ESP Integration into Existing Del Mar and CCE2 Moorings

This report outlines the mooring design considerations necessary to include an ESP in the existing Del
Mar and CCE moorings. These systems are traditional chain-catenary oceanographic moorings that
support inductively-linked instrumentation along jacketed wire-rope (Figure 2 and Figure 3). The intent
is to deploy a system at the calmer Del Mar site as a stepping stone towards the more challenging
deployment of Pt Conception at the CCE2 mooring site. For this reason, the design work here considers
both sites with the intent that at least some elements of the design for the Del Mar site will be
transferable to the CCE2 site. Figure 1 illustrates the locations off southern California.

The ESP in its shallow water housing is very massive compared to traditional oceanographic
instrumentation. The instrument as typically deployed in its pressure casing (33” long and 24” in
diameter), along with two battery cans (18” long and 10.5” in diameter) and a supporting frame has a
mass of about 850lbs (390kg) and a displacement of about 300kg SW, making the entire assembly about
200lbs buoyant. The added mass of the water that must be accelerated when this is moved can be
roughly approximated as if the instrument has the shape of a sphere, such that the added mass equals
one half of the mass of the displaced water, representing an additional 150kg. Thus, the ESP
instrument represents a mass of about 540kg inserted into the mooring string, with a mass per unit
length of approximately 360 kg/m. The fact that the ESP mass is approximately equivalent to the surface
buoy, makes the ESP a dominant feature of the dynamics problem for these moorings. When complaint
mooring members are introduced, resonance features of the resulting dynamics can become important
to consider. Additionally, typical wire rope used for the strength member in this type of mooring is
about 0.3 kg/m, three orders of magnitude smaller. The abrupt change in mass-density of the mooring
string raises the potential for cyclic bending of the strength members at the locations of change due to
transverse dynamics which are harder to characterize than the axial resonance features.

The ESP includes other constraints that must also be considered. The accelerations that the device can
tolerate for operation (or survivability) are not well characterized but are certainly a consideration as
the instrument has many moving parts. The best information that is available is experience with
previous deployments in which there have been no apparent failures due to high accelerations.
Additionally, the instrument may not be tipped over more than about 30 degrees at any point in the
operation, including deployment and recovery. This consideration drives the system design and
deployment technique.
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Figure 1: Location in Southern California of Del Mar buoy, CCE2 buoy, and relevant wave measurement sites.

Environment

Figure 1 illustrates the locations of the two sites (Del Mar and CCE2) relative to the location of wave-
measurement instrumentation that has been in place long enough to provide some statistics (although
none of these have been in place to reliably predict traditional measures such as the sea state present in
a storm with an extended return period, i.e. 100 years). CDIP site 045 is likely to provide a reasonable
representation of the Del Mar site and CDIP site 071 is quite close to the CCE2 mooring site. Figures Al-
A3 in Appendix A illustrates the observed sea state at CDIP 0045 over the past 18 years. It is clear that
this is an extremely mild location as ocean sites go, in this time the largest observed significant wave
height over a 30 minute period was 4.8m with a peak period of 9s. Figures A4-A6 in Appendix A
illustrate 9 years of data at CDIP 071 near the CCE2 site, in this time the largest observed significant
wave height over a 30 minute period was 10.0m with a peak period of approximately 14s.

Current and wind data has not been collected at these sites. For wind in the subsequent analysis the
wind required to create the fully developed sea state under consideration will be used (i.e. as per
Pierson-Moskowitz). For currents the effects of an artificial range of estimates will be examined.



Table 1: Summary of observed conditions at sites close to deployment locations.

Max Observed Sea State (30 min period)
Site Duration of Observations Hs Tp Wind Speed (from PM)
CDIP 071 (near CCE2) 9 Years 10.0 m 15s 41 kts
CDIP 045 18 Years 4.8 m 9s 27 kts
CDIP 096 15 Years 4.2 m 9s 27 kts
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Figure 2: Layout of existing Del Mar mooring in 100m of water.
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Figure 3: Layout of existing CCE2 mooring, deployed in 770m meters of water.



Relevant experience from previous designs

The ESP has been successfully engineered into two mooring systems, which are similar but address the
above issues in different ways. The original ESP mooring design which has been successfully deployed
many times is shown in Figure 4 and consists of a taut mooring below the ESP with a compliant member
in the lower section (~200lbs/m). The surface buoy in this design is very small, with limited reserve
buoyancy, mass, or area presented to wind and currents. This buoy is connected to the ESP instrument
by a very stiff (axially) steel-jacketed wire-rope and a pivoted bail that transfers the buoy load to the
instrument at about its center of mass (i.e. it doesn’t pull on the top of the instrument). The instrument
assembly is ballasted to be about 200lbs buoyant and has a positive metacentric height (height of center
of buoyancy minus the height of the center of mass). Thus there are three features of this design that
keep the instrument vertical; buoyancy stability which is augmented by the mooring line tension at the
bottom of the instrument, relatively small buoy loads, and the buoy attachment location at the
instrument center of gravity. This system is deployed by lowering the anchor partway first and then
hanging the ESP assembly over the water while the anchor is lowered the rest of the way to the bottom.
Because the instrument is lacking both the buoyancy and anchor line tension contributions to upright
vertical stability during the time it is being craned overboard, pins are present in the bail that keep the
attachment point above the center of mass for this portion of the deployment, these pins must be
subsequently removed by divers. Although the wire-rope EM cable between the instrument and buoy
does little to attenuate forces due to wave excitation of the surface buoy from affecting the ESP, in this
design the small size and mass of the surface buoy limits the resulting accelerations of the instrument.
The compliant member in the lower mooring section is stiff enough that the resonant frequency of the
system is above the wave exciting forces. The depth stability of the instrument in different current
environments is provided by the fact that the instrument is hanging upwards from the anchor in the
sense that the mooring stiffness below the instrument is higher than above it. However, the instrument
is only 200lbs buoyant so is pulled deeper when large currents are present. Wind loading contributions
to this effect are smaller due to the limited area presented by the surface buoy.

