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Conceptual Study for IFREMER of a Mooring for Deep Sea Observatories Including Numerical Simulations

Introduction
This study analyzes the conceptual design of an s-tether moored buoy system suitable for oceanographic observations that require an electrical connection to the seafloor. The overall design is based on a mooring system that MBARI has tested extensively and has deployed for two science experiments in the eastern Pacific for periods of up to 18 months. Prior to selecting the s-tether configuration for the MBARI moorings, MBARI and WHOI performed a comparative analysis between the s-tether design and a design configuration that incorporated a subsurface float at various depths. The results showed that the subsurface float increased the mooring complexity and resulted in the concentration of bending fatigue at the subsurface float without resulting in a significant advantage in the reduction of peak cable loads. Additional modeling results have agreed with this result
. For this reason an intermediate subsurface float design has not been considered further in this study and the analysis is directed at the optimization of the s-tether mooring design shown as the Concept Design in figure 1. This mooring system is similar to previously fielded successful designs and has been modified for the Azores region.

In order to complete a workable mooring design for the Azores region of the Atlantic Ocean a numerical simulation of the mechanical mooring system, the Concept Design model, was forced using the wind, wave and ocean current environmental data for the location. The design criteria used are intended to minimize the maximum tensile loads the system experiences and to minimize the bending stress above the floated cable section. MBARI’s experience with s-tether moorings has shown that the limiting factor in deployment duration is fatigue damage to the riser cable caused by low tension bending, therefore considerable study was directed at conditions and configurations that effect cable bending. As part of this conceptual study we also predict the peak loads experienced by the mooring cable during an anchor-last deployment and make recommendations for equipment and procedures for field deployment and recovery of the system.
The Baseline Mooring Configuration
As a starting point for the static and dynamic numerical simulation studies, a baseline mooring configuration, the Concept Design model, was created that conforms to the best practices that have been developed through direct experience and the post deployment analysis of the results of five separate field trials of ocean observatory type moorings with electrical and optical connections to the seafloor through the anchor, (or riser) cable. The major elements of the Concept Design mooring system and the overall configuration are shown in figure 1 and are described in detail in this section. The system as illustrated was used for the numerical model and simulations except as noted in the detail descriptions of the individual components.
 
Figure 1. The Concept Design mooring model used as the baseline for the static and dynamic numerical simulations.
1.1. Surface Float
The surface float consists of a buoy constructed of Surlyn® foam
. This is a standard material for oceanographic buoys that can be readily modified to a variety of shapes, is relatively low cost and is very resistant to field abuse. The standard density of the material used for this analysis is 84 kg per cubic meter. One disadvantage of the material is that hydrostatic pressure will collapse the foam if the buoy becomes submerged below the surface more than 8 meters, resulting in loss of buoyancy. For this reason the surface float must have enough buoyancy to remain on the surface under all sea conditions. The material properties of the surface float are shown in the table below. The model simulations include the total buoy weight, and a payload of 1160kg for structural support, the power system, instrumentation, etc.
	Buoy Properties
	Floatation Only
	Total Buoy

	Material
	DuPont Surlyn® or Exxon IOTEK® closed cell foam
	 

	Material density, kg./m^3
	84.1
	 

	Volume, m^3 (includes volume loss of center instrument well)
	3.74E+00
	 

	Total mass, kg
	314
	1473

	Sw (sq.m), surface area for wind
	 
	3.25

	h (m) height
	 1.12
	

	d (m), diameter
	2.340
	 

	Cdt, tangential drag coefficient
	1.0
	 

	Cdn, normal drag coefficient
	1.0
	 

	Cdw, wind drag coefficient
	 
	0.54


Table 1. Buoy surface float properties.
1.2. Load Cell
A load cell for measuring the tension loads on the system below the buoy bridle is included in the buoy mass properties. The load cell is located between the bolt flange on the mooring bridle and the bolt flange of the upper Snubber. The load cell is not strictly required but is very useful for validating the model results during the actual deployment. The load cell has a working range of 0-44.5 kN tension. The effect of the load cell mass on the numerical simulation is not significant.
1.3. Snubber Section
An important element of the mooring system is the Snubber, which provides the transition between the surface mooring bridle and the riser cable. The Snubber has two functions, providing axial compliance to absorb surface wave energy by acting like a spring, and acting as a robust bending element below the buoy so that buoy rocking motions do not concentrate at the cable to buoy interface.

The axial compliance is necessary to reduce the peak loads in the riser cable as the buoy follows surface waves. In a traditional buoy system design, the nylon anchor cable can stretch under load, (normally up to 10%
) and provide compliance in the system. Anchor (riser) cables that include optical and/or electrical elements in their construction cannot stretch more than about 0.6% without risking failure of the copper or glass elements. Therefore the strength members in these cables are low stretch, high modulus fibers and additional compliance should be included in the mooring system design to lower the peak loads.
In the illustration in figure 1, three Snubber sections are used below the buoy to provide compliance, each section is 8 meters in length and bolted to the adjacent Snubber with a steel connecting tube for a total working Snubber length of 24 meters. In the numerical simulation the Snubber connecting tubes are not included in the model and the total length of the Snubber was varied from the no Snubber condition to a 56 meter total Snubber length. The mass of the tubes would not have a significant effect on the dynamic loads.

The elastic properties of the specific Snubber design used in the MBARI mooring system have been well characterized by measuring the displacement of Snubber sections under increasing tension. From this data a regression analysis has produced an equation describing the non-linear stress-strain relationship. For the 8 meter sections in the Concept Design model the curve has been shown to approximate 6500(e(4.5 X strain)-1), as shown in figure 2. This relationship has been included in the material properties of the Snubber used in the numerical simulation.
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Figure 2. Tension characteristics of the Snubber Elements.
1.4. Electro-Mechanical Cable
The cable material properties used in the Concept Design model are equivalent to JDR Cable Systems PN 010 A 099 Rev. 1B. The cable construction includes an upper section with extra stainless steel braid and polyethylene jacket layer over the core cable for additional fish bite protection. The upper section outside diameter is 34mm, weight in air is 1170 kg/km, the weight in ocean 210 kg/km. The lower section is continuous with the upper section but does not include the extra jacket layers. The lower section outside diameter is 28mm, weight in air is 700 kg/km, the weight in ocean 65 kg/km. The breaking strength of both sections is 245 kN and the maximum working load is 27 kN. The minimum dynamic bend radius of the cable is specified as 500mm. In the numerical simulation the upper section of cable extends to just below the 400 meters point above the anchor and the balance of the cable to the anchor is modeled as lower section cable. It is feasible to extend the upper section cable profile to the seafloor for additional cable protection. This would increase the lower cable weight, possibly requiring additional cable floats. The axial stiffness and other cable material properties that are used in the Concept Design model are shown in table 3. As in the case of the Snubber, the material properties used in the Concept Design model are derived from actual test data. The plot in figure 3 illustrates the fit of the riser cable EA value in the Concept Design model with the actual pull test data from a riser cable sample.
	Riser Cable Properties
	Upper fishbite protected section
	Lower section

	EA (N), Axial stiffness
	6.70E+06
	6.70E+06

	EI (Nm2), bending stiffness
	10.0
	1.0

	GJ (Nm2)
	0.3
	0.1

	m (kg/m), mass/length
	1.170
	0.70

	am (kg/m), added mass/length
	0.5526
	0.50

	wet weight/length (N/m)
	0.28 X 9.81
	0.110 X 9.81

	d (m), diameter
	0.034
	0.028

	Cdt, tangential drag coefficient
	0.010
	0.010

	Cdn, normal drag coefficient
	1.50
	1.50

	
	
	


Table 2. Riser cable material properties.
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Figure 3. Line fit of anchor cable stress/strain properties used in the mooring numerical simulation.
1.5. Cable Floats and Cable Clamp
To prevent the electro-mechanical riser cable from contacting the seafloor during environmental conditions where there is minimal current forcing and the riser cable is slack, and to force the inverse catenary shape required for allowing wave motion compliance, buoyant floatation elements are clamped around the cable. These floats are manufactured by Trelleborg AB and are known by the trade name “LinkSyn”
. The floats lock together and form a bend restrictor that enforces a minimum bend radius on the Riser Cable of one meter. The inner profile of the floats is a custom design for MBARI that provides a smooth curving surface for the Riser Cable. Note that the stock floats do not necessarily have the smooth inner curve necessary for preventing cable damage under all conditions. The buoyancy of each float pair (two halves) is 5.2 lbs. in seawater. A total of 144 float pairs are used in the Concept Design model used for the simulation.
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Figure 4. The cable clamp grips tightly around a relief cut into the cable jacket. The white plastic adapter locks with the cable floats at each end of the clamp assembly.
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Figure 5. Cable floats before assembly of the two halves illustrating the interlocking design that limits the riser cable bend radius.

To hold the floats in vertical position, a cable clamp that tightly grips the Riser Cable is placed about 1/3 of the distance up the floated section. The detail design of the cable clamp is important to ensure the clamp – and the floats – do not slip up the cable due to drag forces during mooring deployment. In event the most compact cable constructions, the riser cable diameter is reduced significantly under hydrostatic pressure during initial deployment, therefore to ensure the clamp is locked in place, a section of the riser cable polyethylene outer jacket is removed to form a receptacle to receive the cable clamp and the clamp itself is designed to make up some of the diameter as the cable compresses. The individual cable floats are locked into the clamp forming one continuous buoyancy assembly. At the lower and upper ends of the cable float assembly there are transition adapters that mate the floats to the cable bending strain reliefs. The Concept Design model incorporates the wet weight (buoyancy), mass and size of the cable float section but does not include the minimum bend radius lock-up feature of the cable floats.
1.6. Bending Strain Reliefs
To provide a smooth bending transition in locations where the Riser Cable is terminated and at each end of the cable float section, bending strain reliefs are used. The stiffness profile of the bending stiffeners is calculated to hold the minimum design bending radius of the Riser Cable under all conditions. The bending reliefs at the cable termination locations are assembled on the cable at the time of the cable termination. The bending strain reliefs at each end of the cable float are a split design that is fastened over the cable with bolts that allow installation at the time of mooring deployment. As is the case for the cable floats, the detail design and manufacture to MBARI specifications of the bending strain reliefs is performed by Trelleborg AB. The Concept Design model incorporates the wet weight, mass and size of the bending strain reliefs but does not include the controlled bend radius feature of the strain relief design (see also Recommendations for Additional Study, sec. 7.2).
1.7. The Anchor Float
The purpose of the anchor float is to provide enough buoyancy to allow the anchor end of the riser cable to float to the surface when the mooring is released from the anchor. This allows servicing of the lower end of the mooring string and re-anchoring the mooring without requiring recovery of the whole mooring string, including the surface float. An example of when this operations might be necessary is if damage occurs to the connector or instruments at the anchor end of the system during deployment or operation. The anchor float also allows an anchor-end recovery option when the entire assembly is recovered. The anchor float is constructed of syntactic foam suitable for the depth of the mooring and the volume is calculated to provide sufficient buoyancy to bring the end of the cable to the surface. In the illustration in figure 1, the Concept Design specifies the anchor float mass as 700kg and wet weight (buoyancy) as 6860 N. The optimum specifications should be closer to mass 998kg and wet weight (buoyancy) of 4004 N. In the detail design the anchor float should be calculated based on the final cable and cable float properties to bring the anchor end of the mooring to the surface upon release.
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Figure 6. The anchor float and anchor. After launch the anchor float separates from the anchor.
1.8. Anchor
The anchor must be sized to not drag during peak load conditions. The recommended anchor weight is calculated from the dynamic load analysis for the 25 year return period storm case that shows a maximum tension at the anchor of 33.75 kN (7587 lbs.). For a soft bottom condition the minimum recommended anchor mass is approximately 3500 kg (7700lbs.) in water. The Concept Design model uses an anchor mass of 4026kg in air and a “wet” weight of 34.3kN for simulations of the mooring deployment
Environmental Conditions

1.9. Introduction

The environmental conditions used as inputs to the dynamic simulation of mooring performance are described in this section. Hindcast data derived predictions of the wind speeds and wave conditions for the site location were obtained from Oceanweather Inc.
. The ocean site for which the data was derived is west of the Azores Islands, 37.29˚ N, 32.28˚ W, at the approximate location of the Lucky Strike complex. Four separate sets of conditions are modeled; the slack condition when conditions are at a minimum, the 50%, 70%, 90% annual non-exceedance, and the “design condition” which is the 95% non-exceedance condition in the worst month (February), and survival conditions which are defined as the 25 return period condition. On an annual basis, the design condition equates to a 98% to 99% non-exceedance, or a condition that is only exceeded 1-2% of the year. For the mooring Concept Design model the 25 year condition is considered the maximum condition for survival, however in this study, in a few cases, the 50 year condition is included for comparison.
[image: image6.emf]
Figure 7. Location map showing grid point 39366 which was the point location of the wind and wave condition hindcast data. The proposed buoy location is marked with a green cross.
1.10. Wind speeds
The wind speed data derived from the Hindcast is 10m height, 1 hour mean values. This data is converted into 1 minute mean values using a factor of 1.11 x the 1 hour mean
. Wind loading on the buoy structure is not a significant factor effecting cable loads and the buoy dynamics are dominated by ocean current and wave forcing. This is consistent with the surface area of the cable exposed to sea effects versus the surface area of the buoy exposed to wind effects.
	Wind Speed Condition at Lucky Strike Site
	Wind Speed at 10 m (m/s), 1 hour mean
	Wind Speed at 10 m , 1 min. gust

	Slack
	0
	0.0

	<50% Exceedance
	6.55
	7.3

	<70% Exceedance
	8.49
	9.4

	<90% Exceedance
	11.66
	12.9

	Design (<95%)*
	15.43
	17.1

	Survival 25 Year event
	25.05
	27.8

	Survival 50 Year event
	26.22
	29.1

	* Used February data (worst case)
	


Table 3. Wind forcing conditions.
1.11. Current profiles

Historical ocean current data for the specific location was not available for the site except for during a few short measurement periods at depth and broad area satellite data for the surface. In order to estimate the current profile at the site, satellite derived ocean surface current fields for the region were examined that covered the period 1994-2010
. The worst case of this data of approximately 70cm/second was used as the survival surface current condition. For the subsea currents a profile was generated from the surface values to a maximum near bottom value of 30cm/second. The bottom value is the actual extreme value measured at a nearby site in a one year period using in situ instrumentation
. The ocean current values for the 50%, 70% and 90% conditions were interpolated from the design condition in direct relation to the wind speed values.
	Water Column Current Profile

	Water Depth, meters
	Current Speed(m/s)

	
	Slack Condition
	Interpolated using Wind Data
	Design Condition 95% Non-Exceedance
	Survival Condition 25 Year Storm

	
	
	50% Non-Exceedance
	70% Non-Exceedance
	90% Non-Exceedance
	
	

	0
	0.1
	0.17
	0.22
	0.31
	0.35
	0.7

	50
	0.08
	0.13
	0.17
	0.24
	0.27
	0.55

	100
	0.07
	0.10
	0.13
	0.18
	0.2
	0.4

	150
	0.06
	0.08
	0.11
	0.15
	0.17
	0.35

	200
	0.05
	0.07
	0.10
	0.13
	0.15
	0.3

	500
	0.02
	0.02
	0.03
	0.04
	0.05
	0.1

	1000
	0.01
	0.02
	0.03
	0.04
	0.05
	0.1

	1500
	0.01
	0.05
	0.06
	0.09
	0.1
	0.15

	1750
	0.01
	0.07
	0.10
	0.13
	0.15
	0.3


Table 4. Ocean current forcing conditions.
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Figure 8. The Subsea current profiles used in the mooring dynamics model.

1.12. Wave conditions
The wave height data derived from the Hindcast includes significant wave height (the average height of the 1/3 highest waves, Hs), and the peak wave period (TP). Oceanweather used wind field data, satellite altimeter data and direct observations to hindcast Hs and period pairs. The Hs and period pairs were subjected to a regression analysis to develop the equation TP = 6.5819*Hs0.3825 . From the significant wave height value and the peak period TP equation a modified Pierson-Moskowitz spectrum of wave energy is used for the dynamic simulation.
	Wave Height Condition at Lucky Strike Site
	Significant Wave Height (Hs, meters)
	Peak Wave Period (TP)

	Slack
	0
	0

	<50% Exceedance
	2.12
	8.77

	<70% Exceedance
	2.96
	9.97

	<90% Exceedance
	4.56
	11.76

	<95% Exceedance
	5.4
	12.55

	Design (<95%)*
	6.94
	13.8

	Survival 25 Year event
	12.35
	17.22

	Survival 50 Year event
	13.04
	17.58

	* Used February data (worst case)
	


Table 5. Wave forcing conditions.
Static and Dynamic Simulation Results
1.13. Introduction

A numerical model of the Concept Design has been constructed using the WHOI CABLE software program
. The mooring system is characterized by specifying the physical properties of each element and section of the mooring system; axial and bending stiffness specification, mass, axial and normal drag coefficient, axial and normal added-mass coefficient, length and diameter. Where possible the properties of each element are determined by direct measurement. The ocean depth used for modeling purposes is 1750 meters. 

The WHOI CABLE software performs a time-dependent simulation of the mooring behavior by solving the cable-dynamics equations in the time domain. The cable-dynamics equations are the equations of motion of the cable that includes cable mass, cable axial and torsional stiffness, and cable added-mass and drag through the water.  Boundary conditions are applied at the ends of the cable that represent a fixed anchor end and a floating buoy. The cable and components between the float and anchor are divided into 6036 discrete “nodes” and the numerical equations solved for each node for each time-step. The hydrodynamics of the floating buoy are not included but instead it is assumed that the buoy is a wave-follower in heave. Due to their relatively small size, typical oceanographic buoys have hydrodynamic characteristics that makes this a suitable assumption.
The numerical simulation initially uses the material properties of the Concept Design and the wind and ocean current fields to calculate a static configuration. Following this step the wave field is ramped up to the full value over a period of thirty seconds for the dynamic conditions. The time step for the numerical computations to solve for positions and tensions for this study are 0.02 seconds and the duration of the entire simulation run is 600 seconds (10 minutes). The results of the computations are saved every 0.2 seconds, resulting in a time record of 3000 time steps representing 600 seconds duration for the dynamic solution. The deployment simulation used 0.1 second calculation intervals saved at 0.5 second intervals.
1.14. Summary of the simulation results.

The most significant elements effecting mooring system performance are the length of the Snubber section, the scope of the riser cable and to a less extent the amount of cable float buoyancy and the riser cable weight. The use of a Snubber to reduce the peak tensions caused by wave motion is recommended. Increasing the Snubber length beyond 8 meters reduces the maximum tensions and decreases the number of tension cycles at high amplitudes. It also dramatically reduces negative values and low amplitude cycles around zero kN tension. The ideal Snubber length is probably 40-50 meters, but this length may be difficult to deploy. Field experience has shown that cable failures are more likely to be caused by bending cycling and not tension cycling so allowing higher tension loads with less Snubber length is a reasonable trade-off with the need to make the deployment and recovery operations less difficult.

Increasing the mooring scope changes the configuration and causes a significant reduction in bending cycles at a given environmental forcing. The ocean current is the environmental agent most forcing the mooring configuration. The mooring scope, the cable floatation and the cable weight can all be optimized to reduce bending cycles in the majority of conditions if the local currents are well characterized.
1.15. The static model

The static results shown here illustrate the configuration and tension in the mooring Concept Design model under the range of environmental conditions due to the forcing of the wind and currents with no wave forcing. These results become the mean values about which the dynamic forces oscillate due to time-dependent wave forcing. Figure 9 illustrates the position of the mooring elements under the simulated environmental forcing in the static condition with a 1.25 mooring scope. The series of interlocking cable floats placed around the cable at 600 meters above the anchor forces the mooring into an “S” shape at low ocean currents and higher currents cause the mooring to move further from the anchor position horizontally. The corresponding static tensions along the mooring string for the simulated environmental conditions are illustrated in the plot shown in figure 10. The static (and mean dynamic) tensions at the anchor also include the buoyancy of the anchor float as shown in the figure as the sharp rise in tensions at the zero distance position. The float properties included in the Concept Design model and the simulation provide about 2.8kN more buoyancy than is necessary for floating the cable to the surface. The buoyancy of this float could likely be reduced in the detail design, reducing the peak and mean anchor loads.
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Figure 9. The mooring cable configuration under different environmental forcing conditions.
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Figure 10. Static tensions along the mooring Riser Cable.
1.16.  The Dynamic simulation
The dynamic simulation adds the effects of waves on the Concept Design model and as a result the tensions in the cable at any point vary with time. Table 6 shows the tensions directly below the buoy, just above the cable floats and at the mooring anchor in the in the simulated environmental conditions. These values include the mean and maximum expected cable tensions. Maximum tensions are computed as the mean tension plus four times the standard deviation of the tension signal during the 10 minute (600 seconds) simulation. Note that tensions described as in the cable are taken at the terminations or transition points in the riser cable. Tensions at the anchor are taken below the anchor float at the anchor shackle and are higher.
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Table 6. Summary table of dynamic loads for 24 meter Snubber and scope 1.25.
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Table 7. Table of maximum dynamic tensions for multiple configurations.

