NHU-T-01-002 C2

Apparatus to Capture
Stoloteuthis luecoptera

4/20/01
John Ahern
Toshi Yuta

Advisor: Gabriela Martinez

New Hampshire/Maine



Apparatus to Capture Stoloteuthis Luecoptera

By:
JOHN AHERN
TOSHI YUTA

Mechanical Engineering
University of New Hampshire

Tech 797 Ocean Projects
2000-2001

i1



ACKNOWLEDGMENTS

This work is the result of research sponsored in part, by the National Sea Grant
College Program, NOAA, Department of Commerce, under grant ¥#NA96RG0102
through the University of New Hampshire / University of Maine Sea Grant Program.

The ACSL team would like to thank the following people for supporting this
project through advice, equipment, and financial means. Out of everyone, Paul Lavoie
added the most help through his advice and guidance. Thanks also to Glen Rice for
staying late in the OE high bay and practicing his welding skills.

UNH Ocean Engineering
Paul Lavoie

David Fredrickson

Glen Rice

Dr. Ken Baldwin

Capt. Jon Scott, USN Ret.
Michael Chambers

Rob Steen

Dr. Barbaros Celikkol

UNH Marine Biology
Dr. Larry Harris
Gabriela Martinez

UNH Gulf Challenger
Paul Pelletier

Ken Houtier
Bryan Soares

Woods Hole/MIT
Dr. Jim irish
Dr. Walter Paul

Benthos Inc.
Garry Bernhardt

Mooring Systems Ltd.
Peter Clay

Downeast Fishing Gear
B & B Trap Co.

Watermark Industries
Eric Muller

i1



ABSTRACT

Stoloteuthis leucoptera is a small, bioluminescent squid that lives in water deeper
than 400 ft in the Gulf of Maine. Little is known about how or why this squid creates
luminescence or how it develops. Involved in the study of this squid is Gabriela
Martinez, a PhD. candidate in the Zoology Department of the University of New
Hampshire. The project team was commissioned to design, build, and test a trap to catch
Stoloteuthis leucoptera. The trap was built with a stiff wire frame, clear acrylic walls and
a light source as bait. Although the trap did not catch any squid during the initial test,
minor modifications will enable the trap to function as intended. The deep water
mooring system proved to be extremely robust, surviving a severe Nor Easter with high

winds and 25 ft waves with no damage or relocation.
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CHAPTER 1

INTRODUCTION

Purpose

Stoloteuthis leucoptera is a benthic squid from the family Sepiolidae. It is found
in the North Atlantic in depths ranging from 150 M to 300M. Adults grow to be about 2

inches Dorsal Mantle Length. Interest is centered on this specie because it is a family of

cephalopods whose phylogeny has not yet been well resolved. In other words, their

relationships to the real squids and to the cuttlefish is not known although they appear to

be exactly in between. These squid are also bioluminescent. They have a ventral light

organ or photophore whose evolutionary origin is not known nor its embryology. Also,

the source of light in this photophore is not known. It could be a bacterial symbiotic

system, where bioluminescent bacteria of the genus Vibrio or Photo bacterium are

housed. The other possibility is that they synthesize their own bioluminescence by

producing their own luciferin protein and
luciferase enzyme. The hypothesis is that they
are bacierial luminescent based on their close
relatives Euprymna scolopes, which is a
shallow water benthic Hawaiian species. The
only problem with this theory is that
Stoloteuthis and Euprymna have completely
different habitats.
Previous Work

Stoloteuthis leucoptera are frequently
found in deep water trawls in the North
Atlantic and there are also recorded
encounters in the Mediterranean. Shown at
nght in figure 1 is a plot of recorded
Stoloteuthis leucoptera capture. The figure
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Figure 1: Locations of recorded capiure



contains much of the east coast and each recorded capture is noted with a symbol on the
upper left. Recorded captures are in depths between 400 and 1000 ft. Gabniela Martinez
has previously been on the NOAA Albatross IV for inventory cruises in the Guif of
Maine in an attempt to obtain specimens of the squid. Live specimens were not obtained
because the method of capture severely stresses the animals.

Objectives
The objectives of this project were to design, build, test a squid trap.

Approach
Stoloteuthis leucoptera has large eyes as can be

seen in figure 2 although it lives at a depth where no
light penetrates. It can therefore be assumed that light
would draw its attention as it does many other deep-
water animals. Stoloreuthis leucoptera’s
bioluminescence 1s presumed to be used for
communication and/or attracting prey. If thisis true, a

light of similar color to its own will also spark interest

in the squid.

Figure 2: Stoloteuthis leucoptera



CHAPTER I

TRAP DESIGN AND CONSTRUCTION

Lure System Design Criteria

= Attraction of desired species

The main purpose of the lure is to attract squid into the trap. This
could be by scent, taste, visual, or combinations of them.

* Mechanical Integrity
The environment where this lure will be deployed is about 50miles off
shore in 600feet deep water. It must withstand the pressure of up to 20
times the atmospheric pressure, and the impact from the deployment

process. It might also encounter other environmental factors, such as a

large fish.

* Duration of Operation

The plan is to leave the trap out about a week at a time. The lure
system needs to last at least a week to increase the chance of catching
the squid.

= Size Limitations
The lure should fit inside the trap with enough room for holding space,
and other components.

s Cost

The lure needs to be buiit within our set budget.



Lure System Design

To attract a creature, there are basically two options: by scent/taste or by sight.
The Stoloteuthis Leucoptera is bioluminescent, and their close relative, Euprymna, also a
bioluminescent, 1s attracted to light. This evidence suggests that the target squid is
attracted to light. The light based system is easier to control because it’s useful life
depends only on the capacity of the battery. Sroloteuthis leucoprera emits a bluish light,
the wavelength that travels the most distance in seawater, which is 500nm and can be
seen in figure 5. It is for these reasons that the light lure was chosen.

The most severe environmental factor was the pressure at 600ft. There were two
basic options to protect the light system at this depth. The first option was to purchase a
pressure-proof battery and light. The advantage of this was that it’s already designed to
withstand high pressure. However, there were very limited options and most of which
were not ideal for the squid trap. Most deep-sea lights require a lot of power because
they are designed for cameras. Since the lure needed to last for a week a large amount of
batteries would be needed. This option was not practical for our purpose because of
money and the space constraints. These lights were also highly directional which would
provide limited exposure. The second option was to encase ordinary lights and battery in
a pressure tight vessel. This opens up a whole field of light and battery options and
makes optimizing the light source much easier. These components would also be much
cheaper as they are designed for a much friendlier environment. This option made the
most sense for the project.

However, the second option would work only if a pressure resistant vessel could

be obtained. One of the constraints was that the pressure vessel had to be transparent



over some _portion of its surface. The first option was to design and build a pressure
vessel. This of course introduces many uncertainties into the system because no matter
how well designed the vessel was, it would be basically untested. The design would also
most likely be complex because light must be allowed to travel in many directions.
Options for testing this vessel were also severely limited.