More recently, a mooring system for the ESP instrument has been engineered to include a considerably
larger buoy (~¥2m diameter). This system (see Figure 5) also has a taut mooring lower section below the
ESP, but introduces compliance into the mooring above the instrument through the use of a stretch
hose that stretches to about twice its length at peak loading (see Figure 6 for a comparison of material
stretch characteristics). This hose isolates the surface buoy motions somewhat from the instrument by
its stretchy nature but is attached directly to the top of the instrument. This necessitates a higher
metacentric height for the instrument package to keep the system vertical when faced with horizontal
buoy loads. The ESP instrument packaging used in this system (Figure 7) achieves this higher vertical
stability by lowering the center of mass of the package and raising the center of buoyancy. The effect is
a package that is vertically stable enough to remain upright during the buoy-first deployment without
additional measures being required. In this system the total mooring length is selected to introduce
some limited pre-stretch into the upper surface hose in calm conditions. Again, depth stability of this
design is achieved by hanging the buoyant instrument upward from the anchor.
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Figure 4: Configuration of standard ESP mooring with minimal surface expression.
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Del Mar and CCE Mooring Challenges and Design Options

A significant issue that is faced in integrating with the Del Mar and CCE moorings is that these are chain-
catenary moorings that utilize chain lying on the seafloor as compliance. The weight of the chain that is
off the seafloor at any given time provides down force on the mooring, and increases as more chain is
lifted, the result is a soft spring compared to a taut mooring design that pulls directly on an anchor (i.e.
10’s of Ibs per meter compared to 100 lbs per meter for the complaint element used below the
instrument in the small-buoy system described above, and 1000’s of |bs per meter for the large buoy
system that includes the stretch hose). This will have implications upon the resulting vertical motions of
the instrument in this system.

Because the intent is to integrate this instrument into an existing mooring design we will not attempt to
change away from the chain catenary mooring or introduce changes to the bulk of the mooring string
our buoy. The elements available and the variables under consideration consist of complaint elements
above or below the instrument, the ballasting and vertical metacentric height of the instrument
package, the attachment point of the mooring string to the instrument package, changes to the seafloor
chain, and the possible addition of a clump weight above where the chain impacts the seafloor.

Three basic mooring configurations are analyzed here, shown in Figure 8. Configuration 1 inserts the
ESP into the existing chain-catenary mooring and places a stretch hose between the buoy and the ESP.
Configuration 2 is the same but replaces the stretch hose with a stiff chain element. Configuration 3 is
the WHOI ESP design with a taut mooring below the ESP, and a stretch hose above.
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Figure 8: Configuration options analyzed for DelMar/CCE sites.



Linearized Analysis

Mooring dynamics typically include non-linear forces and effects that preclude the use of linear analysis
and one must resort directly to numerical simulation of the non-linear problem. This case however is
dominated by a large mass, and some insights can be gained by analyzing the simplest possible system
that may represent the behaviors at work. For this purpose a mass suspended between two springs is
considered in which the system is excited by prescribed motions at the end of one spring, as illustrated
in Figure 9. This heave-only model makes a quite a number of simplifying assumptions, including

the surface buoy is a perfect wave follower (typically a good assumption for small buoys).
The mooring components are perfect springs with no inertia, drag, or structural damping.

3. The springs never go slack, this is a good assumption as long as the amplitude of the resulting
force remains less than the static tension caused by weight, buoyancy, etc.

4. The ESP mass consists of it’s mass plus the added mass of the water it must accelerate along
with itself.

5. The drag forces on the ESP are linearized.

The linear drag coefficient is chosen such that the drag on ESP is estimated correctly at the RMS velocity
of the exiting motions. In the results below, this choice is validated by also computing (in the time-
domain) the results with the quadratic drag on the ESP characterized by a drag coefficient.

This model is only expected to give insight into the heave behavior of the system, side-to-side swaying of
the mooring is a highly nonlinear effect so will be analyzed in the non-linear section below.
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Figure 9: Linearized heave-only model.
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Figure 10 shows the results for the chain catenary mooring configuration with a stretch hose between
the ESP and the surface buoy. The top pane shows the amplitude of the sinesoidal motion of the ESP
itself, as can be seen there is a resonance at a period of about 9 seconds that is problematic because this
lies in the center of the expected wave-exciting forces. However, the system is well damped by the
drag of the ESP moving through the water, and this damping is higher at larger wave amplitudes
because the drag is linearized as a function of wave height and period. Furthermore, when the
guadratic drag forces are included, the resonance feature is further damped. Nevertheless, the vertical
amplitude of the ESP in this configuration is of the same order of magnitude as the surface waves. The
second pane shows that the vertical accclerations of the ESP are as high as 0.2g’s, potentially causing an
issue for the ESP mechanism and puck storage arrangements. Pane 3 and 4 show the amplitudes of the
forces in the upper and lower mooring elements. In order for the mooring components to keep from
going slack, the static configuration of the system must be biased to a tension higher than these
amplitudes. In other words, in this arrangement the ESP is hanging from the surface buoy and should be
ballasted several hundred pounds heavy, or such a weight should be present at the bottom of the lower
mooring string, or a combination. The amount of reserve buoyancy in the surface buoy will factor into
the viability of this configuration as well.

Figure 11 shows results for configuration 2, which is similar to configuration 1 but replaces the stretch
hose with a nearly rigid chain. Because of this link, the ESP heave motions follows the surface profile
almost exactlty, the accelerations are higher, and the force amplitudes in the upper mooring element
are higher. Again the ESP would need to be ballasted heavy and the practical limit of surface expression
buoyancy limits the usability of this configuraiton in wave amplitudes of 2 meters or so. At wave
amplitudes of 2 meters, the accelerations predicted are comperable to those present in configuration 1
in waves of 5m amplitude.

Figure 12 presents results for a taut mooring below the ESP, couple with a stretch hose above. Because
of the fairly rigid connection to the seafloor, the ESP motions are very small, practically the lateral
accelerations not modelled will dominate the motions. In this configuration the ESP is “hanging” from
the anchor, and must be ballasted such that it floats and pulls up against the anchor with a tension
greater than the max expected amplitude shown in the bottom pane. For there to simultaneously be
tension in the stretch hose at all times, the overall mooring length must be carefully chosen relative to
the water depth. This makes this mooring design difficult to implement in areas of unknown depth, or
with large tidal variations.

These linearized heave-only results for the three configurations do not capture many important
processes such as lateral motions of the mooring and ESP, but are useful to gain some insight into the
fundamental behavior of moorings with a large mass included. The features described here will be
evident also in the non-linear analysis below, an analysis that provides a much better quantative
estimate of expected forces and motions, but in which it can be harder to see the fundamental
pheonomenon.
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Configuration 1  Effective mass = 590 kg

8 T T T T T T T T
£ —— Wave Amp =1
S 6H —— Wave Amp =2
S —— Wave Amp =3
%_ —— Wave Amp = 4
£ 4 —— Wave Amp=5
< x/
o
_% ol x/
=
0 1 1 1 1 1 1
2 4 6 8 10 12 14 16 18 20

Wave Period (s)

04 T T T T T T T T
— Wave Amp =1
0.3k —— Wave Amp = 2| |
— Wave Amp =3
x X X ——— Wave Amp = 4
—— Wave Amp = 5[]

o
—_
T

X

| | |
2 4 6 8 10 12 14 16 18 20
Wave Period (s)