Dynamic mooring simulations were run for most configuration conditions using the environmental values of the 50%, 70%, 90% non-exceedances, and for all cases, the design and 25 year conditions. A limited number of simulations were also run for the 50 year storm condition for comparison. Most simulations used a mooring scope of 1.25, however a series of comparative runs were conducted with a scope of 1.36. The detailed results of the numerical simulations for mean and maximum loads for different configurations are shown in table 7. Note that some of the maximum tension values are slightly greater than the specified 27kN working load of the Concept Design riser cable. The time series plots of tension for the baseline Concept Design are shown in figures 11 to 14 below.
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Figure 11. Dynamic tensions in the riser cable for the <90% exceedance condition. The text in the lower right is the source data filename. 3000 time steps represents 600 seconds of simulation time recorded every 0.2 seconds.
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Figure 12. Dynamic tensions in the riser cable for the design condition.
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Figure 13. Dynamic tensions in the riser cable for the 25 year storm condition.
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Figure 14. Dynamic tensions below the surface buoy and at the anchor for the 25 year storm condition. These higher tensions include the loads of the Snubber mass and the anchor float buoyancy (which are not seen by the cable).
2. Mooring design sensitivity analysis and design optimization.
2.1. Optimization of the Snubber length.

As the baseline condition for the numerical simulation a Snubber length of 24 meters was selected. This length has been shown to both have a significant effect on reducing peak loads while remaining short enough to be field deployable without specialized equipment such as a dedicated winch. To test the effect of different Snubber lengths in the Concept Design model, simulations were run for Concept Design models that ranged from a no Snubber below the buoy to a 56 meter Snubber length below the buoy in 8 meter Snubber length increments. Figure 15 plots the results of the changes in Snubber lengths on the maximum loads at the base of the buoy (buoy-Snubber junction) and at the base of the Snubber (the Snubber-cable junction). It can be seen that as the Snubber length increases, the peak tensions in the cable decrease. One exception is the 8 meter Snubber length where the tensions actually increase. In the design environmental condition the maximum tensions below the buoy can be seen to increase as the Snubber lengthens as a result of the mean tension increasing due to the static weight of the Snubber. Simultaneously as the Snubber length increases, the standard deviation of tensions (dynamic tensions) are reduced due to the energy absorbing qualities of the Snubber and below the Snubber the maximum tensions in the cable riser are decreased. In the 25 year storm survival condition, as the Snubber lengthens the maximum loads are more influenced by the significant reduction in dynamic loads and the maximum tensions are decreased both at the buoy and below the Snubber in the cable. From the simulation data it is clear that after 8 meters, longer Snubber lengths result in reduced peak loads. Previous work has shown that the optimal Snubber length is reached when the increase in mean tension becomes greater than four times the reduction in the standard deviation of tension resulting from the greater Snubber length1.

In addition to changing the total length, the stress strain curve of the Snubber can also be modified by changing the material properties of the Snubber, however for the Concept Design model and simulations presented here we chose to only change the Snubber length. This is for two reasons; 1) The design used in the simulation can be manufactured reliably and has been well characterized and field tested. 2) Changing the overall Snubber length is a good approximation for changing the stress-strain curve for an individual fixed length element. See also the recommendations for additional study in section 7 for more discussion on the feasibility of modifying the Snubber construction to produce a more elastic stress-strain curve.
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Figure 15. The effect of Snubber length on mooring maximum tension.

	Mooring Riser Cable Maximum Dynamic Tensions

	
	Below Surface Float
	Below Snubber

	
	Lbs
	kN
	Lbs
	kN

	Design Condition
	No Snubber
	3599
	16.01
	3599
	16.01

	
	8m Snubber
	3992
	17.76
	3626
	16.13

	
	16m Snubber
	4009
	17.83
	3349
	14.89

	
	24m Snubber
	4090
	18.19
	3176
	14.13

	
	32m Snubber
	4218
	18.76
	3054
	13.59

	
	40m Snubber
	4384
	19.50
	3002
	13.35

	
	48m Snubber
	4590
	20.41
	2954
	13.14

	
	56m Snubber
	4786
	21.29
	2878
	12.80

	25 Year Storm
	No Snubber
	7266
	32.32
	7266
	32.32

	
	8m Snubber
	7629
	33.94
	7411
	32.97

	
	16m Snubber
	7470
	33.22
	7044
	31.33

	
	24m Snubber
	7106
	31.61
	6494
	28.88

	
	32m Snubber
	7009
	31.18
	6191
	27.54

	
	40m Snubber
	6576
	29.25
	5557
	24.72

	
	48m Snubber
	6406
	28.49
	5192
	23.09

	
	56m Snubber
	6459
	28.73
	5089
	22.64


Table 8. Maximum dynamic tensions from simulation of different Snubber lengths.
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Figure 16. Comparison of cable tension with 24 meter Snubber and no Snubber in the design condition. 3000 time steps represents 600 seconds of simulation time recorded every 0.2 seconds.
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Figure 17. No Snubber (xy in lbf)
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Figure 18. 24m Snubber (xy in lbf)

The time series of the dynamic tensions at the upper termination of the mooring cable are plotted for the design condition in figure 16 for the no Snubber and 24 meter Snubber conditions. A rainflow analysis of the wave forced tension cycles results in a matrix plot (see section 5.2 for details of rainflow cycle counting) of the number of cycle occurrences, cycle amplitudes and cycle mean values. Comparing the 24 meter Snubber plot in figure 18 with the no Snubber plot in figure 17 shows that the Snubber reduces the peak tension value and significantly lowers the number of cycles at higher amplitudes. An additional effect of the Snubber is that the number of cycles with a mean near or below 0 kN is reduced and the number of cycles that extend below 0 tension is reduced. When the tension in the cable approaches 0 or negative values there is concern that “snap loading” of the cable below the mooring could occur and cause premature cable failure.
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Figure 19. Comparison of cable tension with 24 meter Snubber and no Snubber in the 25 year storm condition.
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Figure 20. No Snubber (xy in lbf).

[image: image22.png]24m Snubber - 25 Year Storm Condition at Cable Rainflow Matrix

o

v o

S6jo2 40 Jequny

. of)

P

0]

X - ampl

5000

Y- mean




Figure 21. 24m Snubber (xy in lbf).

The times series of the dynamic tensions at the upper cable termination for the 25 year storm condition are plotted in figure 19 and the rainflow tension cycle plots for this condition are shown in figures 20 and 21. Note that in these conditions the Snubber also reduces the peak tension value and significantly lowers the number of cycles at higher amplitudes. In the 25 year storm condition the effect of the Snubber reducing the number of cycles with a mean near or below 0 kN is more pronounced and cycles that extend below 0 kN tension are not present. The ability of the Snubber to reduce peak loads and prevent 0 kN load excursions continues to improve as the Snubber length increases as is shown in figures 22, 23 and 24 which illustrate the comparative results from the simulation comparing the results with Concept Design models incorporating 40 m and 56m Snubbers .
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Figure 22. . Comparison of cable tension with 40 meter Snubber and 56m Snubber in the 25 year storm condition.
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Figure 23. 40m Snubber (xy in lb).
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Figure 24. 56m Snubber (xy in lbf).

The plot in figure 25 is a more detailed view of a section of the time history of the 25 year storm forcing conditions. It clearly illustrates how longer Snubbers provide compliance for wave motions, reducing the peak loads and decreasing the load excursions around the mean tension value. The longer Snubber lengths also significantly reduce the number of load excursions below zero tension.
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Figure 25. High resolution plot illustrating the comparative response to wave motion with sample of different length Snubbers.

2.2. Cable bending Analysis
MBARI’s experience with mooring systems of this type has shown that the riser cable is subject to fatigue damage caused by fiber compression during low tension bending. The accumulation of low tension bending cycles is one of the significant limiting factors in the mooring system lifetime. Unpredicted bending fatigue in the riser cable could also cause a line break before the planned service life of the mooring. Testing of mooring riser cables recovered after 18 months of service with configurations very similar to the design configuration used in this concept study has shown that the area of the cable that weakens most significantly during the course of a mooring deployment is located at the upper end of the cable float section, as shown in figure 26. All other areas of the cable have shown a minimal loss of strength over the deployment durations. For these reasons, the bending analysis will concentrate on this section of the cable.
The riser cable and floated cable section are only constrained by the effects of mass and hydrodynamic drag on the components. For these reasons, bending in the cable occurs mostly under very low tensions and higher tensions pull the cable and floated section straight. The relationship between cable tension and cable bend angle can be seen in figure 27. When the cable tensions are high, the bend angles are low and the most severe bending occurs at almost zero tension.
[image: image27.emf]
Figure 26. Detail of the riser cable in the area of the cable floats.

The method used to examine bending along the cable in detail has been to use the output data from the simulations to calculate the bend in the cable per meter under the range of environmental conditions modeled. Figure 28 plots an example of the bend per meter calculation under slack conditions. When the bend per meter value is positive, the actual cable bend is downward. The large positive value reaching 60 degrees per meter is the bend in the floated section arcing downward. The cable is then straight until the dip to negative values indicates a very gentle bend upward which is in the large radius lower section of the large catenary bend. This condition can be considered to be a very good environment for the cable. In a real mooring, the floated section containing the 60° bend has a constrained minimum bend radius due to the float lockup. It should be noted that the lockup at minimum radius of the floated section is not captured in the Concept Design model and that the degree of positive 
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Figure 27. The relationship between cable tension and bend angle per meter for the cable in and above the floated section.
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Figure 28. Cable bending along the middle (catenary) section of the cable length in the slack condition (see figure 9 for the actual position of the cable to help interpret this graph).

bending angles shown in the simulation results in figure 28 for the floated section are the results of the cable stiffness and tension relationship only. It is a coincidence that the 60 degrees per meter bend in the simulation corresponds exactly to the cable float lock-up point which is also 60 degrees per meter. Figure 29 shows a similar plot for the bend per meter values for the 90% non-exceedance condition in the dynamic simulation. The cable area just after the floated section (at the 650 meter point on the x axis) now shows negative bending values. The bends here are not very severe but show that in some waves the catenary loop has been pulled straight and that upward deflection of the cable is now starting to take place in this section of cable. The line colors of the plot represent the bend per meter results for each of the 3000 time step records that were saved during the simulation, each line plotted by cycling through the color table. Further to the right in the plot, the multiple areas of localized bending in the riser cable appear to be gentle s-bends formed in the cable when the buoy drops faster than the mass of the cable can accelerate downward.
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Figure 29. Cable bending for the 90% non-exceedance condition.

These multiple bends may also be artifacts of the numerical simulation and not actually exist in the real case. For example if the cable model values for transverse and tangential drag are slightly higher than the actual values it could produce this effect. If these bends are also occurring in actual moorings then they seem to be of little consequence. After several lengthy field trials no weakness has been detected in this section of the riser cable. In comparison, the cable area around the 650 meter point has consistently been shown to suffer from bending fatigue damage and this analysis will concentrate in this area.
In figure 30 the same data as figure 29 is shown in more detail, restricted to only the area of interest in the region of the transition from the cable floats to the unsupported cable in the position from 620 to 670 meters above the anchor. The plot shows the cumulative results the bend per meter results for each of the 3000 time step records that were saved during the simulation, each line plotted by cycling through the color table. Note that the area of greatest positive signal (downward bending) is occurring very close to the transition point from the floated cable to the non-floated cable whereas in figure 28 the cable bend at the transition was very low as the cable was tending straight down. See also the mooring configuration in the slack and 90% conditions in figure 9.
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Figure 30. Smaller scale  plot of the cable bending per meter in the area  at the end of the floated cable section. The vertical line of no data at the 648 meter point is the junction of the floated cable segment with the unfloated cable.
In order to understand the significance of the bending at a particular location in the riser cable we can look at the bending history at a specific node in the time domain. This is illustrated in figure 31 which shows the time history of bending at node 198, which corresponds exactly to the position 649 meters up the cable that is shown in figure 30, a location in the cable immediately after the cable floats. Figure 30 shows that this location has a significant degree of bending per meter. The time history of the data at this location is shown in figure 31 and illustrates that the majority of the time the cable is nearly straight or bending to negative bend per meter values, indicating that the cable is bending upward, but that the peak amplitude of the bends are relatively small.
To quantify the number of bend cycles of a given magnitude at this node we can perform a rainflow counting exercise on the bending excursions captured in the time history data. Rainflow counting is a method used in the analysis of stress caused by random loadings
. Each cycle of a time history record is counted and binned with cycles of similar magnitude. In this case we apply the rainflow counting method to bending stress analysis. The rainflow calculation of a time series can be performed using a readily available Matlab algorithm
. The result of the rainflow analysis is a histogram of the bending cycle amplitudes and mean values as shown in figures 32 and 33. It is important to note that the amplitude shown in the rainflow analysis plots is half the peak to peak value of a given bending cycle, i.e. a bend per meter cycle value from 0 to 40° in figure 31 is shown in the rainflow histogram in figure 32 as having an amplitude of 20°. Examination of figure 32 shows that numerous small amplitude bends occur but that relatively few bends occur at larger amplitudes. The minimum bend radius of the Concept Design model cable is 0.5 meters, which corresponds to a bend angle of 115 degrees per meter in the time history plots. In the rainflow plots this would represent 57 degrees per meter. Repetitive bend angles approaching these values will likely cause significant cable fatigue damage over time.
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Figure 31. The time history of bending at node 198 in the 90% non-exceedance condition, which corresponds to the 649 meter point of figure 12. 3000 time steps represents 600 seconds of simulation time recorded every 0.2 seconds.
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Figure 32. Histogram of the bending cycle amplitudes and the number of cycles at each amplitude of the node 198 time history shown in figure 15.
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Figure 33. Histogram of the bending cycles mean values and the number of cycles at each mean of the node 198 time history shown in figure 15.

The histogram plot in figure 33 shows the mean values of each bending cycle and the number of occurrences at each mean value. Note that all of the cycle values are zero degrees or negative, indicating that the cable bending is predominately through the neutral axis or upwards. Figure 34 combines the amplitude, mean and number of bend cycle data into a single matrix plot. It clearly illustrates that most of the bending cycles are of low amplitude, the higher amplitude cycles predominately have mean values that are negative (cable bending upward) and the mean values of each cycle are of similar absolute value as the bend cycle amplitudes meaning the cable is flexing in one direction at this location and not back and forth through 0 degrees. For example, the cycle with a mean value of -6 degrees has an amplitude of about 6 degrees so the bend cycle was approximately from zero degrees to -12 degrees (remember that the amplitude is ½ the cycle peak to peak value). There are a few exceptions to this observation and they can be seen both in the time series plot in figure 31 and as the outlying points in the rainflow matrix plot in figure 34.
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Figure 34. Rainflow matrix of bending cycle amplitudes and mean values for the 90% condition.
If we now examine the simulation data for the design condition at the same location in the cable we find that the number of bending cycles at higher peak amplitudes is much greater. This is shown in the time series plot in figure 35. The corresponding rainflow counting matrix plot in figure 36 clearly shows that most of the high amplitude bend cycles occur with a mean value near zero, meaning that the cable is flexing back and forth through neutral or zero degrees. This is considered the most damaging condition for the cable as the fiber strength elements in the cable are alternately cycled in tension and compression by the cable bend. The overall mooring configuration in the design condition can be examined by referring back to figure 9.
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Figure 35. The time history of bending per meter at node 198 in the design condition with a 1.25 scope.
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Figure 36. Rainflow matrix of bending cycle amplitudes and mean values for the design condition.

The time series plot in figure 37 for the 25 year storm condition shows very interesting results. The cable is straight in this location much more than in previous conditions, however there are periodic bends upward (negative values on the plot) of great magnitude. There are also downward cable bends periodically (positive values), as the catenary tries to resume it’s relaxed shape. These downward cable bends are no greater in magnitude than in the design case. The rainflow plot in figure 38 also shows that most bends are upwards (negative values) but also that the high amplitude bend cycles have mean values closer to zero, showing that the cable is bending thru zero degrees.
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Figure 37. The time history of bending per meter at node 198 in the 25 year storm condition.

[image: image39.png]rainflows matrix

X - ampl

‘ Res-3c-1.255-400d-6 15A-17 2T-27 8W-245L

S %
i
O S I
SUUROUURRRRR. 1% %t it st oshin o
LH, SRRt
il
=}
s
2
E
K

Node 198 - 25 Y Storm 24 m Snubber




Figure 38. Rainflow matrix of bending cycle amplitudes and mean values for the 25 year storm condition.
2.2.1. Changes in mooring configuration that effect the bending number of cable bending cycles.
2.2.1.1. Mooring riser cable scope effect on bending.
From the simulation data it appears that the bending environment for the cable at the end of the floated cable section only becomes severe when ocean current conditions force the mooring to near the edge of the watch circle. In the simulation with the Concept Design this condition started to occur after the <90% exceedance condition and became very pronounced in the design condition. Under these conditions the wave motion absorbing catenary has been decreased to where the repetitive bending of the cable due to wave motion has moved down to the transition point between the floated cable section and the non-floated cable. With each wave cycle the cable alternately is pulled straight and then begins to re-form the catenary configuration. For a given ocean current condition the catenary shape can be changed by changing the properties of the cable floats and the cable itself. By increasing the weight of the cable it allows a catenary shape to remain under higher current forcing conditions. Another approach is to increase the mooring scope, which increases the cable weight and stiffens the catenary.
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Figure 39. The comparison of the mooring configuration with cable scopes of 1.25 and 1.36.
To test this condition the mooring scope was increased to 1.36 which increased the anchor cable length by 192.5 meters. Figure 39 compares the resulting cable configurations. Note that the configuration of the cable in the design condition with a scope of 1.36 compares well with the configuration of the cable in the <90% configuration in figure 9 where the scope was 1.25. Also, as shown in table 7, the maximum dynamic loads did not increase significantly with additional scope. The bending time history plot in figure 40 and the rainflow matrix plot in figure 41 confirm that with the mooring scope increase to 1.36 the bending cycles in the design condition are reduced to a value similar to the <90% condition and 1.25 scope. The simulation shows that increasing the mooring scope to 1.36 places much less bending stress on the cable in the design condition.
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Figure 40. The time history of bending per meter at node 198 in the design condition with a 1.36 scope.
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Figure 41. Rainflow matrix of bending cycle amplitudes and mean values for the design condition and 1.36 mooring scope.

2.2.1.2. Snubber length effect on bending.

In a second test on the effects of changing the mooring configuration on bending stress the Snubber length was increased from 24 to 56 meters while the scope remained at 1.25. Increasing the Snubber length resulted in only a minor effect on the bending environment. In figure 42 the time history shows that in the design condition the number of bending cycles at node 198 was slightly reduced with the 56 meter Snubber when compared to the results with a 24 meter Snubber as shown in figure 35. Mostly likely this is the result of the longer Snubber absorbing more of the energy from the smaller waves. There was also a mean shift resulting in fewer bends with a mean near zero degrees where the cable is flexing through neutral. The magnitude of the bends actually increased slightly with the longer Snubber. Overall the increase in Snubber length did not result in a significant reduction in the number of bend cycles or bend amplitudes in the design condition.
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Figure 42. The time history of bending per meter at node 198 in the design condition with a 1.25 scope and 56 meter Snubber.
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Figure 43. Rainflow matrix of bending per meter at node 198 in the design condition with a 1.25 scope and 56 meter Snubber
2.2.2. Conclusion of the bending analysis.

The analysis of the bending data shows the under the environmental forcing conditions corresponding to the 50%, 70% and 90% non-exceedance values, very little damaging flexing of the mooring riser cable occurs. In conditions that exceed these values the configuration of the mooring allows the repetitive cable movement from wave motions to concentrate bending in the cable region where the cable floats end and the non-floated cable begins. In the Concept Design model this floated to non-floated cable transition point occurs at a cable length of 948 meters from the anchor.

