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SeVvice foMcontinuous measurenent of the density and total weight of
material in the hold of a hopper-dredger. The present invention relates to
an installation which can be used to neasure continuously the density and
the total weights of materials |oaded in the course of a dredging cycle
into the well of a self-contained dredger. 5 It is known that
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10 ower down than the light particles.
When a water/sediment mixture is dredged, for
example by suction through a ladder, and loaded into a well
of a self-contained dredger or into a hopper barge, a
sedimentation phenomenon occurs in a similar manner: the
15 materials in suspension in the water are deposited
progressively, being distributed in the well according to

a density gradient.

_ At the start of dredging, during a so-called
loading phase, the well is filled up to the level of an
20 overflow located in its upper part. In order to take on
board a boat a total load representing a sediments content
which is as high as possible, the dredging cycle is not
interrupted once the 1level of the overflow is reached.
Thereafter, the excess of the dredged water/sediment mixture
25 necessarily overflows, via this overflow. As the heaviest
particles are deposited progressively towards the bottom of
the well, the total weight loaded into the boat continuous
to increase during the overflow phase, that part of the
water/sediment mixture overflowing wvia the overflow
30 containing ‘relatively few materials in suspension.
Obviously, the increase in the total weights of materials
loaded into the boat per unit time decreases substantially
in the course of the dredging cycle, until becoming

virtually zero.
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t.he well, the total weight |oaded into the boat continuous to increase
during the overfl ow phase, that part of the water/sedi nent m xture
overflowing via the overflow 30 containing relatively few materials

in suspension. Cbviously, the increase in the total weights of materials

| oaded into the boat-per unit tinme decreases substantially in the course of
the dredging cycle, until becomng virtually zero. 2 \When the dredging
has been conpleted, the well of the boat therefore contains a known vol une
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' A method frequently used to evaluate this load

10 consists in placing, in an empty well whose volume is known,
and at various heights along a vertical axis, a defined
number of containers serving to collect samples of dredged
materials. After filling the well and therefore the
containers, the samples are taken and weighed or analyzed

15 with a view to determining the density thereof. The average
density of the materials loaded into the well is deduced
from the results of these analyses, thereby enabling their
total weight to be calculated.

It is possible, for example, to use three hollow

20 cylinders fitted with a cover at each of their ends. The
covers remain open throughout the entire duration of the
dredging and are closed at the end of the latter, after
which the density measurements are carried out on the
specimens thus isolated.

25 This technique has the disadvantage of being very
slow. In addition, the specimens can in practice be taken
only once per dredging cycle. The reason for this is that
once the measurements have been carried out it is not
possible to carry out a new measurement, by replacing the

30 containers in the well.

Furthermore, this long-standing technique only
gives quite a rough approximation of the total weight of
materials actually loaded into the well since the number of
specimens taken is limited and the calculation of the

35 average density is made by assuming a perfectly 1linear
variation in the density gradient between the containers.
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fromthe results of these anal yses, thereby enabling their total weight to
be calculated. It is possible, for exanple, to use three hollow 20
cylinders fitted with a cover at each of their ends. The covers remai n open
t hroughout the entire duration of the dredging and are closed at the end of
the latter, after which the density neasurehents are carried out on the
speci nens thus isolated. 25 Thi s techni que has the di sadvant age
of being very slow. In addition, the specinmens can in practice be taken
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conprises a di agfiagprassanrgesithosthat exerted on the other face of the
same diaphragm by a fluid of known density contained in a
10 measurement column. This height of the fluid contained in
the measurement column is varied so that the hydrostatic
pressures exerted on either side of the diaphragm are
mutually compensated for. The height is measured and the
average value of the densities of the water/sediment mixture

15 at the various levels in the well are deduced therefrom.
This device is liable to cause not insignificant
measurement errors. Patent EP-B-0 049 933 attempts to remedy
this problem by providing a similar apparatus which
comprises, in particular, means for storing in memory
20 several values of the density, thereby making it possible
to make measurements with greater accuracy and with lower

risk of error.

The use of a diaphragm in a water/sediment
mixture, which may contain relatively large solid particles,
25 remains tricky since this diaphragm runs the risk of being
damaged. Furthermore, only an average density value may be
obtained, the aforementioned devices providing no indication
as regards the structure of the gradient. Since the
cross-section of a dredger boat well is not generally
30 constant over its height, the total weight of the
water/sediment mixture contained in the well therefore
cannot be deduced sufficiently accurately from the average
density of this mixture at the various levels in this well.

35 The object of the present invention is to provide
an installation which can be used to measure, accurately and



v

5 to the bottomof the well. The hydrostatic pressure exerted on one face
of the diaphragmis neasured by the water/sedi nent m xture contained in the
wel |, by conparing this pressure with that exerted on the other face of the
sane di aphragm by a fluid of known density contained in a 10 measurenent
cQlum. This height of the fluid contained i'n the measurenment col um is
varied so that the hydrostatic pressures exerted on either side of the

di aphragm are nutual ly conpensated for. The height is neasured and the
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average becoming damaged in the well by the sediments themselves.
The object of the invention is also to provide
such a device which can be used to monitor the loading and
to study the structure of the load.

15 Another object of the invention is to enable
optimum productivity to be achieved in the course of a
dredging cycle, by determining the moment in the cycle when
it is no 1longer profitable to continue the dredging
operations.

20 _Another object of the invention is to provide an
installation which enables rapid, reliable, automatic and
reproducible measurements to be carried out and which
produces no turbulence liable to disturb the structure of
the density gradient established in the well.

25 The subject of the present invention is an
installation for continuous measurement of the density and
of the total weight of dredging materials loaded into a well
of a self-contained dredger. '

This installation comprises:

30 (i) one or more devices each comprising:

- a watertight duct, having a substantially
U-shaped cross-section, fixed substantially vertically in
the well, and the branches of which bordering a sort of
semi-open vertical channel;

35 -~ a transmissive-type radiocactive probe, housed

in said duct and comprising a radioactive source



density of this mxture at the various levels in this well. 35

The object of the present invention is to provide an installation which can
be used to nmeasure, accurately and 4 continuously, taking into account

t he change over tinme, the average density of the | oad of dredging nmaterials
taken on board, in the course of a dredging gycle into the well of a

sel f-contai ned dredger. 5 Anot her object of the inventionis to
provi de such an installation which also can be used to deternine, with a
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rapid, reliabl eprébéonalbsgaidvertical path in the duct;

- mechanisms for causing the said probe to move
10 wupwards and downwards along this vertical path in the duct;
- means for determining the position of the said
probe in the duct;
(ii) a computer-aided management set, this management
set being capable of measuring and recording time, of
15 receiving and processing the data collected by the means for
determining the position of the probe or probes in the duct
or ducts, of receiving and processing the data collected by
the nuclear detector or detectors in the form of electrical
pulses counted in the course of preset regular intervals and
20 converted into corresponding measurements of density, of
calculating from these measurements the total weight of
dredging materials loaded into the well, of keeping all the
data in a central memory, of displaying the analysis and the
result of these measurements with the aid of a wvisual
25 display unit, to print the analyses and the result of the
measurements and, in accordance with a preselected program,
of regulating and controlling the general functioning of the
installation; _
(iii) means for transmission to the management set of
30 the electrical pulses supplied by the nuclear detector or
detectors and by the means for determining the position of
the probe or probes in the duct or ducts (1).
The duct is advantageously manufactured in steel.
The radioactive source is preferably a source of
35 gamma rays. This radiocactive source may consist, for
example, of a ceramic bead of double-encapsulated *'Cs.
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reproduci bl e neasurenents to be carried out and which produces no
turbulence liable to disturb the structure of the density gradient
established in the well. 25 The subject of the present
invention is an installation for continuoussneasurenent of the density and
of the total. weight of dredging materials |oaded into a well of a

sel f-contai ned dredger. This installation conprises: 30 (i) one or
nore devi ces each conprising: - a watertight duct, having a substantially

U-shaped cross-section, fixafk subsianéasl | yaeeettszl | yprefidiapigl |, and the
branches of which borderi a sort of sem -oqpen vertical channel; 35
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electronic unit for supply and for amplification.
According to a particular embodiment of the
10 installation, the probe is mounted on a trolley. The means
for guiding the probe may consist of metal rails arranged
vertically in the duct and of rollers mounted on the
trolley.
The means for causing the probe to move along a
15 vertical path in the duct may comprise, for example, a jack
fitted with a piston rod which can move vertically in the
duct. In this case, these means may furthermore comprise a
transmission mechanism capable of transmitting the movement
of the piston rod to the trolley, multiplying the amplitude
20 of this movement. This transmission mechanism may, for
example, comprise pulleys mounted on a spindle securely
attached to the end of the piston rod, fixed pulleys
securely attached to the duct and a metal cable anchored to
the trolley and passing over the said pulleys. According to
25 one particular embodiment, the transmission mechanism is
such that any movement of the piston rod entails a movement
of the probe in the opposite direction.
The means for determining the position of the
probe in the duct preferably comprise an angular position
30 encoder fitted with an optically encoded disc and with an
internal optical and electronic device, the disc being
coupled mechanically to one of the fixed pulleys over which
passes the metal cable.
The mechanisms for causing the probe to move
35 along the vertical path in the duct may comprise an electric
motor provided with an electromechanical brake, a speed



10 upwards and downwards along this vertical path in the duct; - neans for
determ ning the position of the said probe in the duct; (ii) a
conput er - ai ded managenent set, this nanagenent set bei ng capabl e of
measuring and recording tine, of 15 receivikng and processing the data
collected by the neans for determ ning the position of the probe or probes
i n the duct or ducts, of receiving and processing the data collected by the
nucl ear detector or detectors in the formof electrical pulses counted in
the course of predeter eand aa windingldrandf@O tleonvalsled i nto correspondi ng
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of the install atowmtedion)the eleainsi¢anotsansni ssion to the managenent set
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radi oacti ve source may.consist, for exanple, of a_ceramc bead 0 .
double-enc&ﬁsul%ﬁ%ﬁrT }r]qptlcal and electronic device, the disc being
coupled mechanically to a rotary part whereof the movement
correlates with the movement of the probe.
Lower and upper end-of-travel switches may be
arranged at the ends of the vertical path travelled by the
15 probe in the duct. These switches are then capable of
transmitting data to the computer-aided management set.
Advantageously, this management set will be
provided with a program enabling in particular the nuclear
detector which performs continuous measurements to transmit
20 them to the management set when the probe moves from the
lower end-of-travel switch to the upper end-of-travel switch
along a vertical path in the duct and returns to its initial
position without performing measurements.
The invention is preferably performed as follows:
25 a chamber is provided in the upper part of the duct, this
chamber being arranged above the maximum filling level of
the well. This chamber is capable of receiving the trolley
and the probe and may also serve for the storage of the
trolley and of the probe outside the periods of operation
30 of the installation. In an installation according to the
invention, the upper end-of-travel switch is preferably
located above the level of this chamber.
This chamber preferably comprises a calibration
tank located in the extension of the vertical channel
35 existing between the branches of the U-shaped duct. This

calibration tank is capable of containing media of known



6 The nucl ear ‘det ect or preferably S a scintillation counter. In
this scintillation counter, the neans for converting the nuclear radiation
i nto photons consists, for exanple, of a crystal of Nal(Tl). The nmeans 5
for converting the photons into electrical pulses and the neans for
anplifying these electrical pul ses advantagébusly consist respectively of
a photonultiplier and of a electronic unit for supply and for
anplification. According to a particul ar enbodi nent of the 10 installation,
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rod, fixed pul | 8§8-securely attached to the duct and a netal cabl e anchored
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particul ar enbogkgenééséh%ft rgnig‘éiSici)eq:engtcgéng/mghse leak detector, the
10 immediate sending of the probe into the chamber and the
interruption of the operation of the installation.

Preferably, the management set further comprises
an external memory. It is possible in particular to make use
of memory-disc and tape-recorder units which make it

15 possible to study the data elsewhere than on the dredger
boat, for example in research establishments.