Upper Spring Constant = 44.9 Ibs/m

o

Peak Heave Acceleration (g’s)
o
V)
T
X
K\x
X X

400 T T T T T T T T
— Wave Amp =1
300 — Wave Amp = 2|
—— Wave Amp =3
—— Wave Amp = 4
200 ——— Wave Amp = 5[]

100

0 l
2 4 6 8 10 12 14 16 18 20
Wave Period (s)
Lower Spring Constant = 15.3 Ibs/m
100 T T T T T T T
— Wave Amp =1 ) . % 3 .
80 Wave Amp = 2 X T
— Wave Amp =3 4
60 ——— Wave Amp =4 #
_ = X
4ol Wave Ampx 5 x/ . X
x X x
20t // -
,/f'
0 —_— 1 1 ! 1 1 1 1
2 4 6 8 10 12 14 16 18 20

Lower Spring Force Amplitude (Ibs) Upper Spring Force Amplitude (Ibs)

Wave Period (s)

Figure 10: Configuration 1, chain catenary mooring below ESP and stretch hose above ESP. Solid lines are results with
linearized drag; markers show results including quadratic drag on ESP only.



Configuration 2  Effective mass = 590 kg
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Figure 11: Configuration 2, chain catenary mooring below ESP and E/M chain connection above ESP. Solid lines are results
with linearized drag; markers show results including quadratic drag on ESP only.



Configuration 3  Effective mass = 1030 kg
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Figure 12: Configuration 3, taut mooring below ESP and stretch hose above ESP. Solid lines are results with linearized drag;
markers show results including quadratic drag on ESP only.



Non-Linear Analysis

A much more accurate prediction of mooring forces and motions can be obtained by numerical solution
of the nonlinear equations of motion of the mooring string. This requires defining the mass, density,
size/shape, modulus, drag coefficients, and other parameters of each component of the mooring
system. With the mooring thus described the procedure is to define the environment (wave
height/period, wind speed and current profile) and solve the problem in the time domain. This is
performed here using the WHOI “cable” program and the result is a time history of the mooring position
and tensions in a variety of sea-states. Because of the computation required, it isn’t practical to analyze
all conditions and some judgment is needed to determine what cases to run.

Important nonlinearities in mooring problems in general include the quadratic drag forces as discussed
above and the geometrical nonlinearities that are present when the mooring forms a catenary type
shape. For moorings that include a stretch hose, the dramatic stiffening of the stretch element as the
strains get higher (see Figure 6) are also very important. This feature of these elements presents
challenges in designing these moorings for a range of wind speeds and currents. The stretch hose and
hence the mooring can behave quite differently in high current conditions because the stretch hose is
extended (and therefore is stiffer).

The results shown below (Figure 13 - Figure 15) are for the three mooring configurations described
above in a relatively rough sea state at Del Mar (Hs =3m, Tp = 10s). At the CCE2 site, configuration 1
and 3 have been analyzed in a moderate (Hs = 2m) and storm (Hs = 8m) condition. In each case, the
primary results shown below are tensions below the buoy and below the ESP, the depth history of the
ESP, the stretch hose behavior, and the tangential and normal accelerations of the ESP in the various
conditions.

At Del Mar, the current profile used is a 1 kt surface current that exists down to 20 meters depth, and
then decays to 0.2kts at the bottom. The results clearly show that the taut mooring with a stretch hose
(configuration 3) produces the smallest ESP accelerations and that the chain-catenary mooring with a
stretch hose (configuration 1) produces considerably higher motions of the ESP. The chain-catenary
mooring that includes a stiff chain between the buoy and ESP results in accelerations of about twice
those present when the stretch hose is included. For configuration 2, it is necessary to increase the size
of the “pig weight” at the bottom of the mooring string in order to keep the chain between the ESP and
the buoy from becoming slack in this sea state, and even then a slack condition occurs occasionally.

Similar results are computed at the CCE2 site for the stretch hose case of the chain-catenary mooring
and for the taut mooring. In these runs the current profile is the same as for Del Mar down to 100m,
and then remains a constant 0.2kts from 100 meters down to the bottom. Figure 16 - Figure 19 shows
the results for two sea conditions, a moderate condition and a storm condition. As expected the
nonlinear effects of the deep mooring become more evident than in the Del Mar case. In particular the
current loading becomes significant, pulling the ESP down and causing the stretch hose to extend to the
point at which its stiffness increases. In the case of the taut mooring, this reduces the insulating effect
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the stretch hose has on the motions of the ESP. Combined with the effectively softer lower mooring due
to geometrical compliance, this causes the axial motions of the ESP to become noticeable even in the
taut mooring case.

The chain-catenary mooring in the deeper water also is affected significantly by the current loading,
extending the stretch hose significantly into the stiffer portion of its stress-strain curve. The runs shown
here are for the same neutral ballasting used for the chain-catenary case at Del Mar, relying on the
weight of the mooring below to bias the tensions in the stretch hose to eliminate zero-tension
conditions. However, the current loading is large enough in the cases analyzed to effectively over-bias
the stretch hose in the static condition, reducing its compliance and causing the ESP to sit deeper than
desired as show in Figure 16 and Figure 18. Model runs with adjustments to the current profile and/or
the ballasting of the ESP can characterize this effect and a final design would be a trade-off between
motions and depth stability, and would require a good estimate of the current profiles present in the
area. These tradeoffs are discussed further in the Summary section below.
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Del Mar Configuration 1

Mooring Location
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Figure 13: Chain-catenary mooring with stretch-hose between the surface buoy and the ESP. ESP is ballasted neutrally.
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Del Mar Configuraton2 Hs=3m Tp=10s Wind = 15.5kts Surface Current = 1 kt

Mooring Location Static Tension Chain Stretch Behavior
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Figure 14: Chain-catenary mooring with chain between the surface buoy and the ESP. ESP is ballasted neutrally.
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Del Mar Configuration3 Hs=3m Tp=10s Wind = 15.5kts Surface Current = 1 kt

Mooring Location Static Tension Stretch Hose Behavior
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Figure 15: Taut mooring with stretch hose between the surface buoy and the ESP. ESP is ballasted buoyant.
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CCE2 Configuration1 Hs=2m Tp=12s Wind=15.5kts Surface Current =1 kt

Mooring Location

Stretch Hose Behavior
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Figure 16: Chain-catenary mooring with stretch-hose between the surface buoy and the ESP in moderate conditions. ESP is

ballasted neutrally.
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CCE2 Configuration 3

Mooring Location

Hs=2m Tp=12s Wind=15.5kts Surface Current =1 kt

Stretch Hose Behavior
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Figure 17: Taut mooring with stretch hose between the surface buoy and the ESP in moderate conditions. ESP is ballasted

buoyant.
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CCE2 Configuration 1

