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Abstract— Electric mining dredges produced  recently 
have benefitted from significant advances in the applied power 
systems protection and control and in the delivered safety of 
those systems on board. These advances also contributed to 
the simplification of the essential mechanical systems. Older 
designs are compared to newer designs and the various 
advantages are discussed. Normal and emergency states of 
the power systems on board are described and how the newer 
concepts have affected the transition between states is 
explained. The developed design concepts that have allowed 
these material advances are discussed so that their more 
general application may be understood. Some of the design 
drivers are of more general application than mining dredges, 
for example the necessity of being space conscious both from 
the standpoint of minimizing the structural requirements but 
also to allow highway transportation of significant assemblies.  
Another design feature influenced partly by the need for a 
compact design was to simplify the topology of the electrical 
design. By taking advantage of improved control features, the 
mechanical systems also benefitted,  leading to higher 
reliability and a compounding effect on the physical size of the 
resulting assemblies. As a result of the continuous design 
development the safety of operators and maintenance 
personnel has been enhanced by providing better protection 
and control and the overall cost, reliability, and performance of 
the dredges have been significantly improved. In short, the 
innovative end product, ostensibly an ordinary medium- and 
low-voltage distribution system powering heavy mechanical 
equipment, is a fine example of what value engineering, 
unabridged commitment to "better", practicality, and 
occasionally clever ideas can bring to otherwise low-profile 
aspects of plant or mining machinery design.  

Index Terms—mining, dredge, protection, control, arc flash, 
switchgear, variable frequency drive, vibration, diesel 
generator, controls 

I. INTRODUCTION 

 
An electric mining dredge is a floating platform that uses on-

board electrical systems to apply mechanical power via a tool, 
a cutting head, operating underwater at various depths, to 
excavate various types of materials ranging from solid rock to 
gravel to fine mine tailings. The excavated material is then 
delivered to its destination by a slurry pumping system, also on-
board the dredge, at least in its initial stage or stages.  Electrical 
power is normally supplied to the dredge by a cable from shore. 
As required by practicality and regulation in most cases, the 

control and protection of the electrical power systems and their 
various functions originates on-board. 

In operation the mining dredges may be operated by on-
board personnel or in simpler operations (fine tailings usually), 
by remote operators in an on-shore control room. In either case, 
the dredge systems are similarly sophisticated in that all control 
is done by an on-board controller and communication system. 
Being on-board, allows the dredge to manage all its systems, 
even in isolation from the shore facilities, autonomously. This 
feature provides a higher degree of equipment reliability and 
personnel safety.  The developments of the on-board systems 
that support the high levels of reliability and safety delivered are 
the subject of this paper.  

The range of mining dredges being discussed herein are 
from 2,000 to 5,000+ horsepower, hp, total load.  Such dredges 
are delivering around 30,000 United States Gallons per minute, 
USGPM, of slurries from 1.3 to 1.4 specific gravity, S.G. at 
various pipeline lengths and static heads. Most often they have 
a single stage of slurry pumping on board, such as is typical of 
the Shark class, Fig.1,  but also have applications with a two 
stage system, hence the higher power units, such as the Marlin 
class, Fig. 2, dredges, both illustrated below.  

Power is delivered to the dredge by a medium voltage, MV, 
cable equipped with floatation, from a shore based substation, 
typically in a range of from 4 to 25 kilovolts, kV, [1]. The  three 
phase type of power cable designated SHD-GC is the norm in 
mining applications and is constructed with extra flexible 
stranding of all conductors, insulation gradient control, and 
braided ground wire shielding on all phase conductors as well 
as containing a pilot wire used to prove ground continuity and 
fully rated ground wires. The 15 kV class has proven to be an 
ideal compromise between current capacity, cable weight, and 
readily available MV variable frequency drive (VFD) inputs.  

