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ABSTRACT

Stoloteuthis Ieucoprera 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 m 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 sti6'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 I

INTRODUCTION

Purpose

Stoloteuthis leucoptera is a benthic squid Rom the family Sepiolidae. It is found

in the North Atlantic in depths ranging Rom 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 bacterial luminescent based on their close

relatives E~prymna 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

right in figure I is a plot of recordedStoloteuthis leucoptera capture. The figure 1
Figure 1: Locations of recor ded capture



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. Gabriela Martinez

has previously been on the NOAA Albatross IV for inventory cruises in the Gulf 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.

~Ob'ectives

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

~Abroach

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. Stoloteuthis leucoptera 's

bioluminescence is presumed to be used for

communication and/or attracting prey, If this is true, a

light of similar color to its own will also spark interest

in the squid.
Figure 2: Stoloteuthis leucoptera



CHAPTER II

TRAP DESIGN AND CONSTRUCTION

Lure S tern Desi 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 Rom the deployment

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

large Gsh.

~ 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.

Cost

The lure needs to be built within our set budget,



Lure S tern Desi

To attract a creature, there are basically two options: by scent/taste or by sight,

The Stoloteuthis Leueoprera is bioluminescent, and their close relative, Euprymna, also a

bioluminescent, is 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. Stoloteuthis leucoptera 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 &st 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 op6on 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 comp1ex because light must be allowed to travel in many directions,

Options for testing this vessel were also severely limited.

Fortunately, a perfect solution 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 f'rom

Benthos Inc., which is located in Fahnouth

MA. Literature on sphere specifications can be
Figure 3: glass instrument housing

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 a 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 is maintained by placing a

phable 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



Figure 4: I.ED 's and resisterslight bulb because they do not contain any gas,

It also produces significantly less heat compared to the light bulb. The LED is very

small, less than lcin 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

Figure 5.7 Fr»rgy spectra at a depth of 10 rn for,
pure water �!, dear oceanic water  l !, average
oceanic «utter �!, average ooastai water �!, and
turbid coastal water �!

fosses An energy spec iten at 100 m depth irt dear
oceanic water  ta! coinpared with that for 10 tn in
turbid coastal water  tf!
Compare this Figure with Rgures 2.5 and 5.f and
note that it represents only a amati part af tl»
spectrum shown in Figure 2.5.

450 500 550 fi00 650 700
violet blue green tjeitow orange red

tstatteiengrh inm!

Figure 5; Energy Spectrum of light

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 glass.

The next step was to find a light source that is bright enough, and a battery to

power that light source. After several different considerations, it was decided that LED's,

Light Emitting Diodes, were the best option.

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



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 l2-volt battery. The resistance

required was found to be 750. Calculations for this configuration can be seen in

appendix A, Resistance Calculafion. 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

'! 2 volt

Battery

LED's

Figure 7: I.ED 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 /~" 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 corner 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 Rom sliding.

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

Figure 8: PC V pipePame and battery 8 Figure 9: Frame and battery configuration



The LED's were mounted on a '/~ 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 pegboard 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: I.FD circuits set up

Figure II: Complete set up of lure system



Tra Desi 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 6006, 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 installed inside

the trap. Thus the light must be visible from the outside of the

trap,

Restraint confignration

Stoloteuthis leucoprera 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



~Tra Desi n

The first step in building the trap was

to find a Same 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.

The wire mesh of the trap should provide

Figure l2: Lobster trap frame

11

enough protection for the inside, and should not prevent light from passing through. The

trap already ha.s 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 k 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 90/0 light transmission and Lexan has only

6010. 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 fi'om 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



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

in a hole on the floor of the trap, and the

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

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 dificult and reliability 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 l6: 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 right cone shape and size. Two

entrances were p1aced on the outer wall and one was placed on the inner wa11. All of the

13



14

Figure l7: Circular enrrance

pieces were glued to the wall, pointing

inward, with extra plastic sheeting Eo

increases the contact area of the glue. Bath

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

into the trap, however, it is dificult to Gnd a

way out.



CHAPTER III

MOORING SYSTEM DESIGN AND CONSTRUCTION

Ma or 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 12

10

-2
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

Figure l8: Significant wave height at buoy 44005

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

figure 18 is data taken 6.om 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 l00ft.

Initial research showed that the components of a complete mooring 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 in figure 19 is the final design af the mooring

Mooti 5 stampede' n

Depth: 610'
Spacing: 700'

Secon

Weight Figure lk. Mooring system design

16



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 Rom 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.

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 energy decays with depth so

a surface float placed at 100fl 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 '/4" nylon with a specific gravity of 1.14 and 'l~",

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 oR' 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 willi 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 8, "S" Configuration Buoyancy Calculation.

There were two options for a sub-surface

float. The Ocean Engineering department has

trawler balls, seen at right in figure 20, which are

rated to 450m and have 71bs of buoyancy. A

configuration of several balls couM 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 all used for

sub-surface buoyancy. A 28 " steel ball with

350lbs 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 20: Trawler balls

ACSL.

Marine Program, also agreed to cover half of the Figure 27 Steel sub-surface buoy

cost if the ball was donated to the Ocean Engineering department at the termination of



Prima Surface Buo

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 primary surface buoy. These spheres cost

$2000 and similar buoys are on the same price

scale. The cheapest alternative was a

Figure 22: 37" steel ball

cylindrical, foam buoy for $500. The steel ball is more reliable and free of charge. The

only dif5culty 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 Goats, which is bad for our

system. The movement of the buoy with 750lb

buoyancy was damped by adding 300 lbs of 1"

long link chain. This was also donated by OOA

in 58 sections. The top three shackles along

with the connection to the buoy were welded to

Figure 23: Rounded tab on steel ballprevent shackle failure.