Fortunately, a perfect solutioﬁ was
found: A deepwater instrument housing.
The entirely transparent instrument housing
is made of low expansion borosilicate glass
and is tested up to an equivalency depth of

6000m. It was purchased for $395 from

Benthos Inc., which is located in Falmouth

Figure 3: glass instrument housing

MA. Literature on sphere specifications can be

seen in appendix A, Glass Instrument Housing. The sphere is made of two halves, thus
components inside can be accessed very easily. Positive pressure on the outside of the
sphere keeps the sphere sealed. Normally a2 vacuum port is added to the sphere but this
attachment was $120. It is possible to seal the sphere by heating the air inside, closing it,
and then cooling the sphere. This way the gas inside the sphere becomes less active as it
cools and therefore creates less pressure. The watertight seal 1s maintained by placing a
pliable butyl rubber strip around the seam and covering it with three layers of black vinyl
tape. This method was more time consuming than the vacuum port but was feasible and

saved money. It has enough space inside to install batteries and other components, yet



small enough to fit inside the trap. It was also safer to put electric circuits inside the
sphere because it was made out of non-conducting giass.

The next step was to find a light source that is bright enough, and a béttery to
power that light source. After several different considerations, it was decided that LED’s,
Light Emitting Diodes, were the best option. l
Compared to other types of light sources, LED’s
consume very little power, yet it still produces a
bright light, from 600mcd 28,000mcd. A light
with a small viewing angle and 28cd luminous

intensity is too bright to look at. LED’s are also

more tolerant to pressure change than traditional
light bulb because they do not contain any gas. Figure 4: LED's and resisters
It also produces significantly less heat compared to the light bulb. The LED is very
small, less than 1cm wide, thus it was possible to line up several LED’s and fit them
inside the sphere. The LED is made of a tough epoxy, which means it is more durable
and shock resistant than conventional incandescent light bulbs.

Figure 5 below is a graph of energy penetration verses wavelength and shows a
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Figure 6: LED s in series

peak at 500nm, which is blue green light. This means that light of this wavelength will
travel the farthest distance in ocean water. The brightest LED found fortunately
produced light at 500nm with 28,000mcd luminous intensity over a 15° viewing angle.
Detailed specifications for this LED can be seen in appendix A, LED Specifications. It
was also presumed to be close enough to blue to be attractive to the squid. The circuit
configuration was determined by comparing the specifications of the LED and the power
output of the battery. It was calculated that it was possible to have 3 LED’s and a resister
in series with a 12volt battery. Shown at top is a diagram of the LED circuit. Three
LED’s and a resistor can be placed in series with a 12-volt battery. The resistance
required was found to be 75Q2. Calculations for this configuration can be seen in
appendix A, Resistance Calculation. The battery could not been too large due to the set
dimension of the sphere. A simple program was created that took the dimensions of
batteries and tested their compatibility with the sphere. Two 12 V batteries, rated for 20
Amp-hours were determined to provide the most power for the space allowed. These
batteries were capable of running 30 LED’s for at least 8 days. Battery duration
calculations and specifications can be seen in appendix A, Battery Duration. Each

battery had an independent LED loop which provided some redundancy to the system. If



one of the circuits fails, the other should still function. The LED can be easily mounted
on the circuit board with solder, and does not require any special equipment or skill. The

LED’s are also relatively inexpensive.

Resisters

12volt L
Battery ————

LED's

AV Vi

Figure 7: LED circuit configuration

The batteries and LED circuit could not be directly mounted to the inside surface
of the sphere because it is very difficult to attach fasteners to the smooth surface. Instead
a frame made of 14" PVC piping was built to restrain the components. PVC was chosen
because of its ease of construction, accessibility and its cost. This frame was constructed
" so that each comer would contact the inner wall of the sphere, holding the battery in

place. Black vinyl tape was placed at each corner to prevent the frame from sliding.

Finally, the battery was tied down to frame with zip-ties.

Figure 8: PCV pipe frame and battery 8  Figure 9: Frame and battery configuration



The LED’s were mounted on a %2 inch wide strips of circuit board. Each strip had
3 LED’s in series with a resistor, and each battery was connected to 5 of these strips in
parallel. The LED strips were set up to face out
in all directions. Strips of perfboard were used
to mount the LED strips to the frame. Fishing

line was used to tie the strips together because it

is strong and does not conduct electricity.

Figure 10: LED circuits set up

Figure 11: Complete set up of lure system



Trap Design Criteria

Physical size
The trap must have room for the lure to fit inside and still
accommodate squid.

Mechanical Strength
This trap must withstand the pressure at depth of 6001, and any
impact it may experience from chains, lines, or during the
deployment/retrieval process.

Transparency
The light is used to attract the target squid, which is instalied inside
the trap. Thus the light must be visible from the outstde of the
trap.

Restraint configuration
Stoloteuthis leucoptera is less than an inch wide and about 2 inches
long. There cannot be any openings that are large enough for them
to go through other than the entrance.

Cost

The trap must be built within budget.

10



Trap Design

The first step in building the trap was |
to find a frame that was strong enough for
this purpose. It needed to be strong and still
let light pass through. Thus a commercial
lobster trap frame was chosen. The strength

and durability of the trap was already proven

by the usage that it gets by the lobster fishing.

Figure 12: Lobster trap frame

The wire mesh of the trap should provide

enough protection for the inside, and should not prevent light from passing through. The
trap already has a large hinged panel on the top for access. The lobster trap was
relatively cheap, easy to obtain, and easily modified if required. The trap was special
ordered from B & B Trap Co. in York, Maine, at cost of $23.

The mesh of the trap was too large for the squid so the inside of the lobster trap
was covered with acrylic sheets. The acrylic sheets were somewhat flexible, durable, and
resistant to shattering. Lexan was considered for the inside paneling because it is more
durable than acrylic. However, acrylic has 90% light transmission and Lexan has only
60%. The top panel of the trap was covered with acrylic sheeting as well to limit the
amount of water flow through the trap and the stress on the squid during retrieval. Since
it is completely transparent, the light should be clearly visible from outside. The acrylic
sheets were also easy to work with, and were available inexpensively at hardware stores.

Instead of acrylic, thick CPVC sheeting was used for the bottom of the trap

because it has less of a tendency to shatter and was free. The bottom, where the glass

11



sphere was to be installed, needed to be as

strong as possible. The bottom of the trap
“ did not need to be transparent, since it sits

on the top of the anchor. The bottom two

inches of the trap was sealed with silicon

sealant. This should keep some water at

the bottom of the trap so that the

Figure 13: CPVC sheeting for bottom

squids would still be submerged in the
water when the trap was retrieved. All of the plastic sheets were attached to the frame by
zip-ties.

The trap was divided into three
chambers by acrylic sheets. The sphere was
placed at the middle chamber at the center of
the trap. It was set up so that the sphere sits

1n & hole on the floor of the trap, and the

bottom 3 inches of the sphere is actually
Figure 14: showing three chambers with sphere

s »

outside of the trap. This makes the light
source placed at the center plane of the trap,
and prevents the sphere from moving. A
protective cage was attached to the bottom

of the cage to protect the sphere where it

was exposed. Rubber tape was placed
. Figure 15: Protective cage underneath trap

12



around the rim of the hole to form a watertight seal and protect the sphere. The sphere is
tied down to the trap by zip-ties through two loops of string attached directly to the
bottom frame of the trap. The sphere can be removed from the trap easily, and the trap
does not need to be resealed.

