PAGE  
2

VOLUME II – TECHNICAL APPLICATION

SOLICITATION #:  DE-PS26-NT40869-1 

POINT OF CONTACT 

PI point of contact name, phone, and email address
LIST OF TEAM MEMBERS

PI list of names

TITLE OF PROJECT

Controls on Gas Hydrate Formation and Dissociation, Gulf of Mexico: In Situ Field Study with Laboratory Characterizations of Exposed and Buried Gas Hydrates 

DATE OF APPLICATION

4/24/01

PROGRAM AREA OF INTEREST

Technical Topic Area 1 – Gulf of Mexico

                                              (hydrate stability, seafloor stability)

TABLE OF CONENTS

	
	Page

	COVER PAGE
	i

	Table of Contents
	ii

	List of Tables
	iii

	List of Figures
	iv

	List of Acronyms
	v

	Public Abstract
	vi

	1. SCIENTIFIC & TECHNICAL MERIT
	

	     1.1 Project Objectives and Rationale 
	1

	     1.2 Relationship of Proposed Work to Solicitation Goals
	2

	     1.3 Current State of Knowledge or Technology for Proposed Work
	2

	     1.4 Knowledge or Technology to be Gained from Proposed Work
	9

	     1.5 Potential for Scientific or Technical Breakthrough
	10

	2.  TECHNICAL APPROACH
	

	     2.1 Planned Work
	11

	     2.2 Labor Hours and Justification
	18

	     2.3 Project Schedule and Milestones
	19

	     2.4 Potential Problems and Mitigation
	19

	     2.5 Technology Transfer Plan
	20

	     2.6 Anticipated Data Delivery
	20

	3.  TECHNICAL AND MANAGEMENT CAPABILITIES
	

	    3.1 Qualifications of Key Organizations
	22

	    3.2 Qualifications of Key Personnel
	22

	    3.3 Work Breakdown Structure for Organizations and Personnel
	23

	    3.4 Relevant Project Experience
	24

	    3.5 Technology Transfer Experience
	24

	    3.6 Quality and Suitability of Facilities, Equipment, and Materials
	26

	APPENDICES
	

	A.  Statement of Project Objectives
	27

	 B.  B.   Résumés
	33

	C.  Pertinent Publications 
	33

	D.  Letters of Commitment
	40


LIST OF TABLES

	
	Page

	Table 1.  Analysis of sampling plan for ship and submersible operations.  Each sample will produce aliquots for C1-C5 hydrocarbon gas composition, percent carbon dioxide, stable carbon isotopes on all gases, and hydrogen isotopes on methane.


	14

	Table 2.  Participant duties, hours, and responsibilities.


	19

	Table 3.  Schedule and milestones.


	21

	Table 4.  Work breakdown structure


	25


LIST OF FIGURES

	
	Page

	Figure 1.   Schematic Diagram of pressure samplers to be used in the program


	7

	Figure 2.   Location map for gas hydrates that will be studied in the proposed    

                 program.


	13


LIST OF ACRONYMNS

BSR – bottom seismic reflector 

DSDP – Deep Sea Drilling Project

ICP-OES – Inductively coupled plasma 

MBARI – Monterey Bay Aquarium Research Institute

MOSQUITO - Multiple Orifice Sampler and Quantitative Injection Tracer Observer
ODP – Ocean Drilling Program

SIO – Scripps Institution of Oceanography

UC – University of California

XRD – X-ray diffraction

PUBLIC ABSTRACT

The foremost questions that surround the occurrence of vast quantities of gas hydrate in the shallow geosphere are: “What are the potential environmental impacts of its instability and the concomitant release of methane into the sediment and into the ocean and atmosphere?”  To answer this question, the dynamics of gas hydrate formation and dissociation and the impact of marine gas hydrates on seafloor stability must be better understood.  Areas of the seabed and ocean that are particularly at risk coincide with boundaries of the gas hydrate stability field.  Our proposed research is a joint field and laboratory scientific study that addresses these questions through the monitoring of the in situ formation and dissociation of outcropping gas hydrates and of gas hydrate-rich sediments at two sites in the northern Gulf of Mexico.  We will also characterize in detail the chemistry and structure of the hydrates, the composition of overlying seawater, and the chemistry, mineralogy, and hydrology of associated sediments and pore waters. 

Preliminary short-term observations at the two proposed sites, suggest that the formation and dissociation of seafloor gas hydrates are episodic and possibly cyclic in nature, with cycles occurring in time-scales of weeks to 2-3 months.  This cyclicity must be influenced by subsurface hydrology and biochemistry.  Thus, the selected sites provide ideal locations for: (1) hydrate collection, (2) controlled in situ experiments on the dynamics of gas hydrate formation and dissociation, and (3) monitoring methane release and local ocean environmental impacts.  Important seafloor parameters that will be closely and continuously monitored are variations in gas flux and temperature.   

This is a collaborative research project between Dr. X (Scripps Institution of Oceanography) who will be in charge of the geochemical, hydrological, and sedimentological investigations and Dr. Y (Texas A&M) who will oversee the field-monitoring program. This program involves sampling hydrates via submersible using specially designed pressure chambers that recover gas hydrates at in situ P-T conditions.  It also includes a continuous yearlong, seafloor, monitoring program with time-lapse camera surveillance and thermistors as well as in situ pore fluid sampling and measurement of pore fluid flow rates at resolutions of 1-2 days using an auto-flux fluid sampler (MOSQUITO).  Structural, chemical, and isotopic data on the hydrates and coexisting pore waters will also be analyzed to provide new insights on the dynamics of gas hydrate formation/dissociation; the immediate environmental impacts of gas hydrate dissociation; and examine the sensitivity of hydrates to changes in bottom water temperature.  The study will also constrain the rate of critical methane flux through the gas hydrate reservoir.   

Point of Contact: PI contact name and full contact information
1. SCIENTIFIC AND TECHNICAL MERIT

1.1 Project Rationale and Objectives – Technical Topic Area 1 

1.1.1  Project rationale – Gulf of Mexico

Quantitative knowledge of the conditions and consequences of methane hydrate destabilization are crucial for potential hydrate mining programs, the planning of safe drilling operations, and preventing  massive sediment slides in areas where gas and/or oil pipelines exist or where oil drilling is in progress.  To obtain such information, we propose a quantitative combined field monitoring and laboratory scientific program to determine the physical and chemical effects of in situ environmental perturbations on seafloor gas hydrate stability in the northern Gulf of Mexico.

1.1.2  Program objectives:

(  Monitor, characterize, and quantify the rates of formation and dissociation of methane gas hydrate at and near the seafloor at two sites in the northern Gulf of Mexico and determine linkages between physical and chemical parameters of the deposits over the course of a year.  

(  Monitor, in situ, the stability and response of shallow gas hydrates to temperature and chemical perturbations, and characterize seafloor and water column environmental impacts of hydrate formation and dissociation.