Mooring Location

Hs=8m Tp=15s Wind =40.8 kts Surface Current = 1 kt

Stretch Hose Behavior
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Figure 18: Chain-catenary mooring with stretch-hose between the surface buoy and the ESP in storm conditions. ESP is
ballasted neutrally.
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Mooring Location

CCE2 Configuraton3 Hs=8m Tp=15s Wind =40.8 kts Surface Current = 1 kt
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Figure 19: Taut mooring with stretch hose between the surface buoy and the ESP in storm conditions. ESP is ballasted

buoyant.
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Summary and Conclusions

The analysis described above indicates that the taut mooring design with a stretch hose between the
ESP and the surface buoy results in the minimum ESP motions and the most consistent instrument
depth in various current conditions. The downsides of such a mooring system are intolerance to large
tidal variations and a requirement of accurate deployment depth knowledge and attention to detail in
assembling the mooring string. Additionally in this case, the fact that the taut mooring design is a
significant deviation from the chain-catenary moorings that have been deployed at these sites for some
time is a consideration.

The implementation of an ESP into the existing chain-catenary mooring designs is certainly an option at
the Del Mar site, and may be possible at the CCE2 site but requires a more careful evaluation of the
current profile at that site to evaluate fully. At Del Mar, the ESP would need to be ballasted slightly
heavy, and the combination of its weight in water and the existing clump weight at the bottom of the
Del Mar mooring string would introduce some pre-stretch into the stretch hose between the surface
buoy and ESP. Such a system has a natural frequency that corresponds to likely wave excitation
frequencies, but the system is heavily damped so the ESP motions will largely be constrained to match
the amplitude and frequency of the surface buoy.

Transitioning the ESP/stretch-hose combination to the CCE2 site introduces some challenges related to
the larger cumulative current loading present in the deeper depth situation. Larger current loading
causes the ESP to sink to a deeper depth until the stretch hose stiffens to support the added effective
weight. In addition to resulting in a deeper than intended instrument depth, the stiffer stretch-hose
transfers more wave-energy to the ESP. One option to mitigate this problem is to ballast the ESP
positive to pull upward against the current loading, but slack current conditions then may become an
issue. A careful trade-off analysis would need to be performed to make this design work in deeper
water, and knowledge of the expected current profile would be needed. When transitioning the taut
mooring design to deeper water, the added current loading is also an issue, but there is a more clear
mitigation strategy present by simply ballasting the ESP more buoyantly. Due to the additional
geometric compliance of deeper moorings, the ESP motions won’t approach the low magnitudes
present in the shallow-water case, and will be approximately the same as the surface wave motions.

Because of the very calm conditions at the Del Mar site, the stretch-hose solution there should result in
benign ESP motions. Replacing the stretch-hose with an electro-mechanical chain element would make
this site mimic the expected ESP motions at the CCE2 site and could be considered for that reason. A
larger clump weight than is currently used at Del Mar may be required in this case, depending on how
the ESP is ballasted.

In all cases, the target depth of 15m for the ESP is approaching the practical minimum. Closer to the
surface than this and the length of the stretch hose must be reduced to the point where it doesn’t
provide appreciable compliance.
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Appendix A: Wave Environment
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Appendix B: Linearized Analysis
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Appendix C: WHOI-Cable Input Files



CCE2_hanmilton_vl.cab Sun Mar 01 10:38:12 2015
#i nclude "CCE2_hanmilton_v1. spec”
Probl em Descri ption

title = TITLE
type surface

/* Weights are in Newtons */

Anal ysi s Paraneters

static-relaxation = 0.01
static-iterations = 1000
static-tolerance = 0.001

rel ax- adapt - up = 1.02

rel ax-adapt-down = 1.1
static-outer-iterations = 1000
static-outer-relaxation = 0.98
static-outer-tolerance = 0.01

static-initial-guess = catenary

duration = TF
ranp-tinme = RAMPTI ME
time-step = DT
dynam c-rel axation = 0.95
dynam c-iterations = 500
dynam c-tol erance = le-6
dynam c-rho =-0.5
Envi r onnent
rho = 1025
gravity = 9.81
dept h = DEPTH
bottom el evation = 0
bottomstiffness = 600
bot t om danpi ng = 20
X-current = XCURRENT
X-w nd = XW ND

i nput -type = | NPUT_TYPE

#i f def WAVE_FOLLOW NG
f or ci ng- net hod = wave-fol | oner
x-wave = ( XWAVEAMP, XWAVEPERI OD, XWAVEDI R)
#endi f
#i f def VELOC TY_FORCI NG
forcing-method = velocity
z-input = (XWAVEAMP, XWAVEPERI OD, XWAVEDI R)
#endi f

Buoys
atlas_buoy type =
m = 867
d =2
h =1
buoyancy = 2542.4 /* kg */
Cdn = 1.0 Cdt = 1.0



CCE2_hanmilton_vl.cab Sun Mar 01 10:38:12 2015

/*
cce2_2 buoy =
m
d
h
Cdn
Cdt
Cdw
Sw = 2
depl oyrment, etc.)*/
buoyancy = 4007 * 9.81

cyl i nder

type

TR TR
nmnnrNeR

©©
PRERE WO
L S

[ NeNe]

em (surface

Anchors
clunmp

five wheel stack

Connectors

relative to 3-neter

/*W nded Surface Area,

2

di scus */

pi vot d = 0.01 /* to rel ease nonents - use segnments nostly */
m = 0.01
wet = 0.01
Cdn = 0.0
length = 0.0
pi vot 2 d = 0.01 /* to rel ease nonents - use segnments nostly */
m=1.5
wet = 1.5 * 9.81
Cdn = 0.5
length = 0.2
Materi al s
Stretch_Hose EA = 5e4 El = 1000 & =10
d = .078 Cdn = 0.5 Cdt = 0.5
wet = 9.8%3.94/2 m= 3.94 /*These are rough guesses */
type = nonlinear
T = 11675*e*e- 25086* e*e*e+19235*e*e*e*e
Te = 2*11675*e-3*25086* e*e+4*19235*e*e*e
Tee = 2*11675-2*3*25086* e+3*4*19235%e* e

ESP_Assenbl y_For Cat enary EA = le7 El = 5e5
m = 490/1.5 wet = 10/1.5
d = .762 Cdn = 0.5 Cdt = 0.
/* Cat = .5 Can = 1.
ant = 100/1.5 am
ESP_Assenbl y_For Taut EA = 1e7 EI = 5e5
m= 730/1.5 wet = -1690/1.5
d = .762 Cdn = 0.5 Cdt = 0.
/* Cat = .5 Can =1
ant = 300/1.5 am
ESP_Can EA = le7 El = 5e5 G = 1eb
m = 235/0. 85 wet = -1540/0. 84
d = .762 Cdn = 0.5 Cdt = 0.
Cat = .5 Can = 1.0
Bat t eryCase EA = le+7 El = 5e5
m = 181.8/0.66 wet = 980/0.66
d =.91 Cdt = 0.5 Cdn = 0.5
Cat = .5 Can = 1.0

