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As oil and gas and mineral exploration expands fur-
ther into deeper water, the effects of water depth 

on geotechnical in-situ testing and core recovery have 
become more and more pronounced. Historically, 
shallow-water investigation has been conducted from 
a barge or drill ship. In this configuration any core 
recovery or in-situ geotechnical evaluation, includ-
ing CPTu, Vane Shear and T-Bar tests, have required 
the drill string to be constructed from the vessel and 
through the full water column in order to initiate test-
ing. In water depths of tens or even hundreds of meters 
this timing cost may be acceptable; however, the time 
required and costs associated rise nonlinearly with wa-
ter depth and offer no value to the required data col-
lection.

Deeper water exploration offers greater benefit to 
both enhanced oil recovery techniques and economies 
of scale. This results in an increased demand for sub-
sea installed hardware on deepwater developments, 
including seabed template sets, riser bases, PLETs, 
PLEMs and other associated equipment, all of which 
require some level of geotechnical investigation for 
their design. As a result, the costs savings and improve-
ments in accuracy and reliability for sampling and in-
situ geotechnical testing at deepwater sites have be-
come increasingly important. 

In the past decade, increasing focus has been 
placed on the use of seafloor drill systems to replace 
surface-driven conventional drilling and geotechnical 
evaluation approaches. Seafloor-based systems offer 
significant advantages as the depth required for evalu-
ation (typically between 30 to 60 m) becomes an ever 
smaller portion of the total water depth. A study con-
ducted on the Norwegian Sea Luva Gas Field in 2009 
showed that for a 40-m bore hole, a seafloor drilling 
system showed improved timing efficiency over a sur-
face-based drilling campaign in water depths of only 
130 m, and at depths of approximately 1,300 m a sea-
floor drilling solution is three to 10 times more efficient 
for core recovery and CPT. While the efficiency and 
total operating cost of a seafloor drill over a surface-
based system for drilling or in-situ geotechnical evalu-
ation is unquestionably improved in deepwater, the 
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system also offers advantages for human safety and quality 
of data collection. 

Safety, Data Advantages
In any surface-based drilling operation, tool and drill 

rod handling remains one of the highest risk elements for 
worker injury. In a conventional vessel-based campaign it 
is necessary to construct a drill string through the full water 
depth to initiate core sampling or geotechnical evaluation. 
This results in a significantly higher number of connections 
required for a set investigation depth. Conversely, a sea-
floor drill system makes all tooling, drill rod or casing con-
nections remotely, eliminating direct personnel interaction 
and any associated risk of injury from this operation.

Since a seafloor drill is physically located at the mudline 
and isolated from surface vessel motion, a seafloor drilling 
system has much improved accuracy in mudline detection 
and tool positioning. Further, since the drill drive is physi-

cally coupled to the static 
reference of the seafloor, the 
accuracy of depth in in-situ 
testing, the control of penetra-
tion rate, and the reduction of 
both drill string eccentricities 
and inadvertent vertical mo-
tion result in better sample 
recovery and greater accuracy 
for in-situ testing.

Shifting Design Focus
Cellula Robotics has fo-

cused long term on the design 
and development of remotely 
operated seabed drilling and 
sampling systems, with the 
latest CRD100 system repre-
senting the culmination of an 
incremental product evolution 
program spanning the last 10 
years.

Some early seabed drill 
configurations were driven 
by the requirement for the 
drilling and sampling module 

to be a discrete tooling package 
integrated into an existing work-
class ROV system, with power and 
control being relayed through the 
ROV system itself.

Although effective, such con-
figurations were inherently con-
strained in their design to the 
pre-existing host ROV design and 
interface points. This total reliance 
on compatibility with the host 
ROV system made the drill system 

(Top) Displays showing drilling op-
erations from a control van. (Mid-
dle) Fukada Salvage and Marine’s 
CRD100 deck spread. (Bottom) 
Comparing the efficiency of end-rod 
and wireline methods.
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design constrained by the limitations 
of the host ROV in terms of power, 
weight, lifting capacity and deploy-
ment efficiency, and proved ultimately 
to be a barrier to developing the tech-
nology to its full potential. 

To address this, the fundamental 
design rationale was shifted away from 
considering the seabed drill as a “tool-
ing package” for an ROV system and 
toward designing an integrated system 
from the drill/sample tooling outward, 
while incorporating proven ROV sub-
systems and components that contrib-
uted to the robustness and reliability 
of the overall system. This paradigm 
shift has allowed a theoretically limit-
less boundary to the development of 
seabed drill functions, configurations 

and capabilities. Additionally, this ap-
proach opens the door to best address-
ing the core objectives of the end-
user in providing the highest quality 
of data, or samples, in the safest and 
most efficient manner possible. 

