area. 

Thus, if the ?ow paths at the particulate bed surface 
can be constrained to converge at all times on the sub 
merged structure, particle accumulation against the 
structure will occur and no scouring action, with 
resultant undermining of the structure, will be possible. 
Such convergent ?uid flow paths can be established 

by providing a vertically extending tubular shroud ad 
jacent to the structure and pumping means whereby 
?uid may be conducted from the particulate bed ad 
jacent to the structure to a level so spaced above the 
plane of the particulate bed that discharge of the 
ducted ?uid causes substantially no disturbance at the 
particulate bed. 

It is an objective of the present invention to mitigate 
and control the scouring action that tends to occur at a 
submerged particulate bed adjacent to a submerged 
structure by altering the ?uid ?ow paths at the sub 
merged particulate bed such that an accumulation of 
particles, transported by ?uid ?ow, tends to occur 
against the submerged structure. 
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2 
1 According to the present invention, a scour control 
system includes: an ' elongate, hollow, cylindrical 
shroud means, of substantially vertical axial orientation 
and with an open lower extremity, for conveying ?uid 
from a location at the surface of a particulate sub 
merged bed adjacent to a submerged structure seated 
thereon, to an upper location at a level so spaced verti 
cally from the particulate bed that discharge of the con 
veyed ?uid at the upper location causes substantially 
no disturbance of the particulate bed surface; ?uid 
pumping means connected to the shroud whereby ?uid 
?ow may be caused within the shroud means; and 
mounting member means connecting said shroud 
means to said submerged structure whereby the shroud 
means is vertically substantially coaxial with the sub 
merged structure and the open lower extremity of the 
shroud means is maintained in a position adjacent to 
the submerged structure and spaced from the particu 
late bed surface such that upwards forced ?uid ?ow 
within the shroud means, due to the action of the ?uid 
pumping means, causes a convergent ?uid flow at the 
surface of the particulate bed adjacent to the sub 
merged structure so that an accumulation of particles, 
transported by the convergent ?uid ?ow, tends to 
occur against the submerged structure. 

Preferably the shroud means is located coaxial with 
the vertical or substantially vertical axis of the sub 
merged structure. 

Preferably the shroud means is located outside, ad— 
jacent to, and surrounding the submerged structure. 

Preferably the shroud means is located inside the 
submerged structure. 

Preferably the shroud means is constructed as an in~ 
tegral part of the submerged structure. 

Preferably the mounting member means includes a 
movable mounting which permits relative vertical 
movement of the shroud means with respect to the sub 
merged structure. 

Preferably the vertical position of the shroud means 
with respect to the submerged structure is regulated by 
automatic control means. 

Preferably the mounting member means includes an 
automatic control means comprising at least one 
sensing element capable of providing a signal related to 
change in the vertical distance separating a reference 
point on the shroud means from the plane of the 
undisturbed submerged particulate bed; signal ampli? 
cation means; actuator motor driving means capable of 
changing the vertical position of the shroud means; and 
signal transmission means between the sensing ele 
ments, the amplifier means, and. the actuator motor 
driving means whereby negative feedback control of 
the position of the shroud means with respect to the 
undisturbed particulate bed plane may be established. 

Preferably the vertical position of an upper extremity 
of an accumulation of particles against the submerged 
structure, and hence the magnitude of the accumula 
tion of particles, is regulated by automatic control 
means. 

Preferably the automatic control means for regulat~ 
ing the magnitude of the accumulation of particles in~ 
cludes: at least one sensing element capable of provid 
ing a signal related to the vertical distance separating a 
reference point on the shroud means from an upper ex 
tremity of an accumulation of particles against the sub 
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merged structure; signal ampli?cation means; actuator 
means capable of changing the rate of ?uid ?ow 
through the shroud means; and signal transmission 
means between the sensing elements, the ampli?er 
means, and the actuator means whereby the rate of 
?uid ?ow within the shroud means and over the ad 
jacent particulate bed surface, and hence the rate of ac 
cumulation of particles against the submerged struc 
ture, may be so regulated by negative feedback that 
position control of the vertical location of the upper ex 
tremity of the particle accumulation with respect to the 
reference point on the shroud means may be 
established. 
According to a preferred aspect of the present inven 

tion, the ?uid pumping means includes a rotatable im 
peller means mounted coaxially within the shroud 
means, and turbine means, drivable by externally in 
cident ?uid flow and coupled to the rotatable impeller 
means such that rotation of the turbine means due to 
the action of externally incident ?uid ?ow results in an 
upward ?uid movement within the shroud means. 

Preferably the turbine means comprises a tangen 
tially driven axial-bladed turbine wheel coupled to and 
mounted coaxially above the impeller means such that 
externally incident ?uid ?ow in any direction tangential 
to the turbine wheel and in the plane of rotation of the 
turbine wheel causes unidirectional rotation of the tur 
bine wheel. 