Other features and advantages of the invention
will emerge from the description given by way of non-
limiting example, reference being made to the appended

20 drawings in which:

Fig. 1 is a diagrammatic view in elevation, with
a break, of the duct of a device forming part of an
installation according to the invention. This duct is shown
vertical, as it would be arranged in a well of a dredger

25 Dboat;

Fig. 2 is a section along the line II-II of
Fig. 1;

Fig. 3, 4 and 5 are simplified diagrammatic views
showing all the elements of the device which are contained

30 in the duct shown in Fig. 1. These elements are depicted at
various moments in an operating cycle of this device;

Fig. 6 is a diagrammatic view (with deformations)
showing the arrangement of a metal cable which, in the
device of Fig. 1, drives a trolley carrying a transmissive

35 radioactive probe and of an electrical cable which collects
data from this probe and transmits it to the computer-aided



such that any novenent of the piston rod entails a novenent of the probe in
the opposite direction. The neans for determ ning the position of the probe
in the duct preferably conprise an angul ar position 30 encoder fitted with
an optically encoded disc and with an interngl optical and electronic
device, the disc being coupled nmechanically to one of the fixed pulleys
over which passes the netal cable. The nmechani sns for causing the probe to
nove 35 along the vertical path in the duct nay conprise an electric notor
provi ded wi th amarhgementresbanwhakbhbrakeyrodssphedgenerfaledpeeatdnth @f the

wi ndi ng drun1f05nggglgggggn_The Installation may be provided with neans for
regul ating the Speed of ‘movénment of the probe, these means conprising an
el ectroni c frequency contrBig.t fesks neatetadls aviewcdmretevation, with
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Fig. 7;

Fig. 9 is a section along the line IX-IX of

10 Fig. 7;

Fig. 10 is a section along the 1line X-X of
Fig. 7;

Fig. 11 is a section along the line XI-XI of Fig.
7, in which some of the elements have not been depicted, the

15 duct which contains all the elements being, on the other
hand, shown in this Fig. 11;

Fig. 12 1is a perspective view of the
transmissive-type radioactive probe mounted on the trolley
which moves inside the duct;

20 Fig. 13 is a detailed view in elevation, with
breaks, of all the elements contained in the duct, in the
position depicted diagrammatically in Fig. 5; '

Fig. 14 is a perspective view showing the inside
of the chamber mounted at the upper part of the duct

25 depicted in Fig. 1, and

Fig. 15 is a diagram illustrating the general
operation of an installation of the invention.

Fig. 1 depicts diagrammatically part of the
installation of the invention; this part will be designated

30 by the name "density measurement device" (or device for
short). Several devices may be installed on the same
self-contained dredger.

A duct 1, made of steel and perfectly watertight,
is installed, substantially vertically, in a well of a

35 self-contained dredger, not depicted in Fig. 1. This duct

has a substantially U-shaped cross-section (see Fig. 2) and
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arranged at the ends of the vertical path travelled by the 15 probe in the
duct. These switches are then capable of transmtting data to the
conmput er - ai ded managenment set. Advantageously, this nmanagenent set will be
provided with a programenabling in particul ag the nuclear detector which
perforns continuous neasurenents to transmt 20 themto the managenent set
when the probe noves fromthe | ower end-of-travel switch to the upper
end-of -travel switch along a vertical path in the duct and returns to its
initial positionewktends ear orle ngajenspactents thithégiglgntébnthe device,
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pref erably | ocat equabeverose-sastzlomnfanchwhichattbemindbes, chanidsy yppeire ealkl,y

conpri ses a cali brati | [S) ' f e rii
mpri ses | bl o ik 4 el eeladd & L EIPRONeOf sbheeiel blbhge of

channel 35 existin es of the U shaped duct. T
calibration tankPp t8apabl e of containing nedia of known 8 densities

serving for the calibrationaofap e dff @@ss-section identical to that of the

10 chamber 3, and similarly provided, at its lower part, with
a drilled flange 6, is bolted onto the duct 1. A seal, not
depicted, is placed between the flanges 4 and 6.

The installation of the invention makes it
possible to measure continuously the density of dredging

15 materials which accumulate in the course of dredging in the
channel 2 existing between the branches of the duct 1 (see
Fig. 11).

In the embodiment depicted in Fig. 1 and 2, the
walls 7 to 10 of the duct 1 are 12 mm in thickness, while

20 the internal side walls 11 and the wall 12 which together
form the channel 2 are only 6 mm in thickness. Two angle
sections 13, facing each other inside the duct 1, are
integral with the wall 12 and extend longitudinally along
the height of the duct 1 (see also Fig. 14).

25 Fig. 3 to 5 illustrate diagrammatically various
positions of the main elements of a device of the
installation of the invention for continuous density
measurement. The duct 1 of this device has not been
depicted.

30 It should be noted thét the height of the device
(approximately 15 m) is much greater than its width
(approximately 60 cm) and that consequently the various
elements have not all been depicted on the same scale.

The measurements of the density of the materials

35 which accumulate in the well of the self-contained dredger
in the course of dredging are carried out in the vertical
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The installation of the invention preferably conprises a | eak detector.
This | eak detector being capable of detecting the presence in the duct of
solid or liquid 5 materials entering it as a result of a |eak and of
transmtting corresponding information to ttﬁhmanagerrent set. This
managenent set is capable of commanding, in the case of a | eak detected by
the | eak detector, the 10 imedi ate sending of the probe into the chanber
and the interruption of the operation of the installation. Preferably, the
managenent set fohainned obprviesuarnExd erraismizinveg-tipei sa@bssctd we igprobe
particular to . - di -1 ec upifs ' .make dt
5 poss bl et 0 orId ARG dof atbF sgoheraL AT 3 e T cdgl Bbaretigr of
exanpl e i n resea cds Wil Heneard aigede witdamaferenae 4@y dhichgdst ¢nd He .

invention will emerge fromrhhe gdeseki Rl QB GoveRlY oMty ¥rdlQy ligTidHith,

exanpl e, reference being nade to the appended 20 ,draw n in whjch:. Fig. 1
is a di agranfat i'® VPRFF FhieRevIOVES, %C?I}g aa‘bf*’SHE,me'il tﬂ‘i’gj‘du’c‘i‘ breadysh e

form ng part of sArigistadlatieon(eelyrdhagofowhliehi hgertisableTHins Fdigrt 3 o
o VEr 12 5, R £ Ae o ! ol e B «
sinplified di agri@vesn eadrodnsravehi agitth The andememosidgfiarhd Stevikie wlch
are contained in which it actuates an upper end-of-travel switch 18.
10 Between the dredging cycles, that is to say during the
periods when the installation is not in operation, -the

trolley 15 remains at rest in the position 15¢.

In operation, the trolley 15 can move from the
position 15a to the position 15¢ and vice versa, between the

15 end-of-travel switches 17 and 18, travelling approximately
14 m in 50 to 60 seconds. Fig. 4 shows an intermediate
position 15b of the trolley 15.

As will be explained in detail with reference to

Fig. 15, the probe 14 performs measurements while the
20 trolley 15 is moving from the position 15a to the position
15¢.

In Fig. 3 to 7 and in Fig. 13, the movable
elements are designated by their reference number followed
by the letter a, b, or ¢ depending on the position in which

25 they are depicted. '

The movements of the trolley 15 are controlled by
a double-action hydraulic jack 19 via a metal cable (not
depicted in Fig. 3 to 5) which passes over pulleys (see Fig.
6) and is anchored to the trolley 15.

30 The jack 19 is supplied with hydraulic fluid via
two pipes 20 and 21 which emerge respectively at its lower
part and its upper part. The piston rod 22 moves between a
retracted position 22a in the jack 19 (Fig. 3) and a
position 22¢ in which it is extended to the maximum (Fig.

35 5).

It will be noted that the trolley 15 moves in the

-



30 in the duct shown in Fig. 1. These elements are depicted at various
nmonents in an operating cycle of this device; Fig. 6 is a diagranmtic view
(with deformations) showi ng the arrangenent of a netal cable which, in the

device of Fig. 1, drives a trolley carryin transm ssive 35 radioactive
probe and of an electrical cable which coll®tts data fromthis probe and
transmts it to the conputer-aided 9 managenent set which controls the

general operation of the installation; Fig. 7 is a detailed viewin

el evation, wt bef@éK§onOBp§blsﬂ:Ee o) Q:"ffé‘tﬁléﬁoﬂ heodeybhce athiCh il g‘f?y in

contained in the duct, he position depicted di agrarrmat e
Fig. 3; Fig. 8 ?%W%F§%E??Bﬁralong the line VI11-VIlIl of Fig. 7; Fig. 9 is a

section al ong the | i ne | X1h¢ ofprbbe Fig. FarFied Myl $he seﬁrbmayal 289 i@e
line X-X of Fi section al on i.ne X| - of Fi

X 1
whi ch sonme of t Onn err%?\t sé%av%hnotc%%%‘ﬁt%l’ép?g?%% 'P?\%asi%“elauctsﬁ%l g‘ﬁh
contains alls t@@m@tsanél ngonditorse diler ¢op@datsbownoifn tihies Femridd;

Fig. 12 is fnsPRI3REELHVENAVEEWin®kal1el® on board the self-contained
dredger (see Fig. 15). This connection is made by means of

an electrical cable, not depicted in Fig. 3 to 5.
The mechanism of movement of the trolley 15 will
10 be better understood with reference to Fig. 6, which shows
diagrammatically the arrangement of the metal cable 23 and

of the electrical cable 24 on a series of pulleys.

In Fig. 6, the position rod 22 has been depicted
in solid lines, in a position 22b similar to that of Fig. 4.

15 It has also been depicted in dotted lines in the extreme
position 22a (see Fig. 3) and 22_c¢ (see Fig. 5). Likewise,
the trolley 15, which is depicted in solid lines in its
position 15b (which corresponds to the position 22b of the
piston rod) is also depicted in dotted lines in its extreme

20 positions 153 and 15c.

The piston rod 22 drives the trolley 15 by means
of a metal cable 23 (depicted in dot/dash lines) which is
anchored there and which passes over a series of pulleys.

A horizontal spindle 25, on which four pulleys

25 26, 27, 28 and 29 are mounted, is securely attached to the
end of the piston rod 22. The pulleys 30 and 31 (in the
upper part of the mechanism) as well as the pulleys 32 and
33 (in the lower part of the mechanism) are each mounted on
a horizontal spindle securely attached to the fixed part 34

30 of the device, depicted diagrammatically in Fig. 6 by a
rectangle. The two ends of the metal cable 23 are
respectively clamped in two cable clamps 35 and 36 securely
attached to the fixed part 34 of the device.

The metal cable 23 passes in succession, from the

35 cable clamp 35, over the pulleys 26, 30, 29 and 31, to the
trolley 15 (to which it is anchored) and over the pulleys
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transm ssive-type radi oactive probe mounted on the trolley which noves

I nside the duct; 20 Fig. 13 is a detailed viewin elevation,
with breaks, of all the elenments contained in the duct, in the position
depicted diagrammatically in Fig. 5 Fig. 143is a perspective view show ng
the inside of the chanber nmounted at the upper part of the duct 25 _
depicted in Fig. 1, and Fig. 15 is a diagramillustrating the general
operation of an installation of the invention. Fig. 1 depicts

di agrammati cal | yzparzs of 3Bheanidskal, | aifri osr@ért e | beeminabe Gt stipar icanilld
be desi gnated 3 % 5 e nane "density neasurenent device" (or device for
short). Several éev cés ‘'may be installed on the sane sel f-contained
dredger. A duct 1, nade ofThe ezlechniqsdr faabilley 2datier deghrteds inngtigl.| éd by

substantial ly vgibikedl ']Yméé‘ aneell AfrFardpeselh- EQEha'a”%}mﬁgQ@rthOtend

depicted in Fig. 1. This_ duct has a substantlalli U- shaped “cr oss-secti on
(see Fig. 2)5anHonneEF%QGQQMEPQnR%O?%elﬁa$%F pa %OUftPﬁemHHPBﬁPtSfoﬁhéhe

devi ce, defi ni ngatkeiveerott sthtlwo pﬁﬁpﬁbes t&leSOéle@ﬁrﬂ@éll eablehanpelaldo

The duct 1 is closed at_its_|ower art- a le emerges %ﬁi |t339pp%h Ryt

/nto a chanber BSRAPENCHSE 4 Series or Pulldys"THe"piilels”a%7hra BY are
mounted on a horizontal spindle 39 securely attached to the
end of the piston rod 22. The pulleys 40 and 41 (in the

10 upper part of the mechanism) are mounted on a horizontal
spindle securely attached to the fixed part 34 of the
device.