19

Chief Quartermaster Jack McLaughlin of the USCG recommended adding a light

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



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 1 '/4" 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 '/z' of I" aluminum pipe,

both of which were purchased from NE%' England Fishing Gear in Portsmouth NH. As

you can see in the photo two slots were cut in the 1 '/4" 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: Comp/ete primary surface buoy

20



insurance against corrosion, The bracket was also painted. The finished 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.

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 ft, box shaped, black plastic

floats. The two blocks can be seen at

Figure 26: Concrete blocks

21

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 5000lb load cell. When

combined with the iron frame and relevant chain, the anchor weighed 1200lbs in air and

700lbs in water. This of course made the anchor difficult to handle. Construction took

place in the OE high bay, which has a 'r~ 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



Angle iron was used for the frame because

it cupped the edges of the block well and was

available fic of charge from the OE department.

Flat 2" X /4" steel was used for the intermediate

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

corner pieces were added to reinforce the joints

but also to foHow the contours of the bottom of

Figure 27: Angle iron frame

Figure 29: Bottom fitFigure 28: Bottom of float

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.

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.



Four posts were extended off

of each corner of the anchor to raise

the chain away &om 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

simply a link of '/~" long link chain

welded into the crease of the angle

Figure 30: Four posts on primary anchor

Figure 31: Complete set up for anchor and trap
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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.



Second a Moorin

bulk is more economical.

Figure 34: Prepared mooring lines
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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 5A spar buoy. The buoy was

donated by OOA and the weight was borrowed

from an old oceanographic project. Pictures of

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

deployment. 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 line

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

Figure 32; Secondary anchor

Figure 33: Secondary spar buoy



CHATPER IV

SYSTEM TEST

associated with the rope. The primary

mooring was modeled using

Figure 35: Dynamic testingin wave tank
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The objective of this test was to predict the loads on the mooring line iii

order to make sure the system will not fail and to see if an adverse resonant coiidition

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 wil1 remain intact

and the line will not break, The maximum predicted load from the inathematical model

was 5000N, 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 150001bs. The predicted loads are well within the limitations of the

actual system specifications.

The breaking strength of the nylon and polysteel line in '/4" dimension were both

15,0001bs. Our primary anchor was only

7001bs in water and 12001bs 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



computational methods such as Simulink and

Mat-lab as well as physically modeled and

tested in the Jere Chase OE 120A wave tank,

which can be seen in flgure 35.

The physical model can be seen at right

in figure 36. The float at top is connected 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 flgure was

modeled using concrete and lead weights. The

Figure 36: Physical model
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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 approximated with the float seen in the figure, which was a much better wave

follower and would provide the worst-case scenario  largest loads!, A V4 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 staK data and can be seen

in appendix C, Test Data. A summary of sampling conditions can be seen in appendix C,

Sampling Conditions.



Min. Tension N! Av. Tension N! Max. Tension N!
2338 4048 6010

3005 4000 5050

21,20 1,19 15.97

Model

Physical
Mathematical

% DiBerence

Table 1: AesultsPom dynamic analysis

Mathematical Model

Maseless
x1

Figure 97: Mathematical model
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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 Sgures 37 and 38. Parameters &om the actual system and the

scaled down version were run through the model separately. The comparisons of the two

tests are as foHows, These results were obtained by scahng the ma>dmum, 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,



Figure 38: Simulink model

m = mass, including virtual mass
k = spring constant
b = damping constant
xi = position of float
x2 = position of mass

Where:
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The equation of motion for this system was determined to be

mx, + k x, � x,! + bx, = 0



S stern 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 functi on test

test 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

Fi gure 41: A-frame and winch Figure 42: Aetrieval in pmcess
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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-&arne 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.



In the actual process, the deployment went almost exactly as it was planned.

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 buoy 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: Petri eved components

Figure 43: Aetrieving primary buoy
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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
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The trap was dropped off at 43 02.77 N 069 58.87 %, 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 Gulf 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'casters always create a severe

sea conditions because they have a much greater fetch then storms that blow off the land.



This allows the waves to pile up much higher because the wind has a greater area of

influence. The 2Sft waves seen in the graph are therefore expected.

Significant Wave Height March 22-23 Buoy 4401$

$

Ul
$

I o s t$1f a S$ s»$ $ $ r e $ f $2 1 0 2$22 2l Xl 19 1$ i7 <6 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 o8shore 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 modjLGcations 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 leA down for a shorter time period to minimize

the accumulation of by-catch. Suspending the trap a few feet o8'the bottom would

prevent crabs and other benthic species from entering. Experiments with sound could

also be conducted to deter fis from entering and entice squid. The color to the hght

might also be changed and a flash pattern added. The light could also be made brighter if

the time period 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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BUDGET

Total ... .. $2647.30
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Glass Instrument Housing .
LED

Batteries

Sub-surface Buoy .
High Flyer .
Buoy Light
Hardware  shackles, thimbles, etc.!
Rope
Boat Time .

, 395

88.50

93.80

200

40

150

184

601

895
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APPENDIX A:

LURE SYSTEM

1! Instrument Housing Specifications

2! LED Specifications

3! Battery Specifications

4! Resistance/Duration Calculations



Instrument Housia S eciTicatioa

I ~ ~ I ~
I

Plv
Benthos patented VacuSeaiaf giaSS

floats and instrurnertt housings are manufac-
tured from preCISIOn-molded hernisphsreS to
exact spedficadons. The edge of each
hsrrispheres Is ground flat to extreme
tolerances. When used for flotaaon, The
hemi spheres are matched, mated, and then
evacuated to an absolute internal air
pressure of less than 0.3 atmospheres. ARer
evacuation, a sealant arxl protective tape aie
appled around the equator. Spheres sealed
in This method are nearly impossible to open
due to the force exerted upon them by the
almosphedc pressure. In the case of tha
43,2 cm �7 inch! diameter float, this force iS
in excess ol 880 kg �000 lbs.!

