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1) ABSTRACT (new projects only)
This is a request for continuation of the highly successful MBARI Greenhouse Gases research theme. This has its origins in a breakthrough January 1996 Ventana dive in which novel techniques for creating gas hydrates in situ were first explored by a MBARI (plus Stanford) Science and Engineering team. This theme, unique to MBARI, of creative experimental use of MBARI’s deep-sea vehicle technologies by the combined efforts of scientists, engineers, and operations teams has now resulted in approximately 50 papers, and worldwide recognition and international collaborations. The topic of contemporary greenhouse gas ocean geochemistry is of fundamental importance to society. In 2006 we wish to begin the third phase of this program, which now incorporates into field science the successful development of laser Raman techniques. The development of this field of science has been critically dependent upon close collaboration between scientists and engineers. We believe that no other Institution could have successfully completed this effort. The first task for Engineering is to support the completed developments of the previous Green House Gases II program and ensure the transition from development engineering to support engineering and full operational status for science. DORISS and the PUP systems are complete from a development stand point but have not had a full field deployment in the final configuration for science. Per department policy the team is expected to see the completion of the systems through to a technically successful cruise for science. This is also a critical aspect for the engineering team to fulfill their commitment to the project and who will continue on with further efforts on the Green House Gases research project.


Specifically we propose: 

i) To continue our work on the fate of CO2 released into the ocean, whether by direct injection, or the vastly larger atmospheric invasion signal, and to design and carry out controlled experiments to simulate this. This work has been given new prominence and impetus by the impending release of the authoritative IPCC report in which MBARI research is prominently figured. And also by the successful 2004 SCOR/IOC meeting, and the subsequent 2005 UK Royal Society report on ocean acidification.
ii) To continue our work on methane hydrates, now fully incorporating in situ Raman techniques. This will be in strong collaboration with Prof. E. Dendy Sloan, with NURP funding for our joint efforts on MBARI ships with a proposed expedition leg to a site off Vancouver Island.

iii) To transfer the older Raman system from prototype field use to a laboratory system, and initiate the techniques essential for that. And to initiate field work with the new, and much improved DORISS II system.
iv) To complete work initiated in 2005, and to take care of earlier project components that, whether, through time or support pressures, have not yet been realized.
2) PROPOSAL
a) The problem addressed (new projects only)
Statement of the problem

The problems we address now have a long and successful MBARI history of matching Institutional science and engineering skills and assets with scientific problems of importance to society, and providing a steady stream of technologies for their investigation. For 2006 the problems may be stated as:
i) Make critical advances in carrying out important experiments on the behavior, and effects of, a CO2 perturbed ocean so that theory may be tested, and successful environmental predictions made. MBARI is a world leader in this field. This topic has been expanded by the discovery of now 3 sites of leakage of volcanic liquid CO2 on the sea floor. Our fundamental work is of value here, and thus we are invited speakers in an AGU Volcanology session, where work as diverse as basic controls on density, and the great solubility of rare gases in liquid CO2 may well contribute to the elevated He signals at ridge crests.
ii) Use and enhance MBARI’s ROV assets, including our newly enhanced DORISS II laser Raman techniques, to probe the large scale exposures of methane hydrates on the sea floor, so that their stability, composition, and lifetime may be known. And to compare these signals with controlled experiments in local waters so that departures from ideality may be recognized. Our first round of this has already proven successful, and the work is in demand.
iii) Initiate a program of laboratory Raman measurements to make full use of our investment in the prototype DORISS I system. The problem is the fundamentally low sensitivity of the Raman signal. The proposed solution is to develop liquid core wave guide techniques to enhance detection limits for the dissolved oceanic CO2 system by a factor of 50 or more over the present configuration. The basic principles are well articulated in Altkorn et al. (2001), and the essential work of measuring the Raman cross sections identifying the ocean CO2 system was reported by us at the Fall AGU 2004 meeting.
iv) To put aside time and resources for the completion of work begun in 2005, and for its publication, so that MBARI’s investment is rewarded.
Why it is important
i) The very large scale present and future transfer of fossil fuel CO2 to the ocean has long been articulated by us as a critical research theme (Brewer, 2004) in its own right, independent of any climatic effects. Society faces critical economic and energy choices to deal with this issue, and at present it seems unlikely that changes in world energy strategy will result in CO2 emissions reductions of the required scale. Therefore understanding and predicting the impact of both proposed active CO2 disposal as a possible emergency measure, and the near inevitable enormous passive disposal, is a crucial scientific goal for society.