G = 1leb5
5
0 */
= 150/1.5
G = 1leb5
5
.0 ¥/
= 450/1.5
5
& =10

i mportant for any surface prob



CCE2_hanmilton_vl.cab Sun Mar 01 10:38:12 2015 3

chain_5/8in EA = 9. 2e+07 El = le-4 G = le-4
m=5 wet = 4.09 * 9.81
d = 0.0587 Cdt = 0.05 Cdn = 0.55
Cat = 0.1 Can = 1.0
chai n_nr5/8in EA = 9. 2e+07 El = le-4 & = le-4
m=25 wet = 4.35*%9.81
d = 0.025 Cdt = 0.05 Cdn = 0.55
Cat = 0.1 Can = 1.0
adcp_frame EA = 1.0e8 El = 4.508e+06 @& = 2. 25e+06
m= 25 wet = 245/1.4
d =0.5 Cdt = 0.05 Cdn = 0.5
length = 1.4
nilspin_3/8in EA = 4.944e+06 El = 1.0 & =1.0
m = 0.412 wet = 3.04
d = 0.0127 Cdn = 1.5 Cdt = 0.005
Can = 1.0 Cat = 0.0
nyl on_1in EA = 100084 El = 0.01 & = 0.01
m = 0. 214 wet = 0.2551
d = 0.0254 Cdn = 1.5 Cdt = 0.005
Can = 1.0 Cat = 0.0
depr essor EA = 5. 0e7 El = 10000.0 @& = 10000.0
m = 151. 1820 wet = 1481. 2577928
d = 0.290 Cdt = 0.01 Cdn = 1.0
Cmt = 1.26 Cm = 2.0
singl e_rel ease EA = 5. 0e7 El = 10000 @& = 10000
m = 36 am=7. 713 wet = 245
d =0.5 Cdt = 1.0 Cdn = 1.0
Cat = 1.0 Can = 1.0
length = 1.0
nystron_1lin EA = 748784 El = 0.01 & =0.01
m = 0. 506 wet = 0.9614
d = 0.0254 Cdn = 1.5 Cdt = 0.005
Can = 1.0 Cat = 0.0
|l ong chain_3 4 EA = 5.0e7 EI = 10.0 @& = 10.0
m= 6.6 wet = 56. 3094
d = 0. 066 Cdt = 0.006 Cdn = 0.5
Cmt =1.1 Cm = 2.0
short _chain_3 4 EA = 5. 0e7 El = 10.0 & = 10.0
m= 9.0 wet = 76.8123
d = 0. 066 Cdt = 0.006 Cdn = 0.5
Cmt =1.1 Cm = 2.0
swivel 5T EA = 5.0e7 El = 1000.0 G = 1000.0
m= 6.2/0.23 wet = 5.35/0.23 *9.81
d =0.1 Cdt = 1.2 Cdn = 1.2
l ength = 0.23
termd EA = 5. 0e7 El = le-4 G = le-4
m = 12. 694 wet = 107.922
d = 0. 0805 Cdt = 0.05 Cdn = 0.55
Cat = 0.1 Can = 1.0

length = .26
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chain_nm3/4in EA = 9. 2e+07 El = le-4 G = le-4
m=7.6 wet = 6.61*9.81
d = 0.03 Cdt = 0.05 Cdn = 0.55
Cat = 0.1 Can = 1.0
doubl e_chain_nr3/4in EA = 9. 2e+07 El = le-4 & = le-4
m= 7.6%2 wet = 6.61*9.81*2
d = 0.03*2 Cdt = 0.05*2 Cdn = 0.55*2
Cat = 0.1 Can = 1.0
sensor_cage EA = 1.0e8 El = 4.508e+06 & = 2. 25e+06
m= 50/1.9 wet = 25/1.9*9.81
d =0.5 Cdt = 0.05 Cdn = 0.5
/*1ength = 1.9%/
pi g EA = 5. 0e7 El = 10000.0 G = 10000.0
m = 151. 1820 wet = 100 * 9.81
d = 0.290 Cdt = 0.01 Cdn = 1.0
Ct = 1.26 Cm = 2.0
stud_chain_1lin
EA = 9. 2e+07 El = le-4 G = le-4
m = 14. 3827 wet = 12.51*9.81
d = 0.0905 Cdt = 0.05 Cdn = 0.55
Cat = 0.1 Can = 1.0
Layout
term nal = {

anchor = five_wheel stack

}

#i fdef CONFIG3 /*Taut nooring */
segnent = {

material = chain_m3/4in
length = 3
nodes = (3, 1.0)
}
segnent = {
l ength = 85
material = nilspin_3/8in

nodes = (95, 1.0)
}

#else [/* Chain Catenary Moring (CONFI GL or CONFI & or CONFI4) */
segnent = {

material = chain_m3/4in
length = 90

nodes = (90, 1.0)

}

connector = pivot2

segnent = {
length = 27.5
mat erial = stud_chain_1in
nodes = (28, 1.0)

connector = pivot2
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segnent = {

length = 20
material = nystron_1lin
nodes = (20, 1.0)

}

connector = pivot2
segnent = {
length = 2
mat erial = chain_nr5/8in
nodes = (6, 1.0)
#endi f

connector = pivot?2

segnent = {

material = single_rel ease
nodes = (3, 1.0)
}

#i fdef CONFIG3 /*Taut nmooring */
connector = pivot2
segnent = {
length = 2
material = chain_nr5/8in
nodes = (3, 1.0)

#else [/* Chain Catenary Mooring (CONFI GL or CONFI G2 or CONFIG 4) */
connector = pivot2

segnent = {
length = 2
mat erial = chain_nr5/8in
nodes = (3, 1.0)

#endi f
connector = pivot?2
segnent = {
| ength = 250
material = nylon_1lin

nodes = (250, 1.0)
}

connector = pivot2

segnent = {
[ ength = 270
material = nilspin_3/8in
nodes = (270, 1.0)

connector = pivot2

segnent = {
length = 110
material = nilspin_3/8in
nodes = (220, 1.0)
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connector = pivot2
segnent = {
length = 1.9
materi al = sensor_cage
nodes = (3, 1.0)
}
segnent = {
length = 23
material = nilspin_3/8in
nodes = (46, 1.0)

}

connector = pivot?2

segnent = {
length = 1.9
material = sensor_cage
nodes = (3, 1.0)

}

connector = pivot2

#i f def CONFI GL
segnent = {
length = 1.5
material = ESP_Assenbly For Cat enary
nodes = (4, 1.0)