What we are now seeing is a gener-
al convergence in seabed drill config-
uration design from the few suppliers 
currently providing this technology, 
particularly with regard to the sub-
sea module. The main differences in 
model configurations typically in-
clude: launch and recovery methods 
and equipment—lift umbilical versus 
lift line versus multileg lifting rigging 
and separate umbilical for power and 
communications; landing/ground sta-
bility mechanisms—legs, outriggers, 

mud mats and suction caissons; dif-
ferences in the wireline system—inte-
grated with top drive versus separate 
moveable systems; and differences in 
tool handling and storage systems—
carousels versus tooling magazines or 
cartridges.

A significant contributor to the ef-
ficiency of a seabed drilling system is 
the machine’s capability to perform 
wireline sampling. A direct compari-
son of end-rod versus wireline drill-
ing and sampling process efficiency 
indicates an exponential increase in 
process time, once the sample hole 
depth increases beyond 20 m below 
the mudline.

CRD100 Drill Design
Through experience, lessons 

learned and client and operator feed-
back across the 10-year development 
program, Cellula has successfully de-
veloped and implemented the next 
generation of seafloor drill in the 
CRD100 that provides optimum con-
figuration options. A fully integrated 
subsea drilling/sampling module in-
cludes HPU, telemetry, drilling mud 
mixing, storage and feed systems. A 
wireline drilling and sampling mecha-
nism is permanently integrated into 
the top drive, which allows the sam-
pling mode to be switched between 
conventional end-rod and wireline 
methods without the need to recon-
figure. A dedicated LARS system 
comprises an A-frame and umbilical 
lift winch (heave compensated) in a 
proven WROV configuration with in-
tegrated snubber head and single ar-
mored lift/power/control umbilical. 
An active heave compensated winch 
improves landing efficiency and the 
operating weather window. An in-
tegrated Linksyn bend restrictor and 
umbilical decoupler minimizes vessel 
motion impacts on drill stability and 
performance. The minimized footprint 
better facilitates deck operation and 
obstacle avoidance during landing. An 
expandable control system architec-
ture allows continuous development 
of complex drilling and sampling task 

“The fundamental design rationale was shifted away from considering the seabed 
drill as a ‘tooling package’ for an ROV system and toward designing an integrated 

system from the drill/sample tooling outward.”



www.sea-technology.com September 2016  /  st  13

routines, thus optimizing the output 
productivity of the system and mini-
mizing error through human interac-
tion.

Safety and human factors were sig-
nificant design drivers during the de-
velopment. To ensure personnel are 
not involved in higher-risk operations, 
the design specifically precluded over-
board attachment of floats to the um-
bilical and manual manipulation of 
the physical drill during launch and 
recovery operations. The tooling car-
ousel was designed for ergonomic tool 
loading and sample unloading.

The system can be easily reconfig-
ured for specific missions, supporting 
the ability to deploy and operate spe-
cialized tooling, including a 450-mm-
diameter geotechnical boring tool, 
real-time in-situ geotechnical and 
geophysical data gathering tools, CPT, 
inductive conductivity, magnetic sus-
ceptibility and natural gamma.

The CRD100 Drill structure is 
an aluminum frame, designed to be 
transported in an open-top, 20-ft. 
marine container for rapid mobiliza-
tion and air transport. Depending on 
the mission requirements, the drill is 
outfitted with either four telescoping 
or outrigger-style legs. The telescoping 
leg arrangement minimizes the drill 
footprint for landing in the smallest 
practical area—typical in mineral ex-
ploration. The outrigger leg configura-
tion allows a wider base to spread the 
drill load and minimize the impacts 
of drill load on sample and in-situ 
geotechnical testing at the mudline.  
The legs allow landing on slopes up 
to 30°, giving enormous flexibility in 
drill site selection. This functionality 
is further augmented by a landing dis-
play that shows bottom contour and 
leg lengths, assisting the operator in 
landing on rugged terrain and avoid-
ing seabed hazards. When coupled 
with the vertical position control of 
the active heave compensated winch 
in removing vessel motion during 
landing, the CRD100 is able to navi-
gate and land gently on target with 
astounding reliability compared to 
previous generations of drills. 

