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1. Introduction

On 28 October 2003, the Monterey Bay Aquarium Research Institute (MBARI) contracted Fugro Seafloor Surveys, Inc. (FSSI), part of the worldwide Fugro Group, to conduct a geophysical and burial assessment survey for the proposed Monterey Accelerated Research System (MARS).

The MARS project consists of a single submarine fiber optic cable route tied to the end of an offshore pipeline, at a water depth of 17.5 meters, located 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 of 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 system is approximately 51 kilometers.

An overview of the proposed MARS cable route is given in Figure 1.1 below.  The Route Position List (RPL) released by the Client on February 20, 2004, upon completion of the offshore operations and after the initial review of all survey data, is provided in Appendix A of this report.

All data collected during the MARS cable route survey are presented here to highlight any potential hazards and obstructions on the seabed that may affect the cable routing and burial operations.  We provide pertinent information on seabed depths and conditions along the cable route, but also information regarding weather conditions, permitting issues offshore Moss Landing, existing cables and pipelines, and fisheries concerns.  This information is mostly derived from the results of the MARS Desktop Study (DTS), which was performed by FSSI and submitted to MBARI on January 31, 2002.  In this report, we augmented the DTS findings with our survey results, as appropriate (*).
Cable engineering recommendations presented in this document are based on the survey data and other information currently available at FSSI, and are considered to be as complete as possible at this time.  However, because it is not the field of expertise of FSSI, we strongly suggest that all engineering considerations be reviewed by the company contracted for the manufacturing and future installation of the MARS cable.  A Straight Line Diagram showing the recommended cable types and quantities along the MARS cable route is given in Appendix A.

Some of the following information was derived from public sources or sources available to FSSI that are not considered confidential.  This public information may have been used, or may be used in the future, in other reports prepared by FSSI.  Any information specifically collected for use in this report will be considered as proprietary by FSSI and will not be made public without the specific permission of the customer.

(*) It should be remembered that 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 in this survey report.  Where relevant, all information gathered for the DTS was updated and is provided in this report.
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Figure 1.1:  Overview of the MARS cable route

1.1 Scope of Work

A description of each part of the survey work agreed upon for the MARS project is given in this section.  It should be noted that:

· No coring or other sampling method was undertaken as part of the survey operations.

· During the survey, areas along the route that showed potential difficulties for the cable installation or burial were brought to the attention of the onboard Client Representative.  On-line decisions were made regarding the necessity for survey development work to ensure that an appropriate route was identified.

· At the time of the field operations, only preliminary processing and quality control of the survey data were conducted aboard the R/V Western Flyer to assess the suitability of the route.  No paper report or charts were produced as a walk-off product at the end of the survey program.
· MBARI decided that nearshore, diver and topographic survey operations would not be conducted at the time of the offshore survey operations.
· All reporting and charting presented in this report were done at FSSI’s Seattle offices.

1.1.1 Geophysical Survey

The purpose of the geophysical cable route survey was to acquire detailed side-scan imagery data and subbottom information, to be used for the safe engineering, construction, installation, and subsequent maintenance of the MARS cable.  All data were collected on board MBARI’s research vessel – the R/V Western Flyer – which operated 24 hours each day.  Bathymetric data were provided by MBARI, prior to the offshore operations, and were not collected during this 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 based upon real-time paper records and existing bathymetric data previously provided by MBARI.  After completion of the route survey and full processing of all geophysical and geotechnical data, a detailed analysis of the geology and morphology of the seabed was performed at FSSI’s office in Seattle.

1.1.2 Burial Assessment Survey

To ground-truth the geophysical data and better assess the seabed conditions and the feasibility for cable burial, a geotechnical survey was conducted on board the R/V Western Flyer immediately after the completion of the geophysical survey.  It consisted of collecting Mini Cone Test (MCT) data using the Fugro SEASCOUT on a 24-hour per day basis.  In total, 31 MCTs were performed along the route between 19 and 888 meters water depth, with a variable sampling rate (originally 2 kilometers) depending on seabed conditions.

Project Geodesy

Spheroid and Datum

Spheroid
:
WGS84

Datum

WGS84

Semi-major axis
:
6,378,137.000 meters

Semi-minor Axis
:
6,356,752.314 meters

Inverse flattening
:
298.2572235630

Eccentricity2
:
0.006694380

Projection

Projection
:
Universal Transverse Mercator (UTM), Zone 10N

Central Meridian
:
123°W

False Easting
:
500,000 meters

False Northing
:
0 meters

Central scale factor
:
0.9996

1.2 List of Acronyms

	AC
	Alter course

	BMH
	Beach manhole

	CM
	Central meridian

	DGPS
	Differential global positioning system

	DMA
	Defense Mapping Agency (US)

	DTS
	Desktop Study

	EEZ
	Exclusive Economic Zone

	EOL
	End of line

	ES
	Echo sounder

	FOG
	Fiber Optic Gyro

	GC
	Gravity core

	GMT
	Greenwich Mean Time

	HWM
	High water mark

	KP
	Kilometer post

	LCU
	Low-frequency command unit

	LP
	Landing point - representing the position on the beach where the cable comes ashore, prior to it entering the BMH

	LWM
	Low water mark

	Ma.
	Million years ago

	MCT
	Mini Cone Test

	MLLW
	Mean Low Low Water (NOAA tidal datum)

	MRU
	Motion reference unit (magnetic compass)

	MSL
	Mean Sea Level

	MWD
	Meters water depth

	N/A
	Not applicable

	NIMA
	National Imagery and Mapping Agency (US)

	NOAA
	National Oceanic and Atmospheric Administration (U.S.)

	NOS
	National Ocean Service (U.S.)

	QA, QC
	Quality assurance, quality control


	List of Acronyms (continued)

	ROV
	Remotely operated vehicle

	RPL
	Route position list

	R/V
	Research vessel

	SBP
	Subbottom profiler

	SC
	Sonar contact

	SOL
	Start of line

	SLD
	Straight Line Diagram

	SSS
	Side-scan sonar

	SVP
	Sound velocity probe/profile

	TVG
	Time varied gain

	USBL
	Ultra-short baseline (towfish positioning)

	UTC
	Universal time coordinated

	WGS84
	World Geodetic System, 1984

	XBT
	Expendable Bathy Thermograph (temperature profiler)


1.3 Glossary of Geologic Terms

	Allochthonous
	Said of rocks or materials formed elsewhere than in their present place.  For instance, a mass of rock that has been moved a long distance from its place of origin, commonly a tectonic process such as overthrusting, or perhaps gravity sliding.

	Bioturbation
	The process of sediment disturbance caused by organisms such as burrowing animals or plant roots.

	Calcarenite
	Limestone of grain size 1/16mm – 2mm.  Also applied to superficial sediments (sands), which have become cemented through the accretion of calcium carbonate from surrounding seawater.

	Cemented nodules
	A mass of sediment, either rounded or irregular, that has become bound together, forming a hardened object within a sediment layer.

	Cross bedding
	A series of inclined bedding planes, which on a large scale are thought to have formed by the in filling of stream channels or at the head of a delta.  The inclination of bedding is often related to net current direction.

	Escarpment
	A long, more or less continuous cliff or relatively steep slope facing in one general direction, separating two level or gently sloping surfaces.

	Fault
	A fracture or fracture zone along which there has been displacement of the sides relative to one another parallel to the fracture.

	Laminated
	Rock or sediment containing thin, discrete layers separated by a physical surface.

	Normal Fault
	A fault caused by extension, in which the hanging wall appears to have moved downward relative to the footwall.

	Pockmarks / Depression
	Small circular deeps caused by escaping gases or fluids from the subsurface.

	Reflector
	Any sub-surface layer, which has a significant density contrast to reflect propagating seismic energy back towards the surface.

	Reverse (Thrust) Fault
	A fault caused by compression, in which the hanging wall appears to have moved upward relative to the footwall.

	Ripples
	Small-scale subparallel ridges and troughs formed in loose sand by wind, water currents, or waves.

	Glossary of Geologic Terms (continued)

	Sand ribbon/waves
	Undulations produced by fluid movement over sediments.  The particular characteristics of sand ribbons/waves depend upon current velocity, particle size, persistence of current direction, and physical properties of the fluid.

	Sandstone
	A rock formed from sediment particles ranging in size from 0.0625mm to 2mm, formed by deposition of sediment, normally by wind or water.

	Shoaling
	To become shallow.

	Throw
	The measure of the displacement of a fault.

	Turbidite
	Sediment deposited by a gravity driven-turbidity current, characterized by graded bedding, moderate sorting, well-developed primary structures, especially lamination.


1.4 References

Prior to the offshore operations, four nautical charts relevant to the survey area were compiled to assess the regional bathymetry and the presence of potential hazards along, or close to the survey route (see Table 1.5.1 below).

	Table 1.5.1:  Nautical Charts relevant to the MARS cable route

	Identity
	Description
	Scale

	DMA 501
	West Coast of North America
	1:3,500,000

	NOAA 18010
	Monterey Bay to Coos Bay
	1:811,980

	NOAA 18680 (*)
	Point Sur to San Francisco
	1:210,668

	NOAA 18685 (*)
	Monterey Bay
	1:50,000


(*) Only charts NOAA 18680 and NOAA 18685 are provided in Volume II of this report.
The positions of all shoals, rocks, wrecks, pipelines and cable corridors, naval operating areas, offshore structures, buoys, beacons and any other obstruction charted within the limit of the survey corridor were digitized from these charts, and are displayed on the survey charts that accompany this report.  It should be noted that the positions of all charted wrecks obtained from the nautical charts were checked against the Global Maritime Wrecks Database (January 2001 Edition, Veridian).  The position of all existing and planned cables and pipelines in the area of Monterey Bay were checked against the Fugro Database, however, where not confirmed by the survey data, these positions should be regarded as approximate.

In addition to the information displayed on the nautical charts, data collected from other private and public sources were also compiled to help plan survey operations and for the safe engineering of the cable route.  Some of these data are displayed on the survey charts provided with this report.  They include:

· Bathymetry of the Monterey Bay area.  Existing bathymetric data collected and synthesized by MBARI in 1998 were provided to FSSI prior to the survey operations for charting and reporting purposes associated with the MARS project.  No other bathymetry was acquired during the MARS survey onboard the R/V Western Flyer.  The MBARI dataset, in the form of gridded data, was created using all swath data available in MBARI’s database within the specified area.  Effectively, the grid is dominated by EM300 multibeam data, where available, and filled in by interpolated conventional soundings from NOAA-NOS outside the EM300 survey.  The EM300 data derives from C&C surveys conducted in1998 for MBARI, using the R/V Ocean Alert. More information is available on: http://www.mbari.org/data/mapping/mapping.htm.  The NOAA-NOS conventional soundings are derived from a CD-ROM distributed by NOAA-NGDC.

· ETOPO2 predicted 2-minute bathymetry (not displayed on the survey charts), derived from satellite altimetry data were compiled by D. T. Sandwell and W. H. F. Smith (from Sandwell and Smith, Journal of Geophysical Research, Volume 102, #B5, Pages 10,039 to 10,054, May 10, 1997).

· GLORIA side-scan imagery data (not displayed on the survey charts) were retrieved from the Atlas of the GLORIA sidescan-sonar imagery of the Exclusive Economic Zone of the United States: EEZ view, US Geological Survey Open File Report 97-540 (CD-ROM) as published by Groom, M.G., Gutmacher C. and Steveson A., 1997.
· The coastline was digitized from NOAA chart 18685 (Monterey Bay area) and may be considered as approximate.
· Maritime boundaries were compiled from the Global Maritime Boundaries Database (August 2001 Edition, Veridian).

· The Monterey Bay National Marine Sanctuary boundary was obtained from the NOAA Office of National Marine Sanctuaries.

· Geology data for the Monterey Bay area (not displayed on the survey charts).  Because no seabed-sampling program was conducted during the Western Flyer operations (only MCTs were performed), several samples collected in the past by the U.S. Geological Survey (USGS) were utilized to help perform the geological interpretation of the survey data.  These data are presented in this report (Appendix B), and were compiled from the following documents:

· K. M. Orzech, W. E. Dahl and B. D. Edwards, U.S. Geological Survey, Open-File Report 01-107: “Core Descriptions, Core Photographs, Physical Property Logs and Surface Textural Data of Sediment Cores Recovered from the Continental Shelf of the Monterey Bay National Marine Sanctuary During the Research Cruises M-1-95-MB, P-2-95-MB, and P-1-97-MB” (http://geopubs.wr.usgs.gov/open-file/of01-107/).

· S. L. Eittreim, R. J. Anima, A. J. Stevenson and F. L. Wong, U.S. Geological Survey, Miscellaneous Field Studies 2345, Online version 1.0: “Seafloor Rocks and Sediments of the Continental Shelf From Monterey Bay to Point Sur, California” (http://geopubs.wr.usgs.gov/map-mf/mf2345/).
· Geotechnical data for the Monterey Bay area were collected in 1999 during a survey for the Southern Cross Fiber Optic Cable route.  These data, consisting of a total of 37 Cone Penetrometer Tests (CPTs) and four Push Samples (PSs), were provided by MBARI prior to this report and integrated onto the MARS survey charts.
· Fisheries information were provided, at the time of the DTS, by Natural Resources Consultants, Inc. (NRC) of Seattle.  These data are not displayed on survey charts, but are summarized in Section 2.4.1, and for reference in Appendix C.  It should be remembered that the cable route discussed in Appendix C was a preliminary version of MARS that is slightly different from the final configuration of the route presented in this survey report.
Other bibliographic references include:
Allan P. (1998).  Geotechnical Investigation for Performance Prediction of Submarine Trenching Ploughs, Aspects of Submarine Cables.  Int. Conf. Offshore Site Investigation and Foundation Behaviour, SUT1998, pp. 433-446.

API (1999).  Design, Construction, Operation, and Maintenance of Offshore Hydrocarbon Pipelines (Limit State Design), third edition July 1999.

ASTM International (1995).  Standard Test Method for Performing Electronic Friction Cone and Piezo-cone Penetration Testing of Soil, ASTM D5778-95, Vol. 04.08, Soil and Rock (I): D420 – D5779.

Atwater T. (1970).  Implications of plate tectonics for the Cenozoic tectonic evolution of western North America: Geological Society of America Bulletin, v. 81, no. 12.
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2. Background information

The background information presented in this section is derived essentially from the findings of the MARS Desktop Study (DTS), which was performed by FSSI and submitted to the Client on January 31, 2002.  This information was augmented or amended, where appropriate, with the results of the geophysical and burial assessment survey data.

2.1 Geological Setting

2.1.1 Geology and Tectonic Environment

Monterey Bay is located within the active transform boundary that separates the North American and the Pacific plates, known as the San Andreas Fault system.  It is an active tectonic region, with common occurrences of earthquakes, submarine landslides, turbidity currents, flood discharges and coastal erosion.

The primary movement between the two tectonic plates is a right-lateral motion accommodated along the San Andreas Fault system, which consists approximately of a 100-kilometer (km) wide zone.  In our survey area, the offshore Monterey Bay Fault Zone and the Palo Colorado – San Gregorio Fault Zone are two major active features of the San Andreas system (Figure 2.1.1).  They both extend in a southeast-northwest direction and merge (or intersect) in the northern part of Monterey Bay [Greene, 1970, 1990; Mullins and Nagel, 1981; Nagel et al., 1986].  These fault zones are seismically active and in many places offset the seafloor or Quaternary sedimentary rocks [Greene et al., 1973, 1989; Greene, 1977, 1990; McCulloch and Greene, 1990; Cockerham et al., 1990].

In detail, the Monterey Bay Fault Zone is a wide (~10 km), en echelon feature consisting of many shorter, discontinuous and roughly parallel faults ranging from 5 km (or less) up to 15 km in length [Greene et al., 1973; Greene, 1977, 1990; Gardner-Taggart and Barminski, 1991; Gardner-Taggart et al., 1993].

The Palo Colorado – San Gregorio Fault Zone is a right-lateral strike-slip fault zone comprised of two or more parallel and fairly continuous segments that extend at least 100 km, from Point Año Nuevo in the north to Garrapata Beach (10 km north of Point Sur) in the south [Greene et al., 1973; Weber et al., 1979; Weber and Lajoie, 1980; McCulloch and Greene, 1990; Greene, 1990; Weber, 1990].  The amount of right-lateral offset along this fault zone has been measured by different methods and at several locations [Clark et al., 1984; Graham and Dickinson, 1978; Greene, 1977; Howell and Vedder, 1978; Silver, 1978; Underwood et al., 1995] and is estimated between 80 to 90 km [Silver, 1978] and 150 km [Clark et al., 1984].

In addition to the extensive amount of erosional dissection occurring on the continental margin in the Monterey Bay area (see discussion below), large narrow depressions, or gashes, across the seafloor result directly from tectonic movement along the offshore faults mentioned above.  The most prominent feature resulting from faulting is Carmel Canyon in the southern part of Monterey Bay, where a segment of the San Gregorio Fault Zone extends northwestward across Monterey Bay [Greene et al., 1973; Greene, 1977; McCulloch and Greene, 1990; Greene, 1990].  The Monterey Canyon is also noticeably distorted and meanders at its junction with the fault (Figure 2.1.1).

