ESP Mooring Analysis for Catalina Island Deployment
Feb 18,2014

The ESP deployment at Catalina Island is to be in deeper water than has previously been done with the
current mooring design. This report outlines analysis performed on the existing mooring design in a
range of water depths. The analysis performed has used “WHOI-Cable” to numerically model the
behavior the mooring in a range of conditions. Due to the expected mild sea states at this location, the
analysis has concentrated on the static behavior of the system (i.e. it's response to wind and currents)
and only sample computations have been performed that include wave forcing and the resulting
dynamic forces in the system.

Location
The primary site is on the north-east side of Catalina Island at 33.484 deg N/ 118.5388 deg W. The
alternative site is nearby at 33.4775 deg N/118.5133 deg W.

There have been some discrepancies in the reported depth at the primary location, ranging from 90m to
200m. The NOAA charts indicate a depth of about 150m, with a mean bottom slope of about 12
degrees. The analysis run below is for depths of 50m, 100m, 150m, and 200m to cover the range and
allow comparisons with deployments at shallower depths where there is more experience with the
system.

Environmental Conditions

The currents at this location are not well characterized; the best estimates that have been found are
from HF radar data collected by SCOOS over the past several years. The radar installations that cover
this area spend a lot of time down so the data is spares. Nevertheless surface currents above 0.75 m/s
have not been observed. Plots attached below show the data availability, histograms of the observed
surface currents at the primary and alternative sites.

There are no current profiles available at this location, for the analysis two profiles have been assumed,
a linear case in which the specified surface current decays linearly to zero at the bottom, and a constant
current profile in which the current is constant throughout the water column. This later is considered an
estimate of the worst case (although presumably the subsurface currents could be greater than the
surface currents...).

Mooring Design

The mooring design is the same as has been deployed many times in shallower water and consists of a
floated EM cable to a small submersible float above the instrument, a compliant “shackle” element
below the instrument, and polyester rope down to a deadweight anchor. Traditionally a 7/8” polyester



rope has been used but is overkill in terms of strength. For these analyses this element has been
reduced to 5/8” diameter to reduce current loading. The 5/8” size has a breaking strength of 13,900lbs
which is plenty of strength margin compared to the expected loads.

Mooring Modelling

The mooring behavior has been simulated by constructing a numerical model using the “WHOI-Cable”
modelling software. The attached documentation shows the node arrangements for this finite-
difference solution, as well as the material properties used throughout. Due to limitations in the
software, the ESP instrument, mounting platform, and associated “bail” is not well modelled and
therefore the details of this devices positions and motions are not characterized in detail, but the net
effect of the instrument on the mooring position should be acceptable.

Numerical Results

Static Results

The static results across a range of current profiles and depths are presented in the attached plots. The
“buoy freeboard” shows the point at which the surface expression submerges for each depth and
current profile. Also shown are the ESP instruments depth and the resulting forces on the anchor,
tension in the shackle (and polyester rope), etc.

Dynamic Results

A single dynamic analysis was performed as an example for the 150meter mooring in 0.5m/s linear and
waves with a 4 meter significant wave height and peak period of 10s. This was selected based on the
assumption that the sea conditions inside of Catalina will remain relatively mild. The peak tensions in
this case were less than twice the mean tensions and the time domain record of these forces are shown
in a figure below.

Conclusions

In the worst case expected current conditions (Constant current profile of 0.75m/s extending down to
200m), the surface buoy is likely to be on the verge of submerging and the ESP instrument itself will be
at depth of 20m (down from 7m in calm conditions). Mooring tensions at the anchor in this condition
will be about 350lbs, evenly split between horizontal and vertical forces.