8 PEC I Pf c 4 T'-TO ieS

Low expansion borosilicste

38x TO'/ C

Type:

Thermal Coefficient of Expansion:

Specific Gravity:

YOMng'a Mcdtttus:

Poisson's Ratio:

Refractive Index:

Thermal Conductivity:

Specffic Heat:

Dimensions, Weight, and Depth Data

82 GPa  9 x T y' p.s.i.!

0.0023 calorie cm/cm' sec'C

0.18 cslorhVgm C

S~ Model Sphere Model
2040-13V

Sphere Model

43 2 cm � 7 in,!

40A cm �5.9 In.!

17.7 kg �9 lbs.!

25.4 kg �6 lbs.!

6700 rn �2,000 ft.!

25,4 cm �0 in.!

23,6 cm  9.3 in.!

33 cm  I 3 in.!

30.5 cm �2 in.!

Outside tyia Tneter:

Inside Diameter:

Weight in Air: 9,07 kg �0 lbs.!

10.4 kg �3 lbs.!

9000 m �9,500 ft.!

4.1 kg  9 lbs.!

4.6 kg �0 lbs.!

9000 m �9,600 ft.!

Net buoyancy:

Depth Rating:

D
EEP SEA GLASS SPHERES are a unique, reliable, and costwffective alternative for flotation and the

hcuaing of eleCtrOniC inatiumentS in lhe marine enviienment. BenthOS iS the WOrld'S leading manufaC-
turer of deep sea glass spheres andinstrument housings. Ongoingimprovements continue to insure their

high reliabilityin extreme environments, Advanced assembly techniques and the patented VacuSeaieds cfcsure
method consistently resultin high quality, long-fife spheres. Benthos confinues to pressure test every sphere prior
to shipment, assuring their integrdy in the field.

Deep sea glass spheres are superior to other types of flotslion a, ' r severa/reasons:
they are tranSParent, iightWeighf, inerPereiVe, COmWOn r ' ifP,handlerfr efrfreifl b: ' and nOn-
polluting. As a result, they are preferred by oceanagraphenj' ' 'de and are beckett by'eve'r So'' of
experience rn deep saa technology.



LED S eciTications
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Battery Voltage: Vb ..� � 12volt

ILED ..= 20mA O typical forward voltage of 3.5voitLED Current:

LED Resistence: R~ � � 175 Q

Vb
Resistance needed: R:= � � 3R~

ILED

Battery Amp-Hour: Ab .� � 20amp-hr

Current through a series of 3 LED's: I~ ..= 20mA

Total Current from battery: Itotai,= 5. ILIAD ~ =0.1A

Total hours of duration:

Resistance Calculation

Duration Calculation

3.5voltRLED.'�- ILED

Ab
Trbtratiott -=

I o~r



APPENDIX B:
"S" CONFIGURATION BUOANCY CALCULATION



"S" Confl Uration Buo anc Calculations

Specific gravity is the ratio of a materials density to the density of water. lt 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
polystell rope. Nylon and polysteel are negatively and positively buoyant, respectively,

Total length of rope = 131m

L,:= 40m

Nylon specific gravity = 1.14

sg�:= 1.14

linear density:linear density:

ld := .1714984491�
kg

iinear buo an caculation 100m sam le:

18.441 kg
1! Find weight of water displaced, Sgp

ld loom = 17.15 kg

2! Find weight of rope.

Id�100m = 21,624 kg

lbpi00 = 1.291 kg

lb = 0.013kglb�= � 0.027 kg

ld�:= .2162371749�kg
m

�00m.la�!
= 18.968 kg

Sgn

3! Linear buoyancy

 loom ld�!
lb�i00 .� 1*. 100m

Sgn

lb ioo
lb�:=�

100

Density of Saltwater at 4C

p:= 1027.7�
kg

SW '

Polysteel specific gravity = 0.93

sg>.� � 0.93

�0O ld,!
lbp100 ..= � 1d -loom

Sgp

Qioo
100



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

Bouyancy polysteei = Buoyancy of Nylon
means equilibrium.

Using this relation, it can be shown that;

L> � � 26.916 m

L�:= L~ � Lp

L�= 13.084 m



APPENDIX C:

DYNAMIC ANALYSIS

1! Model Scaling Methods

2! Equipment Interconnection Schematic for Data Acquisition

3! Test Data

4! Sampling Conditions



Model Scalin

Initial assum tions:

~ Let p for salt water = 1025 kg/m'
~ Concrete anchor physical size is 0.9144 m wide x 1.219 rn lg 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 = S sec
~ Froude scaling factor X = 0.2/2 = 0.1

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

* Model mass measured and confirmed

' Chakrabarti, Subrata Kumar, Oftshore Structure Modelin World Scienti6c Publishing Co, Singapore,
1994, pg 32-36
' Berteaux, Henri O., Coastal and Buo En ' eerin 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 = 0.9144 m a = 0.4572 m

b = 0.1207 m2b = 0.2413 m

Model h ical size

Length = 1.219* X = 0.1219m �.8"!

Width = 0.9144 * k = 0.09144 m �.6"!

Height = 0.2413 * A, = 0.02413 m �.95"!

ki = 1,271  Given constant'!

Added mass = kI * p * m * a' * 1.219 = 1042.883 kg

Virtual mass = actual mass + added mass = 528 + 1042. 883 = 1570.88 kg



Determine Dam in Constant b

Given dimensions of anchor:

3 ft wide x 4 ft long  planar area!

Fluiddamping = b = CD pV' A /a! ~ b =Cr> pA!'

From linear interpolation m CD = 2.1

p = 1025 kg/m' @20' C, 1 atm, 30'/0 salinity �.989 slug/ft'!