ii) Methane hydrates have long been invoked as a mysterious and potent oceanic phenomenon, capable of providing a future energy resource, or playing a role in sea floor instability. By direct spectroscopic measurement of the hydrates in their native state we can more accurately represent the scientific basis for these claims.
iii) The use of lasers as a physical or communications tool for ROV enabled deep-sea science is both essential and commonplace. But the simple and powerful extension of this to geochemical measurement has been slow in coming for reasons of both complexity and vision. We have already made the critical technology breakthroughs in successfully fielding a bulky prototype system. We now have the opportunity to use a field system weighing some 200lbs less, and to explore the possible direct spectroscopic detection of the HCO3 and CO3 ions in sea water, thereby providing a fundamentally new way of examining the ocean CO2 system.
iv) MBARI has already made the investment in initiating projects in 2005. Time formally put aside in 2006 for analysis and publication reaps the rewards of this, and is an essential scientific duty. For some work delays of ship time, and lack of available resources, means that work conceptually approved for 2005, must be carried over to 2006. It is important that this be seen through or holes in the knowledge base and logical arguments of science will appear.
Present state of art/understanding

In each case the project components we are proposing have a respectable history of prior investigation. Thus the state of the art is in many ways defined by our earlier publications and those of our colleagues. In particular MBARI’s advances in planning and executing complex deep-sea experiments now define the state of the art in the areas of interest.
How it relates/contributes to MBARI’s mission and strategic plan

All of the projects listed have the theme of combining the talents of scientists and engineers to make fundamental advances in deep-sea science that is both societally important and technically challenging. In this way we contribute directly to MBARI’s mission.
b) Approach to the problem (new and continuing projects)
Status of project

i) Controlled experiments in Monterey Bay

Our approach has been to take maximum advantage of MBARI’s unique location close to deep water, and the unparalleled access provided by our deep-sea vehicle assets and the skilled operators of them. This has in the recent past resulted in a string of now classic papers in which painstaking work has paid off. Meticulous observations of rising liquid droplets are now used to simulate ocean CO2 sequestration, and to describe the fate of liquid CO2 released from sea floor volcanoes. Our grasp of theory has resulted in discussions of subsurface CO2 transport of the highly soluble gases as the mechanism for He enrichment at hydrothermal vents, and invited speaker status at AGU volcanology sessions. Precise work on the fate of hydrate forming gases in the water column is now used to model the fate of gas plumes around the world. We wish to continue these efforts.

a) Steps towards a FOCE capability

This will be addressed in the MBARI “Initiatives” submission. We have carried out the pilot study with acid additions, but the transition to realistic CO2 additions will require innovative steps. After the Initiatives off-site meeting our thinking is roughly as follows:
1. Goal. To create within MBARI the ability to field a wide range of experiments, available to many scientists, to test ocean responses to increasing levels of CO2.

2. This should encompass many scales, from shorter term studies of mid-water animals in small containers, to larger scale studies of carbonate dissolution. The MBARI task initially is to scale these problems so that correct designs can be conceived and proposed.

3. Work so far has used acid as the pH lowering tactic. We need to move to true CO2 additions. This will involve pilot tests of shower head equilibration systems using MBARI vehicles.

4. We are aware of numerous problems in configuring experimental arrays on our vehicles, and a goal of the first year must be to codify these, and provide vehicle modifications to resolve them.

5. Out reach to the external community has been proposed through DoE. The MBARI initiative should be supportive of this, and/or through other agencies.

6. There are many at MBARI who are attracted to this subject matter, but who do not yet have the background to contribute. A goal of the initiative should be to embrace these interests and make participation feasible. This requires simple information transfer, making specialized software easier (improve CO2SYS and remove it from its DOS base?), and developing user friendly computer and hardware packages.

7. Participation in the Initiative does carry the burden of contributing in an enthusiastic and positive way. This means that design goals are set and reviewed, and prototype systems are fieldable for testing in a timely way.


b) We wish to extend the earlier work on gas plumes by adding H2S to the system as the next logical step. H2S is a common constituent of sea floor gases and a component of liquid CO2 seeps. It readily forms a hydrate, it is strongly Raman active, and it results in sometimes massive eruptions from the sea floor – so large that the effects can readily be seen by satellite as milky sulfur granules color the ocean surface (Weeks et al., 2004). This results in massive fish kills and water column anoxia. It also contributes to, and can confound models, which describe the fate of gas releases from the sea floor, widely seen from their acoustic signature. (McGinnis et al., In Press). 