According to another preferred aspect of the present 
invention, the ?uid pumping means includes at least 
one nozzle located inside and substantially adjacent a 
lower extremity of the shroud means; at least one pipe 
capable of supplying a ?uid to the nozzles and con 
nected thereto; and a supply of a ?uid deliverable 
through the pipe to the nozzles such that release or 
discharge of the ?uid from the nozzles causes upward 
?uid movement within the shroud means by entrain 
ment with the discharge, in the case of a liquid, and by 
entrainment with rising buoyant bubbles, in the case of 
a gaseous or a vaporous ?uid delivered by the pipe. It 
will be appreciated that in the case of a liquid discharge 
from the nozzles, the nozzles must be pointing upwards. 
The principle of operation of the scour control 

system may be described best with reference to the dia 
grammatic representations of FIGS. 1, 2 and 3 of the 
accompanying drawings. 

FIG. 1 shows a sectional view through a vertically 
orientated tubular shroud 1 containing a coaxially 
mounted impeller 2 driven by a motor 3 and vertically 
separated from the surface of a submerged particulate 
bed 4. Rotation of the impeller 2 by the motor 3 causes 
upward ?uid ?ow within the shroud l which, in turn, 
causes a particular ?uid ?ow pattern at the surface of 
the particulate bed 4. The arrowed lines 5 indicate ?uid 
?ow paths. A plan representation of the ?uid ?ow paths 
5 lying in the plane indicated by A-A in FIG. 1 is given 
in FIG. 2. For no external disturbances in the ?uid 
overlying the submerged particulate bed 4, the ?uid 
?ow lines 5 in the plan representation of FIG. 2 will be 
radially convergent on the axis of the tubular shroud 1. 

If a unidirectional ?uid flow at the surface of the sub 
merged particulate bed 4 exists additionally, as an ex 
ternal disturbance, the resultant combination of ?uid 
?ow patterns may be depicted by the ?uid ?ow lines 5 
shown in the plan representation of FIG. 3. 
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4 
The region denoted by the broken line 6 may be seen 

to experience only convergent ?ow at the particulate 
bed surface despite the existence of an external 
unidirectional ?uid ?ow. Since no net out?ow of ?uid 
occurs across the closed boundary 6 at the surface of 
the particulate bed 4, no outward transportation of par 
ticles with consequent particle loss from the region can 
occur. Hence, scour, involving particle loss from a 
closed bounded region of a submerged particulate bed 
due to particle transportation by overpassing ?uid ?ow, 
may be mitigated and prevented by the application of a 
superimposed convergent ?uid ?ow within the region 
prone to scour. 

This then is the principle of operation of the present 
invention. - 

Embodiments of the present invention will now be 
described by way of example with further reference to 
the accompanying drawings in which: 

FIG. 4 shows a sectional side view of a submerged 
structure seated on a particulate bed with a scour con 
trol system, according to a ?rst embodiment of the 
present invention, located inside the structure; 

FIG. 5 shows a sectional plan view through B-B of 
FIG. 4 with the ?uid ?ow patterns at the surface of the 
submerged particulate bed shown for the system in 
operation; . 

FIG. 6 shows a sectional side view of a submerged 
structure with a scour control system, according to a 
second embodiment of the present invention, located 
external to the structure; 

FIG. 7 shows a sectional plan view through C—C of 
the structure and scour control system depicted in FIG. 
6; 

FIG. 8 shows a sectional side view of a submerged 
structure seated on a particulate bed with a scour con 
trol system, according to a third embodiment of the 
present invention, located externally on the submerged 
structure and including a tangential-drive axial-bladed 
turbine driven by external ?uid ?ow and coupled coaxi 
ally to an impeller within the shroud part of the scour 
control system; 

FIG. 9 shows a sectional plan view through D-D of 
the submerged structure and scour control system de 
picted in FIG. 8; 

FIG. 10 shows a perspective view of the third em 
bodiment of the present invention shown in FIG. 8; 

FIG. 11 shows a sectional side view of a submerged 
structure with a scour control system, according to a 
fourth embodiment of the present invention, located 
externally on the structure and including ?uid 
discharge nozzles mounted inside the shroud part of the 
scour control system; 

FIG. 12 shows a sectional side view of a submerged 
structure with a scour control system, according to a 
modi?cation of the fourth embodiment of the present 
invention, constructed integral with the submerged 
structure and with powering ?uid discharge nozzles 
mounted within the submerged structure wall which 
acts additionally as the shroud part of the scour control 
system; 

FIG. 13 shows a diagrammatic representation of a 
scour control system, according to the fourth embodi 
ment of the present invention as shown in FIG. 11, in 
cluding a position control system for regulating the ver 
tical position of the shroud part of the scour control 
system; 
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FIG. 14 shows a diagrammatic representation of a 
scour control system, according to the fourth embodi 
ment of the present invention as shown in FIG. 11, in 
cluding a position control system for regulating the 
proximity of the upper extremity of the particle accu 
mulation against the submerged structure to the lower 
extremity of the shroud part of the scour control 
system; 

FIG. 15 shows a diagrammatic representation of an 
electrical circuit con?guration included in the position 
control system depicted in FIG. 14. 