A=3 ftx4ft =12 ft'

V'=  x2 dot � x3dot! '

b = CD p A! Y2

b = �.1! �.989! �2!  l~! m 25.059 1b * s'/ ft' = 1200 kg/I

White, Frank, Fluid Mechanics, pg 458



E Ui ment Interconnection Schematic for Data Ac uisition



Test Data

Test 1
Wave vs. Tension

15

10

c 0
5

o E 0
Z Ol
I
x -5

-10

-15

Time /sec!

Test 2
Wave vs. Tension

f5

10

-10

Tbne isec!



Test 3
Wave Height vs. Tension
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5
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Test 4
Wave Height vs. Tension
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Wave Height vs. Tension
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Test Sam fin Coaditions



APPENBIX 9

SEA CONDITIONS 3/19 � 3/29



Standard Meteorolo 44011 from 3/19/2001 to 3/29/2001ical Data at Buo
Taken from National Buoy Data Center website: http: //seaboard.ndbc.noae.gov/data/realt3me/44011,txt

WSPD
3.0
3.0
5.0
3.0
4.0
5.0
7.0
8.0
7.0
6.0
6.0
7.0
7.0
8.0
8,0
9.0
0,0
1,0
0.0
0.0
9,0
0.0
9.0
8,0
8.0
8.0
8,0
e.o
9.0
9.0

YYYY MM DD GST
4.0
4.0
6.0
3.0
5.0
6.0
8,0
9.0
8.0
7.0
8,0
8.0
9.0

10.0
10.0
ll. 0
12. 0
12, 0
11.0
12.0
11,0
12. 0
10. 0
3.0, 0

9.0
10.0

9.0
10.0
11.0
11,0

TIDE
1.2
1.2
1.4
1.4
1.5
1.6
1.6
1,5
3.. 6
1.7
l. 7
1.7
1.8
1.9
1,9
2,2
2,1
1.9
1.9
2.0
2.0
1,8
2.1
1. 8
1.9
2.0
2,2
1.9
2,2
2,1

DPD APD ATM P WTNP DEW P

10. 0
10.0
e.o
9.0
8.0
9.0
8,0
7.0
8.0
9.0

10.0
11,0

9.0
11,0
5.0
6.0
8.0
5.0
8.0
9.0

12,0
11.0
10.0
11.0
10. 0
11. 0
10.0
9.0
9.0

11.0
12.0
13. 0
11.D
13. 0
6.0
7.0

10. 0
7.0

10. 0
11.0

1,9
2.1
2,0
1.9
2.1
2.2
1,9
2,0
2.1
2.3
2.6
2,9
2.8
2.3
1,9
1.8
2.0
1.8
1.8
1.9

12. 0
6.0
6.0
8.0
5.0
7.0
7.0
6.0
7.0
7.0
7,0
6.0
6.0
6.0
5.0
4.0
4.0
4.0
4.0
5.0
5.0
5.0
5.D
5.0
5.0
5.0

15. 0
e.O
8.0
9.0
6.0
9.0
e.o
8,0
8.0
8.0
e,0
8.0
6.0
7.0
6.0
5.0
5.0
4.0
5.0
6.0
6.0
6.0
7.0
7.0
6.0
6.0

1.3
1.5
1.6
1.6
1,4
1.4
1.3
1.2
1.2
1.0
1.1
1.0
1.1
1.1
1.1
1.1
1.1
1.2
1.1
1.2
1.2
1,3
1.3
1.4
1.6
1,6

2001
2001
2001
2001
2001
2003.
2001
2001
2001
2001
2001
2001
2001
2001
2001
2003.
2001
2001
2001
2001
2001
2001
2001
2001
2001
2001
2001
20DI
2001
2001
2001
2001
2001
2001
2001
2001
2001
2001
2001
2001
2001
2001
2001
2001
2001
2001
2001
2001
2001
2001
2001
2001
2001
2001
2001
2003.
2001
2001
2001
2001
2001
2001
2001
2001
2001
2001
2001
2001
2001
2001
2001
2001
2001
2001
2003,
2001

03 29
03 29
03 29
03 29
03 29
03 29
03 29
03 29
03 29
03 29
03 29
03 29
03 29
03 29
03 29
03 28
03 28
03 28
03 28
03 28
03 28
03 28
03 28
03 28
03 28
03 28
03 28
03 28
03 28
03 28
03 28
03 28
03 28
03 28
03 28
03 28
03 28
03 28
03 28
03 27
03 27
03 27
03 27
03 27
03 27
03 27
03 27
03 27
03 27
03 27
03 27
03 27
03 27
03 27
03 27
03 27
03 27
03 27
03 27
03 27
03 27
03 27
03 2'7
03 26
03 26
03 26
03 26
03 26
03 26
03 26
03 26
03 26
03 26
03 26
03 26
03 26

h33 WD
14 070
13 060
12 060
11 290
10 290
09 270
08 270
07 270
06 270
D5 270
04 280
03 280
02 280
Dl 270
00 270
23 270
22 260
21 260
20 270
19 270
18 270
17 260
16 260
15 280
14 270
13 270
12 280
11 280
10 280
09 280
08 280
07 300
06 270
05 250
04 270
03 280
02 270
01 280
00 290
23 300
22 300
21 320
2D 320
19 340
18 350
17 360
16 280
3.5 300
14 280
13 280
12 260
11 320
10 3.00
09 080
08 080
07 070
06 060
05 080
04 080
03 070
02 080
01 090
DD 080
23 070
22 060
21 070
20 060
19 030
18 030
17 050
16 050
15 050
14 040
13 030
12 030
11 030