Dynamic loads due to wave forcing have not been carefully characterized in this study but an estimate is
that the peak loads in the system will be about 2 times the static loads, still well below the strength of
the materials used throughout, but high enough that the anchoring system will need to rely on being
stuck in the mud to keep from dragging .
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751 Old Brandy Road
Culpeper, Virginia 22701

Tele: 540 825-2111
Fax: 540 825-2238

DATALINE®

Description
mm Inch
CONDUCTORS (7) 0.91 0.036
#20 AWG, 7/0.0121" (0.31 mm)
Bare Copper
INSULATION 1.73 0.068
0.016" (0.41 mm) Wall EPC
CORE 5.05 0.199
6 insulated cdrs around 1 with
fillers as necessary. Voids filled
with free-stripping semiconductive
material. Semiconductive tape
over core.
ARMOR;: Special GIPS Wire
Inner: 18/0.0375" (0.95 mm) 6.96 0.274
Outer: 18/0.052" (1.32 mm) 9.60 0.378
CABLE CHARACTERISTICS
(Nominal Values @ 20T) Metric English
PHYSICAL
Overall Dimensions - 9.60 mm 0.378in
Weight in Air 370 kg/km 249 Ib/kft
Weight in Freshwater 310 kg/km 208 Ib/kit
Temperature Rating, normal 135C 275F
intermittent 149C 300F
MECHANICAL
Breaking Strength 57.8 kN 13,000 Ibf
Bend Diameter 53 cm 21in
Elongation (approximate) 0.31 m/km/kN 1.4 ft/kft/kibf
ELECTRICAL
Voltage Rating 600 Vdc 600 Vdc
Insulation Resistance @ 500 Vdc 15,000 MQ+km 50,000 MQekft
dc Resistance
cdr 36.8 Q/km 11.2 Q/kft
armor 5.8 Q/km 1.8 Q/kft
Capacitance (cdr-armor) 197 pF/m 60 pF/ft
Velocity of Propagation @ 1 MHz 67% 67%
PROPRIETARY; Use Pursuant to Company Instructions
_E; - Rochastarasuzcg ;ype ')?-H-375A
" - . he Rochester x 18 Armor
= Tyco Electronics c p
orporation Date Page Revision PartNo.
06/11/2010 1 X A276374




Where People and Technology
Make the Difference

THE STRONGEST NAME IN ROPE

Page F7 of 92
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¢ 7p)
A time proven, tough 100% polyester double braid with excellent ptn
controlled working elongation a2
FEATURES AND BENEFITS Stable Brald has a braided core and cover, both contributing to its T —
High strength strength and firm hand, while remaining fully spliceable. It works = (D
Low stretch very well on winch drums and has the non-rotational figxibility to be o
Durable flaked on deck. Stable Braid is a proven, tough rope with excellent w
Flex-fatigue resistant controlled working elongation. -
Pro-Gard Marine Finish ot}
L1 ]
APPLICATIONS
VESSEL MOORING TG COMMERCIAL FISHING
General working line Shock line = Gilnet line
Secondary mooring line - Purse seins line
Trawl or bridle line
3I2e Sire WEMGHT SAMMSON SIZE WEIGHT SAMSON 150 2307 SPECIFICATIONS!
DIAMETER CIRC PER QO FT, MBS OQIAMETER PER100m | MBS* STRENGTH®® |
INCHES MCHES POUNDS POUNCS MILUMETERS  JILOGRAMS ' METRICTONS METRICTONS . FIBER (CORE/COVER)
e 34 21 2.000 3 31 0.89 0.99 Polyester / Polyester
618 1 32 3.100 L] 48 14: 1.5 SPECIFIC GRAVITY: 1.38
" 1-1/8" 45 4,300 (] 67 22: 24 ———
8" 14 8.1 6.500 " 91 30: 33 ALORS: )
1z t12° | 82 8.800 12 122 40 45 gm'ggéiw’: White with
918" 1-34" 10 11.300 - 14 164 51: 57 :
B z 14.0 13900 | 18 208" 63 70 . COATED (80B): Black, bius,
34" 214" 180 17.300 18 268" 79 87 green, orange, red, yeliow,
—> [m_ 234271 25,400 22~ 403 sy | 128 | andclearwithblusiD
44 3 340 33,300 24 506 151« 168 ELASTID ELONGATION PERCENTAGE
198" 312" 453 41.000 23 674 186 206 At % of break strength
144" | 334" 539 48.700 30 802" 221 245 1
1818 4 60.8 55,000 32 205 240 277
12 4t 733 63.800 38 109 - 290 322 i
1.8~ 5 859 74.100 40 128 138 374
14 sape 104 - 88.400 a 155+ 401: 448 SPLICE/CLASS:
2 6" 124 105.000 4 185 478 | 531 Dauble Brald Class |
248" 612" 147 - 123.000 62 219+ 550 621 ,
24" 7 1735 141.000 58 257 ea0: 711 ‘Duelourconbived esearchand
P17 XY-2 196 162,000 80 202 - 733, 814 5 wmmp’ngmm o
258" g 225+ 180.000 84 335 817 908 subject fo change. For the mast current
2-34" 81 246 - 199.000 (1] 366 - 802 100 sizes, weights, and sirengihs, 9o o P
3z g 300 : 236000 72 446 107 ¢ 119 Samsonfope. com.
34 10 ar5 . 292,000 80 558 - 132 147
358" 1" 450 346,000 8. 670 1857 - 174 » <
Y 12 526« 400,000 % 781 191 201 2 .
e 13 580 453,000 104 876 - 206 « 228
468" | 14 889 524000 - | 112 1025 - 238« 284
& 15" 788 593.000 120 173 269 200 A «