Referring to FIGS. 4 and 5, in a ?rst embodiment of 
the present invention, a scour control system is located 
within a submerged open-frame structure 1a and in 
cludes an elongate hollow circular cylindrical open 
ended shroud 1, substantially vertically orientated axi 
ally and with an internal centrally mounted bladed im 
peller 2 driven by an electric motor 3, movably 
mounted by brackets‘7 and pinions 8 engaging with 
rails 9 ?xed to the submergedstructure 1a which is 
seated on a submerged particulate bed 4 and penetrates 
below the undisturbed surface plane 4a of the bed 4. 
An adjustable cable 10, attached by one end to an up 
permost one of the brackets 7 and by the other end to 
an anchorage point on an upper part of the structure 
la, serves to locate the shroud 1 vertically with respect 
to the structure la in a position above the plane 4a such 
that upwards movement of fluid within the shroud 1 
due to rotation of the impeller 2 by the electric motor 3 
establishes ?ow paths 5, despite the presence of exter 
nal unidirectional ?uid ?ow‘ paths 5a, whereby a parti 
cle accumulation 4b tends to occur against the struc— 
ture la. 

Referring to FIGS. 6 and 7, in a second embodiment 
of the present invention, a scour control system is 
located externally around a submerged circular cylin 
drical structure lg and includes an elongate hollow cir 
cular cylindrical annular shroud lb, open at a lower ex 
tremity lie and closed at an upper extremity 1d. A 
horizontal tubular duct 1e communicates the interior 
space of the annular shroud lb with the external ?uid. 
A bladed impeller 2 driven by an electric motor 3 is 
mounted within the duct 1e at the open end remote 
from the shroud lb. A planar ?n 1f, vertically orien 
tated, forms a web between the duct 1e and the shroud 
lb to act as a direction orienting vane. The annular 
shroud lb is movably mounted on the structure lg by 
captive bearing balls 11 which are held captive with 
respect to the shroud lb and space apart the shroud lb 
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and the structure lg. An adjustable cable 10, attached ’ 
by one end to the upper external surface of duct 1e and 
by the other end to an anchorage point on an upper 
part of the structure lg, serves to locate the shroud lb 
vertically with respect to the structure lg such that up 
wards movement of ?uid within the shroud 1g due to 
the rotation of the impeller 2 by the electric motor 3 
establishes ?ow paths 5, despite the presence of exter 
nal unidirectional ?uid ?ows along ?ow paths 5a, 
whereby a particle accumulation 4b may occur against 
the structure 1g. 

Referring to FIGS. 8, 9, and 10, in a third embodi 
ment of the present invention, a scour control system is 
located externally around a submerged circular cylin 
drical vertical structure lg and includes an elongate, 
hollow, annular, circular cylindrical shroud 1b, open at 
a lower extremity 1c and with an inner wall 14 slidably 
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6 
bearing against the exterior of the structure 1g. A coni 
cal hollow annular duct 12 closes the upper extremity 
1d of the shroud 1b and communicates the annular in 
terior space of the shroud lb with a hollow cylindrical 
annular duct 13 containing a bladed impeller 2 
rotatably mounted on bearings 16 around the inner 
wall 14 of the shroud lb. A tangentially driven axial 
bladed circular cylindrical turbine wheel 15, carrying 
axial blades 17, is mounted coaxially above the im 
peller 2 and is directly coupled to it while additionally 
being rotatably mounted coaxiaily around the inner 
wall 14 of the annular shroud lb such that external 
?uid ?ow incident on the blades 17 of the turbine 
wheel 15 causes unidirectional rotation 18 of the tur 
bine wheel 15 and consequent unidirectional rotation 
18 of the impeller 1 which, in turn, causes upward ?uid 
movement within the shroud lb, the duct 12, the duct 
13, and the turbine wheel 15 whereat centrifugal force 
causes ejection of the ducted ?uid out between the 
rotating turbine blades 17 as an ef?uence 19. This up 
ward ?uid movement causes ingestion of ?uid at the 
open ,lower extremity 1c of the shroud lb such that a 
convergent ?uid ?ow pattern combines with any exter 
nal unidirectional ?ow pattern at the surface of the par 
ticulate bed to form a combination ?ow pattern,as in 
dicated in FIG. 10, which mitigates against and 
preventsthe occurance of particle removal, or scour, in 
the region of the particulate bed 4 circumjacent to the 
structure lg. As shown in FIG. 8, the horizontal cross 
sectional area of ducted ?uid at the impeller 2 is 
greater than the horizontal cross-sectional area of 
ducted ?uid at the lower extremity 1c of the shroud lb 
so that the velocity of ?uid ingestion exceeds the 
velocity of ducted ?uid at the impeller 2. This con‘ 
stitutes a velocity ratio which allows ingestion ?uid 
velocities at the particulate bed surface circumjacent 
the structure lg to exceed the velocity of the incident 
turbine-driving external ?uid flow so as to maximize 
the particle transportation into the bed region circum 
jacent the structure lg for a given external ?uid ?ow 
rate and a given total turbine blade area. 