The most important component of the trap was the entrance in that it must allow
the squid in with as little resistance as possible but also prevent them from leaving. An
entrance with moving trap door was considered, but moving parts would make
construction difficult and refiability a concern. It was decided to use a stationary
entrance with two different shapes: rectangular and circular, The different types of
entrance would increase the chance of a squid entering the trap, in case one of the
entrances discourage them.

The rectangular entrance was
made with pieces of acrylic sheets put
together into V-shape. The outer wall
entrance was made larger to increase the

chances of squid entering the trap. The

inner entrance was smaller to increase

Figure 16: Rectangular entrance

the chances they would stay. The

openings on the wall were about 2 inches high, and 12 inches wide on the outer wall and
6 inches on the inner wall, The entrances were put together and secured on to the trap by
marine sealant/adhesive and zip-ties. The circular entrance was made with the top
portion of a 20 oz soda bottle because it had the nght cone shape and size. Two

entrances were placed on the outer wall and one was placed on the inner wall. All of the

13



pieces were glued to the wall, pointing
inward, with extra plastic sheeting to
increases the contact area of the glue. Both
types of entrances had the inner edge lined
with the “exit prevention device.” These

were made out of end pieces of the zip-ties,

pointing inwards. It is very easy to push

Figure 17: Circular entrance

into the trap, however, it is difficult to find a

way out.

14



CHAPTER III
MOORING SYSTEM DESIGN AND CONSTRUCTION
Major Considerations

There are two factors that can affect the mooring system and cause it to fail. One
is human interference and the other is environmental interference, such as wave action,
tides, etc. Human interference can deliberate or unintentional. Deliberate contact, such
as cutting mooring lines, would most likely occur at the surface so the surface floats must
be designed with this is mind. Unintentional interference occurs when a ship collides
with the surface buoy. Fishing gear and trawl nets may also become entangled in
mooring lines or bottom gear.

Ideally, the system would be tested in the warmer months when the sea is more

44005 SIGNIFICANT WAVE HT. (METERS) 12/78-12/93

F12

=10

T Moans;
23 22 21 18 13 12 5 10 13 16 23
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' M ,
20 '

Figure 18: Significant wave height at buoy 44005

sedate. However, time constraints only allow for a March deployment test. Shown in

figure 18 is data taken from buoy 44005, which is located in the Gulf of Maine. The

15



average significant wave height between 1978 and 1993 is 2. 1m for the month of March.
This is the 4™ highest. March also has the highest recorded significant wave height at
10m. This is the wave height that must be designed for. The “hundred year wave” must
be considered as well, which was taken as 100ft.
Final Design

Initial research showed that the components of a complete moonng system,
including rope, buoy and anchor would be beyond the project budget. The alternative to
purchasing everything outright was to borrow as much equipment as was possible. The
Ocean Engineering department, specifically Open Ocean Aquaculture donated the use of

a significant amount of gear. Shown 1n figure 19 is the final design of the mooring

Mooting System Design

Surface float vith light and
Spat Buoy radar reflector

Depth: &10'
Spacng: 700°

. Sub-surface steel ball buoy
S econdaty Mogring

Weight - \Weight.

Figure 19: Mooring system design
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system.

The system is composed of two mooring lines and an intermediate ground line.
The mooring leg on the right was the original design but the second leg was added for
insurance against failure of the primary line. Aside from this, the major features of this
design are the sub-surface buoy, the s-type curve between the sub-surface and surface
buoy, and the buoyant intermediate rope.

Primary Mooring

Sub-Surface Buoy

The purpose of the sub-surface buoy was to keep tension on the lower leg of the
mooring line. This keeps the mooring from pounding on the trap. It also functions as a
buffer between the sub-surface buoy and the anchor. Wave énergy decays with depth so
a surface float placed at 100ft or deeper would not feel the waves. This is advantageous
for any mooring system because movement is what causes failure, If the trap and anchor
can be kept static, then chances of survival increase. This also makes a more welcoming
setting for squid.

The problem with having a sub-surface buoy is that the mooring line can become
entangled. However, this can be avoided with an S-type configuration, which can be
seen in figure 19. This “S” is created by using both negatively and positively buoyant
ropes spliced together. Our system uses %" nylon with a specific gravity of 1.14 and %”,
buoyant polysteel with specific gravity of 0.93. The polysteel is attached to the top of the
sub-surface float. Nylon is shackled to the bottom of the chain attached to the surface
buoy and spliced into the polysteel. By balancing the buoyancy of each rope, an “S” is

created. The mooring line therefore floats off of the top of the sub-surface buoy and

17



sinks off of the bottom of the surface buoy. The amount of rope used allows the surface
buoy to travel with waves, tides, and currents but the rope will not become entangled in
either the sub or surface buoys at any time. The calculations that accompany this line of
thought can be seen in appendix B, “S” Configuration Bucoyancy Calculation.

There were two options for a sub-surface
float. The Ocean Engineering depaﬂmeﬁt has
trawler balls, seen at right in figure 20, which are
rated to 450m and have 7lbs of buoyancy. A
configuration of several balls could provide the
buoyancy needed. However, this is an untested

and unreliable design. The other option was to

purchase a sub-surface buoy. Steel balls,

syntactic foam, and glass balls are ali used for 8"’ e -' . 1’ HS _
sub-surface buoyancy. A 28 “ steel ball with
350Ibs of buoyancy and costs $800. A 28in

steel ball was purchased from Peter Clay of

Mooring Systems in Cautamet MA with a

significant discount for $200 and can be seen at

right in figure 21. Dr. Ken Baldwin, head of the

Figure 21: Steel sub-surface buoy

Marine Program, also agreed to cover half of the
cost if the ball was donated to the Ocean Engineering department at the termination of

ACSL.

18



Primary Surface Buoy

The OE dept., specifically OOA, Open
Ocean Aquaculture, owns several 37” steel
balls. One of these 37 spheres, a picture of
which can be seen at right in figure 22 was used

as the pnimary surface buoy. These spheres cost

$2000 and similar buoys are on the same price Figure 22: 37" steel ball

scale. The cheapest alternative was a

cylindrical, foam buoy for $500. The steel ball is more reliable and free of charge. The
only difficulty with the steel ball were that the only attachment points are two opposing
rounded tabs with one inch holes. This is a problem because it does not leave much to
attach a radar reflector or buoy light to. These buoys are also good wave followers and
energetic surface floats, which is bad for cur
system. The movement of the buoy with 750lb
buoyancy was damped by adding 300 lbs of 17
long link chain. This was also donated by OOA

in 5ft sections. The top three shackies along

with the connection to the buoy were welded to

. i

Chief Quartermaster Jack McLaughlin of the USCG recommended adding a light

and high-flyer to make the buoy more visible and prevent accidental human interference.

19



However, all there was to attach such a device was the 5/8” tab with a 1” hole seen in

figure 23, as mentioned earlier.