Our strategy will be to carry out two Ventana based 2-day experiments: one will repeat the “bubble box” study of Rehder et al. (2002) with the addition of H2S to the mix so as to observe the changing lifetime and component fractionation of a rising bubble stream. The second will repeat the Raman study of gas fractionation of White et al. (2005) in which gas fractionation was spectroscopically observed in real time at constant depth. These two experiments have strong theoretical basis; they will serve to lay to rest much debate over the fate of gas streams, and will set observational demands.
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Figure 1. From Rehder et al. (2002) showing methane gas bubble analysis using MBARI’s HDTV capability.
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Figure 2. From White et al (In Press) showing the laser Raman techniques established for observing gas fractionation in real time at depth. The results are understood as a function of the Schmidt number depending essentially on the solubility and the square root of the diffusion coefficient.

c) Our early work on methane gas hydrates has had remarkable impact (including the establishment of an energetic small business in St. Petersbug, FL supported by DARPA/ONR funds). It led naturally to work on CO2 hydrates, and from there to a host of very prominent activities. These two themes are related in unusual ways. For some years now there has been a thriving undercurrent literature among hydrate researchers, in which the theoretical basis for self conversion of CH4 hydrate to CO2 hydrate has been explored. In this situation one could in theory inject liquid CO2 into a methane hydrate system, convert the CO2 to a solid form, and release free CH4 gas. The argument is based upon thermodynamics, and mechanistic steps are understated. 

The interest in this reaction is both fundamental and practical; it is a possible natural mechanism raising questions over hydrate stability, and it is a possible CO2 disposal strategy (or complication) for many sub-sea environments.

Very slow conversions were earlier reported in ultra-low temperature 1 atmosphere systems. Recently a team at AIST, Tsukuba (Komai et al., 2002) showed in an elegant Raman study that more rapid conversion occurred as the temperature was raised close to the ice point. But for technical reasons they could only speculate on the role of liquid water.
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Figure 3. From Komai et al (2002) showing the conversion of CH4 hydrate to CO2 hydrate over a period of hours. Raman detection of the conversion was used. As the temperature approached that of liquid water the rates increased strongly. We can execute experiments in this phase space.

We have often observed the remarkable role that self-generated hydrostatic instabilities can play in 3 component hydrate systems – most notably in the famous “overflowing beaker” experiment.

We can speculate on a mechanism and experimental protocol as follows:

The thinking is essentially that, in a water-restricted system, the lower thermodynamic state (greater stability) of a CO2 hydrate at any given T and P, will result in piracy – a transfer of the host water molecules from the CH4 system to the CO2 system, with evolution of CH4 gas, and formation of a solid CO2 hydrate.

Is there a possible reaction pathway that would lead to more rapid conversion? – and could we observe this?

Consider a sea floor experiment within the phase boundary of both the CO2 and CH4 hydrate systems, say at a depth between 600 and 1000m in Monterey Bay. Construct an inverted chamber of say 1 – 2 liter volume. Fill the chamber 50 % full with buoyant liquid CO2. Add to this a slug of CH4 hydrate using techniques similar to those in  Rehder et al. (2004) – that is removing a hydrate hotel with an open bottom from its pressure housing. The buoyant CH4 hydrate is contained within. Tilt the hydrate hotel under the CO2 chamber, and allow the slug of solid hydrate to float up. The buoyancy stack is that the least dense CH4 hydrate will be immersed in the liquid CO2 phase, which floats on top of the sea water phase. Then close the lower door on the chamber, restricting the water system. Observe the system both visually, and with our Raman techniques.

The CH4 hydrate must establish a saturated aqueous boundary layer. The solubility of H2O in liquid CO2 is very small (~0.2%). The aqueous boundary layer must also become saturated from the other side with CO2. The solubility of CO2 is high (~0.7M) and the saturated aqueous layer becomes dense enough to sink down through the liquid CO2. This depletes the boundary layer at the upper surface of the hydrate, and the hydrate must dissolve further to maintain thermodynamic status. The guest CH4 is released, and some will dissolve in the liquid CO2 in which the hydrate is bathed; some will appear as free gas, and migrate to the top of the chamber, forcing down the liquid CO2 phase.

At the lower H2O-CO2 interface the sea water will simultaneously be being enriched by simple dissolution of the liquid CO2. We know that rate reasonably well. Once the lower aqueous phase is saturated then spontaneous hydrate formation could occur.

The existence of the free gas, the saturation state of the aqueous phase, and the formation of CO2 hydrate could all be seen with our Raman techniques, and visual reference would also work well.