On board the dredge the incoming cable is connected to 
switchgear [2] providing load isolation and control as well as 
protection. While simple enough in concept, this MV section of 
the dredge will be discussed in some detail below. A number of 
innovative approaches have produced significant benefits in 
terms of both personnel safety  and equipment protection while 
reducing complexity and cost.  

The process pump(s) are typically powered by medium 
voltage input VFDs controlling medium voltage motors 
operating at the same or lower voltages. Some significant 
innovation has occurred and more is possible in this area, as 
will be discussed below. 

The remaining equipment, both process connected and 
auxiliary, is powered from a low voltage output transformer 
connected to the medium voltage dredge supply. These 
functional areas have received considerable attention over the 
last decade or so. Initially the transformer was sized to provide 
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                           Fig. 1   “Shark” Class Dredge 

1- Cutting Head, 2- Ladder, 3- Lever Room,4- Main Pump Room,         

5- Electrical Room, 6- Hydraulic Room 
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                                                      Fig. 2 “Marlin” Class Dredge 

1- Cutting Head, 2- Ladder, 3- First Stage Pump, 4- First Stage Motor, 5-Electrical Room, 6- 

Hydraulic Room, 7- MV/LV Transformer 
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adequate motor starting capacity for 200 or 300 horsepower 
motors that drive the major hydraulic pumps required for the 
auxiliary systems.  

All full-featured custom built dredges are normally fully 
responsible for their own safety. This requires they be equipped 
with  a diesel driven generator set to provide emergency 
backup power for all the essential dredge systems. This 
generator was connected to the low voltage equipment through 
a transfer switch arrangement, as outlined in Fig. 3. And since 
the generator did not have the load  carrying capacity of the 
transformer, a division of the motor controls and the low voltage 
equipment into essential and non-essential  was also required. 
This segregation further required the addition of supplemental  
mechanical equipment since no reasonably sized diesel set 
could supply the necessary inrush current to a 200 or 300 
horsepower motor starting across the line.  

In sum, the state of the art of dredge design even a decade 
ago, while it complied with all normal expectations, was the 
outcome of many decisions made as a result of conventional 
thinking. This paper explores the new ideas that came to be 
applied so that new and better results were achieved.  

 
 

Fig. 3: Typical Dredge Overall SLD 
ATS – Automatic Transfer Switch, MCC- Motor Control 

Center, E MCC – Essential MCC, M- Motor, G- Generator, 52- 
GIS breakers 

 

 

II. MEDIUM VOLTAGE SINGLE LINE 
DEVELOPMENTS 

 
The power supply originating on shore is typically the usual 

type of medium voltage mining supply which has a large neutral 
grounding resistor in the circuit. This resistor is monitored for 
abnormal current flow which signifies a grounded power phase 
wire or wires. At a preset low fault level the supply switchgear 
will be set to trip without intentional delay to remove power to 

the ground fault. This exact philosophy is embodied on the 
dredge systems as well. While dredges, at least in operation, 
are very solidly grounded while floating in their working ponds, 
possibly unlike other mining machines, they still provide the 
personnel protective benefits of the low step and touch 
potentials inherent with this type of power system. In addition, 
the more recent emphasis on arc flash energy minimization has 
also resulted in some innovative approaches on mining 
dredges and will be discussed in more detail below.  

A.  Medium Voltage Switchgear Selection 

Mining dredges work while floating on a pond of dirty water 
at varying temperatures in an atmosphere often contaminated 
with various chemicals. Clearly this was cause for concern 
when selecting switchgear previously but advancing 
technology has made the choice much easier. 

Today, the most advanced designs of medium voltage 
supplied dredges are equipped with iso-phase Gas Insulated 
Switchgear, (GIS), so that all electrically energized medium 
voltage surfaces are individually surrounded by inert insulating 
gas, or vacuum. All phase conductors are then contained in  
grounded metal so there is no possibility of any fault energy 
release, only a low energy ground fault is possible. But this 
switchgear provides  other material advantages as well. 