In the simulation runs of this study, the effect of current, waves and wind for a given environmental condition are not modeled separately, however the mooring position in the watch circle is mostly driven by current forcing. The result of this is that the conditions that are damaging to the mooring cable may occur in conditions where the currents are high and force the mooring near to the edge of the watch circle, however the wind and wave conditions may not be as severe as the conditions simulated. See also the recommendations for additional study in section 7 for more discussion on optimizing the mooring design for the ocean current conditions at the study site.
2.2.3. Optimization of total cable float buoyancy.
The optimization of the total cable float buoyancy should be performed as an optimization step in the final design based on predictions of the yearly distribution of current forcing. The objective is to minimize cable bending over the greatest range of predicted conditions. See the recommendations in section 7.3.
2.2.4. Optimization of the location of the cable floats
Due to time limitations simulation runs were not conducted to optimize the location of the cable floats. Previous work has shown that the vertical location has a minimal effect on the mooring dynamics. The function of the cable floats is to prevent the excess cable from the catenary from contacting the seafloor. The closer to the anchor end of the riser cable the floats are placed the less buoyancy is needed. In order to facilitate ROV access to the seafloor area near the mooring anchor the floats and catenary bend are placed approximately 600 meters up the cable in the Concept Design model.
Installation Methods

2.3. Ship Winch Requirements
The deployment of the mooring system described in this Concept Design will require an oceanographic winch system of sufficient capacity to store the total length and type of cable specified for the system. The drum core diameter and any fairleads or sheaves used for the Riser Cable must be sized to meet the minimum bend radius specification of the cable. The cable must be wound on the drum in a direction consistent with the construction of the cables outer wrap, either a left-hand or right-hand lay. The line pull requirements for the winch system are that it can, at a minimum, retrieve the weight of the length of the riser cable not supported directly by the cable and anchor floats.

2.4. Deployment simulation
It is recommended that an anchor last free fall deployment method be used. This method eliminates the uncontrolled dynamic loads associated with gradual anchor lowering from a vessel and is safer for deck personnel. The positioning accuracy of the anchor location expected with this method is approximately 1% of water depth or better. The Concept Design model was used in an anchor last deployment simulation with a numerical solution calculated on 0.1 second intervals. The position of the mooring was saved every 5 seconds of simulation time. The anchor contacted the seafloor 735 seconds (12 minutes 16 seconds) after launch at a point (setback) 260 meters from the launch position. The successive positions of the mooring system as the anchor free-falls to the seafloor are shown in figure 44. The time history of the riser cable tension loads at the base of the Snubber and above the anchor float are shown in figure 45. The maximum tension loads on the riser cable are within the specified working range of the riser cable.
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Figure 44. Successive mooring positions during deployment simulation.
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Figure 45. Tensions in the riser cable below the Snubber and above the anchor during the deployment simulation. The recorded simulation time step is five seconds, so 4000 time steps represents a duration of 800 seconds.
Recommendations for Additional Study
2.5. Riser cable materials

As described in the “Optimization for bending” section above, previous work has determined that the limiting factor in the service life of the riser cable is weakening in the section at the transition from the cable floats to the upper section of the cable. The fatigue mechanism is most probably repeated bending under low cable tension causing fiber compression and kink band formation. An area for further study is to seek improvements in the Riser Cable survivability by investigating methods of improving the tolerance for low tension bending by investigating materials and construction methods which may be more tolerant of low tension bending fatigue. The best cable material to date for low tension bending fatigue life has been found to be Liquid Crystal Aromatic Polyester (LCAP), known by the trade name Vectran®, however there are other synthetic fibers with the potential to improve fatigue life such as High Modulus Polyethylene (HMP)(trade names Dyneema®, Spectra® and Certran® ) and possibly Dyneema®/Vectran® blends. The successful design of an improved Riser Cable incorporating HMP fibers depends on the effect of the integrated load history on the fibers long term creep properties. Laboratory and field testing of the cable would be required to verify that the bending fatigue life improved and that the long term creep did not exceed a value that can be tolerated by the electrical conductors.

2.6. Refine model to improve representation of the floated cable section and associated bending strain relief.

The Concept Design model does not include the property of the cable floats to lock up at 60 degrees of bend per meter and does not include the graduated bending strain relief that transitions the cable from the floated section to the unmodified cable. Previous experience has shown that the area of this transition is most prone to fatigue damage from repeated cable bending and is the limiting factor in the mooring system lifetime. Increasing the resolution of the Concept Design model in this critical area of the mooring riser cable may facilitate tuning the configuration of the mooring system to minimize fatigue bending.
2.7. Use previous mooring position records and hindcast bulk current fields to develop a profile of the predicted mooring position in the watch circle.

The factor most influencing the degree of fatigue bending above the floated cable section is the position of the surface mooring in relation to the anchor – the position in the watch circle - , and the mooring position is driven primarily by the forcing of ocean current on the riser cable. If the bulk ocean current can be reliably predicted then the Concept Design and simulation can be used to optimize the factors that influence the degree of bending in a given current condition and to minimize the number of high amplitude bend cycles over the greatest possible range of current conditions predicted.

It may be possible to use location data from previous mooring deployments with a model of the mooring system deployed to simulate and subsequently hindcast the bulk ocean current conditions. This information could then be used to optimize the riser cable weight, the cable float buoyancy and the mooring cable scope, to minimize cable bending and maximize cable life in a new mooring design specifically for the target location.
2.8. Consider designing a Snubber with a softer EA curve to allow a shorter length to be used.

The Snubber used in the Concept Design model is a design that has been well characterized in laboratory load tests and endurance tested in the field. The design has been fabricated numerous times by a commercial manufacturer with very consistent results. The Snubber hose design is relatively stiff compared to other similar designs that have been built for other buoy applications. For example the Snubber in the concept design model has a strain of 0.33 at the Snubber nominal working load (stress) of 20kN (see figure 2). Snubbers have been developed that have strains reaching 1.0 at the design working load or 100% stretch
. The use of a softer Snubber would allow a shorter total Snubber section length with the same benefits in reducing peak cable loads. The original design of the Snubber hose was performed at WHOI, however the basic design principles are in the public domain and can be replicated for new designs. A new design would have to be thoroughly tested to ensure that is performed to the same level of reliability.
2.9. Develop an SN curve based on bending severity for cable and use to predict field lifetime.

It is possible to test cable designs by performing a measurement of the number of stress cycles to break under different degrees of low tension bending. Ideally the conditions should approximate the tension and bend angle relationship shown in figure 27. Using the cycle counts from rainflow analysis it may then be possible to estimate the service life of the riser cable under predicted field conditions.
2.10. Mooring release system.

The use of high modulus riser cable results in higher cyclic loads in the mooring release system and ground tackle than with traditional moorings with nylon cables. MBARI has had several instances of mooring releases failing due to fatigue failure of the release attachment point or wear-through of the release jaws. The mooring release system must be carefully designed to ensure it is cable of sustaining the required loads for the duration of the intended deployment. 
2.11. Perform a detailed mooring design.

Based on the results of the concept study and the additional work described above, a detailed design should be completed that results in final specifications for the buoy payload, surface float volume, riser cable design, mooring scope, cable floatation, Snubber EA profile and length, anchor float buoyancy and anchor weight. The mooring Concept Design model used for this simulation represents a workable design, however for the best performance at least one more optimization cycle should be completed.
Appendix

2.12. Cable run input files
#include "Lower_Cable.spec" 
Problem Description
    title = "MOOS Mooring"
    type = surface
Analysis Parameters
    static-outer-iterations = 1000
    static-iterations       = 10000
    static-relaxation       = 0.1
    static-tolerance        = 0.01
    static-outer-tolerance  = 0.01
    static-outer-relaxation = 0.99
    duration                = 600
    time-step               = 0.02

    dynamic-tolerance       = 1e-6 
    dynamic-relaxation      = 1
    dynamic-iterations      = 20
    dynamic-integration     = temporal
    ramp-time               = 30.0
Environment
    rho            = 1025
    gravity        = 9.81
    x-current      = (0.0, CURR_0) (50, CURR_50) (100, CURR_100) (150, CURR_150) (200, CURR_200) (500, CURR_500) 
                       (1000, CURR_1000) (1500, CURR_1500) (1750, CURR_1750)
    /*(x-current      = (0.0, CFACT*0.7) (50.0, CFACT*0.63) (100, CFACT*0.56) (150, CFACT*0.50) (200, CFACT*0.50)
                     (250, CFACT*0.45) (300, CFACT*0.25) (WATER_DEPTH, CFACT*0.1163) */
    x-wind         = WIND  /* design wind */
    depth          = WATER_DEPTH
    input-type     = random
    forcing-method = wave-follower
    x-wave = (AMP,PER,0.0)
    bottom-stiffness = 750.0
    bottom-damping   = 0.5
Buoys
   buoy_LB      type = cylinder 
                d = 2.34          
                h = 1.12         m = 1473           Sw = 3.25
                Cdn = 1        Cdt = 1          Cdw = 0.54
Anchors
   clump        color = red
            m = 4026  /* 8858 lbm */
                wet = 34300
                d = 0.96*1.8  /* Diameter adjusted to reflect double config */
                Cdn = 1.0
                Cdt = 1.0
Connectors
   coupling     m = 13.35
          wet = 113.4
          Cdn = 0.001
          d = 0.001
   coupling2    m = 0.01
          wet = 0.01
          Cdn = 0.0001
          d = 0.0001
   bot_footballs d = 0.5771     /*This represents 4 footballs bunched right at bottom */
            m = 4*37.9
            am = 31.84
            wet = -21.9*9.81*4
            Cdn = 1.0
            Cdt = 0.2
   lg_football  d = 0.5771 
                m = 37.9
                am = 31.84  
                wet = -21.9*9.81
                Cdn = 1.0
                Cdt = 0.2
   sm_football  d = 0.4545
                m = 18.52
        am = 14.84
                wet = -11.29*9.81
                Cdn = 1.0
                Cdt = 0.2
   TerminationFloats
        d = .7
        m = 500/2.2
        wet = -250*9.81/2.2
        Cdn = 2.0
        Cdt = 2.0
Materials 
   chain_1_2     EA = 5.5e7       EI = 0.5       GJ = 0.1
                 m = 6.2          am = 0.584      wet = 38.1
                 d = 0.0265       Cdt = 0.01      Cdn = 0.55
   Lower_cable   EA = 6.7e6           EI = 1.0          GJ = 0.1   
                 m = 0.700        am = 0.5  wet = .110*9.81   
                 d = .028         Cdt = 0.005         Cdn = 1.5   
    /* Changed Cdt to .005 from .01 based on research*/
   Upper_cable   EA = 6.7e6           EI = 10.0         GJ = 0.3   
                 m = 1.17             am = 0.5526       wet = 0.28*9.81 
                 d = 0.034             Cdt = 0.005       Cdn = 1.5
    /* Changed Cdt to .005 from .01 based on research*/
   Unstiffened_Upper_cable   EA = 6.7e6           EI = 5.0         GJ = 0.3   
                 m = 0.9             am = 0.5526       wet = 0.1*9.81 
                 d = 0.034             Cdt = 0.01       Cdn = 1.5   
   Floated_cable  EA = 6.7e6           EI = 3.0          GJ = 0.3   
                 m = FC_MASS           
                 d = FC_DIAM      Cdt = 0.1         Cdn = 1.5 
   snubber       type = nonlinear /*added type = to model as nonlinear EA curve*/
                 EA = 3.13e4      EI = 1000       GJ = 500
                 m = 27.8        am = 14.33      wet = 145.4
                 d = 0.1334       Cdt = 0.01      Cdn = 1.5
                 bt = 2.5 /*estimated value for neoprene rubber*/
            /* Changed snubber m and wet based on new calculation*/
            /* New Snubber material property values based on pull test*/
                T = 6500*(exp(4.5*e)-1)
                Te = 29250*exp(4.5*e)
                Tee = 1.31625e5*exp(4.5*e)
/* 5.625" OD 5.25" ID diam 316L stainless pipe, mass adjusted for flanges on ends, so useful for ~1m sections only*/
 SS_Pipe  
       EA = 4.0e8       EI = 1000         GJ = 1000
       m = 21.0                               wet =  62
       d = 0.143           Cdt = 0.01         Cdn = 1.5   
/* 5.625" OD 5.25" ID diam 316L stainless pipe, mass adjusted for flanges on ends, so useful for ~1m sections only*/
 SS_PipeBetweenSnubbers  
       EA = 4.0e8       EI = 1000         GJ = 1000
       m = 38.0                               wet =  0.8742*38.0*9.81
           d = 0.143           Cdt = 0.01         Cdn = 1.5     
   BendingStrainRelief  EA = 6.7e6  EI = 10.0          GJ = 0.3   
/* Length = 1.8 */  m = 23/1.8      wet = 7*9.81/1.8
                    d = 0.12        Cdt = 0.1        Cdn = 1.5  
   AcousticRelease      EA = 1.0e9  EI = 1.0e7  GJ = 1.0
/* Length = .91 */  m = 35/.91  wet = 9.8*(35-9)/.91
            d = 0.127   Cdt = .5    Cdn = 3.0
   FloatedDoubleRelease  EA = 1.0e9 EI = 1.0e7  GJ = 1.0
/* Length = 1.0 */  m = 700     wet = -700*9.8
            d = 1       Cdt = 1.0   Cdn = 1.0
   LowerLoadCell    EA = 1.0e8  EI = 1.0e7  GJ = 1000.0
  /* Length = .19m */   m = 4/.19   wet = 4*.87*9.81/.19   
            d = 0.05        Cdt = 0.1        Cdn = 1.5 
   Upper_Termination    EA = 1.0e9  EI = 1.0e7  GJ = 1000.0
    /* Length = .5m */  m = 61      wet = 525   
            d = 0.143   Cdt = 0.5   Cdn = 1.75
    Lower_Termination     EA = 1.0e9    EI = 1.0e7  GJ = 1000.0
    /* Length = .84m */ m = 50/.84      wet = 0 
            d = .35     Cdt = 0.5   Cdn = 1.75
Layout
   terminal = {
       anchor = clump    
#ifdef DEPLOY
       x-speed = 2.0*0.514  
#endif
   }
   segment = {    /* 1.5 meters of chain approximates bridle */
       length = 1.5
       material = chain_1_2
       nodes = (6, 1.0)
   } 
   segment = {    
       length = 1.0
       material = FloatedDoubleRelease
       nodes = (3, 1.0)
   }    
   segment = {   
       length = 2
       material = chain_1_2
       nodes = (3, 1.0)
   } 
  segment = {
       length = .84
       material = Lower_Termination
       nodes = (3, 1.0)
   } 
  segment = {
       length = 1.8
       material = BendingStrainRelief
       nodes = (6, 1.0)
   } 
   segment = {
       material = Lower_cable
       length = LCB_LENGTH
       nodes = LCB_NODE_SPEC
   }
   segment = {
       material = Floated_cable
       length = FC_LENGTH
       nodes = FC_NODE_SPEC
    }
   segment = {       /* this is the upper cable  */
       length = UC_LENGTH
       material = Upper_cable
       nodes = UC_NODE_SPEC
   }
   segment = {
       length = 1.8
       material = BendingStrainRelief
       nodes = (6, 1.0)
    }
    segment = {
        Length = .5
        Material = Upper_Termination
        nodes = (3, 1.0)
    }
    segment = {
    length = 1
    material = SS_Pipe
    nodes = (4,1.0)
    }
    segment = {                        
       length = SNUB_LENGTH
       material = snubber
       nodes = SNUB_NODE_SPEC
   }    
   terminal = {
       buoy = buoy_LB
   }
End
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3755.7354301737

14696.192

3890.8807251592

15123.2

4022.4708669906

15594.688

4158.0991191385

16026.144

4287.2174600883

16466.496

4411.7456692119

16920.192

4538.9714767206

17369.44

4668.9533194704

17814.24

4784.7720377303

18241.248

4928.2895200136

18686.048

4965.828961269

19135.296

5160.6437742412

19575.648

5284.7880201322

20033.792

5412.2416288355

20487.488

5531.1050756899

20923.392

5640.8532605778

21372.64

5764.7023927836

21812.992

5866.5911507995

22240

5984.7957930444

22689.248

6081.1619212667

23151.84

6188.605739189

23605.536

6299.7975342755

24072.576

6400.2403454893

24486.24

6490.6136045051

24917.696

6580.8766433351

25371.392

6686.1211023797

25816.192

6766.8389595841

26260.992

6874.5170170139

26732.48

6958.3042062597

27141.696

7042.9335765436

27622.08

7140.6949618975

28106.912

7227.1576200301

28493.888

7300.707885415

28938.688

7388.778902191

29423.52

7477.7351585962

29819.392

7555.9829559088

30304.224

7645.3186465851

30771.264

7738.1677786701

31184.928

7817.3694746356

31585.248

7882.5564129246

32030.048

7963.0012010483

32572.704

8057.7292124926

32946.336

8113.6543181738

33408.928

8196.0887088398

33849.28

8291.7660096934

34298.528

8361.6891553634

34761.12

8433.5272298332

35183.68

8504.4667081104

35592.896

8575.9147747367

36051.04

8662.328927048

36473.6

8734.9087596142

36945.088

8806.541813642

37456.608

8896.421272777

37821.344

8970.6793900237

38301.728

9030.469015153

38702.048

9104.1785095536

39195.776

9181.4465846777

39604.992

9257.7481417175

40032

9319.1830617148

40534.624

9410.4428545333

40988.32

9472.7529231696

41370.848

9551.1429507389

41811.2

9615.8419605494

42264.896

9692.0703004813

42727.488

9741.5796693853

43145.6

9821.8970039261

43621.536

9904.4139245348

44044.096

9969.5551200755

44488.896

10035.0696633739



3008_NEW_TEB_00

		NEW SNUBBER																																										OLD SNUBBER

		Path Name:		C:\Documents and Settings\Phil Gibson\My Documents\data\3008\3008_NEW_TEB_00.bnc																																								Path Name:		C:\Documents and Settings\Phil Gibson\My Documents\data\3008\3008_A1_TEB_01.bnc

		Start Time:		55:52.10																																								Start Time:		52:17.7

		Recording Mode:		Continuous																																								Recording Mode:		Continuous

		Coordinated Equipment Corp - MBARI MOOS Stretch Hose - New Sample, 100' Test Bed next to Building																																										Coordinated Equipment Corp - MBARI MOOS Stretch Hose - Sample returned from the Field, 100' Test Bed next to Building

		50k# Sensotec sn 55251, Daytronic 277, 400 inch Unimeasure, Daytronic 2629, 200 inch Unimeasure, Daytronic 783																																										50k# Sensotec sn 55251, Daytronic 277, 400 inch Unimeasure, Daytronic 2629, 200 inch Unimeasure, Daytronic 783

		Abs Time		Rel Time, hr		time, min		Tension, lbf		Tension Newtons		Main Ram Displacement, in.		Anchor Displacement, in.		Cumulative Displacement, in		Cumulative Displacement, cm		Tension Newtons Logest Y curve fit value		Tension Newtons Logest Y converted to lbf		hose material strain (entire 8 m relaxed total length)		Percent hose material strain (5.15 m relaxed working length)		Test value for Strain curve fit  formula (Newtons)		Test value for Strain curve fit  formula (lbf)		Test value for converted formula curve fit (Newtons)		Test value for converted formula curve fit (lbf)		Old (Andy) curve fit		Linear EA curve fit (Newtons)		Linear EA curve fit converted to lbf				Abs Time		Rel Time, hr		Time, minutes		Tension, lbf		Tension kN		Main Ram Displacement, in.		Anchor Displacement, in.		Cumulative Displacement, in		Cumulative Displacement, cm		Logest Y curve fit value		Percent hose material strain (entire 8 m relaxed total length)		Percent hose material strain (5.15 m relaxed working length)		Andy curve fit value

		56:32.10		0.0111142		0.666852		101		449.25		0		0.3		0.3		0.762		2230.1093155534		501.3734972017		0.001		0		14		3.1017898114		27.9204192024		6.2770726624		3.5180003767		29.81325		6.7026191547				55:14.2		0.0490253		2.941518		7		0.031136		0		-0.01		-0.01		-0.0254		490.7282926378		-0		-0		-0.1166618029

		56:39.10		0.0130586		0.783516		209		929.63		0		1.18		1.18		2.9972		2271.083160203		510.5852428514		0.004		1		55		12.3122277629		110.5140997724		24.8457958122		14.0427859266		117.26545		26.3636353417				56:00.2		0.0618031		3.708186		100		0.4448		0		3.18		3.18		8.0772		524.7737314204		1		2		39.1428128854

		56:53.10		0.0169475		1.01685		301		1338.85		0.1		3.21		3.31		8.4074		2373.4019419233		533.5885660799		0.011		2		157		35.3122841541		314.7801295192		70.7689140106		40.8329690108		328.939525		73.9522313399				57:00.2		0.0784697		4.708182		204		0.907392		0		5.18		5.18		13.1572		547.3133365726		2		3		65.9734368445

		57:06.10		0.0205586		1.233516		412		1832.58		0.1		5.4		5.5		13.97		2483.411314733		558.3208891036		0.017		3		267		60.0410928148		531.383085222		119.4656216776		70.434796048		546.57625		122.8813511691				57:15.2		0.0826364		4.958184		300		1.3344		0		7.01		7.01		17.8054		568.7842200263		2		3		92.1410856657

		57:15.10		0.0230586		1.383516		509		2264.03		0		7.24		7.24		18.3896		2574.4397001977		578.7859038214		0.023		4		358		80.5031980486		708.3759545449		159.2571840254		95.5442882748		719.4931		161.7565422662				57:38.2		0.0890253		5.341518		414		1.841472		0		10.01		10.01		25.4254		605.8197874169		3		5		138.6475776207