(  Determine equilibrium/steady state conditions for structure-II methane gas hydrates at two field sites; examine if the systems are in dynamic equilibrium and whether the local  hydrology is characterized by steady state or episodic fluid flow; and determine how fluid fluxes and fluid composition work together to dynamically influence gas hydrate stability.
1.2  Relationship of Proposed Work to Solicitation Goals

The proposed work directly addresses the solicitation goals to encourage work that will bring gas hydrates into the natural gas resource base, ensure safe drilling operations near hydrate occurrences, and develop innovative field and laboratory approaches.  Equipment to be used and developed for this program will improve present sample acquisition, recovery, and preservation of natural gas hydrates and will improve laboratory testing/characterization of gas hydrates in terms of their thermodynamic properties, phase behavior, rate of heat transfer, formation and dissociation kinetics, and physical properties.  A unique aspect of this program is a proposed in situ chemical and hydrological seafloor monitoring station that will be in operation for a year. 

It should be noted that this is a scientific program, rather than an engineering undertaking.  Thermodynamic and kinetic data to be collected in this study are crucial for the design of successful engineering programs for harvesting massive or concentrated seafloor methane hydrate deposits as potential energy sources.  These data are also essential for assessing the sensitivity of near seafloor hydrate deposits to disruptions due to drilling and for choosing the most secure routes for gas and oil pipelines in regions of  gas hydrate occurrence.  The proposed detailed physical-chemical characterizations of natural gas hydrates also provides geophysicists with better information with which to calibrate methods for mapping subsurface gas hydrate concentrations and distribution.
1.3 Current Knowledge & Technology Necessary for Proposed Work

1.31   Relevant background science and knowledge 

Gas hydrates are minerals composed of 'ice-like' crystal lattices with interlocking cages (0.35 to 0.9 nm in size) that are occupied by gas molecules.  Methane hydrate (structure-I) is the most ubiquitous marine gas hydrate and sequesters huge amounts of carbon, in its structure.  In addition to methane, higher carbon chain hydrocarbon gases, up to pentane (C5), can also occupy the lattice.  When they do, a structure-II gas hydrate results.  This phase has an expanded stability field, relative to that of structure-I hydrates (Sloan, 1990).   Both types of hydrate are unstable at room temperatures and pressures (e.g., Miller, 1961; Jeffreys and McMullen, 1967) and their dissociation poses risks to drilling and seafloor stability as well as to global climate and the local seafloor environment (Katz et al., 1999; Kayen and Lee, 1991; Kennett et al., 2000).  Methane hydrates are particularly vulnerable to dissociation at locations where the pressure, temperature, and compositional conditions are at or near the three-phase stability boundary of the phase: i.e., near the sediment-water interface and at the Bottom Simulating Reflector (BSR) (Markl et al., 1970; Shipley et al., 1979; Ginsburg et al., 1992; 1993; 1999; MacDonald et al., 1994; Henry et al., 1996; Kastner et al., 1998; Suess et al., 1999).  

Geochemical studies of methane in gas hydrates from the Gulf of Mexico indicate that it is dominantly thermogenic in origin.  As a result, the hydrates there are dominantly of the structure-II type (Brooks, 1984).  Because hydrates outcropping at the seafloor and in near-seafloor expressions are so close to the P-T conditions at their stability boundary, these minerals are particularly vulnerable to changes in bottom water temperature, as first suggested by MacDonald et al., 1994).  These results were recently corroborated by Roberts et al., (1999) who observed a doubling of the methane flow rate (i.e., rate of bubbling) at a seafloor methane vent in response to a 1(C increase in temperature and are supported by modeling studies (e.g., Sloan, 1998; Miller et al., 2000).  Unfortunately too few data for natural methane gas hydrate systems are presently available for the development of reliable predictive models of temperature dependence of hydrate stability, mainly because corresponding pore fluid geochemical data needed to verify phase equilibrium conditions is missing.  The proposed work intends to produce such a data set by simultaneously collecting a continuous record of temperature and critical fluid chemical data at from a single hydrate deposit.   

 Slope stability in areas where gas hydrates occur are significantly affected the distribution of the hydrate in the sediment and the percentage of pore space it occupies.  Recently calculations have assessed the accumulation rate and distribution of hydrate in sediment (Rempel and Buffet, 1997; 198; Xu and Ruppel, 1999).  By assuming fluid flow in a homogeneous porous medium, and a fluid velocity of 1mm yr-1, these studies estimate only 1% of the pore volume in the sediment would be filled with hydrate in 105 years.  More recently, however, Davis and Buffet (2001) and Kastner (2001) concluded that under most conditions of sedimentation and organic matter supply, gas hydrate is unlikely to occupy more than 7% to 30%, respectively, of the sediment pore volume.  These results conflict with observations of the seafloor where ‘massive’ hydrate deposits occur in which pore volume occupancy is often close to, or reaches 100%, such as in the Gulf of Mexico and other continental margin environments (MacDonald et al., 1994; Sassen et al., 1998; Brooks et al., 1991; Kastner et al., 1998; Suess et al., 1999).  

Such ‘massive’ deposits appear to be associated with the vigorous circulation of fluids saturated with methane in order to maintain equilibrium or steady state conditions favoring the formation of hydrate (e.g., Kastner et al., 1998; Kastner, 2001).  Such pervasive upward fluid flow has a profound effect on the sediment at depth and on the seabed due to the precipitation of hydrate in pore spaces, assuming fluid flow is not confined to faults and fractures. One consequence of the fluid flow is that a decrease in fluid methane concentration can push the hydrates out of their stability field and cause gas hydrate decomposition.  This would initiate local destabilization of the continental slope and result in a major subaqueous landslide, which would be accompanied by rapid massive methane release to the ocean and atmosphere (Kayen and Lee, 1991; Nisbet and Piper, 1998; Dillon et al., 1998).  Such potential for slope instability has serious economic implications for off shore drilling platforms and cabling operations.  It could also seriously affect the overlying water mass by and local fisheries consuming the dissolved oxygen content of bottom seawater.   To better understand the potential risks of hydrate-initiated slope instability and create possible mitigation strategies, we require a much better knowledge of the stability field of marine gas hydrates and their kinetics of formation and dissociation kinetics in response to natural chemical and thermal perturbations on the seafloor.

In addition to seafloor stability, the catastrophic release of methane from decomposing hydrates has the potential to alter the radiative energy balance of the troposphere and provide a positive feedback that can increase global warming, with the potential for driving additional gas hydrate dissociation (Lashof and Ahuja, 1990).  There is also now evidence for a link between global warming and the dissociation of methane hydrates in the deep ocean in the geologic past (Dickens et al., 1997; Katz et al., 1999).  For example in the Paleocene, rapid dissociation of about 25% of the present estimated reservoir of methane hydrate occurred during this thermal maximum event, causing a ~4(C increase in bottom water temperature, anoxia, and a 2 to 3 ‰ excursion in the oceanic DIC (13C.   

