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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 design that MBARI has deployed for two 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 without a significant advantage in the reduction of peak cable loads. Additional modeling results have agreed with this result
. MBARI’s experience has shown that the primary failure mode of the riser cable is fatigue damage caused by low tension bending. For this reason an intermediate subsurface float design has not been considered further and this analysis is directed at the optimization of a mooring of the s-tether design as shown in figure 1. The numerical simulation of the mooring system dynamic loads is forced using environmental data for the Azores region of the Atlantic Ocean. The design criteria are to minimize the maximum tensile loads the system experiences and to minimize the bending stress above the floated cable section. 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.
Preliminary model runs have been completed and the results are shown in the section on static and dynamic modeling. These results are for a mooring configuration based upon previous fielded designs, modified for the Azores location, further analysis is underway to optimize this design for that location.
Mooring Configuration
The major elements of the mooring system as used in the static and dynamic model and the overall configuration of the components are shown in figure 1 below.
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 this 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.
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Figure 1. The mooring configuration used for static and dynamic modeling.
	Surface Float Physical Properties
	Units

	Material
	DuPont Surlyn® or Exxon IOTEK® closed cell foam
	 

	Material density
	5.25
	lbs./ft^3

	 
	84.083
	kg./m^3

	Diameter
	2.6416
	m

	Height
	1.1176
	m

	Chine
	30.48 X 40.64
	cm

	Volume
	3.735
	m^3


1.2. Load Cell
A load cell that incorporates a strain gage for measuring the tension loads on the system 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 required but is very useful for validating the model results during the actual deployment. The load cell has a working range of 0-10,000 lbs. tension.
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.

[image: image1.emf]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%
, providing compliance in the system, however, anchor 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 
Figure 2. Tension characteristics of each of the three Snubber Elements.

low stretch, high modulus fibers and additional compliance has to be included in the anchor line.
In the current design analysis, three Snubber sections are used below the buoy to provide compliance, each section 8 meters in length for a total length of 24 meters. The elastic properties of the specific Snubber design used in the MBARI mooring system has 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.
This equation has been included in the material properties of the Snubber used in the dynamic model.
1.4. Electro-Mechanical Cable
This detail description will be included in the next version of this report.

1.5. Cable terminations
This detail description will be included in the next version of this report.

1.6. Cable Floats and clamp
To prevent the electro-mechanical riser cable from contacting the seafloor during slack conditions, and to force the inverse catenary shape required for providing compliance in the riser cable, buoyant floats 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. The inner profile of the floats is a custom design for MBARI that provides a smooth curving surface for the Riser Cable. The buoyancy of each float pair (two halves) is 5.2 lbs. in seawater. A total of 144 float pairs are used in the preliminary runs of the model described in this report.
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Figure 3. 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 4. 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 cable diameter is reduced significantly under hydrostatic pressure during initial deployment, therefore to prevent the clamp from sliding on the cable, a section of the cable polyethylene outer jacket is removed to make a receptacle to receive the clamp. 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 to the bending strain reliefs.
1.7. Bending Strain Stiffeners
Bending strain stiffeners are used to provide a smooth bending transition in locations where the Riser Cable is terminated and at each end of the cable float section. The stiffness profile of the bending stiffeners is calculated to provide a smooth transition that holds the minimum design bending radius of the Riser Cable under all conditions. The bending stiffeners at the cable termination locations are assembled on the cable at the time of cable termination. The cable float bending stiffeners are split in two pieces and fastened with bolts that allow assembly to the floats at the time of mooring deployment. As is the case for the cable floats, the detail design and manufacture of the bending stiffeners is performed by Trelleborg AB.
1.8. 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 without requiring recovery of the whole mooring including the surface float. An example of when this would be necessary is if damage occurs to the connector at the anchor end during deployment or operation. The anchor float also allows an anchor-end first 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.
1.9. Anchor
The anchor must be sized to not drag during peak load conditions. The recommended anchor weight will be based on the optimization runs of the dynamics load analysis.
Environmental Conditions

1.10. Introduction

The environmental conditions that were used as inputs to the dynamic simulation of mooring performance are described in this section. 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 design condition which is the condition that is exceeded less than 5% of the time (95% exceedance), and survival conditions which are defined as the 25 and 50 year storm return periods. For mooring design the 25 year condition is considered the maximum condition for survival, however in this study the 50 year condition is included for comparison. Hindcast data derived predictions of the wind speeds and wave conditions for the site location were obtained from Oceanweather Inc.

