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1. MOOS MOORING CANDIDATES (received from Mark G. 9/17/01)
1.1 Benthic Design


Two benthic designs will be considered. We will refer to them as benthic design “w/ subsurface sphere and benthic design “w/o sphere”. The main difference between these configurations is that the “w/ subsurface sphere” case uses a large subsurface float placed a few hundred meters below the sea surface while the “w/o sphere” is a more traditional catenary shape without a subsurface float. A list of the components of each design is given in the appendix at the end of this report. Section 3 examines the “w/ subsurface sphere” case in 3700 m water depth. Section 4 analyzes the “w/o sphere” case” in 3700 m water depth. Section 5 looks at both designs in 1800 m water depth.
 

1.2 Upper Water Column Design


The Upper Water Column design is similar to the benthic design “w/ subsurface sphere” due to the criterion of having an AUV docking station in the upper part of the water column. Also, the S-tether in the upper part of the water column above the subsurface float helps to decouple the motion of the surface buoy from the motion of the docking station. The cable from the subsurface float down to the docking station is either armored UNOLS cable or the Vectran EOM cable depending on the depth of the subsurface float with respect to the fish-bite zone. Below the docking station is standard Vectran mooring line rope. This system is analyzed in Section 6.

1.4 Main Conclusions of the Analysis


The analysis presented in the next sections of this report lead to the following conclusions:

· The tensions in the mooring lines of all three candidate configurations (the two benthic designs and the upper water column design) can be kept under 5000 lbs. in the 25-year return storm for the California Coast (13.0 m significant wave height). With the same wave input, the maximum total tensions experience by the snubber can be kept under 3600 lbs. 

· The benthic “w/ subsurface sphere” design and the upper water column design work best with the subsurface sphere at 700 m below the sea surface.

· Removing the subsurface sphere in the benthic mooring has advantages in terms of lower mooring line tensions and possibly lower bending of conductors and optical fibers. The disadvantages are increased watch circle and not being able to use profiling instruments. This is because football floats need to be attached to the upper part of the mooring line to reduce tensions in the snubber.

2. ENVIRONMENTAL INPUTS
2.1 Introduction

In this section, we present estimated current profiles, wind velocities, and sea states for the primary and secondary deployment sites. These environmental conditions are used as input for the static and dynamic analysis of the mooring configurations presented in the next sections.

2.2 Current Profiles and Wind Speeds

Table 2.1 contains the survival (i.e. maximum) current profiles for the primary and secondary deployment sites. The survival current profile for the primary sites was estimated from maximum values recorded by a mooring near the Outer Monterey Bay site. We assume that this profile is also representative of the California Coast site. The design profile (used for nominal operating conditions) at the primary sites is obtained by taking 50% of the survival profile (Fig. 2.1). A slack-water profile with current of 0.05 m/s at the surface and 0 m/s at the bottom is used to check the geometry of the S-tether making certain that the bottom of the loop is above the subsurface sphere and the top of the loop is well below the surface. The wind speeds corresponding to the different current profiles at the primary sites are given in Fig. 2.1.


Fig. 2.2 shows the survival current profiles and corresponding wind speeds for the secondary sites. Note the different scales for the x-axis. The NE Pacific Rise and Juan de Fuca profiles are both stronger than the those of the primary sites.

Table 2.1: Survival Current Profiles

                          |---------- Primary Sites ----------|------------------ Secondary Sites -----------------|