Most of the Monterey Bay region lies within the Salinian block, which is composed of allochthonous Cretaceous granitic basement rocks.  This block has been carried northward from the southern Sierra Nevada upon the Pacific Plate, slipping along the San Andreas Fault for about the past 21 million years [Atwater 1970; Greene 1977, 1990; Greene et al., 1989, 1991a].  The Salinian basement material is primarily overlain with Neogene marine sedimentary units, consisting of the Pliocene Purisima (marine sandstone and siltstone) and Miocene Monterey Formations (Figure 2.1.2).  On the narrow continental shelf offshore Monterey Bay, deep, well-marked submarine canyons dissect these geological formations; the most dramatic features being the Ascension and Monterey Canyon systems (Figures 2.1.3 and 2.1.4).

2.1.1.1 The Monterey Canyon

Monterey Canyon is one of the largest active submarine canyons along the west coast of North America.  It bisects Monterey Bay from just offshore of Moss Landing down the continental slope, and has eroded through the Neogene sedimentary units and deeply into the Salinian block [Shepard and Dill, 1966; Greene, 1970, 1990; Greene et al., 1991a].  The canyon branches out across its submarine fan that extends over 160 km from the shore.  It is actually composed of at least 11 branches, several of which cut the distal edge of the continental slope, but do not continue across the shelf [Greene and Hicks, 1990; Greene et al., 1989].

The upper Monterey Canyon is an active erosional feature with a V-shaped cross section marked by steep walls and narrow canyon floors.  Landslides and turbidity currents created by mass wasting events steepen the canyon's walls, erode and expose basement and bedrock, and deflect the course of the canyon in the area of the Gooseneck Meander [Greene et al., 1991a] (Figure 2.1.4).

The middle Monterey Canyon is the area of a broad S-curve in the main channel, which includes the Monterey and San Gregorio Meanders.  The Monterey Bay Fault Zone controls the location of the upper meander (Monterey Meander), while the San Gregorio Fault Zone controls the location of the southern arm of the San Gregorio Meander (Figures 2.1.3 and 2.1.4).  The canyon walls in this area are still steep, but the canyon floor begins to widen and is transitional between V-shaped and U-shaped [Greene et al., 1989].

The lower Monterey Canyon is also an active erosional feature, but the canyon floor continues to widen and flatten into a U-shaped cross section, as sediment accumulation becomes more important [Greene et al., 1989].  The canyon floor eventually broadens to nearly 3.5 km wide and has a fluvial-like braided channel morphology [Greene et al., 1989].  Finally, at the base of the continental slope, to the west, the canyon opens out onto the Monterey Fan, a deep-sea turbidite fan (Figure 2.1.3).

2.1.1.2 The Ascension Canyon System

The Ascension Canyon system comprises from south to the north the Cabrillo, Año Nuevo, and Ascension Canyons (Figure 2.1.4).  These canyons are not presently active features and have not been since the last low sea-level stand during the Pleistocene, i.e. approximately 12,000 years ago.  Some mass wasting events may, however, occur within the Ascension Canyon system as a result of strong local earthquakes, but no other active sediment movement is generally expected.  At the base of the continental slope, both the Ascension and the Monterey Canyon systems meet in deep submarine fans (Figure 2.1.3).

North of the Monterey Canyon, a broad bathymetric high called “Smooth Ridge” is observed (Figures 2.1.3 and 2.1.4).  The Ridge is a zone of slow uplift that separates Monterey Canyon (in the south) from the Ascension Canyon system (in the north) in the area where the Ascension Fault appears to be truncated by the San Gregorio Fault, as shown on Figures 2.1.2 and 2.1.3 [Greene, 1977; Greene et al., 1989].

2.1.1.3 Smooth Ridge

Between 100 meters water depth (at the shelf break) and 500 meters water depth, the MARS cable route runs down the “neck” of Smooth Ridge along the continental slope, i.e. along the narrow and gently sloping section of the rise comprised between the steep canyon flanks.  The MARS observatory node is located on the southeastern part of the Ridge, at a water depth of 891 meters, in an area where the rise is much wider (see Figure 1.1, previous section).

Several studies have shown that the upper part of Smooth Ridge (to the northeast) coincides with the Palo Colorado – San Gregorio Fault, in water depths between 250 and 350 meters (Figures 2.1.1 through 2.1.3).  Because many kilometers of lateral offset occur across this fault, the substrates on both sides are unrelated.  Most of the area of interest to the MARS cable route lies to the southwest of the fault on Smooth Ridge, however a shorter, ~1.5-kilometer long, path runs up the slope to the northeast of the fault [C. Paull and G. Greene, FSSI communication] (see also discussion in Section 2.1.2 below).

Smooth Ridge is also an area of particular interest to the MARS survey because it is home to several active or potentially active cold seeps, as shown on Figure 2.1.1.  These cold seeps appear to be associated with different dynamic geological processes based on the geochemistry of the escaping fluids [Barry et al., 1996].  The fluids may have traveled several kilometers through the underlying rocks and sediments before finally escaping the seafloor along zones of weakness such as fractures, active fault zones or areas of mass wasting (see also discussion in Section 2.1.2 below).
2.1.2 Sediment Types

Nearly everywhere on the Salinian block – on which the Monterey Bay region lies – the granitic surface is eroded.  Miocene marine sedimentary rocks unconformably overlie the basement rocks [Greene, 1977, 1990; Clark and Rietman, 1973] and another unconformity is found at the top of the Miocene sequence.

On the continental shelf, between the shore and approximately 100 to 120 meters water depth, sediments in Monterey Bay vary from sand-dominated near shore and at the shelf edge to mud and silt-dominated in mid-shelf areas (Figures 2.1.2 and 2.1.5).  The thickest accumulations of modern sediments are observed in local depressions of the mid-shelf regions.  Bluff erosion, dune erosion, and sediment input from rivers and streams are the most significant sediment sources in this area.  Additional input is provided in the form of skeletal remains of benthic and planktonic organisms, with the local input of these organisms heavily influenced by seasonal upwelling in the Bay.  Waves and currents create sand waves and ripples, and redistribute sediment particles in different group sizes.  Our discussions with marine geologists familiar with the Monterey Bay region has also revealed that strong seasonal wave conditions may lead to temporary local exposure of "hard bottom" on some parts of the shelf.

Deeper, on the continental slope, terrestrial sediments are mostly large volumes of detrital clay, silt and sand deposited by turbidity currents or transported down slope via submarine canyons.  Potential triggering events include storms, earthquakes, moderate sea and surf conditions, tidal fluctuation, and flooding rivers.

The canyons that terminate at the shoreline, such as Monterey and Carmel Canyons, are thought to be active and are major sediment transport conduits to the deep sea, whereas most of the other canyons terminate near the continental shelf edge (such as the Ascension Canyon system) (Figure 2.1.4).  Much of the sediment carried by longshore currents and from submarine landslides on the canyon walls ends up in the axes of these active features.  As an example, it is estimated that approximately 400,000m³ of sand, as well as large volumes of finer grained material, descend into Monterey Canyon each year.

In the upper and middle Monterey Canyon, in particular, mass wasting is common along the steep sidewalls of the canyon and is the primary mechanism of sediment transport (Figure 2.1.3).  Sliding and slumping events due to earthquakes produce turbidity currents, which steepen and erode the canyon walls [Greene et al., 1991a].  Major slumps and rock falls associated with earthquake events have also been mapped in the Ascension - Monterey Canyon systems [Greene, 1977, 1990; Greene et al., 1990].

Because active canyons obviously present a significant threat to the integrity of a submarine cable, the MARS cable route was designed to run between the steep canyon flanks of the Ascension – Monterey System, in the area called the “neck of Smooth Ridge” at the location of the continental shelf break.  As previously discussed, the eastern end of Smooth Ridge occurs around the location of the San Gregorio – Palo Colorado Fault, on both sides of which the substrates are unrelated.
Seismic reflection profiles (unpublished USGS data) collected to the southwest of the fault show that the subsurface of Smooth Ridge is composed of gently seaward dipping strata.  The orientation is such that the stratal dips are slightly greater than the slope of the seafloor.  Therefore, some of these strata crop out at the shallow northeastern end of the rise.  ROVs’ scanning sonar data acquired in the same area reveal the presence of numerous linear reflectors.  These indicate seafloor topographic features in a direction across the ridge crest, i.e. trending northwest-southeast, in agreement with the result of the seismic reflection survey mentioned above [C. Paull and G. Greene, FSSI communication].

A close inspection of these linear features indicates that outcrops of thin beds truncated at a low angle by the seafloor produces the reflections.  Their geometry is such that one moves up-section with increasing water depth.  Therefore, the stratigraphically lower (older) beds are exposed as one moves northeast, up Smooth Ridge, until the San Gregorio Fault is encountered.  In general, stratigraphically lower horizons are more consolidated, thus, it is likely that the performance of the plow on Smooth Ridge would decrease with decreasing water depth until the fault is reached [C. Paull and G. Greene, FSSI communication].

Video observations obtained from ROV dives in the area along or near the MARS cable route between 150 and 550 meters show that most of the seafloor is covered with rubble, which apparently results from the weathering out of the strata outcrops.  Samples of the rubble revealed that it consisted of hard carbonated cemented mudstones, similar to some of the Pliocene-Pleistocene units exposed on land around Santa Cruz.  It is possible, however, that the samples exposed on the seafloor represent disproportionately firm strata, while the intervening layers may be composed of softer, less cemented or consolidated, material [C. Paull and G. Greene, FSSI communication].

To the northeast of the San Gregorio – Palo Colorado Fault, seismic reflection profiles indicate that deformed and northeast dipping strata (10° to 30°) occur in the immediate subsurface on the outer shelf and upper slope [C. Paull and G. Greene, FSSI communication].  These strata are mapped as being Neogene in age and are covered by a veneer of Holocene sediment that thickens to the east to more than 20 meters mid-shelf.  ROV data collected in this region show that the seabed is also covered with carbonate-cemented rubble, which locally forms vertical scarps, in particular in the vicinity of the San Gregorio – Palo Colorado Fault [C. Paull and G. Greene, FSSI communication].  This information suggests that between the fault and the continental shelf edge, i.e. along 1 to 2 km of the MARS cable route, unplowable rocks may be exposed or near the seafloor.

In conclusion, areas of concern with regard to the feasibility of burial lies to the southwest of the San Gregorio – Palo Colorado Fault on Smooth Ridge and along a 1- to 2-kilometer long segment of the route up the slope to the northeast of the fault.

In addition, although they are relatively localized, authigenic hard-ground carbonates are also a real concern for the safety and the installation of the MARS cable in Monterey Bay.  These carbonates are formed in situ on the seabed (as opposed to derived from land sources) and are generally associated with cold seeps, particularly along fault zones.

Cold seeps produce hard bottom in two ways.  The first process is cementation of the sediments by the mineral rich fluids that rise through the seabed.  This produces concretions and plates of what can be very hard sandstones and mudstones.  Chemosynthetic communities, with specially adapted organisms that feed off of the escaping sulfide- and methane-rich fluids, produce the other type of hard bottom.  In some cases, bacteria living in or near the sediment water interface metabolize the methane in the seeping fluids and precipitate carbonate as a waste product.  In other places, the hard grounds are large mounds composed of the shells of clams that host chemoautotrophic bacteria.

Several areas of carbonate concretions and cold seep communities, existing and extinct, have been studied in Monterey Bay (Figure 2.1.1).  These include concretions discovered in the area of the narrow neck at the top of Smooth Ridge, a prime location for the MARS cable system.  The Smooth Ridge concretions appear to be associated with the passage of the active San Gregorio Fault through this area, which may provide a conduit for the mineralized fluid seeps.  The cold seeps studied in Monterey Bay rarely occupy a surface larger than a few hundred square meters [Orange et al., 1999].  In these areas, the principal hazard to a submarine cable is the potential for abrasion of an unburied cable over the hard grounds.  Pockmarks and large concretions, which may also occur in the areas around cold seeps [Orange et al., 1999; Dando et al., 1991], also present a significant hazard with regard to plowing operations.

Note: Known seabed samples relevant to the survey area and used for this study are displayed on Figure 2.1.5, with details in Appendix B – these samples are not shown on the survey charts.  All geological information collected during the MCT program of the MARS survey are displayed on the charts provided with this report.

Geohazards

In a seismically active area, such as Monterey Bay, the potential danger to a submarine cable is not only from the immediate surface rupture or ground shaking caused by an earthquake, but also from the effects these events can have on loose sediments and rocks found on the slopes.  Earthquakes can set these sediments and rocks in motion, causing debris or turbidity flows that can be extremely dangerous to a cable.

Areas where the MARS cable is most at risk include the steep portions of the route that run off the continental shelf, in particular in the upper part of Smooth Ridge between 100 and 550 meters water depth.  On the shelf, where burial is likely to be achieved and where the seabed is relatively flat, there are few concerns with regard to the safety of the cable.

2.1.2.1 Seismicity and Faulting

As discussed before, Monterey Bay is located along the seismically active San Andreas transform fault system.  The historic slip rate of the fault across the central part of its active trace is 35 millimeters per year (mm/year), i.e. about 20 mm/year less than the slip rate between the Pacific and North American plates (55 mm/year).  This discrepancy has been explained by apportioning the 20 mm/year residual to other active faults of the San Andreas Fault system, especially those offshore, such as the San Gregorio and Monterey Bay Faults (Figures 2.1.1 through 2.1.3).

Recent studies of data collected as part of the Monterey Bay Ocean Bottom International Seismic Experiment (MOISE) have greatly improved the crustal velocity models used to characterize the sub-seafloor geology of Monterey Bay [Begnaud and Stakes, 2000; Begnaud et al., 2000].  The results of these studies demonstrated that small to moderate earthquakes on the Monterey Bay Fault Zone have nearly pure strike-slip mechanisms and near-vertical dips, while in the northern part of the San Gregorio Fault events revealed oblique or thrust mechanisms [Begnaud and Stakes, 2000] (Figure 2.1.6).  These data are supported by geophysical survey results that show young, northwest-trending folds along the San Gregorio Fault Zone [Stevenson et al., 1996].

Preliminary estimates of slip rates along the San Gregorio Fault, based on related fault exposures to the north and south, range between 3 and 5 mm/year [The Working Group on Northern California Earthquake Potential, 1996].  However, the locations of historical earthquakes and MOISE data do not indicate any seismic events for the southern part of the San Gregorio Fault Zone (Figure 2.1.6).  This absence of seismicity could indicate that the regional strain is being taken up across the Monterey Bay Fault Zone.  Or alternatively, this fault segment could be a seismic gap, i.e. an area where the San Gregorio Fault is locked, accumulating strain until its release by a large earthquake.
The California Division of Mines and Geology has listed the San Gregorio Fault as having the potential for a significant magnitude earthquake (MW greater than 6.0).  A more recent study by the U.S. Geological Survey estimates a 25% probability of an earthquake with MW 6.7 or greater occurring in the area between the San Andreas and San Gregorio Faults in the next 30 years (Figure 2.1.7).  The USGS report also estimates an average probability for an earthquake occurring along the San Gregorio Fault at 10%, with slightly higher probabilities on the northern segment (8%) versus the southern segment (6%).

The most recent damaging earthquake in the Monterey Bay region occurred on 17 October 1989, at 17:04 (PDT), when a moment magnitude 6.9 (MW) earthquake severely shook the area.  The epicenter of this event, named the Loma Prieta earthquake, was located at 37°02'N – 121°53'W, near Loma Prieta peak in the Santa Cruz Mountains, approximately 16 km northeast of Santa Cruz.  The earthquake was the result of as much as 2 meters of slip along a fault within the San Andreas system.  The rupture initiated at a depth of 18 km and extended approximately 40 km along the fault, but it did not break to the surface.  The damage in the region was widespread, with downtown Santa Cruz particularly hard hit.  In the area of Moss Landing, damage to roadways and buildings was caused by differential settling and ground cracking, resulting from extensive liquefaction along the Monterey Bay shoreline [Greene et al., 1991b].

2.1.2.2 Turbidity Currents

Turbidity currents are one member of a class of gravity driven density currents, any of which has the ability to damage submarine cables.  They are generally composed of different amounts of sediments in suspension in water and can originate in a number of ways, such as by storm waves, tsunami, earthquake-induced sliding, tectonic movement, over-supply of sediment and density differences due to the introduction of sediment laden water from heavily charged rivers.  These currents are most commonly encountered as bottom-flowing currents that move swiftly down a submarine slope or channel and spread horizontally on the ocean floor.  The motion of the current is maintained by internal turbulence and its flow is generated by excess pressure in the head of the current, maintained by the tailing body of the current, which is, in effect, moving faster than the head.  Experiments have shown that the minimum speed for turbidity currents is about 13 centimeters per second (cm/s).  In general, turbidity currents can travel at speeds of over 90 km per hour, carrying up to 3 kilograms per cubic meter of material and spreading it over a distance of 1,000 km from the source.

