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INTRODUCTION

In meeting its mission to manage energy and minerals resources on the Outer Continental Shelf
(OCS), the Minerals Management Service (MMS) administers an Environmental Studies
Program (ESP) to gather and synthesize environmental and social and economic science
information to support decisionmaking concerning the offshore oil and gas program. The Outer
Continental Shelf Lands Act established policy for the management of the OCS natural gas and
oil leasing program and for the protection of marine and coastal environments. Section 20 of the
Act authorizes the ESP and establishes three general goals for the program:

e to establish the information needed for assessment and management of environmental
impacts on the human, marine, and coastal environments of the OCS and the potentially
affected coastal areas;

e to predict marine biota impacts that may result from chronic, low-level pollution or large
spills associated with OCS production, from drilling fluids and cuttings discharges,
pipeline emplacement, or onshore facilities; and

e to monitor human, marine, and coastal environments to provide time series and data trend
information for the identification of significant changes in the quality and productivity of
these environments, and to identify the causes of these changes.

Toward this effort, MMS sponsors the biannual Information Transfer Meeting (ITM), bringing
together researchers from throughout the United States and internationally to discuss research
topics funded by the ESP and related areas of interest to MMS. The ITM provides a forum where
interchange on topics of current interest relative to environmental assessments of the offshore oil
and gas industry can occur.

The accomplishments of the ESP for the Gulf of Mexico and of other research programs or study
projects were presented. The ITM is a place to foster an exchange of information of regional
interest among scientists, staff members, and decisionmakers from MMS, other federal or state
governmental agencies, regional industries, and academia.

The 24th ITM had diverse topics of interest ranging from coastal ecology to deepwater.
Highlights this year included presentations of sperm whale seismic research, deepwater Lophelia
coral, and deepwater technology. The Minerals Management Service has been tasked by
Congress to oversee the Coastal Impact Assistance Program, a session was devoted to the
program which authorizes funds to be distributed to Outer Continental Shelf (OCS) oil and gas
producing states to mitigate the impacts of OCS oil and gas activities. Two sessions were
devoted to socioeconomics and impacts of the oil and gas industry. One session focused solely
on the socioeconomic effects of hurricanes on the Gulf region. The dynamics of deepwater
currents is of particular interest since the industry is moving into waters further offshore. Other
sessions focused on the air quality, deepwater habitats, platform ecology, hydrates, coastal
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wetland and offshore ecology, and chemosynthetic research. The meeting reflected the broad
areas of interest to MMS and the excellent scientists studying these topics.

Following are the presentation summaries.
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COASTAL IMPACT ASSISTANCE PROGRAM ALLOCATION
FORMULA DEVELOPMENT DETAILS

Thomas W. Farndon and Karen L. Osborne, Minerals Management Service

Click here to view the slide show that accompanied this presentation.

Section 384 of the Energy Policy Act of 2005 (Public Law 109-58) establishes the Coastal
Impact Assistance Program (CIAP) which authorizes funds to be distributed to Outer Continental
Shelf (OCS) oil and gas producing states to mitigate the impacts of OCS oil and gas activities.
Under the CIAP, $250 million for each of fiscal years 2007 through 2010 will be disbursed to
eligible producing states and coastal political subdivisions based upon allocation formulas
prescribed by the Act. The development details of the allocation formulas were presented at the
24th Information Transfer Meeting on 9 January 2007.

Six states (Alabama, Alaska, California, Louisiana, Mississippi, and Texas) and their eligible
coastal political subdivisions (CPS) are eligible to participate in the program. States were eligible
if a point on their coastline was within 200 nautical miles of any leased tract, and if the majority
of the coastline was not subject to a moratoria, unless the specified exception in the statutory
language applied. CPS eligibility was determined by calculating the distance from the nearest
point on the perimeter of the CPS to the geographic center of each leased tract. Any CPS within
its state’s coastal zone that was also within 200 nautical miles of any active leased tract became
eligible for the program. There are sixty-seven eligible CPS within the six eligible states.

Each state’s allocation was based on the amount of qualified OCS revenues (QOCSR) associated
with that state, determined using the allocation rules set forth in the statutory language. Minerals
Revenue Management, the Minerals Management Service program that is responsible for
management of federal offshore revenues, provided the Fiscal Year 2006 QOCSR data to use in
the Fiscal Year 2007 and 2008 allocations. Using a combination of Microsoft Excel, Microsoft
Access, ArcGIS, Visual Basic, and MMS’s Technical Information Management System (TIMS),
a proprietary database of the MMS, software was developed to determine the amount of QOCSR
generated within 200 nautical miles of the coastline of each producing state. In the Gulf of
Mexico region where many of the leased tracts are within 200 nautical miles of more than one
state, the amount that is allocated to each state that is within 200 nautical miles of a specific
leased tract is inversely-proportional to the distance between the nearest point on the coastline of
the producing state and the geographic center of the specific leased tract. Additionally, the
minimum amount allocated to each producing state is mandated to be one percent of the total
amount allocated in any fiscal year.

Public Law 109-58 defines distance as the minimum Great Circle Distance between two points.
The Great Circle Distance (GCD) is mathematically defined as the shortest distance between any
two points on the surface of a sphere measured along a path on the surface of that sphere. To find



the GCD between two points, spherical trigonometry is employed, with a correction applied to
account for the flattening of the earth at the poles, which alters the spherical shape into an oblate
spheroid. We used the WGS84 reference ellipse to reflect the North American Datum (NAD 27
datum). We selected this datum because the MMS Submerged Lands Act (SLA) baseline and the
leased tract points in the Gulf of Mexico region, which represent the majority of the points
needed for the analysis, are based on the NAD27. The SLA baseline represents the official
coastline for the purpose of CIAP calculations, and all distance calculations utilize these baseline
points.

Thirty-five percent of each state’s allocation was set aside for the eligible coastal political
subdivisions within the state. Of that amount, 25% was allocated to a CPS based on the
proportion of the individual CPS population to the total population of all eligible CPS within the
state, 25% was allocated based on the proportion of the individual CPS coastline length to the
total coastline length of all the CPS within the state, and 50% was allocated inversely-
proportional to the distance between the nearest point on the perimeter of the CPS and the
geographic center of the specific leased tract for each leased tract within 200 nautical miles.
Additional exceptions set forth in the statutory language provide special rules for the states of
Louisiana and Alaska.

The U.S. Census Bureau 2000 Census was referenced to determine the official population of
each CPS. The Submerged Lands Act baseline was used to define the coastal points for each
CPS. The start and end points for the coastline of each CPS within each state were determined by
merging the SLA baseline with the Topologically Integrated Geographic Encoding and
Referencing System (TIGER) files developed at the U.S. Census Bureau. The length of each
CPS coastline was calculated using Hawth’s Analysis Tools within ArcGIS software.

The Fiscal Year 2007 and Fiscal Year 2008 allocations were published on the MMS website in
April 2007. Technical documentation for the allocation formula details is anticipated to be
published on the MMS website before the end of 2007.

Tom Farndon has worked as a petroleum engineer for MMS Offshore Minerals Management
Headquarters since 1985. Most of that time he has spent in the Economics Division solving
complex multidisciplinary analytical problems such as the implementation of this Coastal Impact
Assistance Program and various royalty relief policies. He has 28 years of experience in the oil
and gas industry since receiving his B.S. in petroleum engineering from Marietta College in
1978.

Karen Osborne has worked as a statistician in the Economics Division of MMS Offshore
Minerals Management Headquarters since 2004. Prior to joining MMS, Karen had 15 years of
experience as an analytical consultant in several industries. She received a B.S. in mathematics
(1982), and an M.S. in statistics (1996), both from Montclair State University.



STATE OF ALABAMA COASTAL IMPACT ASSISTANCE PROGRAM

Will Brantley, Alabama Department of Conservation and Natural Resources

Click here to view the slide show that accompanied this presentation.

In November of 2005, the Governor of Alabama (Bob Riley) designated Alabama Department of
Conservation and Natural Resources (ADCNR) as the lead entity to implement the State of
Alabama Coastal Impact Assistance Program (CIAP). Soon after, the Commissioner of the
ADCNR (M. Barnett Lawley) designated the State Lands Division as the lead entity for
managing the CIAP. There are two Coastal Political Subdivisions (CPSs) in Alabama: Baldwin
County and Mobile County. These three entities implemented the 2001 CIAP administered by
NOAA. The State Lands Division is currently engaged in a dual planning process. The overall
State of Alabama CIAP is being coordinated with the coastal counties and project ideas are being
solicited and developed for inclusion in the State of Alabama’s portion of the CIAP. The State of
Alabama would like to focus on successful 2001 CIAP projects and identify projects that do not
duplicate existing programs. Example projects could include land acquisition, artificial reef
development, wetland restoration, and restoration of freshwater flows to coastal estuarine
systems. There will be two public meetings during CIAP plan development; a meeting to
announce the overall CIAP Plan Development process and a meeting to release the Draft CIAP
Plan for public comment. For further information on the State of Alabama CIAP, please contact
Will Brantley (334) 242-5502 or Cara Stallman (251) 625-0814.

William H. Brantley, Jr., has been involved in natural resource management for twelve years and
is currently employed as a State Lands Manager for the Alabama State Lands Division
(Division), a subdivision of the Department of Conservation and Natural Resources. He
supervises the Administration and Planning Section of the Division and is responsible for asset
management and revenue generation programs within the Division. Additionally, Mr. Brantley
oversees several significant programs for the State of Alabama including the Coastal Impact
Assistance Program. He received a Bachelor of Arts degree from Furman University in
Greenville, South Carolina, and also holds a Master of Science degree in forest resources from
Clemson University in Clemson, South Carolina.



UPDATE ON LOUISIANA’S COASTAL IMPACT ASSISTANCE PLAN

David Frugé, Louisiana Department of Natural Resources,
Office of Coastal Restoration and Management

Click here to view the slide show that accompanied this presentation.

