Executive Summary

Fugro Seafloor Surveys Inc. (FSSI) is pleased to submit to the Monterey Bay Aquarium Research Institute (MBARI) this final report on the results of the Monterey Accelerated Research System (MARS) Geophysical and Burial Assessment Surveys.

The MARS project consists of a single submarine fiber optic cable route tied to the end of an offshore pipeline (Duke pipeline) at a water depth of 17.5 meters, to the north of MBARI facilities off Moss Landing (Monterey Bay, California).  From the end of the pipeline, the route extends towards the northwest, to the north of the Monterey Canyon, and along the continental margin out to the proposed location for an observatory node on the southeastern part of the Smooth Ridge feature, at a water depth of 891 meters.  The total route length of the MARS system is approximately 51 kilometers.

Along this route, FSSI performed a geophysical and a burial assessment survey (BAS) to acquire side-scan imagery and subbottom data, as well as soil condition information to be used for the safe engineering, construction, installation and subsequent maintenance of the MARS cable.  Bathymetric data were provided to FSSI by MBARI prior to the offshore operations, and not collected during the surveys.

The offshore surveys were conducted between 1 and 13 December 2003, on board MBARI’s research vessel “R/V Western Flyer”, and the data were collected on a 24-hour basis.

For the geophysical survey, side-scan sonar intensity and subbottom profiler data were acquired using a GeoAcoustics Deep Tow 2000 within a 1,000-meter wide corridor and with a 100% side-scan sonar data overlap in water depths greater than 20 meters.  In shallower areas – subject to vessel safety – the contract required surveying a swath of only 500 meters.  The suitability of the cable route was determined onboard the vessel, based upon real-time paper records and existing bathymetric data.
To ground-truth the geophysical data and better assess the seabed conditions and the feasibility for cable burial, the geotechnical survey (BAS) was conducted immediately after the geophysical survey.  It consisted of using the Fugro SeaScout to collect Mini Cone Test (MCT) data at 31 locations along the MARS cable route, between 19 and 888 meters water depth.

Upon completion of the cable route survey and full processing of all data, a detailed analysis of the geology and morphology of the seabed was performed at FSSI’s office in Seattle.  This analysis is presented in this report.  It should be noted that no seabed samples were collected during the survey operations.  Additionally, because of time and budget constraints, MBARI decided that inshore, diver and topographic survey operations would not be conducted at the time of the offshore survey.

The survey positioning was conducted with Differential GPS navigation equipment and methods.  Sub-surface towfish positioning was accomplished with USBL equipment.  All positioning was in the WGS84 reference system and all charted data are presented in UTM projection (Zone 10).  In all, 13 alignment sheets cover the entire MARS cable route at a scale of 1:5,000; they are presented in Volume II of this report along with two nautical charts for the area of Monterey Bay.  Each alignment sheet contains a combination of bathymetry, interpreted seabed features and geological profiles along the final MARS cable route, as provided by MBARI on February 20, 2004.  Each sheet also shows any hazards and obstructions within the survey corridor.

This survey report takes into account the recommendations set forth in the MARS Desktop Study (DTS), which was conducted by FSSI in January of 2002, and includes a thorough discussion of the man-made and environmental factors influencing the cable route engineering, installation, maintenance, and system safety.  Because the cable route discussed at the time of the DTS was a preliminary version of MARS that is slightly different from the final configuration of the route presented here, we have updated and augmented, in this report, the findings of the DTS with our survey results.

The selected route position list (RPL), as engineered by FSSI, is presented on the charts accompanying this report and is included in Appendix A.  A Straight Line Diagram, showing the types and quantities of cable recommended along the MARS route is also included in this appendix.
The total MARS route length is 51.020 kilometers, with a total cable length of 51.275 kilometers, assuming a slack value of 0.5%.  A summary of cable types and quantities for the cable route is provided below:

	SAL
	SPA
	LWP
	TOTAL

	30.183
	8.231
	12.861
	~51.275

	All values are given in kilometers

SAL
= Single Armor Light

SPA
= Special Application

LWP
= Light Weight Protected


Prominent conclusions and recommendations from this survey report are outlined below:

· The integrity of the MARS cable may be at risk as a result of human activities or natural events.  Fishing is the main human-related threat to the cable safety in all water depths along the cable route, but in particular between 50 and 500 meters water depth where the bottom trawling effort is concentrated.  Natural events such as slumps, slides and turbidity currents, are also a real danger, especially along the continental slope in the area of the Neck of Smooth Ridge, i.e. in water depths between 90 and 450 meters.

· In seismically active areas, such as Monterey Bay, where numerous faults and submarine canyons are active, the potential danger is not primarily from the 

immediate surface rupture or ground shaking, but from the effects these events may have on loose sediments or rocks in areas where steep slope gradients are found.

· It is recognized that the best protection against external human risks and natural events is generally achieved by burial.  In the case of the MARS cable, burial to a target depth of at least 1 meter is strongly recommended along the entire length of the route, from the shore to the observatory node.
· Our survey data suggest that burial should be easily achieved along the portion of the route that runs across the continental shelf, i.e. between the end of the Duke pipeline and the 90-meter water depth contour.  However, these data also suggest that burial may be difficult to achieve (or impossible) in some critical areas of the route; the main difficulty anticipated being the possibility of exposed rocks or cemented sediment on the seafloor at the continental shelf break and along Smooth Ridge.  Unfortunately, these areas are also heavily fished, which increases the possibility of cable damage.  Therefore, we suggest that where burial cannot be fully achieved, additional cable armoring is used and fishers are notified of the location of the exposed cable.
· Although the MARS cable route was designed to avoid all restricted areas and obstructions, where possible, a number of these still exist across, or in the vicinity of the route.  Several sonar targets that appear to be man-made were imaged in the vicinity of the route in the area of the Duke pipeline.  These may represent anchor blocks for the old mooring buoys used by oil tankers offloading at the pipeline, or other debris of unknown nature.  They should be avoided during the installation of the cable, as they may impact upon the integrity of the burial equipment.

· Finally, several commercial fiber optic cable systems have in the past attempted landing in the Monterey Bay region and encountered resistance and long delays.  To date none of these attempts has been successful.  The scientific research nature of the MARS system could be an advantage, however, if the project wins approval from the Monterey Bay National Marine Sanctuary, although it is recommended that permits be applied for as early as possible.