1.11. 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 affecting cable loads and the buoy dynamics are dominated by ocean current and wave forcing. This is obvious when one considers 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 (m/s), 1 min. gust

	Slack
	0
	0.0

	Design (<95%)
	15.43
	17.1

	Survival 25 Year event
	25.05
	27.8

	Survival 50 Year event
	26.22
	29.1


1.12. 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 to a near bottom value of 30cm/second. The bottom value is the actual extreme value measured in a one year period using in situ instrumentation
.
	Current Profile
	Current Speed(m/s)

	Depth, meters
	Slack
	Design
	Survival

	0
	0.1
	0.35
	0.7

	50
	0.08
	0.27
	0.55

	100
	0.07
	0.2
	0.4

	150
	0.06
	0.17
	0.35

	200
	0.05
	0.15
	0.3

	500
	0.02
	0.05
	0.1

	1000
	0.01
	0.05
	0.1

	1500
	0.01
	0.1
	0.15

	1750
	0.01
	0.15
	0.3
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Figure 5. Subsea current profiles used in the mooring dynamics model.

1.13. 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 subjected Hs and period pairs for the site to a regression analysis to develop the equation TP = 6.5819*Hs0.3825 . From the significant wave height value data a wave spectrum is derived that assumes a modified Pierson-Moskowitz distribution of wave energy.
	Wave Height Condition at Lucky Strike Site
	Significant Wave Height (Hs, meters)
	Peak Wave Period (TP)

	Slack
	0
	0

	Design (<95%)
	6.94
	13.8

	Survival 25 Year event
	12.35
	17.22

	Survival 50 Year event
	13.04
	17.58


Static and Dynamic Simulation Results
1.14. Introduction

A numerical model 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 hydrodynamics of the floating buoy are not included but instead it is assumed that the buoy is a wave-follower in heave, pitch, and roll.  Due to their relatively small size, typical oceanographic buoys have hydrodynamic characteristics that makes this a suitable assumption.
1.15. Static model

The static results shown here illustrate the configuration and tension in the mooring system due to the forcing of the wind and currents.  These results are the mean values about which the dynamic forces oscillate due to time-dependent wave forcing.  As can be seen the sub-surface floatation drives the mooring into an “S” shape at low currents, but higher currents cause the mooring to stretch out horizontally.  Analysis of the buoy locations from past deployments indicate that the system spends most of it’s time in a stretched out configuration.
[image: image5.emf]
Figure 6. Cable configuration under different environmental forcing conditions.
[image: image6.emf]
Figure 7. Static tensions along mooring Riser Cable.
1.16. Dynamic model

The dynamic modeling adds the effects of waves into the model and as a result the tensions in the cable at any point vary with time.  The figures shown here illustrate the tensions below the buoy across the range of conditions.  These values include the static load of the Snubber system which is not insignificant.  The table below illustrates the mean and maximum expected cable tensions at three locations in the mooring string. Maximum tensions are computed as the mean plus four times the standard deviation of the tension signal during the 3 minute simulation. Note that the maximum cable tensions are large, mostly due to the high wave conditions associated with 25 and 50 year storm events. Further optimization runs will attempt to reduce these load peaks by modifying the Snubber characteristics and the mooring scope.
	Mooring Riser Cable Preliminary Dynamic Tensions in Lbs.

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

	
	Mean
	Max
	Mean
	Max
	Mean
	Max

	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


[image: image7.emf]
Figure 8. Cable tensions below buoy.

[image: image8.emf]
Figure 9. Cable tensions above cable floats.

[image: image9.emf]
Figure 10. Cable tensions at anchor.
1.17. Cable bending behavior

MBARI’s experience with mooring systems of this type has shown that the riser cable is subject to fatigue damage caused by low tension bending. The accumulation of low tension bending cycles is one of the significant limiting factors in the total duration of deployment. Because the area where the most severe bending occurs has been shown to be limited to the section immediately above the cable float section, our bending analysis will concentrate on this section. This work will begin immediately following the receipt of comments on this preliminary results report.
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Figure 11. Detail of riser cable in area of cable floats.
1.18. Mooring design sensitivity analysis and design optimization

1.18.1. Optimization of the total mooring cable length (scope) using static and dynamic model
This work will begin immediately following the receipt of comments on this preliminary results report.

1.18.2. Optimization of the Snubber axial stiffness and length.
The optimization of the Snubber length is performed by adding or subtracting the number of 8 meter long Snubber sections placed below the surface buoy. The stress strain curve of the Snubber can also be modified by changing the design specification. This work will begin immediately following the preliminary results report.

1.18.3. Optimization of total cable float buoyancy.
This work will begin following the preliminary results report.

1.18.4. Optimization of the location of the cable floats
This work will begin following the preliminary results report.

Installation Methods

1.19. 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 cable not supported directly by the cable and anchor floats.

