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EXECUTIVE SUMMARY

An ROV deployed post lay cable burial system has
been developed. This system has been
demonstratedto bury cable in a single pass to a
depth of cover of 1 meter in a wide range of soil
conditions. The burial tool's capabilities include
burialin cohesivesoils up to 50 kPa shear strength,
as well as in sandy soils without changing the tool.
Burial rates of 50 meters per hour in 50 kPa
cohesive soil and 350 meters per hour in sandy
soil have been achieved. One hundred fifty
waterpump shafthorsepower are absorbed on the
jetting skid to achieve this performance.

An extensive design, laboratorytest, fieldtrials and
offshore trials program was conducted in order to

meet the performance requirements.

INTRODUCTION

The trend in cable burial systemsis deeper burial
in deeper water depths. One recentclient, Cable
and Wireless (Marine) wanted an integrated ROV
cable burial system for post-lay burial to meet his
currentand anticipatedburial needs. Their pertinent
system specifications were:

Water depths to 2500 meters

Burial Depth to 1 meter cover

Cable Types lightweight and armored

Max. Cable Dia. 100 mm

Soils/Rates non cohesive1200 m/hr
50 kPa cohesive150 m/hr

gravel to 30 mm/50 m/hr

The burial rates cited were desired to be
accomplished in a single pass of trenching. In
addition, deeper water round trip times point to the
fact that a multipurpose trenching tool would save
jettingtool changes when widely varying soils are
encountered and thus save overall job time.
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DESIGN TRADEOFFS

Numerous design issues must be considered for
any trencher. Some of the most serious are briefly
discussed below.

Mechanical trenching is energy efficient, but
requires heavy tools, generates large forces and
vibrations, and is more suited to heavy, bottom
crawling ROV’s. Mechanical trenching was not
seriously consideredin this application.

Although energy inefficient, waterjetting can
generatethe requiredforces and does not capture
or potentially damage the cable to be buried as
does mechanical trenching. Because of the
technique's inherently fewer moving and wearing
mechanical parts, system reliabilityis greaterthan
a mechanical system. Waterjetting was selected
for this application.

A force balanced jetting tool was desired, to
minimize the reactive forces required by the ROV.
Previous systems have employed variable ballast
systems or continuous downward thrust to react
these forces, but both solutions cause additional
problems. Downward-firing waterjets are difficult
to balance and also maintain any efficiency, since
the reactive waterjetsfire in auseless directionand
their energy is used only for balance. As an
alternative, forward-firing water jets used for cutting
into the soil canbe counter-balanced by rearward-
firing water jets used for trenched spoil removal.
This technique was chosen for this application.

Cohesive soils require substantial soil destruction
-they are not suitable for underminingand collapse
technigues used in jetting non-cohesive soils. Very
large amounts of energy are required for fixed
nozzles to obtain 100% coverage in a developing
trenchincohesive soil. As willbe demonstratedin
the followingsection, amuch more energy-efficient
method is sweeping the nozzles across the area
to be trenched. Oscillating nozzles were chosen.



Spoil removal is accomplished by means of a
backward-firing eductor. This technique has the
advantages of simplicity, reliability, and also serves
in the force balance considerations mentioned
above. Dredge pumps have also been used to
more finely control the effluent deposition, at the
expense of reliability and system weight and bulk.
Dredge pumps were not seriously considered for
this application.

Previous systems' operational experience has
clearly demonstrated the advantages of adual-arm
system which straddles the cable being buried.
The arms place the jets properly in the trench and
also laterally confine the cable being buried,
simplifying the operator's control requirements.

Approximately 150 shaft horsepower would be
available at the waterpumps, delivered from a
hydraulic system which supplies the entire ROV
and jetter skid. Oscillation would use additional
power, and would only be used when necessary.
This practice would make available more power
for propulsion in the lower soil strengths, when
more propulsion is necessary.

Previous systems' experience also dictated the
proper angles for jetting across and ahead in the
trench for a fixed nozzle system. This nozzles
geometry would be used for those soils not
requiring the oscillating features of the system.