Additional indications that gas hydrate stability is of major environmental significance comes from recent studies of outcrops of these minerals near the seafloor the Eel River Basin off shore California, where there is some indication that gas hydrates have started to dissociate in response to the present global warming (Brewer, 2000; Kastner et al., 2000).  Clearly, the potential for a rapid release of large quantities of methane into seafloor sediment and subsequently into the ocean and atmosphere is possible, and may have important consequences involving greenhouse warming of the Earth.  As such, gas hydrates that occur all across the upper continental slopes, at and near the sediment-water interface, will be the first in the ocean to be involved in such feedback processes.  Thus, the proposed research also seeks to assess the potential impacts of gas hydrate formation, dissociation, and dynamics of this vast reservoir of carbon.  It furthers this understanding by characterizing and monitoring natural perturbations in temperature and chemistry on the rates of gas hydrate formation and dissociation for the duration of about a year. 

1.3.2 Technology review of field methods to be used in the proposed program 

The field portion of our program requires the collection of gas hydrates exposed on the seabed.  Returning these materials to the laboratory with minimum disturbance or contamination is crucial to program success and requires the below specially designed sampling equipment. 

Hydrate corer:  A manipulator-operated drill with a detachable core bit (Fig. 1A).  For use, the drill, which has a spring-compensated chuck to maintain constant pressure, is held by the submersible manipulator arm as the bit bores a 2 x 28 cm core into the desired location. The bit, which is detachable, is then placed into a hydrate recovery chamber (see below) for transport to the surface.  Figure 3A shows the prototype drill and detachable bit.

Hydrate recovery chamber:  Two specially designed pressure chambers with insulated cylindrical containers measuring 15 x 30 cm (Fig. 1B) will be used.  These chambers are taken to the seafloor in the open position.  A cover is sealed after the hydrate sample has been placed inside so the sample returns to the surface at ≥90% of bottom pressure and (95% bottom temperature.  Dual check-valves provide redundant protection against over-pressure.  The chambers have been successfully used during previous hydrate sampling cruises.  Samples are removed for analysis by detaching the container from the submersible and rapidly depressurizing it through the release valve directly into gas-tight sampling containers.  The lid is then opened in a cold room and hydrate is removed for immediate processing and/or storage in liquid nitrogen. 

Figure 1.  Schematic of methane gas hydrate pressure chamber sampling devices.

                   (pressure chamber figure removed to protect intellectual property rights)

Time-lapse camera assembly:  An already constructed time-lapse video camera assembly will be deployed with an array of thermistors.  The resulting time-series record of images will focus on

an exposed gas hydrate deposit.  Synoptic temperature records will delineate changing bottom water temperatures as the deposit waxes and wanes in size.

Fluid chemistry sampler and fluid flux meter (MOSQUITO):  The MOSQUITO (Multiple Orifice Sampler and Quantitative Injection Tracer Observer) is a new type of fluid flux geochemical fluid sampler that uses the principles of osmotic pumping and tracer dilution (Figure 1C).  It has been developed, tested, and used successfully for the continuous monitoring of pore fluid geochemistry and fluid flow rates in hydrologically active regions of the seafloor. (Kastner et al., 2000; Carson et al., 2000).  Owing to its novel design, the MOSQUITO is able to continuously monitor, in three-dimensions, for months to years the vertical and horizontal fluid flow in sediments and obtain a record of the fluid geochemistry with a 1-2 day resolution.  

The device consists of a chassis; tracer injection port and a series of withdrawing ports, located at pre-determined depths and areal distributions in the sediment; titanium capillary tubing of specified lengths (0.8mm inside diameter); osmotic pumps; a temperature sensor; and a data logger.  he osmotic pump is a membrane that separates a saturated salt solution and distilled water. The distilled water reservoir resides in a continuous coil of teflon.  For gas tight work, copper capillary tubing is used that terminates at an open port through which fluids are drawn at a constant predetermined rate (from 0.1 cm3 day-1 to a few cm3 day-1).  Osmotic forces create a negative pressure gradient across the pump membrane, which results in distilled water being pumped from the upper end of the coil reservoir into a reservoir containing the saturated salt solution.  Constant osmotic pressure is maintained by keeping the brine solution saturated with excess salt (NaCl).  A constant salinity gradient across the membrane provides constant osmotic pressure differential and flow. This pumps geochemical fluids into the lower end of the distilled water-filled coil, displacing the resident distilled water.  The result is a continuous record of geofluid chemistry.  Pump rates depend on properties of the membrane, temperature, and salinity gradient and can be increased or decreased by changing the number of membranes in the pump.  Sample smearing due to static and dynamic diffusion and mixing is minimized by using small-bore tubing (ID = 0.8 mm).

The osmotic pumps have been thoroughly tested in the laboratory and field (e.g., Jannasch et al., 2000; Kastner 2000a; 2000b). Over the past 2 years, MOSQUITOs have been deployed at Hydrate Ridge near the CORK ODP Site 892; Cascadia accretionary prism (Carson et al., 2000; Kastner et al., 2000); on the sedimented eastern flank of the Juan de Fuca Ridge adjacent to the CORK ODP site 1025; and at active hydrocarbon seeps in Monterey Bay.  In September 1900, Dr. X successfully recovered two such samplers from the boreholes at ODP Sites 1024 and 1027 on the Juan de Fuca Ridge flank after a 3-year deployment (Wheat et al., 2000). 

Fluid flow rates are determined from MOSQUITO units by injecting tracers into the sediment with a Ti-syringe mounted on the device chassis.  The tracer acts as a point source, which can be positioned at a specified location and depth in the sediment. The MOSQUITO injects a small volume (0.1-0.3 cm3) of highly concentrated tracer (depending on flow rates and duration of monitoring) into the sediment below the bioturbation zone at the beginning of each experiment.  For redundancy, two tracers are used: Na-fluorescene dye tracer and 18O-enriched seawater.  During operation, sediment pore fluids are sampled continuously by the MOSQUITO through a three-dimensional array of Ti tubes protruding downward into the sediment at pre-determined depths and distances from the injection point of the tracers.  This geometry provides information on the near-seafloor hydrologic regime in convecting, recharging and/or lateral fluid flow systems, as well as in systems controlled by diffusion. Tracer arrival times and variabilities in concentration profiles with time are interpreted in terms of diffusive and advective transport rates. After retrieval, fluid collected in teflon tubing by the samplers are analyzed for water chemistry. Cu tubing samples are analyzed for gas chemistry in terms of major and minor chemical components and isotope ratios. From the chemistry and flow rates, solute fluxes can be determined.  For our configuration, one port will be used to continuously sample bottom water.   