From the probe 14 to which it is connected and
the trolley 15 to which it is fixed, the electrical cable

15 24 passes in succession over the pulleys 40, 37, 41 and 38,
next to pags through a sleeve 42 via which it leaves the
fixed part 34 of the device, terminating at the management
set'(not depicted) which controls the general operation of
the installation (see Fig. 15).

20 It should be understood that Fig. 6 is a diagram
in which the mutual dimensions and positions of the elements
depicted do not correspond to reality, the Fig. 6 having the
sole purpose of showing the operating principle of the
mechanical part of the device.

25 Thus the spindles 25 and 39 have been depicted in
the mutual extension of each other, whereas in reality these
two spindles 25 and 39 are perpendicular to each other,
while at the same time being carried by the same case 43,
as may be seen in Fig. 7 to 9 and Fig. 13.

30 Fig. 7 is a detailed elevation view, with breaks,
of all the elements contained in the duct 1, in the position
depicted diagrammatically in Fig. 3. Fig. 7A and 7B each
show part of this device, the part depicted in Fig. 7A
surmounting the part depicted in Fig. 7B.

35 Fig. 8, 9 and 10 are respectively sections along
the lines VIII-VIII, IX-IX and X-X of this Fig. 7.
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square cross-section and which term nates, at its upper end, in a flange 4
provided with drillholes for the passage of bolts. A cap 5 of cross-section
identical to that of the 10 chanber 3, and simlarly provided, at its | ower
part, with a drilled flange 6, is bolted ontpsthe duct 1. A seal, not
depicted, is placed between the flanges 4 and 6. The installation of the
invention makes it possible to nmeasure continuously the density of dredging
15 materials which accunulate in the course of dredging in the channel 2
exi sting between the branchig.ofllt is dusecti¢sak Fiew dllong|phéhkbine XI-XI

erbodi rent depi csed iy Fi o, 1o Zort hendeld neidih 18601 chie fichod; 8Lood2

mmin thickness, whjle.20 the internal sid s 11 and t
toget her form t HRSERARAEM hayee Nl \peemmiepicted kiBsshisudignglld se€n i bhe

13, fgci ng eacg @ttl:i?f hfﬁdﬂetl?]@&%@@@tl Lm@i@hlm@gﬁ@i& é!hé\lhfﬂ@ M@é' 12 BA Q
ext en ongi inal y alo e hei uct ee als )

Fig. 3to 5 5'1JI RIFR e%’r%‘g?%n?%t?% yso@%‘?’l'g]ﬁ% %E??ﬁs%‘ﬂ%mbfo? graY Hous®
el enents of a de@l@reem‘-suhé thetdévate onside hehimvadudt oh. f or conti nuous

density neasurenent. The dqu mgf:aﬁ_hlg?]g@iléﬁe Qas Qﬂgcge%rge%e%‘;{% %f BQWO

It should be noted that _th ei ght e _devi ce ‘(appr oxi mat
nuch greater thdPTR31idiHatd P oxrRaguRy 6‘0‘1’9%’5 aJﬂlIt“PFét tegrsbgle iy yt‘tﬂhe

various el ement sotteere fioit=ldrregeddppirpbadi @14 By SaFBr L8 the two rails

10 16, each bolted to one of the edges of its wider flat. When
mounting the elements inside the duct 1, the metal section
44 is inserted, by its narrower flat, between the two angle
sections 13 (shown in Fig. 2 and 12), which serve to guide
it. This arrangement makes it easy to mount the device in

15 the workshop and to dismantle it rapidly for waintenance and
repair. The fixed elements of the device contained in the
duct 1 are connected, directly or indirectly, to this metal
section 44 which extends longitudinally over the height of
the duct 1. It will be noted that the total length of the

20 section 44 is greater than the length of the angle sections
13 and than the height of the duct 12 and that the trolley
15 can, for maintenance reasons, continue its travel upwards
along the rails 16 beyond the upper end-of-travel switch 18.

In the lower part of the device, a C-shaped piece

25 45 1is bolted, on the one hand, to the wider flat of the
section 44 and, on the other hand, to a metal structure 46
which serves as a support for the pulley 32 and 33 and as
a guide for the case 43 which carries the pulley 26, 27, 28,
29, 37 and 38.

30 This metal structure 46, which is shown in its
entirety as a 1long perforated cage of rectangular
cross-section, is surmounted by a plate 47 which is itself
bolted to another plate 48, securely attached to the
cylinder of the jack 19. As may be seen in Figure 8, these

35 plates 47 and 48 are penetrated at four take-up points by
the metal cable 23, one end of which is blocked in the cable
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The neasurenents of the density of the materials 35 which accunulate in
the well of the self-contained dredger in the course of dredging are
carried out in the vertical channel 2 by virtue of a transm ssive-type
radi oacti ve probe designated by the generallﬁpference 14, the operation of
which will be explained with reference to Fi'g. 11 and 12. This probe 14 is
nmounted on a trolley 15 which, 5 in operation, noves along a vertical path
in the duct 1 along rails 16 (only one of which is visible in Fig. 3 to 5),

between a positiclambad Hegurdly mtwiidHed ttadia @At lagver end-of -travel
switch 17, and a position C.(Fig. 5), in which.it actuates.an _.upper .

end-of -travel swtch 18. 1é§85%ﬁegﬁpF%ep8F§d&fn§h@y eé'sl,cet'hithel s""’{)dg( 1s
during the peri ddscasherot hbei metalll seictrions 4fotby meges adf oa, sehe dff aidtl
15 remains at resladds 1§, PRY, LION dpg- shN 9pgr ?:ﬂ d51€53 LG E‘g&ﬁ@s‘? e

nove fromthe positign 15a to the position 15¢ and vice versa, between the
15 end- of - t r AvelSTEHGIEh&E AR leY t3%vel | ing approximately 14 min 50 to

60 seconds. Fig. 4 shows arhentessrBlet Ecpaed by thed il i IdH Ittie Hacids
ber for o measur entBAW et Phe M55 ALy of FEC 87T Hiovihg -EREm LHEEBOPL e
15a to the positdemtikBr 44 ard pamllely tanditin Fig. 13, the novable
The section 44 carries the two rails 16, each
10 bolted to one of the edges of its wider flat. The trolley
15, which carries the probe 14, may move along these rails
16, bolted to the section 44, by means of the rollers 53,
with which it is provided (see also Fig. 12).

-

The position of the probe 14 in the duct 1 may be

15 determined at any moment by means of an angular position
encoder 54 shown in Fig. 7, 10 and 13. This coder 54
comprises an optically encoded disc and an internal optical
and electronic device. The disc is coupled mechanically to
the pulley 31, the groove of which receives the metal cable

20 23 which drives the trolley 15. The optical and electronic
device produces 1000 electrical pulses for each revolution
of the pulley 31 and transmits these pulses to the
computer-aided management set (see Fig. 15).

The tension in the metal cable 23 is regulated by

25 means of a tension regulator device 55 depicted in Fig. 7.
This tension regulator device 55 is mounted on the metal
structure 46 and carries the cable clamp 36. The tension
exerted on the metal cable 33 may also be regulated by means
of a threaded rod which carries the pulley 30.

30 The tension in the electrical cable 24 is
regulated by means of a tension regulator device 56 mounted
at this upper part of the cylinder of the jack 19 and
carrying a cable clap 57 (from which the electrical cable
24 leaves the device, passing through the sleeve 42).

35 Fig. 7 also shows a small grooved wheel 58
mounted on a horizontal spindle carried by a piece 59



elenments are designated by their reference nunber followed by the letter a,
b, or c depending on the position in which 25 they are depicted. The
novenents of the trolley 15 are controlled by a doubl e-action hydraulic
jack 19 via a netal cable (not depicted in Fig. 3 to 5) which passes over
pul l eys (see Fig. 6) and is anchored to the trolley 15. 30 The
jack 19 is supplied with hydraulic fluid via two pipes 20 and 21 which
emerge respectively at_its |ower part and its upper part. The piston rod 22
noves between a Pefvrelydtfehadbtorthe piefe phekThs (Fpgll Yyropved wheel

position 22c in .‘Mi@i&és Ithe¥lcfBdedabet BE AR MO Rk A1) 3ht Welhghe
noted that the trolle &glnnves,ln t he .12 direction opposité to the
piston rod 22, att al%%% § MG tiChds fyPBal EF . POtRE prisife 4 A& fiixgdplor Rhe
trolley 15 is connetleg 16.the conputer-ai ded managenent set which 5

"ot ai | ed on board the. sl {HEorarang ol d8; EPbb Fat RN biRNY4. Swnicn
connection is nad® dspigtet igf Fig.eBetor 7cavithbbe demuridgs dmediore Hegail
to 5. The nephan®§gho}efgygﬂgg;tngige 1105hgy135 Wi ll 10 be better
understood w th reference Eﬁmf%%bﬂ%’lﬂ@laﬂigﬂoﬁg mounted on the trolley 15
and which therefore moves with it in the U-shaped duct 1,

10 comprises a radioactive source 60 and a nuclear detector
designated by the general reference 61. As shown in Fig. 11,
the source 60 is housed in one of the branches of the U,
while the detector 61 faces this branch, in the other branch
of the U.

15 The source 60 is included in a bolt 62 inserted
into a source-holder block 63 which consists of a steel
casing filled with lead and which is provided with a
collimator hole 64 facing the detector 61. The latter is
carried in a similar manner in a metal detector-holder block

20 65 which is provided with a window 66 facing the source 60.

The gamma rays emitted by the source 60 and
passing via the collimator hole 64 pass through the vertical
channel 2 and pass through the window 66, to reach the
detector 61 by following a horizontal trajectory.

25 The gamma rays pass through the internal side
wall 11 of the duct 1, which therefore makes it possible to
perform radiation absorption measurements on a material
external to the device, this material lying in the vertical
channel 2, at the same time keeping this device from direct

30 contact with the medium under study.

Part of the gamma radiation emitted by the source
60 is deflected or absorbed by the solid particles in
suspension in the water/sediment mixture contained in the
vertical channel 2 and therefore does not reach, or does not

35 reach directly, the nuclear detector 61 which therefore

records mainly that part of the gamma radiation which is not



di agrammatically the arrangenent of the netal cable 23 and of the
electrical cable 24 on a series of pulleys. In Fig. 6, the position rod 22
has been depicted in solid lines, in a position 22b simlar to that of Fig.
4. 15 It has al so been depicted in dotted Hj es in the extrene position
22a (see Fig.-3) and 22 ¢ (see Fig. 5). Likewse, the trolley 15, which is
depicted in solid lines in its position 15b (which corresponds to the
position 22b of the piston rod) is also depicted in dotted lines inits
extrene 20 posideflrs:tkhR cﬂﬂdaﬁléiﬁzbe'&ﬂa}pitﬂi@ﬁnédmhﬁa:ﬁ\}ehﬁedhe trolley 15

by neans of a netal cable a(g%plésék ?Ot/dasgfﬁﬁgFé mhlch |s aqgg%{ed

there and whi ch passes over eyg
on whi ch four peEnigreddy 2dhe Fouze & a@gi Fickasdinre by I@%Eﬁﬂh’&ﬁ@or 61,

attached to theygnd @tfxeﬁ hBepbéhQQrEQQ %?/ t-ﬂéeo‘?iﬁl Bic=ss %%sg.@%e@ n(ah?a}1

upper part of the“nechanism as wel pul I éys 32 “and 33 (|n omer
part of the ﬁecﬁﬁﬁi§ﬁF°aPem§§§HrﬁﬁﬁﬂFeﬂfo%h%i@ﬁ#ﬁ%&ﬁuQﬂ qefnsgnt

attached to the ttfl:é(ﬁﬂ:d)ar't'h§4rgalaﬁctﬁeed%\du&@e caplééﬁslstagbgmaatdéﬁd\yc

in Fig. 6 by a rectan tmo ends aI b) e re .
respectively clgﬁﬁﬁﬁ qﬂ?t Slgngﬁgﬁﬁg réa & g@%ﬁ%légﬁﬁtaﬁﬂﬁﬁc?o the
fixed part 34 ofcapadliteoitenifitengetadicghilon 28 pfaseﬁs MNeaV s ioessitthe Halfn
the 35 cabl e cl anpe3%y W@% 1993@;5(/ a@‘é’é %ﬁxe %%du%%l%ﬂdlﬁlemmsi% &f Yddka

15 (to mhlch |t I'S anchore and gul
rays is only approx1mately per year, which amounts to

saying that the rates of emission are virtually constant
over three or four months.