"Spliced strongfh ™ Tha standind replaces B £4 019 ang IS0 2307: 1995 and it o unspicnd sirdngihs.
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200m ESP Mooring Mooring Positions in Linear Current Profile
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#include "ESP.spec"

Problem Description
title = TITLE
type = surface

Analysis Parameters

duration = TF
time-step = DT
static-relaxation =0.1
static-outer-relaxation = 0.97
static-tolerance = 0.000001
static-outer-tolerance = 0.0001
dynamic-relaxation =1.0

/* dynamic-lambda = DYNAMICLAMBDA */
max-iterations = 3000
dynamic-tolerance = le-8
ramp-time = RAMPTIME
static-initial-guess = catenary

Environment
forcing-method =
input-type =
X-wave =
x-current
x-wind =
rho =
gravity =
depth =

Buoys
esp buoy 1 type

m=3
diame
Cdn =
Sw =

Anchors

clump
Connectors
sphere64

/*

ESP d =
wet =

/* lengt

syn_floats
wet

bail float
wet

/* lengt

Pivot d =

wet =

wave-follower
random

(XWAVEAMP, XWAVEPERIOD, XWAVEDIR)

= XCURRENT

XWIND
1025
9.81

DEPTH /* DEPTH is 0.8m shallower than actual depth to account for anchor */

= axisymmetric
4 /* Estimated at 75 lbs */

ters = (0.0, 0.0762) (.838, 0.0762) (0.8382, .279)

(1.067, 0.406) (1.75, .406)
.75 Cdt = 0.25
.2 Cdw = 1.0

d = 1.6256 Cdn = 0.5 Cdt = 0.5
wet = -11120 m = 1172.
length = 1.6256 */
.762 Cdn = 1.0 Cdt = 1.0
-890 m = 386
h=2.0 */
d = .0762 Cdn = 0.5 Cdt = 0.5
= -2.17 m= .230
d=.1 Cdn =20.01 Cdt = 0.01
= -2000 m=.1
h = .1016 */
.1 Cdn = 0.5 Cdt = 0.5
0.1 m=1