1.4   Knowledge or Technology to be Gained from Proposed Work

Study results will provide new quantitative data on the destabilization dynamics of structure-II gas hydrate in response to perturbations of seafloor temperature, porewater chemistry, and methane flux.  Data can then be used to model seafloor safety and response time to drilling and pipeline perturbations. The data, together with a more complete knowledge of structure-I hydrate occupation percentages of the sediment and physical properties will also allow us to transpose results from Gulf Coast structure-II sites to hydrate structure-I sites on other margins and test the predictions in the field using technologies developed for this field-laboratory program.  More precise hydrate characterization will also help geophysicists interpret seismic data. 

The proposed program has importance for a proposed Ocean Drilling Program (ODP) gas hydrate drilling initiative in the Gulf of Mexico.  One of their sites is the same as our site GC185.  Our work is important because ODP drilling methods can only recover relatively deep-seated material, they cannot recover samples from exposed or near seafloor gas hydrates where there is dynamic interaction between the hydrate and the water column.  Results of our study are, therefore, crucial to understanding both hydrate dynamics and regional methane cycling at the seabed, as well as understanding the relation of surface gas hydrate deposits to those near the base of the BSR.   

Our study will also bring insights to a newly funded NSF LEXEN proposal on which Dr. Y is an investigator.  Unlike the proposed DOE work, the NSF program focuses solely on microbial ecology and biogeochemistry of Gulf of Mexico gas hydrates and brine pools.  Its results will complement the work we propose and provide additional important insights into biological mechanisms that might affect gas hydrate stability.  

1.5  Potential for Scientific to Technical Breakthrough
Data on the kinetics of synthetic structure-I gas hydrate formation and destabilization exists (i.e., Stein et al., 1996); the kinetics of natural marine gas hydrate (both structure-I and structure-II), however, is not well known.  Application of information on synthetic hydrates to natural hydrates is not straightforward because: (1) synthetic materials are produced from a gas phase whereas natural hydrates form from dissolved methane; (2) the physical properties, such as cage occupancy, of synthetic  hydrates often differ from those of natural hydrates; and (3) natural hydrates are mostly mixed hydrates that include gases other than methane.  Thus, our program will provide important new information on natural hydrate seafloor occurrences and their response to actual seafloor conditions.  Our proposed long-term in situ monitoring program will also facilitate the design of future monitoring stations for scientific, engineering, and safety objectives.  This work will also let us assess the impact of methane hydrate dissociation on the ocean and atmosphere.

2. TECHNICAL APPROACH

2.1 Planned Work: Objective

This is a scientific program, rather than an engineering initiative, however, it has strong implications for engineering and geophysical programs involved in locating and harvesting seafloor gas hydrate deposits or in designing and building pipeline or cale routs or oil drillilng structures.   The overall program objective is to complete a quantitative combined field monitoring and laboratory program to determine the physical and chemical effects of in situ environmental perturbations on the stability of gas hydrates on the seafloor in the northern Gulf of Mexico. This knowledge is crucial for the success of potential hydrate mining programs, planning safe drilling operations, and preventing  massive sediment slides in areas where gas and/or oil pipelines exist or where oil drilling is in progress.   

2.1.1   Scope of work

The combined field and laboratory program is collaborative effort of Scripps Institution of Oceanography and Texas A&M University.  Field work focuses on in situ monitoring of the rates of methane gas hydrate formation and dissociation in exposed and near-seabed, buried gas hydrate deposits that are responding to natural environmental perturbations at well-characterized seafloor sites in the Gulf of Mexico at water depths of ~570 m.  Part of the program is the collection of a continuous yearlong record of pore fluid and bottom water chemical and isotopic compositions, seafloor temperatures, and sediment fluid flow rates, as well as extensive sampling of the in situ hydrates and their host sediments.  Monitoring will take place using time-lapse video and temperature recorders, as well as four innovative, new, and thoroughly tested, fluid-flux meters (MOSQUITOs).   Deployment and retrieval of equipment will carried out on two cruises of six dive days each on the Johnson Sea Link of the Harbor Branch Oceanographic Institute, the field operation of Texas A&M University.  
Laboratory work will consist of extensive chemical, mineralogical, structural, and isotopic characterization of the hydrates and hydrate-laden sediment, as well as detailed characterization of the inorganic and organic chemical constituents in their associated fluids.  Of particular interest will be concentrations of methane and other hydrocarbons.    Such data provide essential information on the coupling of the ocean and sub-seafloor thermal regime, on heat transfer between the ocean and the sub-seafloor, and on the amount of methane required to form additional gas hydrate or stabilize existing deposits. 

2.1.2 Tasks to be performed

Phase 1 - Task 1.0 (Research management plan)  Complete document as per DOE directions.

Task 1.1 (Cruise preparation) Solidify plans for investigations at field sites where monitoring program will take place.  The two best mapped and characterized sites of the four known  shallow gas hydrates outcrops (GC185 and GC234) known on the seafloor in the Gulf of Mexico have been selected for study (Fig. 2).  These sites are colonized by chemosynthetic tubeworms, mussels, and free-living bacteria (Beggiatoa) and geochemical analysis of the sediments at these sites have detected anomalous concentrations of isopentane, which has been interpreted as evidence for structure-II gas hydrate (Sassen and MacDonald, 1994).  During this phase we will modify field equipment in the laboratories and machine shop of the key participants, as well as complete preparations (i.e., stock, pack, and prepare all materials) for cruise and ship equipment to debarkation point).  
Task 1.2 (Cruise #1) – The proposed field will continuously monitor for a year the dynamics of gas hydrate formation and dissociation in situ on areas of the seafloor that are vulnerable to environmental changes that affect the stability of methane gas hydrates (i.e., zones near the sediment-water interface where the P-T conditions are near the 3-phase boundary curve).  For this, two submersible cruises on the Johnson Sea-Link are planned with 6 dive days that permit at least 6 hours on the seafloor for sampling and instrument deployment and retrieval.  The cruises 

Figure 2.  Location of shallow gas hydrates outcrops (GC185 and GC234) on the seafloor of the Gulf of Mexico.  

                   ( figure removed to protect location of delicate ecological area)
are separated in time by approximately one year.  The first cruise being used for initial sampling and instrument deployment and the latter for retrieval and additional sampling.  On the first cruise, the Johnson Sea Link, will be used to install video, thermal, geochemical, and hydrological monitoring equipment on the seafloor at the two selected field sites in the northern 

Gulf of Mexico. Specially designed equipment described in Section 1.2.3, will be used to sample exposed gas hydrates and bottom seawater.  We will also take push cores to obtain near-seafloor gas hydrate samples from which will be determined  hydrate pore occultation and the impact of hydrate invasion of the sediment in terms of changes in porosity and sediment integrity.  Push cores will also provide an initial record of in situ sediment pore fluid compositions.  