Turbidity currents are a potential hazard wherever loose sediments are deposited on steep slopes.  If the area is subject to earthquakes, the likelihood of slumps and slides that can develop into turbidity currents is greatly enhanced.  Turbidity currents are known to occur in Monterey Canyon, often due to sediment overloading at the canyon head and mass wasting along the canyon walls.  Because there is no method for the prediction of slides and turbidity currents, the most effective way to protect the MARS cable from damage caused by these processes is to lay the cable as perpendicular to slopes as possible in order to minimize the area exposed to possible damage.

2.1.2.3 Tsunamis

Tsunamis are extremely long wavelength and long period waves generated in a body of water by an impulsive disturbance that vertically displaces the water column.  They are primarily associated with earthquakes and landslides in oceanic and coastal regions.  The energy and momentum of these waves can take them thousands of kilometers from their origin before slamming into far-distant islands or coastal areas.  When the tsunami enters the shoaling water of coastlines in its path, the velocity of its waves diminishes and the wave height increases.  Several factors affect the local height of basin-wide tsunami waves, including the orientation and shape of the local coastline and the local bathymetry.

In shallow water, a tsunami may appear as a rapidly rising or falling tide, a series of breaking waves, or even a large bore (a step-like wave with a steep breaking front).  For example, the April 1946 tsunami from the Aleutian Islands Earthquake produced no noticeable wave at the city of Monterey, on the southern side of Monterey Bay, but the tsunami waves reached over 1.5 meters at Santa Cruz, on the northern side of the bay.  The tsunami that resulted from the Great Alaskan Earthquake of March 1964 had vertical run-ups ranging between 0.9 and 2.1 meters measured around Monterey Bay (see Table 2.1.1 below).

More recently, the 1989 Loma Prieta Earthquake generated a tsunami detected at various points around Monterey Bay (see Table 2.1.1).  The largest vertical run-up measured was 1 meter at Moss Landing, on the eastern side of Monterey Bay.  A vertical run-up of 0.4 meters was recorded 21 minutes after the earthquake at Monterey.  Eyewitness accounts of a sudden withdrawal of water from Moss Landing Harbor, followed about two minutes later by an in-rush of water and a rise in water level was attributed to a seafloor disturbance seaward of the harbor mouth [Greene et al., 1991b].  This hypothesis is supported by the observation of slumps, slides, scarps, fractures and liquefaction features on the seafloor just offshore of Moss Landing in Monterey Bay in the days following the earthquake [Greene et al., 1991b].

There is an average of two destructive tsunamis per year in the Pacific Ocean basin, so there is a real possibility of a tsunami occurring within the lifetime of the MARS cable system.  Large Pacific-wide tsunamis are, however, a relatively rare phenomenon and occur on an average of every 10 to 12 years (estimates from the West Coast & Alaska Tsunami Warning Center, http://wcatwc.arh.noaa.gov/main.html).  Tsunami waves themselves don't pose a significant threat to submarine cables, but the events that commonly generate tsunamis (landslides, earthquakes, volcanic eruptions) may pose hazards to the cable, and a resulting tsunami may damage or destroy coastal infrastructure thereby affecting cable operations.

	Table 2.1.1:  Damaging Tsunamis in the Monterey Bay Area (1800 to 2004)*

	Year
	Date
	Latitude
	Longitude
	Location
	Run-up (meters)

	1896
	June 15
	36.97°N
	122.02°W
	Santa Cruz, CA
	1.5

	1946
	April 01
	36.97°N
	122.02°W
	Santa Cruz, CA
	1.5

	1957
	March 09
	36.60°N
	121.88°W
	Monterey, CA
	0.60

	1960
	May 22
	36.60°N
	121.88°W
	Monterey, CA
	1.10

	1960
	May 22
	36.80°N
	121.78°W
	Moss Landing, CA
	0.80

	1960
	May 22
	36.62°N
	121.90°W
	Pacific Grove, CA
	0.90

	1960
	May 22
	36.62°N
	121.92°W
	Pacifica, CA
	1.20

	1960
	May 22
	36.97°N
	122.02°W
	Santa Cruz, CA
	0.90

	1964
	March 28
	36.97°N
	121.95°W
	Capitola, CA
	2.10

	1964
	March 28
	36.60°N
	121.88°W
	Monterey, CA
	1.40

	1964
	March 28
	36.80°N
	121.78°W
	Moss Landing, CA
	1.40

	1964
	March 28
	36.62°N
	121.90°W
	Pacific Grove, CA
	0.90

	1964
	March 28
	36.62°N
	121.92°W
	Pacifica, CA
	1.40

	1964
	March 28
	36.97°N
	122.02°W
	Santa Cruz, CA
	1.50

	1965
	February 02
	36.97°N
	122.02°W
	Santa Cruz, CA
	0.30

	1989
	October 18
	36.60°N
	121.88°W
	Monterey, CA
	0.40

	1989
	October 18
	36.80°N
	121.78°W
	Moss Landing, CA
	1.00

	1989
	October 18
	36.97°N
	122.02°W
	Santa Cruz, CA
	0.10

	1992
	April 25
	36.60°N
	121.88°W
	Monterey, CA
	0.10

	1995
	December 03
	36.60°N
	121.88°W
	Monterey, CA
	0.10

	2001
	June 23
	36.60°N
	121.89°W
	Monterey, CA
	0.15


*Source:  National Geophysical Data Center, http://www.ngdc.noaa.gov/seg/hazard/tsu.shtml
Volcanic Activity

There is no active volcanism in the area of Monterey Bay.

Most of the active, above-sea volcanoes around the Pacific Ocean basin are associated with subduction zones, i.e. convergent plate tectonic boundaries where one tectonic plate dives beneath another.  However, much more volcanism takes place unseen beneath the ocean, mostly along the oceanic spreading centers, such as the Juan de Fuca Ridge and the East Pacific Rise.  Submarine volcanoes are associated predominately with seafloor spreading centers.

In central California, the North American and Pacific Plates slide past each other along the San Andreas Fault system, a transform boundary, without any significant volcanic activity.
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Figure 2.1.1
Map of the Monterey Bay region showing the location of major fault zones and fluid seep localities.  Red and black lines represent active and inactive faults, respectively – dashed lines are inferred.  S.G. F.Z. and M.B. F.Z. indicate San Gregorio and Monterey Bay Fault Zones, respectively (from Moore J.C., 1999).  Image created my Norman Maher, Monterey Bay Aquarium Research Institute (MBARI). © Monterey Bay Aquarium Research Institute, 1999.
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Figure 2.1.3:  Geomorphic and fault zone map of Monterey Bay region, including locations of cold seeps and calcium carbonate deposits.  Monterey Bay National Marine Sanctuary Site Characterization, H.G. Greene (1995).

Modified from: http://montereybay.noaa.gov/sitechar/geol.html
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Figure 2.1.4
Bathymetry of the Monterey Bay region (from MBARI Monterey Bay Multibeam Survey, Digital Data Series No. 3, 2000)
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Figure 2.1.5:
Samples recovered as part of the Monterey Bay National Marine Sanctuary project during the research cruises M-1-95-MB, P-2-95-MB, and P-1-97-MB.  Modified from K. M. Orzech et al., U.S. Geological Survey, Open-File Report 01-107 (http://geopubs.wr.usgs.gov/open-file/of01-107/).  The MARS cable route is shown in blue (approximate position).
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Figure 2.1.6
The MOISE system and MBARI Margin Seismology Program results.  This map of Monterey Bay shows the system instrument sites and master events used to develop an improved crustal velocity model for Monterey Bay.  The model was used to relocate two 1926 earthquakes that were the largest known events on the offshore faults.  These results show that the local seismicity is related to either the northern San Gregorio or the Monterey Fault Zones (from © MBARI 1998 Annual Report).
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Figure 2.1.7
The threat of earthquakes extends across the entire San Francisco Bay region, and a major quake is likely before 2030.  There is an estimated 25% probability for a major earthquake occurring in the Monterey Bay area between the San Gregorio and the San Andreas Faults in the next 30 years (U.S. Open File Report 99-517).

From: http://geopubs.wr.usgs.gov/open-file/of99-517/
Climate, Weather & Oceanography

In this section, we provide information on winds, waves, currents, tides and water temperatures, as this should play a role in planning the MARS cable type and cable-laying procedures, particularly in shallow water areas off Moss Landing.  This data can also be used to determine the optimum weather windows for marine operations associated with the future MARS cable installation and its maintenance.

Based on our data, it is clear the best time to install a cable or conduct a maintenance survey is from May to October.  The winter months should be avoided if at all possible as winter conditions off the western US would make operations more difficult.  However, the conditions under which the various vessels will be able to safely operate will in large part depend upon the vessel being used and the task at hand.

2.1.3 Climate and Weather

Monterey Bay is situated on the eastern edge of a North Pacific Ocean high-pressure system.  This region of high pressure, which determines the predominant weather conditions for the region, shifts north during the summer and south during the winter.  The high pressure offshore in combination with lower pressure in the warm inland areas produces a relatively strong cross-coast pressure gradient, which results in west-northwest to northwesterly winds throughout much of the year [Mass and Bond 1996; Renard, 1996].  Although substantial variations from these typical conditions do occur, Monterey Bay maintains a moderate coastal climate with seasonal mean temperature variations of about 5°C, typical of other maritime climates [Renard, 1995].
Monthly Weather Conditions

The monthly averaged winds, temperatures, rainfall, and other meteorological conditions attest to the stable weather conditions of the Monterey Bay region.  Mean wind direction is from WNW to NW during the dry months (May – October), when the North Pacific high-pressure system is located at its more northern location [Halliwell and Allen, 1987].  As this high-pressure region shifts south during the wetter months (November – April), the mean wind direction changes to a more westerly direction [Halliwell and Allen, 1987; Dorman et al., 1994; Dorman and Winant, 1995].
During the winter months, three to four extra-tropical storm systems occur per month [Renard 1996; Dorman and Winant 1995; Dorman et al., 1994] bringing most of the winter precipitation and producing the strongest coastal winds and subsequent coastal upwelling [Enriquez and Friehe, 1994].

During the summer months, migratory weather systems generally produce little rainfall or significant winds but rather act to produce the periods of sunny, warm weather that punctuate the persistent fog and cool weather.
The wind speed at the Monterey climate station ranges from 3.5 to 4 m/s (8 to 9 knots) between April and June, to 2 to 3 m/s (4 to 6 knots) in January due largely to the seasonal changes in the intensity of the North Pacific high-pressure system [Renard, 1995].  Mean temperatures range from 16° to 18°C (61° to 64°F) during the summer and early fall to 10° to 13°C (50° to 55°F) during the winter and early spring [Renard, 1995; Renard, 1996].

Rainfall is primarily limited to the winter season (November through April).  The rainfall amounts vary widely over the region due to topographic influences, and range from near 48 centimeters (cm) in Monterey to over 150 cm in the Santa Cruz or Santa Lucia Mountains.  Significant deviations from these general meteorological conditions do occur, producing local variations in the climate.
2.1.4 Oceanography

Information on waves, currents, tides, and water temperatures are provided, as this should play a role in planning the cable laying procedures, particularly in shallow water areas off Moss Landing.
2.1.4.1 Waves

Wave heights are greatest during the winter storm months when wave heights are greater than 3.5 meters 10% of the time.  July through September are the calmest months, when the frequency of waves greater than 3.5 meters falls to less than 10% of the time.  The prevailing winds at Moss Landing are primarily northwest, but there are a few southeast winds and northern gales during the winter.  Vessels have reported sudden shifts in wind during the late morning and early afternoon hours that interact with existing swells and result in choppy, confused seas.

2.1.4.2 Currents

Currents are of interest to a submarine cable system for two reasons.  First, the surface and mid-water currents can affect cable-laying operations; second, bottom currents can cause strumming and abrasion of a cable where obstacles produce spans in the cable.  In areas with strong currents, the cable may end up being laid well away from the track of the cable-laying vessel.

Surface Currents

The southward-traveling surface component of the North Pacific Gyre, the California Current, is the primary surface current moving off the Monterey Bay area.  The northward traveling Davidson Current and, what is sometimes called the California Undercurrent, are influential as well.  Generally, these surface currents are relatively weak (4 to 8 cm/s, or 0.1 to 0.2 knots).
The California Current is the eastern portion of the clockwise North Pacific Gyre that flows southward along the coast of western North America from Oregon to Baja California, transporting low salinity, cool water towards the equator.  The velocity of the current, which averages about 0.2 knots (~10 cm/s), is greatly influenced by prevailing winds.  Upwelling along the coast and over strongly sloping topography generates a rich eddy field.  The importance of these eddies, which represent the highly variable oceanographic "weather" of the California Current, lies in their offshore transport of cool, nutrient-rich upwelled water.
A pole-ward undercurrent, sometimes called the California Undercurrent, flows continuously from 33°N to 51°N at an average depth of 200 meters and at speeds of up to 15 cm/s [Pierce et al., 2000].  Speeds in the core of the California Undercurrent are generally as strong as in the surface California Current and in some locations near points and capes, can be considerable (up to 40cm/s) [Tisch et al., 1992].

The Davidson Current flows northward along the surface between Point Conception and Cape Flattery from November through February at a speed of approximately 14 to 40 cm/s, and merges with the eastern edge of the Alaska gyre.  This current is associated with seasonal wind changes and sometimes merges with the pole-ward undercurrent flow (California Undercurrent) [Miller et al., 1999]. 

Bottom Currents

Where strong bottom currents are anticipated, additional cable protection might be considered.  Unfortunately, it is difficult to evaluate the threat of bottom currents.  Extrapolation of surface currents in these instances is inappropriate because the processes producing surface currents (meteorological forcing) are not responsible for bottom flows in the deep ocean.  Deep currents often bear no relationship to the surface currents.
Direct bottom current measurements in the deep sea and near the deep ocean bottom are rare.  However instrumental results, as well as evidence from ocean bottom photography, indicate that even in the abyssal ocean regions significant currents can exist.  The Pacific deep-water flow appears to have a very slow clockwise movement around the entire ocean basin.  Because the Bering Strait and the Aleutian Arc block the opening to the Arctic Ocean, deep water flow in the North Pacific is not as strong as in the South Pacific, where cold dense waters are able to freely flow to the north away from the Antarctic.
FSSI were unable to obtain bottom current meter information.  However, Broenkow (1996) reports that strong oscillating currents up to 60 cm/s have been measured near the bottom in the Monterey Canyon [Shepard et al., 1979] and by investigators at the Naval Postgraduate School.  Generally the deep currents were aligned with the local direction of the canyon axis.  Scoured bottom sediments and other bottom features observed with ROVs and from submersibles indicate speeds from 25 cm/s up to 100 cm/s [Breaker and Broenkow, 1994; Eittreim et al., 1989].  These measurements are constrained to the canyon area and are not a hazard to the cable in its planned configuration.

Tidal Currents

Tidal currents in Monterey Bay are reportedly weak, except at the Deep-draft Mooring Facility located about 0.8 miles northwest from Moss Landing harbor entrance.
2.1.4.3 Tides

Tidal information for Monterey Bay was gathered from Station 487 at Moss Landing and show that the mean range of tide is 3.6 feet, with the diurnal range of tide being 5.4 feet.  A range of 8.5 feet may occur on days of maximum tides.
Further offshore there have been few measurements of tides.  In the offshore waters, tides should, however, have little effect on cable laying operations.
2.1.4.4 Water Temperatures

Actual water temperature measurements have been made at very few locations in the oceans.  However, because the deep waters move very slowly and have properties (temperature, salinity, and chemistry) that vary only slowly with time, these properties can be estimated.  Water temperature profiles for an area encompassing the MARS route were obtained from the NOAA World Ocean Atlas (1998).  These data are a compilation of all available data on the vertical temperature structure of the oceans from 1900 to 1998.
On continental shelves, the temperature of the upper water column may vary substantially throughout the year and from place to place.  In areas of strong tidal currents, solar heated surface water mixes with deeper waters, giving little variation in temperature throughout the water column.  In areas of lesser tidal currents and in the deeper shelf waters this does not occur, allowing strong thermoclines to form, although these break down in the autumn and winter due to mixing driven by surface winds.
Seasonal sea surface temperatures near the Moss Landing site are shown in Figure 2.2.1 below.  In general, seasonal temperature variations only affect the upper 100 meters of the water column, and are thus only of interest on the continental shelf.  The MBARI has two moorings (M1 and M2) in the bay, as part of the Ocean Acquisition System for Interdisciplinary Science (OASIS) project that provide water column temperatures and surface wind information (Figure 2.2.2 below).  MBARI scientists frequently conduct survey operations that include temperature profiling in the Monterey Bay, and are the best point of contact to obtaining further information regarding this issue.
In conclusion, the most notable findings of this study are:

· Monterey Bay exhibits a maritime climate that maintains affable conditions for offshore operations nearly year-round.  Winter months can bring storms that create conditions less than favorable for cable-laying operations and therefore should be avoided, if at all possible.  The best time to install the MARS cable is clearly from May to October.  However, the conditions under which the various vessels will be able to safely operate will in large part be dependant on the type of vessel being used for the various tasks required.
· Surface currents, which include the California Current and Undercurrent, and the Davidson Inshore Current are relatively weak and should not pose a hazard to cable operations.