		57:22.10		0.0250031		1.500186		600		2668.80		0.1		8.61		8.71		22.1234		2653.9382660152		596.6587828272		0.028		4		438		98.3735350287		861.3718048506		193.6537331049		117.922544719		865.578025		194.5993761241				57:52.2		0.0929142		5.574852		503		2.237344		0		11.97		11.97		30.4038		631.3092007368		4		6		171.6427827976

		57:36.10		0.0288919		1.733514		700		3113.60		0.1		11.4		11.5		29.21		2811.6369146445		632.1126157025		0.037		6		595		133.8223225611		1160.7387901471		260.9574618136		163.5330576855		1142.84125		256.9337342626				58:08.2		0.0973586		5.841516		605		2.69104		0		14.21		14.21		36.0934		661.7557680813		5		7		212.088341872

		57:49.10		0.0325031		1.950186		800		3558.40		0		13.94		13.94		35.4076		2957.2148130853		664.8414597764		0.044		7		741		166.54650591		1432.5133458585		322.0578565329		207.0516165493		1385.32235		311.448370054				58:26.2		0.1023586		6.141516		701		3.118048		0		16.78		16.78		42.6212		698.5007917876		5		8		262.3698343476

		58:04.10		0.0366697		2.200182		913		4061.02		0		16.77		16.77		42.5958		3135.5280991753		704.9298784117		0.053		8		919		206.6292118657		1759.826247513		395.6443901783		262.1657195794		1666.560675		374.6764107464				58:53.2		0.1098586		6.591516		800		3.5584		0		20.72		20.72		52.6288		758.8341569504		7		10		348.3260782431

		58:19.10		0.0408364		2.450184		1003		4461.34		0		19.61		19.61		49.8094		3325.281162972		747.5901895171		0.062		10		1109		249.283439309		2101.8737024067		472.5435482029		322.9570638611		1948.792775		438.1278720773				59:17.2		0.1165253		6.991518		900		4.0032		0		24.2		24.2		61.468		816.4434944449		8		12		434.2286745033

		58:33.10		0.0447253		2.683518		1119		4977.31		0		22.23		22.23		56.4642		3510.5028174256		789.2317485219		0.071		11		1294		290.919055723		2429.9723796705		546.3067400338		384.3793931552		2209.161825		496.6640793615				59:43.2		0.1237475		7.42485		1002		4.456896		0		27.94		27.94		70.9676		883.2419889753		9		14		538.3651864744

		58:47.10		0.0486142		2.916852		1205		5359.84		0.1		24.83		24.93		63.3222		3712.1805202464		834.5729586885		0.079		12		1496		336.2537908569		2781.1879633914		625.2670781006		453.5480863386		2477.481075		556.9876517536				00:14.2		0.1323586		7.941516		1107		4.923936		0		32.42		32.42		82.3468		970.4897219962		10		16		681.4644881006

		59:04.10		0.0533364		3.200184		1311		5831.33		0		27.88		27.88		70.8152		3945.8004969467		887.0954354646		0.089		14		1729		388.7687615629		3180.7335357266		715.0929711615		536.5900100004		2770.6447		622.8967401079				00:34.2		0.1379142		8.274852		1211		5.386528		0		35.28		35.28		89.6112		1030.6432883507		11		17		784.650728636

		59:20.10		0.0577808		3.466848		1405		6249.44		0		30.66		30.66		77.8764		4179.3976331743		939.6127772424		0.097		15		1963		441.2785924311		3572.9833789699		803.2786373583		622.6855989019		3046.91415		685.0076776079				00:59.2		0.1448586		8.691516		1306		5.809088		0		38.85		38.85		98.679		1110.988384713		12		19		928.0554594331

		59:53.10		0.0669475		4.01685		1507		6703.14		0.1		36.01		36.11		91.7194		4678.2397024328		1051.762523029		0.115		18		2462		553.4122815569		4388.6809192738		986.663875736		816.4850549234		3588.521525		806.7719255845				01:34.2		0.1545808		9.274848		1404		6.244992		0		43.86		43.86		111.4044		1234.4135967839		14		22		1160.3790193186

		00:17.10		0.0736142		4.416852		1607		7147.94		0		39.48		39.48		100.2792		5016.0545024904		1127.7100949844		0.125		19		2799		629.3489676512		4925.7853828795		1107.4157785251		955.1818444866		3923.4237		882.0646807554				01:48.2		0.1584697		9.508182		1500		6.672		0		45.85		45.85		116.459		1287.1623276261		15		23		1263.978502718

		00:36.10		0.0788919		4.733514		1700		7561.60		0		42.25		42.25		107.315		5311.9131418534		1194.2250768555		0.134		21		3095		695.8544081186		5387.043814411		1211.1159654701		1081.449046586		4198.699375		943.9521976169				02:16.2		0.1662475		9.97485		1615		7.18352		0		49.87		49.87		126.6698		1400.6958655214		16		25		1495.4423419689

		00:58.10		0.0850031		5.100186		1802		8015.30		0		45.48		45.48		115.5192		5679.0125427077		1276.7564169757		0.144		22		3462		778.3739001383		5948.4694162779		1337.3357500625		1244.1925590723		4519.6887		1016.1170638489				02:46.2		0.1745808		10.474848		1700		7.5616		0		54.15		54.15		137.541		1532.5995216264		17		27		1778.4701888959

		01:25.10		0.0925031		5.550186		1915		8517.92		0		49.37		49.37		125.3998		6154.9546113277		1383.7577813237		0.157		24		3938		885.3598893484		6659.9226984452		1497.2847793267		1464.9360818794		4906.267175		1103.0276922212				03:09.2		0.1809697		10.858182		1801		8.010848		0		57.43		57.43		145.8722		1642.0317597765		18		28		2024.4135970652

		01:53.10		0.1002808		6.016848		2007		8927.14		0		53.45		53.45		135.763		6697.0578405546		1505.6335073189		0.170		26		4480		1007.218084881		7449.8541344599		1674.8772784307		1729.3747561116		5311.727375		1194.1833127248				07:36.1		0.2551156		15.306936		1901		8.455648		3.5		63.33		66.83		169.7482		2000.8848088888		21		33		2898.2714733442

		02:20.10		0.1077808		6.466848		2101		9345.25		0		57.43		57.43		145.8722		7271.847043354		1634.8576985958		0.182		28		5055		1136.423669406		8266.0895009046		1858.3834309588		2024.4135970652		5707.249825		1283.1047268435				07:40.6		0.2563656		15.381936		2003		8.909344		6.1		63.33		69.43		176.3522		2113.3197582224		22		34		3192.3859613873

		32:57.6		0.617945		37.0767		2203		9798.94		2.6		67.66		70.26		178.4604		9482.5147738593		2131.8603358497		0.223		35		7265		1633.3545846314		11236.806200888		2526.2603868903		3291.7729072418		6982.26315		1569.7534060252				07:45.9		0.2578378		15.470268		2105		9.36304		9.2		63.33		72.53		184.2262		2255.6635710513		23		36		3578.0642626414

		33:00.4		0.6187228		37.123368		2301		10234.85		4.2		67.67		71.87		182.5498		9803.6891844267		2204.0668130456		0.228		35		7586		1705.5506231967		11649.5324836331		2619.0495691621		3492.5799404732		7142.260925		1605.7241288219				07:51.3		0.25931		15.5586		2202		9.794496		12.2		63.33		75.53		191.8462		2402.5378640695		24		37		3991.2366525226

		33:03.5		0.6195839		37.175034		2403		10688.54		6		67.67		73.67		187.1218		10175.6628317873		2287.6939819666		0.234		36		7958		1789.1656971509		12122.346827463		2725.3477579728		3730.2224153699		7321.140425		1645.93984375				07:56.1		0.2606711		15.640266		2301		10.234848		15		63.33		78.33		198.9582		2548.2366736343		25		39		4415.9850911402

		33:06.7		0.6204728		37.228368		2501		11124.45		7.9		67.66		75.56		191.9224		10581.4343390441		2378.9195906124		0.240		37		8364		1880.3781056303		12632.0641130377		2839.9424714563		3995.5806037147		7508.9639		1688.1663444245				08:01.4		0.2621156		15.726936		2402		10.684096		18		63.33		81.33		206.5782		2714.1614439263		26		40		4917.2939594732

		33:10.2		0.621445		37.2867		2600		11564.80		9.9		67.67		77.57		197.0278		11030.7384219263		2479.9321991741		0.246		38		8813		1981.3760905625		13189.4616680027		2965.2566699646		4296.748605952		7708.712675		1733.0738927608				08:05.6		0.2632822		15.796932		2500		11.12		20.4		63.33		83.73		212.6742		2854.6469804788		27		41		5356.0484881394

		33:13.8		0.622445		37.3467		2705		12031.84		12		67.66		79.66		202.3364		11518.1687894683		2589.5163645387		0.253		39		9301		2090.9443830623		13786.2725228953		3099.4317722337		4632.0583328923		7916.41165		1779.768806205				08:10.9		0.2647544		15.885264		2605		11.58704		23.3		63.33		86.63		220.0402		3034.1365833829		28		43		5935.2492583581

		33:17.2		0.6233894		37.403364		2801		12458.85		14		67.66		81.66		207.4164		12004.7641506479		2698.9128036529		0.259		40		9787		2200.3249682141		14374.3143961965		3231.6354307996		4975.5613586355		8115.16665		1824.4529339029				08:14.6		0.2657822		15.946932		2702		12.018496		25.3		63.32		88.62		225.0948		3163.7907401358		28		44		6366.3652682297

		33:20.7		0.6243617		37.461702		2901		12903.65		16		67.67		83.67		212.5218		12514.505020751		2813.5128194134		0.266		41		10297		2314.9083673828		14982.4710350864		3368.3612938594		5344.646371994		8314.915425		1869.3604822392				08:18.6		0.2669211		16.015266		2801		12.458848		27.6		63.31		90.91		230.9114		3319.861499349		29		45		6899.1918993915

		33:23.10		0.6252783		37.516698		3004		13361.79		17.8		67.67		85.47		217.0938		12989.3330155915		2920.2637175341		0.271		42		10771		2421.643779474		15542.111921454		3494.1798384564		5696.8289884825		8493.794925		1909.5761971673				08:22.4		0.2679767		16.078602		2901		12.903648		29.7		63.31		93.01		236.2454		3469.7413874206		30		46		7424.885649531

		33:27.3		0.626195		37.5717		3101		13793.25		19.7		67.67		87.37		221.9198		13510.0991173212		3037.3424274553		0.277		43		11292		2538.705497111		16148.668218533		3630.54591244		6092.2332019946		8682.612175		1952.0261184802				08:26.1		0.2689767		16.138602		3000		13.344		31.7		63.31		95.01		241.3254		3618.7705711818		30		47		7960.948571113

		33:30.4		0.6270561		37.623366		3200		14233.60		21.4		67.67		89.07		226.2378		13993.7206455203		3146.0702890109		0.283		44		11776		2647.4175711389		16705.5111934127		3755.7354301737		6467.8829140297		8851.553925		1990.0076270234				08:30.3		0.2701433		16.208598		3100		13.7888		34		63.31		97.31		247.1674		3798.084168395		31		48		8623.2685855193

		33:33.7		0.6279728		37.678368		3304		14696.19		23.2		67.66		90.86		230.7844		14521.6686606862		3264.7636377442		0.288		45		12304		2766.093677655		17306.6374655082		3890.8807251592		6887.1184678903		9029.43965		2029.9999213129				08:33.9		0.2711711		16.270266		3204		14.251392		35.3		63.3		98.6		250.444		3902.5172220676		31		49		9017.5854677327

		33:36.9		0.6288617		37.731702		3400		15123.20		24.9		67.66		92.56		235.1024		15041.5013820227		3381.6325049511		0.294		46		12823		2882.9455601254		17891.9504163742		4022.4708669906		7309.1183215412		9198.3814		2067.9814298561				08:37.4		0.2721156		16.326936		3300		14.6784		37.5		63.31		100.81		256.0574		4088.1468324001		32		50		9733.8108377895

		33:39.10		0.6297228		37.783368		3506		15594.69		26.6		67.67		94.27		239.4458		15583.1662349137		3503.4096751155		0.299		46		13365		3004.7050245263		18495.2248819279		4158.0991191385		7758.4278859491		9368.316925		2106.1863590378				08:40.9		0.2730878		16.385268		3400		15.1232		39.4		63.31		102.71		260.8834		4254.7812042318		33		51		10393.1946737

		33:42.10		0.6305561		37.833366		3603		16026.14		28.2		67.66		95.86		243.4844		16104.3057600869		3620.572338149		0.304		47		13886		3121.8506455597		19069.5432624728		4287.2174600883		8199.8233806494		9526.32715		2141.7102405576				08:44.1		0.2740044		16.440264		3503		15.581344		41.3		63.31		104.61		265.7094		4428.2076544828		33		52		11095.6958439252

		33:45.8		0.6313339		37.880034		3702		16466.50		29.7		67.66		97.36		247.2944		16611.9131877041		3734.692713063		0.309		48		14394		3235.9544144595		19623.4447366546		4411.7456692119		8638.238375511		9675.3934		2175.2233363309				08:47.3		0.2748656		16.491936		3602		16.021696		43		63.31		106.31		270.0274		4589.3621570537		34		52		11763.0998656363

		33:48.5		0.6320839		37.925034		3804		16920.19		31.2		67.66		98.86		251.1044		17135.5203923008		3852.4101601396		0.314		49		14917		3353.6547255565		20189.345128453		4538.9714767206		9099.1342684171		9824.45965		2208.7364321043				08:50.4		0.2757267		16.543602		3704		16.475392		44.7		63.3		108		274.32		4755.3814836838		34		53		12465.1475743567

		33:51.1		0.6328061		37.968366		3905		17369.44		32.7		67.66		100.36		254.9144		17675.6316865595		3973.8380590287		0.319		49		15457		3475.0649415895		20767.5043650044		4668.9533194704		9583.663827368		9973.5259		2242.2495278777				08:53.3		0.2765322		16.591932		3802		16.911296		46.3		63.31		109.61		278.4094		4919.1247542462		35		54		13171.7736683978

		33:53.4		0.633445		38.0067		4005		17814.24		34		67.67		101.67		258.2418		18161.236766555		4083.0118629845		0.323		50		15943		3584.2228415023		21282.6660238243		4784.7720377303		10027.1004693362		10103.710425		2271.5176315198				08:55.6		0.2771989		16.631934		3903		17.360544		47.6		63.31		110.91		281.7114		5055.4451186402		35		55		13770.6745064294

		33:56.1		0.634195		38.0517		4101		18241.25		35.6		67.66		103.26		262.2804		18768.5933308375		4219.5578531559		0.328		51		16550		3720.748932805		21921.0317850205		4928.2895200136		10591.9948557259		10261.72065		2307.0415130396				08:58.3		0.2779211		16.675266		4001		17.796448		49		63.31		112.31		285.2674		5206.4794731034		36		55		14445.3434647209

		33:58.3		0.6348061		38.088366		4201		18686.05		36		67.67		103.67		263.3218		18928.47448684		4255.5023576529		0.329		51		16710		3756.6881977769		22088.0072197248		4965.828961269		10742.5809337309		10302.465425		2316.2017592176				09:01.4		0.2787822		16.726932		4109		18.276832		50.6		63.31		113.91		289.3314		5384.623165057		36		56		15255.9538813223

		34:00.7		0.6354728		38.128368		4302		19135.30		38.1		67.66		105.76		268.6304		19764.8929497953		4443.5460768425		0.336		52		17546		3944.7044976224		22954.5435078249		5160.6437742412		11543.0224035338		10510.1644		2362.8966726619				09:03.9		0.2794767		16.768602		4201		18.686048		52		63.3		115.3		292.862		5544.3259686721		37		57		15996.1374117127

		34:02.9		0.6360839		38.165034		4401		19575.65		39.4		67.66		107.06		271.9324		20303.6955381479		4564.6797522815		0.340		53		18085		4065.8205025271		23506.7371135482		5284.7880201322		12069.7832604214		10639.35515		2391.9413556655				09:06.4		0.2801711		16.810266		4309		19.166432		53.4		63.31		116.71		296.4434		5711.1666908997		37		58		16782.8470398371

		34:05.1		0.636695		38.2017		4504		20033.79		40.7		67.67		108.37		275.2598		20861.5017807109		4690.0858319943		0.344		53		18642		4191.2082823974		24073.6507650603		5412.2416288355		12624.1997454851		10769.539675		2421.2094593075				09:08.6		0.28081		16.8486		4403		19.584544		54.6		63.31		117.91		299.4914		5857.1075950322		37		58		17482.1409521345

		34:07.1		0.6372506		38.235036		4606		20487.49		41.9		67.67		109.57		278.3078		21385.9075714164		4807.9828173148		0.348		54		19167		4309.0880581559		24602.3553766685		5531.1050756899		13153.7544002282		10888.792675		2448.0199359263				09:10.9		0.2814211		16.885266		4501		20.020448		55.8		63.31		119.11		302.5394		6006.7778155464		38		59		18209.977229553

		34:09.1		0.6378061		38.268366		4704		20923.39		43		67.66		110.66		281.0764		21873.6591856946		4917.6392054169		0.351		55		19655		4418.728434934		25090.51530305		5640.8532605778		13653.4765739965		10997.11415		2472.3727855216				09:13.9		0.2822544		16.935264		4603		20.474144		57.4		63.31		120.71		306.6034		6212.3043296399		38		60		19226.8451995353

		34:11.1		0.6383617		38.301702		4805		21372.64		44.2		67.67		111.87		284.1498		22428.1477412894		5042.2994022683		0.355		55		20209		4543.3704243858		25641.3962431014		5764.7023927836		14229.9019340952		11117.360925		2499.4066827788				09:15.9		0.28281		16.9686		4704		20.923392		58.5		63.31		121.81		309.3974		6357.6686826531		39		60		19958.0782553265

		34:12.9		0.6388617		38.331702		4904		21812.99		45.2		67.65		112.85		286.639		22887.5234981677		5145.5763260269		0.358		56		20668		4646.6322597173		26094.5974387562		5866.5911507995		14714.1048329472		11214.750875		2521.3019053507				09:18.3		0.2834767		17.008602		4801		21.354848		59.8		63.31		123.11		312.6994		6533.8544382121		39		61		20857.5553050239

		34:14.7		0.6393617		38.361702		5000		22240.00		46.3		67.67		113.97		289.4838		23424.0567563469		5266.1998103298		0.362		56		21205		4767.2381166199		26620.3716874613		5984.7957930444		15287.2009311108		11326.053675		2546.3250168615				09:20.3		0.2840322		17.041932		4900		21.7952		60.9		63.31		124.21		315.4934		6686.7428790699		39		61		21649.6985392116

		34:16.4		0.6398339		38.390034		5101		22689.25		47.2		67.67		114.87		291.7698		23864.2999398892		5365.1753461981		0.365		57		21645		4866.1991849244		27049.0082257941		6081.1619212667		15763.4850232608		11415.493425		2566.4328743255				09:22.4		0.2846433		17.078598		5008		22.275584		62		63.31		125.31		318.2874		6843.2088216258		40		62		22471.429856252

		34:18.2		0.6403339		38.420034		5205		23151.84		48.2		67.66		115.86		294.2844		24358.1300421087		5476.1983008338		0.368		57		22139		4977.2059070977		27526.9183279128		6188.605739189		16304.1698331568		11513.87715		2588.551517536				09:24.6		0.2852544		17.115264		5115		22.75152		63.2		63.31		126.51		321.3354		7018.0774844836		40		62		23402.9088411102

		34:19.8		0.6407783		38.446698		5307		23605.54		49.2		67.67		116.87		296.8498		24872.468674069		5591.8319860767		0.371		58		22653		5092.8226814658		28021.4994324575		6299.7975342755		16874.4778079531		11614.248425		2611.1170020234				09:26.4		0.2857544		17.145264		5206		23.156288		64.2		63.31		127.51		323.8754		7167.2100165722		40		63		24208.1187078387

		34:21.5		0.6412506		38.475036		5412		24072.58		50.1		67.67		117.77		299.1358		25339.9340198683		5696.9276123805		0.374		58		23120		5197.9029343172		28468.2690567364		6400.2403454893		17399.1078112165		11703.688175		2631.2248594874				09:28.4		0.2862822		17.176932		5311		23.623328		65.3		63.31		128.61		326.6694		7334.918614169		41		63		25125.4119695559

		34:22.9		0.6416394		38.498364		5505		24486.24		50.9		67.67		118.57		301.1678		25762.8293742964		5792.0030068112		0.376		58		23543		5292.9644180671		28870.2493128389		6490.6136045051		17878.8453813761		11783.190175		2649.0985105665				09:29.9		0.2867267		17.203602		5400		24.0192		66.1		63.3		129.4		328.676		7457.7798159444		41		64		25805.26151675