The advantage of this system is that it avoids use of liquid N2, as some lab studies have used, and that we have control over the volumes of fluids we use so that conditions may be optimized. The chamber design, with door control, has to be thought through.

Work with Western Flyer/Tiburon
i) Barkley Canyon Hydrate Exposure Expedition

We propose to carry out a summer 2006 northern expedition leg in collaboration with E. Dendy Sloan (Colorado School of Mines) who is supported by NURP funding for this purpose. The object is to extend the work on the in situ science of methane hydrates by visiting the massive hydrate exposure site in Barkley Canyon, offshore Vancouver Island. We have contacted Ross Chapman (U. Victoria) as a Canadian participant. The Barkley Canyon site was discovered by commercial trawlers, who unfortunately (or serendipitously) snagged many tons of hydrate thereby locating the site. An image of a pingo-like structure is shown below. These targets are far bigger than the minute specimens recovered earlier by us at Hydrate Ridge (Hester et al., 2005) but successfully analyzed by in situ Raman techniques. In that experiment we discovered that the hydrates formed had an unusual quantity of free gas dispersed within the crystal framework. Teasing out the signal so as to distinguish between caged and free molecules required pushing calibration systems to the limit. Since then we have diagnosed the problem responsible for calibration shifts in DORISSI, and have an elegant solution in DORISS II.

The large hydrate quantities mean that we can obtain numerous spectra, but also carry out additional studies: removal of specimens for dissolution rate determination (Rehder et al., 2004), and rise rate and decomposition rate experiments etc.
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Figure 4. A large (1 m high) pingo of hydrate exposed on the sea floor in Barkley Canyon at 800m depth. Such large structures are ideal DORISS/PUP targets, and they offer far better experimental opportunities than the fragments available surficially at Hydrate Ridge.
ii) A CO2 Hydrate Formation Field Experiment.

In two recent papers we have explored the extrusion of a paste-like composite of CO2 hydrate as a mechanism of creating a sinking CO2 plume. The work was carried out in collaboration with colleagues from Oak Ridge National Laboratory (Costas Tsouris). This work has attracted much attention, and we have been approached by DoE to expand this effort by adding colleagues from MIT and Canada. The work proposed is to go outside the Marine Sanctuary boundary, and carry out a series of injections with multiple nozzles configured in a ring. The thinking is that this will produce an enhanced sinking effect, although debate within the group is energetic on this point. DoE will provide all external investigator travel, 1 day of MBARI ship time, and support for shop time to accommodate the system on our vehicle. This is necessary since vehicle attributes will be strained to accommodate the multiple complex functions required. In addition some travel for MBARI investigators to report the work will be provided.
This effort builds upon well respected prior work, but takes a leap in complexity and an expansion of colleagues and influence.
Results to date

The results from the Greenhouse Gas project to date are documented in many published papers. Several manuscripts are also in the late stages of preparation.  See list of publications from the last five years (below).
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Plans for 2006

Engineering/technology development

Technology development will be focused on two main topics. The first area is to support the completed developments of the previous Green House Gases II program and ensure the transition from development engineering to support engineering and full operational status for science. DORISS and the PUP systems are complete from a development stand point but have not had a full field deployment in the final configuration for science. Per department policy the team is expected to see the completion of the systems through to a technically successful cruise for science. This is also a critical aspect for the engineering team to fulfill their commitment to the project and who will continue on with further efforts on the Green House Gases research project. 

The second area of technical development is the continuation of the FOCE program hardware advancement. The study and initial field trials yielded promising results. The Department of Energy has given support and indications are more support is forth coming. Additionally, the team has been committed to hosting a workshop regarding the topic of high CO2 and a low pH ocean. The first elements are already in motion with DoE and the list of qualified research scientists being formed. MBARI engineering has already been slated as a focal point for the program to present materials for discussion on FOCE and how this technology could be used by the larger community. Additionally, MBARI technical staff have been called upon to attend workshops on carbonate and calcification studies. External scientists are asking for more information on adapting the FOCE technology to deep sea coral studies. This work also involves fundamental work in adapting the systems design to CO2 pressure and temperature effects as the studies move from HCl to CO2. 