1.20. Method of Deployment
It is recommended that an anchor last free fall deployment method be used. This method eliminates the dynamic loads associated with anchor lowering. The positioning accuracy of the anchor location expected with this method is approximately 1% of water depth or better.
Preliminary Recommendations for Additional Study
1.21. 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. 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 fatigue life improved and that the long term creep did not exceed a value that can be tolerated by the electrical conductors.

1.22. Mooring release system.

The use of high modulus anchor cable results in higher cyclic loads in the mooring release system and ground tackle than with traditional moorings. Because this has been a problem area in past deployments, the mooring release mechanism must be studied to ensure it is capable of sustaining the required loads for the duration of the deployment.
Appendix

1.23. Cable run input files
These will be added in future reports.
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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 kN		Main Ram Displacement, in.		Anchor Displacement, in.		Cumulative Displacement, in		Cumulative Displacement, cm		Linear fit						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 (5.15 m relaxed length)		Andy curve fit value

		56:32.10		0.0111142		0.666852		101		0.449248		0		0.3		0.3		0.762		112.67968						55:14.2		0.0490253		2.941518		7		0.031136		0		-0.01		-0.01		-0.0254		490.7282926378		-0		-0.1166618029

		56:39.10		0.0130586		0.783516		209		0.929632		0		1.18		1.18		2.9972		149.873408						56:00.2		0.0618031		3.708186		100		0.4448		0		3.18		3.18		8.0772		524.7737314204		2		39.1428128854

		56:53.10		0.0169475		1.01685		301		1.338848		0.1		3.21		3.31		8.4074		239.899136						57:00.2		0.0784697		4.708182		204		0.907392		0		5.18		5.18		13.1572		547.3133365726		3		65.9734368445

		57:06.10		0.0205586		1.233516		412		1.832576		0.1		5.4		5.5		13.97		332.4608						57:15.2		0.0826364		4.958184		300		1.3344		0		7.01		7.01		17.8054		568.7842200263		3		92.1410856657

		57:15.10		0.0230586		1.383516		509		2.264032		0		7.24		7.24		18.3896		406.002944						57:38.2		0.0890253		5.341518		414		1.841472		0		10.01		10.01		25.4254		605.8197874169		5		138.6475776207

		57:22.10		0.0250031		1.500186		600		2.6688		0.1		8.61		8.71		22.1234		468.133376						57:52.2		0.0929142		5.574852		503		2.237344		0		11.97		11.97		30.4038		631.3092007368		6		171.6427827976

		57:36.10		0.0288919		1.733514		700		3.1136		0.1		11.4		11.5		29.21		586.0544						58:08.2		0.0973586		5.841516		605		2.69104		0		14.21		14.21		36.0934		661.7557680813		7		212.088341872

		57:49.10		0.0325031		1.950186		800		3.5584		0		13.94		13.94		35.4076		689.182464						58:26.2		0.1023586		6.141516		701		3.118048		0		16.78		16.78		42.6212		698.5007917876		8		262.3698343476

		58:04.10		0.0366697		2.200182		913		4.061024		0		16.77		16.77		42.5958		808.794112						58:53.2		0.1098586		6.591516		800		3.5584		0		20.72		20.72		52.6288		758.8341569504		10		348.3260782431

		58:19.10		0.0408364		2.450184		1003		4.461344		0		19.61		19.61		49.8094		928.828416						59:17.2		0.1165253		6.991518		900		4.0032		0		24.2		24.2		61.468		816.4434944449		12		434.2286745033

		58:33.10		0.0447253		2.683518		1119		4.977312		0		22.23		22.23		56.4642		1039.564288						59:43.2		0.1237475		7.42485		1002		4.456896		0		27.94		27.94		70.9676		883.2419889753		14		538.3651864744

		58:47.10		0.0486142		2.916852		1205		5.35984		0.1		24.83		24.93		63.3222		1153.681408						00:14.2		0.1323586		7.941516		1107		4.923936		0		32.42		32.42		82.3468		970.4897219962		16		681.4644881006

		59:04.10		0.0533364		3.200184		1311		5.831328		0		27.88		27.88		70.8152		1278.364928						00:34.2		0.1379142		8.274852		1211		5.386528		0		35.28		35.28		89.6112		1030.6432883507		17		784.650728636

		59:20.10		0.0577808		3.466848		1405		6.24944		0		30.66		30.66		77.8764		1395.863296						00:59.2		0.1448586		8.691516		1306		5.809088		0		38.85		38.85		98.679		1110.988384713		19		928.0554594331