· Considerable bottom currents have been measured and/or inferred from bottom features, however they are generally constrained to the location of submarine canyons and are not thought to occur near the MARS cable route.
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Figure 2.2.1:  Seasonal sea surface temperature near Moss Landing (36°N, 123°W)
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Figure 2.2.2:
Water temperature profile (°C) and wind speeds from the M1 mooring located at 36°45.00'N – 122°01.80'W (The “OASIS” Project, MBARI, 2001).

See: http://www.mbari.org/oasis/index.html

Hazards and Obstructions

2.1.5 Existing and Planned Cables and Pipelines

All cable and pipeline information relevant to the MARS survey area were taken from FSSI database or digitized from the nautical charts available for the Monterey Bay region.

Cables

There are currently no installed cables, either active or retired, in the immediate vicinity of the MARS route.  Only one fiber optic cable, known as Southern Cross Segment F and linking Kahe Point (Hawaii) to Monterey Bay, was planned to run in the vicinity of MARS.  Our latest information suggests, however, that this route has been abandoned and that the cable was instead redirected towards a landing in Oregon.

At least one other cable exists in the southern part of Monterey Bay, near the Naval Postgraduate School.  This structure has no impact, however, on the routing of MARS.  In addition, in order to check for other possible uncharted military cables in the Bay, the MARS route was submitted for approval to the United States Navy, who expressed no concern with the route as presently planned.

Pipelines, ducts and sewer outfalls

Several ducts and sewer outfalls exist in the vicinity of Moss Landing.  They are displayed on the nautical charts available for the Monterey Bay area and have been digitized for integration on the survey charts presented in this report.  Most of these structures do not impact the MARS project, except for three pipelines in the vicinity of the cable route, which are detailed below.

Two of these structures are located south of Moss Landing Harbor:

· The southern one is a 51-inch ID pipe that belongs to Kaiser National Refractory and runs from the shore towards the northwest to a water depth of 26 meters (MBARI data; not displayed on survey charts).  It is misidentified on NOAA Chart 18685 as a sewer pipe (see Volume II).  The position of the offshore end of this pipe was picked at: 36°48.145’N – 121°47.486’W.

· The northern structure is an outfall pipe for seawater used for cooling at the Duke Energy power plant.  The water intake is located in Moss Landing Harbor and the outfall extends offshore due west to a depth of approximately 21.5 meters (MBARI data; not displayed on survey charts).  NOAA Chart 18685 shows two pipes at this location (see Volume II).  Since there are two surge towers located along the route of the pipe, this is probably correct.  The position of the offshore end of these pipes was picked at: 36°48.258’N – 121°47.454’W.

The third pipeline runs to the north of the two structures described above.  From a landing at the eastern end of the harbor entrance channel, it extends towards the west-northwest across the harbor turning basin, under the dunes, and to a water depth of approximately 18 meters (MBARI data, see Chart as001).  MBARI indicated that this structure is an old fuel oil line owned by Duke Energy used to unload tankers.  The position of the offshore end of this pipeline corresponds approximately with the starting point of the MARS cable route.  Its digitized position off NOAA Chart 18685 is: 36°48.719’N – 121°48.037’W, with the starting point of the MARS route being 36°48.682’N – 121°47.955’W at the time of this writing (see Volume II).  As discussed later in Section 5, the pipeline was in fact identified in the vicinity of the MARS cable route during the offshore survey operations.

2.1.6 Restricted Areas and Obstructions

Although the MARS cable route was designed to avoid all restricted areas and obstructions, where possible, a number of these still exist in the vicinity of the route.  Restricted areas include military zones, i.e. mainly navy and submarine exercise areas, firing range areas, protected areas such as marine sanctuaries or reserves, anchorage areas, and shipping lanes.  Obstructions include buoys, rocks and shoals, wrecks, dumping areas, unexploded ordnance, and any other risks to a submarine cable.

The positions of all known restricted areas and obstructions are summarized below in Table 2.3.1.  They were digitized from nautical charts, or compiled from FSSI database, and are displayed on the survey charts that accompany this report.  In addition, all sonar contacts or targets identified during the MARS survey operations are also shown on the charts; these are discussed in Section 5.

	Table 2.3.1

Restricted Areas and Obstructions in the vicinity of the MARS cable route

	Identity
	Position / Area
	Distance from the Route

in meters (m)

	
	Latitude
	Longitude
	

	Naval Operating Area
	36°50.774’N
	121°50.581’W
	Enters route corridor

	
	36°53.088’N
	121°58.591’W
	Exits route corridor

	Dumpsite (~ 500m radius)
	36°47.882’N
	121°49.145’W
	Minimum of 1,700m to the SW

	Buoy
	36°47.927’N
	121°48.091’W
	825m to the SW

	Mooring
	36°48.242’N
	121°47.472’W
	230m to the ENE

	Mooring
	36°48.344’N
	121°47.534’W
	240m to the NE

	Wreck
	36°48.463’N
	121°47.617’W
	260m to the NE

	Buoy
	36°48.492’N
	121°48.249’W
	490m to the SW

	Buoy
	36°48.884’N
	121°48.884’W
	30m to the SW

	Buoy
	36°49.986’N
	121°49.389’W
	255m to the NE

	Buoy
	36°49.504’N
	121°50.562’W
	~1,650m to the SW

	Buoy
	36°49.588’N
	121°50.744’W
	~1,780m to the SW

	Buoy
	36(49.971’N
	121(50.888’W
	~1,360m to the SW

	Buoy
	36(54.973’N
	121(58.061’W
	~3,510m to the north

	Buoy
	36(54.888’N
	122(00.103’W
	~3,335m to the north

	Obstruction
	36(54.529’N
	122(02.836’W
	~2,380m to the north

	Buoy
	36(53.407’N
	122(04.363’W
	~1,580m to the north

	Monterey Bay National Marine Sanctuary
	The entire MARS cable route lies within the Sanctuary Area


There are two main restricted areas in Monterey Bay, both of which are shown on NOAA Chart 18685 (see Volume II) and are described on Page 149 of the US Coast Pilot Volume 7.  The southern area, which is not crossed by the route, is a danger zone off the firing range at Fort Ord.  The northern area, which is crossed by the route, is used for mine counter measures training by the US Navy (see Table 2.3.1 above).  Navy activities in this zone should not pose a danger to a properly buried cable.  If the cable is laid during the period from February 16 to July 31, activities in the area will need, however, to be coordinated with the Navy.

Because the positions of the obstructions reported in the vicinity of the MARS cable route and presented in Table 2.3.1 above were mostly taken from nautical charts, they should only be regarded as approximate, due to the unknown accuracy of the information provided by these charts.  For this reason, the information displayed on the nautical charts should not be considered as definitive, unless confirmed by the MARS survey data (see Section 5).

Please note that the issue regarding the Monterey Bay National Marine Sanctuary (MBNMS) is discussed in detail in Section 2.5.

2.2 Offshore Activities

2.2.1 Fisheries

The information provided in this section is mostly derived from the fisheries data collected by Natural Resources Consultants, Inc. (NRC) of Seattle, at the time of the MARS desktop study.  For reference, the complete NRC Fisheries Study is presented in Appendix C of this document.

NOTE: It should be remembered that the cable route discussed in the NRC report was a preliminary version of MARS that is slightly different from the final configuration of the route discussed in this survey report.

Historically, Monterey Bay has been one of the most important commercial and recreational fishing areas in California.  Nearly 200 species of fish and invertebrates are caught and landed in the area each year by commercial and recreational fisheries.

Commercial Activities

Little if any bottom contact fishing occurs in areas shallower than 55 meters water depth, with the exception of sea urchin and abalone diving, and crab, lobster and live fish pot fishing.  Bottom set gillnetting is forbidden at depths of less than 180 feet (55 meters) along the central California coast.  Trawling is forbidden within 3 nautical miles (5.56 km) off the shore.  Between the 3-nautical mile inshore trawl boundary and the 200-meter depth contour lies the shallow water trawl, gillnet, and other gear fishing grounds.  These grounds generally extend from Monterey Canyon to north of Half Moon Bay and are popular fishing areas for California halibut, sand dabs, sole and white croaker (kingfish).

From 200 to over 1,400 meters lies the deepwater trawl, longline, and occasionally set gillnet fishing grounds.  Popular deepwater fishing grounds are located off Point Sur south of Monterey, on the Outer and Inner Teardrop, off the Cement Plant and the Horseshoe, in the Heidi Hole and along the Antlers, and at the Garbage Dump offshore south of Half Moon Bay.  These areas produce rockfish, Dover sole, sablefish, Pacific grenadier, and other deep-water species.  Several areas farther offshore, off of Monterey and the Teardrop, south of the Cement Plant and offshore of the Antlers are popular for sablefish and Pacific grenadier longlining.  Nearly the entire MARS cable route passes through one or more of these popular commercial fishing areas.

Bottom trawling can occur at depths of up to 1,400 meters but review of logbook records indicate that, in the Monterey Bay area, trawl tows at depths over 1,000 meters are rare.  Most bottom trawl effort occurs at depths of 50 to 500 meters.  In recent years, with every increasing restriction on footrope bobbin diameter and trip limits on rockfish species, the deep-water bottom trawling effort has been further reduced.  It is increasingly confined to depths of 50 to 200 meters.  Additionally, for the most part, the fishing fleet is a fleet of aging vessels.  Deep water trawling requires larger trawl doors and heavier main cable wire to reach these depths with sufficient trawl warp scope to successfully fish at depth.  Few, if any, of the vessels have the trawl winch capacity and horsepower necessary to trawl much deeper than the 1,000- to 1,400-meter current practical depth limit for trawling.

Under the restrictive fishery management practices now in place and expected to continue for the foreseeable future, it is unlikely that any fishers will make the investment in vessel and gear to extend the trawl depth range beyond of that currently being conducted.  Most bottom contact effort will continue to be expended at much shallower depths, i.e. from 50 to 1,000 meters.
Recreational Activities

Recreational fishing occurring in the Monterey Bay area includes charter bottom fish, salmon and tuna, personal vessel bottom fish and recreational dive fisheries.  Off the Monterey – Morro Bay area, approximately 40,000 to 50,000 private boats launch for sport fishing trips each year.  Recreational sport fishing occurs year-round but is typically concentrated in the period from May through October off Monterey Bay.

Commonly targeted species of bottom or groundfish, other than halibut, include those in the rockfish complex, lingcod and greenling.  Flounders are targeted, but typically only in very near-shore locations usually in less than 30 meters of water.  The sport fishing effort for rockfish and lingcod is concentrated around rocky bottom structures at depths of less than 275 meters.  Although black rockfish and widow rockfish are sometimes taken in midwater or even near the surface, it is normally done over rocky bottom structures.

Of primary concern to an unburied bottom laid cable is the anchoring of sport fishing vessels while conducting bottom-fishing operations.  Depending upon the type of bottom, the size of the vessels and their anchors, and the weather and tide conditions, the anchors may penetrate up to 0.25 meters into the bottom.  Anchoring is reported to occur at depths of less than 30 meters on popular rocky fishing areas.  On rocky bottom the vessel's anchor typically penetrates little if any depth into the substrate.

In conclusion, general recommendations for the MARS cable route are:

· In order to avoid potential interactions with commercial and recreational fisheries, the MARS cable should be buried, wherever possible, to a minimum depth of 0.5 meters into the seabed between the shore and the observatory node.  Where it cannot be buried, the cable should be armored and fishers notified of the location of the exposed cable.

· Cable suspensions off the seabed should be avoided and confined to very high relief hard bottom habitat, where bottom contact fishing is unlikely to occur.

· Areas of high bottom trawl and bottom longline efforts should be avoided whenever possible.

· Fishermen should be contacted prior to the cable laying operations.  It is recommended that charts showing the location of the cable be provided to fishers and a contact phone number be established where fishers can report possible entanglements with the MARS cable.

· The MARS cable should be re-surveyed periodically to assure it remains buried.

Note:
It is possible that an Environmental Impact Report/Statement developed for the cable project will be required to identify potential impacts to the recreational and commercial fishing industry, particularly during the construction phase of the offshore facilities.  Early coordination with local and regional commercial fishing organizations will be essential to mitigate highly political issues such as destruction of habitat, preclusion from fishing grounds, competition for onshore and offshore resources, and conflicts with support vessels and equipment.

2.2.2 Shipping and Anchoring

The principal ports in our area of interest are the ports of San Francisco Bay (San Francisco, Oakland and Stockton), which are well away from the MARS route.  Although the shipping activity off this portion of California is particularly heavy, it is essentially restricted to the corridors of traffic lanes.  Away from these ports, the amount of shipping activity drops off rapidly and is primarily located in routes that are well offshore and thus do not pose a danger to the MARS cable.

Monterey, Moss Landing, Santa Cruz and San Francisco are the primary fishing ports in the area of Monterey Bay and although there is considerable traffic in and out of the ports, transit of fishing vessels across the MARS cable route should not be of concern.  The shipping traffic related to recreational boating and fishing in the Bay is also not expected to impact on the route design or the safety of the MARS cable.

2.2.3 Oil, Gas, and Mineral Activities

There are no prospects for offshore petroleum development in the Monterey Bay region, as this activity is prohibited in the Monterey Bay National Marine Sanctuary (see discussion in Section 2.5 below).

Maintenance dredging might occasionally be conducted in and approaching the harbors in Monterey Bay.  A spoil dumpsite for Moss Landing is located about 2.2 km to the southwest of the harbor entrance.  This site is distant and does not impact the MARS cable route.  Except for maintenance dredging, no commercial activity is performed within the Monterey Bay Marine Sanctuary.

2.3 Environmental Issues

The entire area of the MARS cable route lies within the Monterey Bay National Marine Sanctuary (MBNMS).  The MBNMS was designated in 1992 as a federally protected marine area and is managed by the Monterey Bay Sanctuary Office in Monterey.  It stretches offshore of California's central coast from Marin to Cambria, and encompasses a shoreline length of 276 miles and 5,322 square miles of ocean extending an average distance of 30 miles from the shore (Figure 2.5.1).

The MBNMS was established for the purpose of resource protection, research, education and public use.  Its natural resources include the nation's largest kelp forest, one of North America's largest underwater canyons and the closest-to-shore deep ocean environment in the continental United States.  It is home to one of the most diverse marine ecosystems in the world, including 33 species of marine mammals, 94 species of seabirds, 345 species of fish, and numerous invertebrates and plants.

Although there are no other declared protected environmental areas along the MARS cable route that FSSI are aware of, there are numerous groups in the region that are concerned with various aspects of the environment and it is likely that some of these groups will raise concerns about laying a cable through the area.  It is FSSI’s understanding that agencies, such as the National Marine Sanctuary, with authority over permitting are aware of the concerns of most of these groups, and are fair in determining if there are serious environmental concerns.
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Figure 2.5.1:  The Monterey Bay National Marine Sanctuary (MBNMS).
Modified from: http://bonita.mbnms.nos.noaa.gov/intro/maps.html
Permits and Regulations

2.3.1 Maritime Delimitations

The United States claims a 12-nautical mile territorial sea extending out from the coastline.  Authority over this zone is divided between the state and federal governments: 1) from the shore to the 3-nautical mile limit, jurisdiction is in the hands of state governments and 2) between the 3- and 12-nautical mile limits, it is in the hands of the federal government.  Beyond the 12-nautical mile limit the federal government claims authority over a 200-nautical mile Exclusive Economic Zone.

2.3.2 Land Ownership

Landward of the coastal boundary, which varies from state to state, jurisdiction is either held by local governments or the state.  In the case of California, the state control extends to the ordinary high tide line represented by the neap tide.  The local government controls the area inland of this boarder [Campbell, 2000].

FSSI understands that the current plan is to set up the MARS cable station in the vicinity of MBARI facilities, or on some other properties owned by the Institute.  The cable will likely run offshore Moss Landing through conduits enclosed in an existing pipeline owned by Duke Energy.  Permission to install the cables in this pipe shall be obtained by MBARI.

2.3.3 Permitting Requirements

On land

The principal state agency involved in granting permission to cross state lands in California is the State Lands Commission.  The California Coastal Commission will also be highly involved with permitting on state property.

Offshore

Permits to land a cable in the United States are required from various levels of government including federal, state, and local offices [Holman, 2000].  The federal permit is obtained through the National Environmental Policy Act (NEPA).  A single federal lead agency is usually established to process the application through all the concerned federal agencies.  For communications cables, which involve both offshore and onshore permits, the U.S. Army Corps of Engineers is the lead agency.