The next phases of the program could extend into a multitude of different priorities and technological areas. The workshop, already in process, is anticipated to influence the technology efforts by vetting the community interest and considering all aspects of FOCE development. A firm plan striking a balance between MBARI resources, external funding resources and desires and community input will be put forth in a post workshop review. Based on the workshop conclusions and resource constraints a series of detailed milestones will be published. They will include a multi-year plan for addressing CO2 upgrades and operation modifications from HCl. Also included will be control system and other modifications / tests to address the rate of equilibrium issues that have already been established in formulas described by temperature and pressure for CO2. Scalability issues will be studied and design concepts formed for review. Based on results of the review plans for the next step in development will be proposed as a program plan update. Considerations will given to external opportunities but any options will be brought to management by the team and actions will be commensurate will the MBARI management team decisions. 

Included in these efforts are several technical papers and presentations. The team is planning on presenting at the joint session of TOS/AGU in February 2006 as well as OCEANS in September of this year. Invitations have been extended for other workshops and conferences. Working in conjunction with science a select set of these may be attended to further the goals of MBARI and this area of research. 


Field programs
The field programs proposed are listed below. Each one is carefully planned for a specific objective and should yield publications in the peer reviewed literature.
Western Flyer/Tiburon

1) Fossil Fuel CO2/Hydrate Extrusion Experiment, joint with DoE support. Collaboration with Costas Tsouris (ORNL), Eric Adams (MIT), C.S. Wong (Canada). Outside the Sanctuary. DoE support requested for 1 day ship time. Request MBARI support for 1 mob day plus two full dive days. April.

2) Barkley Canyon, offshore Vancouver Island. Joint with NURP support (Sloan). To carry out Raman etc. studies of large hydrate exposure. 2 days transit plus 6 dive days. Port Angeles? DORISS II + PUP. August. Will require hydrate drill/hole saw for removing specimens, time lapse camera, and hydrate bucket.

Point Lobos/Ventana

We request 1 mobilization day, and 1 demob day, for each of the experiments listed below. We now have many years experience of carrying out effective studies with the Point Lobos/Ventana system and find this time is essential for success.
1) 2 dive days. Raman bubble cup study of CH4/H2S fractionation. February. Direct follow on to successful White et al. CO2/N2 fractionation experiment.

2) 2 dive days. Bubble box study of CH4 + H2S rising gas stream. May. Logical follow on to bubble cup study and the Rehder et al GRL paper.

3) 2 dive days. Inter-conversion of CH4 hydrate with liquid CO2 (use DORISS II + PUP) October/November. Joint with Steve Kirby et al. – and possibly Lynn Orr. Will require Support Engineering for container design. October.
4) 2 dive days. Shower head equilibration of CO2 gas at depth for FOCE design. Use both pH and DORISS II. November.
Significant changes from previous project proposal (continuing projects only)
Our project is based upon previous work that has been well received by the scientific community, but also makes some challenging advances in concept and technique.
c) Specific deliverables (new and continuing projects)

We plan to have scientific papers in the peer reviewed literature from each of the sea-going experiments proposed here. In addition we will deliver technical advances required to execute the work.
d) Project team (new and continuing projects)
The core science project team is Peter Brewer (PI), Edward Peltzer (Project Manager), and Peter Walz (Senior Technician). In addition we have been lucky to have strong and creative Post Doctoral Fellows on the team: Rachel Dunk will be with us for the first half of the year, and the schedule proposed is designed to make the best use of her talents in the first 6 months of the year.
The leadership for the Engineering component of the team is by Bill Kirkwood (PI), who has been affiliated with this project in some way since the breakthrough 1996 hydrate synthesis experiment, and has established strong independent credentials in this field. He will be working approximately 50% of his time on this project. Alana Sherman is critical for aiding the transition of DORISS I from field to lab instrument, and for the transition of DORISS II to a field deployable system. Both Bill and Alana have established a strong record of field science with the DORISS/PUP system and will be essential for the success of the proposed Barkley Canyon work. Farley Shane has played a key role in mechanical design of the system and some of his support will be needed for executing the work proposed here.
e) Project lab space (new and continuing projects)

The lab space we propose is as before and we believe we can accommodate the work with the existing facilities. Our major concern is that the engineering space for DORISS I and II continues to be available. The delicate optics of the Raman system are ill suited to the fume hood environment of the Brewer group lab.


3) BUDGET JUSTIFICATION (new and continuing projects)
The budget requested is based upon several years of experience in this field. Because of the strong engineering affiliations with this work we request time and support for travel for our Engineering colleagues within this science based framework.  Specifically, we request funds for 6 people (PGB, ETP, PW, RMD, WK & AS) to attend the Ocean Sciences meeting in February of 2006 where results from prior field studies will be presented including an invited talk discussing the geochemistry of liquid CO2 droplets in the deep-sea in the vulcanology session on CO2 vents. We have kept major purchases to a minimum, and have concentrated on making the best use of the assets available to us so as to extract the greatest value from a steady course of action.