Congress authorized the Coastal Impact Assistance Program (CIAP) as part of the Energy Policy
Act of 2005. Louisiana is projected to receive up to $523 million in CIAP funds over four years,
beginning in 2007. Sixty-five percent ($340 million) of those funds will go to the state, and 35%
($183 million) will go to the 19 coastal parishes. Louisiana must submit a CIAP Plan (Plan) to
the U.S. Minerals Management Service (MMS), and MMS must approve it before disbursing
CIAP funds. The Louisiana Department of Natural Resources (LDNR) has the lead for preparing
that Plan and has worked closely with the coastal parishes and various state entities to complete a
draft Plan for public review. The state will send the final Plan to MMS, after its approval by the
state’s Coastal Protection and Restoration Authority. That document will identify projects to be
supported by the state’s share of the CIAP funds, the parishes’ share of those funds, and projects
jointly funded by the State and parishes. The plan will include coastal conservation and
restoration projects and onshore infrastructure projects to mitigate the impact of OCS activities.
Initial CIAP funding will be available in the late spring of 2007. LDNR plans to begin
implementing projects contained in LA’s CIAP Plan before then, using money from the State’s
Coastal Protection and Restoration Trust Fund.

LDNR solicited input and project proposals from the coastal parishes, state and federal agencies,
non-governmental organizations, landowners, and the public. A description of the program,
guidelines for submitting project proposals, and project selection criteria were disseminated via
meetings and mailings and were posted for download from the LDNR CIAP website. LDNR
consistently said that the Plan would draw heavily from previous collaborative coastal planning
efforts that have occurred in recent years (e.g., the Coast 2050 Plan, the LCA Plan, and the
Governor’s Advisory Panel and Science Working Group on Coastal Wetland Forest
Conservation and Use).

The evaluation criteria for coastal conservation and restoration project proposals included the
following questions:

1. Is the proposed project free of issues that may impact timely implementation?

2. Is the proposed project linked to a regional strategy that maintains established landscape
features critical to a sustainable ecosystem structure and function?

3. Does the proposed project protect health, safety, or infrastructure of national, state,
regional or local significance?

4. How cost effective is the project?

What is the certainty of the project’s benefits?
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6. Does the project address an area of critical need or high land loss?
7. How sustainable are the project’s benefits?

LDNR staff provided technical assistance to parishes and other entities in the development of
their proposals. The deadline for project proposals was 22 May 2006, an extension of two earlier
deadlines. Three hundred and twenty-six (326) proposals were received by LDNR from the 19
coastal parishes, municipalities, state agencies, federal agencies, universities, corporations, non-
governmental organizations, landowners, and the general public.

Following the 22 May proposal deadline, LDNR staff visited sites of proposed projects when
more information was needed to assess site conditions and the proposed projects’ features and
potential benefits. LDNR staff assembled regional maps showing each proposed restoration
project, and generated reports on each project proposed for state CIAP funding. Those reports
identified up to 67 key features found within a 500-foot radius of proposed projects (e.g.,
existing restoration projects, permitted coastal use activities, pipeline rights of way, etc.). The
LDNR Land Section reviewed projects proposed for State CIAP funding to evaluate landowner
status and the existence of infrastructure, leases, and any other land-rights issue that might
impact implementation. Proposals were also evaluated for potential conflicts with coastal
protection projects, using GIS data provided by the Coastal Protection and Restoration Authority
(CPRA) Integrated Planning Team.

LDNR solicited public input on the proposed projects at regional open house events in Baton
Rouge and Lafayette (20 and 22 June 2006). All proposals were also available for review on the
LDNR CIAP website, and comments from the public were solicited via the web site for
consideration during the selection process.

Project proposals were initially screened by LDNR to determine whether state CIAP funds were
being requested, whether the projects complied with the authorized uses of CIAP funds, and
whether the proposals were focused on conservation/restoration or infrastructure. Each
conservation and restoration proposal involving state CIAP funding for one or more of the
authorized uses was then reviewed to determine whether it had clear links to a regional strategy
for maintaining established landscape features deemed critical to a sustainable ecosystem
structure and function. A key related question asked by LDNR staff in making that determination
was whether the proposal would produce regional benefits. Another key question was whether
the cost of the proposal would exceed a level reasonably supportable by CIAP. Those
conservation/restoration projects which met the above criteria, had a high degree of certainty of
benefits, and were generally of a cost range deemed to be supportable with CIAP funds were
then selected for detailed technical analysis. An exception to that procedure involved projects
that were currently being engineered and designed with CWPPRA funds; those projects were
generally excluded from further consideration for CIAP evaluation and funding purposes.

A group of natural resource researchers from Louisiana conducted an external technical review
of CIAP conservation and restoration projects proposed for state funding. That interactive review



identified the strengths and weaknesses of individual proposals and assessed their competitive-
ness as candidates for CIAP funding.

Using information compiled for the projects selected for detailed analysis (including the external
technical review findings), an LDNR technical review panel assigned a score (0 to 10) to each
proposal. That panel then generated a preliminary list of projects for inclusion in the Draft CIAP
Plan. That preliminary list formed the primary basis of the recommended list of state-funded
projects presented by LDNR’s CIAP Team to the CIAP selection committee. That selection
committee was comprised of CPRA agency representatives from the Louisiana Departments of
Transportation and Development, Wildlife and Fisheries, Environmental Quality, Natural
Resources, and Agriculture and Forestry, and the Governor’s Office of Coastal Activities. An
external science advisor also participated at that meeting, as did members of the CPRA’s
Integrated Planning Team. The list adopted by that selection committee is the primary
component of the Draft CIAP Plan (projects involving state CIAP funding).

The anticipated Plan components involving the state’s share of CIAP funds include:

Enhanced management of Mississippi River water and sediment;

Protection and Restoration of critical land bridges;

Barrier shoreline restoration and protection;

Interior shoreline protection (lakes and critical reaches of navigation channels);
Beneficial use of dredged material/marsh creation;

A coastal forest conservation initiative; and

Infrastructure projects to mitigate onshore OCS impacts.

Nk W=

David Frugé is Acting Deputy Assistant Secretary of the Louisiana Department of Natural
Resources’ Office of Coastal Restoration and Management. He coordinates Louisiana’s
involvement in the Coastal Impact Assistance Program, authorized by Congress in 2005. He was
also Administrator of DNR’s Coastal Management Division from September 2003 to August
2005, overseeing the state’s Coastal Use Permit Program and efforts to ensure that federal
activities are consistent with Louisiana’s Coastal Resources Program. Mr. Frugé administered
the U.S. Fish and Wildlife Service’s Ecological Services Program in Louisiana from 1982 until
his retirement in 2003. He also represented the U.S. Department of the Interior on the Louisiana
Coastal Wetlands Task Force from June 1995 through August 2003.



MISSISSIPPI COASTAL IMPACT ASSISTANCE PROGRAM

Tina Shumate, Mississippi Department of Marine Resources

Click here to view the slide show that accompanied this presentation.




TEXAS COASTAL IMPACT ASSISTANCE PROGRAM

Kathy Smartt, Texas General Land Office

The Office of the Governor of the State of Texas will oversee the Texas Coastal Impact
Assistance Program and will submit the Texas CIAP Plan to Minerals Management Service for
approval. The Texas Plan will consist of one-year plans, with amendments each year to reflect
new fiscal year awards.

To develop the state portion of the CIAP program, Governor Perry established a three-member
Coastal Land Advisory Board (Board) in January 2006. The Board is comprised of Texas Land
Commissioner Jerry Patterson (Chairman), Railroad Commissioner Elizabeth Jones, and
Transportation Commissioner John Johnson. Governor Perry designated the Texas General Land
Office (GLO) as the administrative agency for the CIAP.

In May 2006, the Board approved the goals and objectives for the state portion of the CIAP
program. Specifically, the goals of the program are: to conserve, restore, enhance, and protect the
diversity, quality, quantity, functions, and values of the state’s coastal natural resources
including, but not limited to, any effects of oil and gas development of the Outer Continental
Shelf. The objectives of the program are to: restore, protect, and enhance coastal natural
resources; improve water quality; enhance public access; improve onshore infrastructure and
environmental management; mitigate erosion and stabilize shorelines; and educate the public on
the importance of coastal natural resources. Protecting coastal natural resources, while
facilitating economic development and multiple human uses of coastal resources, will be a
primary focus of this effort. Priority will be given to projects that meet regional and/or coast-
wide goals and objectives.

For each fiscal year award, informative public meetings will be held and project nominations
will be solicited for state and county funding. Informative public CIAP meetings for 2007 state
funding began in May 2006. Since then, numerous public meetings have been held along the
Texas Coast with representatives from state and federal agencies, county and local
representatives, non-profit organizations, county task forces, and the general public. A general
workshop was held in August 2006 in Austin with coastal county representatives to discuss
proposed county projects and documentation needed for the state plan. The GLO staff held
individual follow-up meetings with all 18 counties.

Project nominations for state projects were solicited in July 2006. Three hundred forty-nine
nominations were submitted, totaling over $777 million in funding requests. One hundred
eighteen nominees were asked to submit grant applications. Proposed state projects are under
review. A public Board meeting will be held to finalize the selection process. The draft state plan
will be posted in the Texas Register for 30 days for public comment. It is anticipated there will
be 3540 state projects and 100—110 county projects for the first year of funding.
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The GLO created the 2005 CIAP Web site in March 2006 to provide continuous updates on the
CIAP. This Web site has been a reliable and up-to-date source of information in the development
and implementation of the Texas program, as well as a means to participate in the state project
submission process.