Referring to FIG. 11, in a fourth embodiment of the 
present invention, a scour control system includes an 
elongate, hollow, circular cylindrical, annular shroud 
1b, open at both upper and lower extremities and 
slidably located externally surrounding a submerged 
circular cylindrical structure 1g. A hollow toroidal ring 
20 is located and mounted in the internal annular space 
within the lower extremity 1c of the annular shroud 1b 
and encircling the inner wall 14 of the shroud lb. The 
hollow ring 20 is equipped with upwards pointing noz 
zles 21 equally spaced around the ring such that pres~ 
surized air delivered into the ring 20 may be discharged 
upwards in an even distribution within the annular 
space inside the shroud 1b. A pipe 22 supplies pres 
surized air from an upper location on the submerged 
structure lg to the interior of the ring 20. An adjustable 
cable 10, attached by one end to the inner wall 14 of 
the shroud 1b and by the other end to an anchorage 
point located on an upper part of the structure lg, 
serves to locate the shroud 1b vertically with respect to 
the structure 1g such that upwards movement of ?uid 
within the shroud lb, due to entrainment with rising air 
bubbles 25 issuing from the nozzles 21, establishes ?ow 
paths 5, despite the presence of external unidirectional 



3,686,887 
7 

?ows, whereby a particle accumulation 4b may tend to 
occur against the structure lg. , 

Referring to FIG. 12, in a modification of the fourth 
embodiment of the present invention as shown in FIG. 
11, a scour control system includes a shroud con 
structed as an integral part of a submerged cylindrical 
structure lg. Horizontal rows of circumferencially 
disposed equally spaced slanted inlet holes 23 are 
located in the wall of the structure lg at several equally 
spaced vertical locations. A movable cylindrical sleeve 
24 capable of closing off all of the holes 23 is 
suspended within the structure lg by an adjustable 
cable 10 of which one end is attached to the sleeve 24 
and the other end is attached to an anchorage point 
located on an upper part of the structure lg. 
The purpose of the sleeve 24 is to uncover succes 

sively higher inlet holes 23 as the structure 1g settles 
into the submerged bed 4, under the force of its own 
weight, so that the scour control system can effectively 
maintain a working separation from the particulate bed 
surface plane 4a. 
A hollow toroidal ring 20 is ?xed to the inside of the 

wall of the structure lg above the uppermost reach of 
the sleeve 24 and is equipped with equally spaced up 
wards pointing nozzles 21 whereby pressurized air sup 
plied by a pipe 22 attached to the ring 20 may be 
discharged within the structure lg so that rising 
buoyant bubbles 25 are formed which entrain ?uid 
while rising up within the structure lg to escape from 
exhaust holes 26 located above the ring 20. The 
resultant upwards ?uid movement causes ?uid in 
gestion at the uncovered inlet holes 23 whereby a scour 
mitigation and prevention effect is established at the 
surface of the particulate bed circumjacent to the sub 

' merged structure lg as hereinbefore described. 
Referring to FIG. 13, in an embodiment of a ?rst 

aspect of the present invention, a scour control system 
as shown in FIG. 11 includes a means of automatically 
positioning the shroud lb with respect to the 
undisturbed particulate bed plane 4a which comprises: 
a depth measuring device 27, of the acoustic echo 
sounder type, capable of giving an output voltage pro 
portional to the vertical distance between the device 27 
and the particulate bed plane 4a; a differential ampli?‘ 
er 29 to compare the output voltage of device 27 with a 
remotely selectable reference voltage and amplify the 
difference between these two voltages; an actuator 30 
driven by the output of ampli?er 29; an electric motor 
31 controlled by the actuator 30; a winch drum 32 
mounted on the spindle of the electric motor 31; and a 
cable 10 anchored to and wrapped round the drum 32 
at its upper end and attached to an upper part of the 
movable shroud lb of the scour control system by its 
lower end. The depth measuring device 27 is mounted, 
together with the ampli?er 29, on one extremity of a 
horizontal elongate member 28 attached rigidly to the 
shroud 1b so that the device 27 operates over an 
undisturbed area of the surface of the particulate bed 4. 
The actuator 30, motor 31, and drum 32 are mounted 
on an upper part of the submerged structure lg. The 
shroud lb is drawn upwards by the cable 10 winding on 
the drum 32 when the voltage from device 27 is less 
than the reference voltage and is lowered downwards 
when the voltage from device 27 exceeds the reference 
voltage. Thus variation of the reference voltage may be 
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8 
used to set the steady state vertical position of the 
shroud, 1b with respect to the plane 4a. Flexible inter 
connecting wires 32a electrically link the ampli?er 29, 
the depth measuring device 27, and the actuator 30 
such that, together with the motor 31, the drum 32, the 
cable 10, and the movable shroud lb, a negative feed 
back closed loop automatic position control system is 
formed capable of maintaining the shroud lb at a 
selectable level above the undisturbed particulate bed 
plane 4a. . 