JETTING PERFORMANCE ANALYSIS

Jet Kerfing Model

Hurlburt et al. (1978) carried out an extensive series
of tests on jet kerfing in a simulated cohesive
marine clay with a shear strength of 16 kPa. This
data was fitted to an emperical equation for jet
kerfing in soft sediments. This trenching system
is designedto operate in stiffer clay so a series of
kerfing tests in tests in 35 kPa Kaolin potters clay
were carriedout. A new formulationfor jet kerfing
which accounts for the shear strength of clay
sediments, tg, in a way consistent with Crow's
(1973) theory of jet cutting was developed. The
kerf depth, h, isgivenby

o~ 0

_ Cd. P 1)
T, (1+(v. /G5 )Y

where dp is nozzle diameter and Py is the jet
pressure. The model was recast in the following

non-dimensional, linearizedform to find the values
of the constants,
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Figure 1 shows both the Hurlburt data and the
Kaolin kerfing data plottedin this non-dimensional
form. The best fit to the data is found with =0.3,
C=1.41 and C2=2.74 x 10-’m/Pa-s. This model
provides a good fit to both data sets and accounts
for the effects of sediment shear strength and a
broad range of traverse rates including both the
fixed and oscillating jet configurations for this jet
trenching system.
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Figure 1. Non-Dimensional, Linearized Jet
Kerfing Datawith Best Model Fit

The volumetric rate at which the jets remove
sediment can be found from the kerf depth, width
and the jet traverse rate. The Kaolin clay
experiments showed that the kerf width was
approximately equal to 1.5 times the jet nozzle
diameter. The rate at which jets remove sediment
increases with traverse rate because the velocity
exponent, n, inthe kerfingequationis lessthan 1.
The volumetricremovalrate can be convertedto a
trenching rate by assuming that the jets must
remove all of the sediment in the trench. The
trenching rate is thus an increasing function of
traverse rate as shownin Figure 2. A jet traverse
rate of at least joeom/hr (278 mmy/s) is required to
trench in 50 kPa clay at 50 m/hr.  This result
demonstratesthat the jets must be mechanically
oscillatedin order to meet the system performance
specifications.
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Figure 2 Estimated Trenching Rate for A
63 hhp, 151 Psi System

An oscillating jet system provides more efficient
volume removal by increasingthe jet traverserate
and by ensuringthat the jets provide uniform cov-
erage over the trench face. The configuration of
the oscillating jet trenching system analyzed here
shownin Figure 3. The systemincludes two arms
straddlingthe cable to be buried andinclined at an
angle fromthe horizontal. A total of 40 jet nozzles
are distributed equally onthe two arms. The arms
are oscillated through an angle of 100 degrees to
remove all of the material in the trench.

Clearing Jet Arm

Oscillating Jet Trenching Arm

Figure 3 Trenching and Clearing
Jet Configuration

Eductor Analysis

The clearing jet arm illustrated in Figure 3
incorporates a panel-shaped eductor which
provides an efficient means of removing gravel
from the trench bottom while balancing the
trenching jet thrust. The panel shape allows the

eductorto fit behind the jet kerfing arm. The height
of the duct panel was limited to 12 inches by space
limitationswithin the Jetter Skid Package while the
length of the duct panelwas limited by the needto
project the gravelbehind the ROV. Each eductor
is driven by four primary jets which discharge into
apanel shaped mixingduct as illustratedin Figure
3. The eductor design was derived from
considerations of mass and momentum balance
as described by Jumpeter (1985). The design
determinesthe primary pressure and mixing duct
dimensions required to transport a suspension of
solids. The minimum inlet and discharge velocities
were estimated from the Stokes equation for the
settling velocity of 30 mm gravel. (Gray and Darley,
1980).

Integrated AnalysisModel

The equations for jet kerfing, nozzle discharge and
eductor performance were incorporated into a
spreadsheet analysis model to evaluate OJT
system operating parameters. The spreadsheet
provides an integrated model of the high pressure
jet kerfing arm and eductor clearing jet arm. The
power available to each arm is limited by the total
hydraulic power and the requirement that the thrust
fromthe high and low pressure sides are balanced.
The final system design configuration as derived
from the modelis provided in Table T.

Table 1 Thrust-BalancedTrenching
and Dredging System

Total Hydraulic Power Available 62639 W 84 hhp
Trenching Jet Arm

High Prasaure Jet Power 43785 w 59 hhp
Nozzle Pressure 1041145 Pa 151 psl
Flow Rate 0.042 mss 867  gpm

Number of Nozzies

Karf Depth fram model, h
Osclliation Arc,
Osclilation Rate, dq/dt
High Pressure Thrust, F
Trench Depth
Trenching Rate
Clearing Jet Arm
Nozzie Dlameter