}

segnent = {

length = 10

material = Stretch_Hose

nodes = (40, 1.0)
#endi f

#i f def CONFI G4
segnent = {

length = 1.5

material = ESP_Assenbl y_For Taut
nodes = (4, 1.0)

}

segnent = {

length = 10

material = Stretch_Hose

nodes = (40, 1.0)

#endi f

#i f def CONFI &2
segnent = {
length = 1.5
material = ESP_Assenbly For Cat enary
nodes = (4, 1.0)
}
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segnent = {

length = 15
material = EM Chain
nodes = (30, 1.0)

}

#endi f

#i f def CONFI G3
segnent = {

length = 1.5

material = ESP_Assenbly_ For Taut
nodes = (4, 1.0)

}

segnent = {

length = 8

material = Stretch_Hose

nodes = (32, 1.0)

#endi f

termnal = {
buoy = cce2_2 buoy
}

End
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#i ncl ude "Del Mar _ham | ton_v1. spec"

Probl em Descri ption
title = TITLE
type surface

Anal ysi s Paraneters

static-relaxation = 0.1
static-iterations = 1000
static-tolerance = 0.001

rel ax- adapt - up = 1.02

rel ax-adapt-dowmn = 1.1
static-outer-iterations = 100
static-outer-rel axation = 0.98
static-outer-tolerance = 0.01

static-initial-guess = catenary

duration = TF
ranp-tinme = RAMPTI ME
time-step = DT
dynam c-rel axation = .95
dynam c-iterations = 1500
dynam c-tol erance = le-6
dynam c-rho =-0.5
Envi r onnent
rho = 1025
gravity = 9.81
dept h = DEPTH
bottomstiffness = 600
bot t om danpi ng = 20
X-current = XCURRENT
X-w nd = XW ND

i nput -type = | NPUT_TYPE

#i f def WAVE_FOLLOW NG
f or ci ng- net hod = wave-fol | oner
x-wave = ( XWAVEAMP, XWAVEPERI OD, XWAVEDI R)
#endi f

#i f def VELOCI TY_FORCI NG

forcing-nethod = velocity

z-input = (XWAVEAMP, XWAVEPERI 0D, XWAVEDI R)
#endi f

Buoys
atlas_buoy type = cylinder

m = 245

d =23

h =1

Cdn = 1.0 Cdt = 1.0
Sw = 3.0

geoce_buoy type = cylinder

m = 1475

d =23

h =1

di scus

Cdw = 1.5 /* reduce area by 50% for ATLAS */
/* relative to 3-neter

*/



Del Mar _ham | ton_v1. cab

Sat Feb 28 11:36:04 2015

Cdn = 1.0
Cdt = 1.0
buoyancy = 3400 * 9.81
del _mar _buoy type = cylinder
m = 1500
d =23
h =1
Cdn = 1.0
Cdt = 1.0
[ *buoyancy = 3403 * 9.81 */
fl 32 _cage
type = sphere
= 270
d =21
Cdn = 0.47
Cdt = 0.47
buoyancy = 270
fl45 cage type = sphere
m = 380
d = 1.143
Cdn = 0.47
Cdt = 0.47
buoyancy = 308
fl 64_cage
type = sphere
m = 1300
d = 1.63
Cdn = 0.5
Cdt = 0.5

/* buoyancy = */

fl 64_cage_pil ot

Anchors

type = sphere
m = 1300

d = 1.524

Cdn = 0.5

Cdt = 0.5

/* buoyancy = */

five_wheel _stack

del _mar _anchor

Connectors
pi vot

d =0.8

Cdn = 1.0

Cdt = 1.0

/*wet = 4000*. 454*9. 81*/
wet = 2300*9. 81

d =0.8

Cdn = 1.0

Cdt = 1.0

/*wet = 4000*.454*9. 81*/
wet = 1250*9. 81

d =0.3/* to rel ease nonents -
m= 1.5
wet = 1.5 * 9.81

use segnents nostly */
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Cdn = 0.5
length = 0.3
fl45 m = 380
d =2.1
wet = -300 * 9.81
Cdn = 0.47
fl49
m = 580
d = 2.2
wet = -335 * 9.81
Cdn = 0.47
bent hos_4m
m = 96
d =.5
wet = -88 * 9.81
Cdn = 0.47
length = 4
bent hos_2m
m = 48
d =.5
wet = -44 * 9.81
Cdn = 0.47
length = 2
fl149 adcp m = 580
d = 2.4892
wet = -380 * 9.81
Cdn = 0.47
Cdt = 0.47
attachnents
nc_im
m = 3.8
d = 0.075
[ ength = .563
wet = 2.8* 9.81
Cdn = 1.4
Cdt =.5
ncp_im
m = 3.8
d = 0.075
wet = 2.8* 9.81
Cdn = 1.4
Cdt =.5
l ength = .563
icc
m =2
d =.1
length = 0.2
wet = 1* 9.81
Cdn = 1.4
Cdt =1
sc_im
m = 10.7
d = 0.11

length = 0.8
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wet = 9.8 * 9.81
Cdn = 1.4
Cdt =1
Materi al s
Stretch_Hose EA = 5e4 El = le4d (€Y
d =.078 Cdn = 0.5 Cdt = 0.2
wet = 9.8*3.94/2 m= 3.94
type = nonlinear
T = 11675*e*e- 25086*e*e*e+19235*e*e*e*e