Under computer supplies, funds are requested for computer interface boards to allow the interfacing of computers to various experimental setups.  We currently use several proprietary software packages (MultiFlash from Infochem, MATLAB, CO2Tab) on several laptops (for use at sea) and desktops computers and wish to keep the service contracts on this software current, as well as purchase program updates as they become available.

Funds are requested to upgrade the fiber-optic connectors on DORISS II.  Current FO cables exhibit signal losses which increase with depth (pressure).  New “steel-lite” cables will address this issue and protect the FO cables from damage on deck.  New connectors and terminators are needed as well.
For the CO2 equilibration experiment, new water heaters and temperature sensors are needed.  For Barkley canyon, new high pressure sample cylinders are needed to sample vent gases, new split cylinders are needed for sub-sampling, and funds are requested for outside services in order to have C and H isotopic analyses done on the samples.

A new positional resolver is needed for the weathervane on the FOCE frame.  Corrosion has damaged the connectors on the DGH can and the FOCE interface can (both after many years of service).  We request funds to replace and upgrade these connectors to the more reliable Sea-conn underwater connectors.  In order to accommodate more functions for the FOCE frame additional WAGO modules are required.  And five new SEABIRD pH sensors are requested to replace aging sensors.

Under general supplies we request funds to replace the end-cap on the FOCE interface can (part of the replacement of the failed connectors), a hardware toolbox for DORISS, various nuts and bolts (ss hardware) and miscellaneous stock for fabrication of small parts and the re-build of the mounting brackets inside the bubble-box and swagelok fitting for maintenance of gas and hydraulic lines on the various experiments.
Under supplies for the science lab, we request funds for supporting the GC with carrier and FID gases, hydrocarbon standards and calibration gases.  In order to address the possibility of enhancing LRS sensitivity, we would like to purchase a hollow-core waveguide to begin lab experiments on this technique.  We will, of course, need more CO2 for our experiments, miscellaneous lab tools, pH buffers, electrodes for the lab pH meter and various laser safety supplies.
In the domestic travel category, we request funds for the science team of six people (PGB, ETP, PW, WK, AS and a post-doc) to travel to a northern port and return for the purpose of executing the Barkley canyon expedition.  For this we will need round-trip air fare from SJC to Seattle, 2 nights lodging at either end of our leg, and transportation to/from the airport to the port (Port Angeles?).

4) MILESTONES (new and continuing projects)

	
	Milestone 1
	Milestone 2
	Milestone 3
	Milestone 4
	Milestone 5
	Sub-Total Resources
 for each resource category for all milestones listed here

	Milestone Date
	Mid-FEB
	April
	May
	August
	October
	

	Milestone Description
	Prep for 1st CH4/H2S Exp.
	Prep forDoE CO2 Seq Exp.
	Prep for 2nd CH4/H2S Exp
	Prep for Barkley Cyn
	Prep for Jt Exp w USGS
	

	EE
	8
	4
	
	12
	4
	28

	SE
	8
	
	
	4
	4
	16

	ME
	4
	4
	
	8
	4
	20

	Machine Shop
	5
	
	
	5
	
	10


	
	Milestone 6
	Milestone 7
	Milestone 8
	Milestone 9
	Sub-Totals
	Total Resources
 for each resource category for all milestones listed here

	Milestone Date
	November
	
	
	
	
	

	Milestone Description
	Prep for CO2 equil. Exp.
	
	
	
	
	

	EE
	4
	
	
	
	28
	32

	SE
	4
	
	
	
	16
	20

	ME
	12
	
	
	
	20
	32

	Machine Shop
	15
	
	
	
	10
	25


5) RISK MATRIX (development and infrastructure projects only)
Please carefully read Section 5.2.3 in the instructions for internal proposals for an explanation regarding the risk matrix. This table must be completed for ALL development and infrastructure proposals (new and continuing). The instructions can be found at http://mww.mbari.org/resources/2006_Proposal_Process/Internal-only_Instructions_2006.htm.
	
	Technical Risk
	Organizational Risk
	Tech Transfer Risk
	Labor Estimate Risk

	High
	
	
	
	

	Medium
	
	
	
	

	Low
	x
	x
	x
	x








� Development and infrastructure projects must complete the risk matrix (see item #5 at the end of the proposal form).





� This number should be the same number you entered on the resource requests for this particular resource.
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