DRAFT

Application for a 2005 National Marine Sanctuary Special Use Permit

1. Cover Letter TBD
2. Project Summary (250 words or less)
MBARI requests a special use permit for carrying out ROV controlled scientific experiments in the deep waters of Monterey Bay. The objectives of the work are:

1. To create better instruments, systems, procedures and methods for simulating the impact of rising oceanic CO2 levels on marine ecosystems.

2. To explore the ways in which rising ocean temperatures may de-stabilize continental shelf sediments.

The methods to be used derive from the well-established series of FACE experiments widely carried out on land to investigate the effects of elevated CO2 levels on terrestrial ecosystems. The basic approach is to deploy a ring of diffusers and sensors into which small quantities of either CO2 or hydrochloric acid are mixed so that the enclosed space maintains a constant enrichment at the desired value. 


The method used to investigate the physical chemistry of sea floor failure will explore the impact of changing temperature on super-saturated gases in marine sediments, and the way in which gas pressure buildup creates instabilities.


It is preferable that the work takes place within the Sanctuary since that is where MBARI’s unique ship/ROV assets are located, and deep-water access is available.


The significance of the work to the Sanctuary is that it uniquely leads to public understanding of the impact of global change on marine systems, and can possibly provide a predictive tool for the future functioning of the oceans. The results will be published in major scientific journals, and the work is transmitted in real time to audiences at the MBA.

3. Technical Information

i) Rising oceanic CO2 levels

a. Purpose

The purpose of the work is to increase scientific understanding of the impacts of the rapidly changing chemistry and physics of the ocean due to rising atmospheric CO2 levels (Cicerone et al., 2004). The ocean now absorbs about 1 million tons fossil fuel CO2 per hour, surface ocean pH levels have already declined by >0.1, and the fossil fuel CO2 signal is now recognizable down to >1km depth. No adequate understanding of the impacts of these changes and their predicted course through the 21st century yet exists. The purpose of our work is to provide this.

b. Objectives

The objective of our work is to create the tools that make such studies possible, to communicate the results to the public, and to make these tools available to scientists worldwide through publication in the peer reviewed literature.

c. Project Significance

By carrying out this work in the Sanctuary we are not only are able to take advantage of MBARI’s world class ship/ROV assets, which are based on the shores of Monterey Bay, but we are also able to shed light on and predict the changes the Sanctuary will experience in the years ahead. The special use permit will thereby promote public understanding of the Sanctuary as a living and evolving resource that is not immune to a changing external world, and it may well serve as blueprint for similar work in other nations.

d. Methods 

We propose cruises in May and September 2004 of two days each. All equipment will be recovered at the end of each cruise. The object of the cruises is to test apparatus for controlled enrichment of a small volume of sea water with slightly elevated dissolved CO2 levels. On land very large structures and CO2 releases are typically used; one terrestrial site releases 1,000 tons CO2 per year. We emphasize that our contemplated size and release rates are orders of magnitude smaller.

We will deploy a ring of 2-3 m diameter with legs supporting this about 50 cm above the sea floor. The controlled volume in this ring will be about 1m diameter. We will select a hard sediment surface with minimal biota present at 100-300m depth for the experimental site. The ring will have mounted around the periphery a small-bore pipe through which the ROV will supply first a slow stream of a dye to visualize flow through diffusers. A current meter will be deployed to sense flow, and provide feedback to the valves controlling the release of dye on the upstream side. A set of pH electrodes will be installed around the ring to record the local signal. If all goes well a small quantity of hydrochloric acid will next be metered into the flow so as to provide a pH perturbation of about 0.3 pH units (corresponding to the change anticipated for ocean surface waters by mid-century). The system will be controlled through the ROV at all times, and the data streams recorded. The experiment will use about 20 liters of 2N hydrochloric acid, released slowly during the course of a 6-hour experimental day. The operating system will first be extensively checked in MBARI’s test tank facility for reliability.


In the second (September) cruise we will deploy an enhanced version of this system with improved valving and control systems. We will meter in controlled quantities of CO2 enriched sea water and dye in this series to achieve and monitor a similar pH perturbation, using about 9 liters of CO2 dissolved slowly into sea water during a 6 hour experimental day. Technically experiment 1 will involve a perturbation in alkalinity and pH, but not total CO2. Experiment 2 will involve a perturbation in pH and total CO2, but not alkalinity. The reaction kinetics differ slightly, as does the ease of execution. The quantities released will depend on the local current speed.