		59:53.10		0.0669475		4.01685		1507		6.703136		0.1		36.01		36.11		91.7194		1626.210816						01:34.2		0.1545808		9.274848		1404		6.244992		0		43.86		43.86		111.4044		1234.4135967839		22		1160.3790193186

		00:17.10		0.0736142		4.416852		1607		7.147936		0		39.48		39.48		100.2792		1768.645888						01:48.2		0.1584697		9.508182		1500		6.672		0		45.85		45.85		116.459		1287.1623276261		23		1263.978502718

		00:36.10		0.0788919		4.733514		1700		7.5616		0		42.25		42.25		107.315		1885.7216						02:16.2		0.1662475		9.97485		1615		7.18352		0		49.87		49.87		126.6698		1400.6958655214		25		1495.4423419689

		00:58.10		0.0850031		5.100186		1802		8.015296		0		45.48		45.48		115.5192		2022.239488						02:46.2		0.1745808		10.474848		1700		7.5616		0		54.15		54.15		137.541		1532.5995216264		27		1778.4701888959

		01:25.10		0.0925031		5.550186		1915		8.51792		0		49.37		49.37		125.3998		2186.652672						03:09.2		0.1809697		10.858182		1801		8.010848		0		57.43		57.43		145.8722		1642.0317597765		28		2024.4135970652

		01:53.10		0.1002808		6.016848		2007		8.927136		0		53.45		53.45		135.763		2359.09632						07:36.1		0.2551156		15.306936		1901		8.455648		3.5		63.33		66.83		169.7482		2000.8848088888		33		2898.2714733442

		02:20.10		0.1077808		6.466848		2101		9.345248		0		57.43		57.43		145.8722		2527.313408						07:40.6		0.2563656		15.381936		2003		8.909344		6.1		63.33		69.43		176.3522		2113.3197582224		34		3192.3859613873

		32:57.6		0.617945		37.0767		2203		9.798944		2.6		67.66		70.26		178.4604		3069.581056						07:45.9		0.2578378		15.470268		2105		9.36304		9.2		63.33		72.53		184.2262		2255.6635710513		36		3578.0642626414

		33:00.4		0.6187228		37.123368		2301		10.234848		4.2		67.67		71.87		182.5498		3137.628672						07:51.3		0.25931		15.5586		2202		9.794496		12.2		63.33		75.53		191.8462		2402.5378640695		37		3991.2366525226

		33:03.5		0.6195839		37.175034		2403		10.688544		6		67.67		73.67		187.1218		3213.706752						07:56.1		0.2606711		15.640266		2301		10.234848		15		63.33		78.33		198.9582		2548.2366736343		39		4415.9850911402

		33:06.7		0.6204728		37.228368		2501		11.124448		7.9		67.66		75.56		191.9224		3293.588736						08:01.4		0.2621156		15.726936		2402		10.684096		18		63.33		81.33		206.5782		2714.1614439263		40		4917.2939594732

		33:10.2		0.621445		37.2867		2600		11.5648		9.9		67.67		77.57		197.0278		3378.542592						08:05.6		0.2632822		15.796932		2500		11.12		20.4		63.33		83.73		212.6742		2854.6469804788		41		5356.0484881394

		33:13.8		0.622445		37.3467		2705		12.03184		12		67.66		79.66		202.3364		3466.877696						08:10.9		0.2647544		15.885264		2605		11.58704		23.3		63.33		86.63		220.0402		3034.1365833829		43		5935.2492583581

		33:17.2		0.6233894		37.403364		2801		12.458848		14		67.66		81.66		207.4164		3551.408896						08:14.6		0.2657822		15.946932		2702		12.018496		25.3		63.32		88.62		225.0948		3163.7907401358		44		6366.3652682297

		33:20.7		0.6243617		37.461702		2901		12.903648		16		67.67		83.67		212.5218		3636.362752						08:18.6		0.2669211		16.015266		2801		12.458848		27.6		63.31		90.91		230.9114		3319.861499349		45		6899.1918993915

		33:23.10		0.6252783		37.516698		3004		13.361792		17.8		67.67		85.47		217.0938		3712.440832						08:22.4		0.2679767		16.078602		2901		12.903648		29.7		63.31		93.01		236.2454		3469.7413874206		46		7424.885649531

		33:27.3		0.626195		37.5717		3101		13.793248		19.7		67.67		87.37		221.9198		3792.745472						08:26.1		0.2689767		16.138602		3000		13.344		31.7		63.31		95.01		241.3254		3618.7705711818		47		7960.948571113

		33:30.4		0.6270561		37.623366		3200		14.2336		21.4		67.67		89.07		226.2378		3864.596992						08:30.3		0.2701433		16.208598		3100		13.7888		34		63.31		97.31		247.1674		3798.084168395		48		8623.2685855193