Kathy Smartt has been an employee with the Texas General Land Office for eight years. She
currently works as the Team Leader for the Texas CIAP. Previously, Kathy was the state CIAP
coordinator for the 2001 program administered by NOAA. She has extensive experience in
administering federal grants and managing coastal projects as a program specialist in the Coastal
Resources Division of the Land Office for the last five years, Before transferring to her current

position, Kathy worked three years in contract administration for the Legal Division of the Land
Office.
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AIR QUALITY | SESSION, INTRODUCTION

C. H. (Chester) Huang, Minerals Management Service

Click here to view the slide show that accompanied this presentation.

This session describes a project is to conduct meteorological and air quality modeling and to
assess the impact of air quality on Breton National Wilderness Area (BNWA), a Class I area.
This five-year project will integrate meteorological data, air quality data, and emissions
inventory, using MMS5 mesoscale model and CALPUFF and CMAQ air quality models.

From October 2000 through September 2001, the Minerals Management Service (MMS)
conducted a number of data quality control, data validation, and data analysis studies to collect
meteorological and air quality data. The studies include: Observation of the Atmospheric
Boundary Layer, Development of Gridded Source Emission Inventories, Data Quality Control
and Assurance for the Breton Area Activity Data System and Emission Inventory, Breton
Offshore Activity Data System (BOADS), Gulfwide Offshore Activity Data System (GOADS),
and Atmospheric Boundary Layer Study in the Western and Central Gulf of Mexico.

Other papers presented in this section discuss hurricane damage to the oil and gas infrastructure,
the Gulf Coast mesoscale modeling study, the visibility study, and the study of reactive volatile
organic compounds at the air-sea interface in the Gulf of Mexico.

Dr. C. H. (Chester) Huang is a Certified Consulting Meteorologist in the Physical Sciences
Group, Environmental Sciences Section at MMS. He is responsible for the review of air quality
permit application, environmental impact assessment, and air quality and meteorological study
programs. His expertise is in the areas of atmospheric boundary layer meteorology, turbulence
and diffusion, air-sea interaction, wind energy, and air quality and meteorological modeling. His
works have appeared in several textbooks on air pollution meteorology and have been widely
cited in the scientific literature. He has numerous publications in journals, conference
proceedings, and technical reports. Previously, he worked on the Federal Wind Energy program
and the Department of Energy’s nuclear facilities. His other experience includes work at Battelle
National Laboratory, Navy Fleet Numerical Meteorology and Oceanography Center, and
teaching at the University of Toledo, Ohio.
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ON THE RELATIONSHIP BETWEEN METEOROLOGICAL
FACTORS AND HURRICANE

C. H. (Chester) Huang, Minerals Management Service

Click here to view the slide show that accompanied this presentation.

Introduction

The impacts of hurricanes on human activities in coastal areas can be dramatic, as shown by
devastation Hurricane Katrina caused to human life and property, including the offshore oil and
gas infrastructure. Accurate predictions about hurricanes could reduce loss of life and property as
well as oil and gas production; however, in spite of the advances in hurricane studies, hurricane
movement and strength often remain unpredictable.

In this study, we investigate the relationships between meteorological factors and hurricane
damage to oil and gas platforms. We describe ways of determining the meteorological factors,
and we develop a quick and easy-to-use method of assessing the impact of hurricane damage to
the oil infrastructure in the Gulf of Mexico. We also show that a hurricane’s central pressure may
be a good indicator for establishing design criteria for offshore structures.

Synoptic of Hurricane Katrina

Figure 1B.1 shows the best tract and positions for Hurricane Katrina from 26 to 29 August 2005.
Also shown are the stages of Katrina’s development and the hurricane categories of those stages
(see www.nhc.noaa.gov; Knabb et al. 2005). The hurricane tracks predicted by National Hurri-
cane Center (NHC) and MMS5 mesoscale model are also plotted in this figure. It is evident from
this figure that forecasting a hurricane’s track is still very difficult.

Hurricane Katrina formed north of Puerto Rico on 19 August 2005 from a combination of a
tropical wave and the remnants of tropical depression. It became a tropical storm on 24 August
and moved through the Bahamas and toward South Florida. It continuously strengthened and
became a Category 1 hurricane near the south of Florida during the evening of 25 August.

On 26 August (at 0000 UTC), Katrina moved onshore in South Florida as Category 1 hurricane
and weakened to become a tropical storm over land. After entering the eastern Gulf of Mexico it
again became a Category 1 hurricane and continued its southwest movement. Due to the warmer
water of Gulf of Mexico, Katrina intensified to a Category 2 hurricane by 11:30 a.m. Eastern
Daylight Time (EDT) on 26 August.
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Figure 1B.1. Hurricane Katrina’s track and intensity. Curve A: Best track, Curve B: National Hurricane
Center predicted track, and Curve C: MM5 model predicted track.

Katrina’s center pressure dropped rapidly from 968 mb to its lowest pressure of 902 mb within
two days from 1 p.m. CDT 26 August to 1 p.m. CDT 28 August. Katrina’s maximum sustained
wind speed increased from 95 mph to 175 mph during this same period. It became a Category 5
hurricane about 170 miles southeast of the mouth of the Mississippi River, directly threatening
New Orleans, Louisiana.

On 28 August, Katrina turned toward north-northwest toward the central Gulf of Mexico coast.
During this period, the hurricane wind field expanded with a radius of 125 miles from the center
and with tropical storm-force winds in a radius of 230 miles from the center (Figure 1B.2).
Katrina made initial landfall as a Category 4 hurricane (at the southeastern tip of Louisiana near
Buras) and moved toward New Orleans around 9:45 a.m. on 29 August

Hurricane’s Impact

Hurricane Katrina had devastating effects on human life, property, and the oil and gas industries
in the Gulf of Mexico, especially in the New Orleans area and along the Gulf Coast. It is
estimated that 2000 lives were lost and $80 billion of damage to property occurred
(en.wikpedia.org). Louisiana lost about 200 square miles of wetlands as a result of Hurricanes
Katrina and Rita (www.nwrc.usgs.gov, 2006). Offshore oil and gas productions were disrupted
when a total of 118 oil and gas platforms were destroyed. Of those, Katrina took 47 oil
platforms. More than 25,000 offshore workers must be evacuated whenever a hurricane enters
the Gulf of Mexico (Www.mms.gov).
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Figure 1B.2. Hurricane Katrina at 15:00 UTC was 180 miles south-southeast of the mouth of Mississippi
River and moving northwest at 13 mph. The maximum sustained wind speed was 175 mph.

Model Simulations

Several numerical models have been used to predict a hurricane’s track and intensity. Despite the
considerable progress in recent years, predictions of a hurricane’s track and intensity are still
quite crude. For example, as hurricane Katrina entered the Gulf of Mexico from the South
Florida, these numerical models all predicted that Katrina would veer toward northwest and
make landfall somewhere in Florida. These numerical models, like the NHC’s predictions, did
not correctly predict the storm’s path.

Model Domain and Initial Conditions

In this study, MMS5 mesoscale model (www.mmm.ucar.edu) was used to simulate Hurricane
Katrina’s movement. The domain D2 is nested within the domain D1 and the domain D2 covers
the Gulf of Mexico region. The horizontal grid resolutions are 63x41 and 55x52 for D1 and D2,
respectively; there are 23 vertical layers. The D1 and D2 have horizontal grid spacing of 90 km
and 30 km, respectively. NCEP data were used for the initial and boundary conditions. The MM5
model’s simulated track is also shown in Figure 1B.1.

Results: Katrina’s Impact on Offshore Infrastructure

Katrina’s predicted tracks are shown in Figure 1B.1. Neither other numerical models nor the
NHC’s prediction correctly predicted Katrina’s movement at this stage of development.
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Four approaches can be used to obtain hurricane maximum wind speed and central pressure, i.e.,
meteorological measurement, dropsonde, satellite images or numerical models, which in turn can
be used to estimate the number of the oil and gas platforms being destroyed. Table 1B.1 shows
the maximum sustained wind speed, central pressure, and number of destroyed platforms for
hurricane Ivan, Katrina, and Rita as well as damaged platforms for hurricane Lili. Katrina is a
Category 5 hurricane and its maximum wind speed is 175 mph.

Table 1B.1

Maximum Sustained Surface Wind Speed, Central Pressure, and the Number of the Destroyed Platforms for
Hurricanes Ivan, Katrina, and Rita, and Lili

Hurricane Date Wind Speed (mph) Pressure Platforms (destroyed)*
Rita 2005 179 897 65 (destroyed)
Katrina 2005 173 902 46 (destroyed)
Ivan 2004 138 982 7 (destroyed)
Lili 2002 144 938 6 (damaged)
*(Oynes 20006)

The data given in Table 1B.1 are used to correlate the number of destroyed oil and gas platforms
with the maximum sustained surface wind speed or the hurricane’s central pressure. Figure 1B.3
shows the effect of wind speed on the platforms. These wind speed data are plotted against the
number of destroyed platforms in Figure 1B.3; the data can be fitted by using a linear regression.
As shown in Figure 1B.3, when wind speed exceeds 135 mph, the number of platforms destroyed
by the hurricane increase with increasing wind speed. On the other hand, when the maximum
wind speed is less than 135 mph, it only causes damage to the platform. The maximum wind
speed for hurricane Lili, which damaged six platforms, was 144 mph. The relationship between
the hurricane central pressure and the number of the destroyed oil platforms in the Gulf of
Mexico during the passage of hurricanes are plotted in Figure 1B.4. As seen from this figure, a
linear regression fit to these pressure data and the number of the destroyed platforms is very
good. When the hurricane central pressure exceeds 930 mb, the hurricane only causes damage to
the platform. However, when the central pressure of a hurricane is below 930 mb, it will destroy
the oil and gas platforms. It is more difficult to measure the wind speed than the pressure. This
analysis shows that the hurricane central pressure is a good indicator of the number of platforms
that will be destroyed by a hurricane.

A hurricane’s central pressure is a variable that can be measured easily. Therefore, a hurricane’s
central pressure may also be used to establish the design criteria for offshore structures.