Referring to FIGS. 14 and 15, in an embodiment of a 
second aspect of the present invention, a scour control 
system as shown in FIGS. 11 and 13 includes a means 
of automatically regulating the vertical position of the 
upper extremity 4d of the accumulation of particles 4b, 
occurring against the submerged structure lg support 
ing the shroud lb of the scour control system, which in~ 
cludes: a photo-electric level sensing device 33, which 
produces a voltage proportional to the vertical separa 
tion between the lower extremity of the shroud 1b and 
the upper extremity of the particle accumulation 4b, 
the lastmentioned upper extremity being designated 
4d; a differential ampli?er 34, mounted on the shroud 
lb, which compares the output voltage of device 33 
with a selectable reference voltage and ampli?es the 
difference between the two voltages; an electric lamp 
35 mounted on the lower extremity 1c of the shroud lb 
and orientated to illuminate the entire sensing device 
33 in the absence of obscuration of device 33 by parti 
cle accumulation; an electromagnetic actuator valve 36 
capable of varying the supply of air through pipe 22 to 
the ring 20 and nozzles 21 of a scour control system ac 
cording to the fourth embodiment of the present inven 
tion hereinbefore described; and interconnecting wires 
37 linking the sensing device 33, the ampli?er 34, and 
the actuator valve 36 together to form a closed loop 
negative feedback automatic position control system 
capable of maintaining the level of the upper extremity 
4d of the particle accumulation 4b at a selectable 
distance below the lower extremity of the shroud lb. 
The photo-electric level sensing device 33 comprises 

an elongate rigid member 38 attached to and depend 
ing vertically from the inner wall 14 of the shroud lb. 
An array of photodiodes 39, equally spaced vertically 
along the member 38, are connected together by the 
cathodes to a negative voltage supply 40. The anode of 
each photodiode 39 is connected between successive 
resistors 41 in a chain of equal resistors which in turn is 
connected between the negative voltage supply 40 and 
the positive voltage supply 42. Illumination of any of 
the photodiodes 39 causes it to drop to a low value of 
reverse impedance and hence to short-circuit the cor 
responding resistor in the resistor chain. The 
photodiodes 39 adjacent to the negative voltage supply 
40 are located at the uppermost part of the support 
member 38 so that illumination by lamp 35 of those 
photodiodes 39 unobscured by the particle accumula 
tion 4b causes short-circuiting of the corresponding re 
sistors 41 in the resistor chain such that an output volt 
age from a point 43 on the resistor chain exhibits a 
stepped variation in proportion to he separation of the 
level of obscuration of the photodiodes 39 from the 
lower extremity 1c of the shroud 1 lb. 
The output of the level sensing device 33 is con 

nected to one input of a differential ampli?er 44, incor 
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porating a stabilization network, where it is compared 
with a reference voltage selectable by means of a 
potentiometer 45 connected across the positive and 
negative voltage supplies 42 and 40. The output of the 
amplifier M is connected to drive the actuator valve 36 
which in turn varies the rate of supply of air passing 
through the pipe 22 and, hence, the rate of ?uid ?ow 
entrained within the shroud 1b. The setting of the 

' potentiometer 45 will determine the steady state posi 
tion of the level of obscuration of the photodiodes 39 
and hence will determine the steady state level of the 
upper extremity 4d of the particle accumulation 4b. 
With the scour control system in open loop opera 

tion, that is, without the negative feedback provided by 
the automatic control systems of the ?rst and second 
aspects of the present invention, the accumulation of 
particles 4b may increase until the lower part of the 
shroud l or lb tends to become blocked. In this condi 
tion, the necessary convergent fluid flow at the surface 
of the particulate bed 4 will decrease to negligibly small 
proportions permitting the existing natural external 
?uid ?ow, tending to cause scour, to erode the particle 
accumulation 4b until the lower part of the shroud 1 or 
lb becomes cleared of particulate obstruction. An 
equilibrium balance state or an oscillatory state will 
tend to be established between these two opposing in 
?uences with the result that the upper extremity 4d of 
the particle accumulation 4b will be maintained within 
limits about a level below the lower extremity 1c of the 
shroud l or lb related to ?uid ?ow rate within the 
shroud and to external ?uid ?ow rate over the surface 
of the particulate bed 4 circumjacent to the submerged 
structure la or lg. 

Both control systems hereinbefore described may ad 
vantageously be included in a single scour control 
system. I 

Such open loop operation of the scour control 
system can, however, neither accommodate for settle 
ment of the submerged structure due to causes unre 
lated to scour nor eliminate the possibility of reaching 
an unstable oscillatory state of the particle accumula 
tion. 