Depth

Outer  Monterey Bay 
California Coast 

NE Pacific  Rise                
Juan de Fuca

 
Station P



0 m

0.70 m/s
0.70 m/s

1.90 m/s
1.00 m/s
0.45 m/s

50 m

0.63 m/s
0.63 m/s

1.90 m/s
0.75 m/s
0.39 m/s

100 m

0.56 m/s
0.56 m/s

1.90 m/s
0.50 m/s
0.32 m/s

150 m

0.50 m/s
0.50 m/s

1.90 m/s
0.49 m/s
0.27 m/s

200 m

0.50 m/s
0.50 m/s

1.25 m/s
0.49 m/s
0.27 m/s

250 m

0.45 m/s
0.45 m/s

0.60 m/s
0.48 m/s
0.26 m/s

300 m

0.25 m/s
0.25 m/s

0.59 m/s
0.47 m/s
0.26 m/s

2400 m

0.07 m/s
0.07 m/s

0.26 m/s
0.21 m/s
0.11 m/s

3200 m

0.16 m/s
0.16 m/s

0.13 m/s
0.10 m/s
0.06 m/s

4000 m

0.16 m/s
0.16 m/s

0 m/s
0 m/s
0 m/s
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Fig 2.1. Slack, design, and survival current profiles and wind speeds for the Outer Monterey Bay (OMB) and California Coast (CC) deployment sites. 
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Fig 2.2. Maximum current profiles and wind speeds for secondary deployment sites. 

2.3 Return Sea States

Return sea states for 10-year and 25-year periods were calculated from the data presented in Table 2.2. The data are based on hourly measurements from NDBC buoys located near the different sites.

Table 2.2: Number of Occurrences of Various Sea States

Over Given Observation Period

                          |---------- Primary Sites ----------|------------------ Secondary Sites -----------------|

Significant Wave Height

Outer  Monterey Bay (13 years)
California Coast              (6 years) 

NE Pacific  Rise                (5 years)
Juan de Fuca

 (25 years)
Station P

(25 Years)

< 1 m

2,367
420

225
4608
7684

1 m – 2 m

46353
17134

9004
53159
53710

2 m – 3 m

34285
17332

9049
44931
53420

3 m – 4 m

13181
9061

3207
29370
33522

4 m – 5 m

3813
4746

866
15690
17689

5 m – 6 m

716
2104

133
7662
8279

6 m – 7 m

145
741

15
3137
3451

7 m – 8 m

32
280

0
1303
1369

8 m – 9 m

8
115

0
561
495

9 m – 10 m

2
42

0
193
163

10 m – 11 m

0
5

0
51
48

11 m – 12 m

0
1

0
28
19

12 m –13 m

0
0

0
6
6

13 m –14 m

0
0

0
2
4

14 m – 15 m

0
0

0
0
1

Totals

100,902
51,981

22,499
160,701
179,860

Weibull distributions were fitted to the data of each particular site. The N-year return sea state for that site was calculated from:
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The probability that a given sea state with significant wave height h is less than or equal to H for a single one-hour period is P(h(H), where P is the Weibull cumulative probability distribution for a given site. The probability that h is less than or equal to H for a one-year period is P(h(H)24(365. Thus, the left-hand side of Eq. 1 is the probability of h being greater than H for a one-year period. The value of H that makes Eq. 1 true for a given N is defined as the N-year return sea state. Therefore for N = 10 years, the significant wave height that has a probability of being exceeded 10% of the time over a one-year period is the 10-year return sea state. For N = 25 years, the significant wave height that has a probability of being exceeded 4% of the time over a one-year period is the 25-year return sea state.  Weibull distributions tend to underestimate return values when the data is limited. In cases where the return period is much greater than the number of years of available data, we increased the calculated return sea states based on Eq. 1 by 5% to account for the bias. 

Table 2.3 presents the 10-year and 25-year return sea states for the primary and secondary deployment sites. Also included, for design purposes, is the sea state at each site that is not exceeded 90% of the time (called the design sea state). The first entry is the significant wave height and the second entry in parenthesis is the peak wave period.