First, the GIS is arc safe all around, and individual cells are 
small in width since there is no need of air insulation spacing. 
The entire line up (generally three to five cells) can be easily 
accommodated in the single electrical room on the dredge. Due 
allowances are made for the constraints, and strains, of a 
floating platform in the support structure and the maximum 
height limitations must be recognized but overall space 
requirements for GIS are less, an added advantage 

Secondly, the fault clearance times of the GIS, similar to 
other vacuum breakers, is short, from trip initiation to arc 
extinguishment is published as 67 milliseconds, (mS), [3], or 4 
cycles at 60 Hertz, (Hz), however testing, always performed to 
NETA standards, consistently results in tripping times closer to 
40 mS, or 2.5 cycles including any latency of the protective 
relay. On some earlier dredge designs the published rapid 
tripping was taken advantage of to reduce the arc flash energy 
on the low voltage side by using a trip signal from the low 
voltage transformer secondary to trip the primary supply 
medium voltage breaker. This practice, while successful, was 
partially superseded by other low voltage design changes, 
some of which are  discussed below. Today, even with other 
changes, load side tripping of the low voltage transformer is 
accomplished by tripping the GIS breaker on the high voltage 
side. 

B. Medium Voltage Protection 

Over the course of designing many dredges, even though 
they were intended for diverse clients, certain commonalities 
became apparent and were usually embodied in the medium 
voltage protections schemes employed. These are: 

 

1) Elimination of Unintended Delays: Of course, what 
distinguishes performance is not the start of clearing a fault but 
the eventual clearing of the fault. Protection coordination is 
actually achieved by clearing the fault off the system, not 
detecting it, and this  is what protects the other assets on the 
system. In this regard a simple fact came to light early on during 
the attempt to meet some onerous requirements. In that case, 
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as is common, there were requirements to provide a lockout 
relay on each medium voltage breaker (see Figure 4). The 
lockout relay usually employed is an electro-mechanical device                    
Inherently and necessarily slow in operation so as to eliminate 
contact bounce and other issues. Slow in this instance is up to 
100 mS from initiation to actual trip contact close, and then the 
operating and fault clearing latency of the breaker must be  
added. This then results in an actual fault clearing time from 
initiation to fault cleared durations of approximately 150 mS 
plus any protection scheme latency from detection to trip 
initiation. 

 
 

 

 

Fig. 4: Typical pistol grip lock out relay 

 
 
Discussion with clients established that none of them 

allowed untrained personnel to operate medium voltage 
switchgear. All of the authorized individuals were more than 
capable of reviewing protective relay information to determine 
the cause of any trips. They also did not require the lockout 
relay to prevent operation of the breaker while in front of it or 
operating it, especially given the number of safety interlocks on 
the GIS gear. So, to meet the required coordination and to 
reduce arc flash energies, the lockout relays were removed 
from the circuits thus gaining significant amounts of design 
freedom in the overall protection scheme and ensuring that no 
dredge fault affected any other more important assets. 

It should be noted that the GIS selected for dredges is arc 
safe front, sides, and back. The removal of the lockout relay 
added no hazards to the workers involved and  by allowing the 
realized improvements in arc flash energy on all systems, 
actually made their work safer.  

 

2) Protection of On-Board  Equipment:  As discussed 
earlier, the main slurry pump motor is a medium voltage, large 

(thousands of hp) machine. Common practice  for this class of 
machine would automatically provide a dedicated, highly 
capable, motor protection relay for such an expensive asset. 
But, on the classes of dredge being discussed, these large 
pump motors are always being supplied from a medium voltage 
VFD.  