With the scour control system in closed loop opera 
tion, that is, including the negative feedback provided 
by the automatic control systems, the upper extremity 
4d of the particle accumulation 4b will be maintained in 
a substantially ?xed positional relationship to the 
shroud l and lb which, in turn, will be in a substantially 
?xed stable positional relationship with the undisturbed 
particulate bed plane 4a. 
Any desired accumulation of particles 4b against the 

submerged structure la and lg may therefore be main 
tained in a stable manner irrespective of settlement of 
the supporting submerged structure la or 13 or the rate 
of flow of the external ?uid past the structure la or lg 
at the particulate bed surface 40. 

It will be appreciated that the pumping means‘ of the 
scour control system may take a variety of additional 
forms, all with the object of causing upward ?uid ?ow 
within the shroud of the scour control system. 

Also, it will be appreciated that alternative locations 
of the shroud are possible. For example, the shroud 
may be located upstream and adjacent to the sub 
merged structure; the shroud may alternatively be 
replaced by a plurality of shrouds, serving a single im 
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lb 
peller or each with an impeller, disposed adjacent to 
the submerged structure and above the submerged par~ 
ticulate bed. In each of these last mentioned examples, 
the action of the scour control system is substantially as 
hereinbefore described. 

It may be noted that reversal of the impeller motion 
or the impeller blade angle of attack will reverse the 
?uid ?ow in the shroud and so cause DlVERGENT 
?uid flow paths at the submerged particulate bed sur 
face. The reversed ?uid ?ow paths will now leave any 
local closed area of the particulate bed circumjacent to 
the submerged structure, at the surface of the bed, with 
the result that massive particle loss from the local area 
of the bed will occur constituting accelerated scouring. 
This mode of operation of the scour control system ac 
cording to the present invention may be used to free a 
submerged structure penetrating a submerged particu 
late bed from the gripping action of the bed and so 
facilitate easy removal of the structure from its sup 
porting bed. 

In the operation of the scour control system accord 
ing to the present invention, say for controlling scour at 
a leg of a jack-up bottom supported sea drilling rig, the 
shroud 1b is approximately located with respect to the 
sea bed surface 4a when the leg lg is positioned on the 
sea bed 4. The shroud llb is then lowered by the cable 
10 until it is almost in contact with the surface 40 of the 
sea bed 4. The air supply to the nozzles 21 on ring 20 
within shroud 1b is set at a low delivery rate until an ac 
cumulation of sand particles 4b builds up sufficiently, 
due to the water ?ow 5, to partially block the lower ex 
tremity 1c of the shroud 1b. The shroud lb is now 
raised slowly and the delivery rate of air to the nozzles 
21 increased until the sand particle accumulation again 
partially blocks the lower extremity lc of the shroud lb 
with the air delivery rate ?nally set at half the max» 
imum rate. This then is the normal operating state of 
the scour control system and the convergent water flow 
condition at the surface of the sea bed, necessary to 
mitigate against and prevent scouring, is established. 
Where the scour control system includes the two au 

tomatic control systems for regulating the position of 
the shroud lb and the proximity of the upper extremity 
4d of the sand accumulation 4b to the lower extremity 
1c of the shroud lb, the operation of the scour control 
system is considerably simpli?ed and consists merely of 
energizing both control systems and preselecting the 
two reference voltages to the differential ampli?ers 29, 
34. The shroud 1b will then be driven downwards by 
motor .31 automatically until device 27 produces a 
signal voltage output equal to the reference voltage 
selected for ampli?er 29 whereupon the shroud lb will 
stop and be maintained in its vertical position, owing to 
the disappearance of the ampli?ed difference voltage 
at-the output of the differential ampli?er 29 causing the 
motor 31 to stop. The shroud will thus be maintained at 
a constant height above the sea bed surface according 
to the magnitude of the preselected reference voltage. 
The sensing device 33, of the second automatic control 
system, may have penetrated the sea bed surface or 
may still be wholly above the sea bed surface. in the 
latter case, the water ?ow rate within the shroud is at a 
maximum and in the former case at a lesser rate ac 
cording to the degree of obscuration of the sensing 
device 33 by the sea bed material. The water ?ow into 
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the shroud lb causes a build-up of sand against the sub- , 
merged structure lg until increasing sand obscuration 
of the sensing device 33 changes its output voltage such 
that the reference voltage to the ampli?er 34 is 
equalled and the water ?ow consequently cut off due to 
closure of the actuator valve 36 for zero signal out of 
the ampli?er 34. Any external scouring action opposes 
the increase of the sand accumulation 4b, and hence 
the rise of the obscuration level of device 33, so that 
the dynamic equilibrium state involves the existence of 
a voltage error between the output of the device 33 and 
the reference voltage to ampli?er 34. This error volt 
age, when ampli?ed by ampli?er 34, constitutes the de 
mand signal to the actuator valve 36 of the automatic 
control system which maintains an appropriate water 
?ow rate within the shroud lb such that the necessary 
convergent flow conditions for scour mitigation and 
prevention are always present during operation of the 
scour control system. 