		34:24.4		0.6420561		38.523366		5602		24917.70		51.7		67.66		119.36		303.1744		26187.3639313486		5887.4469270118		0.379		59		23968		5388.3943708549		29271.7393095543		6580.8766433351		18365.3094390805		11861.6984		2666.7487410072				09:32.3		0.2873656		17.241936		5510		24.50848		67.3		63.31		130.61		331.7494		7649.9613830587		41		64		26881.8910207594

		34:25.9		0.6424728		38.548368		5704		25371.39		52.6		67.67		120.27		305.4858		26685.0623501269		5999.3395571328		0.382		59		24465		5500.2706229068		29739.866663385		6686.1211023797		18941.7781103754		11952.131925		2687.0800191097				09:34.3		0.2879211		17.275266		5618		24.988864		68.4		63.3		131.7		334.518		7827.3200505948		42		65		27889.6388939349

		34:27.2		0.6428339		38.570034		5804		25816.19		53.3		67.66		120.96		307.2384		27068.7336473377		6085.5965933763		0.384		60		24849		5586.5150308864		30098.89969223		6766.8389595841		19390.6877831124		12020.7024		2702.4960431655				09:35.9		0.2883933		17.303598		5701		25.358048		69.3		63.31		132.61		336.8294		7978.5355831		42		65		28759.4758134913

		34:28.7		0.6432506		38.595036		5904		26260.99		54.2		67.67		121.87		309.5498		27583.1827522544		6201.2551151651		0.387		60		25363		5702.1566165223		30577.8516916778		6874.5170170139		19998.740142269		12111.135925		2722.827321268				09:37.9		0.2889489		17.336934		5818		25.878464		70.4		63.3		133.7		339.598		8163.5119991956		42		66		29836.7059007423

		34:29.10		0.6436117		38.616702		6010		26732.48		54.9		67.67		122.57		311.3278		27985.5563237396		6291.7167994019		0.389		60		25766		5792.6050515422		30950.5371094433		6958.3042062597		20479.1875464533		12180.700175		2738.4667659622				09:39.8		0.2894489		17.366934		5920		26.33216		71.3		63.3		134.6		341.884		8319.4728727447		43		66		30756.1446083649

		34:31.2		0.643945		38.6367		6102		27141.70		55.6		67.67		123.27		313.1058		28393.7995764898		6383.4981062252		0.391		61		26174		5884.3729134927		31326.9685484662		7042.9335765436		20970.9786361226		12250.264425		2754.1062106565				09:41.3		0.2898656		17.391936		6009		26.728032		72.1		63.31		135.41		343.9414		8462.3835814657		43		67		31607.5592953198

		34:32.6		0.6443339		38.660034		6210		27622.08		56.4		67.67		124.07		315.1378		28867.6605552139		6490.0315996434		0.394		61		26647		5990.8907980553		31761.8111905203		7140.6949618975		21547.2596860272		12329.766425		2771.9798617356				09:42.9		0.2903378		17.420268		6110		27.17728		73.1		63.3		136.4		346.456		8640.390267711		43		67		32679.8888905244

		34:33.9		0.644695		38.6817		6319		28106.91		57.1		67.67		124.77		316.9158		29288.7716279408		6584.7058516054		0.396		62		27069		6085.551176099		32146.3970938941		7227.1576200301		22064.2686753478		12399.330675		2787.6193064299				09:44.6		0.2907822		17.446932		6210		27.62208		73.9		63.3		137.2		348.488		8786.9658072573		44		68		33572.6480538311

		34:34.10		0.6450006		38.700036		6406		28493.89		57.7		67.66		125.36		318.4144		29648.4753410762		6665.5744921484		0.398		62		27428		6166.4079639171		32473.5486743258		7300.707885415		22509.5020491217		12457.9634		2800.8011241007				09:46.1		0.2911989		17.471934		6300		28.0224		74.7		63.3		138		350.52		8936.0278535618		44		68		34489.5374504035

		34:36.3		0.6453617		38.721702		6506		28938.69		58.4		67.66		126.06		320.1924		30080.9766596959		6762.8095008309		0.400		62		27861		6263.6287187696		32865.2885569457		7388.778902191		23049.230226083		12527.52765		2816.440568795				09:47.8		0.2916711		17.500266		6402		28.476096		75.6		63.3		138.9		352.806		9106.7473564225		44		69		35550.6939539615

		34:37.5		0.645695		38.7417		6615		29423.52		59.1		67.66		126.76		321.9704		30519.7871523442		6861.4629389263		0.402		63		28299		6362.2676925458		33260.9659854359		7477.7351585962		23601.7017473386		12597.0919		2832.0800134892				09:49.4		0.2921156		17.526936		6502		28.920896		76.5		63.3		139.8		355.092		9280.7283921628		44		69		36644.1715848206

		34:38.6		0.6460006		38.760036		6704		29819.39		59.7		67.67		127.37		323.5198		30907.3955021005		6948.6051038895		0.404		63		28687		6449.397078829		33609.0121878823		7555.9829559088		24093.7668901393		12657.712175		2845.7086724371				09:51.1		0.2925878		17.555268		6622		29.454656		77.3		63.3		140.6		357.124		9438.1666246172		45		69		37644.0806605294

		34:39.8		0.6463339		38.780034		6813		30304.22		60.4		67.66		128.06		325.2724		31351.7744722565		7048.5104478994		0.407		63		29131		6549.2877701364		34006.3773400103		7645.3186465851		24662.5606701802		12726.28265		2861.1246964928				09:52.4		0.2929489		17.576934		6705		29.82384		78		63.3		141.3		358.902		9578.1144121583		45		70		38541.1463904025

		34:40.10		0.6466672		38.800032		6918		30771.26		61.1		67.67		128.77		327.0758		31815.7045617304		7152.8112773674		0.409		64		29595		6653.5732995282		34419.3702795248		7738.1677786701		25261.6608697774		12796.840675		2876.9875618255				09:53.8		0.2933378		17.600268		6807		30.277536		78.8		63.3		142.1		360.934		9740.5974996463		45		70		39592.3284705667

		34:41.10		0.646945		38.8167		7011		31184.93		61.7		67.67		129.37		328.5998		32213.1061191576		7242.1551526883		0.411		64		29992		6742.9040666673		34771.6594231791		7817.3694746356		25779.1160623662		12856.467175		2890.3928001349				09:55.3		0.2937544		17.625264		6906		30.717888		79.6		63.3		142.9		362.966		9905.8369494603		45		70		40671.9227696602

		34:42.10		0.6472228		38.833368		7101		31585.25		62.2		67.66		129.86		329.8444		32541.3301264888		7315.946521243		0.412		64		30321		6816.6846073528		35061.6109246887		7882.5564129246		26209.4502374103		12905.16215		2901.3404114209				09:56.8		0.2941711		17.650266		7012		31.189376		80.4		63.3		143.7		364.998		10073.8795205177		46		71		41780.6972366425

		34:43.10		0.6475006		38.850036		7201		32030.05		62.8		67.66		130.46		331.3684		32947.795281077		7407.3280757817		0.414		64		30727		6908.0527510578		35419.4293422629		7963.0012010483		26746.0544626314		12964.78865		2914.7456497302				09:58.1		0.29456		17.6736		7117		31.656416		81.2		63.31		144.51		367.0554		10246.9271743618		46		71		42933.8679317109

		34:45.3		0.6478617		38.871702		7323		32572.70		63.5		67.66		131.16		333.1464		33428.4258949871		7515.3835195565		0.416		65		31208		7016.0923343939		35840.779537167		8057.7292124926		27385.8104838489		13034.3529		2930.3850944245				09:59.4		0.2948933		17.693598		7206		32.052288		81.8		63.3		145.1		368.554		10374.8425128191		46		72		43793.6516180918

		34:46.1		0.6480839		38.885034		7407		32946.34		63.9		67.67		131.57		334.1878		33713.1875327521		7579.4036719317		0.418		65		31492		7080.1030885396		36089.5344072369		8113.6543181738		27767.516651337		13075.097675		2939.5453406025				10:00.9		0.29531		17.7186		7320		32.55936		82.6		63.3		145.9		370.586		10550.8412920302		46		72		44986.8027550662

		34:47.2		0.6483894		38.903364		7511		33408.93		64.5		67.67		132.17		335.7118		34134.2900485036		7674.0760001132		0.420		65		31913		7174.7615169451		36456.2025769195		8196.0887088398		28335.5998798287		13134.724175		2952.9505789119				10:02.1		0.2956433		17.738598		7400		32.9152		83.2		63.3		146.5		372.11		10684.7969490374		47		72		45902.7825550591

		34:48.3		0.648695		38.9217		7610		33849.28		65.2		67.66		132.86		337.4644		34625.0645188962		7784.4119871619		0.422		66		32404		7285.0813018435		36881.7752111161		8291.7660096934		29003.0989139064		13203.29465		2968.3666029676				10:03.4		0.2960044		17.760264		7500		33.36		83.9		63.3		147.2		373.888		10843.2295930895		47		73		46994.8417763925

		34:49.2		0.648945		38.9367		7711		34298.53		65.7		67.66		133.36		338.7344		34985.101621485		7865.3555803698		0.423		66		32764		7366.0130072067		37192.7933630564		8361.6891553634		29496.4789722139		13252.9834		2979.5376348921				10:04.8		0.2963933		17.783598		7616		33.875968		84.7		63.3		148		375.92		11027.1740885103		47		73		48274.5173293825

		34:50.1		0.649195		38.9517		7815		34761.12		66.2		67.67		133.87		340.0298		35356.1965181671		7948.7851884369		0.425		66		33135		7449.4303607568		37512.329118298		8433.5272298332		30008.2709857233		13303.665925		2990.932087455				10:06.1		0.2967544		17.805264		7719		34.334112		85.3		63.3		148.6		377.444		11167.1773649385		47		73		49256.9217547396

		34:50.10		0.649445		38.9667		7910		35183.68		66.7		67.67		134.37		341.2998		35723.8360512578		8031.4379611641		0.427		66		33503		7532.0709915254		37827.8679176751		8504.4667081104		30518.5464272697		13353.354675		3002.1031193795				10:07.1		0.29706		17.8236		7810		34.73888		86		63.3		149.3		379.222		11332.7626769445		47		74		50428.17445245

		34:51.9		0.649695		38.9817		8002		35592.90		67.2		67.67		134.87		342.5698		36095.2983605405		8114.9501709848		0.428		67		33874		7615.5709315858		38145.6689180287		8575.9147747367		31037.3988074161		13403.043425		3013.274151304				10:08.3		0.2973656		17.841936		7900		35.1392		86.5		63.3		149.8		380.492		11452.5390168482		48		74		51281.6767945903

		34:52.10		0.6500006		39.000036		8105		36051.04		67.8		67.67		135.47		344.0938		36546.1551930977		8216.3118689518		0.430		67		34325		7716.9177352474		38530.0390675096		8662.328927048		31671.546377046		13462.669925		3026.6793896133				10:09.4		0.2976989		17.861934		8000		35.584		87.2		63.3		150.5		382.27		11622.3556306973		48		74		52500.7353169465

		34:53.9		0.6502506		39.015036		8200		36473.60		68.3		67.67		135.97		345.3638		36926.1681117538		8301.7464280022		0.432		67		34705		7802.3397386195		38852.8741627638		8734.9087596142		32209.7788977397		13512.358675		3037.8504215378				10:10.8		0.29806		17.8836		8115		36.09552		87.8		63.3		151.1		383.794		11769.915454733		48		75		53568.5257878942

		34:54.7		0.6504728		39.028368		8306		36945.09		68.8		67.66		136.46		346.6084		37302.4141908557		8386.334125642		0.433		67		35081		7886.9150034861		39171.4979870795		8806.541813642		32746.0230461499		13561.05365		3048.7980328237				10:11.8		0.2983378		17.900268		8207		36.504736		88.3		63.3		151.6		385.064		11894.3120766628		48		75		54474.8125644662

		34:55.7		0.6507506		39.045036		8421		37456.61		69.4		67.67		137.07		348.1578		37776.1634714213		8492.8425070641		0.435		68		35555		7993.4077280419		39571.2818213119		8896.421272777		33425.9496533751		13621.673925		3062.4266917716				10:12.9		0.2986711		17.920266		8301		36.922848		89		63.3		152.3		386.842		12070.6792383857		48		75		55769.2631642248

		34:56.6		0.6510006		39.060036		8503		37821.34		69.9		67.67		137.57		349.4278		38168.9662179909		8581.1524770663		0.437		68		35947		8081.7047145513		39901.5819268252		8970.6793900237		33993.6709715995		13671.362675		3073.597723696				10:13.9		0.2989489		17.936934		8401		37.367648		89.5		63.3		152.8		388.112		12198.2546425957		49		75		56712.540922166

		34:57.4		0.6512228		39.073368		8611		38301.73		70.3		67.67		137.97		350.4438		38486.1471707294		8652.4611444985		0.438		68		36265		8153.0028968644		40167.5261794004		9030.469015153		34454.7109763276		13711.113675		3082.5345492356				10:15.3		0.29931		17.9586		8502		37.816896		90.2		63.3		153.5		389.89		12379.1286213026		49		76		58059.825789462

		34:58.3		0.6514728		39.088368		8701		38702.05		70.8		67.66		138.46		351.6884		38878.2881025721		8740.6223252185		0.440		68		36657		8241.1511130427		40495.3860104945		9104.1785095536		35027.9280935807		13759.80865		3093.4821605216				10:16.1		0.2995322		17.971932		8601		38.257248		90.6		63.3		153.9		390.906		12483.6867946477		49		76		58843.9372602598

		34:59.1		0.651695		39.1017		8812		39195.78		71.3		67.67		138.97		352.9838		39290.6789100278		8833.3360858875		0.441		69		37069		8333.8512379721		40839.0744086465		9181.4465846777		35634.5705410755		13810.491175		3104.8766130845				10:17.1		0.2998378		17.990268		8704		38.715392		91.2		63.3		154.5		392.43		12642.1822567784		49		76		60039.8850889009

		34:59.9		0.6519172		39.115032		8904		39604.99		71.8		67.67		139.47		354.2538		39699.2298366489		8925.1865639948		0.443		69		37477		8425.6882055867		41178.4637343597		9257.7481417175		36239.4153502658		13860.179925		3116.047645009				10:18.3		0.3001433		18.008598		8805		39.16464		91.8		63.3		155.1		393.954		12802.6900099838		49		76		61259.9957165552

		35:00.7		0.6521394		39.128364		9000		40032.00		72.2		67.67		139.87		355.2698		40029.1271535073		8999.3541262381		0.444		69		37807		8499.8448571206		41451.7262585073		9319.1830617148		36730.6029184217		13899.930925		3124.9844705486				10:19.4		0.3004767		18.028602		8904		39.604992		92.4		63.3		155.7		395.478		12965.2356027264		49		77		62504.7573257692

		35:01.7		0.6524172		39.145032		9113		40534.62		72.8		67.66		140.46		356.7684		40520.7362197253		9109.8777472404		0.446		69		38299		8610.352217084		41857.6498169643		9410.4428545333		37467.1659612791		13958.56365		3138.1662882194				10:20.3		0.3006989		18.041934		9000		40.032		92.8		63.3		156.1		396.494		13074.7442275319		50		77		63348.5389249646

		35:02.5		0.6526394		39.158364		9215		40988.32		73.2		67.66		140.86		357.7844		40857.4601866893		9185.5800779427		0.447		69		38636		8686.0434085211		42134.8050022584		9472.7529231696		37974.8352313467		13998.31465		3147.103113759				10:21.6		0.30106		18.0636		9101		40.481248		93.5		63.3		156.8		398.272		13268.6146686974		50		77		64852.504156368

		35:03.2		0.6528339		39.170034		9301		41370.85		73.7		67.66		141.36		359.0544		41282.3027621226		9281.0932468801		0.449		70		39060		8781.5425215219		42483.4838448868		9551.1429507389		38619.0162596097		14048.0034		3158.2741456835				10:22.6		0.3013378		18.080268		9216		40.992768		94		63.3		157.3		399.542		13408.8510917052		50		78		65948.4571048732

		35:03.10		0.6530561		39.183366		9400		41811.20		74.1		67.67		141.77		360.0958		41633.9680239622		9360.1546816462		0.450		70		39412		8860.5923200935		42771.2650405237		9615.8419605494		39155.3162121889		14088.748175		3167.4343918615				10:23.4		0.3015878		18.095268		9304		41.384192		94.5		63.3		157.8		400.812		13550.5696780607		50		78		67062.8313223293

		35:04.8		0.6532783		39.196698		9502		42264.90		74.6		67.65		142.25		361.315		42049.4820623908		9453.5706075519		0.452		70		39827		8953.9944955819		43110.328696541		9692.0703004813		39792.5653142939		14136.449375		3178.158582509				10:24.6		0.3018933		18.113598		9422		41.909056		95.1		63.3		158.4		402.336		13722.6105053089		50		78		68424.832786905

		35:05.4		0.653445		39.2067		9606		42727.49		74.9		67.66		142.56		362.1024		42320.036231634		9514.3966348098		0.453		70		40098		9014.8115686236		43330.5463694259		9741.5796693853		40209.574780047		14167.2564		3185.0846223022				10:25.6		0.3021711		18.130266		9522		42.353856		95.6		63.29		158.89		403.5806		13864.7295622894		50		78		69557.5217328495

		35:06.2		0.6536672		39.220032		9700		43145.60		75.4		67.66		143.06		363.3724		42760.0869127808		9613.3288922619		0.454		71		40538		9113.7292607449		43687.7978734635		9821.8970039261		40891.3183134504		14216.94515		3196.2556542266				10:26.3		0.3023656		18.141936		9603		42.714144		96		63.3		159.3		404.622		13984.7758971148		51		79		70519.6040276781

		35:07.1		0.6539172		39.235032		9807		43621.54		75.9		67.67		143.57		364.6678		43213.6528394057		9715.299649147		0.456		71		40991		9215.6850030467		44054.8331363306		9904.4139245348		41598.5031495269		14267.627675		3207.6501067896				10:27.1		0.3026156		18.156936		9708		43.181184		96.5		63.3		159.8		405.892		14132.5814516015		51		79		71710.8121338464

		35:07.8		0.6541117		39.246702		9902		44044.10		76.3		67.67		143.97		365.6838		43572.7547207779		9796.0329857864		0.457		71		41350		9296.4064508248		44344.581174096		9969.5551200755		42161.6327609883		14307.378675		3216.5869323291				10:28.1		0.3028656		18.171936		9804		43.608192		96.9		63.3		160.2		406.908		14251.9498616434		51		79		72678.1786449677

		35:08.5		0.6543061		39.258366		10002		44488.90		76.7		67.67		144.37		366.6998		43934.840709087		9877.4372097768		0.458		71		41712		9377.7986859516		44635.989862687		10035.0696633739		42732.3219975971		14347.129675		3225.5237578687				10:29.1		0.3031711		18.190266		9912		44.088576		97.5		63.3		160.8		408.432		14432.8955563523		51		79		74153.6319721565

																																												10:29.9		0.3033933		18.203598		10007		44.511136		97.9		63.3		161.2		409.448		14554.8005176478		51		80		75153.7916483049

										m-value		b constant

				snubber curve fit formula as function of strain						676.0079		2216.3105959103																																														m-value		b constant

																																																				new snubber curve fit formula						1.0083127631		490.8314896217

										676.0000		2216





JDR Cable EA Calculation

		JSD CABLE Properties from TMT test graph dated Oct. 23, 2003

		(After removal of constructional stretch)

		Stress (lbs.)		Newtons		kN		% Elongation		Strain		EA = 6.7e6 (Newtons value)		EA = 6.7e6 (kN value)		Pound conversion value		EA = 1*10^7 (Newtons value)		EA = 1*10^7 (Pound conversion value)

		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000

		1425.0000		6338.7135		6.3387		0.1000		0.0010		6700.0000		6.7000		1506.2205		10000.0000		2248.0902

		3000.0000		13344.6600		13.3447		0.2000		0.0020		13400.0000		13.4000		3012.4409		20000.0000		4496.1805

		4600.0000		20461.8120		20.4618		0.3000		0.0030		20100.0000		20.1000		4518.6614		30000.0000		6744.2707

		6000.0000		26689.3200		26.6893		0.4000		0.0040		26800.0000		26.8000		6024.8819		40000.0000		8992.3610

								line fit value =		6705691.6500





JDR Cable EA Calculation
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Xhead vs Tension
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		0.32915225		0.32915225