Other types of radioactive sources may be used.
For safety reasons, devices may be provided for closing off

15 the collimator hole 64 when the probe 14 is not in service.

The nuclear detector 61 consists of a
scintillation counter. It is provided with a NalI(Tl)
crystal, a photomultiplier and an electronic unit for supply
and for amplification. These elements are put together in

20 a sealed cylindrical PVC case 67 mounted on the trolley 15.

The crystal, which receives the gamma rays that
have not been deflected or absorbed, emits photons in a
quantity proportional to the radiation received. The
photomultiplier and the electronic unit for supply and for

25 amplification convert these photons into electrical pulses
of a suitable shape in order to be sent to an electronic
matching unit forming part of the wmanagement set (see
Fig. 15).

Of course, other types of nuclear detectors may

30 be used without departing from the scope of the present
invention.

Fig. 13 is a view similar to Fig. 7, but the
mechanical elements of the device are shown there in the
position of Fig. S5, that is to say the trolley 15 here is

35 in its position 15¢, while the piston rod 22 of the jack 19
and the case 43 that it carries are in their down position



13 32, 28, 33 and-27, in order to termnate at the cable clanp 36. The

‘el ectrical cable 24 is depicted in Fig. 6 by broken lines. It is arranged
in such a way that its end 5 connected to the probe 14 can follow the
nmoverments of the latter. For this purpose, the electrical cable 24 also
passes over a series of pulleys. The pulleys 37 and 38 are nounted on a
hori zontal spindle 39 securely attached to the end of the piston rod 22.
The pulleys 40 and 41 (in the 10 upper part of the nmechanism) are nounted
on a hori zont al 22pi rtide 3Lecurid widlll dehatbt cedetfaxethpattroBliepf 16hés in

device. Fromthe gbe 14 .to [ Lt LS scarn angd - olley 15 to
which it is fix883£?ﬁ§ gﬂ%@?Fﬁ%aﬁgggglgﬁf5834%%%§§%sggﬁkgﬁbggésion over the
pul | eys 40, 37, 41 and 38,Fi@xtl4oipasspenspaghidesvéeyect2thpachfmbRY £,

| eaves the fixedepartodfiQheide rdeH ChodLl MAalHIG afid helmangasitenkssals
(not depicted) which _contfols the general. operation of _the ins aIIaHion
(see Fig. 153. ¥dg- 2). the duc?tlsﬁﬁnﬂﬁ?ﬁﬁ§e§n§§V99808ftﬁgy ?ié?rGeigmgnt

di agram i n whi chft kdemdiewdlcedi mensi ons and positions of the elements

depi cted do not correspondgfQ Qﬁ?%ﬁ%ﬁkt%hq‘fiﬁel§m anqakggaﬁﬁéed%g QEQEES

r
of showi ng the operating princip e ‘mechani cal part o I C
Thus the spindl em12% & FP halk ardn7Hepnét &8s hothemniisudPregbekyi Shrse

each other, wheregs Jh-8akidiid R@Se 73 ana 74.

10 The walls 10, 11 and 12 of the duct 1 (see
Fig. 2) are extended upwards inside the chamber 3, thus
delimiting, with the horizontal wall 74, the vertical wall
68 and part of each of the vertical walls 69 and 71, a
calibration tank 75.

15 When it is desired, the probe 14, brought into
the chamber 3, may be calibrated using various media of
known density, poured into the calibration tank 75.

It should be noted that if, during the operation
of the installation, a leak were to occur in the duct 1, the

20 trolley 15 would be immediately brought back into the
chamber 3 and that the operation of the installation would
be stopped. In fact, a leak detector device (not depicted
in Fig. 1 to 14) installed in the duct 1 is comnected to the
management set which, in the event of a leak being detected,

25 commands the immediate rise of the trolley 15 right into the
chamber 3.

The general operation of the installation
according to the invention will be better understood with
reference to Fig. 15, in which a single measurement device

30 has been depicted.

The installation is distributed, over the self-
contained dredger, in three different places. The duct 1 of
the measurement device is in a well of the self-contained
dredger, this well being symbolized in Fig. 15 by the letter

35 A. A hydraulic group 76 and a relay junction box 77 are
installed on the bridge of the self-contained dredger, this



two spindles 25 and 39 are perpendicular to each other, while at the sane
time being carried by the sane case 43, as may be seen in Fig. 7 to 9 and
Fig. 13. 30 Fig. 7 is a detailed elevation view, with breaks,
of all the elenents contained in the duct 1, _.in the position depicted

di agrammatically in Fig. 3. Fig. 7A and 7B &3ch show part of this device,
the part depicted in Fig. 7A surnounting the part depicted in Fig. 7B. 35
Fig. 8 9 and 10 are respectively sections along the lines VIT1I-VIIl, IX-1X

;der-XfOL_thi?bEE@ge7beingh%ﬂﬁHbliﬁbdEbyiéﬁ&ti@@@érVhemhabgﬁguka%-bﬁﬁéd
- of Fig. 7.

Sone of the el ements of. the tragsm ssign nechani sm have
not been depi ct B"PHCPRPE £FY: %ﬁlQﬂ?tFﬁ%EBiﬁbF E&ﬁ&?rt%e &ﬁcfanath Ras
not shown in Fi ghe7 cdmmris Hecidgle pilidcsl 50 aantbe shot fheoabpemrgedent anid
the various ele h i Lnsaide this duct 1. The netal section
44, whi ch consigFQ%%Pqéﬁg’ggggﬁl%%ekﬁgfg'of unequal widths joined together
by two other3flats arrangeétpérperkf ciaaaliled thati het Auctwd Fantsing tie
each bolted to paenahikhepedaasial the wideinhtahg YHeLt6RWRLEBH MBS ement

clemont s | 1ot e b NGt e P 0! By SCELLON, Hink 3l RSSEEST: BL LS o

whi ch serve to byi dbei hydfaubiarjasigarennorakiepictedady Fagnous) whecthedisce

In connected to the hydraulic group 76 via the pipes 20 and 21.
10 The duct 1 also contains five detectors, namely:

- the nuclear detector 61;

- the leak detector 78;

- the lower end-of-travel switch 17;

- the upper end-of-travel switch 18, and

15 : - the angular position encoder 54.

The hydraulic group 76, which is connected to the
hydraulic jack 19, causes the probe 14 to rise and fall by
means of electrically-controlled hydraulic distributors 79
which, via relays 80, may be automatically actuated by the

20 control interface 81 of the management set C during normal
operation, or manually by means of switches, not depicted
in Fig. 15, which may be used during maintenance, repair and
test operations. The electrically-controlled hydraulic
distributors 79 also make it possible to regulate the speed

25 of movement of the trolley 15.

The computer-aided management set C receives the
signals transmitted to it by the five detectors installed
in the duct 1. It commands the rise and fall of the probe
14 in accordance with the signals that it receives from the

30 lower 17 and upper 18 end-of-travel switches and from the
leak detector 78. o

The management set C also processes all the
signals that it receives from the nuclear detector 61, from
the lower 17 and upper 18 end-of-travel switches and from

35 the angular position encoder 54, in order to deduce from

them measurements of the densities and of the total weight



15 the workshop and to dismantle it rapidly for naintenance and repair. The
fixed el enents of the device contained in the duct 1 are connected,

directly or indirectly, to this netal section 44 which extends

| ongi tudinally over the height of the duct l5It will be noted that the
total length of the 20 section 44 is greater than the length of the angle
sections 13 and than the height of the duct 12 and that the trolley 15 can,
for mai ntenance reasons, continue its travel upwards along the rails 16
beyond t he upperoﬁamzhe)fdlter@ﬁie‘lg gwatetialld loaddd ingwerthparveldf afhet e bom:;

2 G shaped pl eceudd £5 dfebPlyebnokdliel 0P Wibed hddiuifiaicd | at of the

section 44 and, on the other structure serves as
a support for the pul | ey 3ThifdcomryRear;aidequranadasenthSeade RBLREIRMLLY
carries the pulléamﬁfhség 28, 29, 37 and 38. 30 This nmeta

structure 46, which |s ntfjrety as a long perforated cage
of rectanguFar Tross %ﬁéﬁwgpt?§£ ﬁ%thted by a plate 47 which is itself
bolted to anot her @a@m&tmmmW@EWMt ®B2he cylinder of the jack

19. As may be seenging Ehﬁ{:'iﬁ% J[ﬁé({ﬂsxgxfa@és Bhat £5. 445 aRd 48 ar y@p@é@%@ﬁ%@t

four take-up points b one end of whic
the cabl e 15 R et ior devicat84ihed to the plate 48. At the upper

part of the device,athgosaekoh9 iimdicator 85 fitted with a position
10 preselection device 86;
- start- and end-of-loading switches 87;
- a computer 88 fitted with specific software and provided
with various complementary peripheral equipment;
- an input/output interface 89 between the control interface
15 81 and the computer 88; and
- an input/output port 90 between the counting interface 83
and the computer 88.
It should be noted that, in the case where the
installation of the invention comprises several measurement
20 devices (and not just one, as depicted in Fig. 15), the
control interface 81, the adaptation and supply unit 82, the
counting interface 83 and the position indicator 85 are
multichannel.
The amplified electrical pulses coming from the
25 nuclear detector 61 are received by the adaptation and
supply unit 82 which has several functions. Firstly, it
serves to supply voltages required by the nuclear detector
61. It also makes it possible to measure and to regulate the
supply voltages and the electrical pulses received. Finally,
30 it converts the input electrical pulses, received from the
nuclear detector 61, into electrical output pulses adapted
for being received and processed by the counting interface
83.
This counting interface 83 is provided with a
35 device 84 for preselecting the counting time during which
the pulses cowming from the detector are counted. These



fixed to the metal section 44 by nmeans of a set of netal pieces 49, 50, 51
and 52. The piece 52 also carries the 5 spindle of the pulley 31. The
assenbly forned by the cylinder of the jack 19 and by the netal structure
46 is thus fixed to the section 44 and parallel to it. The section 44
carri-es the two rails 16, each 10 bolted to one of the edges of its w der
flat. The trolley 15, which carries the probe 14, nay nove al ong these
rails 16, bolted to the section 44, by neans of the rollers 53, with which
it is provided (semtaimy pégiod?)wilhe ﬁosiékampmé,the Rleabe&clkd d nadrer foet

1 may be 15 det t t S . ul ar,_,pos ti,o
encoder 54 show?]{f'm 6]]:{ij g ﬁg%gvggg QQ&FEE?Q %ﬂ'% omSlrl S8 W% B][ﬁ ctalli’?y
encoded di sc andDLdriSeiSrltr@qual‘fedpbYc‘ahea@@l@ttm rmeaff@@ﬂ @8. WIfhé bescousted

coupl ed nechani al Iyeéalabela%&%lél dét%x%%\éﬁ % m@asg B%C%q\eesaﬁ
metal cable 20 23 which drives_ the tro 85 he optical and ectr
af‘é# c

devi ce produCes m’ﬁf’e‘?‘éct%‘{%e$uls§es htP%voP’ﬂ‘W%%e%?l?lhe WJr'é’yOlBl
and transnits thiasdi gatses, t eathe tharpufer - ai @ﬁdlmnagenem set Tieeepliges

15 The t | | at f

te)n5| onerengggcr}fdlglgﬁ%gé)%%% %%Bk‘gﬁn% i,ite,?gu aT%‘g %(en5|%§§‘€%bo?%t ¢ the
devi ce 55 i s nowRRRLLRrt 88 r’vé’uaih scoweut—e Adeandinte r densihy @ad etotabhp
36. The tension v@&?ﬂ@%é&%u&@ﬁeﬂ%&abn&a@l&f%érﬁﬁdqégé %eg%u&%ﬂ%hegegybééﬁans

neans of a thr eade which carries [
tension int% het & adsuadgdispipyeundy aﬁlg P0531ble peripheral equipment.