Table 2.3: Design and Return Sea States

                          |---------- Primary Sites ----------|------------------ Secondary Sites -----------------|

Significant Wave Height

Outer  Monterey Bay 
California Coast              

NE Pacific  Rise                
Juan de Fuca

 
Station P



25-Year Return

Sea State

9.8 m (16 s)
13.0 m (19 s)

8.2 m (14 s)
14.0 m (21 s)
14.5 m (22 s)

10-Year Return

Sea State

9.3 m (15 s)
12.4 m (18 s)

7.8 m (14 s)
13.2 m (19 s)
13.8 m (20 s)

90% Design

Sea State

3.5 m (10 s)
4.5 m (12 s) 

3.5 m (10 s)
4.7 m (12 s)
4.8 m (12 s)


For comparison, the largest measured sea state at the Outer Monterey Bay site measured over 13 years was 9.2 m. At the California Coast site, the largest sea state over the past 6 years was 11.9 m. At the NE Pacific Rise site, the largest sea state over the past 5 years was 7.0 m. At Juan de Fuca over the past 25 years, the largest recorded sea state was 13.8 m. A second sea state measured 13.0 m. All other sea states were less than 13.0 m. For Station P over the last 25 years, there was one sea state that measured 14.8 m. During four other occasions (i.e. one-hour recording periods) there were sea states with significant wave heights of 13.6 m, 13.3 m (twice), and 13.0 m. All other seas states were less than 13.0 m. 


The environmental conditions at the California Coast site drive the design process for both the Benthic mooring and the Upper Water Column mooring. Although the Outer Monterey Bay site is listed as the primary site for the Benthic mooring, designing the system to withstand harsher conditions may allow it to be used at all or some of the secondary sites.

3. BENTHIC DESIGN w/ SUBSURFACE SPHERE
3.1 Introduction

This section examines the performance of the benthic design “w/ subsurface sphere” in 3700 m water depth. The static analysis shows the baseline configuration (described in Appendix subsection A.1) in slack and survival currents. Results of dynamic analysis using the baseline configuration are then presented showing the mooring line tensions in a survival current and 25-year return sea state for the Coastal California site. We used the Coastal California Site in order to also access performance at secondary sites. Results from varying the snubber length (15 m and 30 m) and subsurface sphere depth (400 m and 700 m) are given at the end of this section.

3.2 Mooring Description

The main components of the benthic design “w/ subsurface sphere” (for 3700 m water depth) are given in Appendix under subsection A.1.

3.3 Static Analysis

The baseline configuration has a total mooring line length of 4530 m including a 30-meter snubber hose giving a scope of 1.22. Under slack current conditions, the top of the S-tether is 35 m under the water surface. In a survival current corresponding to Outer Monterey Bay, the S-tether is pulled out increasing the watch circle to around 2100 m. Note that the shape of the S-tether is still somewhat visible, which helps lower dynamic tension through increased geometric compliancy. At the same time, the subsurface sphere is pulled deeper in the strong current. Thus, armored cable remains in the upper 700 m or more of the water depth.
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Fig 3.1 Static configurations of benthic design “w/ subsurface sphere in slack and survival conditions.

3.4 Dynamic Analysis

Fig. 3.2 shows a time history of the dynamic tension at three locations along the mooring line: at the surface buoy, just below the subsurface sphere, and at the anchor. The maximum tension corresponds to the mean tension plus four times the standard deviation of the dynamic tension, which is the average of the highest 0.1% of the tensions for the 25-year return sea state at the California Coast site (13.0 m significant wave height and 19 second peak period). These values compare well against the tensions calculated using a single wave with a 25-year return wave height. The main points here are that the maximum total tension in the snubber is 3510 lbs. and the maximum total tension at the anchor is 4640 lbs.

[image: image4.emf]0 20 40 60 80 100 120

0

2000

4000

6000

Tension (lbs)

Surface Buoy  (T

mean

 = 1580 lbs  T

max

 = 3510 lbs)

0 20 40 60 80 100 120

0

2000

4000

6000

Tension (lbs)

Subsurface Sphere (T

mean

 = 3500 lbs  T

max

 = 4860 lbs)

0 20 40 60 80 100 120

0

2000

4000

6000

Tension (lbs)

Anchor  (T

mean

 = 3130 lbs  T

max

 = 4640 lbs)

Time (s)


Fig 3.2 Dynamic response of benthic design “w/ subsurface sphere” for a 25-year return sea state and survival current conditions.