A Joint Permit Application submitted to the Corps of Engineers will be automatically distributed to all other federal agencies having an interest in the application.  An applicant requiring a Corps of Engineers permit and a California Coastal Commission permit must have an accepted application file number from the state before an application to the Corps will be accepted.  This will expedite the permitting process and allow for concurrent processing.  The applicant need not obtain the state permit itself, but must have an accepted state application before filing an application with the Corps of Engineers.

Since the entire area of Monterey Bay is within the Monterey Bay National Marine Sanctuary (MBNMS), a branch of the National Oceanic and Atmospheric Administration (NOAA) of the U.S. Department of Commerce (DOC), permission to lay the MARS cable in the area must also be obtained from the Sanctuary Office.  This office has recently issued a permit allowing Dr. Tim Stanton, at the Navy Postgraduate School in Monterey, to lay a cable in the shallow waters of the sanctuary for research purposes.  With this as a precedent FSSI recommends that the MARS project, because of its unique position as a research project with national interest, as opposed to a commercial entity, pursue permitting for their cable directly with the Monterey Bay National Marine Sanctuary office (see Table 2.6.1 below for contact details).

FSSI is aware of two commercial communications cables that have attempted to land in Monterey Bay – the “Southern Cross” and “Global West” cables, but we have not been involved with the permitting process relative to the installation of these cables.  Therefore, FSSI recommends that the MARS group contact some of the managers responsible for these commercial cables to gain insight on their experience.  This includes: Jeff June at Natural Resources Consultants (NRC), Tim Riley at North State Resources and Gary Greene at the Moss Landing Marine Laboratory and Monterey Bay Aquarium Research Institute (see Table 2.6.1).  FSSI also recommends that the MARS group use companies experienced with permitting procedures in California to pursue all permit applications.

It should be noted that during the installation of the cable, coastal vessels should be informed of laying operations by a Notice to Mariners, which can be issued by notifying the United States Coast Guard 11th District in Alameda, California.

	Table 2.6.1: Contact Details – Permitting Issues

	U.S. Army Corp of Engineers

333 Market Street

San Francisco, CA 94105-2197

Telephone (415) 977-8461
	Monterey Bay National Marine Sanctuary

Bill Duros, Sanctuary Manager

299 Foam Street

Monterey, CA 93940

Telephone (831) 647-4201

	California Coastal Commission

Alison J. Dettmer

Manager Energy & Ocean Resources Unit

45 Fremont Street, Suite 2000

San Francisco, CA 94105-2219

Telephone (415) 904-5205
	California State Lands Commission

Dwight Sanders

200 Oceangate, 12th Floor

Long Beach, CA 90802-4331

Telephone (916) 574-1880

	Dr. Tim Stanton

Naval Postgraduate School

1 University Circle

Monterey, CA 93943

Telephone (831) 656-3144
	Dr. Gary Greene

Moss Landing Marine Laboratory/MBARI

PO Box 450

Moss Landing, CA 95039

Telephone (831) 633-726

	Natural Resources Consultants, Inc.

Jeff June

1900 West Nickerson Street, Suite 207

Seattle, WA 98119

Telephone (206) 285-3480
	North State Resources

Tim Riley

5000 Bechelli Lane, Suite 203

Redding, CA 96002

Telephone (503) 222-5347

	Commander 11th Coast Guard District

Coast Guard Island

Alameda, CA 94501

Telephone (510) 437-3324/5
	


3. Methodology

3.1 Survey Operations

3.1.1 Equipment and Personnel

Survey Vessel

The R/V Western Flyer was the vessel used for the MARS offshore geophysical and burial assessment surveys.  It is a 35.66-meter swath oceanographic vessel owned by MBARI.

Vessel owner details are:
MBARI


7700 Sandholdt Road


P O Box 628


Moss Landing, CA 95039-0628

Vessel details are provided in Appendix D – Survey Equipment Specifications, and can be found on MBARI website at: http://www.mbari.org/dmo/vessels/flyer.html
Surface Positioning System

2
Fugro SeaStar 3000L DGPS receivers

2
Starfix.Seis navigation systems (1 online, 1 spare)

1
Starfix logging computer

1
Starfix.Proc offline processing computer

Acoustic Positioning System
1
MBARI Sonardyne MF USBL acoustic positioning system

2
USBL Supersub mini beacons

1
MBARI Anshutz gyro

1
MBARI Ixsea Oceano Octans 6000 FOG used as the motion sensor

2
Compatts with float collars

Geophysical Systems
1
GeoAcoustics side-scan/subbottom towfish

1
Fugro Glog/Gplot side-scan/subbottom logging and processing system

Geotechnical System

1
SEASCOUT Mini Cone Testing (MCT) system
Miscellaneous

1
Applied Microsystems Sound Velocity Probe (SVP)

12
Sippican XBT disposable velocity probes

2
HP Laser Jet Printer

1
Raytheon TDU-1200 Printer

1
Quality Assurance PC

Geophysical Survey Personnel

1
FSSI Party Chief / Geologist (G. Ness)

2
Surveyors (T. Miller, V. Woodford)
3
Electronics Engineers / Marine Technicians (S. Reynolds, G. Latchford, J. Tamminga)
1 Data Processor (E. Roach)

Geotechnical Survey Personnel

1
FEBV Party Chief (J. Adrickem)

1
Senior Operator (H. van der Gugten)

2
Operator (M. Gonzales, Edward Chavez)

All survey equipment specifications are provided in Appendix D.

3.1.2 Calibrations & Summary of Operations

Note:
All times given below are Local (PST), which is UTC-8 hours.

At 0800 on Monday, 1 December 2003, the FSSI survey party boarded the Western Flyer at the MBARI facilities in Moss Landing.  Mobilization started immediately, and by the end of day most of the survey equipment was unpacked from the shipping container and loaded onboard the vessel.  Deck fastening, rigging and wiring was partly done the same day.

In the morning Gordon Ness and Steve Reynolds, of FSSI, met with Keith Raybould, Gene Massion and Charles Paull of MBARI, to discuss survey planning.  During this meeting, FSSI proposed some minor changes in the survey Route Position List (RPL) over the area of the narrow, occasionally steep and rocky neck at the top of Smooth Ridge (i.e. in water depths between about 110 and 500 meters).  In addition, questions regarding the potential for route development work over the neck of Smooth Ridge were also addressed.  After substantial discussions, it was decided that two (2) development wing lines would be run in this area in addition to the three (3) lines required to meet the basic corridor width requirements.

On Tuesday, 2 December, FSSI continued mobilizing and completed this work by about 2100.  The navigators tied the GPS antenna to a nearby WGS-84 reference point, measured the vessel offsets to tow-points and the USBL pole, calibrated the ship’s fiber-optic gyro, and made a DGPS scatterplot of the positions to confirm accuracy.  Gordon Ness met in the morning and again briefly in the afternoon with Keith Raybould, Gene Massion, Charles Paull and Mandy Allen, of MBARI.  The plan for the route development program over the neck of Smooth Ridge was confirmed.  Two alternative nearby cable landing areas were pointed out from the balcony at MBARI and discussed.  Gene Massion then spent the afternoon working up a revised RPL for the intended cable route survey.  That evening he provided Gordon Ness with the revised route and several charts showing this route and corridor superimposed on the MBARI bathymetry data for the area.

On Wednesday, 3 December, Charles Paull and the complete ship’s crew boarded the vessel and sailed at 0745.  From 0840 to 1220, while in transit to Smooth Ridge, wet testing of the GeoAcoustics system was completed through logging, and the acoustic release on the USBL beacon was also tested.  A Ship’s Familiarization and Safety meeting was held for the FSSI survey party by the ship’s Second Mate and Safety Officer, and a Fire and Boat Drill was conducted by the ship’s crew the same morning.

From 1400 through 2330, the Fugro crew proceeded with USBL calibrations to a beacon placed in about 1,000 meters water depth.  There was some difficulty in obtaining a good USBL calibration, as the first quadrature run resulted in a scattergram with no apparent clustering.  Troubleshooting revealed that the StarfixUSBL software no longer recognized vessel offsets entered in the StarfixSeis software, resulting in doubling of the offsets applied.  The system was corrected and the quadrature reran, then clustering was obtained and the surveyors were able to generate attitude corrections, but got a result providing horizontal range and azimuth standard deviations of about 1.8°.  This still seemed abnormally large.  Subsequently, it was discovered that gyro data were being acquired from two of the ship’s gyros, not just one as thought: the USBL was getting gyro information from the Anschutz, while the navigation system was obtaining information from the new OCTANS fiber-optic system.  At dockside, however, only the OCTANS was calibrated, as it was believed it would be the only system used.  There was a 3° difference between the two – this was corrected.

On Friday, 5 December, the vessel transited back to port to allow Charlie Paull to disembark.  The ship sailed at 1100 to clear port before low water, and waited outside for Gary Greene of MBARI to be transported to the ship by small boat.  Gary Greene boarded at 1220 and the vessel immediately transited to the neck of Smooth Ridge.

During the transit, the GeoAcoustics system was again tested and a reconnaissance line was performed along the centerline of the cable route.  Near the start of line, the bathymetry and side-scan sonar data revealed the presence of the shallow, multiple heads of Monterey Canyon and also clearly imaged the Duke Energy pipeline, but difficulties were encountered with the subbottom data.  There was a strong noise pattern swamping the signal, which itself was extremely weak.  The noise was synchronous with the ping rate (i.e. the noise stripes were horizontal), suggesting that the problem was within the system itself and not due to ship noise or competing echo sounders.  It also did not appear to be a grounding problem.  At the location of the continental shelf break the towfish was pulled to check for bad connections, and the vessel steamed farther seaward to run another USBL calibration.  This started at 2005 and was completed by 0538 on Saturday, 6 December.

Equipment downtime was used to identify and correct the GeoAcoustics subbottom noise problem.  Ultimately the towfish was swapped.  The first system used had the receiving hydrophones in the tail fin; while the replacement system had a small streamer.  After this second system was put in the water, it immediately experienced a short.  When recovered, a small salt-water leak was found in the streamer that affected the preamp.  It was repaired and redeployed, and satisfactory subbottom results were obtained.

In the early morning, the traction winch had become very noisy and Fugro engineers suspected a bad bearing in the small cog shaft at the motor.  FSSI in Seattle was contacted and shipped a spare motor assembly to MBARI.

Finally, the GeoAcoustics cable route survey started at 1100 on 6 December, on the southern wing line of the route from about 110 meters depth to the planned observatory node position.  This line was completed by 1441 and then about two hours were spent trying to turn around in deep water with some 2,000 meters of wire out.  This was done in an attempt to run part of the deep lines upslope and save time.  However, the problem was the ability to reacquire bottom (as distinct from ambiguous surface or subbottom multiples) with only about 50 meters of towfish altitude and no towfish depth information.  To save time, the towfish was recovered and the vessel headed at speed to the top of the hill to resume surveying in a downslope direction only.

The centerline survey started at 1843 and was completed at 2218, the vessel then transited back to about 110 meters depth.  At 0030 on Sunday, 7 December, survey of the northern deep wingline started downslope.  It was completed at 0425 and the vessel transited back to the top of the slope.  At 0640, the shelf centerline was surveyed towards the shore.  It was completed by 1100 and followed by the survey (in daylight) of the very shallow nearshore lines between the two alternate cable landings.  This was complete by 1220.  From 1220 to 1255, several additional lines were run in the area near the Duke Energy pipeline, then the vessel headed seaward along the southern shelf wingline out to the shelf edge.  This was completed by 1745.

From 1745 until 0034 on 8 December, route development lines (winglines) were run between 110 and about 500 meters water depth, as well as two short winglines covering a steep rocky scarp at the shelf edge.  An additional line along the south side of the deep-water corridor was also completed by 0317, after which the towfish was recovered and the vessel transited to the USBL beacon station in order to recover it at first light.  This was accomplished very efficiently using the ship’s inflatable boat, and the Western Flyer quickly transited back to the shelf edge.

At 0818, the survey started shoreward on the northern shelf wingline, when subbottom profiler records began to show some electrical noise.  The survey continued, however, as the terrain and surface geology was mostly featureless, the data was considered to be acceptable.  At 1244, on 8 December, the cable route survey was completed and the towfish recovered just off the harbor entrance buoys.  The Western Flyer headed to port, docking there at 1315, and Gary Greene departed the vessel.  By the evening most of the survey equipment was demobilized.

By early morning the next day (Tuesday, 9 December) the demobilization was complete, except for the navigation equipment, which stayed aboard for the upcoming MCT program.  All of the FSSI survey team, except two navigators, left the vessel and returned to FSSI in Seattle.

The FEBV geotechnical team boarded the vessel the same day at 0800 and the mobilization of the SEASCOUT equipment started immediately after it was delivered by truck around 1030.  At this time, Gordon Ness (the departing FSSI Party Chief) handed off a list of 31 MCT positions that he had compiled, with Gary Greene, using guidelines approved earlier by MBARI.  With this new program, it was decided that instead of performing a test every 2 km (as initially required by contract) the number of MCTs be augmented in the area between about 110 and 500 meters depth where geological difficulties were anticipated, and reduced on the shelf.  At 1600 a kick-off meeting was held with MBARI project personnel to discuss the planned MCT operations.

On the morning of Wednesday, 10 December, Mandy Allen of MBARI boarded the ship for the start of the geotechnical survey.  The vessel transited to Site 31 near the planned observatory node at 0800, then went to weather downtime between 1055 and 0400 on Thursday, 11 December.  A Ship’s Familiarization and Safety meeting was conducted by the Second Mate while in transit.  At 0400 it was decided to return to shore to make a ship’s crew swap.  Then at 0730 the MCT work began near the shore at Site 1.  Some equipment problems were resolved by 1020 with a cone replacement.  Testing continued until 2345 with one interruption between 1740 and 1817 to replace the cone.  The vessel transited then from Site 23 to Site 31 and went to standby for a crew rest.

At 0554 on Friday, 12 December, MCT testing resumed at Site 31, working back up the slope.  Site 24, the last one remaining, was retested because of lack of penetration on the first attempt.  Then at 1215 the vessel transited back to Moss Landing, docking at 1420, and the demobilization began.  Preliminary MCT results were handed off to the MBARI Representative.  The demobilization was completed by 1230 on Saturday, 13 December.

Detailed Daily Operations Reports can be found in Appendix E.

All equipment calibration records are displayed in Appendix F.

3.1.3 DGPS Positioning and Navigation

The reference stations listed in Table 3.1.1 below provided differential corrections throughout the MARS project.  AMSC-w was used to provide the primary corrections, while AM-Sat was used as a backup.  These data were used to derive, in real time, a weighted mean differential solution for the R/V Western Flyer location.

	Table 3.1.1: AMSC-w and AM-Sat DGPS Correction Stations

	Name
	ID
	Latitude
	Longitude
	Height

(meters)
	Datum

	Shasta, Ca.
	180
	40°34’41.424”N
	122°21’24.893”W
	154.5
	WGS 84

	San Diego, Ca.
	320
	32°54’38.922”N
	117°10’24.289”W
	79.7
	WGS 84

	Everett, Wa.
	554
	47°54’15.004”N
	122°16’28.996”W
	168.2
	WGS84

	Boulder, Co.
	210
	40°01’43.558”N
	105°15’09.242”W
	1602.6
	WGS 84

	Billings, Mt.
	292
	45°46’57.835”N
	108°30’27.456”W
	956.6
	WGS 84


Equipment calibration records are displayed in Appendix F.

3.1.4 Acoustic Positioning

Positioning of the side-scan/subbottom profiler towfish was determined using a Sonardyne ultra short baseline (USBL) acoustic tracking system.

All calibration records for the USBL are included in Appendix F.

3.1.5 Sound Velocity Profiler / XBT

The primary sound velocity profiler mobilized for the MARS project was Sippican, Inc.’s Oceanographic Data Acquisition System, which uses T5 XBT (Expendable Bathythermograph).  The T5 XBT is generally used in water depths up to 1,830 meters and therefore was perfectly adapted to the MARS job.  The Sippican profiler uses a software package called WinMK12NT v2.0.1, which continuously measures temperature data and displays it in real time.

XBT data were used to correct the USBL signal for variations of the sound velocity in the water column.  A single measurement was performed for the MARS survey.

3.1.6 Bathymetry

Existing bathymetric data collected by MBARI in 1998 were provided to FSSI prior to the offshore survey operations and were used for charting and reporting purposes.  No other bathymetry data were collected during the MARS survey (see Section 1.5 for details).

MBARI bathymetry was provided as gridded data.  There were a total of five files, one file gridded at a 25-meter interval and four files gridded at a 5-meter interval.  The 25-meter gridded bathymetry was used from the shallowest point of the survey area to a water depth of 109 meters, and the 5-meter gridded bathymetry was used from 109 meters water depth to full survey depth.  FSSI contoured all gridded data.
3.1.7 Seabed Imagery

A GeoAcoustics Geopulse dual frequency side-scan towfish was used to collect side-scan imagery (see Appendix D for equipment details).  The fish was towed on an armored coaxial cable through a sheave mounted on an A-frame to a traction winch and spooler system.