Pore fluids from push cores will be sampled and sub sectioned in a cold room on the ship and analyzed, using standard wet chemical techniques, on the ship for alkalinity, pH, and ammonium, as will be the sample of bottom water taken by the samplers. Similar analyses will be made for hydrate, push core, vent, and bottom seawater samples.  Fluids will then be stored for shore- based analyses at SIO for isotope ratios and for concentrations of CH4, DIC, Cl, SO4, Ca, Mg, Si, and Li.   The sampling plan is shown in Table 1.

The purpose of our monitoring program is to continuously record of methane concentrations in sediment pore fluids, vent gases, and overlying water at site GC185. Previous studies have demonstrated that gas fluxes in hydrate areas are episodic and changes might be induced with variations in bottom water temperatures that cause shallow deposits to dissociate (MacDonald et al., 1994).  

Four MOSQUITO fluid flow samplers will be deployed at the two field sites.  One will be located on the exposed hydrate deposit, a second will be placed on the seafloor at the boundary between the sediment and the exposed hydrate body, and a third will be placed on the nearby seafloor where there is only buried and no exposed hydrate.  A fourth unit will be placed on the 

Table 1.  Analysis of sampling plan for ship and submersible operations.  Each sample will produce aliquots for C1-C5 hydrocarbon gas composition, analysis of percent CO2, stable carbon isotope data and data on the hydrogen isotopes of the CH4.

	Sample type
	Gas Hydrate

Setting
	Collection Method
	# of Samples
	Initial 

Processing

	Hydrate Core
	Exposed
	Hydraulic corer (submersible) recovery in hydrate chamber
	7 replicate in 5cores at 4 deposits=140
	Decant in ship-board freezer, photograph, section, fix in LN2

	Sediment drape over exposed 

Hydrate
	Exposed
	Push cores 

(submersible)
	8 samples from 4 deposits=32
	Seal in N2 purged cans fixed with mercuric chloride

	Vent gas
	Bubble plumes at exposed deposits
	Bell jar (submersible)
	2 samples from 4 plumes =8
	Store in stainless steel vacutainers

	Push Core 

(hydrate)
	Buried deposits and background sediment
	Submersible 
	4 replicates in 3 cores at 3 sites=36
	1 separate hydrate for highresolution pore fluid chemistry, 1 for gas chemistry, 1 for sedimentology


nearby seafloor at Site GC234 where no gas hydrate is present to provide background hydrologic information.   
In addition to the hydrologic program, monitoring at GC185 will include a record from a time-lapse video camera assembly.  The rig will also be equipped with synoptic temperature recorder that will record hourly images of the growth or dissolution of an exposed gas hydrate deposit.    At the end of the yearlong deployment, fluids collected by the MOSQUITOs will be analyzed for methane and other hydrocarbon concentrations and provide chemical and isotopic fluid compositions and fluid flow rate data with a 1-2 days resolution.  

Task 1.3 (Post cruise geochemical data collection and interpretation) – The complete full suite of shore-based geochemical, isotopic, mineralogical, and structural analyses of initial gas hydrate, pore fluid, and sediment samples and initial data processing of will take place in the laboratory of Dr. X.   Carbon and hydrogen isotope ratios of the methane and other hydrocarbons (C1-C3), as well as the sulfur and hydrogen isotope ratios of the H2S, if present, will be determined.  In addition, the percent gas occupancy in the hydrates will be determined by decomposing clean hydrate samples and measuring the CH4/H2O ratios. These later analyses will be carried out on clean sub samples of large gas hydrate pieces that have been sectioned in a freezer.  By taking a time series of samples, geochemical zonation in the hydrates will be characterized.   At SIO, hydrate dissociated water will be analyzed for O and H isotopic ratios as well as chloride, which is a good porosity and dilution indicator.  

 Vent water samples will be analyzed similarly for C and H isotopes of the methane.  Fluid-filled coils from the MOSQUITO fluid samplers will be sub sampled immediately on shipboard and analyzed for the same constituents as the pore fluids described above.  To determine flow rates, these later fluids will also be analyzed for the two flow-rate tracers as described below.  

To determine whether the chemical approach will yield results that are meaningful for the study to be undertaken, some pilot analyses were run on existing samples of gas hydrate from the two field sites proposed.  These data support our objectives showing that our field and analytical approach will provide the quality of data we need to assess the stability of the gas hydrate fields we will investigate in detail and that these data are amenable to the types of analyses we propose.

Task 1.4 (Cruise #2 preparation) – Same tasks as specified in Task 1.1 
Task 1.5 (Reporting and Presentations) – Report generation for DOE, presentation of results at national scientific meetings.  

Phase 1I - Task 2.0 (Cruise #2)  This cruise will used for final sampling and retrieval fo the monitoring equipment from the seafloor.   The Johnson Sea Link, will be used on a cruise with 6 dive days to achieve these objectives as well as to collect an additional set of push core and fulid samples which will be samples and analyzed as described above in Task 1.2.  
Task 2.1 (Post cruise data collection, interpretation) Same tasks as specified in Task 1.3.  

Task 2.2 (Data synthesis) This task includes data analysis, comparison, and synthesis.  Data analysis methods include the use of the pore water chloride concentration as an indicator of porosity and of dilution that results from the dissociation of sediment trapped gas hydrate.  This is possible because the chloride in seawater is assumed to behave conservatively, therefore, the concentrations of the other pore water chemical species can be normalized to the pore water chloride composition to reconstruct the original (pre-dissociation) pore water composition.  Using this method, the original porosities of seafloor and buried gas hydrates can be compared and related to fluid flow rates obtained from the MOSQUITO flux meters.  In this case, fluctuations in chloride concentration in fluids obtained from the MOSQUITO coils can be cast in terms of the formation (increasing Cl) or  dissociation (dilution of the Cl concentration) of gas hydrate in the sediment, especially when correlated with temperature data from the samplers because hydrate formation is a highly exothermic reaction and its dissociation is a highly endothermic reaction (heat of dissociation: 5.42 kJ mol-1 at 273 K).  

Fluxes of the inorganic chemical species determined will be utilized to examine local hydrate-driven sediment digenetic effects and ocean environmental impacts. For example, Ca and alkalinity concentrations indicate carbonate diagenesis and Li, Mg, and Si concentrations constrain the temperature at the reaction source.  The empirical Li-Mg geothermometer (Kharaka and Mariner (1989) is among the best existing cation geothermometers.  Silica concentration in geothermal fluids also widely used is experimentally and empirically one of the best-developed sediment pore fluid geothermometers.  It is especially valuable at temperatures below 150 (C whereas equilibration is controlled by (-cristobalite or chalcedony (Fournier and Rowe, 1996; Fournier and Potter, 1982).

To determine critical factors in hydrate stability, the geochemical and isotopic data from the push core fluids, bottom water, and MOSQUITO coil fluids will be compared.   Preliminary carbon isotopic data from the two proposed field sites  suggests that differences exist between the respective source gases.  The significance of these variations from the preliminary data are as yet unclear.  A larger database, such as that proposed here, and more precise sampling controls will help to elucidate the critical controls and rates of gas hydrate formation and dissociation in these sediments.