Figure 24: Steel bracket on the primary surface buoy

A bracket was designed, fitted, and built on the buoy to act as a platform for the
light and to secure the high flyer to the buoy. Again the materials were donated by the
OE dept. Quarter inch steel plate was used for the platform and 2” and 6” stock was used
for the rest. A 1147 pipe was attached to the side as a sheath for the high flyer (radar
reflector). This bracket can be seen above in figures 24.

The high flyer is composed of 10”radar reflector and a 5 12’ of 1” aluminum pipe,
both of which were purchased from NEW England Fishing Gear in Portsmouth NH. As
you can see in the photo two slots were cut in the 1 ¥%” steel pipe and two U-bolts were
fitted to these grooves in order to secure the
pipe. A two nautical mile light was
purchased from Watermark Navigation
Systems for $150. This light was originally
priced at $259 but it was surplus from a
company that was taken over. A Zinc anode

was added to the bottom of the top plate as

Figure 25: Complete primary surface buoy
20



insurance against corrosion, The bracket was also painted. The fimished product for the
primary buoy can be seen in figure 25.

The US Coast Guard must approve all private aids to navigation. Chief
Quartermaster McLaughlin also suggested using yellow for the signal light and as the
color for the buoy as it is the USCG designated color for aids classified as “other”. He
also suggested staying away from hazards in the Gulf of Maine such as unexploded depth
charges. Fishermen were also consulted for an ideal site.

Primarv Anchor

The primary anchor was made
of two concrete blocks in a steel
framework. The concrete blocks were
made from excess concrete and forms
from another project. They were made

by pouring the extra concrete into two

2 X 3 fi, box shaped, black plastic Fé oy nre}é Moe ks |

floats. The two blocks can be seen at

right in figure 26. Each block weighed 500lbs in air and 230lbs in water. These values
were obtained using an Omega Engineering model LC101-5k 5000Ib load cell. When
combined with the iron frame and relevant chain, the anchor weighed 1200]bs in air and
7001lbs in water. This of course made the anchor difficult to handle. Construction took
place in the OE high bay, which has a ¥ ton chain fall and a 2-ton stationary crane.

When completed our anchor would be too heavy for the chain fall, so the crane had to be

used. However, the welder needed to make the frame was also quite unwieldy and
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located on the opposite side of the building. The solution to this problem was to either
make the anchor in sections or make it mobile. The sectioned anchor frame was more
complex and prone to failure so the mobile idea was used. The solution was to build a
platform for the anchor that could be moved with a pallet jack, which was rated for
3500lb. This way the anchor could be moved to the crane upon completion. Glen Rice
performed all welding.

Angle iron was used for the frame because
it cupped the edges of the block well and was
available free of charge from the OE department.
Flat 2” X V4" steel was used for the intermediate

lengths as you can see in the picture at right. The

i s

Figure 27: Angle iron frame

corner pieces were added to reinforce the joints

but also to follow the contours of the bottom of

s i
t Figure 29: Bottom fit

S

Figure 28: Bottom of floa

the float and increase stability. This can be seen in figure 28. The bottom of the frame

was designed and built so that it would fit in the grooves in the floats as seen in the 29.
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Four posts were extended off
of each comer of the anchor to raise
the chain away from the trap, which
sits on top of the anchor. This was
done to prevent interference between
the actual trap and the chain. The

connection points on each post is

sumply a link of 2" long link chain Figure 30: Four posts on primary anchor
welded into the crease of the angle

iron and can be seen in figure 30. This was the least complicated and easiest solution to
apply. These points were strong enough to support double the weight of the anchor taken
at a very small angle from the horizontal. This was proven when the anchor was lifted

onto the boat by using only two of the connections with a horizontal chain between them.

The finished product can be seen at below.

Figure 31: Complete set up for anchor and trap
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Secondary Mooring

The secondary mooring was added to
provide insurance should the primary line fail. A
480Ib steel, hexagonal cone was used as the
weight with a 5ft spar buoy. The buoy was

donated by OOA and the weight was borrowed

from an old oceanographic project. Pictures of :
L Figure 32: Secondary anchor
these can be seen at right in figures 32 and 33,

Polysteel was used for the ground line because it would
support the weight of the primary anchor during
deplovment. Also should both buoys be lost, the
buoyant polysteel ground-line would provide a nice

loop and a great target for grappling to recover the gear.

Polysteel was also used for the secondary mooring hine

because it”s cheap relative to its strength and buying in

bulk is more economical.

Figure 33: Secondary spar buoy

Figure 34: Prepared mooring lines
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CHATPER IV
SYSTEM TEST
Dynamic Analysis
The objective of this test was to predict the loads on the mooring line in

order to make sure the system will not fail and to see if an adverse resonant condition
existed. Only the primary leg was considered as it bore the most weight and was more
important. To do this, a mathematical and physical model were designed and tested
given a sine wave as input. Results predict that the proposed design will remain intact
and the line will not break. The maximum predicted load from the mathematical model
was S000N, which was lower than the physical model, which predicted the maximum
load as 6010N. The estimated working load of the mooring line proposed for the actual
system is 66720N or 15000lbs. The predicted loads are well within the limitations of the
actual system specifications.

The breaking strength of the nylon and polysteel line in %" dimension were both
15,000lbs. Our primary anchor was only
7001bs in water and 1200lbs in air.
However, a dynamic analysis of the
primary mooring was conducted to find
out exactly what type of loads the

mooring might experience. This test

would also provide the safety factor

associated with the rope. The primary

Figure 35: Dynamic testing in wave tank

mooring was modeled using
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computational methods such as Simulink and
Mat-lab as well as physically modeled and
tested in the Jere Chase OE 120ft wave tank,
which can be seen in figure 35.

The physical model can be seen at right
in figure 36. The float at top is cormécted to
tarred line, which is attached to elastic
members taken from a bungee cord. The

weight of the anchor at the time of the test was

assumed to be 1500lbs. This figure was

Figure 36: Physical model

modeled using concrete and lead weights. The

spring constant of the actual system was scaled to this dimension and the elastic was
tested with known weights. All of these factors were scaled with Froude’s methods and
can be seen in appendix C, Model Scaling Methods. The rope would experience the
highest loads during deployment so this was the condition modeled. The Gulf Challenger
was approxunated with the float seen in the figure, which was a much better wave
follower and would provide the worst-case scenario (largest loads). A Va bridge
waterproof load cell was placed in line between the anchor and the mooring line. Test
equipment and interconnection table can be seen in appendix C, Equipment
Interconnection Schematic. This data was plotted against wave staff data and can be seen
in appendix C, Test Data. A summary of sampling conditions can be seen in appendix C,

Sampling Conditions.
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The anchor, rope, buoy system can be mathematically modeled as a mass-spring-
damper system, much like the suspension in your car. This can be seen below along with
its Simulink counterpart in figures 37 and 38. Parameters from the actual system and the
scaled down version were run through the model separately. The comparisons of the two
tests are as follows. These results were obtained by scaling the maximum, minimum, and
average tension from the physical test and comparing it to the scaled up mathematical

model. The safety factor was determined to be 11.