Before putting the installation into operation,

the trolley 15 is in the rest position 15¢, in which it is

in contact with the upper end-of-travel switch 18. After a

static check of the detector 16 by means of the management

15 set C and the computer, the trolley 15 is sent towards the

position 15a where it actuates the lower end-of-travel

switch 17. The counter of the position indicator 85 is then

zeroed by the control interface 81. The signal for starting

the actual measurements process is given by actuating the

20 start-of-loading switch 87. Consequently, the trolley 15 is

sent upwards until it actuates the upper end-of-travel

switch 18 and the trolley is sent back downwards in a
continuous process. a

During the upward movement of the trolley 15, the

25 position indicator 85 totals the electrical pulses received

from the angular position encoder 54 and continually

displays this total on its digital counter until the trolley

15, in the position 15¢, actuates the upper end-of-travel

switch 18 once again. It should be noted that, while the

30 trolley 15 is being lowered, the position indicator 85

continually deducts the pulses received from the angular

position encoder 54 from the total number of pulses which

it had recorded when the trolley 15 was in the position 15c.

The angular position encoder 54 emits 1000 pulses

35 for each revolution of the pulley 31. In one example of

installation according to the invention, the angular
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regul ated by neans of a tension regul ator device 56 nounted at this upper
part of the cylinder of the jack 19 and carrying a cable clap 57 (from
which the electrical cable 24 | eaves the device, passing through the sl eeve
42). 35 Fig. 7 also shows a sgggl grooved wheel 58 nounted
on a horizontal spindle carried by a piece 16 securely attached to
the piece 51. This snmall grooved wheel 58 guides the netal cable 23 and,
fromthe pulley 31, brings it into the vertical fromits point where it is

fixed to the trohd€ytibn Bncoder 54 emitiRe appHdKTntels MPDIRGhOBEL & VEor

probe 14, which is_depicted in Fig. 3 to_ 7, wll described in re .
detail with reféf eF\E@QFg E&g.l 11“%&?912?15 Thee pFSBgETX, l%/nib V‘ﬁes‘?r‘rrdnﬁ?ﬁ LR
the trolley 15 awiemhithishénetontambyvedth tthhe tlower hend)chapevell céwil cHO
conpri ses a radipactiye . sunce 6 ]ggg n et.ect | gnat ed_ t h
gener al referendgﬁﬁ%b&Ag%%hg%ﬁE?ﬁ" |g.filggkﬁggggu%§% ggﬂg§§housé§ igy%%%f
of the branclfes @¥ig@ 1B-while the detector 61 faces this branch, in the

other branch of the U 15 The positiodh@r@i=t@r6085s iisnChreeaéd wikel ta
62 inserted into_a source-holder bl.ock 63 which consists of a steel casing

filled with | eadXFUEWAPCRLES P8 YIS 881 M e 84 &y #he

detector 61. Thereqular imstervals, during the rise of the trolley 15, each
time that a predetermined number of pulses is received from
10 the angular position encoder 54. The total travel (14 m) of
the probe 14 is thus divided into equal-length portions or
"windows".
It is possible, for example, to decide to divide
the total travel of the probe 14 into 113 equal "windows",
15 each therefore having a height of 12.4 cm. In order to do
this, the position preselection device 86 will be set so as
to emit a signal after each series of 212 pulses 24,000/113)
received by the counting intexrface 83.
The output signals emitted by the position
20 preselection device 86 are sent to the counting interface
83 which, after receiving each signal, receives and totals,
for 0.4 s, the pulses coming from the adaptation and supply
unit 82. The counting interface 83 stores in memory the
counting rates recorded in all the "windows". At its output,
25 the counting interface 83 therefore delivers the numbers of
pulses counted over a period of 0.4 s in each of the
“windows". These pulses are transmitted to the computer 88
via the input/output port 90.
Since the probe 14 moves from the bottom up at a
30 speed of approximately 22 to 25 cm/s, it travels
approximately 8.8 to 10 cm in 0.4 s (the counting period in
each window). After each counting period, it therefore
remains for the probe 14 to travel a distance of from 2.4
to 3.6 cm before the next counting period starts, (in the
35 next "window"). The 0.10 to 0.16 é time that this 2.4 to 3.6
cm travel takes is free for transmitting the data from the
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carried in a simlar manner in a netal detector-hol der block 20 65 which

i S provided with a wi ndow 66 facing the source 60. The gamm rays enitted
by the source 60 and passing via the collinmator hole 64 pass through the
vertical channel 2 and pass through the mﬁnd8m166, to reach the detector 61
by following a horizontal trajectory. 25 . The gamma rays pass
through the internal side wall 11 of the duct 1, which therefore nakes it
possible to performradi ati on absorpti on nmeasurenents on a materi al

external to the ggxiggr Hétécﬁékeéhako|!h@gcbﬂnkHﬁgV§hEéE§5th§§”9| 2, at
the sane tinme keeping this device fromdirect 30 Contact with the nedlum

under study. Part of the gahda r&e&rPbn éﬂ???%ﬂcﬁy Bhe Sbapeterd jEo the
defl ected or abseotedtey t h&s soltihe pathfetrescionsudensi obhén tdmrt- and

wat er / sedi nment u ed_i % i C channel an heref ore
does not reach, nbéhdoesiﬁgpiég ré%c%éﬁgreg{%y,g#ﬁehﬁﬁc]%a§7dé%%%toﬁm§?r 18
whi ch t her ef d¥ e endorlstnavalyswihbichpar andf thpelgakndetadtari @6 - wBepkndéng

not 17 deflecaﬁdawéfﬁﬁ%&fmgtiahtéﬁu@ﬁé@H@h%&@V%&ﬁ@QxlFh%a §§6 Juah %QQRE

non- absor bed ganmm radiation, emited he source

detector 61, nayWpheR be %%d@@?%%QFQA/qaﬁeCEHRﬁE?€r8§s§?§9§dlﬁﬁﬁﬁﬁéﬁéﬁP35t°
set into a neasuthee’jorfrdlheimieasidye 081t ha wader sediw®drd tht ufelldpels

radi oactive sourcewggd%onSISt%o%QW%r &2 %nsequent upon these received
10 instructions, the control interface 81 actuates, in an
appropriate manner, the relays 80 which control the
operation of the hydraulic distributors 79 of the hydraulic
group 76.

Communication from the control interface 81 to
15 the computer 88, and back, takes place via the input/output

interface 89 incorporated into the computer 88.

After the start-of-loading switch 87 has been
actuated, the computer 88, in accordance with its program,
returns the trolley 15 downwards, each time the latter

20 actuates the end-of-travel switch 18, and sends the trolley
15 upwards each time the latter actuates the lower end-of-
travel switch 17. This alternating, from top to bottom and
back, movement of the trolley 15 continues until the moment
when the end-of-loading switch 87 is put into the stop

25 position. :

Thereafter, the trolley 15 returns to the
position 15¢.

It was stated earlier that, while the trolley 15
is being lowered, the position indicator 85 continually

30 deducts the pulses received from the angular position
encoder 54 from the total number of pulses which it had
recorded when the trolley 15 was in its position 15¢.
Consequently, the digital counter of the position indicator
85 should theoretically be reset to zero.when the trolley

35 15 actuates the lower end-of-travel switch 17. However, each

pulse delivered by the angular position encoder 54
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bead of doubl e-encapsulated [err]. This [err] source is capable of emtting
radi ati on at 0.661 MeV. Since the half life of [err] is 30 years, the
reduction in em ssion of gamm 10 rays is only approximately 2.4 % per
year, which anounts to saying that the rates of emi ssion are virtually
constant over three or four nonths. O her typ%% of radi oactive sources may
be used. For safety reasons, devices may be provided for closing off 15 the
collimator hole 64 when the probe 14 is not in service. The nucl ear

detector 61 COékStﬁéépondH to & sevekmkhtabEo éo&'Péer c?vé’foé('cgfgtala
a Nal (TI) crystaJé phot onul t and an e tronlc supp

i plier
for anplification®fTH %r8¥éﬂﬁﬁgéyar% %%t‘@bgéFHé? ﬁtZOWaléeanﬁrefore be
cylindrical PVC castefstoml nihead oastberééﬂlteyfléériaﬁh(ﬂﬂévm%bbléhbﬁgnomena

receives the gag“?tﬁé¥ﬁ ihék Qﬁ¥§ OEfbﬁgnrgg&! cte Céﬁ€§orf%$h; éqlpplng

photons in a quantity propor Fonar 't ot
phot onul ti pl i gr Pf thes aet@lr eaibd eudBt Oflothsuptplljesanﬁl.f ocet@5) anphé f coaht €A

convert these phad®nshd P idliemt rlh&@lcaeal.”5§§ Pk ﬁoéé@ﬁr@@%ﬁfﬁgalpgsé@ %%%ély

to be sent to an electronlc mat ching_unit formn nanage

set (see Fig. 15) to geng,when tBFhEF°%§ﬁEsl%fa¢RRﬁQ§ﬁ Rhﬁ<&9mgwsen§yogetbevel

used Wit hout depasw:itngnfmmmdmehtscmeréascme tﬂ'liésc%}%tféwe{ﬁﬁ@%‘fad;é 081 1dehds

aviewsimlar t 7 t the_nechan el enents, o he device are

shown there in the posﬂilgﬁgbfsﬁsnnﬁ kg hﬁ? P YR A IFECATRT 18R 93 el e

i's 10 that the trolley 15 actuates the 1lower end-of-travel
switch 17.

The computer 88 is provided with various
peripherals such as: colour video screen, printer, and
memory-disc and tape-recorder units. The last two elements

15 constitute the external memory of the computer 88.

Displayed graphically on the video screen are the
state of loading of the well of the dredger boat, as a
function of time, and also other parameters such as the
moment when loading started, the intermediate times, the

20 rate of loading, the total 1oading weight, the time when
overflow started, etc.

When the 1loading has been completed and the
operation of the installation has been stopped by actuating
the end-of-loading switch 87 into the "stop position", the

25 trolley 15 is returned back to the position 15¢ and the
printer connected to the computer 88 than produces a printed
report which displays the various parameters and
characteristics of the loading cycle.

The description which has been given above with

30 reference to the drawings obviously relates only to one
particular embodiment of the installation according to the
invention. Numerous modifications may be made to this
embodiment without departing at all from the scope of the
invention.

35 Thus, the mechanism with a jack for moving the
probe 14 along a vertical path in the duct 1 may be replaced



35 inits position 15c, while the piston rod 22 of the jack 19 and the case
43 that it carries are in their down position 18 22c and 32c. It will be
noticed that the trolley 15 is in contact with the upper end-of-travel
switch 18. Fig. 14 is a perspective vieM/ofﬁhye chanmber 3, seen obliquely
fromabogve. In this Fig. 14 (just as is 5 9. 2), the duct 1 is depicted
devoid of any other elenent of the device. The chanber 3 is delimted
laterally by four walls 68, 69, 70 and 71 and its bottomis formed by three

hori zontal wall Sy Hther aiskeifentlGnechanisms. The walls 10, 11 and 12 of
the duct 1 (see Fig. 2) ar I hus

ext ended, upwards insi.de the chanmber .3

deliniting, with the hori zmgﬁewwbeﬁ}mm ?/ér‘i*fecé‘l‘°‘<ﬁaﬁ‘€fn%8“%‘ﬁbérb’a§’? Y
each of the vertcoadiswl | ©69 amd 7&lemtedlc br abktom t apko¥bded5 with an
When it is desir v L ht i ﬁnﬁgper 3

cal i brated usi ngeq\%frgﬁcgﬁqs&n}%%agaéf n%v\%' en%étéy% h£|1e)eoure i oca%kﬁ?;é/ fum and
cal i bration fanieyBngYlamnREIpEOmARREPI® At i f, during the operation of
the installation, a |leak wate t@omstnationt bE dHd diedtei 20motbe! |80 1Ehe
woul d be innediatelg brought back into the chanber 3 and that, the operqtion
of the install at7&H %lﬁedﬂlfee%t BB¥edS| 7 f §ERT FP%EIk- dét eEPBPIRED 2Rt

depicted . providing mechanical traction and transmission of the

electrical signals, is mounted on the drum and is connected

10 to the trolley 15. The electrical signals from the trolley
15 are transmitted to the management set C by means of a
slip-ring unit incorporated into the drum.