Te = 2*11675*e-3*25086*e*e+4*19235*e*e*e

/

1.0

*These are rough guesses */

Tee = 2*11675- 2*3*25086* e+3*4*19235*e* e
EM Chai n EA = 1e+05 El = 1000 G = le-4
m= 3.5 wet = 1.*9.81
d = 0.04 Cdt = 0.05 Cdn = 0.55
Cat = 0.1 Can = 1.0
ESP_Assenbl y_For Cat enary EA = le7 El = 5e5 G = 1eb5
m= 490/ 1.5 wet = 10/1.5
d = .762 Cdn = 0.5 Cdt = 0.5
/[* Cat = .5 Can = 1.0 */
amt = 100/1.5 am = 150/1.5
ESP_Assenbl y_For Taut = le7 El = 5e5 @& = 1leb5
m= 730/ 1.5 wet = -1690/1.5
d = .762 Cdn = 0.5 Cdt = 0.5
/[* Cat = .5 Can = 1.0 */
amt = 300/1.5 am = 450/1.5
ESP_Can EA = le+7 El = 5e6 & =10
d = .762 Cdn = 0.5 Cdt = 0.5
wet = -1540/.84 m = 235/0. 84
/*wet = -400/.84 m = 235/0.84 */
Bat t eryCase EA = le+7 El = 5e5 & =10
m = 181. 8/ 0. 66 wet = 980/0. 66
d =.91 Cdt = 0.5 Cdn = 0.5
Cat = .5 Can = 1.0
float_chain_4m EA = 1.08e8 El = 4.508e+06 G = 2.25e+06
m = 96 am= 12 length = 4 wet = -88/4* 9.81
d =0.5 Cdt = 0.47 Cdn = 0. 47
float _chain_2m EA = 1.08e8 El = 4.508e+06 & = 2. 25e+06
m = 48 am= 6 length = 2 wet = -44/2* 9.81
d =0.5 Cdt = 0.47 Cdn = 0.47
fl oat _chai n_b5m EA = 1. 08e8 El = 4.508e+06 G = 2.25e+06
m = 48 am = 6 length = 2 wet = -112/5*9.81
d =0.5 Cdt = 0.47 Cdn = 0.47
chain_m1/2in EA = 9. 2e+07 El = 20 & = le-4
m= 3.5 wet = 3.04*9. 81
d = 0.02 Cdt = 0.05 Cdn = 0.55
Cat = 0.1 Can = 1.0
chain_drop_1/2in EA = 9. 2e+07 El = le-4 G = le-4
m= 7.8 wet = 6.8%*9.81
d =0.04 length = 0.6 Cdt = 1.0
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Cdn = 1.6
Cat = 0.1 Can = 1.0
chain_5/8in EA = 9. 2e+07 El =1 G = le-4
m = 6. 070 wet = 51.7608
d = 0.0587 Cdt = 0.05 Cdn = 0.55
Cat = 0.1 Can = 1.0
adcp_frane EA = 1.0e8 El = 4.508e+06 & = 2. 25e+06
m= 40/1.4 wet = 370/1.4
d =0.5 Cdt = 0.05 Cdn = 0.5
length = 1.4
ni | spin_3/8in EA = 4.944e+06 El = 20.0 & =10
m = 0. 446 wet = 3.109
d = 0.0127 Cdn = 1.5 Cdt = 0.005
Can = 1.0 Cat = 0.0
adcp_cage_up EA = 1.0e8 El = 4.508e+06 & = 2. 25e+06
m = 100/1.9 wet = 45/2.2*9.81
d = 0.18 Cdt = 0.9 Cdn = 1.3
length = 2.2
adcp_cage up_pilot EA = 1.0e8 El = 4.508e+06 & = 2. 25e+06
m = 80/ 1. 47 wet = 74/1.47*9.81
d = 0.18 Cdt = 0.9 Cdn = 1.3
length = 1.47
sensor _cage EA = 1. 0e8 El = 4.508e+06 & = 2. 25e+06
m= 50/1.9 wet = 25/1.9*9.81
d =0.5 Cdt = 0.05 Cdn = 0.5
length = 1.9
sensor_cage_d_star EA = 1.0e8 El = 4.508e+06 & = 2. 25e+06
m = 100/1.9 wet = 50/1.9*%9.81
d =0.5 Cdt = 0.05 Cdn = 0.5
length = 1.9
d_star EA = 1. 0e8 El = 4.508e+06 G = 2.25e+06
m = 100/1.9 wet = 34.73/2.2*%9.81
d =0.5 Cdt = 0.05 Cdn = 0.5
length = 2.2
ni | spin_3/16in EA = 4.944e+06 El = 1.0 & =1.0
m = 0. 106 wet = 0.0759*9. 81
d = 0.00635 Cdn = 1.2 Cdt = 0.005
Can = 1.0 Cat = 0.0
nilspin_1/4in EA = 4.944e+06 El = 1.0 & =1.0
m= 0.174 wet = 0.1314*9.81
d = 0.00794 Cdn = 1.2 Cdt = 0.005
Can = 1.0 Cat = 0.0
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nyl on_1in EA = 100084 El = 0.01 G = 0.01
m = 0. 214 wet = 0.02648*9. 81
d = 0.020 Cdn = 1.2 Cdt = 0.005
Can = 1.0 Cat = 0.0
dual rel ease EA = 5. 0e7 El = 10000 & = 10000
m= 72/1.2 ame7. 713/ 1.2 wet = 55/1.2*9.81
d =0.5 Cdt = 1.0 Cdn = 1.0
Cat = 1.0 Can = 1.0
length = 1.2
singl e_rel ease EA = 5. 0e7 El = 10000 @& = 10000
m= 72/1.2/2 ame7.713/1.2/2 wet = 55/1.2*9.8
1/2
d =0.5 Cdt = 1.0 Cdn = 1.0
Cat = 1.0 Can = 1.0
length = 1.2
dual rel ease_pil ot EA = 5. 0e7 El = 10000 @& = 10000
m= 72/1.2 am=7.713/ 1.2 wet = 154*.454/ 1. 94*
9.81
d =0.5 Cdt = 1.0 Cdn = 1.0
Cat = 1.0 Can = 1.0
length = 1.94
depr essor EA = 5.0e7 EI = 10000.0 @& = 10000.0
m = 520.0 wet = 889. 64432
d = 0.290 Cdt = 0.01 Cdn = 1.0
Cmt = 1.26 Cm = 2.0
del _mar _pig = 5. 0e7 El = 10000.0 @& = 10000.0
m = 100 wet = 100*9. 81
d = 0.290 Cdt = 0.01 Cdn = 1.0
Cmt = 1.26 Cm = 2.0
nystron_1lin EA = 748784 El = 0.01 G = 0.01
m = 0. 506 wet = 0.097957*9. 81
d = 0.026 Cdn = 1.2 Cdt = 0.005
Can = 1.0 Cat = 0.0
| ong_chain_3 4 EA = 5. 0e7 El = 10.0 & = 10.0
m= 6.35 wet = 5.74*9.81
d = 0.066 Cdt = 0.006 Cdn = 0.5
Cmt =1.1 Cm = 2.0
short _chain_3 4 EA = 5. 0e7 El = 10.0 & = 10.0
m= 8.0 wet = 7.80%9.81
d = 0. 066 Cdt = 0.006 Cdn = 0.5
Ct =1.1 Cm = 2.0
sw vel _3t EA = 5. 0e7 El = 1000.0 G = 1000.0
m= 3.1 wet = 2.65*%9.81
d = 0.08 Cdt = 0.01 Cdn = 1.0
Cmt = 1.18 Cm = 2.0
length = 0.5
swivel 5T EA = 5.0e7 EI = 1000.0 G = 1000.0
m = 26.48/0. 21 wet = 225.7/0.21
d = 0. 057 Cdt = 0.01 Cdn = 1.0
Cmt = 1.18 Cm = 2.0