Model Min. Tension (N) Av. Tension (N) Max. Tension (N)
Physical 2338 4048 6010
Mathematical 3005 4000 5050
% Difference 21.20 1.19 15.97

Table 1: Results from dynamic analysis

Mathematical Madel

xl
| ] -
Spring(k)y
x2
Mass —
Mass
Damper (b)
Figure 37: Mathematical model Swrrounding-
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Figure 38: Simulink model

The equation of motion for this system was determined to be
mx, + k(x,- x)+bx,=0

Where: m = mass, including virtual mass
k = spring constant
b = damping constant
x; = position of float
X2 = position of mass
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System Function

Upon completion of the entire system, including mooring and trap, the main
components of the system were assembled and tested in the OE Engineering tank. One of

the main reasons for this test was the sphere. The lights were activated and the sphere

was sealed before it was secured in the trap, which was placed on top of the anchor. The

Figure 39: Complete set up for trap during system function test

te;st demonstrated that the sphere functioned properly and did not leak. The hope was to
work out any unforeseen bugs before the actual deployment. The method of assembly
was then practiced to make deployment in the field easier and go smoother. Shown
above and below in figures 39 and 40 is a series of photos taken during the test, which

lasted 2 days.

Figure 40: Anchor/trap interaction with sub-surface buoy
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CHAPTER V

DEPLOYMENT AND RETRIVAL PROCESS

The mooring system was designed for a specific deployment and retrieval
process. First, the surface buoy and the sub-surface buoy are dropped in the water, and
the primary line is let out. Then, the primary anchor is picked up by the A-frame of the
Challenger and lowered to the bottom with the winch using the intermediate ground line.
The line between two anchors is designed to be longer than the depth of the water, so that
the secondary anchor does not need to be deployed until the primary anchor hits the
bottom. The secondary anchor is then lowered down to the bottom with the secondary

mooring line and the secondary buoy is dropped. For retrieval, the process is simply

reversed.

Figure 41: A-frame and winch Figure 42: Retrieval in process
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In the actual process, the deployment went almost exactly as it was blanned‘
There were no major problems. However, there was a small problem for the retrieving
process because the secondary buoy was missing. It was assumed to be pulled under by
either wave or a drag net and sank. The retrieval had to be done with primary mooring
line, which presented a few minor problems. First, the weld on the shackles on surface
buoy had to be ground off to disconnect the chain. Second, The sub-surface bucy had to
be disconnected because it was in-line and obviously would not pass through the winch.
Each time the line was disconnected from the winch and a safety line was used to hold
the line. Even though the primary line was not designed for retrieval, there weren’t any

major problems, and everything was successfully retrieved.

Figure 44: Retrieved components

Figure 43: Retrieving primary buoy

31



CHAPTER VI
RESULTS AND CONCLUSION
Results
The trap contained 7 hake, 3 different species of shrimp, and 4 Jonah crabs upon
retrieval. No squid were found in the trap or in the stomachs of the hake. A dissection of
the hake can be seen in figures 45 and 46 with the other contents of the trap. The fact
that squid were absent could be caused by several reasons. There might not have been
any squid in the vicinity, they might have entered and escaped, been scared off by the
fish, shrimp or other activity, or were just not attracted to the light. The wide assortment
of animals found in the trap suggests a broad appeal of bright light in an environment

devoid of light. It is therefore reasonable to think the cause was one of the other three.

Figure 45: Catch of the day Figure 46: Dissecting

The trap was dropped off at 43 02.77 N 069 58.87 W, and picked up at 43 02.82
N 069 58.94 W. Wave data from the 10 day period can be seen in appendix D, Sea
Conditions 3/19 — 3/29. A severe Nor’easter blew through the Guif of Maine between the
23 and 25 of March, which created large waves. Data taken from buoy 44011 in the Gulf
of Maine can be seen on the next page in figure 47. Nor’easters alﬁrays create a severe

sea conditions because they have a much greater fetch then storms that blow off the land.
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This allows the waves to pile up much higher because the wind has a greater area of

influence. The 25ft waves seen in the graph are therefore expected.

Significant Wave Height March 22-23 Buoy 44011

wave height (m)

LI LB A} | 10 2 ] 7 -1 § + 3 2 1 o B & AN x 19 18 17 18 15

Time {hr)

Figure 47: Significant wave height data (taken at buoy 44011)

The trap did not capture any squid but there was significant interest in the light as
demonstrated by the catch. The design is viable and with modifications will be more
likely to catch squid. The mooring system proved very adequate. The secondary
mooring did fail but this can be attributed to the less than ideal buoy. This float was not
rated for offshore conditions and did not have enough reserve buoyancy. It was probably
sucked under by a large wave or dragged under by a boat. A more robust buoy would
have a greater chance of survival. The reason that this buoy was used was because it was
free and the risk associated with it was acceptable because it was the secondary line to the
system.

There is no way to really know what happened while the trap was down but one
way to check it would be to put a camera inside the trap during deployment. This would

give real insight into how the trap performed and if squid were present. Other
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improvements would be modifications of the entrances. The slant-type openings were
too large and need to be changed. This is what is most likely responsible for 18” hake
entering the trap. The trap should also be left down for a shorter time period to minimize
the accumuiation of by-catch. Suspending the trap a few feet off the bottom would
prevent crabs and other benthic species from entering. Experiments with sound could
also be conducted to deter fish from entering and entice squid. The color to the light
might also be changed and a flash pattern added. The light could also be made brighter if
the time ﬁen’od is shortened. Also the trap was put down on the edge of the squid’s
known domain. If deployed in deeper water, the trap would have a higher chance of

encountering squid.
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APPENDIX A:
LURE SYSTEM

1} Instrument Housing Specifications
2) LED Specifications
3) Battery Specifications
4) Resistance/Duration Calculations



Instrument Housing Specification

EEP SEA GLASS SPHERES are a unique, reliabls, and cost-effactive alternative for flotation and the
housing of electronic instruments in the marine environment. Benthos is the world's leading manufac-
turer of deep sea glass spheres and instrument housings. Ongoing improvements confinue to insure their
high reliabiiity in extreme snvironments. Advancet! assembiy techniques and the patented VacuSealed® closure
method consistently result in high qualily, long-life spheres. Benthos continues to pressure test every sphere prior
{o shipmeant, assuring their integrity in the freld,

Deep sea giass sphares are superior to other lypes of flotation a
they are transparent, lightweighl, inexpensivs, corrosion resi
poliuting. As a result, they are preferred by oceanographers;)
experience in deep sea technology.

i, ot
Hiwide and are backed by over

DEEP SEA
GLASS FLOTATION SPHERES

Benthos patanted VacuSealed® giass
floats and instrumernt housings are manufac-
tured from pracision-molded hemispheres to
exact specifications. The edge of sach
hemispheres Is ground flat to extreme
tolerances. When used for flotation, the
hemispheres are matched, mated, and then
evacuated to an absoclute internal air
pressure of lass than 0.3 atmospheres. After
avacuation, a sealant and protective 1ape are
applied around the equator. Spheres sealed
in this method are nearly impossible 10 open
due to the force exerted upon them by the
atmospheric pressure. In the case of the
43.2 o {17 inch) diameter fioat, this force is
in excass of 880 kg (2000 Ibs.)