The electric motor controls the ascending and
descending movement of the trolley in accordance with the

15 program and with the end-of-travel switches 17 and 18
provided at the upper and lower parts of the duct 1. The
cable is held taut by the weight of the trolley 15. A
retaining brake holds the trolley 15 in place when the
system has stopped. The trolley 15 ig fixed on the rails 16

20 by rollers 53, as in the case of the hydraulic control
system.

A mechanical 1locking device provided on the
trolley 15 is actuated in the event of the cable breaking,
thereby preventing the trolley 15 from dropping.

25 With a view to regulating the speed, the system
may be provided with an electronic frequency control or with
a four-quadrant thyristor control with an associated
tachogenerator on the motor.

The angular position encoder, as in the case of

30 the hydraulic system, measures the position of the trolley
15 Dbetween the upper position 15¢ and the Ilower
position 15a1.
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in Fig. 1 to 14) installed in the duct 1 is connected to the managenent set
which, in the event of a |eak being detected, 25 conmmands the i mediate
rise of the trolley 15 right into the chanber 3. The general operation of
the installation according to the invention wtl be bett 3
reference to Fig. 15, in which a single nmeasufenment devi eTt88 SHEES HASSREEN
depicted. The installation is distributed, over the self} cont BERIALED ~
dredger, in three different places. The duct 1 of the neasurement device Is
in a well of the self-contained dredger, this well being symbolized-in-Fig.-.
15 by the letter 35 AL A hydraulic group 76 and a relayjlﬂy§|§% 0X 77 are
installed on the bridge of the self-contained dredger, this h“m
bei ng synbolized by the letter B. A conputer-ai ded nanagenen IH

designated by the letter C, is installed on the connand brld

be put into operation and controlled by an operator It mnll
be recalled that the duct 1 contains the Rardi Sproducmg t he

alternating top-to-bottom movenent of the-prebe-14-in this duct 1. This
novenent is actuated by the hydrfulécliack 19fgnot d |cted HEJ: . 1§% £
which is connected to the hydraufte-grotip 76 vra (REPIEEES FSaRiFeny ©
The duct 1 al so coheaflensityeandt oft the, h@ﬂﬂﬁ)ﬂelght Of dredging materials

5 loaded into a well of a self-contained dredger,

characterized in that it comprises
(1) one or more devices each comprising
- a watertight duct (1), having a substantially
U-shaped cross-section, which 1is fixed  substantially
10 vwvertically in the well, the two branches of the U forming
a sort of semi-open vertical channel (2);
- a transmissive type radioactive probe (14),
housed in said duct (1) and comprising a radioactive source
(60) transmitting towards a nuclear detector (61), the
15 radioactive source (60) and the nuclear detector (61) being
placed facing each another, each in a branch of the U, the
nuclear detector being equipped with means for converting
the nuclear radiation into photons, and then into electrical
pulses, and for subsequently amplifying these pulses;
20 - guiding mechanisms (16, 53) serving to guide
the said probe (14) along a vertical path in the duct (1);
- mechanisms for causing the said probe (14) to
move upwards and downwards along this vertical path in the
duct (1);
25 - means (54) for determining the position of the
said probe (14) in the duct (1);
(ii) a computer-aided management set (C), this
management set (C) being capable of measuring and recording
time, of receiving and processing the data collected by the
30 means (54) for determining the position of the probe or
probes (14) in the duct or ducts (1), of receiving and

processing the data collected by the nuclear detector or

Illlllll IIIIH IIIH lllll I llll



- the nucl ear det-ector -the | eak detector 78; - the | ower

end- of -travel swi t'g Z ﬁﬁg end-of -travel sw tch =15
s Sheet Has B
h

- the angul ar pos The hydraulic group 76 W@HtEHAS BEEN
connected to the h Mﬂﬂ[ﬂ
means of electrical

causes the probe 14 tp ri sBRERACED | by
ydraulic @fstributors 79 Whicr—vra

rel ays 80, may be automatlcal | y actuated by the 20 control |nterface 81 of

t he managenent set C during normal operation, rranually by neans of

swi tches, not d&@té&@é’ré”(gighﬁfS h¥."”f8Pm §%¥?§?f9§ ]hﬂgsgé' BLERRAG® i n

repair and test operations ectr| cal raul
di stributors 79tBesE6oREREe f Fresey éfqgillleé@mfét%ﬁﬁﬂes dcqxsve)ttm},ven'em

of the trolley é&rré@ﬁoﬁ&ﬂﬁgtﬂéaéhﬂéﬂeﬂ@@agﬁnﬁéﬁs§€§ Cofe€§1¥€§aE§Jﬁg5f98ﬁ\| S

transmtted to % ﬁtheflve tec smtall%bt:'g%%g%#
commands t he ri $8%&Rd™FAETE&™ oA x ?W?h@ag?ﬁhaH
that it recd vesohded ihteo3ﬂhéowe1117oﬁnkleeppng aBlenHeoaataaynl aswehehal

and fromthe | eﬁgmgﬁ’ecéfrdz%) %gg egﬁg%g %@I 'Eﬁep{”Q §§egfa{:{1ﬁ%ge

signals that it recefves fro ear rom | over
and upper 18 enﬂeéﬁuF?E?EFSsWthél@eaﬁ’ddf IQmeBSVIﬁ@Jar@m}alaqoolsmtoﬁnd/or

encoder 54, in @fdsrpfm@@ﬂt&mfrlqmarda:%sfuaﬁééumeﬁnaspeésémscésa%&b§§aand
of the total melg regulating and controlling the general functioning of the
10 installation;
(iii) means for transmission to the management set (C)
of the electrical pulses supplied by the nuclear detector
or detectors (61) and by the means (54) for determining the
position of the probe or probes (14) in the duct or
15 ducts (1).

2.- Installation according to claim 1,
characterized in that the duct (1) is manufactured in steel.

3.- Installation according to either of the
preceding claims, characterized in that the radiocactive

20 source (60) is a source of gamma rays.

4.- Installation according to claim 3,
characterized in that the radiocactive source (60) consists
of a ceramic bead of double-encapsulated *¥'Cs.

5.- Installation according to any one of the

25 preceding claims, characterized in that the nuclear detector
(61) consists of a scintillation counter.

6.~ Installation according to claim 5,
characterized in that the means for converting the nuclear
radiation into photons consists of a crystal of NaI(T1l).

30 7.- Installation according to claim 6,
characterized in that the means for converting the photons
into electrical pulses and the means for amplifying the
electrical pulses consist respectively of a photomultiplier
and of an electronic unit for supply and for amplification.

35 8.- Installation according to any one of the
preceding claims, characterized in that the probe (14) is

R O
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20 of the dredging'nateriéls | oaded into the well of the boat and it
di splays the results of these measurements. This conputer-aided managenent

set Cprincipally conprises: 5 - a control interface 81; - an adaptation
and supply unit 82; - a counting interface 8% fitted wwth a counting-tine
presel ection device 84; - a position indicat P85 fitted with a position 10

presel ection device 86; - start- and end-of-loading switches 87; - a
conputer 88 fitted with specific software and provided with various

conpl enent ary pembpAcedl ofqHi pEBMNley- (88)i.nput/output interface 89 between
the control interface 15 81 and the conputer 88; and - an input/Qut put
port 90 between the counting-Tnt et FEIRR  REIFHBREr &8 | CL8ABUI dBbe

noted that, in tbbkarastewheed fhethast ahtaimtohanisihbefopvgulidongConpr pgebe

several neasure 2 L C d ' o] epicted tn Fi.g.
15), the contror??%%e??%%gg%fséfﬁéggdégggﬁ{gzkéngggﬁgéFg ﬁﬁFﬁlgﬁ?TYhég the
counting int € f a@ecB3 (Ahdandeoforspiilensi ABBLamoungsdaps Khet kxpadewl .(15he

anplified electrical pulses;gom nq,{g&ymﬂ&q%ﬁ agﬁbgagnget egbor BLigfe o,

received by the a agtation agq,supely unit 82 which has Several functions.
Firstly, it characterize n that the mechanism for causing the probe

(14) to move along a vertical path in the duct (1) comprise
a jack (19) fitted with a piston rod (22) which can move
10 vertically in the duct (1).

11.- Installation according to «claim 10,
characterized in that the mechanisms for causing the probe
(14) to move along a vertical path in the duct (1) comprise
a transmission mechanism capable of transmitting the

15 movement of the piston rod (22) to the trolley (15),
multiplying the amplitude of this movement.

12.- Installation according to claim 11,
characterized in that the transmission mechanism comprises
pulleys (26, 27, 28, 29) mounted on a spindle (25) securely

20 attached to the end of the piston rod (22), fixed pulleys
(30, 31, 32, 33) securely attached to the duct (1) and a
metal cable (23) anchored to the trolley (15) and passing
over the pulleys (26, 27, 28, 29, 30, 31, 32, 33).

13.- Installation according to either of claims

25 11 and 12, characterized in that the transmission mechanism
is such that any movement of the piston rod (22) entails a
movement of the probe (14) in the opposite direction.

14 .- Installation according to either of claims
12 and 13, characterized in that the means for determining

30 the position of the probe (14) in the duct (1) comprise an
angular position encoder (54) fitted with an optically
encoded disc and with an internal optical and electronic
device, the disc being coupled mechanically to one of the
fixed pulleys (31) over which passes the metal cable (23).

35 15. - Installation éccording to claim 9,
characterized in that the mechanisms for causing the probe

QT
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serves to supply voltages required by the nuclear detector 61. It also
makes it possible to neasure and to regul ate the supply voltages and the
el ectrical pulses received. Finally, 30 it converts the input electrical
pul ses, received fromthe nuclear detector g4, into electrical output

pul ses adapted for being received and proces3Sed by the counting interface
83. This counting interface 83 is provided with a 35 device 84 for

presel ecting the counting time during which the pul ses comng fromthe
detector are coymagd.tdhemfre a2dngoullid Ngepehiicads path, ikortB¥amles ke)

the pul ses. T ecergBEZBFS: he Fbunt PRECLALE { adlotF wi | PEBEZ88 Nt od" S r eghPar
i nterval s (det eeheaerongchaninalofondke ,amgspeedsrpdureroandnsovandingadeunf
the presel ecti opopoghki 8gphRdi cator), each time for a period of 0.4 s. The
pul ses counted by the counting interface 83 are transmtted to the conputer
88 whi ch converts them int}f densiltft@ddatden - IeFIFivRasPenesmtdi®ng 15,
di spl ays these ghagwct@izedy iftaghatl of aiyi pradvilied! WAUH mead® for
por ati on tho EFa1ay LB T SRERG d T bk SChe ] REGRT ol LA 1 SR
contact with t hweappecowmpaisfingr anckelewitironits frafjuency spatirolcheck of the
detector 16 by neans of th?7nana§§ﬁ&%hlation according to claim 15,
10 characterized in that it is provided with means for
regulating the speed of movement of the probe (14), these
means comprising a  four-guadrant regulator an a
tachogenerator mounted on the electric motor.

18.- Installation according to any one of claims

15 15, 16 and 17, characterized in that the means for
determining the position of the probe (14) in the duct (1)
comprise an angular position encoder provided with an
optically encoded disc and with an internal optical and
electronic device, the disc being coupled mechanically to

20 a rotary part whereof the movement correlates with the
movement of the probe (14).

19.- Installation according to any one of the
preceding claims, characterized in that it further
comprises, at the ends of the vertical path along which the

25 probe (14) travels in the duct (1), lower (17) and upper
(18) end-of-travel switches capable of transmitting data to
the computer-aided management set (C).