The received side-scan sonar data were multiplexed with the other data and transmitted along the coaxial tow cable and input via a GeoAcoustics transceiver to Fugro’s FEAMS and Glog/Gplot for digital recording and processing, including slant range correction.  The processed records were printed on the Raytheon TDU-1200 printer at true scale to a variable range on either side of the vessel’s track.  Fix marks generated by Starfix.Seis were automatically annotated and printed on the paper records along with other selected parameters such as time and towfish altitude above the seabed.  The records were annotated at the start and end of the lines with line name, direction, date, time, sonar range and other relevant settings.

Raw data in a Fugro proprietary format were written to tape.  Processed data were written to hard disk (.xtf and SEG-Y format, respectively).

The side-scan was operated at the 100-kHz setting and a nominal swath width of 300 and 600 meters (depending on water depth).  This provided full coverage and 100% overlap in three passes.

3.1.8 Subbottom Profiler

Subbottom profiler data (SBP) were also collected using the GeoAcoustics Geopulse towfish  (see Appendix D for equipment details).  The SBP system consisted of a quad transducer transmitter array, hydrophone streamer receiver array, towfish electronics bottle, and surface control/processing unit.  This system transmits a 2- to 7-kHz chirp signal, which is received, multiplexed and sent up the coaxial tow cable.  It is de-chirped in the surface unit, and displayed, processed and stored in the Fugro Glog/Gplot system described in the side-scan section.

Data were logged in both proprietary raw and processed SEG-Y (.sgy) format, which permits replay of survey lines to enhance the paper record quality where required.
3.1.9 Magnetometer

A Geometrics G-880 magnetometer was carried aboard the vessel to assist in determining the location of the Duke Energy pipeline in the vicinity of Moss Landing.  However, because this pipeline was identified from the side-scan sonar records, the magnetometer was not deployed during the MARS survey.

3.1.10 Mini Cone Test, SEASCOUT System

Fugro’s Mini Cone Test (MCT) SEASCOUT system was used for the burial assessment survey conducted along the MARS cable route.  The system consists of a small-diameter in-situ test system for geotechnical characterization of the ground.  It involves in-situ measurements of the ground resistance to steady and continuous penetration of a probe equipped with internal sensors.  The measurements comprise penetration depth, cone resistance and, optionally, sleeve friction and inclination from the vertical, and permit the interpretation of ground conditions.

The Fugro MCT probe has a 100mm2 base area and uses a coiled push-rod system.  This implies that the equipment required for deployment is relatively light and compact.  The test may be performed both onshore and offshore from a thrust unit such as the LANDSCOUT or SEASCOUT to a maximum depth of about 5 meters below the ground surface.

Appendices D and G provide more detailed information concerning the SEASCOUT MCT equipment and operations, respectively.

3.2 Data Processing

3.2.1 Geophysical Survey

3.2.1.1 Towfish Positioning Data

For this survey, the Starfix.Seis v5.1.2 navigation suite was used to derive real-time towfish positions (GeoAcoustics) from USBL data and the fixed offsets between vessel antennae and the USBL transducer.  These data were subsequently processed onboard using Fugro’s Starfix.Proc software.  Raw GPS, gyro and USBL data were de-spiked removing any erroneous points and the data were merged together to form an edited towfish position file.  Edited files were used in Starfix.Mosaic to provide geo-referenced positions for side-scan sonar processing.

The common reference point (CRP) for the R/V Western Flyer was chosen as the center of the moon pool (Figure 3.2.1 below).  All offsets were measured relative to the CRP and entered into Starfix.Seis navigation program.  Two SeaStar antennae where mounted on the monkey deck with prefabricated antennae stands.

Where USBL data were unavailable or not usable, a layback position was computed from the stern of the vessel at the towfish tow position using cable out values from the cable counter, water depth, towfish altitude and heading from the R/V Western Flyer’s course made good.

The GeoAcoustics towfish was towed from the center of the A-frame and, since cable counters were reset at the stern of the vessel after the cable had been deployed, these offsets were added to cable out values and adjusted for slope angle to give towfish layback position where USBL was unusable for tracking.

3.2.1.2 Bathymetry Data

Bathymetry data was received from MBARI in the form of 5-meter and 25-meter gridded netcdf data files.  These netcdf files were converted to Starfix.XYZ format ASCII files.  The .XYZ files were used to create continuous surface models (gridded files) using Starfix.DTM (.GRI).  Cell size was that of the original bathymetric data from MBARI.  The 25-meter grid was used from the shore to the 109-meter water depth contour, and the 5-meter grid was used in water depths greater than 109 meters.  The .GRI was quality controlled in Starfix.Surface by rendering the data with vertical exaggeration and light shading to locate anomalous data features or artifacts.  The .GRI model was used in Starfix.Contour to create contours in Microstation (.DGN) format.

3.2.1.3 GeoAcoustics Seabed Imagery Data

All side-scan intensity image data were logged to tape and processed using Fugro’s proprietary Starfix.Mosaic software.  Image processing includes setting contrast and stack order for the multiple tracks and the creation of geo-referenced .TIF format image files.  Each side-scan mosaic was processed in an individual north-up box at a 1:5,000 scale.  All side-scan mosaics were built with an overlap at the chart bounds to ensure continuity between charts.

3.2.1.4 GeoAcoustics Subbottom Profiler data

The subbottom profiler data represent time sections on which the vertical axis represents the two-way travel time (in milliseconds) from the source to the various reflecting surfaces and back to the receiving transducer or hydrophone array.

All observed subbottom features were mapped on the profile along the post-survey route (from the USBL track line charts) using time and fix numbers to correlate position.  Sediment thickness was derived assuming a sediment sound speed of 1,500 meters/second.
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Figure 3.2.1: Vessel offsets diagram for the R/V Western Flyer

Geotechnical Survey

3.2.1.5 SEASCOUT Positioning

The SEASCOUT was positioned using mean USBL positions recorded after the MCT had settled on the seafloor.  The USBL positioning performed well because the MCT frame was directly beneath the vessel.

3.2.1.6 Data Source Inspection

The geotechnical results presented in this report are based on the following:

· desktop study,

· geophysical survey,

· in-situ testing,

· on-site and in-office activities,

· system specifications regarding the equipment used.

For this burial assessment study, selected information was summarized and used, where appropriate.  It should be noted that the inspection of supplied data did not include independent verification.

The study of other documents held by Fugro provided additional background information concerning 1) the regional geology for the area of Monterey Bay, 2) general geotechnical data, and 3) previous plow performance data pertaining to SMD manufactured standard cable plow.

See also documents provided in Appendix G.

3.2.1.7 Geotechnical Data Integration

The integration of geotechnical data included the following:

· the selection of procedures and models for geotechnical analysis, including assessment of data supplied by the Client,

· the integration and interpretation of geophysical and geotechnical data collected and supplied by Fugro,

· the interpretation, evaluation, basic verification where practicable, and incorporation of selected information supplied by the Client,

· the preparation of a conceptual ground model at the MCT locations,

· checking and adjustment of the interpretation on the basis of available geological information and observations,

· the extrapolation of MCT derived soil characterization on the basis of available geophysical data.

The results of the geotechnical data integration are given in Section 4.
Geotechnical Analysis

The approach adopted for the geotechnical analysis included the following steps:

· the selection of procedures and models for geotechnical analysis, including the assessment of data supplied by the Client,

· the selection of model parameter values,

· the application of calculation models and evaluation of the results, including general installation recommendations,

· the extrapolation of burial assessment results based on the available geophysical data.

The sections of the report that describe the geotechnical analysis include various assumptions and premises.  One of the premises is the engineering and installation state-of-the-practice, as documented in Section 4.2.1.1 and Appendix H.

3.2.1.8 MCT Processing

The MCT data were processed directly on-board, then checked and interpreted upon arrival at the FSSI office in Seattle.  Approved and interpreted MCT data were subsequently transformed to AutoCAD .dxf format for on-chart data display and integration with geophysical data.  Appendix G presents the information regarding metrological confirmation and procedures for the MCT operations (Ref. Doc.: FEBV/GEN/APP/001 and FEBV/CDE/APP/028).

3.2.1.9 Interpretation Method

General methods for the interpretation of MCT data are given in Appendix G (Ref. Doc.: FEBV/CDE/APP/028).  The properties of the soil types encountered along the MARS cable route are addressed in Section 4.1.

3.3 Safety

All offshore working employees from FSSI are STCW Basic Safety Training certified.  Recognized by the United States Coast Guard, this certification includes training in: Personal Safety & Social Responsibility, Personal Survival, Fire Fighting, and Medical Emergencies at Sea.

Prior to the vessel departure, the Party Chief reviewed offshore safety rules and emergency procedures with all personnel.  The Party Chief also arranged with the vessel's Master to conduct fire and safety drills, and to outline procedures for abandoning ship.  See Daily Operations Reports for details (Appendix E).

The Party Chief had emergency contact information for coastline medical facilities nearest to the offshore survey location.  Twenty-four hour physician advice and shipment of medical supplies were contracted through Maritime Health Services of AEA International USA, Inc.

4. Burial ASsessment survey Results

4.1 Ground Conditions

4.1.1 Stratigraphy

In this section, we describe the soil conditions along the MARS route based on the information acquired during the geotechnical survey at each MCT location.

Starting off the coast of Moss Landing, our data show that the seabed consists of loose to medium dense sands, with local clay laminations.  The sands are gradually replaced by finer grained material further offshore.

At MCT location WF1-MCT003, very soft to firm clays are found at the seabed.  They overlay sands or cemented material that are found closer to the seabed to the southwest of location WF1-MCT008.  These sediments are initially sand-dominated and become clay-dominated towards location WF1-MCT012.  At WF1-MCT012 and the next sites further to the southwest, the soil is classified as very stiff to hard, cemented clay.

WF1-MCT018 is the first MCT location on the “neck of Smooth Ridge”, along the continental slope.  From here, sand laminations are present in the very stiff to hard, cemented clay.  South of WF1-MCT023, the clays generally become gradually softer.  In this area, we suggest that the refusal of the first attempt at location WF1-MCT024 may be due to the presence of rubbles on the seafloor (see Section 2.1.2).  At the base of the slope, between locations WF1-MCT027 and WF1-MCT031 very soft to soft clays are found, with sand laminations.

For detailed soil descriptions and measurements obtained at each MCT location, please refer to Appendix H.  Table 4.1.1 below provides a summary of ground conditions (by water depths) interpreted from the MCTs.

	Table 4.1.1: Summary of Ground Conditions

	AREA
	Water Depth
(meters)
	Dominant Soil Type
	Comments

	Offshore Moss Landing
	19 – 22
	SAND, loose to medium dense
	

	Continental Shelf
	39 – 90
	CLAY, very soft to soft
	Refusal at WF1-MCT007

	Shelf Break
	93 – 102
	SAND, very dense
	Refusal typically before full MCT target depth is reached

	Neck of Smooth Ridge
	105 – 432
	CLAY, very stiff to hard
	Cemented – refusal typically before full MCT target depth is reached

	Continental Slope
	485 – 888
	CLAY, very soft to firm
	Weakly cemented up to WF1-MCT026


Non-cohesive Granular Materials (Sand)

The density of the granular soils is characterized by relative density, DR, which can be estimated from mini cone test (MCT) results.  This estimate is based upon a relationship proposed by Jamiolkowski et al. (1988).

DR is related to the in-situ stress, K0 (ratio of effective in-situ horizontal and vertical stresses) and the MCT cone resistance, qc.  Both a high and a low estimate of the relative density DR are calculated, using K0 = 0.5 (assuming a normally consolidated profile) and K0 = 4.0 (assuming a heavily over consolidated profile).  The submerged unit weights are estimates based on values from similar granular materials in similar conditions.

Table 4.1.2 below gives boundary values applicable to the relative density classification.

	Table 4.1.2: Relative Density Classification

	Descriptive Term
	Relative Density DR
	Submerged unit weight

	
	(%)
	(kN/m3)

	Very Loose
	0 – 15
	8

	Loose
	15 – 35
	8

	Medium Dense
	35 – 65
	9

	Dense
	65 – 85
	10

	Very Dense
	85 – 100
	10


An assessment of the dilatancy follows the approach of Bolton (1986).  The relative density index, IR, depends on relative density and in-situ stress level.  At low stress levels, which are applicable for plowing, dilatant behavior can be expected at low relative densities.  Such effects are probably significant for dense to very dense sands, whereas dilatancy effects are probably of minor importance for loose to medium dense sands.

Permeability of sand is generally quite variable, and depends primarily upon the particle size distribution.  No detailed data are available for an accurate estimate of permeability.  Inspection of Fugro-held database documents shows that the permeability in sand waves typically ranges from 10‑4 to 10‑5 m/s.

4.1.2 Cohesive Materials (Clay)

The undrained shear strength, cu, for cohesive soils has been determined from the MCT using the following empirical correlation:
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where qc denotes the cone resistance, (vo the in-situ vertical stress and Nc an empirical cone factor.  Two values for the undrained shear strength are calculated, using an Nc factor of 15 for a high estimate of the undrained shear strength, and a value of 25 for a low estimate.

Table 4.1.3 below summarizes boundary values applicable to the consistency classifications of cohesive soils.

	Table 4.1.3: Consistency Classification

	Descriptive term
	Undrained Shear Strength
	Submerged unit weight

	
	(kPa)
	(kN/m3)

	Very Soft
	0 – 20
	6

	Soft
	20 – 40
	6.5

	Firm
	40 – 75
	7

	Stiff
	75 – 150
	8

	Very Stiff
	150 – 300
	9

	Hard
	300 – 600
	10

	Very Hard
	> 600
	11


4.2 Cable Burial Considerations

4.2.1 Burial Depth and Tow Force

4.2.1.1 Design Basis

This section presents analysis and recommendations regarding the maximum achievable burial depths expected along the MARS cable route, including an assessment of the expected tow forces.

The general requirements and assumptions considered for this project are:

· A burial assessment is conducted only at the MCT locations.

· A target burial depth is 1 meter.

· Simultaneous trenching and cable-laying will be performed with an SMD manufactured standard cable plow.

· The maximum tow force is defined according to system specification.

· The general procedure was developed in-house, as described by Plasman et al. (2001).
Further details concerning the design basis are presented in Appendix H, and present more information on methods and procedures.

4.2.1.2 Parameter Value Selection

Parameter value selection for the maximum achievable burial depth is primarily based upon MCT results and general geotechnical background information.  For granular soils, the parameter selection follows recommendations by Kleven et al. (1986).  The undrained shear strength in cohesive soils is derived from the cone resistance, using recommendations by Lunne and Kleven (1981).

4.2.1.3 Maximum Burial Depth

The selected method for calculating the maximum achievable burial depth relies on the analysis of the ground and plow equilibrium limit, as follows:
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where, Qf denotes the ground bearing resistance below the share, Fshare the friction on both sides of the plowshare and Qshare the load on the plowshare.

The ground bearing resistance is calculated using classic soil mechanics methods.  It is primarily dependent upon the strength of the soil, i.e. the secant friction angle for granular soils and the undrained shear strength for cohesive soils.  The friction acting upon both sides of the plowshare depends upon the vertical contact area of the plowshare, the horizontal earth pressure and other soil parameters.

Limiting values for the maximum burial depth apply, as detailed in Section 4.2.1.1 and the “Design Basis” document presented in Appendix H.  No safety factor applies to the above procedure.

4.2.1.4 Tow Force

The expected tow force can be estimated according to:
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where: 

T = tow force (kN)

qc,av = average cone resistance (Mpa)

B = expected maximum burial depth (m)

W = submerged plow weight (kN)

(,(,( = empirical constants

( = friction to weight ratio

Pore water pressure in sands may be generated during plowing and eventually affect the tow force.  The pressure occurs if the soil permeability is low in relation to the plow speed.  A reduction in pore water pressure can occur in dense to very dense sand and be associated with an increase in tow force.  The reduction of pore water pressure, however, cannot be unlimited but only equal to zero.  If the pore pressure within the shear zone of the ground approaches zero, cavitation will occur and the tow force will no longer increase.  The pore water pressure reduction to cavitation depends on the water depth.

Detailed results on the estimated average tow forces applicable to the MARS cable route are presented in Appendix H (see BAS summary document).

It should be noted that the available data are currently insufficient to provide a quantitative prediction of plow speed effects.

4.2.1.5 Operational considerations

The maximum achievable burial depth has been calculated assuming a target depth of 1 meter.  The tow forces calculated constitute an estimate of the average pulling force experienced during plowing.  Peak values may significantly exceed these average values, depending on soil conditions and operational constraints.

The predicted tow forces assume maximum achievable cable burial.  Should cable burial be less, due to a reduced share depth setting, tow tensions will also be reduced.  Alternatively, increased burial will result in increased tow forces.

Set-up effects while commencing plowing may cause an initial peak in tow force.  Tow forces approaching the system limit values warrant reduced speed of burial or a reduction of cable burial.  In areas where rock is present close to the seabed, the maximum achievable burial depth is limited to this surface.  In these areas, tow forces are likely to show a highly irregular signature due to hitching of the share.