SPECIFICATIONS

Type: Low expansion borosilicate

Thernnal Coufficient of Expansion: 368 x 1070

Specific Gravity: 222

Young's Modulus: 62 GPa (9 x 10F psi)

Polsson’s Ratio: 0.20

Refractive index: 148

Thermai Conductivity: 0.0023 calorie cm/cm? sec®C

Specific Heat: 0.18 calorieigmeC '

Dimensions, Welght, and Depth Data  Sphere Model * Sphere Model here Modet

-10¥ 13V 2040-17V

Ouiside Diameter: 254 cm (10in.) 33em (13in.) 43.2 cm {17 in)
Insiie Diameter: 23.6cm (9.3in.} 30.5cm (12m.) 40.4 em (15.9In.)
Weight in Air: 4.1 kg (8 1bs.) 9.07 kg {20 lbs.) 17.7 kg (39 Ibs.)
Net buoyancy: 4.5 kg {101bs.) 10.4 kg (23 Ibs.) 254 kg (56 Ibs.)
Depth Rating: 8000 m (29,500 ) 9000 m (28,500 .} 6700 m (22,000 ft)



LED Specifications
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SEALED LEAD ACID BATTERIES: INDIVIDUAL DATA SHEET

LC_X‘I 220P ILC_X" 220 AP For main and standby power supplies. Expected trickle life: Approx.
6 years at 25°C, Approx. 10 years at 20°C.
Dimensions (mm)
Terminal type: LC-X1220P: M5 bolt and nut
LC-X1220AP: M5 threaded post
e 5 J=m; 209260019 (7622)
7,12620.079 (18122) g8 0.88E {22}
ad 7 =
21497 {5) 097 (5 & & Lqaa (11
N === EEE |
[ =
i & i i
S
PhotofLabel for reference anly. | uE I
| |
“he photo and dimensic nt LC-X1220P, Y [
(3} The p- al -lme ns represe [ 7.057 (179.5 2.933 (74.5)
Specifications :
Nomi 12V Battery case resin: Standard (UL94HB) Color is black,
0 om na.l voltage 2 Optional (ULS4V-0) Color is grey.
Nominal capacity (20 hour rate) 20Ah
Length 7.126 inches (181.0 mm) Discharge characteristics 77°F (25°C) (Note)
Dimensi Width 2 992 inches (76.0 mm) e
IMEnsIons Height 6.575 inches (167.0 mm) g 34| i
Total Height 6.575 inchas (167.0 mm) o 126 [i2h an
Approx. mass 14.56 bs (6.6 kg) 2 120 —‘"f--:uE K ~ ﬁ\
Standard Terminals > 108 h $
and Rasin ULB4HB M5 Bait anc M LC-X1220P § 102 AP RERHE—H  A
. . UL94H8 M5 Thieaded Post_{ & LC-X1220AP E op 208
Optiora) ermirals and| ™ w0 ws Botand x| ¢ LC-P1220P & a4 e 1
y 1 1
ULBV-0 M5 Trraaded Post | ¢ LC-P1220AP 725712 16810 20 4080 2 4 66810 20 40
+ Plese contact Panasonic for avaiiability on optional items. Optionad itams may be subjectto l— (Minuts} [ {Hour) |
minimur order quantities. Duration of Discharge
20 hour rate (1.2A) 20Ah Duration of discharge vs. Discharge current %
10 hour rate (2.2A) 18Ah
Capacity ™= 5 hour rate (3.8A) 16Ah - a0
TT°F (25°C) 1 hoLr rate (14A) 12Ah 20
1.5 howr rate discharge 98A
Cutoff voltage 10.5 V ) 18 =
. Fully charged battery 10 TN
Intermal resistance 77°F (25°C) Approx. 11mQ - A
Temperature 104°F (40°C) 102% 2 5 “\\
dependency 7TF (25°C) 100% = 4 N
of capacity 32°F (0°C) 85% B 3 ) 1 G
(20 hour rate) 5°F (-15°C) 65% B, NN L e ase
0 by
Residual capacity 91% = 1.5t =
after standing 3 months g N
Seff discharge Residual capacity 82% £ T so
77°F (25°C) after standing 6 months 21w RN
Residual capacity S | 30 - .
afer standing 12 morghs G4% el 27, NW\
i g THITTE RN
Cycle use inifial curment 8 A or smaller ] §°F (15°C) /] \\\
Charge | (Repeating 145V 10 148V S 10 A
Method use} Corirel voltage (per 12V cell 25°C) §§§\
(Constant v 5
Vollage) nitial curent 3 A or smaller
Trickie use Control voltage 13.6V to 13.8V
9 {per 12V cel 25°C) 300 500 1 3 5 10 30 50 100
{Note) The above characteristics data are average values obtained I-—(mA) I {A) ,I
within three charge/discharge. Cydles not the minimum values. Discharge current
{Note} For cycle use of the hattery, please contact us in advance. [
asSonic SLA BATTERIES JUNE 2000
or ty with rESpect o ey colls and b Cel and baltery desgns/apecifcatans are subject 1o

Thisli'imhhnisgmralydeauipﬁw only and is nol inbended Yo make of imply any reprasentation, {

midification without notice. Contact Parasonic for the katest mformation.




Resistance Calculation

Battery Voltage: V= 12volt
LED Current; Ligp = 20mA @ typical forward voltage of 3.5volt
LED Resistence: Rigp:= 3.Svolt Rigp=175Q

Iiep

V,
Resistance needed: R:= —2 _ 3Ry pp

Iiep

Duration Calculation
Battery Amp-Hour: Apogr = 20amp-hr

Current through a series of 3 LED's: Lgp = 20mA

Total Current from battery: Liota1 i= 5+l sp Lo = 0.1A
Total hours of duration: T guration := L T quration = 200 hrl
otal i

T guration = 8-333 day|




APPENDIX B:
*“8” CONFIGURATION BUOANCY CALCULATION



"S" Configuration Buoyancy Calculations

Specific gravity is the ratio of a materials density to the density of water. it is a non-dimensional
number and can be used in buoyancy calculations with any units.

The "s" type curve in the primary mooring is created by balancing the buoyancies of the nylon and
poelystell rope. Nylon and polysteel are negatively and positively buoyant, respectively,

Total length of rope = 131m Density of Saltwater at 4C
L, = 40m Psw = 1027.75
o
Nylon specific gravity = 1.14 Polysteel specific gravity = 0.93
sg, = 1.14 _ sgp = 0.93
linear density: linear density:
- ke
14, := 2162371749 %8 ldp = 1714984491 m
m
linear buoyaney caculation, (100m samgle!:. (IOOm-ldp)
—————— =18441kg
1) Find weight of water displaced. sgp
100m-1d,,
(————-—) = 18.968kg
$En

1d,-100m = 17.15kg
2) Find weight of rope.

1d, 100m = 21.624 kg (100m-1d,)
Iby100 °= ~———ot — 1d,-100M
3) Linear buoyancy _ sgp
(100m:14,)
[by;09 := ~————— — Id;-100m lbgs00 = 1.291kg
8 T
T6p100
_ Toaigo o= 00
100

I, = —0.027kg Ib, = 0.013kg



Balance Buoyancy:

The section of the ropes that will be in equilibrium is 40m. This is the section in
between the top loop of polysteel and the bottom trough of nylan,

Bouyancy polysteel = Buoyancy of Nylon
means equitibrium.