20. - Installation according to claim 19,
characterized in that .the management set (C) is provided

30 with a program enabling in particular the nuclear detector
(61) which performs continuous measurements to transmit them
to the management set (C) when the probe (14) moves from the
lower end-of-travel switch (17) to the upper end-of-travel
switch (18) along a vertical path in the duct (1) and

35 returns to its initial position without performing

measurements.
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15 set C and the conputer, the trolley 15 is sent towards the position 15a
where it actuates the |ower end-of-travel switch 17. The counter of the
position indicator 85 is then zeroed by the control interface 81. The
signal for starting the actual neasurenents pgocess is given by actuating
the 20 start-of-loading switch 87. Consequently, the trolley 15 is sent
upwards until it actuates the upper end-of-travel switch 18 and the trolley
i s sent back downwards in a continuous process. During the upward novenent
of the trolley 15, the 25 pdbitibmstablation 88covdahg theeétberro€aklaims

pul ses received iéoahahfoar@%ﬁcwz@doane%aéeehé%aeé QQB“ aeuehkm?ﬁnted

di splays this total on its dlgltal counter until the
position 15c, acP¥afeShefPesppd) atdasaad aﬁmv%vﬁ]%%ﬂni%l’ﬁwéefbgbilﬂg Level
shoul d be noted bbathewhtlieé .the 30 trolley 15 is being | owered, the

position indicator 85 contlg ally _de ugﬁ tlhe pul ses_receiv d fr f he 1,
angul ar position encoder ron1gﬁ &b e?CTTE {ﬁ%es %mhaa
recorded when theharaICIt@rll@dNasnl nthat poket i omaridber THY angaul a:tappthé.let i off

encoder 54 emits, ;QQQYat | ?ﬁzﬁeacc glgr %/eqqg)r Eﬂal Hhi %et {%)ptélﬂ&)béjseﬁzgfg

one exanpl e of |nstal e |nve ul ar z
position encoder £8¥ EBhfi% ﬁEﬁFBQPnﬁPéF?gzﬂhgoglﬁﬁl§§§nf5healﬁﬁ féllagiongis

metres of the trabteynlbpbetween.the tinme

10 23.- Installation according to c¢laim 22,
characterized in that the upper end-of-travel switch (18)
is located above the level of the chamber (3).

24 .- Installation according to any one of claims
21 to 23, characterized in that the chamber (3) comprises

15 a calibration tank (75) located in the extension of the
channel (2) existing between the branches of the U-shaped
duct (1), this calibration tank (75) being capable of
containing media of known densities serving for the
calibration of the probe (14).

20 25.- Installation according to any one of claims
21 to 24, characterized in that it further comprises a leak
detector (78) capable of detecting the presence in the duct
(1) of solid or liquid materials entering it as a result of
a leak and of transmitting corresponding information to the

25 mwanagement set (C).

26.- Installation accorxrding to claim 25,
characterized in that the management set (C) is capable of
commanding, in the case of a leak, the immediate sending of
the probe (14) into the chamber (3) and the interruption of

30 the operation of the installation.

27.- Installation according to any one of the
preceding claims, characterized in that the management set

(C) further comprises an external memory.



when it is in contact with the |ower end-of-travel switch 17 and the tine
when it actuates the upper end-of-travel 5 switch 18. The position
indicator 85 is provided with a position preselection device 86 which emts
a signal at regular intervals, during the rise of the trolley 15, each tine
that a predeterm ned nunber of pulses is recdived from 10 the angul ar
position encoder 54. The total travel (14 m of the probe 14 is thus

di vided into equal -l1ength portions or "wi ndows". It is possible, for
exanple, to decide to divide the total travel of the probe 14 into 113
equal "w ndows", 15 each therefore having a height of 12.4 cm In order to
do this, the position preselection device 86 will be set so as to emt a
signal after each series of 212 pul ses 284g080k 143y rTecei ved by the counting
interface 83. The output signals emtted by the position 20 preselection

signal, receives and totals, for 0.4 s, the pulses comng fromthe
adaptati on and sup it ) ; N, i i e.83 0 k ry

t he counting ratespé%%%?%egggncafflﬁﬁguémﬁ%%%ﬁéééégg ??stgétaﬁﬁfiggnggﬁe
counting interface 83 thé&odRdr wedahty &fs nateri@dbdirs the 6\91§£§fc0'=\mt ed over
a period of &4 s in each of the "W neepyser-dheggepul ses are transmtted to
the conputer 88 via the input/output port 90. Since the probe 14 noves from
the bottomup at a 30 speed of approximately 22 to 25 cms, it
travel s

The installation comprises:
a metal duct (1), having a U-shaped cross-section, in which
is present a transmissive-type radioactive probe (14), which
comprises a source (60) and a detector (61) placed facing
10 each another, each in a branch of the U. The probe (14)
moves along a vertical path and conducts measurements on the
materials comprises between the branches of the U and
transmits data to a computer-aided management set (C) which
transforms the data into density measurements and which

15 controls the general functioning of the installation.

This Sheet Has Been Reilaced
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approximately 8.8 to 10 cmin 0.4 s (the counting period in each w ndow).
After each counting period, it therefore remains for the probe 14 to travel
a distance of from2.4 to 3.6 cmbefore the next counting period starts,

(in the 35 next "window'). The 0.10 to 0.16 s tine that this 2.4 to 3.6 cm
travel takes is free for transmtting the data fromthe 23 nucl ear
detector 61 to the counting interface 83. The control interface 81
transfers to the conputer 88 the infodd&ion from the start- and
end- of -1 oadi ng switches 87, the |ower 17 and upper 18 5 end-of-travel
switches and the | eak detector 78. Depending on the information thus
received and on the programwi th which it is provided, the conputer 88
sends instructions to the control interface 81 in order to nove the trolley
15 upwards or downwards. Cong®quent upon these received 19 instructions,

the control interface 81.zmi§§z4¥; in an appropriate PR € rel ays 80
whi ch control the operatijon of the¢ hydraulic distrilby R\t he
hydraulic group 76. Commyni cation|f e_gontrol_#hterface 81 o 15 the
conput er 88, and back, tgkes pl ac¢ Wi é 4 hput/ put interfacﬁa
incorporated into the coqputer 88} After the starfof-1oading sw¥t
been actuated, the conputfer §8, i i accordance w its program
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returns the trolley 15 downwards, each tinme the latter 20 actuates the
end-of -travel switch 18, and sends the trolley 15 upwards each tine the

| atter actuates the | ower end-of- travel switch 17. This alternating, from
top to bottom and back, novenent of the trolley 15 continues until the
monment when the end-of-1oading swtch 87 2sgput into the stop 25 position.
Thereafter, the trolley 15 returns to the position 15c. It was stated
earlier that, while the trolley 15 is being | owered, the position indicator
85 continually 30 deducts the pul ses received fromthe angul ar position
encoder 54 fromthe total nunber of pulses which it had recorded when the
trolley 15 was in its position 15¢c. Consequently, the digital counter of
the position indicator 85 shoeukq theoreticall e reset to zero._when the

trolley 35 15 actuates the ‘f-of-tra el 't3¥1 17. Howeéver )\ each
pul se delivered by the angt I on encodg#{ 5 24 corfeqdpbndssst 0 a
novenent of the trolley 15 el &44i stance appfoxi mately . 38 nly.
It will therefore be und 0 at, as a<f tgof certainsjme | e
phenonena (ther mal expagggﬁ Ret 2b 2f-40l i ght Fi ni54f
this metal cable 23 on P T 31, etc.) unt er 4§ tion
I ndi cator 85 is not generau y r t exactly
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tQ zero when the trolley is actuates the | ower end-of-travel swtch 17. For
this reason, the control interface 81 sends a set-to-zero signal to the
position indicator 85 each tine 10 that the trolley 15 actuates the

| ower end-of-travel switch 17. The conputer 88 is provided with various
peri pherals such as: calour video screen, printer, and nmenory-disc and
tape-recorder units. The last two elenents 15 constitute the external
menory of the conputer 88. Displayed graphically on the video screen are
the state of |oading of the well of the g(%dger boat, as a function of
time, and al so other paranmeters such as the nonent when | oading started,
the internediate tines, the 20 rate of |oading, the total |oading weight,
the tinme when overflow started, etc. Wen the | oadi ng has been conpl et ed
and the operation of the installation has been stopped by actuating the
end-of -1 oading swtch 87 into the "stop position”, the 25 trolley 15 is
returned back to the position 15c and the printer connected to the conputer
88 than produces a printed report whi ch di spl ays the various

par anet ers and characteristics of t J oagkng cycle. The description
whi ch has been given above with 30 r -to the draw ngs obviously

relates only to one particul ar enbodi ment” of the install &di 2arding to
the invention. Numerous nodPRERAEHEREN A raere- a6y nt
Wi thout departing at all fr¢ es “q}-1.hg i nventi ¢h.
p g e seppH Al-Lhe ) ;
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35 Thus, the nmechanismwith a jack for noving the probe 14
along a vertical path in the duct 1 may be repl aced 25 by ot her novenent
mechani snms. Anot her enbodi nent of the novenent nechani sm nay consi st of
an el ectric not or provi ded W th an el ectronechani cal brake, a
speed reducer, a cable drumand 5 an angul ar position encoder. The

conbi nation of the electric notor and the $Jded reducer may be a gear
notor. A conbi ned cabl e, providing nechanical traction and transm ssion of
the electrical signals, is nounted on the drumand is connected 10 to the
trolley 15. The electrical signals fromthe trolley 15 are transmtted to

t he managenent se gyc. s of a slip-ring unit incorporated_pto the
drum The electri T '+ 0l he ascen?‘ﬁg”aﬁﬂ‘d .vwg}ﬁﬁ%g?gﬁfigﬁ
the trolley in accorganc J ggfg am and ' gnd- ofet rave
switches 17 and 18-9¥ oy A RS T p d | 6 fhe duct 1
The cable is held tfut re gf thejtroll. Ar|ktlpi ni ng brake
holds the trolley ! £ % g sygtem hag fhe trolley 15
is fixed on the rails 1 r 4ris95 as i B bfl| t he hydraulic
control system A mechanic & 0 eéV|ce|prov' g
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trolley 15 is actuated in the event of the cable breaking, thereby
preventing the trolley 15 from droppi ng. 25 Wth a viewto
regul ating the speed, the systemnay be provided with an el ectronic
frequency control or with a four-quadrant thyristor control with an

associ ated tachogenerator on the notor. The angul ar position encoder, as in
the case of 30 the hydraulic system neasures the position of the trolley
15 between the upper position 15¢c and t héA%wer position 15a. 26a
AVENDED SHEET C L A1 MS 1.- Installation for continuous measurement of 5
the density and of the total weight of dredging materials | oaded into the
well of a self-contained dredger, conprising at | east one radioactive probe
(14) housed in a watertight duct (1) which is fixed substantially
vertically in the well, the said probe (lr) ggnprising a radioactive source
10 (60) and a nucl ear detector (61), ¢ ctr (61) being equipped with
nmeans for converting nucl ear radiati anal ysabl e data, the said
installation being characterised kag : e ses (1) one or nore
devi ces each conprising 15 - =l : mhlch has a

substantially U shaped cross-secti on=th§ anch Iyyé)fornlng a
-52

sort of
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sem -open vertical channel (2); the radioactive probe (14), which is of
the transm ssive type, the radioactive source (60) transmtting 20 towards
t he nucl ear detector (61), the radioactive source (60) and the nucl ear
detector (61) being placed facing each other, each in a branch of the U,

t he nucl ear detector (61) being equi pped with neans for converting the

nucl ear radiation into°photons, and then |nto electrical pulses, and 25

for subsequently anplifying these pul ses; 86 di ng nmechani sms (16, 53)
serving to guide said probe (14) along a vertical path in the duct (1);
mechani snms for causing said probe (14) to nove upwards and downwards al ong
this vertical path in the 30 duct (1); neans (54) for determning the