Thus, the operation of embodiments of the present 
invention makes possible the elimination of scouring as 
a hazard to bottom supported submerged structures at 
sea. 

I claim: 
1. A scour control system including: an elongate, hol 

low, cylindrical shroud means, of substantially vertical 
axial orientation and with an open lower extremity, for 
conveying ?uid from a location at the surface of a par 
ticulate submerged bed, adjacent to a submerged struc 
ture seated on the submerged bed, to an upper location 
at a level so spaced vertically from the surface of the 
particulate bed that discharge of ?uid from the shroud 
at the upper location causes substantially no 
disturbance of the particulate bed surface; ?uid pump 
ing means connected to the shroud means whereby 
?uid ?ow may be caused within the shroud means; 
mounting member means connecting said shroud 
means movably to said submerged structure whereby 
the shroud means is vertically substantially coaxial with 
the submerged structure and the open lower extremity 
of the shroud means is maintained in a position ad 
jacent to the submerged structure and spaced from the 
particulate bed surface such that upward forced ?uid 
?ow within the shroud means, due to the action of the 
?uid pumping means, causes a convergent ?uid ?ow at 
the surface of the particulate bed adjacent to the sub 
merged structure so that an accumulation of particles, 
transported by the convergent ?uid ?ow, tends to 
occur against the submerged structure; and automatic 
control means whereby the vertical position of an 
upper surface of any accumulation of particles against 
the submerged structure arising from ?uid ingestion 
into the shroud means, and hence the magnitude of 
such accumulation of particles, is substantially regu 
lated and controlled. 

2. A scour control system as claimed in claim 1, 
wherein the ?uid pumping means includes: at least one 
nozzle located inside and substantially adjacent a lower 
part of the shroud means; at least one pipe connected 
to the nozzle and capable of supplying a ?uid to the 
nozzle; mounting means whereby the nozzle is mounted 
within the shroud means; and a supply of ?uid delivera 

. ble through the pipe to the nozzle such that release or 
discharge of the ?uid from the nozzle causes upward 
?uid movement within the shroud means by entrain 
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ment with the discharge, in the case of a liquid supply 
?uid, and by entrainment with rising buoyant bubbles, 
in the case of a gaseous or vaporous supply ?uid. 

3. A scour control system as claimed in claim 2, 
wherein the automatic control means includes: at least 
one sensing element capable of providing a signal re 
lated to the vertical distance separating a reference 
point on the shroud means from an upper extremity of 
any accumulation of particles, within range of the 
sensing element, which may form against the sub 
merged structure arising from ?uid ingestion into the 
shroud means; signal ampli?cation means; actuator 
means capable of regulating the pumping means to 
change the rate of ?uid ?ow through the shroud means; 
and signal transmission means between the sensing ele 
ments, the ampli?er means, and the actuator means 
whereby the rate of ?uid ?ow within the shroud means 
and over the particulate bed adjacent surface, and 
hence the rate of accumulation of particles against the 
submerged structure, may be so regulated by negative 
signal feedback that position control of the vertical lo 
cation of an upper extremity of the particle accumula 
tion may be established with respect to the reference 
point on the shroud means. 

4. A scour control system as claimed in claim 2, 
wherein the vertical position of the shroud means with 
respect to the submerged structure is regulated and 
controlled by automatic control means. 

5. A scour control system as claimed in claim 4, 
wherein the automatic position control means of the 
shroud means includes: at least one sensing element 
capable of providing a signal related to change in the 
vertical distance separating a reference point on the 
shroud means from the plane of the undisturbed sub 
merged particulate bed; signal ampli?cation means; ac 
tuator motor driving means capable of changing the 
vertical position of the shroud means; and signal trans 
mission means between the sensing element, the ampli 
?er means, and the actuator motor driving means 
whereby negative feedback control of the position of 
the shroud with respect to the undisturbed particulate 
bed surface plane may be established. 

6. A scour control system as claimed in claim 1, 
wherein the ?uid pumping means includes a rotatable 
impeller means mounted coaxially within the shroud 
means, and a turbine means drivable by externally in 
cident ?uid ?ow and coupled to the rotatable impeller 
means such that rotation of the turbine due to the ac 
tion of the external ?uid ?ow results in an upward ?uid 
movement within the shroud means. 

7. A scour control system as claimed in claim 6, 
wherein the turbine means comprises a tangentially 
driven axial-bladed turbine wheel coupled to and 
mounted coaxially above the impeller means whereby 
externally incident ?uid ?ow in a direction tangential 
to the turbine wheel causes unidirectional rotation of 
the turbine wheel and consequent unidirectional rota 
tion of the coupled impeller means. 