		0.335788		0.335788

		0.3399155		0.3399155

		0.34407475		0.34407475

		0.34788475		0.34788475

		0.3513455		0.3513455

		0.35518725		0.35518725

		0.35829875		0.35829875

		0.36185475		0.36185475

		0.36471225		0.36471225

		0.3678555		0.3678555

		0.37106225		0.37106225

		0.37391975		0.37391975

		0.37645975		0.37645975

		0.378968		0.378968

		0.38185725		0.38185725

		0.384048		0.384048

		0.38693725		0.38693725

		0.38915975		0.38915975

		0.39138225		0.39138225

		0.39392225		0.39392225

		0.39614475		0.39614475

		0.398018		0.398018

		0.4002405		0.4002405

		0.402463		0.402463

		0.40439975		0.40439975

		0.4065905		0.4065905

		0.40884475		0.40884475

		0.41074975		0.41074975

		0.4123055		0.4123055

		0.4142105		0.4142105

		0.416433		0.416433

		0.41773475		0.41773475

		0.41963975		0.41963975

		0.4218305		0.4218305

		0.423418		0.423418

		0.42503725		0.42503725

		0.42662475		0.42662475

		0.42821225		0.42821225

		0.43011725		0.43011725

		0.43170475		0.43170475

		0.4332605		0.4332605

		0.43519725		0.43519725

		0.43678475		0.43678475

		0.43805475		0.43805475

		0.4396105		0.4396105

		0.44122975		0.44122975

		0.44281725		0.44281725

		0.44408725		0.44408725

		0.4459605		0.4459605

		0.4472305		0.4472305

		0.448818		0.448818

		0.45011975		0.45011975

		0.45164375		0.45164375

		0.452628		0.452628

		0.4542155		0.4542155

		0.45583475		0.45583475

		0.45710475		0.45710475

		0.45837475		0.45837475



Snubber Pull Test Data

6500*(EXP(4.5*strain)-1) curve fit

Strain

Tension - N

Tension - Lbf

8 Meter Snubber Hose Stress - Strain

449.248

6.2770726624

929.632

24.8457958122

1338.848

70.7689140106

1832.576

119.4656216776

2264.032

159.2571840254

2668.8

193.6537331049

3113.6

260.9574618136

3558.4

322.0578565329

4061.024

395.6443901783

4461.344

472.5435482029

4977.312

546.3067400338

5359.84

625.2670781006

5831.328

715.0929711615

6249.44

803.2786373583

6703.136

986.663875736

7147.936

1107.4157785251

7561.6

1211.1159654701

8015.296

1337.3357500625

8517.92

1497.2847793267

8927.136

1674.8772784307

9345.248

1858.3834309588

9798.944

2526.2603868903

10234.848

2619.0495691621

10688.544

2725.3477579728

11124.448

2839.9424714563

11564.8

2965.2566699646

12031.84

3099.4317722337

12458.848

3231.6354307996

12903.648

3368.3612938594

13361.792

3494.1798384564

13793.248

3630.54591244

14233.6

3755.7354301737

14696.192

3890.8807251592

15123.2

4022.4708669906

15594.688

4158.0991191385

16026.144

4287.2174600883

16466.496

4411.7456692119

16920.192

4538.9714767206

17369.44

4668.9533194704

17814.24

4784.7720377303

18241.248

4928.2895200136

18686.048

4965.828961269

19135.296

5160.6437742412

19575.648

5284.7880201322

20033.792

5412.2416288355

20487.488

5531.1050756899

20923.392

5640.8532605778

21372.64

5764.7023927836

21812.992

5866.5911507995

22240

5984.7957930444

22689.248

6081.1619212667

23151.84

6188.605739189

23605.536

6299.7975342755

24072.576

6400.2403454893

24486.24

6490.6136045051

24917.696

6580.8766433351

25371.392

6686.1211023797

25816.192

6766.8389595841

26260.992

6874.5170170139

26732.48

6958.3042062597

27141.696

7042.9335765436

27622.08

7140.6949618975

28106.912

7227.1576200301

28493.888

7300.707885415

28938.688

7388.778902191

29423.52

7477.7351585962

29819.392

7555.9829559088

30304.224

7645.3186465851

30771.264

7738.1677786701

31184.928

7817.3694746356

31585.248

7882.5564129246

32030.048

7963.0012010483

32572.704

8057.7292124926

32946.336

8113.6543181738

33408.928

8196.0887088398

33849.28

8291.7660096934

34298.528

8361.6891553634

34761.12

8433.5272298332

35183.68

8504.4667081104

35592.896

8575.9147747367

36051.04

8662.328927048

36473.6

8734.9087596142

36945.088

8806.541813642

37456.608

8896.421272777

37821.344

8970.6793900237

38301.728

9030.469015153

38702.048

9104.1785095536

39195.776

9181.4465846777

39604.992

9257.7481417175

40032

9319.1830617148

40534.624

9410.4428545333

40988.32

9472.7529231696

41370.848

9551.1429507389

41811.2

9615.8419605494

42264.896

9692.0703004813

42727.488

9741.5796693853

43145.6

9821.8970039261

43621.536

9904.4139245348

44044.096

9969.5551200755

44488.896

10035.0696633739



3008_NEW_TEB_00

		NEW SNUBBER																																										OLD SNUBBER

		Path Name:		C:\Documents and Settings\Phil Gibson\My Documents\data\3008\3008_NEW_TEB_00.bnc																																								Path Name:		C:\Documents and Settings\Phil Gibson\My Documents\data\3008\3008_A1_TEB_01.bnc

		Start Time:		55:52.10																																								Start Time:		52:17.7

		Recording Mode:		Continuous																																								Recording Mode:		Continuous

		Coordinated Equipment Corp - MBARI MOOS Stretch Hose - New Sample, 100' Test Bed next to Building																																										Coordinated Equipment Corp - MBARI MOOS Stretch Hose - Sample returned from the Field, 100' Test Bed next to Building

		50k# Sensotec sn 55251, Daytronic 277, 400 inch Unimeasure, Daytronic 2629, 200 inch Unimeasure, Daytronic 783																																										50k# Sensotec sn 55251, Daytronic 277, 400 inch Unimeasure, Daytronic 2629, 200 inch Unimeasure, Daytronic 783

		Abs Time		Rel Time, hr		time, min		Tension, lbf		Tension Newtons		Main Ram Displacement, in.		Anchor Displacement, in.		Cumulative Displacement, in		Cumulative Displacement, cm		Tension Newtons Logest Y curve fit value		Tension Newtons Logest Y converted to lbf		hose material strain (entire 8 m relaxed total length)		Percent hose material strain (5.15 m relaxed working length)		Test value for Strain curve fit  formula (Newtons)		Test value for Strain curve fit  formula (lbf)		Test value for converted formula curve fit (Newtons)		Test value for converted formula curve fit (lbf)		Old (Andy) curve fit		Linear EA curve fit (Newtons)		Linear EA curve fit converted to lbf				Abs Time		Rel Time, hr		Time, minutes		Tension, lbf		Tension kN		Main Ram Displacement, in.		Anchor Displacement, in.		Cumulative Displacement, in		Cumulative Displacement, cm		Logest Y curve fit value		Percent hose material strain (entire 8 m relaxed total length)		Percent hose material strain (5.15 m relaxed working length)		Andy curve fit value

		56:32.10		0.0111142		0.666852		101		449.25		0		0.3		0.3		0.762		2230.1093155534		501.3734972017		0.001		0		14		3.1017898114		27.9204192024		6.2770726624		3.5180003767		29.81325		6.7026191547				55:14.2		0.0490253		2.941518		7		0.031136		0		-0.01		-0.01		-0.0254		490.7282926378		-0		-0		-0.1166618029

		56:39.10		0.0130586		0.783516		209		929.63		0		1.18		1.18		2.9972		2271.083160203		510.5852428514		0.004		1		55		12.3122277629		110.5140997724		24.8457958122		14.0427859266		117.26545		26.3636353417				56:00.2		0.0618031		3.708186		100		0.4448		0		3.18		3.18		8.0772		524.7737314204		1		2		39.1428128854

		56:53.10		0.0169475		1.01685		301		1338.85		0.1		3.21		3.31		8.4074		2373.4019419233		533.5885660799		0.011		2		157		35.3122841541		314.7801295192		70.7689140106		40.8329690108		328.939525		73.9522313399				57:00.2		0.0784697		4.708182		204		0.907392		0		5.18		5.18		13.1572		547.3133365726		2		3		65.9734368445

		57:06.10		0.0205586		1.233516		412		1832.58		0.1		5.4		5.5		13.97		2483.411314733		558.3208891036		0.017		3		267		60.0410928148		531.383085222		119.4656216776		70.434796048		546.57625		122.8813511691				57:15.2		0.0826364		4.958184		300		1.3344		0		7.01		7.01		17.8054		568.7842200263		2		3		92.1410856657

		57:15.10		0.0230586		1.383516		509		2264.03		0		7.24		7.24		18.3896		2574.4397001977		578.7859038214		0.023		4		358		80.5031980486		708.3759545449		159.2571840254		95.5442882748		719.4931		161.7565422662				57:38.2		0.0890253		5.341518		414		1.841472		0		10.01		10.01		25.4254		605.8197874169		3		5		138.6475776207

		57:22.10		0.0250031		1.500186		600		2668.80		0.1		8.61		8.71		22.1234		2653.9382660152		596.6587828272		0.028		4		438		98.3735350287		861.3718048506		193.6537331049		117.922544719		865.578025		194.5993761241				57:52.2		0.0929142		5.574852		503		2.237344		0		11.97		11.97		30.4038		631.3092007368		4		6		171.6427827976

		57:36.10		0.0288919		1.733514		700		3113.60		0.1		11.4		11.5		29.21		2811.6369146445		632.1126157025		0.037		6		595		133.8223225611		1160.7387901471		260.9574618136		163.5330576855		1142.84125		256.9337342626				58:08.2		0.0973586		5.841516		605		2.69104		0		14.21		14.21		36.0934		661.7557680813		5		7		212.088341872

		57:49.10		0.0325031		1.950186		800		3558.40		0		13.94		13.94		35.4076		2957.2148130853		664.8414597764		0.044		7		741		166.54650591		1432.5133458585		322.0578565329		207.0516165493		1385.32235		311.448370054				58:26.2		0.1023586		6.141516		701		3.118048		0		16.78		16.78		42.6212		698.5007917876		5		8		262.3698343476

		58:04.10		0.0366697		2.200182		913		4061.02		0		16.77		16.77		42.5958		3135.5280991753		704.9298784117		0.053		8		919		206.6292118657		1759.826247513		395.6443901783		262.1657195794		1666.560675		374.6764107464				58:53.2		0.1098586		6.591516		800		3.5584		0		20.72		20.72		52.6288		758.8341569504		7		10		348.3260782431

		58:19.10		0.0408364		2.450184		1003		4461.34		0		19.61		19.61		49.8094		3325.281162972		747.5901895171		0.062		10		1109		249.283439309		2101.8737024067		472.5435482029		322.9570638611		1948.792775		438.1278720773				59:17.2		0.1165253		6.991518		900		4.0032		0		24.2		24.2		61.468		816.4434944449		8		12		434.2286745033

		58:33.10		0.0447253		2.683518		1119		4977.31		0		22.23		22.23		56.4642		3510.5028174256		789.2317485219		0.071		11		1294		290.919055723		2429.9723796705		546.3067400338		384.3793931552		2209.161825		496.6640793615				59:43.2		0.1237475		7.42485		1002		4.456896		0		27.94		27.94		70.9676		883.2419889753		9		14		538.3651864744

		58:47.10		0.0486142		2.916852		1205		5359.84		0.1		24.83		24.93		63.3222		3712.1805202464		834.5729586885		0.079		12		1496		336.2537908569		2781.1879633914		625.2670781006		453.5480863386		2477.481075		556.9876517536				00:14.2		0.1323586		7.941516		1107		4.923936		0		32.42		32.42		82.3468		970.4897219962		10		16		681.4644881006

		59:04.10		0.0533364		3.200184		1311		5831.33		0		27.88		27.88		70.8152		3945.8004969467		887.0954354646		0.089		14		1729		388.7687615629		3180.7335357266		715.0929711615		536.5900100004		2770.6447		622.8967401079				00:34.2		0.1379142		8.274852		1211		5.386528		0		35.28		35.28		89.6112		1030.6432883507		11		17		784.650728636

		59:20.10		0.0577808		3.466848		1405		6249.44		0		30.66		30.66		77.8764		4179.3976331743		939.6127772424		0.097		15		1963		441.2785924311		3572.9833789699		803.2786373583		622.6855989019		3046.91415		685.0076776079				00:59.2		0.1448586		8.691516		1306		5.809088		0		38.85		38.85		98.679		1110.988384713		12		19		928.0554594331

		59:53.10		0.0669475		4.01685		1507		6703.14		0.1		36.01		36.11		91.7194		4678.2397024328		1051.762523029		0.115		18		2462		553.4122815569		4388.6809192738		986.663875736		816.4850549234		3588.521525		806.7719255845				01:34.2		0.1545808		9.274848		1404		6.244992		0		43.86		43.86		111.4044		1234.4135967839		14		22		1160.3790193186

		00:17.10		0.0736142		4.416852		1607		7147.94		0		39.48		39.48		100.2792		5016.0545024904		1127.7100949844		0.125		19		2799		629.3489676512		4925.7853828795		1107.4157785251		955.1818444866		3923.4237		882.0646807554				01:48.2		0.1584697		9.508182		1500		6.672		0		45.85		45.85		116.459		1287.1623276261		15		23		1263.978502718

		00:36.10		0.0788919		4.733514		1700		7561.60		0		42.25		42.25		107.315		5311.9131418534		1194.2250768555		0.134		21		3095		695.8544081186		5387.043814411		1211.1159654701		1081.449046586		4198.699375		943.9521976169				02:16.2		0.1662475		9.97485		1615		7.18352		0		49.87		49.87		126.6698		1400.6958655214		16		25		1495.4423419689

		00:58.10		0.0850031		5.100186		1802		8015.30		0		45.48		45.48		115.5192		5679.0125427077		1276.7564169757		0.144		22		3462		778.3739001383		5948.4694162779		1337.3357500625		1244.1925590723		4519.6887		1016.1170638489				02:46.2		0.1745808		10.474848		1700		7.5616		0		54.15		54.15		137.541		1532.5995216264		17		27		1778.4701888959

		01:25.10		0.0925031		5.550186		1915		8517.92		0		49.37		49.37		125.3998		6154.9546113277		1383.7577813237		0.157		24		3938		885.3598893484		6659.9226984452		1497.2847793267		1464.9360818794		4906.267175		1103.0276922212				03:09.2		0.1809697		10.858182		1801		8.010848		0		57.43		57.43		145.8722		1642.0317597765		18		28		2024.4135970652

		01:53.10		0.1002808		6.016848		2007		8927.14		0		53.45		53.45		135.763		6697.0578405546		1505.6335073189		0.170		26		4480		1007.218084881		7449.8541344599		1674.8772784307		1729.3747561116		5311.727375		1194.1833127248				07:36.1		0.2551156		15.306936		1901		8.455648		3.5		63.33		66.83		169.7482		2000.8848088888		21		33		2898.2714733442

		02:20.10		0.1077808		6.466848		2101		9345.25		0		57.43		57.43		145.8722		7271.847043354		1634.8576985958		0.182		28		5055		1136.423669406		8266.0895009046		1858.3834309588		2024.4135970652		5707.249825		1283.1047268435				07:40.6		0.2563656		15.381936		2003		8.909344		6.1		63.33		69.43		176.3522		2113.3197582224		22		34		3192.3859613873

		32:57.6		0.617945		37.0767		2203		9798.94		2.6		67.66		70.26		178.4604		9482.5147738593		2131.8603358497		0.223		35		7265		1633.3545846314		11236.806200888		2526.2603868903		3291.7729072418		6982.26315		1569.7534060252				07:45.9		0.2578378		15.470268		2105		9.36304		9.2		63.33		72.53		184.2262		2255.6635710513		23		36		3578.0642626414

		33:00.4		0.6187228		37.123368		2301		10234.85		4.2		67.67		71.87		182.5498		9803.6891844267		2204.0668130456		0.228		35		7586		1705.5506231967		11649.5324836331		2619.0495691621		3492.5799404732		7142.260925		1605.7241288219				07:51.3		0.25931		15.5586		2202		9.794496		12.2		63.33		75.53		191.8462		2402.5378640695		24		37		3991.2366525226

		33:03.5		0.6195839		37.175034		2403		10688.54		6		67.67		73.67		187.1218		10175.6628317873		2287.6939819666		0.234		36		7958		1789.1656971509		12122.346827463		2725.3477579728		3730.2224153699		7321.140425		1645.93984375				07:56.1		0.2606711		15.640266		2301		10.234848		15		63.33		78.33		198.9582		2548.2366736343		25		39		4415.9850911402

		33:06.7		0.6204728		37.228368		2501		11124.45		7.9		67.66		75.56		191.9224		10581.4343390441		2378.9195906124		0.240		37		8364		1880.3781056303		12632.0641130377		2839.9424714563		3995.5806037147		7508.9639		1688.1663444245				08:01.4		0.2621156		15.726936		2402		10.684096		18		63.33		81.33		206.5782		2714.1614439263		26		40		4917.2939594732

		33:10.2		0.621445		37.2867		2600		11564.80		9.9		67.67		77.57		197.0278		11030.7384219263		2479.9321991741		0.246		38		8813		1981.3760905625		13189.4616680027		2965.2566699646		4296.748605952		7708.712675		1733.0738927608				08:05.6		0.2632822		15.796932		2500		11.12		20.4		63.33		83.73		212.6742		2854.6469804788		27		41		5356.0484881394

		33:13.8		0.622445		37.3467		2705		12031.84		12		67.66		79.66		202.3364		11518.1687894683		2589.5163645387		0.253		39		9301		2090.9443830623		13786.2725228953		3099.4317722337		4632.0583328923		7916.41165		1779.768806205				08:10.9		0.2647544		15.885264		2605		11.58704		23.3		63.33		86.63		220.0402		3034.1365833829		28		43		5935.2492583581

		33:17.2		0.6233894		37.403364		2801		12458.85		14		67.66		81.66		207.4164		12004.7641506479		2698.9128036529		0.259		40		9787		2200.3249682141		14374.3143961965		3231.6354307996		4975.5613586355		8115.16665		1824.4529339029				08:14.6		0.2657822		15.946932		2702		12.018496		25.3		63.32		88.62		225.0948		3163.7907401358		28		44		6366.3652682297

		33:20.7		0.6243617		37.461702		2901		12903.65		16		67.67		83.67		212.5218		12514.505020751		2813.5128194134		0.266		41		10297		2314.9083673828		14982.4710350864		3368.3612938594		5344.646371994		8314.915425		1869.3604822392				08:18.6		0.2669211		16.015266		2801		12.458848		27.6		63.31		90.91		230.9114		3319.861499349		29		45		6899.1918993915

		33:23.10		0.6252783		37.516698		3004		13361.79		17.8		67.67		85.47		217.0938		12989.3330155915		2920.2637175341		0.271		42		10771		2421.643779474		15542.111921454		3494.1798384564		5696.8289884825		8493.794925		1909.5761971673				08:22.4		0.2679767		16.078602		2901		12.903648		29.7		63.31		93.01		236.2454		3469.7413874206		30		46		7424.885649531

		33:27.3		0.626195		37.5717		3101		13793.25		19.7		67.67		87.37		221.9198		13510.0991173212		3037.3424274553		0.277		43		11292		2538.705497111		16148.668218533		3630.54591244		6092.2332019946		8682.612175		1952.0261184802				08:26.1		0.2689767		16.138602		3000		13.344		31.7		63.31		95.01		241.3254		3618.7705711818		30		47		7960.948571113

		33:30.4		0.6270561		37.623366		3200		14233.60		21.4		67.67		89.07		226.2378		13993.7206455203		3146.0702890109		0.283		44		11776		2647.4175711389		16705.5111934127		3755.7354301737		6467.8829140297		8851.553925		1990.0076270234				08:30.3		0.2701433		16.208598		3100		13.7888		34		63.31		97.31		247.1674		3798.084168395		31		48		8623.2685855193

		33:33.7		0.6279728		37.678368		3304		14696.19		23.2		67.66		90.86		230.7844		14521.6686606862		3264.7636377442		0.288		45		12304		2766.093677655		17306.6374655082		3890.8807251592		6887.1184678903		9029.43965		2029.9999213129				08:33.9		0.2711711		16.270266		3204		14.251392		35.3		63.3		98.6		250.444		3902.5172220676		31		49		9017.5854677327

		33:36.9		0.6288617		37.731702		3400		15123.20		24.9		67.66		92.56		235.1024		15041.5013820227		3381.6325049511		0.294		46		12823		2882.9455601254		17891.9504163742		4022.4708669906		7309.1183215412		9198.3814		2067.9814298561				08:37.4		0.2721156		16.326936		3300		14.6784		37.5		63.31		100.81		256.0574		4088.1468324001		32		50		9733.8108377895

		33:39.10		0.6297228		37.783368		3506		15594.69		26.6		67.67		94.27		239.4458		15583.1662349137		3503.4096751155		0.299		46		13365		3004.7050245263		18495.2248819279		4158.0991191385		7758.4278859491		9368.316925		2106.1863590378				08:40.9		0.2730878		16.385268		3400		15.1232		39.4		63.31		102.71		260.8834		4254.7812042318		33		51		10393.1946737