The goal of the synthesis program will be to identify linkages between physical and chemical parameters of the deposits. Determine  whether the local  hydrology is characterized by steady state or episodic fluid flow and  how fluid fluxes,  determine equilibrium/steady state conditions for structure-II methane gas hydrates at our field sites, and determine whether the systems are in dynamic equilibrium.   

Task 2.3 (Reporting and Presentations) – Report generation for DOE, presentation of results at national scientific meetings, and publication in the peer-reviewed scientific literature.

2.1.3  Deliverables

(  All periodic, topical, and final reports requested by DOE. 
(  Publications in the professional scientific literature summarizing results of the work

(  Professional data analysis and synthesis of all field and laboratory data. 
(  Presentations (a minimum of ~2 per calendar year) at national meetings of professional scientists.

(  One year after the end of the grant period, all data will collected for the study will be made publicly available upon request.

2.2    Labor Hours and Justification 

As a scientific, rather than an engineering initiative, hours for participants at the lead institution are indicated on an annual percentage basis (Table 2).  The reason for this is that involvement in the project for each participant continues steadlily throughout the year with the actual number of hours varying from month to month depending on the type of analyses or preparations being undertaken.  Duties of the participants are briefly noted in the table.

2.1.3 Travel

Travel requested by the participants cover the round trip costs of the SIO group and the Texas A&M group for to the cruise

2.3  Project Schedule and Milestones

Table 3 outlines the project schedule and milestones for this scientific propoal, as well as scheduled reporting intervals.  Tasks shown on the schedule are the same as those discussed in Section 2.1.2 that discusses in detail what each task entails. Milestones are considered to be coincident with the end of each task and with each report deadline.

Table 2.  Estimated hours of engaged participants and activities in which they will be involved (ie., justification)

	Role
	Name
	Time

(% annual basis)
	Hrs yr-1

(est.)*
	 Responsibilities and Duties

	SIO Laboratory Program
	
	
	
	

	P.I.
	Dr. X
	15
	354
	Oversee lab procedures, guide student, participate in cruises, synthesis and report data. 

	Lab Manager
	U. UUUU
	30
	666
	 Maintain labs, prepare protocols and train students, oversee SIO cruise preparations, perform analyses, act as primary geochemical technician on cruise

	Graduate Student
	Z. ZZZZZ
	33
	728
	Learn and perform lab procedures, participate in cruise, sunthesize, analyze, and assist in presenting and publishing results. 

	Research Asst.
	to be named
	3
	63
	Coordinate project activities, oversee inter-university communications, produce camera-ready documents. 

	Hydrology Tech.
	V. VVVV
	5
	146
	Help modify MOSQUITO design, participate in cruises, shipboard sampling, and data analysis.

	Texas A&M Subcontract
	
	
	
	 

	P.I.
	Dr. Y
	20
	458
	Prepare and modify all hydrate sampling field equipment, arrange and mobilize cruise, participate in cruise, deploy and retrieve seafloor monitoring and sampling equipment, perform data analysis, publish and present results. 


* Note: Cuise participants are required to work 14 hour days while on the ship. The only person not participating in the cruise is the research assistant.  

2.4   Potential Problems and Mitigation

2.4.1  Field Program – A major concern is the functioning of the sampling equipment and the safe and timely recovery of sample material.  The equipment to be used has been tested extensively during previous field efforts and Dr. Y is thoroughly familiar with it and  able to make all basic repairs in the field.  Detailed notes will be kept of dive and sampling activities during the cruise and nightly meetings will review any problems with sampling to devise solutions, if necessary.  The GERG laboratory is a well-equipped commercial laboratory with robust QA/QC procedures.    

2.4.2  Laboratory Program – No problems are foreseen because all methodologies to be used have already been tested in the laboratories where they will be carried out and have proven to be successful in characterizing gas hydrate, fluid, and sediment samples.

2.5  Technology Transfer Plan
As the lead institution the University of California will handle all technology transfer issues.  SIO is a part of the University of California at San Diego, which has a University of California 

Technology Transfer Office on campus.  This office is staffed with technical and legal personnel whose job is to facilitate the transfer of technology developed by U.C. faculty and staff to the 

private sector.  All technology transfer will take place through this office using procedures and protocols established and adhered to by the University. These transactions will be done in consultation with DOE, taking into account any rules and regulations they may have regarding the developed technology or transfer activities.

2.6  Anticipated Data Delivery 

Results of this work will be published in the peer-reviewed literature and presented at national meetings in geochemical, hydrological, and gas hydrate symposia, in addition to being included in the DOE final report and in any interim technical briefings required by DOE.  As part of the peer reviewed publications, data tables and plots of all relevant data: chemical, mineralogical, hydrological, isotopic, etc. will be included.  Within a year after completion of the program, all data will be made publicly available upon request.
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Technology Transfer Office on campus.  This office is staffed with technical and legal personnel whose job is to facilitate the transfer of technology developed by U.C. faculty and staff to the 

private sector.  All technology transfer will take place through this office using procedures and protocols established and adhered to by the University. These transactions will be done in consultation with DOE, taking into account any rules and regulations they may have regarding the developed technology or transfer activities.

3.  TECHNICAL AND MANAGEMENT CAPABILITIES

3.1 Qualifications of Key Organizations

3.1.1  Scripps Institution of Oceanography (SIO) is world renown for its faculty’s work on climate change, isotopic tracers, seafloor science, and geophysics.  It is a part of the University of California at San Diego, with over 80 research faculty, a centralized analytical facility, and its own fleet of oceanographic research vessels.

3.1.2 Texas A&M University: The Geochemical and Environmental Research Group (GERG) is part of Texas A&M University, which has a strong marine-oceanographic program and houses the Ocean Drilling Program. GERG scientists have contributed significantly to marine geochemistry and ecology, particularly in the Gulf of Mexico. It has 60 permanent staff, including 15 Ph.D. scientists and graduate students. GERG is primarily a soft-money institution with roughly a 50:50 mix of industrial and government clients.  
3.2 Qualifications of Key Personnel

3.2.1  Dr. X is a professor of geochemistry at SIO and a recognized international authority on fluid flow on continental margins and on the geological occurrence and chemical composition of marine gas hydrates.  In the past five years she has been funded by agencies such as the California Energy Institute, the Petroleum Research Fund, and NSF.  She sits on state and federal panels for gas hydrate research and presently sits on the DOE Methane Hydrate Advisory Committee.  Other relevant committees of which she is a member are in her vita (Appendix B).  She is the designer of the MOSQUITO and her recent research includes fluxes of fluids, including methane, on continental margins and devising new paleoclimate proxies.  She has published over 13 relevant publications to this proposal in the last few years (Appendix B).  