Using this relation, it can be shown that;

 ~{40m-1b,)

" T, )
L,=26916m
L= Le- L,

L, = 13.084m



APPENDIX C:
DYNAMIC ANALYSIS

1) Model Scaling Methods
2) Equipment Interconnection Schematic for Data Acquisition
3) Test Data
4) Sampling Conditions



Model Scaling
Initial assumptions:

Let p for salt water = 1025 kg/m?

Concrete anchor physical size is 0.9144 m wide x 1.219 m Ig x 0.2413 high
Test wave height =0.2 m

Average actual wave height for ocean location =2 m

Average actual wave period for ocean location = 5 sec

Froude scaling factor A.=0.2/2=0.1

Using Froude scaling theory', the model’s scaled parameters are summarized as follows:

Model Parameter Scaling Summary

Parameter Actaal Model
Wave Height | 2m - 02m
Period 5 sec 1.581 sec
Damping Coefficient (b) 1200 kg/m 12 Kg/m
Spring Constant (k) 875.6 N'm 8.756 N'm
Mass (in water) 528 kg 0.528 kg*
Added Mass* 1042.88 kg 1.0429 kg
Virtual Mass® 1570.88 kg 1.5709 kg

* Model mass measured and confirmed

! Chakrabarti, Subrata Kumar, Offshore Structure Modeling, World Scientific Publishing Co, Singapore,
1994, pg 32-36

? Berteaux, Henri O., Coastzl and Buoy Engineering, Published by Author, Woods Hole, Ma 02543,
pg 86




Virtual and Actual Mass Calculations

The added mass and virtual mass were determined as follows:
2a=0.9144m = a=04572m

2b=0.2413m = b=0.1207m

ki = 1.271 (Given constant’)

- Addedmass = ki *p*n*a?*1.219 =1042.883 kg

Virtual mass = actual mass + added mass = 528 + 1042.883 =1570.88 kg

Model physical size

Length

Width

1.219*A = 0.1219m  (4.8")

09144 %3 =0.09144m (3.67)

Height = 02413 * A = 0.02413m  (0.95”)



Determine Damping Constant b

Given dimensions of anchor:

3 ft wide x 4 ft long (planar area)
Fluid damping = b =Co(pV* A %) = b=Cp(pA)?
From linear interpolation® = Cp =2.1
p = 1025 kg/m® @ 20° C, 1 atm, 30% salinity (1.989 slug/ ft*)

A=3ftx4ft =12 ft?
VZ= (x2 dot —x3dot) *
b=C(pA)r =

b = (2.1) (1.989)(12) (%) = 25.059 1b*s*/ft* = 1200 kg/m

? White, Frank, Fluid Mechanics, pg 458
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Test Data

—e—Wave height(cm) —=-—L-cell (N}
Test 1
Wave vs. Tension
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Wave vs. Tension
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Test Sampling Conditions

Test Sampling Conditions Summary

Sampling Rate
Test Number Comments
Frequency [Hz] Duration [sec]

Static ] 15 20 Two static tests were
conducted to check for

Static 2 15 20 possible drift in
instrumentation

Dynamic 1 15 20 Three tests conducted under
identical conditions to

Dynamic 2 15 - 20 check for drift impact

Dynamic 3 15 20

Dynamic 4 15 60 Longer duration chosen to
evaluate posstble term

Dynamic § 25 60 effects




APPENDIX D:

SEA CONDITIONS 3/19 - 3/29



Standard Meteorological Data at Buoy# 44011 from 3/19/2001 to 3/29/2001

Taken from National Buoy Data Center website: http://seaboard.ndbc.noaa.govidatairealtime/44011.txt

FTDY TIDE

g
o
H
w0

YYYY MM DD hh WD W

U
3
7]
o
=]