7 6 7 6 6 6 6 6 7 6 7 7 7 7 7 6 7 6 6 7 7 7 7 e
e

7 7 7 6
e7 7 8 8 7 8 8 8 8 6 8 8 8 8 8 7 8 6 6 6 8 8
10 8 8
8

11
8

11
11
11

13 8 8
e

8 8

13 8 8 7 8 8 8 8 8

MWD BARD
NR 1030.5
MN 1029,9
NN 1029.2
RN 1028.3
NN 1028.3
MN 1028, I
MN 1027.3
MR 1027,2
NN 1026.6
MR 1025.6
MM 1D25, I
MK 1025.1
RM 1025.0
MR 1024.3
MM ID23,5
MK 1022. 8
MN 1022,1
RM 1021. 5
MN 1021.1
MM 1021. 0
RM 1021. 3
KM 1021. 9
KM 1021. 8
MR 1021. 9
MM 1021,5
NK 1021. 0
NM 1020.9
MN 1020. 5
MM 1019. 9
MK 1019,4
MK 1018, 9
MM 1019.1
MN 1019.4
MM 1019.5
MN 1019.4
MN 1019.2
MN 1019.0
MR 1018,9
MN 1018.0
MN 1017.7
MM 1016.5
MR 1015.6
NM 1014.7
MM 1014.2
MN 1013.3
MM 1012. 6
MR 1011,9
MM 1011.9
MN 1011.7
MM 1011.0
MM 1010.2
MM 1009. 7
MM 1008.5
MM IODB. 6
MM IOD9. 3
MM IOD9. 9
MM 1010. 9
MM 1011. 7
MM 1012. 3
MM 1012. 7
NM 1013.4
MM 1013.4
NM 1013. 9
MM 1013.8
MM 1014. I
NM 1014.3
MM 1014.7

1014. 8
MM 1014.4

1014.2
1014.6

MN 1015,0
1014.6
1014.4

NN 1D14. 7
1014,4

4.7
4.7

4.3
4.3
4.3
4.0
4.0
4.0
3.9
3.9
3.9
3.9
3.6
3.6
3.5
3,6
3.6
3.6
3.5
3.2
3.1
3.1
3.I
3.0
2.8
2.8
2. 9
2,8
2,8
2,8
2.0
1.4
1.6
1.1
1.7
I 6
1.6
1.6
1.3
2.0
2.1
2.0

2.3
2.7
3.2
3. 3.
3.4
2.6
2.5
3.8
4.3
4.3
4.3
4.1
4.3
4.3
4.3
4.0
3,9
3.6
3.5
3.2
3.6
3.6
3.6
3.6
3.6
3.6
3.5
3.6
3.6
3.5
3.2
3.1

4.4
4,4

4.4
4.4
4.4
4,4

4.4
4,4
4.4

4.4
4,4
4,4
4,4

4.4
4.4
4,4
4,4
4.4
4.4
4.4
4.3
4.3
4. 3
4.3
4.3
4,3
4.3
4,3
4.3
4.3

4.4
4.4
4,4
4.4

4.4

4.4

4.3
4.3
4.3

4.4

4.4
4.7
4.6
4.4
4.5
4.7
4.6
4.4

VIS PTDY
MM 41.2
KM +I. 6
MM +1.1
MM +1.0
MN 41.1
KM +l. 5
34M +I, 7
NM +2.1
NM +I. 5
MM +0. 6
RN +0. 8
MN +1.6
MM +2.2
MM +2,2
MM +2. 0
NK +I. 7
MK +1. I
MM -0. 0
MM -O.e
RM -0.8
NM -0. 6
NN +0. 4
NM +0.8
NM +1.0
RK +1. 0
NN +1.1
NN +I. 5
MN +1. 6
NR iD. 8
NM -0. 0

-0. 6
NM -0. 3
NM +0. 0
MM +0. 5
NK +0.5
NM +1.2
MR +I . 3
MR +2.4
NN +2.4
NN +3.0
MM +2.3
MR +2.3

+2.1
MR t2.3
MR +1.4
NN +O. 9
NM +0. 9
MR +1.7
NN +2,0
MR +2. 5
MN +1.6
RM +0.4
MR -1,4
NM -2. 3
NM -2.4
NM -2.4
34N -1.8
NM -1,7
NN -I. I
MN -1.2

-0.4
MN -0.7
MM -0. 4
RM -0 9
RM -0. 7
RM +0.0
MM +0.5
MN -0,0
NN -0. 6
MN -0. 4
MR +0. 0
NK +0.3
MM +D. 0
MN -0. 3
KN -0. 3
MM -0. 6



2001 03
2001 03
2001 03
2001 03
2001 03
2001 03
2001 03
2001 03
2001 03
2001 03
2001 03
2001 03
2001 03
2001 03
2001 03
2001 03
2001 03
2001 03
2001 D3
2001 03
2001 03
2D01 D3
2001 03
2001 03
2001 03
2001 03
2001 03
2001 03
2001 03
2001 03
2001 03
2001 03
2001 03
2001 03
2001 03
2001 03
2001 03
2001 03
2001 03
20DI 03
2001 03
2001 03
2001 03
2001 03
2001 03
2001 03
2001 03
2001 03
2001 03
2001 03
2001 03
2001 03
2001 03
2001 03
2001 03
2001 03
2001 03
2001 33
2001 03
2001 03
2001 03
2001 03
2001 03
2001 03
2001 03
2001 03
2001 03
2DOI 03
2001 03
2001 03
2001 03
2DQI 03
2001 03
2001 03
2001 03
2001 03
2001 03
2001 03
2001 03
2001 03
2001 03

3.0 5,0
2,0 3.0
2.0 3.0
1.0 1.0
1.0 2.0
1.0 2.0
3.0 4.0
4.0 5.0
5.0 6.0
5.0 6.0
6.0 8.0
7.0 9.0
7.0 9.0
7.0 9,0
9.0 11.0
9.0 11.0
9.0 11.0
B.Q 10.0
B.D 9.0
7.0 9.0
6.0 7,0
6.0 7.0
6,0 7,0
6.0 7.0
7.0 8.0
7,0 S,O
S.Q 10.0
S.Q 10.0
S.Q 10.0
9.0 11.0
9.0 11.0
B.Q 10.0