The dropsonde is usually used to measure a hurricane’s central pressure. Satellite images can
also be used to estimate the intensity of a hurricane. A widely used satellite measurement, the
Dvorak technique developed in 1974 by Vernon Dvorak, estimates tropical cyclone intensity
based solely on visible and infrared satellite images. Several agencies routinely issue Dvorak
numbers for cyclones of sufficient intensity. In the case of Katrina, the Dvorak number is T7.2.
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Figure 1B.3. Relationship between the hurricane maximum wind speed and the number of the destroyed
oil and gas platforms.
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Conclusion

The accurate prediction of hurricane’s track and intensity is important for saving lives and
reducing the loss of property or oil and gas production. In this study, we have shown that
techniques for forecasting hurricane’s track and intensity are still very crude. The Katrina
experience has further shown that numerical models, for both track forecasting and intensity
forecasting, need improvement. Four methods used to obtain the meteorological variables are
described, and a quick and easy-to-use method is developed to assess the impact of hurricane
damage to the oil infrastructure in the Gulf of Mexico. This study shows that the relationships
between the meteorological factors and the number of the destroyed oil and gas platforms in the
Gulf of Mexico are strong. Therefore, the hurricane central pressure or wind speed can be used to
estimate the number of the oil and gas platforms being destroyed offshore in the Gulf of Mexico.
Hurricane central pressure, wind speed or satellite images may also be used to establish the
design criteria for the oil and gas platforms. If the wind speed and pressure measurements are not
available, the Dvorak technique (satellite images) may be used to determine the number of
destroyed platforms. Currently, hurricane Ivan, Katrina, and Rita all exceed the 100-year design
criteria for the oil and gas platforms.
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THE SO, AND NO; INCREMENT ANALYSIS FOR THE
BRETON NATIONAL WILDERNESS AREA

Neil J. M. Wheeler, Stephen B. Reid, Kenneth J. Craig,
Sonoma Technology, Inc.

Click here to view the slide show that accompanied this presentation.

Introduction

The Breton National Wilderness Area (BNWA) is surrounded by onshore sources of oxides of
sulfur (SOy) and oxides of nitrogen (NOxy) to the north and west and offshore sources to the south
and east. The Clean Air Act Amendments limit how sulfur dioxide (SO;,) and nitrogen dioxide
(NO,) concentrations may increase over areas such as the BNWA. These limits are referred to as
increments. The Minerals Management Service (MMS) has funded several studies to provide the
emissions and meteorological databases needed to support a modeling-based cumulative
increment analysis for the BNWA. The most recent study involves collecting meteorological and
air quality data from October 2000 through September 2001 (year 2000-2001), and provides the
final data needed to perform the increment analysis. The databases from these prior studies were
used to perform air quality modeling for past and present years. The model results were used to
determine the amount of increment consumed in the BNWA.

Technical Approach

Meteorological Modeling

Meteorological modeling for these periods was performed by the Pennsylvania State University
(PSU) with the PSU/National Center for Atmospheric Research Mesoscale Meteorological
Model, Version 5, MMS5 (Dudhia 1993; Grell et al. 1994). The modeling strategy included the
use of Kain-Fritsch 2 convective parameterization; the Gayno-Seaman planetary boundary layer
scheme; an explicit moisture scheme; the column cloud radiation scheme; satellite-derived sea
surface temperatures for lower boundary conditions; and a multi-scale four-dimensional data
assimilation technique developed by Stauffer and Seaman (1994) involving analysis nudging,
surface analysis nudging, and observational nudging with routine and special observational data.
Annual simulations for year 20002001 were modeled on national (36-km) and regional (12-km)
domains. In addition, episodic simulations were performed on a 4-km nested grid to investigate
the importance of horizontal grid spacing on model performance.

Emission Inventory Preparation

Three emission inventories were prepared: The current year (2000-2001) inventory, the SO,
baseline year (1977) inventory, and the NO, baseline year (1988) inventory. The Breton
Offshore Activity Data System (BOADS [Billings and Wilson 2004]), the Gulfwide Offshore
Activity Data System (GOADS [Wilson et al. 2004]), and the 1999 National Emission Inventory
(NEI) were used. Projection to base line years was performed using state-specific growth factors
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generated with the EPA’s Economic Growth Analysis System (EGAS), version 5.0. For source
categories in the 1999 NEI not addressed by EGAS, including on-road mobile sources, growth
factors were derived from EPA national emission trends. STI consolidated the databases and
performed checks for completeness, duplication, and reasonableness. Emissions were speciated
and temporally allocated, non-point sources were spatially allocated, and model-ready emissions
files were prepared for the 2000-2001 year.

Episodic Air Quality Simulations

Six multi-day periods were initially selected for evaluating candidate modeling systems. Two air
quality models, the California Puff (CALPUFF) model and the Community Multiscale Air
Quality (CMAQ) model were applied for the six periods. The results of those applications were
evaluated statistically and graphically, and the evaluations were compared to select the model
that best replicated the SO, and NO, observed during those periods. Based on the analysis of
model performance, the CALPUFF model was selected for performing the annual simulations
needed for the increment analysis.

Annual Air Quality Simulations

Three annual CALPUFF simulations were performed to establish baseline and current year
concentrations of SO, and NO; for use in the increment analysis. Annual simulations of NO, and
SO, with year 20002001 emissions were performed and the results of these simulations were
evaluated for model performance both statistically and graphically. Annual simulations of SO,
with year 1977 OCS-related emissions and of NO, with year 1988 emissions were performed to
establish the baseline concentrations.

Air Quality Assessment

An air quality assessment was performed to determine the amount of increment consumed in the
BNWA. Receptors in the BNWA were identified and the annual average NO, concentrations at
each receptor in the BNWA were calculated from the 2000-2001 year and the 1988 baseline year
simulations. Annual, daily, and three-hour average SO, concentrations at each receptor in the
BNWA were calculated from the current (2000-2001) year and the 1977 baseline year
simulations. Increments were calculated by subtracting the baseline year concentrations from the
year 2000-2001 concentrations.

Results

The modeled annual SO, increment was not exceeded at any receptor within or around the
BNWA. A decrease in annual SO, concentration was predicted almost everywhere within the
CALPUFF receptor grid. The maximum allowable 24-hour SO, increment (5.0 pg/m’) was not
exceeded at any receptor within the BNWA; however, a maximum of 1.18 pg/m’ of the
increment was consumed. The maximum allowable three-hour SO, increment (25.0 pug/m’) was
not exceeded at any receptor within the BNWA. The maximum three-hour SO, increment
consumed within the BNWA was 1.70 pg/m’. The maximum allowable annual NO, increment
(2.5 ug/m’) was not exceeded at any receptor within the BNWA but a portion of the increment
was consumed. The maximum annual NO, increment consumed within the BNWA was 0.10
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ng/m’. Because of the modeling system’s tendency to underestimate concentrations, the actual
increments may be larger than predicted.
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Introduction

Accurate meteorological data is an essential aspect of air quality modeling. Standard
meteorological observations are not available in spatial and temporal resolutions sufficient to
resolve the processes driving the mesoscale circulations important for air chemistry and
atmospheric transport and dispersion (AT&D). There is a need, therefore, for fine-resolution
mesoscale modeling to fill in the spatial and temporal gaps in the observational data and create a
four-dimensional gridded data set of the atmosphere for a particular area of interest. To create
model simulations that best reflect the available observations throughout the model simulation
periods, it is also necessary to optimally utilize any observational data sources available via a
four-dimensional data assimilation (FDDA) approach. This paper summarizes the results of a
year-long mesoscale modeling project funded by Minerals Management Service, in cooperation
with Sonoma Technologies Inc., in which a high quality, high resolution (12-km), FDDA-
assisted data set is created with the Penn State University/NCAR Fifth Generation Mesoscale
Model (MMY) as described in detail by Grell et al. (1995) and Dudhia (1993). In addition to the
one year of FDDA-assisted model simulations, three case studies are chosen to perform model
investigations at higher horizontal resolution (4-km), for comparison to 12-km simulations, and
investigate the use of a convective parameterization on a 4-km domain, and the use of a high-
resolution (4-km) sea surface temperature (SST) product.

Methodology

To determine the best model configuration for the year-long study, a series of experiments were
performed on a development case. These experiments included the implementation of an FDDA
strategy that examined the effects of upper air and surface analysis nudging (Stauffer and
Seaman 1990, Stauffer et al. 1991) and observational nudging of standard and special
observational data sources (Stauffer and Seaman 1994) using the data shown in Figure 1B.5. In
addition to the FDDA strategy, the sensitivity to different SST products was examined. From this
set of experiments, a model configuration using upper-air analysis nudging, surface analysis
nudging through the planetary boundary layer, observational nudging of standard and special
observations, and the use of a MODIS SST product was chosen to run the year of model
simulations.

One year of model simulations were then produced at 12-km resolution, broken into 5.5-day
segments, with one half day of overlap allotted for model spin-up. This technique allowed for
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one year of seamless and continuous model data to be used as input to air chemistry models. For
each 5.5-day model segment, mean absolute error (MAE) statistics were produced for the surface
and all model layers, for vector wind difference (VWD), temperature (TEMP), mixing ratio
(MIXR), wind speed (WSPD) and wind direction (WDIR). From these individual cases, a series
of statistics was created over various timescales, including monthly, seasonal, and annual mean
statistics to determine if there were any trends in model performance over these periods.
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Figure 1B.5. Standard and special observation locations within the 12-km resolution domain. Observations
symbols are broken into four separate categories, as denoted in the figure key.