		33:42.10		0.6305561		37.833366		3603		16026.14		28.2		67.66		95.86		243.4844		16104.3057600869		3620.572338149		0.304		47		13886		3121.8506455597		19069.5432624728		4287.2174600883		8199.8233806494		9526.32715		2141.7102405576				08:44.1		0.2740044		16.440264		3503		15.581344		41.3		63.31		104.61		265.7094		4428.2076544828		33		52		11095.6958439252

		33:45.8		0.6313339		37.880034		3702		16466.50		29.7		67.66		97.36		247.2944		16611.9131877041		3734.692713063		0.309		48		14394		3235.9544144595		19623.4447366546		4411.7456692119		8638.238375511		9675.3934		2175.2233363309				08:47.3		0.2748656		16.491936		3602		16.021696		43		63.31		106.31		270.0274		4589.3621570537		34		52		11763.0998656363

		33:48.5		0.6320839		37.925034		3804		16920.19		31.2		67.66		98.86		251.1044		17135.5203923008		3852.4101601396		0.314		49		14917		3353.6547255565		20189.345128453		4538.9714767206		9099.1342684171		9824.45965		2208.7364321043				08:50.4		0.2757267		16.543602		3704		16.475392		44.7		63.3		108		274.32		4755.3814836838		34		53		12465.1475743567

		33:51.1		0.6328061		37.968366		3905		17369.44		32.7		67.66		100.36		254.9144		17675.6316865595		3973.8380590287		0.319		49		15457		3475.0649415895		20767.5043650044		4668.9533194704		9583.663827368		9973.5259		2242.2495278777				08:53.3		0.2765322		16.591932		3802		16.911296		46.3		63.31		109.61		278.4094		4919.1247542462		35		54		13171.7736683978

		33:53.4		0.633445		38.0067		4005		17814.24		34		67.67		101.67		258.2418		18161.236766555		4083.0118629845		0.323		50		15943		3584.2228415023		21282.6660238243		4784.7720377303		10027.1004693362		10103.710425		2271.5176315198				08:55.6		0.2771989		16.631934		3903		17.360544		47.6		63.31		110.91		281.7114		5055.4451186402		35		55		13770.6745064294

		33:56.1		0.634195		38.0517		4101		18241.25		35.6		67.66		103.26		262.2804		18768.5933308375		4219.5578531559		0.328		51		16550		3720.748932805		21921.0317850205		4928.2895200136		10591.9948557259		10261.72065		2307.0415130396				08:58.3		0.2779211		16.675266		4001		17.796448		49		63.31		112.31		285.2674		5206.4794731034		36		55		14445.3434647209

		33:58.3		0.6348061		38.088366		4201		18686.05		36		67.67		103.67		263.3218		18928.47448684		4255.5023576529		0.329		51		16710		3756.6881977769		22088.0072197248		4965.828961269		10742.5809337309		10302.465425		2316.2017592176				09:01.4		0.2787822		16.726932		4109		18.276832		50.6		63.31		113.91		289.3314		5384.623165057		36		56		15255.9538813223

		34:00.7		0.6354728		38.128368		4302		19135.30		38.1		67.66		105.76		268.6304		19764.8929497953		4443.5460768425		0.336		52		17546		3944.7044976224		22954.5435078249		5160.6437742412		11543.0224035338		10510.1644		2362.8966726619				09:03.9		0.2794767		16.768602		4201		18.686048		52		63.3		115.3		292.862		5544.3259686721		37		57		15996.1374117127

		34:02.9		0.6360839		38.165034		4401		19575.65		39.4		67.66		107.06		271.9324		20303.6955381479		4564.6797522815		0.340		53		18085		4065.8205025271		23506.7371135482		5284.7880201322		12069.7832604214		10639.35515		2391.9413556655				09:06.4		0.2801711		16.810266		4309		19.166432		53.4		63.31		116.71		296.4434		5711.1666908997		37		58		16782.8470398371

		34:05.1		0.636695		38.2017		4504		20033.79		40.7		67.67		108.37		275.2598		20861.5017807109		4690.0858319943		0.344		53		18642		4191.2082823974		24073.6507650603		5412.2416288355		12624.1997454851		10769.539675		2421.2094593075				09:08.6		0.28081		16.8486		4403		19.584544		54.6		63.31		117.91		299.4914		5857.1075950322		37		58		17482.1409521345

		34:07.1		0.6372506		38.235036		4606		20487.49		41.9		67.67		109.57		278.3078		21385.9075714164		4807.9828173148		0.348		54		19167		4309.0880581559		24602.3553766685		5531.1050756899		13153.7544002282		10888.792675		2448.0199359263				09:10.9		0.2814211		16.885266		4501		20.020448		55.8		63.31		119.11		302.5394		6006.7778155464		38		59		18209.977229553

		34:09.1		0.6378061		38.268366		4704		20923.39		43		67.66		110.66		281.0764		21873.6591856946		4917.6392054169		0.351		55		19655		4418.728434934		25090.51530305		5640.8532605778		13653.4765739965		10997.11415		2472.3727855216				09:13.9		0.2822544		16.935264		4603		20.474144		57.4		63.31		120.71		306.6034		6212.3043296399		38		60		19226.8451995353

		34:11.1		0.6383617		38.301702		4805		21372.64		44.2		67.67		111.87		284.1498		22428.1477412894		5042.2994022683		0.355		55		20209		4543.3704243858		25641.3962431014		5764.7023927836		14229.9019340952		11117.360925		2499.4066827788				09:15.9		0.28281		16.9686		4704		20.923392		58.5		63.31		121.81		309.3974		6357.6686826531		39		60		19958.0782553265

		34:12.9		0.6388617		38.331702		4904		21812.99		45.2		67.65		112.85		286.639		22887.5234981677		5145.5763260269		0.358		56		20668		4646.6322597173		26094.5974387562		5866.5911507995		14714.1048329472		11214.750875		2521.3019053507				09:18.3		0.2834767		17.008602		4801		21.354848		59.8		63.31		123.11		312.6994		6533.8544382121		39		61		20857.5553050239

		34:14.7		0.6393617		38.361702		5000		22240.00		46.3		67.67		113.97		289.4838		23424.0567563469		5266.1998103298		0.362		56		21205		4767.2381166199		26620.3716874613		5984.7957930444		15287.2009311108		11326.053675		2546.3250168615				09:20.3		0.2840322		17.041932		4900		21.7952		60.9		63.31		124.21		315.4934		6686.7428790699		39		61		21649.6985392116

		34:16.4		0.6398339		38.390034		5101		22689.25		47.2		67.67		114.87		291.7698		23864.2999398892		5365.1753461981		0.365		57		21645		4866.1991849244		27049.0082257941		6081.1619212667		15763.4850232608		11415.493425		2566.4328743255				09:22.4		0.2846433		17.078598		5008		22.275584		62		63.31		125.31		318.2874		6843.2088216258		40		62		22471.429856252

		34:18.2		0.6403339		38.420034		5205		23151.84		48.2		67.66		115.86		294.2844		24358.1300421087		5476.1983008338		0.368		57		22139		4977.2059070977		27526.9183279128		6188.605739189		16304.1698331568		11513.87715		2588.551517536				09:24.6		0.2852544		17.115264		5115		22.75152		63.2		63.31		126.51		321.3354		7018.0774844836		40		62		23402.9088411102

		34:19.8		0.6407783		38.446698		5307		23605.54		49.2		67.67		116.87		296.8498		24872.468674069		5591.8319860767		0.371		58		22653		5092.8226814658		28021.4994324575		6299.7975342755		16874.4778079531		11614.248425		2611.1170020234				09:26.4		0.2857544		17.145264		5206		23.156288		64.2		63.31		127.51		323.8754		7167.2100165722		40		63		24208.1187078387

		34:21.5		0.6412506		38.475036		5412		24072.58		50.1		67.67		117.77		299.1358		25339.9340198683		5696.9276123805		0.374		58		23120		5197.9029343172		28468.2690567364		6400.2403454893		17399.1078112165		11703.688175		2631.2248594874				09:28.4		0.2862822		17.176932		5311		23.623328		65.3		63.31		128.61		326.6694		7334.918614169		41		63		25125.4119695559

		34:22.9		0.6416394		38.498364		5505		24486.24		50.9		67.67		118.57		301.1678		25762.8293742964		5792.0030068112		0.376		58		23543		5292.9644180671		28870.2493128389		6490.6136045051		17878.8453813761		11783.190175		2649.0985105665				09:29.9		0.2867267		17.203602		5400		24.0192		66.1		63.3		129.4		328.676		7457.7798159444		41		64		25805.26151675

		34:24.4		0.6420561		38.523366		5602		24917.70		51.7		67.66		119.36		303.1744		26187.3639313486		5887.4469270118		0.379		59		23968		5388.3943708549		29271.7393095543		6580.8766433351		18365.3094390805		11861.6984		2666.7487410072				09:32.3		0.2873656		17.241936		5510		24.50848		67.3		63.31		130.61		331.7494		7649.9613830587		41		64		26881.8910207594

		34:25.9		0.6424728		38.548368		5704		25371.39		52.6		67.67		120.27		305.4858		26685.0623501269		5999.3395571328		0.382		59		24465		5500.2706229068		29739.866663385		6686.1211023797		18941.7781103754		11952.131925		2687.0800191097				09:34.3		0.2879211		17.275266		5618		24.988864		68.4		63.3		131.7		334.518		7827.3200505948		42		65		27889.6388939349

		34:27.2		0.6428339		38.570034		5804		25816.19		53.3		67.66		120.96		307.2384		27068.7336473377		6085.5965933763		0.384		60		24849		5586.5150308864		30098.89969223		6766.8389595841		19390.6877831124		12020.7024		2702.4960431655				09:35.9		0.2883933		17.303598		5701		25.358048		69.3		63.31		132.61		336.8294		7978.5355831		42		65		28759.4758134913

		34:28.7		0.6432506		38.595036		5904		26260.99		54.2		67.67		121.87		309.5498		27583.1827522544		6201.2551151651		0.387		60		25363		5702.1566165223		30577.8516916778		6874.5170170139		19998.740142269		12111.135925		2722.827321268				09:37.9		0.2889489		17.336934		5818		25.878464		70.4		63.3		133.7		339.598		8163.5119991956		42		66		29836.7059007423

		34:29.10		0.6436117		38.616702		6010		26732.48		54.9		67.67		122.57		311.3278		27985.5563237396		6291.7167994019		0.389		60		25766		5792.6050515422		30950.5371094433		6958.3042062597		20479.1875464533		12180.700175		2738.4667659622				09:39.8		0.2894489		17.366934		5920		26.33216		71.3		63.3		134.6		341.884		8319.4728727447		43		66		30756.1446083649

		34:31.2		0.643945		38.6367		6102		27141.70		55.6		67.67		123.27		313.1058		28393.7995764898		6383.4981062252		0.391		61		26174		5884.3729134927		31326.9685484662		7042.9335765436		20970.9786361226		12250.264425		2754.1062106565				09:41.3		0.2898656		17.391936		6009		26.728032		72.1		63.31		135.41		343.9414		8462.3835814657		43		67		31607.5592953198

		34:32.6		0.6443339		38.660034		6210		27622.08		56.4		67.67		124.07		315.1378		28867.6605552139		6490.0315996434		0.394		61		26647		5990.8907980553		31761.8111905203		7140.6949618975		21547.2596860272		12329.766425		2771.9798617356				09:42.9		0.2903378		17.420268		6110		27.17728		73.1		63.3		136.4		346.456		8640.390267711		43		67		32679.8888905244

		34:33.9		0.644695		38.6817		6319		28106.91		57.1		67.67		124.77		316.9158		29288.7716279408		6584.7058516054		0.396		62		27069		6085.551176099		32146.3970938941		7227.1576200301		22064.2686753478		12399.330675		2787.6193064299				09:44.6		0.2907822		17.446932		6210		27.62208		73.9		63.3		137.2		348.488		8786.9658072573		44		68		33572.6480538311

		34:34.10		0.6450006		38.700036		6406		28493.89		57.7		67.66		125.36		318.4144		29648.4753410762		6665.5744921484		0.398		62		27428		6166.4079639171		32473.5486743258		7300.707885415		22509.5020491217		12457.9634		2800.8011241007				09:46.1		0.2911989		17.471934		6300		28.0224		74.7		63.3		138		350.52		8936.0278535618		44		68		34489.5374504035

		34:36.3		0.6453617		38.721702		6506		28938.69		58.4		67.66		126.06		320.1924		30080.9766596959		6762.8095008309		0.400		62		27861		6263.6287187696		32865.2885569457		7388.778902191		23049.230226083		12527.52765		2816.440568795				09:47.8		0.2916711		17.500266		6402		28.476096		75.6		63.3		138.9		352.806		9106.7473564225		44		69		35550.6939539615

		34:37.5		0.645695		38.7417		6615		29423.52		59.1		67.66		126.76		321.9704		30519.7871523442		6861.4629389263		0.402		63		28299		6362.2676925458		33260.9659854359		7477.7351585962		23601.7017473386		12597.0919		2832.0800134892				09:49.4		0.2921156		17.526936		6502		28.920896		76.5		63.3		139.8		355.092		9280.7283921628		44		69		36644.1715848206

		34:38.6		0.6460006		38.760036		6704		29819.39		59.7		67.67		127.37		323.5198		30907.3955021005		6948.6051038895		0.404		63		28687		6449.397078829		33609.0121878823		7555.9829559088		24093.7668901393		12657.712175		2845.7086724371				09:51.1		0.2925878		17.555268		6622		29.454656		77.3		63.3		140.6		357.124		9438.1666246172		45		69		37644.0806605294

		34:39.8		0.6463339		38.780034		6813		30304.22		60.4		67.66		128.06		325.2724		31351.7744722565		7048.5104478994		0.407		63		29131		6549.2877701364		34006.3773400103		7645.3186465851		24662.5606701802		12726.28265		2861.1246964928				09:52.4		0.2929489		17.576934		6705		29.82384		78		63.3		141.3		358.902		9578.1144121583		45		70		38541.1463904025

		34:40.10		0.6466672		38.800032		6918		30771.26		61.1		67.67		128.77		327.0758		31815.7045617304		7152.8112773674		0.409		64		29595		6653.5732995282		34419.3702795248		7738.1677786701		25261.6608697774		12796.840675		2876.9875618255				09:53.8		0.2933378		17.600268		6807		30.277536		78.8		63.3		142.1		360.934		9740.5974996463		45		70		39592.3284705667

		34:41.10		0.646945		38.8167		7011		31184.93		61.7		67.67		129.37		328.5998		32213.1061191576		7242.1551526883		0.411		64		29992		6742.9040666673		34771.6594231791		7817.3694746356		25779.1160623662		12856.467175		2890.3928001349				09:55.3		0.2937544		17.625264		6906		30.717888		79.6		63.3		142.9		362.966		9905.8369494603		45		70		40671.9227696602

		34:42.10		0.6472228		38.833368		7101		31585.25		62.2		67.66		129.86		329.8444		32541.3301264888		7315.946521243		0.412		64		30321		6816.6846073528		35061.6109246887		7882.5564129246		26209.4502374103		12905.16215		2901.3404114209				09:56.8		0.2941711		17.650266		7012		31.189376		80.4		63.3		143.7		364.998		10073.8795205177		46		71		41780.6972366425

		34:43.10		0.6475006		38.850036		7201		32030.05		62.8		67.66		130.46		331.3684		32947.795281077		7407.3280757817		0.414		64		30727		6908.0527510578		35419.4293422629		7963.0012010483		26746.0544626314		12964.78865		2914.7456497302				09:58.1		0.29456		17.6736		7117		31.656416		81.2		63.31		144.51		367.0554		10246.9271743618		46		71		42933.8679317109

		34:45.3		0.6478617		38.871702		7323		32572.70		63.5		67.66		131.16		333.1464		33428.4258949871		7515.3835195565		0.416		65		31208		7016.0923343939		35840.779537167		8057.7292124926		27385.8104838489		13034.3529		2930.3850944245				09:59.4		0.2948933		17.693598		7206		32.052288		81.8		63.3		145.1		368.554		10374.8425128191		46		72		43793.6516180918

		34:46.1		0.6480839		38.885034		7407		32946.34		63.9		67.67		131.57		334.1878		33713.1875327521		7579.4036719317		0.418		65		31492		7080.1030885396		36089.5344072369		8113.6543181738		27767.516651337		13075.097675		2939.5453406025				10:00.9		0.29531		17.7186		7320		32.55936		82.6		63.3		145.9		370.586		10550.8412920302		46		72		44986.8027550662

		34:47.2		0.6483894		38.903364		7511		33408.93		64.5		67.67		132.17		335.7118		34134.2900485036		7674.0760001132		0.420		65		31913		7174.7615169451		36456.2025769195		8196.0887088398		28335.5998798287		13134.724175		2952.9505789119				10:02.1		0.2956433		17.738598		7400		32.9152		83.2		63.3		146.5		372.11		10684.7969490374		47		72		45902.7825550591

		34:48.3		0.648695		38.9217		7610		33849.28		65.2		67.66		132.86		337.4644		34625.0645188962		7784.4119871619		0.422		66		32404		7285.0813018435		36881.7752111161		8291.7660096934		29003.0989139064		13203.29465		2968.3666029676				10:03.4		0.2960044		17.760264		7500		33.36		83.9		63.3		147.2		373.888		10843.2295930895		47		73		46994.8417763925

		34:49.2		0.648945		38.9367		7711		34298.53		65.7		67.66		133.36		338.7344		34985.101621485		7865.3555803698		0.423		66		32764		7366.0130072067		37192.7933630564		8361.6891553634		29496.4789722139		13252.9834		2979.5376348921				10:04.8		0.2963933		17.783598		7616		33.875968		84.7		63.3		148		375.92		11027.1740885103		47		73		48274.5173293825

		34:50.1		0.649195		38.9517		7815		34761.12		66.2		67.67		133.87		340.0298		35356.1965181671		7948.7851884369		0.425		66		33135		7449.4303607568		37512.329118298		8433.5272298332		30008.2709857233		13303.665925		2990.932087455				10:06.1		0.2967544		17.805264		7719		34.334112		85.3		63.3		148.6		377.444		11167.1773649385		47		73		49256.9217547396

		34:50.10		0.649445		38.9667		7910		35183.68		66.7		67.67		134.37		341.2998		35723.8360512578		8031.4379611641		0.427		66		33503		7532.0709915254		37827.8679176751		8504.4667081104		30518.5464272697		13353.354675		3002.1031193795				10:07.1		0.29706		17.8236		7810		34.73888		86		63.3		149.3		379.222		11332.7626769445		47		74		50428.17445245

		34:51.9		0.649695		38.9817		8002		35592.90		67.2		67.67		134.87		342.5698		36095.2983605405		8114.9501709848		0.428		67		33874		7615.5709315858		38145.6689180287		8575.9147747367		31037.3988074161		13403.043425		3013.274151304				10:08.3		0.2973656		17.841936		7900		35.1392		86.5		63.3		149.8		380.492		11452.5390168482		48		74		51281.6767945903

		34:52.10		0.6500006		39.000036		8105		36051.04		67.8		67.67		135.47		344.0938		36546.1551930977		8216.3118689518		0.430		67		34325		7716.9177352474		38530.0390675096		8662.328927048		31671.546377046		13462.669925		3026.6793896133				10:09.4		0.2976989		17.861934		8000		35.584		87.2		63.3		150.5		382.27		11622.3556306973		48		74		52500.7353169465

		34:53.9		0.6502506		39.015036		8200		36473.60		68.3		67.67		135.97		345.3638		36926.1681117538		8301.7464280022		0.432		67		34705		7802.3397386195		38852.8741627638		8734.9087596142		32209.7788977397		13512.358675		3037.8504215378				10:10.8		0.29806		17.8836		8115		36.09552		87.8		63.3		151.1		383.794		11769.915454733		48		75		53568.5257878942

		34:54.7		0.6504728		39.028368		8306		36945.09		68.8		67.66		136.46		346.6084		37302.4141908557		8386.334125642		0.433		67		35081		7886.9150034861		39171.4979870795		8806.541813642		32746.0230461499		13561.05365		3048.7980328237				10:11.8		0.2983378		17.900268		8207		36.504736		88.3		63.3		151.6		385.064		11894.3120766628		48		75		54474.8125644662

		34:55.7		0.6507506		39.045036		8421		37456.61		69.4		67.67		137.07		348.1578		37776.1634714213		8492.8425070641		0.435		68		35555		7993.4077280419		39571.2818213119		8896.421272777		33425.9496533751		13621.673925		3062.4266917716				10:12.9		0.2986711		17.920266		8301		36.922848		89		63.3		152.3		386.842		12070.6792383857		48		75		55769.2631642248