3.5 Comparison with Alternate Configurations

Table 3.1 summarizes the data for the baseline configuration and two alternate configurations. The first alternate configuration is exactly the same as the baseline case except it uses a 15-meter snubber. The second alternate configuration uses a 30-meter snubber but the subsurface sphere is located at a depth of 400 m. The total mooring line length in this case is 4250 m for a scope of 1.15. The S-tether is 920 m long with attached football floats on the lower 520 m (just above the subsurface sphere). Just below the subsurface buoy is a 300 m piece of armored cable with 3 football floats per 100 m. These floats counter the weight in water of this piece of armored cable and make it neutrally buoyant.

Table 3.1: Tension Response of  Design “w/ Subsurface Sphere” 

in California Coast 25-Year Return Sea State


Surface Buoy
Below Subsurface Sphere 

(Top of Vectran)
Anchor


Mean
Max
Mean
Max
Mean
Max

Baseline: 700 m depth and 30-meter snubber
1580 lbs
3510 lbs
3500 lbs
4860 lbs
3130 lbs
4640 lbs

700 m water depth and 15-meter snubber 
1380 lbs
3610 lbs
3410 lbs
4780 lbs
3040 lbs
4580 lbs

400 m water depth and 30-meter snubber
1410 lbs
3280 lbs
3220 lbs
4570 lbs
2810 lbs
4390 lbs

3.5 Summary

The following conclusions regarding the benthic design “w/ subsurface sphere” can be made from Table 3.1:

· All configurations keep maximum mooring line tensions below 5000 lbs.

· Shortening the snubber lowers the maximum total tensions in the portion of the mooring line that is below the subsurface buoy including at the anchor but increases tensions in the mooring line above the subsurface sphere including in the snubber.

· The configurations using a 30-meter snubber have maximum tensions in the snubber that are below the 3600 lbs. though the 15-meter snubber is only 10 lbs above this value.

· Dynamic tensions are higher and have higher frequency content when the 15-meter snubber in used.

· Moving the subsurface buoy closer to the surface (400 m vs. 700 m) lowers maximum total tensions throughout the mooring.

· Having the subsurface sphere closer than 700 m to the surface means there needs to be an extra potted termination where the armored cable changes to Vectran.

· 10-year storm on Juan de Fuca is comparable to 25-year storm at California Coast site that was used in this analysis.
4. BENTHIC DESIGN w/o SPHERE
4.1 Introduction

This section examines the performance of the benthic design “w/o sphere” in 3700 m water depth. We first describe the baseline mooring configuration, which is the result of numerous simulations with different configurations. It is close to an optimal design in terms of minimizing tension while still meeting design objectives. This description is followed by the static analysis showing the baseline configuration in slack and survival currents. Results of dynamic analysis using the baseline configuration are then presented showing the mooring line tensions in a survival current and 25-year return sea state for the Northern California site. Results from varying the snubber length (30 m and 50 m) are given at the end of the section.

4.2 Mooring Description

The main components of the benthic design “w/o sphere” are given in Appendix under subsection A.2.

4.3 Static Analysis

The baseline configurations has a total mooring line length of 4630 m including a 30-meter snubber hose giving a scope of 1.25. Under slack current conditions, the watch circle is over 1500 m. In a survival current corresponding to Outer Monterey Bay, the watch circle increases to over 2700 m. Note that the termination (represented by the solid dot) moves towards the surface in the strong current. This is the reason for specifying armored cable of 800 m.
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Fig 4.1 Static configurations of benthic design “w/o sphere in slack and survival conditions.

4.4 Dynamic Analysis

Fig. 3.2 shows a time history of the dynamic tension at three locations along the mooring line: at the surface buoy, at the termination between armored and Vectran cable, and at the anchor. The maximum tension corresponds to the mean tension plus four times the standard deviation of the dynamic tension, which is the average of the highest 0.1% of the tensions for the 25-year return sea state at the California Coast site (13.0 m significant wave height and 19 second peak period). The main points here are that the maximum total tension in the snubber is 3630 lbs. and the maximum total tension at the anchor is 3950 lbs. Also, the dynamic tensions in the snubber are lower than for the “w/ subsurface sphere” configuration though the mean and maximum tensions are higher.
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Fig 4.2 Dynamic response of benthic design “w/o sphere” for a 25-year return sea state and survival current conditions.