Three cases were then chosen to perform experiments with a 4-km resolution model domain in
such a way that the cases were representative of the many types of weather regimes for the
region. Case 1 was defined as 12 UTC, 1 December 2000, to 00 UTC 7 December 2000, and was
characterized by a cold frontal passage through the model domain, and strong, synoptically-
driven flow. Case 2 was defined as 12 UTC, 1 March 2001 to 00 UTC, 7 March 2001, and
included a stationary front residing within the model domain for approximately half of the case
period, followed by conditions with weak synoptic forcing. Case 3 was defined as 12 UTC, 8
July 2001 to 00, UTC 14 July 2001. This case had weak synoptic forcing throughout the period,
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and included model-simulated sea breeze circulations during several days of the simulation.
These three cases also represented three of the six pollutant episodes that were chosen by the
project sponsor.

For each of these three cases, three experiments were performed. First was the control 4-km
simulation allowing statistical and subjective comparison between it and the 12-km resolution
simulation used in the year-long study. The second experiment used a convective
parameterization on the 4-km resolution domain due to potential problems with explicit
precipitation at this resolution (Deng and Stauffer 2006). Finally, the substitution of a high-
resolution (4-km) MODIS SST product for a coarser-resolution (36-km) MODIS SST was
investigated in the third experiment.

Results

The statistical results produced during the year-long study largely demonstrated patterns in
model performance errors that were expected from a meteorological forecasting perspective.
Figure 1B.6 is a histogram of the monthly average MAE for wind direction and temperature at
the surface, in the boundary layer, and for all layers above the surface. As expected, the lowest
direction errors at the surface occurred during the cool season, when the winds are stronger, and
synoptic forcing predominated. Conversely, during the warm season when wind speeds are
smaller, the wind direction errors were larger. For the temperature field, the errors showed the
opposite pattern. During the cool season, when frontal passages occur more frequently and
stronger horizontal gradients exist, the MAE values were larger than the warm season when there
is much less horizontal variability in the temperature. Averaged over the entire year, the model
accuracy for all fields in Figure 1B.7 was quite good and acceptable for air quality studies with
respect to the model error criteria largely obtained for single case studies and discussed by
Seaman (2000).
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Figure 1B.6. Monthly mean values for MAE for WDIR (left) and TEMP (right) for the surface (SFC), 30—
1000m above ground level, and all layers above surface (ALAS).
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Figure 1B.7. Annual averages of model-simulated MAE fields for Gulf-Coast region for VWD, TEMP,
MIXR, WSPD and WDIR.

The statistical comparison of the 12-km and 4-km resolution model simulations of the three
selected cases shows very little difference in the model performance, with a slight advantage for
the 12-km resolution simulations for most variables. This result is not unexpected, however,
because similar results were obtained in Schroeder et al. (2006) in an area without complex
terrain. In an area with more complex terrain features, greater statistical benefit is expected when
using a higher-resolution model (Stauffer et al. 2007). Differences in the model outputs can be
more readily seen, however, in the subjective analysis of the low-level model-predicted wind
fields, especially during Case 3. During this case, there was daily unorganized convective
activity, which was unresolved by the 12-km resolution simulation, but it was noticeable in the
4-km low-level winds (Figure 1B.8). In addition to the daytime convection, Figure 1B.§ also
shows some differences in the model-predicted sea breeze fronts. Unfortunately, limited
observational data prevented an adequate assessment of the sea breeze accuracy for either
resolution, but the patterns and inland penetration appear to be reasonable at both resolutions.
The 4-km domain had slightly further inland penetration, and stronger wind speed gradients
compared to the 12-km domain. In addition, the 4-km simulation shows a much larger area of sea
breeze influence across southeast Louisiana, as the sea breeze had penetrated past Lake
Pontchartrain from the south and east by 21 UTC (1500 LST).
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Figure 1B.8. Surface-layer wind simulations at 6 h (18 UTC, 9 July 2001) and 9 h (21 UTC, 9 July 2001)
showing afternoon sea-breeze inland penetration denoted by dashed lines for 12-km vs. 4-km
model simulations.

Convective parameterization on the 4-km resolution grid again showed very little evidence of
statistical improvement, but there were substantial differences in the model-predicted
precipitation fields during Case 3 (not shown). Without a convective parameterization, the model
tends to predict localized and more intense precipitation, with large 24-hour amounts that may be
anomalous based on observed 24-hour precipitation amounts (e.g. 11.2 cm in southern
Louisiana). With parameterized convection, the precipitation pattern is much broader, but the
precipitation amounts are much more reasonable when compared to observations. With explicit-
only convection there is a risk that anomalous precipitation patterns can also adversely affect the
low-level wind fields. As a meteorological input for an air quality model, this could cause more
serious problems with the AT&D. The parameterized convection may also have some influence
on the low-level wind fields since the sea breeze circulations in this case tended to start later in
the day by ~3 hours, and were also not as strong as those in the simulation with explicit
convection. This result could be caused by the more widespread precipitation across the domain.

The substitution of a 4-km resolution SST product for the 36-km resolution SST product used for
the entire year of model simulations again showed very little benefit in the statistics, except for
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the low-level temperatures. Low-level temperatures tended to improve slightly with the higher-
resolution SST, but other model levels and fields were generally unaffected, or produced slightly
worse statistics with the higher-resolution product. Subjectively, the differences in the model
outputs were nearly indistinguishable.

Summary and Conclusions

This modeling project produced one full year of high-quality, high resolution FDDA-assisted
meteorological data inputs for air chemistry models, and these were verified using standard and
special observational data sources. Statistically it was found that these modeled data performed
well within the guidelines set by previous air-quality studies. The statistical evaluation also
showed some monthly and seasonal trends in model performance that were expected and
reasonable in both the wind and temperature fields.

A comparison between the 12-km and 4-km resolution experiments for the three cases showed
no clear overall statistical advantage of a 4-km resolution simulation for this particular study.
While there may be advantages in the finer mesoscale details of a 4-km resolution model output,
it may only be truly beneficial for this study area on a case-by-case basis, and not for an entire
year of simulations.

Changing the configuration of the 4-km resolution model showed noticeable improvements,
especially when comparing the model outputs with and without convective parameterization, as
anomalous precipitation fields were replaced with more widespread rainfall with more
reasonable precipitation amounts. Even though there may be tradeoffs in the model output fields,
it is recommended that a convective parameterization should be considered for a 4-km resolution
domain if run automatically for an extended period of time such as this year-long study to protect
against the atypical wind patterns that could exist as a result of anomalously heavy, localized
precipitation. High resolution SST data showed slight statistical benefits in the low-level
temperature fields, but no obvious benefits in any other statistics or subjectively analyzed fields
for the case analyzed. If such a high-resolution data set is available, however, it is recommended
that it be used, especially if low-level temperature is important for the chemistry.
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SIMULTANEOUS MEASUREMENTS OF ATMOSPHERIC VISIBILITY,
PARTICULATE MATTER, AND MIXING HEIGHTS IN THE
BRETON AREA IMPROVE SITE

S. A. Hsu and Brian W. Blanchard,
Louisiana State University

Click here to view the slide show that accompanied this presentation.

Introduction

In April 2004, a surface meteorology and visibility station was installed within the Delta
National Wildlife Area at Pass-A-Loutre (PAL). The station record extended until August 2005
when it was completely destroyed by Hurricane Katrina. After months of negotiation, replace-
ments were finally approved and the station re-deployed in September and October 2006 at PAL,
where it currently continues in operation. This report presents preliminary results from data
acquired at this station, along with several others along and offshore the central Gulf coast.
Aspects of visibility, atmospheric stability, and boundary-layer structure are discussed.

Obstructions to Visibility

Hourly records with restricted visibility were classified by applying a modified version of the
ASOS Obstuction to Visibility algorithm (NOAA 1998) to the air and dewpoint temperature
values. The dewpoint temperature was derived from measured relative humidity using standard
meteorological formulations (see, e.g., Hsu 1988). If the air minus dewpoint temperature was
greater than or equal to 4°F, then haze was observed, if less then 4°F, fog. It was found that haze
can occur in any month, but only infrequently (less than 2% of the time on average). Haze
episodes are typically of short duration and do not impact visibility severely. Haze is often
associated with high pressure and light winds; thus, the contribution of sea salts from wave
breaking is negligible. This is also true of PM, s, concentrations of which are declining along the
northern Gulf coast (see Figure 1B.9).

Fog displays a very seasonal pattern, with distinct peaks of occurrence during the winter months.
During these peaks, fog is observed as much as 1/3 of the time, and often restricts visibility to
near zero.

Atmospheric Stability

Average monthly conditions observed by National Data Buoy Center buoys 42007 and 42040 are
employed to determine stability characteristics over the coastal waters. Values of stability length
L were computed according to Hsu and Blanchard (2004a). Near-neutral (Class D) prevails
throughout the year over almost all the area (42040, near the shelf break, becomes slightly
unstable in December).
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Figure 1B.9. Annual average PM, 5 concentrations from New Orleans, Louisiana.

Stability in the coastal zone was studied using observations from station TAML1 (Tambour Bay)
and the LUMCON Marine Center (LMC). For LMC, the 6, method was used to assign P-G
Categories (EPA 2000). Near-neutral stability also prevails in this area; TAML1 experiences
more unstable conditions than LMC, likely due to differences in diurnal heating (i.e., ‘cooler’
land surfaces vs. ‘warmer’ SST).

Estimating Overwater Mixing Heights

The following experimental formulas are provided for estimating overwater mixing heights.

Application and verification of these equations is ongoing.
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Under near-neutral conditions, from Arya (1999)

zZ.=03%
£

where f is the Coriolis parameter and from Hsu and Blanchard (2004a)

e =02(Uyy — U,)

From atmospheric thermodynamics (Hsu 1998),

Zi = 125(Tair - Tdew)

the lower value of Equation (1) or (3) should be used.