The VFDs typically specified have certain characteristics not 
always recognized in power distribution designs. First, they 
have no capacity to produce a typical MV short circuit current 
in the motor supply circuit. Nor will they provide overload 
current, unless programmed to do so, which they sometimes 
are, but in any event thermal overload protection of the driven 
motor is never required. And the usual MV VFD cannot tolerate 
more than a trace, less than a few milliamps, of ground fault 
current without failing internally itself. In summary then, the only 
material protection that may be provided to a motor driven by 
these  medium voltage VFDs is in fact protection which will 
detect VFD faults in the mode of wave shape distortion leading 
to winding overheating during otherwise normal operation. This 
has led to the replacement of the full scope motor protection 
relays with a simple relay monitoring the winding temperatures 
using the same temperature detection devices that would have 
been provided to the very expensive and elaborate relay now 
rendered excess to requirements. Loading information that may 
have been previously obtained from the motor protection relay 
is easily obtained to the same accuracy from the VFD itself.  

 

3) Energy Efficiency and Vibration Reduction: In a 
continuation of the idea, the mechanical dredge systems have 
also benefited from this approach as it has become possible to 
eliminate the gear reducer often found between the motor and 
the pump. Using the VFD operating below a 60 Hz motor design 
frequency allows a properly selected motor to directly drive the 
pump in its 200-400 RPM operating speed range without 
benefit of expensive gears and ancillary equipment such as oil 
coolers. The newest, direct drive design provides a further gain 
in reliability and a reduction in cost. This change alone resulted 
in a more reliable operation in a smaller, lighter, footprint with a 
gain in energy efficiency (no gearbox losses) and has become 
a standard offering. 

And, as is sometimes the case, an unexpected benefit 
occurred. Removal of the gearbox, in addition to simply 
improving the overall reliability of the pumping system by 
removing many points of possible failure, also demonstrated 
another gain. Previous dredges had been equipped with 
industry standard vibration monitoring equipment and high 
speed data collectors to gather maintenance and reliability 
information about  the pump system. Eliminating the gearbox 
removed a significant source of vibration, and since the motor 
now operates at a fraction of its normal speed range, its 
vibration level is also reduced to very low levels. See Fig. 5 for 
a typical vibration spectrum of the newer approach and note its 
extremely low amplitude levels. 

 In future, applying the same principles may lead to a two 
stage pumping system powered by only one VFD with no gears 
present on either stage.  
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Fig. 5:  Latest Vibration Spectrum 
 

 

 

4) Less Complex Protection: Instead of using a protection 

relay for each medium voltage breaker as was done in past 
designs, the principle of a bay controller has been applied so 
that one protection relay is connected and programmed to 
provide all protective functions necessary for the medium 
voltage breakers on board. This simplifies the construction 
since only one relay need be connected, programmed, and 
tested. The eventual owners benefit as well since they only 
have one relay to stock spares for and to periodically check 
and test. And the overall system is simpler and more reliable, 
due to having fewer points of possible failure, which was the 
goal. 

The single relay is installed and connected to all inputs 
expected, current and potential transformers, contacts and 
switches. The single back plane hosts the relay processor  and 
all necessary outputs, serial and digital. So all the usual inputs 
and outputs are available but instead of repeating all ancillaries 
for each breaker, there is only one set of back plane 
components, so fewer points of failure exist and the 
programmng is no more complex and less repetitive. 

This topic will be expanded below in the low voltage 
discussion, but it should be said that even on the relatively 
small medium voltage system such as on the dredge, the 
benefits of the bay controller idea became obvious at its first 
application and continue today. 

 

III. LOW VOLTAGE SINGLE LINE 

DEVELOPMENTS 

 
The only reason the loss of the main medium voltage supply 

to the dredge is not viewed as a catastrophe is that adequate 
provisions in the low voltage single line diagram have been 
made to completely mitigate the attendant consequences of 
that loss. 

First, a standby diesel engine driven generator is provided 
to supply power to  all essential loads. Secondly, provision has 
been made to provide the essential level of service in all cases 
necessary for the safety of the dredge and its crew. Obviously, 
this does not include the normal requirement for full operation 
of the dredge. But all functions such as station-keeping, anchor 
tension, heating, lighting, freeze protection, communication, 
and de-icing are maintained to ensure that safety is provided 
reliably. 