		34:56.6		0.6510006		39.060036		8503		37821.34		69.9		67.67		137.57		349.4278		38168.9662179909		8581.1524770663		0.437		68		35947		8081.7047145513		39901.5819268252		8970.6793900237		33993.6709715995		13671.362675		3073.597723696				10:13.9		0.2989489		17.936934		8401		37.367648		89.5		63.3		152.8		388.112		12198.2546425957		49		75		56712.540922166

		34:57.4		0.6512228		39.073368		8611		38301.73		70.3		67.67		137.97		350.4438		38486.1471707294		8652.4611444985		0.438		68		36265		8153.0028968644		40167.5261794004		9030.469015153		34454.7109763276		13711.113675		3082.5345492356				10:15.3		0.29931		17.9586		8502		37.816896		90.2		63.3		153.5		389.89		12379.1286213026		49		76		58059.825789462

		34:58.3		0.6514728		39.088368		8701		38702.05		70.8		67.66		138.46		351.6884		38878.2881025721		8740.6223252185		0.440		68		36657		8241.1511130427		40495.3860104945		9104.1785095536		35027.9280935807		13759.80865		3093.4821605216				10:16.1		0.2995322		17.971932		8601		38.257248		90.6		63.3		153.9		390.906		12483.6867946477		49		76		58843.9372602598

		34:59.1		0.651695		39.1017		8812		39195.78		71.3		67.67		138.97		352.9838		39290.6789100278		8833.3360858875		0.441		69		37069		8333.8512379721		40839.0744086465		9181.4465846777		35634.5705410755		13810.491175		3104.8766130845				10:17.1		0.2998378		17.990268		8704		38.715392		91.2		63.3		154.5		392.43		12642.1822567784		49		76		60039.8850889009

		34:59.9		0.6519172		39.115032		8904		39604.99		71.8		67.67		139.47		354.2538		39699.2298366489		8925.1865639948		0.443		69		37477		8425.6882055867		41178.4637343597		9257.7481417175		36239.4153502658		13860.179925		3116.047645009				10:18.3		0.3001433		18.008598		8805		39.16464		91.8		63.3		155.1		393.954		12802.6900099838		49		76		61259.9957165552

		35:00.7		0.6521394		39.128364		9000		40032.00		72.2		67.67		139.87		355.2698		40029.1271535073		8999.3541262381		0.444		69		37807		8499.8448571206		41451.7262585073		9319.1830617148		36730.6029184217		13899.930925		3124.9844705486				10:19.4		0.3004767		18.028602		8904		39.604992		92.4		63.3		155.7		395.478		12965.2356027264		49		77		62504.7573257692

		35:01.7		0.6524172		39.145032		9113		40534.62		72.8		67.66		140.46		356.7684		40520.7362197253		9109.8777472404		0.446		69		38299		8610.352217084		41857.6498169643		9410.4428545333		37467.1659612791		13958.56365		3138.1662882194				10:20.3		0.3006989		18.041934		9000		40.032		92.8		63.3		156.1		396.494		13074.7442275319		50		77		63348.5389249646

		35:02.5		0.6526394		39.158364		9215		40988.32		73.2		67.66		140.86		357.7844		40857.4601866893		9185.5800779427		0.447		69		38636		8686.0434085211		42134.8050022584		9472.7529231696		37974.8352313467		13998.31465		3147.103113759				10:21.6		0.30106		18.0636		9101		40.481248		93.5		63.3		156.8		398.272		13268.6146686974		50		77		64852.504156368

		35:03.2		0.6528339		39.170034		9301		41370.85		73.7		67.66		141.36		359.0544		41282.3027621226		9281.0932468801		0.449		70		39060		8781.5425215219		42483.4838448868		9551.1429507389		38619.0162596097		14048.0034		3158.2741456835				10:22.6		0.3013378		18.080268		9216		40.992768		94		63.3		157.3		399.542		13408.8510917052		50		78		65948.4571048732

		35:03.10		0.6530561		39.183366		9400		41811.20		74.1		67.67		141.77		360.0958		41633.9680239622		9360.1546816462		0.450		70		39412		8860.5923200935		42771.2650405237		9615.8419605494		39155.3162121889		14088.748175		3167.4343918615				10:23.4		0.3015878		18.095268		9304		41.384192		94.5		63.3		157.8		400.812		13550.5696780607		50		78		67062.8313223293

		35:04.8		0.6532783		39.196698		9502		42264.90		74.6		67.65		142.25		361.315		42049.4820623908		9453.5706075519		0.452		70		39827		8953.9944955819		43110.328696541		9692.0703004813		39792.5653142939		14136.449375		3178.158582509				10:24.6		0.3018933		18.113598		9422		41.909056		95.1		63.3		158.4		402.336		13722.6105053089		50		78		68424.832786905

		35:05.4		0.653445		39.2067		9606		42727.49		74.9		67.66		142.56		362.1024		42320.036231634		9514.3966348098		0.453		70		40098		9014.8115686236		43330.5463694259		9741.5796693853		40209.574780047		14167.2564		3185.0846223022				10:25.6		0.3021711		18.130266		9522		42.353856		95.6		63.29		158.89		403.5806		13864.7295622894		50		78		69557.5217328495

		35:06.2		0.6536672		39.220032		9700		43145.60		75.4		67.66		143.06		363.3724		42760.0869127808		9613.3288922619		0.454		71		40538		9113.7292607449		43687.7978734635		9821.8970039261		40891.3183134504		14216.94515		3196.2556542266				10:26.3		0.3023656		18.141936		9603		42.714144		96		63.3		159.3		404.622		13984.7758971148		51		79		70519.6040276781

		35:07.1		0.6539172		39.235032		9807		43621.54		75.9		67.67		143.57		364.6678		43213.6528394057		9715.299649147		0.456		71		40991		9215.6850030467		44054.8331363306		9904.4139245348		41598.5031495269		14267.627675		3207.6501067896				10:27.1		0.3026156		18.156936		9708		43.181184		96.5		63.3		159.8		405.892		14132.5814516015		51		79		71710.8121338464

		35:07.8		0.6541117		39.246702		9902		44044.10		76.3		67.67		143.97		365.6838		43572.7547207779		9796.0329857864		0.457		71		41350		9296.4064508248		44344.581174096		9969.5551200755		42161.6327609883		14307.378675		3216.5869323291				10:28.1		0.3028656		18.171936		9804		43.608192		96.9		63.3		160.2		406.908		14251.9498616434		51		79		72678.1786449677

		35:08.5		0.6543061		39.258366		10002		44488.90		76.7		67.67		144.37		366.6998		43934.840709087		9877.4372097768		0.458		71		41712		9377.7986859516		44635.989862687		10035.0696633739		42732.3219975971		14347.129675		3225.5237578687				10:29.1		0.3031711		18.190266		9912		44.088576		97.5		63.3		160.8		408.432		14432.8955563523		51		79		74153.6319721565

																																												10:29.9		0.3033933		18.203598		10007		44.511136		97.9		63.3		161.2		409.448		14554.8005176478		51		80		75153.7916483049

										m-value		b constant

				snubber curve fit formula as function of strain						676.0079		2216.3105959103																																														m-value		b constant

																																																				new snubber curve fit formula						1.0083127631		490.8314896217

										676.0000		2216





JDR Cable EA Calculation

		JSD CABLE Properties from TMT test graph dated Oct. 23, 2003

		(After removal of constructional stretch)

		Stress (lbs.)		Newtons		% Elongation		Strain		EA = 6.7e6 (Newtons value)		Pound conversion value		EA = 1*10^7 (Newtons value)		EA = 1*10^7 (Pound conversion value)

		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000

		1425.0000		6338.7135		0.1000		0.0010		6700.0000		1506.2205		10000.0000		2248.0902

		3000.0000		13344.6600		0.2000		0.0020		13400.0000		3012.4409		20000.0000		4496.1805

		4600.0000		20461.8120		0.3000		0.0030		20100.0000		4518.6614		30000.0000		6744.2707

		6000.0000		26689.3200		0.4000		0.0040		26800.0000		6024.8819		40000.0000		8992.3610

						line fit value =		6705691.6500





JDR Cable EA Calculation

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0



Stress from TMT data

EA=1.0e7

EA=6.7e6

Strain

Stress (lbf)

JDR MOOS Cable EA calculation

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0




_1363966807.xls
Chart2

		No Snubber
Design Condition		No Snubber
Design Condition

		8m Snubber		8m Snubber

		16m Snubber		16m Snubber

		24m Snubber		24m Snubber

		32m Snubber		32m Snubber

		40m Snubber		40m Snubber

		48m Snubber		48m Snubber

		56m Snubber		56m Snubber

		No Snubber
25 Year Storm		No Snubber
25 Year Storm

		8m Snubber		8m Snubber

		16m Snubber		16m Snubber

		24m Snubber		24m Snubber

		32m Snubber		32m Snubber

		40m Snubber		40m Snubber

		48m Snubber		48m Snubber

		56m Snubber		56m Snubber



Below Float

Below Snubber

kN

Snubber Length Effect on Maximum Tension

16.0079072

16.0079072

17.7577504

16.1288928

17.8324768

14.8945728

18.1936544

14.1250688

18.7634432

13.5850816

19.5013664

13.3533408

20.4145408

13.1376128

21.285904

12.8017888

32.316944

32.316944

33.9351264

32.9659072

33.224336

31.3308224

31.6065984

28.8835328

31.176032

27.5357888

29.250048

24.715312

28.491664

23.091792

28.7278528

22.6376512



Wind and Wave

				IFREMER Report Tables

				Wind Speed Condition at Lucky Strike Site		Wind Speed at 10 m (m/s), 1 hour mean		Wind Speed at 10 m , 1 min. gust

				Slack		0		0.0

				<50% Exceedance		6.55		7.3

				<70% Exceedance		8.49		9.4

				<90% Exceedance		11.66		12.9

				<95% Exceedance		13.28		14.7

				Design (<95%)*		15.43		17.1

				Survival 25 Year event		25.05		27.8

				Survival 50 Year event		26.22		29.1

				* Used February data (worst case)

				Wave Height Condition at Lucky Strike Site		Significant Wave Height (Hs, meters)		Peak Wave Period (TP)

				Slack		0		0

				<50% Exceedance		2.12		8.77

				<70% Exceedance		2.96		9.97

				<90% Exceedance		4.56		11.76

				<95% Exceedance		5.4		12.55

				Design (<95%)*		6.94		13.8

				Survival 25 Year event		12.35		17.22

				Survival 50 Year event		13.04		17.58

				* Used February data (worst case)





MaterialProperties

		

				Riser Cable Properties		Upper fishbite protected section		Lower section

				EA (N), Axial stiffness		6.70E+06		6.70E+06

				EI (Nm2), bending stiffness		10.00		1.00

				GJ (Nm2)		0.30		0.10

				m (kg/m), mass/length		1.170		0.70

				am (kg/m), added mass/length		0.5526		0.50

				wet weight/length (N/m)		0.28 X 9.81		0.110 X 9.81

				d (m), diameter		0.034		0.028

				Cdt, tangential drag coefficient		0.010		0.010

				Cdn, normal drag coefficient		1.50		1.50

				Buoy Properties		Floatation		Total

				Material		DuPont Surlyn® or Exxon IOTEK® closed cell foam

				Material density, kg./m^3		84.083

				Volume, m^3		3.74E+00

				Total mass, kg		314.14

				m (kg/m^3), mass cubic meter		84.097		1473.00

				Sw (sq.m), surface area for wind				3.25

				d (m), diameter		2.340

				Cdt, tangential drag coefficient		1.000

				Cdn, normal drag coefficient		1.00

				Cdw, wind drag coefficient				0.54





Design Matrix

		Mooring Design Configuration Matrix

		Run Number		Objective		Snubber Stiffness Profile		Number of Snubbers		Snubber Section Length		Snubber Total Length		Mooring Scope (total cable length)		Float Clamp Location Above Anchor		Batch conditions m-file name		.cab filename		Results directory filename		Plot batch file		Notes

		1		Baseline for check of Snubber profile		Orginal		1		8, 16 meters		8, 16 meters		1.25		400 meters		batch_conditions_ifremer_1.m		mooring_1Snubber.cab		IFREMER-600lbs-400d-1Snubber		plot_conditions_summary_1Snubber.m

		2		Check of new Snubber profile		New*		1		8, 16 meters		8, 16 meters		1.25		400 meters		batch_conditions_ifremer_1.m		mooring_1ASnubber.cab		IFREMER-600lbs-400d-1ASnubber				This configuration uses the snubber profile generated from the actual snubber test data. If the formula verifies against the results with the old profile, the new will be used from now on.

		3		Optimization of snubber length		New		2		8, 12 meters		16, 24 meters		1.25		400 meters		batch_conditions_ifremer_2.m		mooring_2Snubber.cab		IFREMER-600lbs-400d-2Snubber				This configuration uses two Snubber sections and one splice tube

		4		Optimization of snubber length		New		3		8, 12 meters		24, 36 meters		1.25		400 meters		batch_conditions_ifremer_2.m		mooring_3Snubber.cab		IFREMER-600lbs-400d-3Snubber				This configuration uses three Snubber sections and two splice tubes

		5
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Current Profile

		

				Water Column Current Profile

				Water Depth, meters		Current Speed(m/s)

						Slack Condition		Interpolated using Wind Data						Design Condition 95% Non-Exceedance (Feb.)		Survival Condition 25 Year Storm

								50% Non-Exceedance		70% Non-Exceedance		90% Non-Exceedance

				0		0.1		0.17		0.22		0.31		0.35		0.7

				50		0.08		0.13		0.17		0.24		0.27		0.55

				100		0.07		0.10		0.13		0.18		0.2		0.4

				150		0.06		0.08		0.11		0.15		0.17		0.35

				200		0.05		0.07		0.10		0.13		0.15		0.3

				500		0.02		0.02		0.03		0.04		0.05		0.1

				1000		0.01		0.02		0.03		0.04		0.05		0.1

				1500		0.01		0.05		0.06		0.09		0.1		0.15

				1750		0.01		0.07		0.10		0.13		0.15		0.3
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Peak load tables1

		Initial results with 24 meter Snubber - Andy data

		Mooring Riser Cable Dynamic Tensions in Lbs.

		Note: max = 4σ + mean				Below Surface Float				Above Cable Floats				At Anchor

						Mean		Maximum		Mean		Maximum		Mean		Maximum

		Initial results with 24 meter Snubber		Slack (no waves)		815		815		100		100		240		240

				Design		980		3770		271		1530		470		1640

				25 Year Survival		3290		9075		2550		8670		2800		9100

				50 Year Survival		3420		9800		2680		9390		2930		9800

		Results with 24 meter Snubber - My data

		Mooring Riser Cable Dynamic Tensions in Lbs.

		Note: max = 4σ + mean				Below Surface Float				Above Cable Floats				At Anchor

						Mean		Maximum		Mean		Maximum		Mean		Maximum

		Initial results with 24 meter Snubber		Slack (no waves)		809		809		104		104		236		236

				Design		1024		3272		309		1505		500		1616

				25 Year Survival		2930		7340		2221		6950		2470		7357

				50 Year Survival		2358		6216		1645		5711		1891		6104

		Snubber length comparison from runs 1 and 1A, verification of material properties



25 Year Storm

Slack

Design

chma:
This is flawed because of the snubber length miscalculation.

chma:
Something wrong, values start going down! Model was broken!



SnubberComparisonData

				Note: This data is from after the model was fixed!

				Mooring Riser Cable Dynamic Tensions in Lbs. - Below Float												Mooring Riser Cable Maximum Dynamic Tensions

				Note: max = 4σ + mean				Below Surface Float												Below Surface Float				Below Snubber

								Mean		σ		Maximum								Lbs		kN		Lbs		kN

				No Snubber		Slack (no waves)		909		0		910		372		Design Condition		No Snubber		3599		16.01		3599		16.01

						Design		1050		637		3599		NoSnubberVs24mSnubber_DesignCondition.fig				8m Snubber		3992		17.76		3626		16.13

						25 Year Survival		2035		1308		7266		NoSnubberVs24mSnubber_25YCondition2.fig				16m Snubber		4009		17.83		3349		14.89

						50 Year Survival		2102		1373		7593		end				24m Snubber		4090		18.19		3176		14.13

				8m Snubber		Slack (no waves)		1168		0		1169		457				32m Snubber		4218		18.76		3054		13.59

						Design		1339		663		3992		457				40m Snubber		4384		19.50		3002		13.35

						25 Year Survival		2522		1277		7629		457				48m Snubber		4590		20.41		2954		13.14

						50 Year Survival		2587		1359		8025		457				56m Snubber		4786		21.29		2878		12.80

				16m Snubber		Slack (no waves)		1427		0		1428		521		25 Year Storm		No Snubber		7266		32.32		7266		32.32

						Design		1603		601		4009		521				8m Snubber		7629		33.94		7411		32.97

						25 Year Survival		2935		1134		7470		521				16m Snubber		7470		33.22		7044		31.33

						50 Year Survival		2979		1179		7695		521				24m Snubber		7106		31.61		6494		28.88

				24m Snubber		Slack (no waves)		1686		0		1686		585				32m Snubber		7009		31.18		6191		27.54

						Design		1869		555		4090		585				40m Snubber		6576		29.25		5557		24.72

						25 Year Survival		3236		968		7106		585				48m Snubber		6406		28.49		5192		23.09

						50 Year Survival		3297		1032		7424		585				56m Snubber		6459		28.73		5089		22.64

				32m Snubber		Slack (no waves)		1945		0		1945		649

						Design		2142		519		4218		649

						25 Year Survival		3505		876		7009		649

						50 Year Survival		3594		936		7337		649

				40m Snubber		Slack (no waves)		2204		0		2204		713

						Design		2421		491		4384		713

						25 Year Survival		3609		742		6576		713

						50 Year Survival		3580		767		6649		713

				48m Snubber		Slack (no waves)		2462		0		2463		777

						Design		2692		474		4590		777

						25 Year Survival		3828		644		6406		777

						50 Year Survival

				56m Snubber		Slack (no waves)		2721		0		2721		841

						Design		2958		457		4786		841

						25 Year Survival		4124		584		6459		841

						50 Year Survival

														first snubber node

				Mooring Riser Cable Dynamic Tensions in Lbs. - Below Snubber

				Note: max = 4σ + mean				Mean		σ		Maximum

				No Snubber		Slack (no waves)		909		0		910

						Design		1050		637		3599

						25 Year Survival		2035		1308		7266		NoSnubberVs24mSnubber_25YCondition2_Cable.fig

						50 Year Survival		2102		1373		7593		NoSnubberVs24mSnubber_50YCondition2_Cable.fig

				8m Snubber		Slack (no waves)		902		0		903		392

						Design		1075		638		3626		392

						25 Year Survival		2261		1288		7411		392

						50 Year Survival		2327		1371		7809		392

				16m Snubber		Slack (no waves)		900		0		900		392

						Design		1079		567		3349		392

						25 Year Survival		2418		1157		7044		392

						50 Year Survival		2464		1201		7266		392

				24m Snubber		Slack (no waves)		897		0		897		392

						Design		1085		523		3176		392

						25 Year Survival		2467		1007		6494		392

						50 Year Survival		2529		1069		6805		392

				32m Snubber		Slack (no waves)		894		0		895		392

						Design		1100		489		3054		392

						25 Year Survival		2485		926		6191		392

						50 Year Survival		2575		987		6522		392

				40m Snubber		Slack (no waves)		892		0		892		392

						Design		1120		470		3002		392

						25 Year Survival		2336		805		5557		392

						50 Year Survival		2306		825		5605		392

				48m Snubber		Slack (no waves)		889		0		889

						Design		1132		455		2954

						25 Year Survival		2307		721		5192

						50 Year Survival

				56m Snubber		Slack (no waves)		886		0		886

						Design		1138		435		2878

						25 Year Survival		2356		683		5089

						50 Year Survival





SnubberComparisonData

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0



Below Float

Below Snubber

kN

Snubber Length Effect on Maximum Tension



Peak load tables2

		

		Mooring Riser Cable Dynamic Tensions in Lbs. - 25 year storm

		Note: max = 4σ + mean						Below Surface Float				Above Cable Floats				At Anchor

								Mean		Maximum		Mean		Maximum		Mean		Maximum

		Snubber orginal EA		8 meter		Slack (no waves)		820		820		92		92		246		246

						Design		899		4433		186		1315		393		1313

						25 Year Survival		2887		11743		2085		10893		2332		11304

						50 Year Survival		3111		12552		2346		11930		2597		12365

				16 meter		Slack (no waves)		817		818		95		95		244		244

						Design		769		3341		141		1213		390		1267

						25 Year Survival		3408		11331		2669		10855		2923		11252

						50 Year Survival		824		3489		200		2174		458		2403

		Snubber new EA		8 meter		Slack (no waves)

						Design

						25 Year Survival

						50 Year Survival

				16 meter		Slack (no waves)

						Design

						25 Year Survival

						50 Year Survival



chma:
Model was broken for this data run!