11,0 14,0
5.0 7,0
S,O 9.0
6.0 '7. 0
7.0 9.0
B.O 10. 0

11,0 14, 0
11.0 13.0
17,0 13. 0
11.0 14.0
12.0 15.0
12.0 15. 0
14.0 le. 0
13. 0 16. 0
13.0 16.0
13,0 16,0
13.0 16.0
14.0 17,0
13.0 16.0
12.0 15.0
11.0 14.0
10,0 13.0
11,0 14,0
10.0 13.0

9.0 12.0
11.0 13.0
10.0 12.0
11.0 14.0
13.0 16.0
13,0 17,0
13.0 17.0
14. 0 17.0
13. 0 18.0
14. 0 17,0
13.0 17.0
12.0 16.0
12. 0 16,0
12,0 15,0
11.0 13.0

9.0 12.0
9,0 12.0
S.O 11.0
7.0 9.0
3.0 4,0
2.0 3.0
2,0 4.0
2.0 3.0
3,0 5.0
5.0 6.0

26 10 040
26 09 030
26 08 010
26 07 360
26 06 360
26 05 330
26 04 290
26 03 290
26 02 280
26 01 270
26 00 260
25 23 270
25 22 260
25 21 260
25 20 260
25 19 250
25 18 260
25 17 250
25 16 260
25 15 260
25 14 250
25 13 260
25 12 270
25 11 280
25 10 270
25 09 260
25 Qe 270
25 07 250
25 D6 260
25 05 260
25 04 250
25 03 270
25 02 280
25 01 230
25 00 220
24 23 220
24 22 220
24 21 230
24 20 240
24 19 240
24 18 250
24 17 250
24 16 260
24 15 260
24 14 260
24 13 260
24 12 260
24 11 260
24 ID 270
24 09 270
24 08 260
24 07 260
24 06 250
24 05 260
24 04 250
24 03 240
24 02 250
24 QI 250
24 00 250
23 23 250
23 22 250
23 21 250
23 20 240
23 19 250
23 18 250
23 17 250
23 16 25D
23 15 250
23 14 250
23 13 240
23 12 220
23 1.1 230
23 10 240
23 09 240
23 08 220
23 07 190
23 06 200
23 05 200
23 04 210
23 03 220
23 02 180

1.8
1,8
1.9
1.7
1.8
1.9
2.1
2.0
2.4
2.5
2.8
2.9
3.0
3.1
2,9
2.8
2.6
2.9
2.7
2.6
2.3
2.4
2.6
2.9
2.9
2,8
3.0
2.9
3.3
2.9
2.9
3.0
2.9
3.2
3.2
3.9
3.6
4.1
4.1
4.5
4,3
4.5
4.1
4.4
4.7
4,5
4.3
4.3
4.1
4.1

4.5
4.5
4.4
4.5
4,e

5.1
5.0
5.3
5.1
5.5
5.4
5.1
5.0
5.2
4.8
5.0
4.8
5.5
5.2
5.2
5.9
6.1
5.4
5,2
5.0
5.2
5.9
6,5
6.0

10

8 9 8 8 8 8 9 9 9
10
10
10
10
10
10
10

99 9 9 9 8 9 9 9 9 9 9 9 9 9
10 9
10
10
10 9
10 9
10 9
8

10
10
10
10
10
10
10
11
10
11
11
10
li
li
10
10
11
11
11
11
11
11
11
li
13
13
13
13
13
13
13
13
13
13
13
13
13
13

HN 1014.7
HN 1015.0
MM 1015.0
MM ID15.7
NN ID16, 3
MM 1016. I
NN 1016. 5
NN 1017, I
MM 1017.0
MM 1017.2
MM 1016.4
KM 1015, 7
MH 1015. 3
MN 1015.0
MM 1014. 7
MK 1014,8
MK 1014,6
MM 1014.3
MM 1014. I
RN 1013. 4
MN 1013. 0
MM 1012 . 5
NM 1011. 8
NH 1010. 9
NM 1010. 1
MM IQDS. 8
MM 1QQS. I
MM 1007.4
MN 1007, 0
MN 1006.4
NM 1006. 5
NN 1006. 2
MM 1005. 9
RN 1005.6
NN 1006. I
NR 1007,1
MN 1007, I
MN 1007.0
MN 1007.1
MM 1007.3
NM 1007. 0
MM ID07. 0
NM 1006. 5
NM 1005. 9
MK 1005.3
NN 1004. 2
MN 1003. 2
MN 1002. I
MM 1001.1
MN 1000. 7
NM 1000. 0
NM 999. 6
MM 999.2
MM 998.6
HN 998.0
HK 998.2
MN 998.4
MN 997.4
HN 996.9
MM 996,0
HN 994.9
MN 993.8
MM 992.9
HN 992,6
HH 992 .4
HN 992 .2
HM 992 .0
NM 991. 6
MN 990.7
MM 989.7
MN 989,6
NM 9S9.4
MM 989.3
NH 989.3
MM 989.2
KM 989,8
MM 990.3
HH 990,4
MM 990.5
NM 990,6
HM 991. 3

2.9
2.9
2.9
2.9
3.1
3.1
3.2
3.2
3,2
3.2
3.3
3.3
3.6
3.9
4.0
4.0
4.0
4.3
4.4
4.7

4.8
4.e
4.e
4.7
4.8
4.8
5.1
5.1
5.2
5.5
5,2
5.9
6.7
7.1
5,6
5,6
5.5
5,6
5.5
5.5
5.5
5.5
5.5
5.2
5.2
5.1
4.e
4.7
4.7
4.7
4,8
5.1
4.4
5.1
5.0
4,8
5.1
4.4
4,8