		33:33.7		0.6279728		37.678368		3304		14.696192		23.2		67.66		90.86		230.7844		3940.252416						08:33.9		0.2711711		16.270266		3204		14.251392		35.3		63.3		98.6		250.444		3902.5172220676		49		9017.5854677327

		33:36.9		0.6288617		37.731702		3400		15.1232		24.9		67.66		92.56		235.1024		4012.103936						08:37.4		0.2721156		16.326936		3300		14.6784		37.5		63.31		100.81		256.0574		4088.1468324001		50		9733.8108377895

		33:39.10		0.6297228		37.783368		3506		15.594688		26.6		67.67		94.27		239.4458		4084.378112						08:40.9		0.2730878		16.385268		3400		15.1232		39.4		63.31		102.71		260.8834		4254.7812042318		51		10393.1946737

		33:42.10		0.6305561		37.833366		3603		16.026144		28.2		67.66		95.86		243.4844		4151.580416						08:44.1		0.2740044		16.440264		3503		15.581344		41.3		63.31		104.61		265.7094		4428.2076544828		52		11095.6958439252

		33:45.8		0.6313339		37.880034		3702		16.466496		29.7		67.66		97.36		247.2944		4214.978816						08:47.3		0.2748656		16.491936		3602		16.021696		43		63.31		106.31		270.0274		4589.3621570537		52		11763.0998656363

		33:48.5		0.6320839		37.925034		3804		16.920192		31.2		67.66		98.86		251.1044		4278.377216						08:50.4		0.2757267		16.543602		3704		16.475392		44.7		63.3		108		274.32		4755.3814836838		53		12465.1475743567

		33:51.1		0.6328061		37.968366		3905		17.36944		32.7		67.66		100.36		254.9144		4341.775616						08:53.3		0.2765322		16.591932		3802		16.911296		46.3		63.31		109.61		278.4094		4919.1247542462		54		13171.7736683978

		33:53.4		0.633445		38.0067		4005		17.81424		34		67.67		101.67		258.2418		4397.143552						08:55.6		0.2771989		16.631934		3903		17.360544		47.6		63.31		110.91		281.7114		5055.4451186402		55		13770.6745064294

		33:56.1		0.634195		38.0517		4101		18.241248		35.6		67.66		103.26		262.2804		4464.345856						08:58.3		0.2779211		16.675266		4001		17.796448		49		63.31		112.31		285.2674		5206.4794731034		55		14445.3434647209

		33:58.3		0.6348061		38.088366		4201		18.686048		36		67.67		103.67		263.3218		4481.674752						09:01.4		0.2787822		16.726932		4109		18.276832		50.6		63.31		113.91		289.3314		5384.623165057		56		15255.9538813223

		34:00.7		0.6354728		38.128368		4302		19.135296		38.1		67.66		105.76		268.6304		4570.009856						09:03.9		0.2794767		16.768602		4201		18.686048		52		63.3		115.3		292.862		5544.3259686721		57		15996.1374117127

		34:02.9		0.6360839		38.165034		4401		19.575648		39.4		67.66		107.06		271.9324		4624.955136						09:06.4		0.2801711		16.810266		4309		19.166432		53.4		63.31		116.71		296.4434		5711.1666908997		58		16782.8470398371

		34:05.1		0.636695		38.2017		4504		20.033792		40.7		67.67		108.37		275.2598		4680.323072						09:08.6		0.28081		16.8486		4403		19.584544		54.6		63.31		117.91		299.4914		5857.1075950322		58		17482.1409521345

		34:07.1		0.6372506		38.235036		4606		20.487488		41.9		67.67		109.57		278.3078		4731.041792						09:10.9		0.2814211		16.885266		4501		20.020448		55.8		63.31		119.11		302.5394		6006.7778155464		59		18209.977229553

		34:09.1		0.6378061		38.268366		4704		20.923392		43		67.66		110.66		281.0764		4777.111296						09:13.9		0.2822544		16.935264		4603		20.474144		57.4		63.31		120.71		306.6034		6212.3043296399		60		19226.8451995353

		34:11.1		0.6383617		38.301702		4805		21.37264		44.2		67.67		111.87		284.1498		4828.252672						09:15.9		0.28281		16.9686		4704		20.923392		58.5		63.31		121.81		309.3974		6357.6686826531		60		19958.0782553265

		34:12.9		0.6388617		38.331702		4904		21.812992		45.2		67.65		112.85		286.639		4869.67296						09:18.3		0.2834767		17.008602		4801		21.354848		59.8		63.31		123.11		312.6994		6533.8544382121		61		20857.5553050239