Under unstable conditions (Hsu 2007)

z 288 "
i {2.9 + —}
L] L]

where L is derived from the gust factor G (= Ugys / Uy) (see Hsu and Blanchard 2004b)
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In stable conditions from Venkatram (1980)
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where u« is obtained from Equation (2).
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As discussed previously, atmospheric stability over the northern Gulf is predominantly near-
neutral. Thus, the ventilation factor (the product of mixing height and mean mixed layer wind
speed) is computed by applying Equation (3). As shown in Figure 1B.10, the ventilation factor is

fair to excellent over the region, indicating good pollution dispersion potential.

LMC Profiler Verification

A separate task being conducted under this measurement program is devoted to verification of
the LUMCON RASS / Profiler system by comparison with standard rawinsonde. Figure 1B.11
illustrates one example acquired in this effort. Very good agreement is seen between the profiler
winds, RASS temperatures, and the sonde profile. Note that the mixed layer top is depicted by

the virtual temperature profile on this occasion.
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Conclusions

Surface meteorology and visibility observations along the north-central Gulf coast along with
upper-air data from profiler and rawinsonde are used to study the atmospheric boundary layer
structure and characteristics of restricted visibility. It is shown that fog has a much greater impact
on coastal visibility than haze, both in frequency and intensity. Stability along the coastal zone
and nearshore waters is predominantly near-neutral, and pollution dispersion potential good.
Annual averages of particulate matter are below the national average and declining. Initial
comparisons of the MMS-sponsored RASS and profiler data to standard rawinsonde yield very
good agreement in wind and temperature values.
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Figure 1B.10. Computed ventilation factor at NDBC buoys 42007 and 42040 east of the Mississippi River
Delta.
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DETERMINATION OF NET FLUX OF REACTIVE VOLATILE ORGANIC
COMPOUNDS AT THE AIR-WATER INTERFACE IN THE GULF OF MEXICO

Edward B. Overton, M. Scott Miles, and Buffy Ashton,
Department of Environmental Studies, Louisiana State University

Click here to view the slide show that accompanied this presentation.

The transfer of reactive volatile organic compounds from the sea surface to the atmosphere in the
northern Gulf of Mexico (GOM) region may represent an environmentally significant source
with respect to air quality problems in urbanized areas on the Gulf Coast. Ongoing programs,
such as the MMS sponsored Gulfwide Emissions Inventory (Wilson, et al. 2004), will provide
information on direct emissions resulting from OCS production activities. The impact on the
environment of these production-related emissions, especially in comparison with natural
emissions, remains an open question.

Globally, natural non-methane hydrocarbon emissions from the sea surface have been estimated
at 2-50 x 10"°g/year (Shaw et al. 2003). This global total, however, obscures variations between
locations. Clearly, some areas will have higher emission levels than others, and the GOM, with a
high concentration of natural hydrocarbon seeps and high biological productivity, seems likely to
be on the upper end of the curve. The emission from the sea surface of biogenic reactive volatile
compound such as isoprene and acetone has been demonstrated (Fall et al. 2001). Reasonable
extrapolation of the literature results suggests that isoprene emissions alone could be as high as
100kg/hour during daylight hours over the GOM region. Further, isoprene emissions may be
only a small fraction of the total reactive hydrocarbons introduced to the atmosphere by natural
processes. Ethene and propene have been identified as principle HRVOC (highly reactive
volatile organic hydrocarbons) species in seawater both at the surface and at depth (Bonsang
2000). Interestingly, no alkenes are found in crude oils. As much as 40% of total NMHC (non-
methane hydrocarbons, C2-C5) may be comprised of ethene (Plass-Duelmer et al. 1995). Studies
of alkene and alkane emissions from the sea surface have not been convincingly correlated with
insolation or chlorophyll content, suggesting photosynthetic or photochemical processes are not
primary factors determining the concentration of alkanes and alkenes in seawater. Recent work
on light hydrocarbons in near surface soil gas (Carney et al. 1996; Molecke et al. 1996) also
showed the predominance of ethane and ethene in microseeps above oil and gas reservoirs.
Given these results and the uncertainty with respect to the source of ethane and ethene at the sea-
air interface, it is plausible that a significant fraction of ethene/ethane transported from the sea to
the atmosphere may ultimately derive from deep-sea hydrocarbon seeps. Estimates of HRVOC
emissions from GOM waters based on currently available HRVOC flux data would be suspect
because of uncertainties in the ultimate sources of a large fraction of the total HRVOC load and
the absence of GOM specific flux information. A number of factors—for example, insolation,
algae/plankton density, biological productivity, sea state, organic input (oil and gas seeps)—may
contribute to sea-air HRVOC emission rate. HRVOC emission rates specific to the Gulf of
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Mexico would greatly improve the accuracy and reliability of air impact estimates for natural
reactive volatile organics.

Accurate characterization of phenomena covering a large water body such as the Gulf of Mexico
is a task ideally suited to remote sensing techniques such as satellite based photography.
Available remote sensing techniques perform well in identifying the nature and extent of
geographic features, but are less appropriate for quantifying a process like the net sea-air
exchange of numerous reactive volatile organic compounds. The goal of this project is to
associate quantitative HRVOC flux rates with easily observed geographic/oceanographic
features with remote sensing techniques, namely, slicks from oil seeps, phytoplankton blooms,
and "background" areas. By obtaining specific HRVOC flux information for these "typical"
areas, one will be able to use remote imagery areal estimates to provide a much more accurate
estimate of total HRVOC emissions from the sea surface. It will also provide the necessary
information for making future estimates based on remote observations alone. A further benefit of
this project will be to establish the relationship, if any, between "background" emissions of
compounds such as ethane and ethene with natural oil and gas seeps. The source of these
compounds is currently not well established, and it is possible that their widespread presence at
low levels may be a manifestation of organic input by natural seeps.

Generally, HRVOCs have short atmospheric lifetimes and are classified as having atmospheric
reactivities in categories IV and V, with Category I being the least reactive and V the most
reactive. These high atmospheric reactivities have significant implications in efforts to determine
accurate concentrations. Atmospheric concentrations are continually changing, and this implies a
heterogeneous pattern in concentrations of the most reactive of the HRVOC compounds (like
ethene). Additionally, because ethene is an important component of the HRVOCs, and has a very
high vapor pressure, analytical trapping of ethene on adsorbents can be problematic. The net
affect is that accurate analytical determination of atmospheric HRVOC concentration, including
ethene, is difficult.

Efforts have been made to develop analytical methods for detection of HRVOC compounds
using two distinctly different analytical strategies. The first strategy relies on the traditional
method of trapping the HRVOC compounds on an adsorbent and transferring the sample to the
laboratory for thermal desorption GCMS analysis. This method involves relatively long sample
times and fewer samples collected per sample location. The second method involves use of
newly developed instrumentation for the detection of HRVOC compounds at the site of sample
collection. Analytical cycle times for the instrumentation are on the order of five minutes so that
a significantly larger number of samples can be analyzed per sample location than is possible
using the trap adsorption method. Year One of this project has been focused on working out the
details of these two analytical procedures and field testing the instrumentation. Progress on these
efforts will be reported. Additionally, the pros and cons of both methods will be discussed.
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HISTORY OF MMS SEAFLOOR MAPPING PROJECT

Jesse Hunt, Jr., and W. W. Shedd,
Office for Resource Evaluations, Minerals Management Service

Personnel at the Minerals Management Service (MMS) in 1999 were mapping the seafloor
reflector on 3-D seismic data to use in the tract evaluation process to determine fair market value
of bids. It was noted that where large, deep-seated faults cut the seafloor, high positive and
negative amplitude anomalies on the seafloor reflector were associated with the faults. Further
research showed that large faults that cut the seafloor and had amplitude anomalies formed traps
for discovered fields. It was hypothesized that the anomalies are associated with the effects of
hydrocarbon seeps at the seafloor. A special project was initiated to map the seafloor reflector on
all deep water 3-D seismic surveys on the slope. To date, approximately 186 surveys covering
the shelf edge, the upper and lower slope, and the abyssal plain beyond the Sigsbee Escarpment
have been mapped. The area of seafloor mapped is around 76,000 square miles (FigurelC.1).
Some 2,600 such anomalies were mapped in the Central and Western Gulf of Mexico. It was
noted that beneath the seafloor amplitude anomalies, such hydrocarbon indicators as bright
reflectors or acoustic wipe out zones were associated with the faulting.
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Figure 1C.1. Area of coverage of seismic seafloor maps in the Central and Western Gulf of Mexico.
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In an effort to determine what the amplitude anomalies actually represent at the seafloor, a
contract was let to Coastal Studies Institute at Louisiana State University to perform direct
observations using Remote Operated Vehicles (ROVs) and submersibles. Two cruises were
made using the Johnson Sea Link submersible to sites in less than 3,000 feet (914 m), which is
the operational limit of the submersible. A total of 19 sites were visited, where video and still
photography, as well as sampling, were performed (Figure 1C.2).

Sites with Field Verification Data

19 Submersible Observation Sites

Harry Robarts LS

Figure 1C.2. Submersible dive sites to observe seafloor conditions at mapped anomalies.

It was found that the positive amplitude anomalies represent areas of hard seafloor caused by
authigenic carbonates, clam and mussel shell beds, and gas hydrates exposed at the seafloor. The
positive amplitude anomalies often had communities of chemosynthetic organisms associated
with them. The small negative anomalies represent areas where the seismic velocity is less than
seawater and active seep sites where gas saturation in the bottom sediments is prevalent.