4.2.1.6 Hazards

During the cable installation, ground conditions may pose a threat to the installation equipment.  Rock outcrops, pinnacles and sub-surface rocks shallower than the target depth of burial may possibly damage installation equipment due to sudden impact loading.  In addition, the equipment may hitch behind irregular surfaces, causing a sudden increase in tow force.  It should be reminded that excessive tow forces might lead to tow line rupture.

Similarly, objects identified by sonar are potentially hazardous to cable installation equipment.  These may include boulders, fishing and shipwrecks debris.  Associated hazards include equipment entanglement and impact loading.

Steep seabed slopes along the proposed cable route pose various hazards to the installation equipment.  These include:

· Uncontrolled downward sliding.

· Overloading of equipment parts.

· Local ride out.

Uncontrolled downward sliding of a plow may result in equipment loss and occurs if driving forces exceed resisting forces, including share resistance and frictional resistance.  Soft grounds provide little sliding resistance.  Towline catenary effects may increase driving forces.  The risk of uncontrolled downward sliding is therefore high on steep slopes covered with soft sediments in deep water.  Slope angles exceeding 5° may be critical for downward sliding.  Such slopes may cause uncontrolled downward sliding, as the plow may not precisely follow the proposed route.  Hence, positioning control of the plow is important in areas with large variations in seabed slopes, such as Smooth Ridge.

Seabed slopes generally cause a shift of the center of gravity of the installation equipment, e.g. a downward slope results in a forward shift.  This may cause an internal redistribution of the structural loads on the various equipment parts and an overloading of these parts in combination with other loads, e.g. impact loading.  Overloading of equipment parts may result in equipment damage.

A local ride-out may occur on the crest of sand waves and other ridges, and may be partial.  A local (partial) ride out will reduce cable burial, thereby decreasing the cable protection and hence the cable safety.  Alternatively, increased burial may locally occur at the foot of a slope, and increase burial results with a peak in tow forces.

Another concern is the plow stability and in particular the risk of plow sinkage while operating in very soft to soft sediments.  Plow sinkage occurs if the equipment load exerted on the seabed exceeds the maximum bearing pressure of the soil.  Sinkage causes the plow to uncontrollably penetrate the seabed and may result in equipment loss.

Mobile sediment, in general, may move during the lifetime of a cable.  As a result, the cable may become exposed in areas where it was initially buried, and the cable protection and safety may be reduced.

4.2.2 Wear

A particular consideration is the deterioration and wear of equipment parts, such as the plowshare, during the cutting and sliding motions that result in surface fatigue and abrasion [DIN, 1979].

Surface fatigue is defined as deterioration due to repeated dynamic loading of a surface, resulting in crack formation and flaking.  For plows, abrasion is the process causing removal or displacement of material at a solid surface due to the presence of hard particles embedded in a solid surface in sliding motion.  The contrast in hardness between the abrasive particles and wear parts is the primary factor governing abrasive wear [Verhoef, 1997].  Other soil properties influencing wear include the texture, strength, and particle size and shape.

Larger sized grains, such as gravel and cobbles, may cause repeated dynamic loading of the share tip, resulting in surface fatigue.  Alternatively, clay and silt particles do not cause significant surface fatigue.

Quartz and other silica minerals are significantly harder than steel and will cause significant abrasive wear.  Alternatively, carbonate materials such as chalk and limestone are softer than steel and do not cause significant abrasive wear.

Table 4.2.1 below summarizes the geotechnical considerations used for the qualitative assessment of expected wear rates.

	Table 4.2.1: Wear Mechanisms

	Surface Fatigue
	Abrasion

	Loading
	Soil Type
	Loading
	Soil Type

	No dynamic loading
	Clay and silt
	No abrasive wear
	Carbonate minerals

	Dynamic loading
	Coarse sand, gravel and rock
	Abrasive wear
	Silica and quartz minerals


The results of the qualitative assessment of equipment wear along the MARS cable route are summarized in Appendix H (BAS Summary Document).

Post Lay Burial

Options considered for post-lay burial include jetting only.  The primary mechanism for high pressure underwater jetting is hydrodynamic particle removal.  Particles may either be displaced in suspension, or by rolling and sliding mode.

Ground conditions favoring particle displacement in suspension include soils with no or little cohesion, small particle size and low particle self-weight.  Materials having a high cohesion or a large grain size are unlikely to go into suspension.  Particle removal by rolling and sliding requires hydrodynamic drag forces to exceed resisting forces, including gravity and frictional resistance.  The driving hydrodynamic drag force depends upon the square of the particle diameter, whereas resisting gravitational forces increase to the power of three with increasing particle diameter.  Larger particles are therefore more difficult to displace than smaller particles.

Table 4.2.2 below summarizes the qualifications applicable to the qualitative post-lay burial (PLB) assessment, assuming a 300 kW ROV is used.  It should be remembered, however, that the actual success of PLB depends on the selected jetting tool.

	Table 4.2.2: Post Lay Burial

	Class
	Description
	Indicative depth PLB

	PLB
	Speed
	
	(meters)

	A
	
	Good PLB expected using jetting
	1.0 – 1.5

	B
	
	Moderate PLB expected using jetting
	0.6 – 1.0

	C
	
	Little PLB expected using jetting
	0.3 – 0.6

	D
	
	No PLB expected using jetting
	0.0 – 0.3

	
	1
	No soil-related speed constraints
	

	
	2
	Some soil-related speed constraints
	

	
	3
	Significant soil-related speed constraints
	


The dominant ground types along the MARS cable route are sand and clays, with a varying degree of cementation.  Displacement of sand particles is likely to be feasible.  Cemented material, coarse gravel and cobbles, however, can probably not be jetted.  Similarly, jetting into the bedrock substratum locally encountered is unlikely to be successful.

The actual trench depth achieved may be further limited by bridging of coarse particles.  In such a case, the finer materials are removed and a coarse particle skeleton remains intact, therefore limiting trench depth.

Good PLB is likely to be achieved in very soft clays and silts (less than 20 kPa), depending on the selected jetting tool.  Post-lay burial attempted in soft to firm clays and stronger warrants the need for a careful selection of the jetting tool, in particular with respect to the anticipated trenching depth and the work progress rate.

The results of the qualitative assessment of PLB using jetting along the MARS cable route are summarized in Appendix H (BAS Summary Document).

Detrenching

This section considers detrenching by means of a deep penetrating grapnel only, which may be required for cable repair.  Other tools may be appropriate and should be considered on a case-by-case basis.

The movement of the grapnel during soil penetration is curved and follows the direction of the back of the fluke [Neubecker and Randolph, 1996].  Upon embedment, the grapnel fluke rotates and adopts a more horizontal position.  Maximum grapnel penetration is reached once the fluke is positioned near horizontal.

Insufficient grapnel penetration may occur if a shallow rock surface exists at a depth shallower than the depth where the fluke position is nearly horizontal.  This may also occur while trying to grapnel a cable buried deeply into dense sand or stiff clay.  Previous experience indicates that cables buried below 1 meter pose problems, depending on grapnel size and geometry.  Larger grapnels can generally penetrate to greater depths.

Retrieving a cable from a shallow rock surface may be difficult due to hitching of the grapnel over rough rock outcrops.  Potential difficulties along sections of the route with limited burial, e.g. over a shallow rock area, may also be posed by the presence of cobbles and boulders.  In addition, great water depths may pose limitations to grapnel control and hence detrenching.

Results regarding the expected feasibility of detrenching are summarized in Appendix H (BAS Summary Document).

4.3 Conclusions of the Burial Assessment Survey

Between locations WF1-MCT001 and WF1-MCT002, the target depth of burial of 1 meter is likely to be achieved.  The expected wear rate in the sands is moderate, depending on the mineralogy.  The tow forces are expected to be around 250 kN, but will be higher when shallow rock surfaces are encountered.  No significant difficulties are expected should detrenching be required, except for the sections of the route where shallow rock surface is present.  In these areas, hitching behind the rocky surface could occur, possibly hampering cable retrieval.

Where very soft to firm clays are encountered (WF1-MCT003 through WF1-MCT007, and WF1-MCT025 through WF1-MCT031) the target burial depth of 1 meter should be easily achieved.  At most of these locations, there is however a risk of plow sinkage because of the clay’s low bearing capacity.  If a plow is used, the estimated tow forces should be well below the upper limit and should not cause limitations to burial.  Wear rates are expected to be low, depending on soil conditions.  If post-lay burial is attempted, it may be decided to set the target burial depth deeper than 1 meter due to the decreasing protection acquired in soft clay.  No significant geotechnical difficulties are expected should detrenching be required, except where shallow rock surface is present.

Between locations WF1-MCT008 and WF1-MCT024, cable burial to a target depth of 1 meter is likely to become increasingly difficult because of the presence of cemented or dense material, rock outcrops and/or rubble on the seafloor (which probably originates from the weathering of rock outcrops).  Should burial be attempted, average tow forces calculated lie in the range of 75 to 250 kN.  It is expected that tow forces will be highly irregular because of hitching of the plow behind rock outcrops.  The expected wear rate is moderate to high, with high variability.  Post-lay burial may be attempted, but the cemented material can probably not be jetted.  Similarly, jetting into the bedrock substratum locally encountered is unlikely to be successful.

Detailed results of the burial assessment analysis for the proposed MARS cable route are summarized in Appendix H (BAS Summary Document).

5. Geophysical Survey Results and conclusions

The objective of the MARS survey was to enable the selection of a safe and economic submarine cable route, to assess cable protection requirements, and to provide information for the engineering, laying and subsequent maintenance of the cable.  With this aim, the geophysical survey provided seabed and shallow subsurface geological information continuously along the MARS route – the bathymetry being provided by MBARI.  This data was later complemented by a Mini Cone Testing (MCT) program designed to help assess soil conditions at 31 different locations along the MARS route (as detailed before in Section 4).

It should be noted that, at MBARI’s request, additional geotechnical data collected in 1999 during a survey for the Southern Cross Fiber Optic Cable route have been used for this study.  These data, which consist of a total of 37 Cone Penetrometer Tests (MCI-CPT035 through MCI-CPT 071) and four (4) Push Samples (PS-005 through PS008), were provided by MBARI prior to this report and integrated onto the MARS survey charts.  In order to clearly differentiate this dataset from the data specifically acquired for the MARS project, the location of all Cone Penetrometer Tests (CPT) and Push Samples (PS) are shown in red on the survey charts.  The MCTs collected during the MARS survey are displayed in black.

The results of the geophysical survey performed along the MARS cable route combined with the MCT, CPT and PS results are described in detail in this section and on a series of 13 alignment sheets that accompany this report (see Volume II).  All descriptions, presented here, are made from offshore Moss Landing towards the MARS observatory node located at a water depth of 891 meters; i.e. from Chart as001 through Chart as013 in an east-to-west direction across the continental shelf and north-to-south along Smooth Ridge.

5.1 Seabed Morphology and Geology along the Route

Along the continental shelf

The initial portion of the MARS route offshore Moss Landing runs from a water depth of 17.5 meters, near the end of the Duke Power Plant pipeline, to the north of the shallow multiple heads of Monterey Canyon (Chart as001).  From this location, between approximately 121°48.00’W and 122°06.00’W, or from 20 to 90 meters water depth (KP0 to KP30 on Charts as001 through as007), the MARS route runs across the continental shelf over a relatively featureless and gently sloping seabed that consists primarily of unconsolidated sand, silt and clay (or a mixture of these) with local areas of dense/coarse sand and hard/firm clay.  It should be noted that many water column anomalies, visible on the side-scan sonar data, occurred in this area that appear to result from fish, squid or bait balls.

On Chart as001, water depths along the shelf increase gently towards the west from 17.5 to 25 meters and slope gradients are less than 5° within the entire survey corridor.  In the vicinity of the Duke pipeline, at the start of the route, several patches of sand ripples and dense sand are observed over a local shoal in water depths of less than 20 meters.  Along this portion of the route, the subbottom profiler only achieved limited penetration through the substratum and no reflectors were observed.  However, our data combined with the results of the MCT information suggest that the surficial sediment cover of loose to medium dense sand (with clay laminations) is generally 1.7 meters thick or greater.

Please note that the presence of the Duke Energy pipeline in the vicinity of the sand ripple areas is discussed later in Section 5.2.
On Chart as002, east of 121°51.00’W, the route runs towards the northwest more or less parallel to the bathymetric contours.  In this area, the seabed is relatively featureless with an average water depth of 25 meters and consists predominantly of weakly layered loose to medium dense sand, or clayey sand, greater than 2 meters in thickness.  West of 121°51.00’W, the seabed deepens gently to 35 meters and the subbottom profiler data show a greater penetration into the sediment.  We interpret the change in acoustic facies to a possible transition in the soil composition from sandy to predominantly clayey sediments, as confirmed by the MCT results obtained further to the west.

On Chart as003 and most of Chart as004, between approximately 121°52.00’W and 121°56.60’W, the route undulates gently towards the west-northwest with water depths ranging from 35 to 45 meters.  The seabed comprises predominantly thick (greater than 2 meters) very soft-to-soft clay, or sandy clay, with sand laminations increasing at a depth of 1 meter below the seabed.  The sediments are generally well layered throughout this portion of the route and no major obstruction is expected.

From approximately 121°56.60’W to 122°00.60’W (or between KP15.25 and KP21.3), the bathymetric data show that the seabed undulates very gently between 38 and 49 meters water depth over a series of small ridges and depressions that extend more or less in a north-south direction (Charts as004 through as006).  Seabed gradients are typically less than 5° in this area and a mixture of clayey sand and sandy clay dominates at the seafloor.  The limits between the two major sediment types (i.e. sand and clay) are generally diffused and were identified from changes in the sediment reflectivity on the side-scan sonar records.  MCTs and subbottom profiler data collected in this area show that the sediment cover is typically weakly-layered and greater than 2 meters in thickness.

Around 122°00.60’W (~ KP21.3), at a water depth of 49 meters, the seabed starts deepening more steadily towards the west and consists primarily of very soft to firm sandy clay and silt, although occasional patches of sand may occur (see Chart as006).  From this location to a water depth of approximately 90 meters, around 122°06.00’W (~KP30), the route runs over a series of small steps, 3 to 5 meters in height, over which harder clays or possibly dense sand patches are encountered.  Although no internal reflections are observed on the subbottom profiler data, the surficial sediment cover of sandy clay and silt is expected to form a layer greater than 2 meters thick in this area (Charts as006 and as007).

At the shelf edge and along the continental slope

The 90-meter water depth contour, around 122°06.00’W (~ KP30), marks approximately the edge of the continental shelf and corresponds with a clear thinning of the surficial sediment cover, as shown in the western part of Chart as007.  We also interpret this contour as being approximately the limit between Quaternary muddy deposits (to the east) and sediments of the Purisima Formation, which are characterized by siltstone and sandstone of Pliocene age (to the west).

In the upper part of the continental slope, between 90 and 105 meters, the seabed comprises primarily very dense clayey sand with a discontinuous cover of very soft clay or silt typically less than 0.7 meters thick, as revealed by the geotechnical data (see Chart as008).  The limited extent of penetration at most of the MCT and CPT locations suggests that, in this area, the sands can be locally very consolidated (possibly siltstone/sandstone) at a depth as shallow as 0.14 meters below the seabed.

In the western part of Chart as008, around 122°07.75’W (e.g. ~KP33), the 105-meter water depth contour corresponds with a marked change in the seabed geology, and with a more significant drop of the seafloor towards the southwest as the route runs down the neck of Smooth Ridge.  Below this water depth, our side-scan sonar records show the presence of numerous rock outcrops or rubbles along the slope (Chart as008 through Chart as010).  In addition, most of the CPT, MCT and PS data collected in this region reveal a refusal at shallow depth below the seabed and the presence of very stiff to hard cemented clay, which can be as challenging as rock as far as plowing operations are concerned (see discussion in Section 5.3).  For these reasons, although the geotechnical data suggest the presence of clay as a major soil component along the neck of Smooth Ridge, we displayed this entire area as “rock” on the survey charts.  Subbottom profiler data collected between 105 and 140 meters water depth show several strong reflectors dipping seaward, with a stratal dip slightly greater than the slope of the seafloor.  This observation is in general agreement with the results of previous studies discussed in Section 2.1, which suggest that hard or cemented layers likely crop out at the shallow end of Smooth Ridge.
In the central part of Chart as009, the MARS route runs steeply along the walls of a canyon located exactly in the axis of the Carmel Canyon, which can be identified further to the southeast (see also Section 2.1).  The canyon exhibits a V-shape, with its axis centered around 122°10.00’W (~ KP37).  Along the canyon wall, seabed gradients are up to 18° within the survey corridor and 14° along the route, and the seafloor is primarily composed of hard carbonate cemented rubble and, most likely, rock outcrops.