		34:14.7		0.6393617		38.361702		5000		22.24		46.3		67.67		113.97		289.4838		4917.010432						09:20.3		0.2840322		17.041932		4900		21.7952		60.9		63.31		124.21		315.4934		6686.7428790699		61		21649.6985392116

		34:16.4		0.6398339		38.390034		5101		22.689248		47.2		67.67		114.87		291.7698		4955.049472						09:22.4		0.2846433		17.078598		5008		22.275584		62		63.31		125.31		318.2874		6843.2088216258		62		22471.429856252

		34:18.2		0.6403339		38.420034		5205		23.15184		48.2		67.66		115.86		294.2844		4996.892416						09:24.6		0.2852544		17.115264		5115		22.75152		63.2		63.31		126.51		321.3354		7018.0774844836		62		23402.9088411102

		34:19.8		0.6407783		38.446698		5307		23.605536		49.2		67.67		116.87		296.8498		5039.580672						09:26.4		0.2857544		17.145264		5206		23.156288		64.2		63.31		127.51		323.8754		7167.2100165722		63		24208.1187078387

		34:21.5		0.6412506		38.475036		5412		24.072576		50.1		67.67		117.77		299.1358		5077.619712						09:28.4		0.2862822		17.176932		5311		23.623328		65.3		63.31		128.61		326.6694		7334.918614169		63		25125.4119695559

		34:22.9		0.6416394		38.498364		5505		24.48624		50.9		67.67		118.57		301.1678		5111.432192						09:29.9		0.2867267		17.203602		5400		24.0192		66.1		63.3		129.4		328.676		7457.7798159444		64		25805.26151675

		34:24.4		0.6420561		38.523366		5602		24.917696		51.7		67.66		119.36		303.1744		5144.822016						09:32.3		0.2873656		17.241936		5510		24.50848		67.3		63.31		130.61		331.7494		7649.9613830587		64		26881.8910207594

		34:25.9		0.6424728		38.548368		5704		25.371392		52.6		67.67		120.27		305.4858		5183.283712						09:34.3		0.2879211		17.275266		5618		24.988864		68.4		63.3		131.7		334.518		7827.3200505948		65		27889.6388939349

		34:27.2		0.6428339		38.570034		5804		25.816192		53.3		67.66		120.96		307.2384		5212.446976						09:35.9		0.2883933		17.303598		5701		25.358048		69.3		63.31		132.61		336.8294		7978.5355831		65		28759.4758134913

		34:28.7		0.6432506		38.595036		5904		26.260992		54.2		67.67		121.87		309.5498		5250.908672						09:37.9		0.2889489		17.336934		5818		25.878464		70.4		63.3		133.7		339.598		8163.5119991956		66		29836.7059007423

		34:29.10		0.6436117		38.616702		6010		26.73248		54.9		67.67		122.57		311.3278		5280.494592						09:39.8		0.2894489		17.366934		5920		26.33216		71.3		63.3		134.6		341.884		8319.4728727447		66		30756.1446083649

		34:31.2		0.643945		38.6367		6102		27.141696		55.6		67.67		123.27		313.1058		5310.080512						09:41.3		0.2898656		17.391936		6009		26.728032		72.1		63.31		135.41		343.9414		8462.3835814657		67		31607.5592953198

		34:32.6		0.6443339		38.660034		6210		27.62208		56.4		67.67		124.07		315.1378		5343.892992						09:42.9		0.2903378		17.420268		6110		27.17728		73.1		63.3		136.4		346.456		8640.390267711		67		32679.8888905244

		34:33.9		0.644695		38.6817		6319		28.106912		57.1		67.67		124.77		316.9158		5373.478912						09:44.6		0.2907822		17.446932		6210		27.62208		73.9		63.3		137.2		348.488		8786.9658072573		68		33572.6480538311

		34:34.10		0.6450006		38.700036		6406		28.493888		57.7		67.66		125.36		318.4144		5398.415616						09:46.1		0.2911989		17.471934		6300		28.0224		74.7		63.3		138		350.52		8936.0278535618		68		34489.5374504035

		34:36.3		0.6453617		38.721702		6506		28.938688		58.4		67.66		126.06		320.1924		5428.001536						09:47.8		0.2916711		17.500266		6402		28.476096		75.6		63.3		138.9		352.806		9106.7473564225		69		35550.6939539615

		34:37.5		0.645695		38.7417		6615		29.42352		59.1		67.66		126.76		321.9704		5457.587456						09:49.4		0.2921156		17.526936		6502		28.920896		76.5		63.3		139.8		355.092		9280.7283921628		69		36644.1715848206