# Nozzles

Flow Rate

Pressure

Power

Thrust

40
0.047
100
360
1938

50

0.0445

0.118

159817

18854
1938

deg.
degls

mhr

184

436

1.75

1870
23.2
25

It

gpm

hihp
Ibf



LABORATORY TEST PROGRAM

Clay Trenching Tests

The trenching system analysis provided design
parameters for a system which willtrench at 50 m/
hrin 50 kPa clay. Anideal systemwould be capable
of meetingthe performance requirement, however
the model cannot account for the complexities
inherent in areal oscillating arm system so a two-
nozzle oscillating trenching arm was designed and
tested in Kaolin potters clay. The trenching arm
design is illustratedin Figures 4 and 5. Two 5.5
mm (7/32 inch) diameter nozzles are mounted at
right angles on a 75 mm (3 inch) diameter tube.
An electric motor oscillates the arm through a
pivoted coupling.

ot Rangs

Flgure 4 Laboratory Trenching
Test Configuration

The entire mechanism is mounted on a hydraulic
traverse and blocks of Kaolin potters clay were
placed in a submerged tray ahead of the jetting
arm. The arm was advanced with a constant
hydraulic force and the advancerate was observed.

Figure 5 Taverse Mechanism

The trenching tests data are summarizedin Table
2 below.

Table 2 Clay Trenching Test Results

Wa
Test Pg,psl qdeg. dgdi, fepsf Gauge Fa lbf Vi
N deg.is Blocks nivhe
1 51 10 0 B No 716 75
2 151 100 360 41 No 16-25 84
3 in 100 360 50100 No M2 B

Noteas: Pg is nozzle pressure; q is oscillation angle; dq/dt is
the oscillation rate; tg is the clay shear strength; Fgis
the advance force; Vir is the Erenching rode |

Figure 6 shows a profile of the trench in 61 kPa
clay from test No. 3 (compare with Figure 4). The
jet cuts 50 mm into the clay on both sides of the
OJT arm.

Flgure 6 Profile of Trench Cut by Two-
Nozzle OJT In 61 kPa Clay

The last two tests were carried out to evaluatethe
effect of shear strength on jet kerfing rate. Test
No. 2 was carried out in ain clay with an average
shear strength of 41 kPa comparedto 35 kPa in
the previoustests. The trenchingrate was 84 m/
hr. The advance force also increased indicating
that the arm was being pushed through the clay.
Inthe final test five clay blocks with average shear
strengthsof 61, 52, 90, 68 and 118 kPa were used.
The average advance rate through the first two
blocks was 50 m/hr: The jetting system stalled in
the last block and the average rate was 23 m/hr
through the first four blocks. This test showed that
the jets can cut clay with a stiffness greater than
50 kPa at a rate of 50 m/hr. The side cuts were
deep enoughto cut the trench center inthe 61 and
52 kPa clay as shown in Figure 6. In the higher
stiffness blocks, the left side of the arm plowed
into the clay. The net load on the arm due to



plowing into the clay in the range of 0 to 12 Ibf.
This corresponds to a maximum thrust of 240 Ibf
for the full scale OJT work package.

Eductor Testing

A 1:4 scale panel eductor was testedto verify that
the panel geometry provides sufficient suction
pressure and secondary flow rate to entrain30 mm
gravel whiletrenching at 50 m/hr. Thesetestsalso
showed the trajectory of the gravel after leaving
the eductor. A scale model was used in order to
employ the same geometry as in the full scale
system at a flow rate which was feasible in our
laboratory. The 1:4 scale eductor was operated at
the same pressure as the full scale system to
maintain the same fluid velocities and particle
transport ratio. The transport ratio is the ratio of
the particle settling velocity to the fluid velocity and
is agood measureof the ability of a fluid to transport
particles. Steel shot with a diameter of 5.5 mm {1/
4") was used in the scaled model to provide a
settling velocity equal to that of 30 mm gravel. The
discharge plume will dissipate over a length scale
which is 1.4 that of the full scale system so the
trajectory of the shot entrainedin the plume should
be geometricallysimilar to 30 mm cobbles in a full
scale eductor plume. The 1:4 scale eductor is
shown in Figure 12. A pressure port is mounted
just above the eductor to provide atrue reading of
nozzle pressure on a gauge.