File: /mnt/mbari/ProjectLibrary/ESP...ation)/MooringAnalysis/ESP.cab

Page 2 of 4

/* length = .1 */
ESP Can d = .762 Cdn = 0.5 Cdt = 0.5
wet = -1540 m = 235
/* length = 0.84 */
shackle pair d = .0762 Cdn = 0.5 Cdt = 0.1
wet = 8 m= 2
/* length = 0.1 */
Materials
rochester cable EA = 3.226e+06 EI = .01 GJ =1.0
m = 0.37 wet = 2.97
d = 0.0096 Cdn = 1.0 Cdt = 0.01
Can = 1.0 Cat = 0.0
nilspin 5d16in EA = 3.434e+06 EI = 24.0 Gl =1.0
m = 0.3124 wet = 2.0867
d = 0.0111 Cdn = 1.5 Cdt = 0.005
Can = 1.0 Cat = 0.0
shockle linear EA = 1335 EI = .226 Gl = le-4
m = .909 wet = 0.1
d = 0.052 Cdt = 0.1 Cdn = 1.0
Cat = 0.1 Can = 1.0
shockle lockout EA = 1335 EI = .226 Gl = le-4
m = .909 wet = 0.1
d = 0.052 Cdt = 0.1 Cdn = 1.0
Cat = 0.1 Can = 1.0
T = 1335*e+.2*exp(4*e*e)
Te = 1335+.16*e*exp(4*e*e)
Tee = .16*(.1l6*e*e+l)*exp(4*e*e)
polyester 7d8in EA = le6 EI = 31 GJ = le-4
m = .403 wet = 1.0
d = 0.0222 Cdt = 0.01 Cdn = 1.0
Cat = 0.01 Can = 1.0
polyester 5d8in EA = 560000 EI = 22 GJ = le-4
m = .2088 wet = 0.778
d = 0.0159 Cdt = 0.01 Cdn = 1.0
Cat = 0.01 Can = 1.0
polyester 1d2in EA = 346500 EI = 10 GJ = le-4
m = .1223 wet = 0.3115
d = 0.0127 Cdt = 0.01 Cdn = 1.0
Cat = 0.01 Can = 1.0
trawler 1d2in EA = 6.0e+07 EI = le-4 G = le-4
m= 3.712 wet = 31.64
d = 0.0475 Cdt = 0.05 Cdn = 0.55
Cat = 0.1 Can = 1.0
BatteryCase EA = le+7 EI = 5e5 Gl =1.0
m = 181.8 wet = 980
d = .91 Cdt = 0.5 Cdn = 0.55
Cat = .5 Can = 1.0
Bail EA = le+7 EI = 1.4e4 Gl =1.0
m= 22.9 wet = -200.
d = .15 Cdt = 0.1 Cdn = 0.1
Cat = .5 Can = 1.0
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anchor_swivel EA = le+7 EI = 1.4e4 Gl =1.0
m=9.4 wet = 37.7

d = .0762 Cdt = 0.1 Cdn = 0.5

Cat = .5 Can = 1.0

oblong_link EA = le+7 EI = 1.4e4 Gl =1.0
m = 10 wet = 40.0

d = .0762 Cdt = 0.1 Cdn = 0.5

Cat = .5 Can = 1.0

Layout
terminal = {
anchor = clump

}
segment = {
length = .53
material = anchor swivel
nodes = (3, 1.0)
}

connector = shackle pair

segment = {
length = POLY LENGTH
material = polyester 5d8in
nodes = POLY_ NODES
}

connector = shackle pair
segment = {
length = SHOCKLE LENGTH
material = shockle lockout
/* material = shockle linear */
nodes = SHOCKLE_ NODES
}

connector = shackle pair

segment = {

length = 0.3
material = oblong link
nodes = (3, 1.0)

}

segment = {

length = 0.66
material = BatteryCase
nodes = (10, 1.0)
attachments = ESP Can : (9)

}

connector = Pivot

segment = {
length = 1.35
material = Bail
nodes = (10, 1.0)
/*attachments = bail float : (9)*/
}

connector = shackle pair
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segment = {
length = EM_LENGTH
material = rochester cable
nodes = EM _NODES
/*attachments = syn floats : [2,2,28] */ /* floats every meter for bottom 14m of cable */
attachments = syn floats : (2,3,4,5,6,7,8,10,12,14,16,18,20,22)
}
terminal = {
buoy = esp buoy 1
}

End
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