With a design focus on maximizing 
sample collection and in-situ testing 
quality, the CRD100 system utilizes an 
extremely stiff chain-driven drill head, 
which holds the two-speed drill motor 
and associated drive hydraulics.  The 
large chain drive is integrated into the 
drill frame, and a high-resolution re-
solver is used to measure the drill head 
position.  Servo controls are provided 
for drill head position, up/down force, 
up/down speed, rotational speed, and 
rotational torque, giving the driller 

unmatched control in making drilling 
and testing decisions in real time.  

The drill operator’s chair and asso-
ciated graphical user interfaces have 
leveraged the latest technology inno-
vations of the ROV industry and pro-
vide configurable displays, feedback 
and control of weight-on-bit, drill rpm, 
advance rate, specific energy, drilling 
fluid flow and pressure, and water/
mud ratio, among a host of other feed-
back systems, including eight camera 
systems. 

While the system is designed to 
maximize the response of the drill to 
the driller’s inputs, standard and re-
peated movements have been highly 
automated to improve both efficiency 
and allow the driller to focus on the 
art of drilling, such as: making and 
breaking tools, stowing and retrieving 
tooling to and from the carousel, core 
barrel recovery and re-insertion, and 
tripping out the drill string.

Because much of a drilling opera-
tion is conducted out of view of the 
operator, the drilling system displays 
use 3D models to provide visual feed-
back on depth, drill head, carousel po-
sitioning and tool configuration to pro-
vide the operators with an ergonomic 
and intuitive control station. 

Although a wide variety of drill-
ing tools can be used with the system, 
the primary tools are commercial off-
the-shelf HQ series wireline tools and 
associated casing. This ensures quick 
and cost-effective access to tooling 
components in any part of the world. 
Standard tools minimize driller train-
ing and leverage the wide body of data 
available in tool selection and recom-
mended practices based on feedback 
provided by the drill to the drill opera-
tor.

The rotary tool carousel on the drill 
is preloaded with tools on board, and 
the positions of the tools are registered 
with the top-end server computer.  The 
server database records weights, di-
mensions and logical properties for 
all tools.  The latter include knowl-
edge of which tools can mate with 
others, and whether or not one tool 
is designed to fit inside or through 
another tool.  These dimensions and 
properties enable various compu-
tations such as weight-on-bit, tool 
string length, automated sequencing 
of mechanisms, and the autogenera-
tion of drilling logs. In addition, in-
terlocks are provided to prevent mis-
takes such as dropping a tool from the 
foot clamps during manual operator 
intervention.

Handling of tooling is provided by 
two dedicated, highly robust, fourth-
generation drill tool manipulators.  
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successfully completed its sea acceptance test in 2,900 m 
of water during initial commissioning in 2016.  Activities 
in the subsea geotechnical investigation and related in-
dustries are characterized by an ever-increasing scrutiny 
on cost efficiency, human safety and asset reliability. The 
development and application of intelligent remotely op-
erated seabed drilling and sampling systems, such as the 
CRD100, are demonstrating that they can indeed address 
these challenges effectively. ST

The majority of tooling tasks are automated in order to re-
cover tools from and stow tools to the carousel and pres-
ent them to and retrieve them from the top-drive spindle. 
Manual operation is also available if needed to realign 
or recover tools that may have inadvertently moved or 
become displaced during landing operations.

The wireline overshot is deployed directly through the 
center of the drill motor.  This design eliminates the lateral 
motions of the drill head typically used in terrestrial drill 
rigs, or the lateral motions of the wireline winch, which 
are functions used in some seafloor drill designs.  It also 
allows the overshot to be deployed without needing to 
remove the top drive from the drill string, greatly improv-
ing operational efficiency and robustness.  

The system requires only a four-man team for 12-hr. 
shifts each during operation. With a layout very similar 
to a work-class ROV, the CRD100 can operate with as 
little as 400 sq. m of open deck space on the host vessel. 
The heave compensated winch coupled with an over-the-
side launch and recovery A-frame allows the CRD100 to 
operate on standard offshore support vessels and anchor 
handling tug supply vessels, common in the offshore 
community at sea states significantly higher than previ-
ous-generation systems. 

Fukada Drill
Fukada Salvage and Marine Works used the CRD100 

seafloor drill to perform drilling, core sampling and 
downhole tool in-situ measurements in massive sulphide 
and bedrock conditions at four locations at 400-to-750-m 
depths during deployments in 2015 and 2016. Deploy-
ment trials verified stable landing of the drill on slopes of 
30° and heave compensation performance in sea condi-
tions of +/- 2 m at a period of 8 sec. The second CRD100 
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