3.2.2  Dr. Y is a research scientist with the Geochemical and Environmental Research Group and an Associate Adjunct Professor in the Department of Oceanography at Texas A&M University.  His research includes the ecology and geology of hydrocarbon seeps in the Gulf of Mexico and he employs imaging and remote sensing techniques combined with submersible investigations.  He has developed numerous specialized sampling and measurement devices for use with submersibles and has had over 30 funded research projects and published 28 peer-reviewed articles since 1986.

3.3 Work Breakdown Structure for Organizations and Personnel

A level 1 work breakdown diagram is provided in Table 4, which outlines the roles and responsibilities of the key participants in proposed program.  It should be noted that we are proposing a scientific program that will be run through major academic institutions, rather than an engineering project carried out by private sector corporations.  The WBS in Table 4 reflects that difference.          

3.4 Relevant Project Experience

3.4.1  Dr. X has participated in over 20 oceanographic expeditions, including 2 DSDP Legs, 6 ODP Legs, and various cruises on ships of the SIO fleet. She was chief scientist on four expeditions, two being ALVIN submersible cruises for investigating gas hydrate deposits on the Cascadia margin and fluid flow on the Juan de Fuca Ridge.  She is presently funded for research on methane seeps off northern California and in Monterey Bay.  She  developed the 

MOSQUITO fluid sampler and has deployed and used them successfully them on four oceanographic studies in the last three years. 

3.4.2 Dr. Y is an expert in gas hydrate field research and geochemical characterization.  He has participated in 45 research cruises and has been chief scientist on 16.   He is thoroughly familiar with gas hydrate deposits in the northern Gulf of Mexico and visited both of the proposed field sites. Over the past ten years, he has lead two multidisciplinary programs studying methane seeps for a total of $4 million in support.  
3.5 Technology Transfer Experience

The University of California has over 100 years of experience working with the private sector and assisting faculty in patenting inventions.  It has full-time professional senior staff that informs corporations of recent university-led advances and transfers this technology to the private sector.  Any special technology developed in the course of this study that is determined as having commercial use will utilize these services and facilities.  

3.6.1  Scripps Institution of Oceanography (SIO):   State-of-the-art facilities for analytical and sample preparation of gas hydrates, pore water and coil fluids are available at SIO in the wet chemical, sediment, and isotope laboratories of Dr. X and in the SIO Analytical Facility. Dr. X’s laboratories are professionally managed and equipped with gas hydrate storage dewars, freezer facilities for handling hydrates performing the conversion of CH4 to CO2.  Also present are all devices for quantitative sediment chemical and mineralogical analysis as well as computer facilities for the reduction and modeling of data.  An XRD, ICP-OES, and a light stable isotope 
Table 4.  Work breakdown structure for the Dr. X-Dr. Y proposed plan of work.

	Scripps Institution of Oceanography

Table contained list of

1. Tasks

2. Time allocated to accomplish task in terms 

     of the dates of initiation and completion.

3.  % of time (in terms of fraction of 100%

     to be devoted to entire project.

4. Brief description of what the task involves.

This was done for both of the parties in the project. 


	Texas A&M University


mass spectrometer (Finnegan MAT 252) are located in the central SIO Analytical Facility, with equipment available to investigators on an hourly or sample recharge basis.   

3.6 Quality and Suitability of Facilities, Equipment, and Materials 
3.6.1  Scripps Institution of Oceanography (SIO):   State-of-the-art facilities for analytical and sample preparation of gas hydrates, pore water and coil fluids are available at SIO in the wet chemical, sediment, and isotope laboratories of Dr. X and in the SIO Analytical Facility. Dr. X’s laboratories are professionally managed and equipped with gas hydrate storage dewars, freezer facilities for handling hydrates performing the conversion of CH4 to CO2.  Also present are all devices for quantitative sediment chemical and mineralogical analysis as well as computer facilities for the reduction and modeling of data.  An XRD, ICP-OES, and a light stable isotope mass spectrometer (Finnegan MAT 252) are located in the central SIO Analytical Facility, with equipment available to investigators on an hourly or sample recharge basis.   

3.6.2  Texas A&M University:  All field sampling equipment for the cruise is present in the laboratory of Dr. Y.  This includes state-of-the-art time-lapse video camera and thermistor systems for monitoring on the seafloor as well as pressurized hydrate recovery containers specially designed for in situ sampling of marine hydrates, hydrate boring equipment, hydrate coring devices with detachable titanium bits, and miscellaneous field equipment for submersible operations.  Also available are UNIX and NT servers and workstations required for data processing and analysis, as well as the machine tooling and engineering facilities at the Harbor Branch Oceanographic Institute for the fabrication and modification of custom hydrate sampling devices.   

APPENDX A – STATEMENT OF PROJECT OBJECTIVES

TITLE:  Controls on Gas Hydrate Formation and Dissociation, Gulf of Mexico: In Situ Field Study with Laboratory Characterizations of Exposed and Buried Gas Hydrates 
A.   OBJECTIVES

The overall objective of the program is to complete a quantitative combined field monitoring and laboratory program to determine the physical and chemical effects of in situ environmental perturbations on the stability of gas hydrates on the seafloor in the northern Gulf of Mexico. This knowledge is crucial for the success of potential hydrate mining programs, planning safe drilling operations, and preventing  massive sediment slides in areas where gas and/or oil pipelines exist or where oil drilling is in progress.   

Phase I Objectives  - To deploy the seafloor monitoring station, collect and analyze samples of gas hydrate from the field sites and prepare equipment for second cruise.  

Phase II Objectives – Retrieve monitoring equipment and collect additional seafloor samples for analysis.  Analyze and integrate all data.  Present results in written and oral form.

B.  SCOPE OF WORK

The work is a two year combined field and laboratory program that includes a one-year in situ monitoring program for observing and measuring the formation and dissociation kinetics of marine gas hydrates in the northern Gulf of Mexico.  As such, it involves two cruises with six dive days each using the submersible Johnson Sea Link.   Structural, chemical, and isotopic data on the hydrates and coexisting pore waters will also be analyzed in the laboratory to characterize the dynamics of  gas hydrate formation/dissociation; and examine the sensitivity of hydrates to changes in  bottom water temperature; and constrain the rate of seafloor methane flux.   

C.  TASKS TO BE PERFORMED

Phase 1

Task 1.0 (Devise research management plan)
Task 1.1 (Cruise preparation) Solidify plans for investigations at field sites where monitoring program will take place.  Modify field equipment in laboratories and machine shop of the key participants.  Prepare for cruise using the submersible Johnson Sea Link.

          Costs incurred in this phase are for supplies to be used on the cruise, communications, modifications to sampling equipment, and salaries to support the percent of time participants are involved in the preparations.