There are a number of non-obvious considerations that have 
been applied to ensuring the reliability of that safety which are 
discussed in the sections below. 

A.  Low Voltage Transformer 

In the normal course of designing a power system and 
selecting the main transformer,  the engineer would sum the 
expected loads, make such provision as were judged fit for 
additions and loading conditions, and then make some 
allowance dictated by experience. After some checks on the 
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adequacy of the upstream supply they would check that the 
larger or largest motors starting across the line could be 
accommodated.  

On dredges transformer sizing became complicated by 
several other factors driven by the need to maintain the safety 
of the operation even without main medium voltage power and 
by the further requirement to reduce the potential arc flash 
energy available at the low voltage equipment.  

B. Maintaining Safety 

The primary objective in the case of a mining dredge is met 
by providing an independent source of standby power in case 
of the loss of main power. The challenges come in determining 
the necessary size, the amount of automation to apply, and 
how to minimize the additional complexity. Realistically, for the 
sizes of mining dredges being considered, a diesel generator 
which provides the minimum amount of standby power is 
preferred. The dredge is after all a floating platform and every 
gram of equipment which must be on board must be supported 
by a number of grams of structural steel. That minimum power 
requirement is also important since an oversized generator will 
introduce inherent unreliability as a characteristic of the diesel 
engine prime power (commonly referred to as “wet-stacking” 
which is an accumulation of unburned fuel and oil in the 
exhaust system). The designer must balance the maximum 
size of the generator power output against the minimum size 
of the standby power load. This load may be controlled to 
provide certainty that the generator will not be inadvertently 
overloaded. Also, the right size generator will introduce other 
limitations in the area of the largest motor which can be reliably 
started while on generator power.  

In the past, the most robust approach to balancing all the 
issues came down to a number of steps that admittedly 
introduced complexity to the overall dredge electrical system. 
This approach provided higher reliability to the essential safety 
systems on board when they were the primary or only concern.  

As a first step, additional auxiliary equipment was  provided 
that could maintain the safety of the dredge even if not large 
enough to operate the dredge normally. In particular, an 
additional hydraulic pump and motor, in the 40 to 70 hp size 
range, were added that were large enough to maintain the 
dredge position, but small enough to be reliably started and run 
while only generator power was available.  

Also, to avoid operator error in stressful times, the low 
voltage loads were segregated into normal and essential 
groups. Each group was supplied by its own motor control 
center, MCC, and the centers were separated by an automatic 
transfer switch so that when main power was lost and the 
generator started up, all the generated power went solely to 
the essential MCC, as represented in Fig. 3.  

At this point all the known requirements were met. All 
essential systems had two separate sources of power and 
were capable of operating in isolation for long enough 
durations that allowed for the restoration of normality. 

C. What Changed 

As is normal in customized designs, change was driven by 
clients. In particular, the first significant change arrived with the 
stipulation that arc flash energy level shall not be higher than a 
defined number of calories per square centimeter, (cal/cm2). 
This arc energy value was usually set at whatever amount 
protected the worker wearing normal work clothes for that site. 

According to the regulations in effect the value was 8 cal/cm2 
then.  

Some aspects of reducing arc flash energy were initially 
simple, reducing the transformer size for example, or 
increasing its impedance. The limitations of these approaches 
soon became apparent since none of the minimum operational 
requirements changed. 

Basing safety of the dredge on the provision of a standby 
generator came to be questioned, especially by clients who 
had bad experiences with similar devices in their other 
operating areas. Older standby units are regularly disparaged 
because on the rare occasion they are required, they rarely 
start and run. Significant resources were routinely dedicated to 
elaborate housings, duplicated battery charging, additional 
heating and so on in attempts to provide the necessary 
reliability. Since none of the existing answers seemed to be 
satisfactory, the dredge designs were reworked to arrive at the 
satisfactory solutions discussed in detail below.  