4.5 Comparison with Alternate Configurations

Table 4.1 summarizes the data for the baseline configuration and an alternate configurations that uses a 60-meter snubber. 

Table 4.1: Tension Response of  Design “w/o Sphere” 

in California Coast 25-Year Return Sea State


Surface Buoy
Cable Junction
Anchor


Mean
Max
Mean
Max
Mean
Max

30-meter snubber
1910 lbs
3630 lbs
1530 lbs
3370 lbs
1710 lbs
3950 lbs

60-meter snubber 
2360 lbs
3460 lbs
1850 lbs
3260 lbs
2030 lbs
3760 lbs

4.5 Summary

The following conclusions regarding the benthic design “w/o sphere” can be made from Table 4.1:

· All configurations keep maximum mooring line tensions below 4000 lbs.

· Increasing the snubber lowers maximum total tensions throughout the mooring.

· The configurations using a 60-meter snubber have maximum tensions in the snubber below 3600 lbs. though, the 30-meter snubber is only 30 lbs above this value.

· Simulated dynamic tensions are much lower when the 60-meter snubber in used and there is little possibility of snap loading.

The following pros and cons can be made regarding using this design over the “w/ subsurface sphere configuration described in the previous section.

· Anchor tensions are lower in the “w/o sphere” design.

· Tensions in the Vectran cable are lower in the “w/o sphere” design.

· The junction between the armored cable and the Vectran cable in the “w/o sphere” design most likely undergoes less bending.

· Maximum total snubber tensions are comparable between the two design though dynamic tensions are lower in the “w/o sphere” design. 

· Watch circle is larger for the “w/o sphere” design.

· Football floats on armored cable in the “w/o sphere” design hinder use of profiling instruments that crawl on cable. Football floats more expensive than subsurface sphere.

5. 1800-METER BENTHIC MOORING
5.1 Introduction

This section examines the performance of the benthic designs, “w/ subsurface sphere” and “w/o sphere”, for an 1800-meter mooring at an Outer Monterey Bay site. We use the appropriate survival current profile listed in Table 2.1 along with the 25-year sea state for the Outer Monterey Bay site given in Table 2.3. 

5.2 Benthic Design “w/ Subsurface Sphere” (see Appendix Subsection A.3)


The 3700-meter configuration with the subsurface sphere at 700 m is modified by reducing length of the Vectran EOM-cable by 1900 m. This gives a scope of 1.46. Everything above the sphere remains the same. Placing the subsurface sphere at 700 m (as opposed to a shallower depth) makes sense in terms of minimizing the number of terminations. Results for 15-meter and 30-meter snubber are presented in Table 5.1.

Table 5.1: Tension Response of  Design “w/ Subsurface Sphere” 

in Outer Monterey Bay 25-Year Return Sea State


Surface Buoy
Below Subsurface Sphere
Anchor


Mean
Max
Mean
Max
Mean
Max

700 m water depth and 30-meter snubber
1380 lbs
2950 lbs
3300 lbs
4420 lbs
3160 lbs
4303 lbs

700 m water depth and 15-meter snubber 
1210 lbs
2980 lbs
3240 lbs
4450 lbs
3090 lbs
4350 lbs

5.3 Benthic Design “w/o Sphere” (see Appendix Subsection A.4)


The configuration with a 30-meter snubber hose has mooring line length of 2250 m giving a scope of 1.25. Football floats are distributed in the lower third of the water column to form an S-tether and along the 800 m of armored cable in the upper part of the mooring. The difference between this configuration and the 3700-meter “w/o sphere” case is a reduction in length of the Vectran EOM-cable and redistribution of football floats over the lower portion of the Vectran. A second  “w/o sphere” case with a 60-meter snubber hose is also investigated. Both results for the 30-meter snubber and the 60-meter snubber are given in Table 5.2.