position of the said probe (14) in the duct (1); (ii) a
conput er-ai ded nanagenent set (C), this managenment set (C) being
capabl e of measuring and recording 35 ' g | process
the data collected by the AMENDED QL eI @1§f$|ng
the position of the probe or probes AR T he du PRpr cts
receiving and processing the data | egit ed by the n¥El detector or
detectors (61) in the formof ele icaE pul ses countfed i
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regul ar intervals and converted into corresponding
nmeasurenents of density, of calculating fromthese neasurenents the tota
wei ght of dredging materials |oaded into the well, of keeping all the data
in a central nenory, of displaying the analysis and the result of these 10
measurenents-with the aid. of a visual dispV¥ay unit and/or of a printer and,
I n accordance with a preselected program of regulating and controlling the
general functioning of the installation; (rii) means for transm ssion
to the managenent set (C) 15 of the electrical pulses supplied by the

nucl ear detector or detectors (61) and by the neans (54) ;)Tkgg

5- the course of preset

Lﬁ@«deter
the position of th obe robes (14) in the duct or d si#?a
REPLACEMVENT SHEET . D/SHEET [errl"Z. T NSy @4.atTon
according to claim s4 rized in that [ i s
manuf actured in steel.ag{- I ﬁé FatEpmaccor gidg V Tt he
precedi ng clai nms, char eYife Ain_g=Fat] |t he radi oadtyv ﬁ |r ce (60) S
a source of gamma rays. 4. ijlon ZHiing; | é%
characterized in that the §aii gqurce (60) Eonsi 4,' -1 +€ﬂ1C
bead of doubl e- encapsul geh % +59 - ‘.h
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5.- Installation according to any one of the 25 preceding cl ai s,
characterized in that the nucl ear detector (61) consists of a SC|ntiIIation

counter. 6. - Install ation accordi ng to claim 5, characterized in
that the neans for converting the nuclear radiation into photons consists
of a crystal of Nal(Tl). 30 7. - I nstallation according to

claim 6, characterized in that the neans 98 convertlng the photons.into
electrical pulses and the means for amplifying the electrical pul ses
consi st respectively of a photomultiplier and of an electronic unit for
supply and for anplification. 35 8.- Installation according to
any one of the preceding clalnq characterized in that the probe (14) is

28 nounted on a trj . 9. - Install ation accordi ng to__ claim
8, characterized i that th¢ mgchanisns for guiding the prohg (14) copsis
of nmetal rails (16) arrangegl vgrtically in the J3.duct_(1) and of rollers
(53) nounted on the trolleyj(1g). 10.- I nstajl {ayi or] accordlng to
claim 9, charactefized in {haty the mechani se |f &r caLsingo¢he prohe (}4) o]
nove al ong a vert&gal path {n tjhe duct (1) c® iise qd | apk (J19) fstted wth
a piston rod (22) "phi ch canjnove 10 verticallfyzip the dpct (]1). %1 -1
Install ation accordi hg ai th 10, SG G .8 :
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characterized in that the mechanisns for causing the probe (14) to nove

along a vertical path in the duct (1) conprise a transm ssion nechani sm
capable of transmtting the 15 novenent of the piston rod uméﬁﬁzzgégéi¥;:§~
trolley (15), multiplying the anplitude of this novenent. -
Installation according to claim1l, characterized in that tpe transn155|§ﬁ"
mechani sm conpri ses pulleys (26, 27, 28, 29) nounted on a s |D?¢He (\5‘3&“\6
securely 20 attached to the end of the piston rod (22), fi H-leys. 307
31, 32, 33) securely attached to the duct (1) and a netal cable (23) o
anchored to the trolley (15): and passing ovdr the pulleys (26, 27, 28, 29,
30, 31, 32, 33). 13.- Installdtion according to either of clains 25 11 and
12, characterized in that the transnission nechqﬁh§q¥b5_§qgh t hat any
novement of the piston rod (22) entails a noveneft'SoFPERe 510D (14) in the
opposite direction. 14.- Installation according to either of clains 12 and
13, characterized in that the neans for determning 30 the position of the

probe (14) in the duct (1) conprlsepquqpthgqu@STtlon encoder (54) fitted
with an optically encoded disc and wth an internal optical and el ectronic

T T R N TN Y

devi ce, the disc being coupled nmechaitally 1o ohe of the fixed pulleys

(31) over which passes the netal cable (23). 35 15. -
I nstal |l ation ordin im 9, character. i,n that the
nmechani sns f or ca&?lﬁféﬂﬁgﬁnc 1nuous measurement o the ensity and

total weight of material in the hold of a
5 hopper-dredger.

The installation comprises:
a metal duct (1), having'a U-shaped cross-section, in which
is present a transmissive-type radicactive probe (14), which
comprises a source (60) and a detector (61) placed facing
10 each another, each in a branch.of the U. The probe (14)
moves along a vertical path and conducts measurements on the
materials comprises between the branches of the U and
transmits data to a computer-aided management set (C) which
transforms the data into density measurements and which
15 controls the general functioning of the installation.

Figure 11 should accompany the publication of the abétract.

2880 4 o



29 (14) to mpve along the vertical path in the duct (1) conprise an

el ectric not or provi ded Wi th an el ectronechani cal brake, a_speed
reducer and a winding drumfor the cable. 5 16}|-RE @E&}I&TT@W-K =
according to claim 15, characterized in that it is pifovi dETTNTHT SHEET I
means for regulating the speed of novenent of the probe (g ]

conprising an electronic frequency control. 17.- Install atizea=
claim15, 10 characterized in that it is provided with neans for
regul ating the speed of novement of ©he probe (14), theseAERRN

conpri sing a four-quadrant r egulat or an a tachogenergtEcPr Sn%ﬁﬁg’ed
on the electric nmotor. 18.- Install atiCod & doMdBng to any one of clains 15
15, 16 and 17, characterized in that__the__poeans for determ ning the
position of the probe (14) in the duct (1) conprise an angul ar position
encoder provided with an optically encoded disc and with an internal

optical and el ectroni ¢ devi.ceInsteldatioheifpy conplisdouscheasuaéhgnt 0o£0 a

rotary part sheraef deheifPVvanBNéE CORE SttEE whidhd N5 @é@gﬁﬂg B%\t&pfa%()be
(14). 19.- Instal| ;on t__ac?I rdi nﬁct an%ee]gpe of” the precedi ng cl al s,
characterized i nophat T1-9 SPENE? E%p?i -~ cntaiaedndredger. ., SopRFL ag.
path al ong whi cAtt heass ome otaslioptitiveapebbei (14 hehoherd (i) a wavertidh) and
upper (18) Sng- abet’ qugl widChEs £ApaP! Subscdhleity a0 f3hA Y % Nene
conput er-al de U:gfl.'f,gegﬁé”sgf& bf’ébe (14) comprising a radioactive source
10 (60) and a nuclear detector (61), the detectr (61) being
equipped with means for converting nuclear radiation into
analysable data, the said installation being characterised

in that it comprises :

. (1) one or more devices each comprising

15 - [\ the duct (1), Awhich has a substantially U-shaped
cros's—sect'ion,‘\the two branches of the U forming a sort of
semi-open vertical channel (2);
- /\ the radioactive probe (14), I(\ which is of the
transmissive type, the radioactive source' (60) transmitting

20 towards the nuclear detector (61), the radiocactive source
(60) and the nuclear detector (61) being placed facing each
other, each in a branch of the U, the nuclear detector {(61)
being equipped with means for converting the nuclear
radiation into photons, and then into electrical pulses, and

i 25 for subsequently amplifying these pulses;
' - guiding mechanisms (16, 53) serving to guide said
probe (14) along a vertical path in the duct (1);
- mechanisms for causing said probe (14) to move
upwards and downwards along this vertical path in the
30 duct (1); :
- means (54) for determining the position of the
said probe (14) in the duct (1);
(ii) a computer-aided management set (C), this
management set (C) being capable of measuring and recording
35 time, of receiving and processing the data collected by the

* [4 L ] S *



20.-. Installation according to claim 19, characterized

ranagenent set (C) is provided 30 wth a program enabling REPARCESMI T sHEET |

t he nucl ear detector (61) which perfornms continuous neasur nts t
transmt themto the nmanagenent set (C) when the probe (14) Eatr,es...%l%
| ower end-of-travel switch (17) to the upper end-of-travel ' .
along a vertical path in the duct (1) and 35 re ' Lpi tial '
position w thout perform ng neasurengggs. 3&@@’%?95%%% i on accordi ng
to either of clains 19 and 20, characterized in that the duct (1) is
surnount ed bymgagfaré) E9F setgmgéningovhet PesihxPRURES ithei probever of the
‘Aﬁ' . E% . dp’;obes 224% ihﬂ&inr{igé |&l¢t9npraﬁﬁ@f:g: r(ﬂ)f,t@f etidividd, atnd .
characterized_|i c er i.S abl.e of receiv e trolley
(155 “an e BrOseoRind "Ehd BREE LodTtnt e ok e uf ! AR e
when the inst decactons i iotin thepEeonmi ofh eligrtrical pulsesgpunted in

Installatign thaecesdis8 of Oprédat PegddarChaktas8lsZ8Ad i folvadtddatRper
end-of -travel switch l&i.’?ﬂ%| s | ocate ab%(?%/e the |l evel. o a r (3).

f h
24| nstal | af PhRORRRTHIG, FRASUARYORE Of CHRIRY -2 B3 R thiRE dem Sk i 1
t hat t he chanbbes¢3neasuyemnaends Thea todlalbwetigbh c&ndreédding cwatteaials t he

extension of fB8ded into the well, of keeping all the data in a central
memory, of displaying the analysis and the result of these

r{ﬁ’h e

-----
ALEA LET - Py

10 measurements with the aid of a visual display unit and/or
of a printer and, in acéordance with a preselected program,
of regulating and controlling the general functioning of the
installation;

(iii) means for transmission to the management set (C)

15 of the electrical pulses supplied by the nuclear detector
or detectors (61) and by the means (54) for determining the
position of the probe or probes (14) in the duct or
ducts (1).
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channel (2), exi'sting between the branches of the U shaped_duct (1) —+this ,
calibration tank (75) being capable of containing nedia fﬁég]_g\@@m%mtm

serving for the calibration of the probe (14). 20

Instal lation according to any one of clains 21 to 24, charggier? i
it further conprises a |eak detector (78) capable of det Yer sl Ag= the= presem':e-‘
in the duct (1) of solid or liquid materigls ente esult of a

| eak and of transmitting correspondi ng |%?ormat [ oélﬂngg‘q%%aé@%nagenent set
(C. 26.- Installation according to claim25, characterized in that the

managenment set (C) is capabl e of conmandl ng, I n the case of a | eak, the
| mredi at e sendiek€ o - i

i nterruption thé%u%eog%r gkggetOIre&@f?f rﬁﬁ{@ézlv%tl' OrandZZonvépééé' yon
accor di ng to any one of . the precedin ai ns, characterized f
managenent setS %E?SPBP tHey ‘E%ﬁ)’rﬁ §n°§x@%?ﬂjatfy'né?ﬁmcﬁlc‘ﬂa
these measurements the total weight of dredgi

5 loaded into the well, of keeping all the

materials
a in a central
memory, of displaying the analysis an he result of these
measurements with the aid of a vjisual display unit and/or
of a printer and, in accordance”with a preselected program,
of regulating and control g the general functioning of the
10 installation;

_ (iii) means £Or transmission to the management set (C)

. of the elec

or dete

ical pulses supplied by the nuclear detector
rs (61) and by the means (54) for determining the

position of the probe or probes (14) in the duct or
15 ;ég;:;—ﬁgu

2.- Installation according to claim 1,
characterized in that the duct (1) is manufactured in steel.

3.- Installation according to either of the
preceding claims, characterized in that the radiocactive

20 source (60) is a source of gamma rays.

4.- Installation according to claim 3,
characterized in that the radioactive source (60) consists
of a ceramic bead of double-encapsulated **'Cs.

5.- Installation according to any one of the

‘ 25 preceding claims, characterized in that the nuclear detector
(61).consists of a scintillation counter.

6.- Installation according to claim S,
characterized in that the means for converting the nuclear
radiation into photons consists of a crystal of NaI(T1l).

305 ' 7. Installation according to claim 6,
characterlzed in that the means for converting the photons
‘into electrical pulses and the means for amplifying the

" electrical pulses consist respectively of a photomultiplier
and of an electronic unit for supply and for amplification.

35 8.~ Installation according to any one of the
preceding claims, characterized in that the probe (14) is

A