Figure 7. 1:4 Scale Model Eductor
(NotePressure Port)

Testingwas carried outin a 1 mdeep glass walled
tank. In each test a gallon of 5.5 mm (0.25")
diameter steel shot was introduced upstream of
the eductor over a period of about 15s which
correspondsto the scaled mass flow rate in a full
size trenching system operatingat an advance rate
of 50 m/hr. The tests were videotaped and
reviewed to determine the maximum height and
lateralrange of transport. The velocity of the steel
shot at the duct outlet was determined by
measuringthe transportdistance between frames
onthe videotape. We also estimatedthe average
and maximum transport range by measuring the
distribution of steel shot after each experiment.

Figure 8 is a still image from a videotape of an
eductor test. The eductor launches the shot at a
speed of about 1.0 m/s (as estimated from the
motion of single balls between frames) which
agrees with the eductor analysis. The shot is
launched to a maximum scaled height of 1.6 m
and range of 1.9 m. As the shot descends it is
caught in a backwash of water being entrainedby
the eductor discharge and is distributedin a broad
pile between 0 and 2 m from the end of the eductor.
A test without the eductor showed little transport
of the steel shot.

Figure 8 1:4 Scale Eductor
Transport of Steel Balls



FIELD TRIALS

Demonstrating conformance to the burial
specification in an offshore environment Is difficult
and expensive, so the test program called for land
burial trials in virgin soil. No suitable clays occur
near Perry Tritech's manufacturing facility, but the
Piedmont region of southwest Georgia was found
to contain clays similar to those encountered on
the sea bottom. A site was chosen after numerous
soil samplings were taken. This site had
approximatelythe correct shear strength clay, and
a nearby lake could provide the water for jetting.

A full-scale prototype skid was built, using the exact
components anticipatedto be used on the final skid,
including hydraulically driven waterpumps,
oscillating jetting arms and eductors, arms stow
and deploy mechanism, arms width adjustment
mechanism, and sensors. In addition,a large water
drum was fitted to the skid as a water distribution
box.

Diesel driven waterpumps were leased to move
water from the lake to the skid's water distribution
box, and a large dieseldriven hydraulicpower unit
was leased to provide hydraulics to the skid. A
truck-mounted winch was to pull the skid at the
proper trenching rate.

When the upper layer of topsoil was scraped off to
expose the clay to be trenched, we discovered that
the clay had dried somewhat since the previous
sampleswere taken, and acorresponding increase
in shear strength was observed. The testing was
conductedexpecting slower trenchingrates. After
some mechanical difficulties, it was demonstrated
that we trenchedin more than double the contract
shear strength soil at more than the contract rate
at greater than half the contract depth.

Figure 9 shows arear view of the jetter skid being
tested in Georgiaclay.

Figure 9. Jetter Skid Land Trials, Camilla, Georgia

Figure 10 shows the characteristic stepped front
face of the trench, created by the oscillatingjets in
cohesive sails.

Figure 10. Forward End of Trench
in Cohesive Soil

OFFSHORE TRIALS

A suitable location in the Bahama islands with a
sandy bottcm in 25 meters of water was identified
and surveyed for offshore trials. The jetting trials
were performedin the context of system sea trials,
and so the entire systemincluding ROV and jetting
skid, A frame, traction and storage winch, control
and workshop vans, generators, fuel tanks and
living accommodations was mobilized onto a barge.
This barge was towed to the Bahamas site and
anchored for most of the sea trials.

Sample lightweight cable was laid and buried many
times during the trials. Oscillation was not
necessary in this type of soil, and showed no
advantage whenturned on. Neither contract burial
rate or trench depth was a problem since speeds
in excess of 350 mihr were achieved. Considerable
experimentation was necessary, however, to
achieve the burial depth. A simple roller cable
depressor fitted at the end of the eductorswas the
successful answer to the problem.

In addition to the oscillating nozzles jetting system,
we also fitted the skid with more traditional
downward (and backward) firing jets, utilizing the
eductor from the oscillating system. These were
detuned to allow the ROV handle the reaction
forces. Their burial rate performance was roughly
equivalentto the performanceof the primary jetting
tool.

Sea trialswere deemed successful, and all survived
in spite of hurricane scares and killer flu. Figure
11 shows the ROV/jetter skid system suspended
over the stern of the barge during sea trials.



Figure 11 ROV Skid System at Sea Trials

CONCLUSIONS

A letting system design for post lay cable burial
has been conducted. Deslign techniques andtools
have been extended and verified for use on the
nextsystem. Hardware has beentested and found
adequate.

The system has proven successful in all phases
of its conformance trials. Itis installedon a Gable
and Wireless (Marine) cableship and has
completed two successful missions to date in
depthsto 1400 meters. It has buried 18 kilometers
of cable to date.
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