WVHT DFD APD MWD BARO ATMEF WIMP DEW

2001 03 29 14 070 231.0 4.0 1.2 7 MM MM 1030.5 4.7 4.4 MM MM +2.2 MM
2001 03 28 13 060 3.0 4.0 1.2 3 MM MM 1025.5 4.7 4.4 MM MM +1.6 MM
2001 03 2% 12 060 5.0 6.0 1.4 ? MM MM 1020.2 4.4 4.4 MM MM +1.1 MM
2001 03 2% 11 2%0 3.0 3.0 1.4 3 MM MM 1028.2 4.3 4.4 MM MM +1.0 MM
2001 03 29 10 2%0 4.0 5.0 1.5 6 MM MM 1028.2 4.2 4.4 MM MM +1.1 MM
2001 93 29 98 270 5.0 6.0 1.6 6 MM MM 1028.1 4.3 4.4 MM MM +1.5 MM
2001 03 2% 08 270 7.0 B.9 1.6 & MM MM 1027.21 4.0 4.4 MM MM +1.7 MM
2001 03 39 07 27 B0 5.0 . 1.5 & MM MM 1027.2 4.9 4.4 MM MM +2.1 MM
2001 03 29 06 270 T.0 B.Q 1.6 7 MM MM 1026.6 4.0 4.4 MM MM +1.5 MM
2001 03 25 05 270 &.0 7.0 1.7 & MM MM 1025.6 3.9 4.4 MM MM +0.6 MM
2001 03 29 04 280 6.0 B.0 1.7 7 MM MM 102E.1 3.9 4.4 MM MM +0.8 MM
2091 03 29 03 280 7.0 B.0 1.7 7 MM MM O L025.1 e 4.4 MM MM +1.8 MM
2001 03 2% 02 280 7.0 %.0 1.8 7 MM MM O20R5.0 3.9 4.4 MM MM +2.2 MM
2001 03 29 01 270 8.0 10.0 1.9 7 MM MM 1024.13 3.6 4.4 MM MM +2.2 MM
2001 03 29 0O 270 8.0 10.0 1.9 7 MM MM 1023.5 3.8 4.4 MM MM +2.0 MM
2001 03 28 23 270 5.9 11.0 2.2 & MM MM 1022.8 3.5 4.4 MM MM +1.7 MM
2001 03 28 22 260 0.0 12.0 2.1 7 MM MM 1022.1 3.6 4.4 MM MM +1.1 MM
2001 02 28 21 260 -1.0 12.0 1.2 & MM MM 1021.5 3.8 4.4 MM MM -0.0 MM
2001 03 28 20 270 0.0 11.0 1.9 6 MM MM 1021.1 3.6 4.4 MM MM -0.B MM
2001 93 28 19 270 0.0 12.9 2.0 ? MM MM 1021.0 3.5 4.4 MM M -0.8 MM
2001 03 28 18 270 9.0 11.0 2.0 ? MM MM 1021.3 3.2 4.4 MM MM -0.6 MM
2001 03 28 17 260 0.0 12.0 1.6 7 MM MM 1021.2 3.1 4.4 MM MM +0.4 MM
2001 03 28 16 260 9.0 10.0 2.1 7 MM MM 1021.8 3.1 4.4 MM MM +0.8 MM
2001 03 28 15 280 8.0 10.0 1.8 ] MM MM 1021.9 3.1 4.4 MM MM +1.0 MM
2001 03 28 14 270 8.0 §.0 1.8 8 MM MM 1021.5 3.c 4.4 MM MM +1.0 MM
2001 Q43 28 13 270 8.0 10.0 2.0 7 MM MM 1021.0 2.8 4.3 MM MM +1.1 MM
2001 02 28 12 280 EB.0 5.0 2.2 ? MM MM 1020.% 2.8 4.3 MM MM +1.5 MM
2001 03 28 11 280 B.0 10.0 1.8 7 MM MM 1020.5 2.9 4.3 MM MM +1.6 MM
2001 03 28 10 280 9.0 11.0 2.2 ] MM MM 1015.2 2.8 4.3 MM MM +0.8 MM
2001 03 28 09 280 9.0 11.0 2.1 :] MM MM 1010.4 2.8 4.3 MM MM 0.0 MM
2001 03 28 08 280 0.0 12.0 1.8 7 MM MM 101B8.% 2.8 4.3 MM MM -0.86 MM
2001 03 28 07 300 10.0 11.0 2.1 7 MM MM 1019.1 2.0 4.3 MM- MM -0.3 MM
2001 03 28 06 270 B.0 10.0 2.0 8 MM MM 1015.4 1.4 4.3 MM MM +0.0 MM
2001 03 2§ 05 250 §.0 11.0 1.8 [} MM MM 1019.5 1.6 4.3 ¥M MM +0.5 MM
2001 03 28 04 270 B.0 10.0 2.1 ? MM MM OL019.4 1.1 4.3 MM MM +0.5 MM
2001 02 28 03 280 5.0 11.0 2.2 8 MM MM 1019.2 1.7 4.4 MM MM +1.2 MM
2001 03 28 02 270 B.0 10.0 1.9 ] MM MM 101%.0 1.6 4.4 MM MM +1.3 MM
2001 03 28 01 280 7.0 9.0 2.0 -] MM MM 1018.% 1.8 4.4 MM MM +2.4 MM
2001 02 28 Q0 290 B.0 9.0 2.1 B MM MM 1018.0 1.6 4.4 P MM +2.2 MM
2001 03 27 23 300 5.0 11.0 2.3 13 MM MM 1017.7 1.3 4.4 MM MM +3.0 MM
2001 03 27 22 300 10.0 12.0 2.6 ] MM MM 1016.5 2.0 4.4 MM MM +2.3 MM
2001 03 27 21 320 11.0 13.0 2.9 8 MM MM 1015.6 2.1 4.4 MM MM +2.3 MM
2001 03 27 20 320 9.0 :1.0 2.8 g MM MM 1014.7 2.0 4.4 MM MM +2.1 MM
2001 03 27 15 340 11.0 13.0 2.3 8 M MM 1014.2 0.8 4.4 MM MM +2.3 MM
2001 03 27 18 350 5.0 6.0 1.9 -] MM MM 1013.3 2.3 4.4 MM MM +1.4 MM
2901 03 27 17 360 &£.0 7.0 1.8 7 MY MM 1012.6 2.7 4.4 MM MM +0.9 MM
2001 03 27 16 280 8.0 10.0 2.0 8 MM MM 1011.9 3.2 4.4 MM MM +0.9 MM
2002 02 27 15 3¢0 S.0 7.0 1.8 3 MM MM 1011.9 3.1 4.4 MM MM +1.7 MM
2001 03 27 14 280 8.0 10.0 1.8 & MM MM 1031.7 3.4 4.4 MM MM +2.0 MM
2001 03 27 13 28O0 9.0 11.0 1.9 -1 MM MM 1011.0 2.6 d.4 MM MM +2.5 MM
2001 03 27 12 260 12.0 15.0 1.3 g MM MM 1010.2 2.5 4.4 MM MM +1.§& MM
2001 03 27 11 320 6.0 8.0 1.5 g MM MM 1005.7 3.8 4.4 MM MM +0.4 MM
2001 03 27 10 100 &£.0 8.0 1.6 1e MM MM L00B.3 4.3 4.4 MM MM -1.4 MM
2001 03 27 0% 080 8.0 %.0 1.8 -] MM MM 1008.6 4.3 4.4 MM MM -2.3 MM
2001 03 27 0B 0OBOD 5.0 6.0 1.4 -] MM MM 1005.3 4.3 4.4 MM MM -2.4 MM
2001 93 27 07 070 7.0 S.0 1.4 8 MM MM 1005.9 4.1 4.3 MM MM -2.4 MM
2001 03 27 06 060 7.0 A.Q 1.3 11 MM MM 1010.% 4.3 4.3 MM MM -1.8 MM
2001 03 27 05 080 6.0 B.0 1.2 8 MM MM 1011.7 4.3 4.3 MM MM -1.7 MM
2001 03 27 04 080 7.0 B.O 1.2 11 MM MM 1012.3 4.3 4.4 MM MM -1.1 MM
2001 02 27 03 070 7.0 B.D 1.0 11 MM MM 1012.7 4.0 4.4 MM MM -1.2 MM
2001 03 27 02 08B0 7.0 8.0 1.1 11 MM MM 1013.4 3.9 4.4 MM MM -D.4 MM
2001 43 27 01 950 6.9 8.0 1.0 13 MM MM 1013.4 3.6 4.4 MM MM -0.7 MM
2001 (03 27 00 080 &.0 6.0 1.1 ] MM MM 1013.%9 3.5 4.4 MM MM -0.4 MM
2001 02 26 23 070 6.0 7.0 1.1 a MM MM 1013.8 3.2 4.4 MM MM -0.3 MM
2001 03 26 22 060 5.0 6.0 1.1 ] MM MM 1014.1 3.6 4.7 MM MM -0.7 MM
2001 03 2§ 2) 070 4.0 5.0 1.1 a MM MM 1014.3 3.6 4.6 MM MM +0.0 MM
2001 03 26 20 060 3.0 5.0 1.1 L} MM MM 10l4.7 2.6 4.4 MM MM +0.5 MM
2002 03 26 1% 030 4.0 4.0 1.2 13 MM MM 1014.8 3.6 4.5 MM MM -0.0 MM
2001 03 26 18 030 4.0 5.0 1.1 8 MM MM 1014.4 3.6 4.7 MM MM -0.6 MM
2001 03 2¢ 17 050 5.0 6.0 1.2 -] MM MM 1014.2 3.8 4.6 MM MM -0.4 MM
2001 03 26 15 050 5.0 ©.0 1.2 ? MM MM 1014.6 3.5 4.4 MM MM +0.0 M
2001 93 26 15 050 5.0 €.0 1.3 g M4 MM 1015.0 3.6 1.4 MM MM +0.3 M
2001 03 26 14 040 5.0 7.0 1.3 8 MM MM 1014.6 3.6 4.4 MM MM +0.0 MM
2001 03 26 12 030 5.0 7.0 1.4 -] MM MM 1014.4 3.5 4.4 MM MM -0.3 MM
2001 03 3¢ 12 030 5.0 6.0 1.8 8 MM MM 1D14.7 3.2 4.4 MM MM -0.3 MM
2001 03 26 11 030 5.0 6.0 1l.¢ -] MM MM 1014.4 3.1 4.4 MM M -D.6 MM
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