Task 1.2 (Cruise #1) – Using the Johnson Sea Link, install video, thermal, geochemical, and hydrological monitoring equipment on the seafloor at two field sites (GC185 and GC224) in the northern Gulf of Mexico. Use specially designed equipment to sample exposed gas hydrates and bottom seawater.  Take push cores to obtain near-seafloor gas hydrate samples.  Complete shipboard analyses of crucial geochemical species from the hydrate, push core, and bottom sea water samples.  Preserve and prepare remaining samples and material for land-based laboratory analyses. 

           Cost for use of the submersible and its support ship from the Texas A&M Harbor Branch Oceanographic Institution for a cruise that provides 6 days of dive time is $108,500.  Additional costs linked to this task include: (1) round trip travel for the SIO cruise party (M. X, Z. ZZZZ, V. VVVV, U. UUUU, and two research assistants) to and from the cruise site, as well as travel costs incurred by Dr. Y and his team from College Station, Texas to and from the cruise site, (2) salary money for key support personnel and their employees involved in the cruise, and (3) ship to shore communications.
Task 1.3 (Post cruise geochemical data collection and interpretation) - Complete full suite of shore-based geochemical, isotopic, mineralogical, and structural analyses of initial gas hydrate, pore fluid, and sediment samples and initial data processing of results in the laboratory of Dr. X.

          Costs include part-time support for Dr. X's graduate student, laboratory manager, and research assistant as well as recharge costs for the SIO Analytical Facility and for laboratory supplies and communication costs.

Task 1.4 (Cruise #2 preparation) - Repair, modify, and upgrade field sampling equipment in the laboratory of Dr. Y and prepare for second cruise to take place ~1 year after completion of the first cruise.  Cruise to be carried out using the submersible Johnson Sea Link.

          Costs incurred in this phase are for supplies to be used on the cruise, communications, modifications to sampling equipment, and salaries to support the percent of time participants are involved in the preparations.
Task 1.5 (Reporting and Presentations) – Report generation for DOE, presentation of results at national scientific meetings.



Costs incurred in this phase are for travel to the DOE reporting site and for travel and expenses incurred in attending the conference.

Phase 1I

Task 2.0 (Cruise #2)  Retrieve equipment from the two seafloor field sites using the submersible.  Take additional samples of exposed gas hydrates and bottom seawater.  Take push cores to obtain near-seafloor gas hydrate samples.  Complete shipboard analyses of crucial geochemical species from the hydrate, push core, and bottom sea water samples.  Preserve and prepare remaining samples and material for land-based laboratory analyses. 

           Cost for use of the submersible and its support ship from the Texas A&M Harbor Branch Oceanographic Institution for a cruise that provides 6 days of dive time is $108,500.  Additional costs linked to this task include: (1) round trip travel for the SIO cruise party (Dr. X, U.UUUU, V. VVVV, Z.ZZZZ, and two research assistants) to and from the cruise site, as well as travel costs incurred by Dr. Y and his team from College Station, Texas to and from the cruise site, (2) salary money for key support personnel and their employees involved in the cruise, and (3) ship to shore communications.
Task 2.1 (Post cruise geochemical data collection, interpretation) - Complete full suite of shore-based geochemical, isotopic, mineralogical, and structural analyses of initial gas hydrate, pore fluid, and sediment samples as for Task 1.3.  

Task 2.2 (Data synthesis) Synthesize all data and analyze results in terms of the rates of formation and dissociation of methane gas hydrate at and near the seafloor at the two field sites and in terms of linkages between physical and chemical parameters of the deposits. Determine whether the local  hydrology is characterized by steady state or episodic fluid flow and  how fluid fluxes,  determine equilibrium/steady state conditions for structure-II methane gas hydrates at our field sites, and determine whether the systems are in dynamic equilibrium.  Present and publish results.

            Costs include part-time support for Dr. X’s graduate student, laboratory manager, and research assistant, recharge costs for the SIO Analytical Facility and for laboratory supplies, communication costs, and funds used to support the research assistant to prepare publications and final report documents.  

Task 2.3 (Reporting and Presentations) – Report generation for DOE, presentation of results at national scientific meetings.



Costs incurred are for travel to the DOE reporting site and for travel and expenses incurred in attending the conference.

D. DELIVERABLES

(  All periodic, topical, and final reports requested by DOE. 
(  Publications in the professional scientific literature summarizing results of the work

(  Presentations (a minimum of ~2 per calendar year) at national meetings of professional scientists.

(  Professional data analysis and synthesis of all field and laboratory data. 
(  One year after the end of the grant period, all data will collected for the study will be made publicly available upon request.

E.  BRIEFINGS/TECHNICAL PRESENTATIONS

Presentations will be made at all required DOE briefing sessions and annual reviews meetings at a venue and time specified by DOE.  Additional presentations (a minimum average of ~2 per calendar year) will be given at professional scientific society meetings and national symposia on gas hydrates.  Reports of results will also be prepared for any required DOE publications and,  in addition, results of the work will be published in the peer-reviewed, professional scientific literature.

APPENDIX B – RESUMES

(Full résumés of Dr.s X and Y with peer reviewed publications over the past 7 years and selected publications from further back that are directly relevant to this project)
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				1.O		PA

		Field and Laboratory		1.1				Cruise planning, and preparation

				1.2																						C1

				1.3																								Sample analysis, QC

				1.4																																				Review and planning

				1.5																																						Synthesis and reports

				2.O																																														C2

				2.1																																																Analysis

				2.2																																										Data synthesis and reporting

				2.3																																																				Peer presentation and publication

		Reporting				Program Award								Program Start												Progress Rep. 1												Progress Rep. 2												Progress Rep. 3												Final Report

		task

		1.O		Program award, completion of acceptable research project managment plan.

		1.1		Planning and cruise preparations: Refurbish hydrate drill and recovery chamber.  Test time-lapse camera. Purchase supplies

		1.2		Cruise 1 (C1):  Mobilize cruise.  Deploy hydrate drill.  Deploy time-lapse cameras and thermistors.  Recover hydrate and other samples.  Cruise report.

		1.3		Sample analysis:  Hydrocarbon and geochemical analysis of hydrate and other samples.  Progress report.

		1.4		Review and planning:  Review performance.  Solve outstanding problems.  Refurbish/repair sampling equipment.

		1.5		Synthesis of cruise 1 results and analyses and report generation.

		2.O		Cruise 2 (C2): Mobilize cruise.  Deploy improved hydrate drill.  Recover time-lapse camera and thermistors.  Collect samples as required.  Cruise report.

		2.1		Analysis:  Hydrocarbon analysis of hydrate.  Analysis of time-lapse and thermsitor data.

		2.2		Data synthesis and reporting:  Consult with Kastner on partial and complete data.  Determine data needs for C2.  Prepare agency final report.  Begin peer-reviewed publications.

		2.3		Presentation and publication:  Presentations for AGU.  Publication in Journal of Geophysical Research, Organic Geochemistry.  Other journals as appropriate.
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