4.7

4.0
4.2
3.9
3,9
3.8
4.3
4.7
5.1
5.2
5.5
6.6
5.9
5,9
6.0
~ .5
6.7
7.1

4.3
4.3
4.3
4.3
4.3
4.3
4.4
4.3
4.3
4.4

4.5
4.7
4.7
4.7
4.4

4.4

4.3
4.3
4.3
4.3
4.3
4.3
4.3
4.3
4.3
4.3
4.3
4.3
4.3
4.3
4.3
4.3
4.3
4,3

4.3
4.3
4.3
4.3
4.3
4.3
4.3
4.3
4.3
4.3
4.3
4.3
4,3
4.3
4.3
4.3
4.3
4.3
4.3
4.3
4,3
4.3
4.3
4.4
4.0
4.0
3.9
3.9
3,9
3.9
3.9
4.3

4.7
4.4

4.7
4.7
4.4
4.7
4.7
4.7

MM -1.0
MM -1. 3
MM -1.1
MM -0. 8
MM -0. 8
MM -0. 9
MM -0. 7
MM +O. 7
MM i1,3
MM +i. 9
NM ~l. 4
MM +l. 0
MM +O. 5
RM i0,4
MM +0. 4
HM +0. 7
NN +1. 2
MM +1,3
HK +1,6
MM +1,6
MK +2,1
MM +2. 4
MN +3.0
MN +2. 8
NN i2. 7
NM 41.B
NN il. 7
MN +O. 9
RN +0. B
NM +0,5
NM +D. 9
RM -O. 0
NM -l. 2
HM -1.5
NM -0. 9
MN +0,0
NN +0,0
MM +0,0
MM +0.0
MN +0. 8
MM +1. I
MM +1. 7
NN +2,3
MM +2.7
NN i3.2
MM +3. 1
KN +2. 5
MN +2,1
MN +1. 5
MM +1.5
MM +l. 4
MM +1,6
NM +l. 0
NK -0,0
NN +0.6
NN +l. 3
NM +2.4
KN +2. 5
MM +3. I
MM +3.1

+2. 3
MN +I . 4
MM +0,7
MM +0,6
MM +0.8
KN +1.5
MN +2.3
RN +2. 0
HM +1.3
MM +0.4
MN +0. 3
MN +Q. 0
MM -0. 5
MM -1. 0
MN -1.2
MM -0. 7
MN � 0. 3
MN -0. 9
MM -0,8
HM +0.0
NM -0.4



170
160
150
120
110
120
100
100
100
110
100
100
090
100
090
090
090
100
100
090
090
100
100
100
090
100
IOO
090
090
090
090
090
090

2001 03
2001 03
2001 03
2001 03
2001 03
2001 03
2001 03
2001 03
2001 03
2001 03
2001 03
2001 03
2001 03
2001 03
2001 03
2001 03
2001 03
2001 03
2001 03
2001 03
2001 03
2001 03
2001 03
2001 03
200I 03
2001 03
2001 03
2001 03
2001 03
2001 03
2001 03
2001 03
2001 03
2001 03
2001 03
2001 03
2001 03
2001 03
2001 03
2001 03
2001 03
2001 03
2001 03
2001 03
2001 03
2001 03
2001 03
2001 03
2001 03
2001 03
2001 03
2001 03
2001 03
2001 03
2001 03
2001 03
2001 03
2001 03
2001 03
2001 03
2001 03
2001 03
2001 03
2001 03
2001 03
2001 Dl
2001 03
2001 03
2001 03
2001 03
2001 03
2001 03
2001 03
2001 03
2001 03
2001 03
2001 03
2001 03
2001 03
2001 03
2001 03

23 01
23 00
22 23
22 22
22 21
22 20
22 19
22 18
22 17
22 16
22 15
22 14
22 13
22 12
22 ll
22 10
22 09
22 DB
22 07
22 06
22 05
22 04
22 03
22 02
22 01
22 OO
21 23
21 22
21 21
21 20
21 19
21 18
21 17
21 16
21 15
21 ll
21 10
21 09
21 08
21 07
21 06
21 05
21 04
21 03
21 Da
21 01
21 DD
20 23
20 22
20 21
20 20
20 19
20 18
20 17
20 16
20 15
20 14
20 13
20 12
20 11
20 10
20 09
20 08
20 07
20 D6
20 05
20 04
20 03
20 02
20 01
20 DO
19 23
19 22
19 21
19 20
19 19
19 18
19 17
19 16
19 15
19 14

6.0 8.0
6.0 8.0
6.0 8.0
6.0 8.0
8,0 11.0

12.0 15.0
12.0 14.0
11.0 13.0
II.O 14.0
12.0 14,0
12.0 14,0
I3.0 16.D
11.D 14.0
12.0 14.0
12.0 14.0
13. 0 15. 0
12,0 14,0
11. 0 13. 0
11.0 13.0
11,0 12.0
11.0 13.0
11.0 13.0
11.0 13.0
11.0 13,0
11.0 13.0
11.0 13,0
11.0 14.0
11,0 13,0
lo. 0 12. 0
9.D 11.0
9.0 30.0
8.0 9.0
6. 0 8.0

080 8. 0 9.0
080 7. 0 9.0
070 6.0 7,0
060 5.0 6.0
050 5.0 5.0
050 4.0 4.0
060 3.0 3.0
070 2,0 2.0
050 2.0 2.0
040 2.0 3.0
040 3,0 3,0
020 1,0 1.0
050 1.0 1.0
030 2.0 2.0
020 3.0 3.0
030 4.0 4.0
030 3.0 4.0
030 4,0 4.0
030 5.0 5.0
010 5.0 6.0
010 6.0 7.0
360 6.0 7,0
360 7,0 8,0
01D 7.0 8.0
010 7.0 9. 0
010 7.0 9,0
360 7.0 8.0
360 7,0 9,0
360 7 0 9 0
020 9.0 10 ' 0
020 7.0 9.0
02D 9.0 10.0
D20 9.0 11.0
010 IO. 0 13. 0
360 10.0 13.0
350 11,0 12.0
330 9,0 11.0
330 9.0 11.0
330 9.0 11.0
330 9,0 11.0
330 11.0 13.0
330 9.0 11.0
330 0.0 11.0
330 10.0 11.0
330 9.0 11.0
330 9. 0 10.0
330 9. 0 11.0
330 9. 0 11.0