length = 0.21
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termd EA = 5. 0e7 El = le-4 G = le-4
m = 12. 694 wet = 107.922*9.81
d = 0. 0805 Cdt = 0.05 Cdn = 0.55
Cat = 0.1 Can = 1.0
length = .26
chain_nm3/4in EA = 9. 2e+07 El = 10 G = le-4
m= 7.6 wet = 6.61*9.81
d = 0.03 Cdt = 0.05 Cdn = 0.55
Cat = 0.1 Can = 1.0
aquadopp_pilot EA = 1.0e8 El = 4.508e+06 @& = 2. 25e+06
m= 20/1 wet = 15.89/1*9.81
d =0.5 Cdt = 0.05 Cdn = 0.5
length =1
nyl on_3/4in EA = 56715 El = 0.01 G = 0.01
m = 0. 2202 wet = 0.216
d = 0.01905 Cdn = 1.5 Cdt = 0.005
Can = 1.0 Cat = 0.0
comment = "3/4 in nylon - Col unbi an Rope Corportation"
nilspin_5/16in EA = 3.434e+06 El = 1.0 G =1.0
m = 0. 3124 wet = 2.0867
d = 0.0111 Cdn = 1.5 Cdt = 0.005
Can = 1.0 Cat = 0.0
conment = "Nilspin jacketed 5/16in wire rope (WRCA)"
Layout
termnal =

anchor = del mar_anchor

}

#i fdef CONFIG3 /*Taut nooring */
segnent = {

material = chain_m3/4in
length = 1
nodes = (3, 1.0)
}
segnent = {
material = chain_m3/4in
length = 1
nodes = (3, 1.0)
}
segnent = {
length = 4.5
material = nilspin_3/8in

nodes = (8, 1.0)
}

#else [* Chain Catenary Mworing (CONFIG 1 or CONFIG 2) */

segnent = {

material = chain_nr3/4in
length = 24

nodes = (48, 1.0)

}

segment =

{
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length = 30
material = chain_5/8in
nodes = (60, 1.0)
}

connect or

pi vot

#i f def CONFI GL

segment =
material = del _nmar_pig
length = 1
nodes = (3, 1.0)
#endi f
#i f def CONFI Q2
segment =
material = del _mar_pig
length = 2
nodes = (6, 1.0)
#endi f
#endi f
connector = pivot
segment =
material = swivel 5T
nodes = (2, 1.0)
}
connector = pivot
segment = {
length = 75
material = nilspin_3/8in
nodes = (75, 1.0)
[*attachnments = icc : (2), nc_im: (3, 8, 13, 18, 23, 28, 38, 48, 58, 72), sc_im
(33, 84)*/
}
connector = pivot
segnent = {
length = 0.5
material = chain_m3/4in
nodes = (3, 1.0)
}

#i f def CONFI GL
segnent = {
length = 1.5
material = ESP_Assenbly_ For Cat enary
nodes = (4, 1.0)
}

segnent = {
length = 8.5

material = Stretch_Hose
nodes = (30, 1.0)
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#endi f

#i f def CONFI &2

#endi f

segnent = {

length = 1.5

material = ESP_Assenbly For Cat enary
nodes = (4, 1.0)

}

segnent = {
length = 13
material = EM Chain
nodes = (30, 1.0)

}

#i f def CONFI G3

#endi f

segnent = {

length = 1.5

material = ESP_Assenbl y_For Taut
nodes = (4, 1.0)

}

segnent = {

length = 9

material = Stretch_Hose

nodes = (32, 1.0)

termnal =

End

buoy = del _mar_buoy

}



Appendix D: Mooring Components



= STRETCHES 2.5x

& . 4+ YEAR SERVICE LIFE

%

A/ = CAT-5/6 CONDUCTORS

&/
Q&
(I; = FLUID TRANSFER CAPABLE
= AVAILABLE W/O CONDUCTORS

= NEUTRALLY BUOYANT

= CUSTOM LENGTHS AVAILABLE




EOM Offshore

Stretch Moor™ Hose

Easy to handle
Neutrally buoyant

Fluid transfer capable
Bolted Flanges
Aluminum terminations
1:1 Scope Ratio

Hose O.D. Hose I.D.

2.25" 1
2.25" 1"

Aluminum End Terminations and Adapters

Breaking Strength (Ibs)

3000
3000

*WLL = Working Load Limit

WLL*(Ibs)

1000
1000

Air Weight Wet Weight

74 Ibs. -20 Ibs.
133 Ibs. -33 Ibs.

Hose Length

25 feet
50 feet

Hose Length Max Elongation (%) Max Elongation (ft.) Conductors Available

8 x #22 AWG
CAT-5 Cabling

62.5
125.0

150
150

25 feet
50 feet

Stretch Hose Mooring Component includes gaskets, anodes, adapter units and stainless steel fasteners.

Predicted Load-Elongation

Max. Working L| - Predicted Load-

Elongation

Load (Lb)

Max.

A arki
vVOf

Elongation

/

50 100 150

Elongation (Percent)

A
SEE SHEET

/ 20F 2 \\

""“)

/

50+.5ft [15.2 4.2 m] MANUFACTURED LENGTH

NOTE:

USED HOSE UNSTRETCHED LENGTH TYPICALLY 10-15%
LONGER THAN ORIGINAL MANUFACTURED LENGTH. THIS IS
A NORMAL CONSEQUENCE OF CONSTRUCTION STRETCH
AND THE MULLINS EFFECT

E 0 20 JONATHAN BOURNE DRIVE
POCASSET, MA 02559

Offshore (508)-563-2100 www.eomoffshore.com

UNLESS OTHERWISE NOTED:
DIMENSIONS IN INCHES
TOLERANCES:

[DESIGN DATE
4/19/2010

ANGULAR
+1deg

DECIMAL
XX +0.01 {Don Peters

DRAFT

Parts List

ITEM

PART NUMBER

DESCRIPTION

EOM-171-4-1000

BASE HOSE ASSEMBLY

SUBCONN MCIL8F

8 PIN MICRO SERIES

EOM-171-4-1200

ADAPTER KIT - STANDARD

1-4-20_STUD_ANODE

ZINC ANODE (1/4-20 STUD)

xxx  +0.005
BREAK ALL SHARP EDGES R0.02 MIN

[MATERIAL

CHECKED

FINISH
ISEE APPLICABLE NOTES

"MOORING STRETCH E/M HOSE
ASSEMBLY - 50 FT

SIZE PART NO REV

A EOM-171-4-2000
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EOM Offshore

Products
EOM Mooring Chains

EOM Mooring Chains are a rugged, proven design that
encapsulates chain and helixed electrical conductors in
quieting but flexible urethane. These components are
then housed in a marine-grade hose, creating a static
subsurface section.

For additional information please contact Mark Lambton, General Manager at (508) 563-2100 or mlambton@eomoffshore.com.
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