D. Arc Flash Reduction 

The first quick answer for reducing arc flash energies was to 
increase the transformer impedance. A balance could usually 
be reached between a higher impedance that still provided 
motor starting and a slight increase in transformer kilovolt 
ampere, KVA, rating to accommodate that. But it was a barely 
acceptable compromise and was inherently undesirable 
except from the viewpoint of arc flash energy reduction.  

The next focus was on fault clearance. It soon became 
apparent that the low voltage breakers were actually part of the 
problem. None of the conventional low voltage breakers 
routinely used had published trip times of less than five, (5) 
cycles. When allowing for a motor start on the system and a 
simultaneous fault, the resulting clearance times became very 
long. The net result was arc flash energies increased to 
unacceptable levels, even with the higher impedance 
transformer.  

A new idea was developed. A simple overcurrent relay was 
installed on the secondary of the transformer, paralleled with a 
time delay on major motor starting. The added relay tripped the 
medium voltage breaker on the primary of the transformer. The 
immediate gain in fault clearance time was at least three (3) 
cycles and, practically, more since the transformer primary 
inrush current no longer was a factor in the relay settings and 
fault detection could start at, or close, to the rated full load 
secondary transformer current.  

At this point in the design development, the maximum arc 
flash energy reduction, using the fairly conventional equipment 
employed, had been achieved. In general, at the 600 volt level 
arc flash energy is today managed to less than 4 cal/cm2 as a 
result of all the combined changes. 

E. Generator System Improvements 

In addition to the reliability concerns of various clients, larger 
mechanical systems began to bump against the load starting 
capacities of the acceptable generator sets as well as tending 
to inflate the transformer size. This happened as the 
emergency standby hydraulic systems increased in size to 
accommodate client requests and resulted in employing a 
different concept.  

The larger emergency hydraulic system motors were moved 
from across the line starters to low voltage VFDs. This move 
completely eliminated the inrush concerns but also allowed for 
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the automation on board to control the maximum output, if 
necessary, so as to avoid any potential generator set overload. 
The addition of a wall mounted VFD was offset by the removal 
of the need to include another large starter in the essential 
MCC. And it pointed the way to larger gains as discussed 
below. 

The next major change for the generator set came with the 
realization that routine and frequent exercise of the engine and 
the generator was the real key to ensuring the unit would start 
and operate as desired when needed. To achieve this, the 
main low voltage breaker on the secondary of transformer and 
a new breaker in series with the generator set breaker were 
converted to electrically operated designs which permitted 
remote operation. [4] The generator set controls could then be 
made to allow for preprogrammed start up and with an added  
synchronizing function, could parallel the generator onto the 
normal power supply using the added electrically controlled 
breaker. The generator controls could then ramp up the 
generator output to full power, maintain it for a suitable period 
and then reverse the process. And, of course, any issue could 
be identified and dealt with on a routine basis, not under 
emergency conditions during a shore power failure. This 
change removed the apparent need for the conventional 
automatic transfer switch previously used. But development 
continued. 

The use of the wall mounted VFD for the emergency 
hydraulic pump motor presented valued opportunities in terms 
of electrical room layout and size management. To capture this 
opportunity, the main hydraulic pump motors, 200-300 Hp, 
were also connected to the supply via wall mounted VFDs. At 
this point it became obvious that the on board automation could 
now effectively control all the low voltage loads such that the 
use of an essential MCC no longer was required. And, in fact, 
the emergency hydraulic pump was no longer needed either, 
since the main pumps could now be used with automated load 
limiting. 

In the final iteration to date, it was recognized that the main 
MCC was now almost functionally obsolete since most of the 
loads left to its control were simply feeder breakers to other 
control panels and devices. Therefore, the result is that the 
MCC is now typically a few columns at most, supplying small 
individual loads and various service transformers. The rest of 
the functionality has been replaced by an expanded custom 
built breaker panel, which includes the electrically operated 
breakers described above, referred to as the Power 
Distribution Panel (PDP).  