6.8
6.3
6.9
6.9
7.4
7.6
6.3
6.9
6.4
5.9
4,9
4.3
3.9
4.2
4.2
3,9
3.8
3,9
3.3
3.0
2.6
2.5
2.1
2.0
2.0
1,9
2. 0
1.9
1.6
1.. 6
1.4
1.4
1.3
1.3
1.1
0.9
0.9
0,9
1.0
0.9
0.9
0,9
0.9
0.9
0.9
0,9
O.B
0.9
D.9
1,0
1.1
1.1
1.2
1.3
1,4
1,3
1.3
1.4
1,4
1.5
1.6
1.6
1.8
2.0
2,2
2.2
2,3
2.3
2.0
2.2
2.0
2.0
2.1
2.0
2.0
2.1
2.4
2.4
2.2
2.2
2.1

13
13
13
13
13
13
13
13
13
11
11
llID 9 9 9 9
87 1 7 6 6 6 6 5 5 5 5

13
13 9
13
13
14
14
14
14
14
1414 7 7 6 6 6 6 6 5 7 5 5 5 5 6
6 6 7 7
6 66 7 7 7 7 7 7 7 8 8 7 7 7 7 7 7 7 6

991. 3
990.8
991. 7
991. I
991. 7
993. 3
994.6
99 /. 2
999.6

1001.7
IOD3.5
1005.0
1006.5
1008. D
1009. 0
1010. 0
1011,5
1013. 2
1014. 8
1016, 5
1017.9
1019. 5
1020.5
ID21. 3
1022.3
1022, 8
1024. 0
1024, 4
1025. 8
1026.9
1028.3
1028.8
1029.9
1029.8
1030. I
1031.2
1031.2
1031, 3
1031.3
1031. 9
1032.8
ID32, 1
1032.1
1032.4
1033.0
1033, D
1032,8
1032.0
1031.3
1031,4
1031. 2
1031.3
1031.3
1031. 4
1031.9
1031, 4
1031.2
1030. 5
1030.3
1029. 5
1028.4
1027,6
1026. 5
1026.5
1025.7
1025.1
1025,0
1024.3
1023. 8
1023.0
1022.5
1021. 9
1021. 0
1020.3
1019.0
1018.8
1018.5
1018, I
1017. 7
1017. 4
1017.1

7.1
7.9
7.4
6.7
8.2
8.3
7.8
7.8
7.9
8.2
8.0
8.2
7.2
7.9
7,5
7,4
7.4
7.5
7.5
7.3
7.1
7.2
7,1
6.7
6.3
6.1
5.9
5.9
5.8
5.6
5.9
5.6
5.6
5.5
5.5
4.3
3,9
3,9
3.9
3.9
3.9
3.9
3.9
3.9
3.8
3,9
4.0
4.3

4,5
4.4
4.3
4.2
4.1
4.0
3,9
3.6
3.3
3,2
3.2
3.2
3,5
3.6
3.9
3.9
4.0
4.0
4.3
4.8
4.7
4.4
4.3
4.3
4.0
4.0
3.9
3.9
3.9
4.0
4.0
4.0

4.7
4.7
4.4
4.3
4.0
3.9
3.9
3.9
3.9
3.9

9
1 9
3.6
3,6
3,9
4,0
4.3
4,3
4.3
4.3
4.3
4.3
4.2
4.0
4.0
4.1
4.4
4.3
4.3
4.3
4.3
4.4
4.7
4.7
4.7
4.4
4.4

4. 3

4.0
4.3
4.7
4.7
4,7
4.7
4.3
4.3
4,3
4,4

4.4
4.4

4.4

4,3
4.3
4.3
4. 3
4.3
4.3
4,1
4.2
4.3
4.3
4.4

4.4

4.3
4.0
4. 0
4. 0
4.0
4.0
4.0
4.o
4.1

MM +0.0
MH -0.9
MN -1. 6
NN -3.5
KN -5. 5
MM -6. 3
NN -7. I
MN -6. 3
MM -5.4
MM -4. 8
MM -4. 5
MM -4. 0
MM -3. 5
MM -3. 5
MK -4,2
MN -4,8
MN "5. 0
RN � 4, 7
KN -4. 7
MM � 4. 0
MM -3. 4
NM -2. 8
NM -2. 3
NM -2. 7
MM -2.1
NM -3. 0
MM -2. 9
KM -3. 9
NM -3. 0
NM -3. 0
MM -I . 5

-1.3
NK RM
NK RN
KK NM
NN +0. 0
RN -0,7
RN -1. 5
RN -O. 8
NN +0. 0
MN +0.4
RR -O. 9
NN -0.9
RR -0.4
MM +1. 0
HM +1,7
MM 41. 4
NM +O. 8
MR +0. 0
HM +0,0
MN +0,0
NN -0.6
NM +0. 0
NM +0. 0
MN +I. 4
NN +l,l
NN +1.7
MN +2. 1
MN +2. 7
NN +3. 0
MN +1. 9
KN +1. 9
RN +1.4
MN +1. 5
M4 +1,4
NM +1.3
MN +2.0
HM +1. 8
NM +1. 9
NN +2. 0
NR +2.2
KM +2. 9
NN ~2.2
RN il. 8
MM to. 9
NN il,l
NN +1.1
NM +1,0
MN +1.3
MN +1,7
MN +2.2