The area between 160 and 320 meters water depth, on the eastern flank of the canyon, is particularly steep and disturbed.  Subbottom profiler data collected in this region allowed us to identify – on all survey lines – a weak but consistent reflector dipping seaward, which is interpreted as the location of the San Gregorio Fault.  In general, the reflector does not reach the seabed surface.  However, when prolonged towards the surface it shows that the fault would cross the seabed around the 227-meter water depth contour (along the route) and would extend in a N-S to NNW-SSE direction, as shown on Chart as009.  The disturbed area that marks the passage of the fault (between the 208-meter and the 311-meter contours along the route) is interpreted as the fault deformation zone.  Our observation is more or less in agreement with previous studies of the San Gregorio – Palo Colorado Fault, which suggest that the fault occurs in slightly greater water depth between 250 to 350 meters, as opposed to 227 meters (see discussion in Section 2.1).
The studies mentioned above also suggest that many kilometers of lateral offset occur across the San Gregorio Fault and that therefore the substrates on both sides are unrelated.  On the east side of the fault, the seabed should consist predominantly of sandstone and siltstone of the Purisima Formation, while on the west side of the fault it should be mostly composed of mudstone of Pliocene age.  Our geotechnical data do not allow, however, differentiating between the two formations and reveals in general the presence of very stiff to cemented clay in the area along the neck of Smooth Ridge.  Additional seabed samples would be necessary to ground truth our geological interpretation, but unfortunately, no sampling was performed during the MARS survey.  It should be remembered that in the area of the narrow neck of Smooth Ridge, hard grounds and carbonate concretions may be locally associated with the passage of the San Gregorio Fault, which provide a conduit for mineralized fluid seeps.

West of the canyon feature mentioned above, i.e. west of 122°10.00’W (~KP37), the route turns towards the south-southwest.  The seabed is more regular and deepens gently from 308 to 420 meters water depth along the neck of Smooth Ridge, with slope gradients of less than 6° (Charts as009 and as010).  In this area, the rise extends in a NNE-SSW direction and is flanked on both sides by numerous steep scarps that are well imaged in the side-scan sonar records, in particular south of 36°49.00’N.  Our data suggest that these scarps are associated with areas of mass failure and well-developed slumps.  Along the neck of the ridge, the slope is covered with very stiff to hard, cemented clay and hard carbonate rubble, and only weak reflectors can be observed on the subbottom profiler data.

As the water depth increases along Smooth Ridge, between 420 and 450 meters, a thin cover of sediment progressively overlies the rubbles and the substratum becomes less stiff and weakly cemented.  Strong reflectors, dipping to the south, start to appear in the subbottom profiler records as greater penetration is achieved in these softer sediments (Chart as010).

At approximately 450 meters water depth (~KP41.25), a clear limit is observed on the side-scan sonar records between the very reflective rubble area that cover the neck of Smooth Ridge (to the north) and the less reflective softer sediments further down the slope (Chart as010).  South of this limit, the seabed is predominantly covered with well-layered soft to firm sandy clays, which thicken towards the south.  As shown on Charts as010 through as013, the seafloor is relatively featureless and deepens gently in this area, with gradients of less than 8°, down towards the location of the observatory node.  Along this section of the route, the only remarkable feature is a small 10-meter high ridge located around 36°44.80’N (~KP47.15), which culminates at a water depth of 762 meters.

At the end of the MARS cable route, the observatory node is located at a water depth of 891 meters (KP51.020) on the southeastern flank of Smooth Ridge.  In this area, the seabed is smooth, featureless and blanketed with a thick (5 to 10 meters) unconsolidated well-layered sediment cover of clay.  No hard substrate and no indication of seafloor instability were observed in this region (Chart as013).

5.2 Obstructions

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.  Their positions are given in Section 2.3 and plotted on the survey charts presented in Volume II.

Because it directly impacts upon the cable installation and was chosen as the starting point for the MARS cable route, we provide in this section some details regarding the presence of the Duke Power Plant oil line (pipeline), which lies in the shallow waters off Moss Landing.

The pipeline, owned by Duke Energy, extends in a west-northwest direction from the shore to a water depth of approximately 18 meters (MBARI bathymetric data), as shown on Chart as001.  Because it is considered as a possible landing for the MARS cable, MBARI required that the exact position of the end of this structure be identified during the MARS survey.

The original position for the offshore end of this pipe was taken off the nautical chart 18685 at: 36°48.719’N – 121°48.037’W (in gray on Chart as001) and set up as the main target for the survey.  The pipeline was indeed identified during the survey only 10 to 20 meters away from this target position, as a clear linear trend on side-scan sonar records, with its end at: 36°48.738’N – 121°48.071’W.  It is plotted in black on Chart as001.

An image of the pipeline at this location, displayed on Figure 5.2.1 below, shows that the location of the Duke Energy pipe corresponds with a linear (perpendicular to shore) accumulation of coarse-grained material.
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Figure 5.2.1:  Side-scan sonar image of the Duke Energy Oil Line in Monterey Bay.


The original side-scan sonar record can be found on Roll 1 of 6,
Fix number 389, 05 December 2003.

Several additional sonar targets that appear to be man-made were also imaged in the vicinity of the 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.  In total, seven (7) sonar targets have been identified from our side-scan records.  They are all plotted on Chart as001 and described in Table 5.2.1 below, as they might constitute a hazard to the MARS cable.

	Table 5.2.1:  Sonar Contact List for the MARS survey

	Sonar Contact
	Latitude
	Longitude
	Depth (meters)
	Dimensions (LxWxH) (meters)
	Description
	Chart

	SC001
	36°48.901’N
	121°48.068’W
	14
	20.0x0.5

(no height)
	Linear contact
	as001

	SC002
	36°48.949’N
	121°48.173’W
	15
	50.0x1.0

(no height)
	Linear contact
	as001

	SC003
	36°48.771’N
	121°48.301’W
	20
	10.0x0.5

(no height)
	Linear contact
	as001

	SC004
	36°48.662’N
	121°48.180’W
	22
	2.0x2.0

(no height)
	Possible object
	as001

	SC005
	36°48.851’N
	121°47.996’W
	14
	2.0x2.0

(no height)
	Possible object
	as001

	SC006
	36°48.798’N
	121°47.996’W
	15
	2.0x2.0

(no height)
	Possible object
	as001

	SC007
	36°48.675’N
	121°47.844’W
	15
	2.0x2.0

(no height)
	Possible object
	as001


5.3 Risk Assessment and Burial feasibility Concerns

In this section, we highlight the potential risks that may impact the integrity of the MARS cable throughout its lifetime, as well as burial feasibility issues that may be encountered along the route during the cable installation process.

Risks to the MARS cable may be related to human activities or natural events.  Human activities, such as fishing, are likely to occur in all water depths along the cable route and represent a real threat to the cable safety, in particular between 50 and 500 meters water depth where most of the bottom trawling effort is concentrated (see Section 2.4.1).

Anchoring, dredging or dumping activities, as well as navigation and research buoys, represent a smaller threat, although they may occur and should be accounted for in particular in the approach to Moss Landing where traffic intensifies (see Section 2.4.2).

Natural events, such as slumps, slides and turbidity currents, are likely to occur across the continental slope and represent the most important threat to the MARS cable, especially in the area of the neck of Smooth Ridge in water depths greater than 90 meters (see Sections 2.1 and 5.1).  In seismically active areas, such as Monterey Bay, where numerous faults are active, the potential danger is not primarily from the immediate surface rupture or ground shaking, but from the effect 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 is strongly recommended along the entire length of the route, from the shore to the observatory node, to a target depth of at least 1 meter.

Our survey data suggest, however, that burial may be difficult to achieve (or not possible) in some critical areas of the route; the main difficulty anticipated being the possibility of rocks and consolidated sediments being exposed 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 if burial cannot be fully achieved in some areas, additional cable armoring is planned and fishers notified of the location of the exposed cable.

5.4 Route Design and Engineering recommendations

Although it is not the intention of this report to provide comprehensive cable engineering, it is useful to consider some generalized guidelines to the types and quantities of cables that might be required for the MARS system.

Cable engineering and route design suggestions provided in this section are conformed to cable industry standard specifications, as FSSI understands them.

5.4.1 Cable Routing Considerations

Armoring and burial represent the two main means of cable protection, although in addition to these FSSI believes that following specific route design criteria can also help ensure the appropriate protection of a cable system.

These criteria include:

· the MARS cable route should run as perpendicular to slopes as possible, in particular along the steep upper continental slope, i.e. along the neck of Smooth Ridge,

· to allow better control for cable laying operations, Alter Courses (ACs) should be kept to a maximum of 15° in burial area, i.e. along the entire route.  This assumes that accommodations can be made within the survey swath to keep turns to less than 10°.

· the distance between ACs should always be kept to more than twice the water depth, if possible.

5.4.2 Cable Types and Slack Values

Various cable types afford different levels of protection depending on the external threat from known and unexpected hazards, including the conditions of the seabed.  The following provides some simplified guidelines as to the types and quantities of cables generally required for submarine cable systems; these are directly related to the water depth and the type of external aggression.

In the case of the MARS cable, essentially three different types of cables are being considered.

	Single Armor Light

(SAL)
	· Typically used to a maximum depth of 1,500 meters when armor is required in areas where good burial is predicted.

· It is used on medium depth and continental shelves, on rocky terrain, and in areas where trawling is a risk.

	Special Application

(SPA)
	· Used to a maximum design depth of 6,000 to 7,000 meters, when surface-laid on continental slopes and in deep-sea areas where extra abrasion protection might be needed.  

· Typical installation is 1,000 to 4,500 meters, where rocky terrain may occur.

	Light Weight Protected

(LWP)
	· Same application as for SPA cable but in more benign environments.

· Typical installation is from 1,500 to 8,000+ meters.


We recommend a slack value of 0.5% along the entire MARS cable route, which is in general agreement with the standard industry guidelines for buried cables.  Slack values may increase above 0.5% to accommodate areas of rough and steep seafloor.

5.4.3 Cable Route Engineering

As shown in the Route Position List and Straight Line Diagram provided in Appendix A, we recommend that buried Single Armor Light (SAL) cable be used from the end of the Duke pipeline (KP0) to a water depth of 90 meters across the continental shelf, i.e. over a distance of approximately 30.2 km.  In this area, the seabed is relatively featureless and thickly sedimented, and burial should be fully achieved (see Charts as001 through as007).  Slope gradients along this section of the route are typically less than 5° and therefore not an issue with regard to the equipment safety.  However, it should be remembered that in areas of very soft clays, such as between WF1-MCT003 and WF1-MCT007, there is a risk of plow sinkage because of the clay’s low bearing capacity.

Between 90 and 105 meters water depth, which correspond approximately with the edge of the continental shelf, we recommend a transition to Light Weight Protected (LWP) cable over a distance of about 3 km.  In this area, additional cable armoring is proposed because of the significant thinning of the surficial soft sediment cover and the possibility of consolidated sands at the seabed (Charts as007 and as008).  Should any burial problem occur, we believe that LWP cable should provide the degree of protection required in this heavily fished area.

From 105 to 450 meters water depth, the seabed drops significantly down the neck of Smooth Ridge, with gradients up to 14°, and numerous rock outcrops, hard to stiff cemented sediments and rubbles occur along the route.  It is anticipated that this area will be the most challenging with regard to the burial operations and the installation of the MARS cable, and that the integrity of the burial equipment may be at risk.  In order to provide extra protection along this portion of the route, we propose that Special Application (SPA) cable be used over a distance of 8.2 km.  Although our burial assessment results show in many places along the neck of Smooth Ridge a penetration of 1.5 meters or greater into cemented materials, we suggest that burial in this area may be in fact very challenging for the plow share, which represents a much larger surface of resistance than the penetrometer cone of the MCT and CPT equipment.  The occurrence of hard sediment could result in a rapid wear of the share.  The presence of relatively steep slopes, with gradients up to 14°, may also put the plowing equipment at risk.  It should be reminded that this area is also heavily fished.

In the upper part of Smooth Ridge, the MARS route runs along the steep walls of a canyon centered around 122°10.00’W (~KP37).  The area between 160 and 320 meters water depth, on the eastern flank of this feature, is particularly steep and disturbed, and corresponds with the passage of the San Gregorio Fault (see Section 5.1).  The presence of the fault is not itself a threat to the cable integrity, but any activity along this structure is likely to provoke mass wasting events, and rock/rubble slides that could considerably damage the cable.

In addition, hard grounds and carbonate concretions observed in this area may be locally associated with the emission of mineralized fluids (cold seeps), whose interaction with the cable may be hazardous.  Pockmarks and large concretions, which may occur in the areas around cold seeps, also present a hazard with regard to plowing operations.  It should be remembered, however, that the cold seeps studied in Monterey Bay rarely occupy a surface larger than a few hundred square meters, and that the principal hazard to a submarine cable is the potential for abrasion of an unburied cable over these hard grounds.

Finally, in water depths deeper than 450 meters, and up to the end of the cable route, we propose a final transition to LWP cable over a distance of 9.8 km.  In this area, the route runs over a sedimented and featureless portion of Smooth Ridge.  No major obstruction is expected and the target depth of burial of 1 meter should be easily achieved.  Again, however, there is possibly a risk of plow sinkage in areas covered with very soft clays, because of the clay’s low bearing capacity.

6. Service Warranty

1. This report and the geophysical interpretation and assessment performed in connection with the report (together the “Services”) were compiled and carried out by Fugro in accordance with the Scope of Work and terms of a contract between Fugro and MBARI (the ‘Client’).  The Services were performed by Fugro with all due skill and care as ordinarily exercised by a reasonable geophysical and geotechnical survey contractor.  Further, and in particular, the Services were performed by Fugro taking into account the Scope of Work limitations as specified by the Client, time scale involved, and the resources, including both financial and manpower, agreed upon between Fugro and the Client.

2. Other than that expressly contained in Paragraph 1 above, Fugro provides no other representation or warranty, whether express or implied, in relation to the Services.

3. Fugro performed the Services exclusively for the purposes of the Client.  Fugro is not aware of any interest of or reliance by any party other than the Client in or on the Services.  Unless stated in the contract or report for the Services or expressly provided in writing, Fugro does not authorize, consent or condone any party other than the Client relying upon the services.  Should this report or any part of this report, or otherwise details of the Services or any part of the services be made known to any such party and such party relies thereon that party does so wholly at its own and sole risk and Fugro disclaims any liability to such parties.  Any such party would be well advised to seek independent advice from a competent geophysical/geotechnical survey contractor/consultant and/or lawyer.

4. It is Fugro’s understanding that this report is to be used for the purpose described in Section 1 - “Introduction” of this report.  That purpose was a significant factor in determining the scope and level of the Services.  Should the purpose for which the report is used, or the Client’s proposed development or activity changes, this report may no longer be valid and any further use of or reliance upon the report in those circumstances by the Client without Fugro’s review and advice shall be at the Client’s sole and own risk.  Should Fugro be requested to review the report after the date hereof, Fugro shall be entitled to additional payment at the then existing rates or such other terms as agreed upon between Fugro and the Client.

5. The passage of time may result in man-made and/or natural changes in site conditions and changes in regulatory or other legal provisions, technology or economic conditions, which could render the report inaccurate or unreliable.  The information and conclusions contained in this report should not be relied upon if any such changes have taken place, and in any event, after a period not greater than two years (or six months in the case of seabed features information) from the date of this report or as stated in the report without the written advice of Fugro.  In the absence of such written advice from Fugro, reliance on the report after the specified time period shall be at the Client’s own and sole risk.  Should Fugro be asked to review the report after the specified time period, Fugro shall be entitled to additional payment terms as agreed upon between Fugro and the Client.

6. The observations and conclusions described in this report are based solely upon the Services, which were provided pursuant to the agreement between the Client and Fugro.  Fugro has not performed any observations, investigations, studies or testing not specifically set out or required by the contract between the Client and Fugro.  Fugro is not liable for the existence of any condition, the discovery of which would require performance of services not otherwise contained in the Services.

7. All information provided within the Route Position List (RPL) was supplied by the Client.  Fugro is in no way responsible for information pertaining to cable type, slack values, the positioning of beginning of burial, end of burial, and transitions between cables types.

8. Recommendations for cable engineering and installation in this report are based solely on the results of the Geophysical and Burial Assessment Route Surveys.  In essence, the instruments used to collect data during the Geophysical Survey do so by remote sensing.  Because the interpretation of physical seabed characteristics and underlying sediment structure were not confirmed by sampling of the seafloor, they should be regarded as open to consideration.  The mechanical properties of the soil were investigated during the Burial Assessment Survey.  This survey allowed to evaluate plowability and expected burial conditions at the location of 31 Mini-Cone testing location along the MARS cable route.  It does not provide in any way a continuous assessment along the entire route.

9. Some information in this report was obtained from third parties; this information has been accepted in good faith and is, to the best of Fugro’s knowledge, accurate.  Such data sources are listed in the report.  Fugro accepts no liability for issues arising from the reliance on information supplied by third parties.
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Figure 2.1.2


Offshore geology of the Monterey Bay region. (From McCulloch and Greene, 1990, Map 5A)
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Figure 2.1.2


Legend.
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