		34:38.6		0.6460006		38.760036		6704		29.819392		59.7		67.67		127.37		323.5198		5483.369472						09:51.1		0.2925878		17.555268		6622		29.454656		77.3		63.3		140.6		357.124		9438.1666246172		69		37644.0806605294

		34:39.8		0.6463339		38.780034		6813		30.304224		60.4		67.66		128.06		325.2724		5512.532736						09:52.4		0.2929489		17.576934		6705		29.82384		78		63.3		141.3		358.902		9578.1144121583		70		38541.1463904025

		34:40.10		0.6466672		38.800032		6918		30.771264		61.1		67.67		128.77		327.0758		5542.541312						09:53.8		0.2933378		17.600268		6807		30.277536		78.8		63.3		142.1		360.934		9740.5974996463		70		39592.3284705667

		34:41.10		0.646945		38.8167		7011		31.184928		61.7		67.67		129.37		328.5998		5567.900672						09:55.3		0.2937544		17.625264		6906		30.717888		79.6		63.3		142.9		362.966		9905.8369494603		70		40671.9227696602

		34:42.10		0.6472228		38.833368		7101		31.585248		62.2		67.66		129.86		329.8444		5588.610816						09:56.8		0.2941711		17.650266		7012		31.189376		80.4		63.3		143.7		364.998		10073.8795205177		71		41780.6972366425

		34:43.10		0.6475006		38.850036		7201		32.030048		62.8		67.66		130.46		331.3684		5613.970176						09:58.1		0.29456		17.6736		7117		31.656416		81.2		63.31		144.51		367.0554		10246.9271743618		71		42933.8679317109

		34:45.3		0.6478617		38.871702		7323		32.572704		63.5		67.66		131.16		333.1464		5643.556096						09:59.4		0.2948933		17.693598		7206		32.052288		81.8		63.3		145.1		368.554		10374.8425128191		72		43793.6516180918

		34:46.1		0.6480839		38.885034		7407		32.946336		63.9		67.67		131.57		334.1878		5660.884992						10:00.9		0.29531		17.7186		7320		32.55936		82.6		63.3		145.9		370.586		10550.8412920302		72		44986.8027550662

		34:47.2		0.6483894		38.903364		7511		33.408928		64.5		67.67		132.17		335.7118		5686.244352						10:02.1		0.2956433		17.738598		7400		32.9152		83.2		63.3		146.5		372.11		10684.7969490374		72		45902.7825550591

		34:48.3		0.648695		38.9217		7610		33.84928		65.2		67.66		132.86		337.4644		5715.407616						10:03.4		0.2960044		17.760264		7500		33.36		83.9		63.3		147.2		373.888		10843.2295930895		73		46994.8417763925

		34:49.2		0.648945		38.9367		7711		34.298528		65.7		67.66		133.36		338.7344		5736.540416						10:04.8		0.2963933		17.783598		7616		33.875968		84.7		63.3		148		375.92		11027.1740885103		73		48274.5173293825

		34:50.1		0.649195		38.9517		7815		34.76112		66.2		67.67		133.87		340.0298		5758.095872						10:06.1		0.2967544		17.805264		7719		34.334112		85.3		63.3		148.6		377.444		11167.1773649385		73		49256.9217547396

		34:50.10		0.649445		38.9667		7910		35.18368		66.7		67.67		134.37		341.2998		5779.228672						10:07.1		0.29706		17.8236		7810		34.73888		86		63.3		149.3		379.222		11332.7626769445		74		50428.17445245

		34:51.9		0.649695		38.9817		8002		35.592896		67.2		67.67		134.87		342.5698		5800.361472						10:08.3		0.2973656		17.841936		7900		35.1392		86.5		63.3		149.8		380.492		11452.5390168482		74		51281.6767945903

		34:52.10		0.6500006		39.000036		8105		36.05104		67.8		67.67		135.47		344.0938		5825.720832						10:09.4		0.2976989		17.861934		8000		35.584		87.2		63.3		150.5		382.27		11622.3556306973		74		52500.7353169465

		34:53.9		0.6502506		39.015036		8200		36.4736		68.3		67.67		135.97		345.3638		5846.853632						10:10.8		0.29806		17.8836		8115		36.09552		87.8		63.3		151.1		383.794		11769.915454733		75		53568.5257878942

		34:54.7		0.6504728		39.028368		8306		36.945088		68.8		67.66		136.46		346.6084		5867.563776						10:11.8		0.2983378		17.900268		8207		36.504736		88.3		63.3		151.6		385.064		11894.3120766628		75		54474.8125644662