One particularly interesting site that was studied with the submersible was a seep feature located
in Mississippi Canyon Block 118 (Figure 1C.3). It is the easternmost occurrence of exposed gas
hydrates in the Gulf of Mexico and has the largest exposed gas hydrate surface ever observed.
Gas chemistry of the seeping gas and the hydrates indicates it is from a thermogenic source. The
gas in the seeps and hydrates is anomalously high in propane (up to 14%). This site was selected
by the Gulf of Mexico Hydrates Research Consortium as the location for a hydrates seafloor
observatory that will observe the long term changes in the gas hydrates and the environmental
conditions that affect them (Figure 1C.4). The observatory is being jointly funded by MMS, the
National Oceanic and Atmospheric Administration’s National Underwater Research Program,
and the Department of Energy.
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3D Bathymetric Projection of
Observatory Site.
(Mississippi Canyon Block 118)

Figure 1C.3. 3-D bathymetric projection from side-scan sonar and multibeam fathometer data of the
Mississippi Canyon seep feature.
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Figure 1C.4. Schematic diagram of the proposed seafloor hydrates observatory proposed for the MC 118
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SEAFLOOR REFLECTIVITY: AN IMPORTANT SEISMIC PROPERTY FOR
INTERPRETING FLUID/GAS EXPULSION GEOLOGY AND THE
PRESENCE OF SHALLOW GAS HYDRATE

H. H. Roberts, Coastal Studies Institute,
Louisiana State University

W. W. Shedd and Jesse Hunt, Jr., Office for Resource Evaluations,
Minerals Management Service

Research conducted over the last decade has focused on calibrating seafloor seismic reflectivity
across the northern Gulf of Mexico (GOM) continental slope surface to seafloor geology indi-
cates that the presence and character of seafloor bright spots can indicate gas hydrates in surface
and near-surface sediments as well as locations of chemosynthetic communities (Figure 1C.5). It
has become apparent that areas of seafloor reflectivity on the continental slope generally are re-
sponses to fluid and gas expulsion processes. Gas hydrate formation is related to these processes.
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Figure 1C.5. A computer enhanced multibeam bathymetry image of the northern Gulf of Mexico continental
slope showing a small sector of the Mississippi Canyon lease area and its seafloor bright spots or
local areas of high seismic seafloor reflectivity on the continental slope surface. These areas
represents sites of fluid-gas expulsion at the modern seafloor.

48




Seafloor investigations funded by the Minerals Management Service (MMS), through a
cooperative agreement with the Coastal Marine Institute at Louisiana State University, has
resulted in a study of seafloor reflectivity using the MMS Gulf-wide 3D seismic data base.
Seismic surface amplitude anomalies across the northern Gulf’s continental slope have been
mapped, and numerous areas of both very high and very low reflectivity have been identified.
Through research projects funded primarily by MMS and NOAA, manned submersible dives on
many reflective sites have provided direct observations and samplings to calibrate actual
geologic character of the seafloor to seismic reflectivity character. These investigations have led
to a better understanding of the causes of surface reflectivity variations in both reflection strength
and pattern. In nearly all cases where surface amplitude anomalies, identified from 3-D seismic
data, have been calibrated to “ground truth” observations, these areas turn out to be sites where
fluids and gases from the subsurface are reaching the modern seafloor. The fluids include
formation water, brines, crude oil, and sometimes fluidized sediment. Biogenic methane and a
variety of thermogenic gases are usually involved in the fluid-gas expulsion process.

Regional topography of the slope consists of basins, knolls, ridges, and mounds derived from the
dynamic adjustments of salt to the introduction of large volumes of sediment over long time
scales. Superimposed on this topography is a smaller class of mounds, flows, and hardgrounds
that are the products of the transport of fluidized sediment, mineral-rich formation fluids, and
hydrocarbons to the present sediment-water interface. Geologic response to the expulsion
process is related both to the products being transported and the rate at which they arrive at the
seafloor. Mud volcanoes and mudflows are typical of rapid flux settings where fluidized
sediment is involved. Slow flux settings are mineral-prone. Authigenic carbonate mounds,
hardgrounds, crusts, and nodules are common to settings where hydrocarbons are involved.
Barite in the form of small cones, chimneys, and crusts may also be found where expulsion of
barium-rich water occurs. In settings between mud-prone rapid flux and mineral-prone slow flux
environments, unique conditions occur to support and sustain densely populated communities of
chemosynthetic communities. These are the same areas where surficial exposures of gas hydrate
have been observed and studied. Direct observation and sampling of these unusual geologic and
biologic environments started in the mid-1980s using manned submersibles. To date, most
submersible-supported research has been concentrated on the upper slope (<1000 m). However,
fluid and gas expulsion features, chemosynthetic communities, brine seeps, and slope
instabilities occur over the slope’s full depth range as imaged on geophysical data and confirmed
by both limited number of deep submersible dives and remotely operated vehicle (ROV) bottom
imaging transects and samples.

Rapid-delivery expulsion systems generally build seafloor topography such as mud volcanoes
and associated mud flows that transport down slope from an expulsion site or vent. They are
commonly associated with deep-cutting faults, or migration is focused by subsurface salt bodies.
Seafloor reflectivity patterns clearly distinguish rapid flux features. Precipitation of authigenic
carbonates in the hydrocarbon-laced sediment flows and clam shells (lucinid-vesycomyid clams)
left after exploiting the limited supply of hydrogen sulfide microbially generated in these
deposits cause high seafloor reflectivity. Gas in the vent area causes low reflectivity and
sometimes a phase reversal. Heat and perhaps high-salinity fluids transported during expulsion
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events change the boundary conditions for gas hydrate stability and force the boundary toward
the seafloor. Therefore, if gas hydrate occurs in the migration pathway of a recently inactive
system, it is likely to be a very thin, shallow deposit. In active venting situations, it is probable
that no gas hydrate will occur in association with the vent.

In contrast to rapid delivery systems, short migration routes are common to slow-flux, or
seepage, of hydrocarbon to the continental slope surface, and cementation of surficial sediments
is wide spread across these systems. The process of cementation is associated with microbial
communities that utilize the hydrocarbons and then produce authigenic carbonates as by-
products. The most common carbonate mineral is Mg-calcite even though aragonite and
dolomite also occur. These carbonate minerals share a common characteristic. They all are °C-
depleted, indicating that '*C, microbially separated from the hydrocarbons, is incorporated into
the Ca-Mg carbonate molecules.

Moderate delivery rates of hydrocarbons to the modern seafloor provide the optimal set of
conditions for gas hydrate formation at or near the seafloor. Under these conditions gas in
continually supplied from the subsurface and the sulfate reducing zone is very thin or essentially
at the seabed. Shallow-to-exposed gas hydrate deposits may be expected under these conditions.
Seafloor reflectivity, as determined from 3-D seismic data, is highly variable for most moderate-
delivery settings. That is, these sites support diverse and densely populated communities of
chemosynthetic organisms and display scattered areas of seafloor lithification and may even
display small areas of fluidized mud venting.

Table 1C.1 summarizes the relationships between seafloor reflectivity, as determined from 3-D
seismic data, and geologic-biologic response.

Table 1C.1

Seafloor Reflectivity and Gas-Hydrate Domain

Rapid fluid-gas
delivery

reflectivity with
common phase
reversals

Linear flows can be
highly reflective

Linear flows
radiating from
expulsion centers

expulsion centers

Clam beds and
nodular carbonates
on flow deposits

Gas-Hydrate Seafloor Reflectivity Seafloor Gas-Hydrate

Domain Reflectivity Pattern Features Occurrence
Expulsion centers Circular expulsion Gas-charged and/or | None in active

have low, positive center gas-emitting expulsion centers

Subsurface flanks of
expulsion centers

Slow fluid-gas
delivery

surface

No phase reversals

reflectivity

carbonate mounds
and hardgrounds

High spatial Highly variable, Dense Surface exposures,
Moderate fluid-gas variability frgquently fault- chemosyr!thetlc shallow subsurface
delivery aligned comr_nunltles, o
Phase reversals localized authigenic
carbonates
Highly reflective Broad areas of high | Authigenic Subsurface
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For ten years, Harry H. Roberts was director of Coastal Studies Institute at LSU, a member of the
Department of Oceanography and Coastal Sciences, and a Boyd Professor. He has had a career
in marine geology that spans more than 30 years and has worked in many foreign countries as
well as in the United States. Recently, he has focused his research on two areas: (a) deltaic
sedimentation and processes and (b) surficial geology of the northern Gulf’s continental slope.
The latter research thrust has concentrated on building an understanding of the impacts of fluid
and gas expulsion on the surficial geology and biology of the slope. Gas hydrates constitute one
of the unusual consequences of fluid and gas migration and expulsion in deep water.
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SITE SELECTION AND GEOLOGY OF KEY CHEMO Ill SAMPLE SITES

H. H. Roberts, Coastal Studies Institute,
Louisiana State University

W. W. Shedd and Jesse Hunt, Jr., Office for Resource Evaluations,
Minerals Management Service

The northern Gulf of Mexico continental slope is well known for hydrocarbon seeps and fluid-
gas expulsion geology. Early studies of the northern Gulf of Mexico continental slope
demonstrated widespread seepage with associated chemosynthetic communities as well as gas-
charged sediments, authigenic carbonates, and mud volcanoes. Since the 1984 discovery of
chemosynthetic communities in the Gulf, studies have been concentrated mostly on the upper
continental slope in water depths < 1000 m, the maximum depth of most available manned
submersibles. The Gulf’s chemosynthetic communities are the most intensively studied and best
understood of any cold seep communities in today’s ocean. Community structure, basic biology,
and life histories of the dominant animals and biogeographic variations are now known.
However, prior to the summer of 2006, only a few hydrocarbon seep sites had been visited and
sampled on the middle and lower continental slope. Differences in geologic setting and species
composition below water depths of 1000 m pose important scientific questions concerning cross-
slope and along-slope biologic variability and possible controlling factors. Advancing our
understanding of middle-to-deep slope hydrocarbon seep-vent environments and their biologic
communities is the overall goal of the project reported here.

During the period 7 May-2 June, an international team of researchers (biologists, geochemists,
and marine geologists) studies 10 seep sites on the middle-to-lower continental slope using
ALVIN. The dive sites ranged in water depth from 1070 m to 2775 m and were located from the
eastern Gulf (N 27°38.8’; W 88°21.7’) to the far western Gulf (N26°11.0°; W 94°37.4°), Figure
1C.6.