The short duration of the experiments and the small perturbations targeted will ensure no loss of, or injury to, any Sanctuary resources.

ii) Sea floor de-stabilization experiments
a) Purpose

The purpose of the work is explore within a contained and controlled system the manner in which the build up of gases in the pores of marine sediments can result in sea floor failure. Such instances are well known around the world and can result in serious large-scale impacts on marine ecosystems (Weeks et al., 2004), and loss of human life (Tappin et al., 1999; Hovland, 1999). 

b) Objectives.

The objective is to better understand the fundamental mechanisms whereby a supersaturated gas solution (which in nature may be created by organic matter decomposition, or the presence of gas hydrates) contained within the pores of marine sediments can shed its excess energy into the gas phase, thereby expanding the volume of the system, expelling water, and creating loss of grain-to-grain contact and sea floor failure. The degassing of a bottle of champagne provides a familiar example in free solution.

c) Project Significance

As before an essential resource for carrying out this work is MBARI’s ship and vehicle assets based in Moss Landing. Without this unique capability the work cannot be done. The potential benefits to the Sanctuary from issuance of a special use permit include understanding of significant undersea events that impact mankind, and that may well increase with rising temperatures. Mass wasting events in the Monterey Submarine Canyon occur often, although these are typically not gas-driven. Gassy sediments do exist within the boundaries of the Sanctuary, and this research can address questions regarding their stability.

d) Methods

We propose two experiments to be carried out in April and October of 2004. The first will be to test operating procedure, and the second to achieve a higher level of understanding of the principles involved. Both experiments will be carried out in mid-water at 100-300m depth, and will involve about 1 m3 of gaseous CO2. Every effort will be made to contain this gas within the apparatus. The use of CO2 is necessary since it is impossible to simulate directly within a few hours the build up of CH4 and H2S that occurs within marine sediments over long periods of time due to organic matter decomposition. The solubility of CO2 exceeds that of other gases by a factor of 10 due to its unique reactivity with water to form H2CO3, and thus it is easy to create solutions with a precisely known degree of super-saturation. The procedure will be to contain a mass of marine sediment with an enclosed box, to saturate the surrounding water and pore water with CO2 at a depth where maximum solubility is achieved (about 300m depth), and then to slowly raise the system to shallower depth to force a controlled degree of super- saturation.

e) Personnel

The Principal Investigator for the projects above will be Dr. Peter G. Brewer. The Lead Engineer will be William Kirkwood. The Project Manager will be Dr. Edward Peltzer. Each of these individuals has decades of experience and the qualifications to carry out the tasks. Details on their abilities, experience, and qualifications may be obtained at:

http://www.mbari.org/staff/brpe
http://www.mbari.org/staff/kiwi
http://www.mbari.org/staff/etp3
4. Environmental Consequences

The purpose of the work is to carry out experiments to explore the environmental consequences of a changing world. However the quantities involved are so small, and the duration so short, that no environmental consequences are anticipated. As evidence of this we have established from prior experiments carried out by special use permit in the Sanctuary (Brewer et. al., 2004) that at a distance of only 2m away from a source of 20 L of CO2 held close to the ocean floor the largest pH signal recorded was that from the ROV landing on the sea floor and compressing the mud, thereby squeezing out a small quantity of pore water. We therefore do not anticipate detectable signals at distances >2m beyond our experimental site. In any case the changes in oceanic CO2 and pH levels naturally occurring with depth are far greater than the perturbations described here. The work must take place on the ocean floor at depths of 100-300m, and would involve long and expensive transit times to waters outside the Sanctuary should a permit not be issued.

5. Supporting Information

a. Financial Support. Support for the project is provided primarily by the Monterey Bay Aquarium Research Institute, and secondarily by the U.S. Department of Energy. The U.S. Department of Energy is the originator of the FACE techniques now used around the world to investigate the effects of rising atmospheric CO2 levels on ecosystems on land, and has an abiding interest in the creation of equivalent FOCE experiments to investigate the responses of oceanic ecosystems. The DoE awards specify compliance with NEPA, and the procedures adopted here are consistent with that.

b. Copies of Other Permits. Not applicable.

c. Other Sanctuary Permits or Authorizations. MBARI is authorized to carry out general oceanographic work within the Sanctuary. A Special Use Permit was previously issued to carry out an earlier phase of this work. All conditions were complied with, and scholarly publications in peer reviewed journals have resulted from this effort.

d. Comprehensive Liability Insurance. MBARI maintains comprehensive liability insurance appropriate for this work.
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