		34:55.7		0.6507506		39.045036		8421		37.456608		69.4		67.67		137.07		348.1578		5893.345792						10:12.9		0.2986711		17.920266		8301		36.922848		89		63.3		152.3		386.842		12070.6792383857		75		55769.2631642248

		34:56.6		0.6510006		39.060036		8503		37.821344		69.9		67.67		137.57		349.4278		5914.478592						10:13.9		0.2989489		17.936934		8401		37.367648		89.5		63.3		152.8		388.112		12198.2546425957		75		56712.540922166

		34:57.4		0.6512228		39.073368		8611		38.301728		70.3		67.67		137.97		350.4438		5931.384832						10:15.3		0.29931		17.9586		8502		37.816896		90.2		63.3		153.5		389.89		12379.1286213026		76		58059.825789462

		34:58.3		0.6514728		39.088368		8701		38.702048		70.8		67.66		138.46		351.6884		5952.094976						10:16.1		0.2995322		17.971932		8601		38.257248		90.6		63.3		153.9		390.906		12483.6867946477		76		58843.9372602598

		34:59.1		0.651695		39.1017		8812		39.195776		71.3		67.67		138.97		352.9838		5973.650432						10:17.1		0.2998378		17.990268		8704		38.715392		91.2		63.3		154.5		392.43		12642.1822567784		76		60039.8850889009

		34:59.9		0.6519172		39.115032		8904		39.604992		71.8		67.67		139.47		354.2538		5994.783232						10:18.3		0.3001433		18.008598		8805		39.16464		91.8		63.3		155.1		393.954		12802.6900099838		76		61259.9957165552

		35:00.7		0.6521394		39.128364		9000		40.032		72.2		67.67		139.87		355.2698		6011.689472						10:19.4		0.3004767		18.028602		8904		39.604992		92.4		63.3		155.7		395.478		12965.2356027264		77		62504.7573257692

		35:01.7		0.6524172		39.145032		9113		40.534624		72.8		67.66		140.46		356.7684		6036.626176						10:20.3		0.3006989		18.041934		9000		40.032		92.8		63.3		156.1		396.494		13074.7442275319		77		63348.5389249646

		35:02.5		0.6526394		39.158364		9215		40.98832		73.2		67.66		140.86		357.7844		6053.532416						10:21.6		0.30106		18.0636		9101		40.481248		93.5		63.3		156.8		398.272		13268.6146686974		77		64852.504156368

		35:03.2		0.6528339		39.170034		9301		41.370848		73.7		67.66		141.36		359.0544		6074.665216						10:22.6		0.3013378		18.080268		9216		40.992768		94		63.3		157.3		399.542		13408.8510917052		78		65948.4571048732

		35:03.10		0.6530561		39.183366		9400		41.8112		74.1		67.67		141.77		360.0958		6091.994112						10:23.4		0.3015878		18.095268		9304		41.384192		94.5		63.3		157.8		400.812		13550.5696780607		78		67062.8313223293

		35:04.8		0.6532783		39.196698		9502		42.264896		74.6		67.65		142.25		361.315		6112.2816						10:24.6		0.3018933		18.113598		9422		41.909056		95.1		63.3		158.4		402.336		13722.6105053089		78		68424.832786905

		35:05.4		0.653445		39.2067		9606		42.727488		74.9		67.66		142.56		362.1024		6125.383936						10:25.6		0.3021711		18.130266		9522		42.353856		95.6		63.29		158.89		403.5806		13864.7295622894		78		69557.5217328495

		35:06.2		0.6536672		39.220032		9700		43.1456		75.4		67.66		143.06		363.3724		6146.516736						10:26.3		0.3023656		18.141936		9603		42.714144		96		63.3		159.3		404.622		13984.7758971148		79		70519.6040276781

		35:07.1		0.6539172		39.235032		9807		43.621536		75.9		67.67		143.57		364.6678		6168.072192						10:27.1		0.3026156		18.156936		9708		43.181184		96.5		63.3		159.8		405.892		14132.5814516015		79		71710.8121338464

		35:07.8		0.6541117		39.246702		9902		44.044096		76.3		67.67		143.97		365.6838		6184.978432						10:28.1		0.3028656		18.171936		9804		43.608192		96.9		63.3		160.2		406.908		14251.9498616434		79		72678.1786449677

		35:08.5		0.6543061		39.258366		10002		44.488896		76.7		67.67		144.37		366.6998		6201.884672						10:29.1		0.3031711		18.190266		9912		44.088576		97.5		63.3		160.8		408.432		14432.8955563523		79		74153.6319721565

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

										m-value		b constant

				new snubber line fit formula						16.6421932948		-74.4500356282																												m-value		b constant

																																		new snubber curve fit formula						1.0083127631		490.8314896217
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