Table 5.2: Tension Response of  “w/o Sphere” Designs

in Outer Monterey Bay 25-Year Return Sea State


Surface Buoy
Cable Junction
Anchor


Mean
Max
Mean
Max
Mean
Max

30-meter snubber
1760 lbs
3270 lbs
1400 lbs
3530 lbs
1370 lbs
3640 lbs

60-meter snubber 
2170 lbs
3100 lbs
1670 lbs
3210 lbs
1650 lbs
3330 lbs

5.4 Summary

· It is easier to modify the benthic design “w/ subsurface sphere” for a shallower depth since no redistribution of football floats is necessary.

· The benthic design “w/o sphere” needs to have the S-tether redesigned for each depth. No specific design strategy exists except for placing the S-tether in the lower portion of the mooring. 

6. UPPER WATER COLUMN MOORING
6.1 Introduction

This section examines the performance of the upper water column (UWC) mooring in 4000 m water depth. The results in this section are nearly identical to the results presented in Section 3 for the benthic design “w/ subsurface sphere”. The subsurface sphere configuration is chosen because of the specification of an AUV docking station in the upper part of the water column. The subsurface sphere is needed to support the weight, but more importantly allows for some decoupling between surface buoy motion and motion of the docking station. Results are presented for tension of a baseline configuration (similar to the baseline configuration used for the benthic design “w/ subsurface sphere) and for alternative configurations using 1) a 15-meter snubber and 2) placing the subsurface sphere at 400 m water depth. The survival current and 25-year return sea state for the California Coast site are use for calculating maximum tensions. Sea States 5 and 6 are used to examine the motion of the docking station during typical operations. Sea State 6 corresponds to the 90% design sea state listed in Table 2.3.

6.2 Mooring Description

The components of the upper water column mooring in 4000 m water depth are listed in Appendix subsection A.5.

6.3 Static Analysis

The baseline configurations shown in Fig. 3.1 (for 4000 m water depth) has a total mooring line length of 4800 m including a 30-meter snubber hose giving a scope of 1.20. Under slack current conditions, the top of the S-tether is 65 m under the water surface. 
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Fig 6.1 Static configurations of baseline upper water column mooring in slack and survival conditions.

6.4 Dynamic Analysis

Table 6.1 summarizes the maximum total tension data for the baseline configuration and two alternate configurations.

Table 6.1: Tension Response of Upper Water Column Design

in California Coast 25-Year Return Sea State


Surface Buoy
Below Subsurface Sphere
Anchor


Mean
Max
Mean
Max
Mean
Max

Baseline: 700 m depth and 30-meter snubber
1700 lbs
3600 lbs
3120 lbs
4950 lbs
2320 lbs
4360 lbs

700 m water depth and 15-meter snubber
1460 lbs
3720 lbs
2990 lbs
4900 lbs
2210 lbs
4380 lbs

400 m water depth and 30-meter snubber
1580 lbs
3460 lbs
3140 lbs
5050 lbs
2340 lbs
4460 lbs

Table 6.2 shows the motion of the AUV dock under various loading conditions. The extreme motions would be two time the values given in the table.

Table 6.2: Significant Peak to Peak Heave Motion of Docking Station


Sea State 5

Sig Wave Ht: 3.0 m
90% Design SS

Sig Wave Ht: 4.5 m
25-Year Storm

Sig Wave Ht: 13.0 m

Baseline: 700 m depth and 30-meter snubber
0.24 m
0.55 m
3.1 m

700 m water depth and 15-meter snubber
0.15 m
0.40 m
3.3 m

400 m water depth and 30-meter snubber
0.32 m
0.69 m
3.3 m

6.5 Summary

The following conclusions regarding the upper water column design can be made from Tables 3.1 and 3.2:

· The best all-around configuration appears to be the one with the subsurface sphere at 700 m and a 30-meter snubber.