8. A scour control system as claimed in claim 7, 
wherein the automatic control means includes: at least 
one sensing element capable of providing a signal re 
lated to the vertical distance separating a reference 
point on the shroud means from an upper extremity of 
any accumulation of particles, within range of the 
sensing element, which may form against the sub 
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merged structure arising from ?uid ingestion into the 
shroud means; signal ampli?cation means; actuator 
means capable of regulating the pumping means to 
change the rate of ?uid ?ow through the shroud means; 
and signal transmission means between the sensing ele 
ments, the ampli?er means, and the actuator means 
whereby the rate of ?uid ?ow within the shroud means 
and over the adjacent particulate bed surface, and 
hence the rate of accumulation of particles against the 
submerged structure, may be so regulated by negative 
signal feedback that position control of the vertical lo 
cation of an upper extremity of the particle accumula 
tion may be established with respect to the reference 
point on the shroud means. ' 

9. A scour control system as claimed in claim 8, 
wherein the vertical position of the shroud means with 
respect to the submerged structure is regulated and 
controlled by automatic control means. 

10. A scour control system as claimed in claim 9, 
wherein the automatic position control means of the 
shroud means includes: at least one sensing element 
capable of providing a signal related to change in the 
vertical distance separating a reference point on the 
shroud means from the plane of the undisturbed sub 
merged particulate bed; signal ampli?cation means; ac 
tuator motor driving means capable of changing the 
vertical position of the shroud means; and signal trans 
mission means between the sensing element, the ampli 
?er means, and the actuator motor driving means 
whereby negative feedback control of the position of 
the shroud with respect to the undisturbed particulate 
bed surface plane may be established. 

11. A scour control system as claimed in claim 1, 
wherein the automatic control means includes: at least 
one sensing element capable of providing a signal re 
lated to the vertical distance separating a reference 
point on the shroud means from an upper extremity of 
any accumulation of particles, within range of the 
sensing element, which may form against the sub 
merged structure arising from ?uid ingestion into the 
shroud means; signal ampli?cation means; actuator 
means capable of regulating the pumping means to 
change the rate of ?uid ?ow through the shroud means; 
and signal transmission means between the sensing ele 
ments, the ampli?er means, and the actuator means 
whereby the rate of ?uid flow within the shroud means 
and over the particulate bed adjacent surface, and 
hence the rate of accumulation of particles against the 
submerged structure, may be so regulated by negative 
signal feedback that position control of the vertical lo 
cation of an upper extremity of the particle accumula 
tion may be established with respect to the reference 
point on the shroud means. ' 

12. A scour control system as claimed in claim 11, 
wherein the vertical position of the shroud means with 
respect to the submerged structure is regulated and 
controlled by automatic control means. 

13. A scour control system as claimed in claim 12, 
wherein the automatic position control means of the 
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shroud means includes: at least one sensing element 
capable of providing a signal related to change in the 
vertical distance separating a reference point on the 
shroud means from the ‘plane of the undisturbed sub 
merged particulate bed; signal ampli?cation means; ac 
tuator mot r_ drivin means ca able of chan in the vertical position of t?e shroud means; and sign%l tgrans 
mission means between the sensing element, the ampli 
?er means and the actuator motor driving means 
whereby negative feedback control of the position of 
the shroud with respect to the undisturbed particulate 
bed surface plane may be established. 

14. A scour control system as claimed in claim 1, 
wherein the ?uid pumping means includes: rotatable 
impeller means located within an upper extension of 
the shroud means and coupled to motor means 
whereby rotation of the impeller means by the motor 
means causes an upward ?uid movement within the 
shroud means. 

15. A scour control system as claimed in claim 14, 
wherein the automatic control means includes: at least 
one sensing element capable of providing a signal re 
lated to the vertical distance separating a reference 
point on the shroud means from an upper extremity of 
any accumulation of particles, within range of the 
sensing element, which may form against the sub 
merged structure arising from ?uid ingestion into the 
shroud means; signal ampli?cation means; actuator 
means capable of regulating the pumping means to 
change the rate of ?uid ?ow through the shroud means; 
and signal transmission means between the sensing ele 
ments, the ampli?er means, and the actuator means 
whereby the rate of ?uid ?ow within the shroud means 
and over the particulate bed adjacent surface, and 
hence the rate of accumulation of particles against the 
submerged structure, may be so regulated by negative 
signal feedback that position control of the vertical lo 
cation of an upper extremity of the particle accumula 
tion may be established with respect to the reference 
point on the shroud means. 

16. A scour control system as claimed in claim 15, 
wherein the vertical position of the shroud means with 
respect to the submerged structure is regulated and 
controlled by automatic control means. 

17. A scour control system as claimed in claim 16, 
wherein the automatic position control means of the 
shroud means includes: at least one sensing element 
capable of providing a signal related to change in the 
vertical distance separating a reference point on the 
shroud means from the plane of ‘the undisturbed sub 
merged particulate bed; signal ampli?cation means; ac 
tuator motor driving means capable of changing the 
vertical position of the shroud means; and signal trans 
mission means between the sensing element, the ampli 
?er means, and the actuator motor driving means 
whereby negative feedback control of the position of 
the shroud with respect to the undisturbed particulate 
bed surface plane may be established. 

* * * * * 