The latest mining dredge power system is shown in the Fig. 
6 below.  

  

IV.  CONTROL SYSTEM EVOLUTION 

 
Electric mining dredges have been operating for many 

decades resulting in an evolution in the control suites for those 
dredges. The control center is still called the “Lever Room”, 
carried over from the days when the operator actually pulled 
large levers to control various functions of the dredge. 
However, today the only “levers” present in a modern dredge 
control room are commonly  referred to as “joy sticks”.  

Recent developments in the control suite have seen the 
significant advancement from early communication protocols 
such as DeviceNet, ControlNet, or Profibus, to Ethernet/IP and 

Modbus TCP. In general, Ethernet is much more tightly 
integrated with the modern software so programming and 
integration of the motor controls is significantly faster and 
easier to troubleshoot compared to the other protocols 
mentioned. Due to the increased bandwidth of Ethernet, more 
diagnostic and running data can be communicated to the on-
board PLC. This allows for advanced process management as 
well as remote diagnostics and troubleshooting and unlike 
legacy systems, Ethernet simply requires a communication 
hardware port that is standard on most laptops. In addition, 
basic settings can often be done via BootP and a web server 
from a locally connected computer which allows some initial 
programming and configuration to be done prior to system 
initial energization and thereby reduces final commissioning 
time requirements.  

 

 
 

Fig. 6 Latest Dredge SLD  

 
Diagnostic capability for all dredge functions, including 

process controls and equipment condition monitoring has been 
expanded on recent dredges by aggregating all  Ethernet 
connections centrally on the dredge into a single networking 
cabinet. Using a star configuration and managed switches 
allows routing all information to shore and beyond for 
troubleshooting and diagnosis or simply historization.  Using 
the star configuration  allows for easier isolation of problems 
compared to traditional daisy chains or bus topologies. The 
managed switches allow programmers to monitor network 
traffic and troubleshoot problems remotely as they arise via 
SNMP. Finally, adding a fiber optic connection back to shore 
allows remote connection and troubleshooting from anywhere 
connected to the internet.  
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Fig. 7: Operator’s Screen Shot Showing Cut Profile 

 

 

Fig. 8: Multi-Beam Sonar Display of Cut 

Profile 
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A. Advanced Control Applications 

Readily available bandwidth in the control suite has allowed 
for the integration of additional systems and tools. For 
example, in many dredge applications it is a requirement to 
know precisely where and how much material has been 
removed , for example in a shipping channel or a tailings dam, 
and previously this would involve mapping the coordinates of 
the cutting head and making assumptions about what had 
been removed. Naturally, local slumping or caving could not be 
detected and there was no visibility of the bottom profile in real 
time.   

A group of technology partners has developed new systems 
using multi-beam 3D sonar scanning and sonar filters, 
combined with GPS information, to produce real-time 
bathymetry, which is the precise measurement of waterbody 
depth, and to display crisp, clear images to the operator. The 
real-time information provides full situational awareness and 
allows accurate reporting of work progress as well as validation 
of work completion as shown in Figs. 7 and 8. 

B. Condition Monitoring 

         Another realized possibility of the expanded control suite 
capability is in the area of equipment conditioning monitoring. 
Familiar to maintenance departments everywhere, this 
concept is often an ad hoc development resulting from 
successive, expensive, or catastrophic failures. Recent 
dredges have had accelerometers and high speed data 
collectors installed which enables the prediction of 
maintenance required and logs upset conditions. Combined 
with vibration trending this suite of tools now available is 
significant in making the dredge more reliable and offers 
important protection of the asset.  

Using the advanced control suites makes it now possible for 
sophisticated designers to generate real time, robust condition 
reports going well beyond the simple alarm logs available to 
legacy systems. Based on the engineered design features of 
the exact dredge being reported on, these reports allow for true 
planned maintenance of a dredge, which may not necessarily 
be operating near any maintenance facility or even accessible 
to normal maintenance forces.  
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