APPENDIX

A.1 Benthic Design “w/ Subsurface Sphere” in 3700 m Water Depth (Section 3)

Baseline configuration:

Surface buoy

30 m snubber hose

600 m armored cable

900 m armored cable w/ 61-lb float distributed every 20 m

Potted termination using 3 m of ½-inch chain

2300-lb subsurface sphere @ a water depth of 700 m

Potted termination using 3 m of ½-inch chain

2960 m of Vectran EOM cable

Two (2) 61-lb football floats

AUV docking station

30 m of Vectran EOM cable

5 m ½-inch chain

anchor
Alternate configuration #1:

Use 15 m snubber hose

Alternate configuration #2:

Surface buoy

30 m snubber hose

400 m armored cable

520 m armored cable w/ 61-lb float distributed every 20 m

Potted termination using 3 m of ½-inch chain

2300-lb subsurface sphere @ a water depth of 400 m

Potted termination using 3 m of ½-inch chain

300 m armored cable w/ 61-lb float distributed every 33 m

2960 m of Vectran EOM cable

Two (2) 61-lb football floats

AUV docking station

30 m of Vectran EOM cable

5 m ½-inch chain

anchor
A.2 Benthic Design “w/o Sphere” in 3700 m Water Depth (Section 4)

Baseline configuration:

Surface buoy

30 m snubber hose

800 m armored cable w/ 61-lb float distributed every 40 m

Potted termination using 3 m of ½-inch chain

1725 m of Vectran EOM cable

2030 m of Vectran EOM cable w/ 61-lb floats distributed every 20 m starting 200 m below the top of the section down to 620 m below the top to form the S-tether

Two (2) 61-lb football floats

AUV docking station

30 m of Vectran EOM cable

5 m ½-inch chain

anchor
Alternate configuration #1:

Use 60 m snubber hose

A.3 Benthic Design “w/ Subsurface Sphere” in 1800 m Water Depth (see Section 5)
Baseline configuration:

Surface buoy

30 m snubber hose

600 m armored cable

900 m armored cable w/ 61-lb float distributed every 20 m

Potted termination using 3 m of ½-inch chain

2600-lb subsurface sphere @ a water depth of 700 m

Potted termination using 3 m of ½-inch chain

1060 m of Vectran EOM cable

Two (2) 61-lb football floats

AUV docking station

30 m of Vectran EOM cable

5 m ½-inch chain

anchor
Alternate configuration #1:

Use 15 m snubber hose

A.4 Benthic Design “w/o Sphere” in 1800 m Water Depth (see Section 5)

Baseline configuration:

Surface buoy

30 m snubber hose

800 m armored cable w/ 61-lb float distributed every 40 m

Potted termination using 3 m of ½-inch chain

1725 m of Vectran EOM cable

2030 m of Vectran EOM cable w/ 61-lb floats distributed every 20 m starting 200 m below the top of the section down to 620 m below the top to form the S-tether

Two (2) 61-lb football floats

AUV docking station

30 m of Vectran EOM cable

5 m ½-inch chain

anchor
Alternate configuration #1:

Use 60 m snubber hose

A.5 Upper Water Column Design in 4000 m Water Depth (see Section 6)

Baseline configuration:

Surface buoy

30 m snubber hose

600 m armored cable

900 m armored cable w/ 61-lb float distributed every 20 m

Potted termination using 3 m of ½-inch chain

1800-lb subsurface sphere @ a water depth of 700 m

Potted termination using 3 m of ½-inch chain

300 m of Vectran EOM cable

AUV docking station

2990 m of Vectran EOM cable

5 m ½-inch chain

anchor
Alternate configuration #1:

Use 15 m snubber hose

Alternate configuration #2:

Surface buoy

30 m snubber hose

400 m armored cable

520 m armored cable w/ 61-lb float distributed every 20 m

Potted termination using 3 m of ½-inch chain

2100-lb subsurface sphere @ a water depth of 400 m

Potted termination using 3 m of ½-inch chain

300 m armored cable w/ 61-lb float distributed every 33 m

AUV docking station

3290 m of Vectran EOM cable

5 m ½-inch chain

anchor
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