Success in finding chemosynthetic communities and deep coral sites can be attributed to a two
stage data collection program initiated prior to the ALVIN dives. In October 2005 project
personnel in conjunction with MMS geoscientists reviewed extensive volumes of 3D-seismic
data using surface reflectivity, both strength, phase, and pattern of the surface reflector. In
addition, fluid-gas migration pathways from the deep surface were identified in seismic profiles.
The entire continental slope of the northern Gulf from DeSoto Canyon on the east to the Texas
shelf to the west is covered with 3D-seismic data, some areas with multiple generations of
overlapping data. These data sets are housed at MMS and used for source evaluation critical to
the leasing process for oil and gas exploration and production. Because MMS is a sponsor of this
project, these proprietary data were made available for site selection. By January 2006, eighty
sites of potential chemosynthetic community occurrence were selected to address both potential
depth dependant and geographic-dependant variations in the fauna. These sites were further
prioritized to twenty candidates by March 2006. Nineteen of the sites were imaged during 11-25
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Figure 1C.6. This multibeam bathymetry image of the continental has been computer enhanced to apply
3D relief shading. The 10 hydrocarbon seepage sites visited by ALVIN in 2006 are
superimposed on the slope map which also shows major oil and gas leasing areas.

March 2006 with a drift camera system comprising a digital camera, CTD, and USBL navigation
pinger. Based on both characteristics of the geophysical data and bottom photography, ten
locations were selected as ALVIN dive sites for the May-June cruise. Consistent with project
objectives, the final dive plan represented sites from a wide range of water depth and geographic
locations.

The RV Atlantis IT with ALVIN and a full complement of researchers, left Key West, Florida on
the morning of May 1% for a 26-day cruise across the Gulf arriving in Galveston on 2 June. At
each of the ten dive sites, surface reflectivity maps and photographs taken during the drift camera
cruise were used for dive planning. As a product of our dive site prioritization process, all sites
had chemosynthetic communities. A minimum of dive time was spend traveling over featureless
mud bottom.

This year’s ALVIN cruise was the initial installment of a four-year study funded by NOAA’s
Ocean Exploration Program and Minerals Management Services (MMS). Twenty four ALVIN
dives were made at the ten different sites. Chemosynthetic communities were found at all sites.
However, Atwater Valley Lease Area, Block 340 [(AT 340) N 27° 38.8°; W 88° 21.9°], Green
Canyon Lease Area, Block 852 [(GC 852) N 27° 06.3°; W 91° 09.9°], Alaminos Canyon Lease
Area, Block 601 [(AC 601) N 26° 23.5”; W 94° 30.9’], and Alaminos Canyon Lease Area, Block
818 [(AC 818) N 26° 10.7°; W 94° 37.3’] were the key sampling sites. These sites generally had
the most flourishing and diverse communities as well as the most interesting sea floor geology.
Multiple dives focused intense biological and geological/geochemical sampling at these sites.
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Sampling opportunities for building a better understanding of the biology, geochemistry, and
geology of deep slope hydrocarbon seep habitats were provided by our four key sampling
locations (AT 340, GC 852, AC 601, and AC 818). The At 340 and GC 852 sites were well-
defined bathymetric highs supported by salt in the shallow subsurface. Both these sites were
characterized by abundant authigenic carbonate blocks and pavements. Interspersed with these
carbonates were well-developed and diverse chemosynthetic communities. In addition, the GC
852 site had both hard and soft corals seated on hard substrates composed of large blocks of
authigenic carbonate. Characteristic of most thriving coral environments, currents were strong.
Estimates of current speed made by ALVIN were in excess of 1 knot (> 50 cm/s).

Unlike the mound and ridge-like topography associated with the AT 340 and GC 852, the AC
601 site is geologically different and represents a breached anticlinal structure in the
compressional regime of the lower slope. There is variable relief associated with AC 601 site. In
the northwest part of the lease block a bathymetric low was found that was filled with brine
(~90%o salinity). This brine lake was ~4 m deep and ~180 m in diameter. A white precipitation
floating in the brine and on the lake floor was found to be composed of barite. Dead organisms,
including fish, were observed in the lake. Mussels, urchins, and holothurians were present on the
“shore” around the lake. In contrast, the AC 818 site represents local leakage along a well-
defined regional fault. Reducing sediment, clam beds, mussel beds, tube worms, and authigenic
carbonates are localized along the fault. However, these communities, even though moderately
complex, are rather limited in a real extent.

For ten years, Harry H. Roberts was director of Coastal Studies Institute at LSU, a member of the
Department of Oceanography and Coastal Sciences, and a Boyd Professor. He has had a career
in marine geology that spans more than 30 years and has worked in many foreign countries as
well as in the United States. Recently, he has focused his research on two areas: (a) deltaic
sedimentation and processes and (b) surficial geology of the northern Gulf’s continental slope.
The latter research thrust has concentrated on building an understanding of the impacts of fluid
and gas expulsion on the surficial geology and biology of the slope. Gas hydrates constitute one
of the unusual consequences of fluid and gas migration and expulsion in deep water.
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A SEA FLOOR OBSERVATORY FOR REAL-TIME
INVESTIGATION OF GAS HYDRATES

J. Robert Woolsey and Carol B. Lutken,
MMRI, School of Engineering, University of Mississippi

Click here to view the slide show that accompanied this presentation.

The Gulf of Mexico Gas Hydrates Research Consortium, managed by the Center for Marine
Resources and Environmental Technology, University of Mississippi, is in the final stages of
establishing a multi-sensor Gas Hydrate Sea Floor Observatory for long-term monitoring and
investigation of hydrates and related hydrocarbon systems in the northern Gulf of Mexico, Salt
Basin province. Gas hydrates are ice-like crystalline compounds composed of gaseous
hydrocarbons (mainly methane) and water, formed under high pressure (>750 psi) and cold
bottom temperatures (4—7° C) typically found at depths greater than 500m in the Gulf of Mexico.

The consortium, consisting of researchers from academia, industry and government, has been
involved in design and development of a variety of tools and sensors and the management
geophysical and geochemical surveys for site investigation/location of an appropriate
observatory site. Principal citing criteria included permissive geology, outcropping hydrates, and
venting hydrocarbon fluids to the water column, with water depths less than 1000m. Final
selection was a hydrate mound site in Mississippi Canyon, Block 118, 850m water depth, located
approximately 100 miles south of the Mississippi Coast.

The observatory project, currently in the installation phase, will on completion employ a variety
of multi-sensor arrays providing more-or-less continuous monitoring of hydrographic,
geophysical, geological and biogeochemical processes in the general proximity of the mound
site. The complement of seismic/acoustic arrays consist of; 1) a 200m hydrophone Vertical Line
Array, lower water column; 2) an 800m, 4-Component Horizontal Cross Array (pressure and
shear wave sensing), bottom deployed; 3) and, a 150m borehole Vertical Line, 4-C Array. They
are designed for autonomous operation on acoustic energy derived from surface noise, from
passing ships and storm waves (pressure), and sea floor, low level seismicity (shear) common to
the Salt Basin. Thermal gradient data will be monitored via a borehole thermistor array, and pore
fluid chemistry via osmotic-pumping from horizons of interest within the sedimentary section. A
number of successfully tested lower water column/boundary layer, hydrocarbon sensor arrays
will be employed in a similar autonomous fashion.

The principal purpose of the observatory is to develop a better understanding of the near-seabed
hydrocarbon system within the hydrate stability zone. The objective is to model phenomena
related to the transit of hydrocarbon fluids through the host sedimentary section via structural
conduits and the formation/dissociation of gas hydrates within the stability zone. Areas of
primary interest include hydrates as: 1) a hazard to bottom founded, oil industry installations
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(pipelines, rig foundations, templates, etc.); 2) a potential future abundant energy resource and,
3) a source of greenhouse gases (CH4 and CO2) with potential impact on regional and global
climate. A secondary function of the 4-C Horizontal Cross Array installation will be to serve in
the detection and monitoring of major surface disturbances such as storm wave centers
(hurricanes), their movement and intensity, and earthquakes, epicenters and intensity.

The observatory will be battery-powered, the data initially accessed via a submerged, pop-up
buoy system, with fiber optic connection to sea floor installations. Full potential of the station
will be realized once commercial cable access becomes available in the eastern Gulf. This will
enable; 1) continuous, remote, real-time monitoring/access to critical data; 2) ability to match
cause and effect observations in real-time, enabling linking of geological/environmental events;
and 3) operational efficiency, eliminating the need for frequent surface vessel scientific/service
related transits to and from the observatory site.

James Robert Woolsey, Jr., is a graduate of Mississippi State University and received his Ph.D.
in geology at the University of Georgia. He served as a naval officer and aviator, working
primarily with anti-submarine warfare, and attended the Naval Post Graduate School, where he
studied ocean engineering. Prior to joining the School of Engineering at the University of
Mississippi in 1980, Dr. Woolsey served for six years as a private contractor for industry and the
United Nations, working with marine mineral resource and related environmental engineering
projects. Since 1982, Dr. Woolsey has served as Director of the Mississippi Mineral Resources
Institute (MMRI), devoted to the responsible development of the state’s mineral resources. In
1988, his responsibilities were expanded, on appointment as Director of the Center for Marine
Resources and Environmental Technology (CMRET), a program established through the U.S.
Department of Interior, Minerals Management Service. The program was developed primarily to
conduct projects of research and investigation of offshore energy/mineral resources and related
environmental studies. More recently, Dr. Woolsey has assumed the additional responsibility of
Division Director for the Seabed Technology Research Center within the new NOAA National
Institute for Undersea Science and Technology based at the University of Mississippi. This
endeavor is currently focused on the research and development of new ocean observing and
survey systems technology, in keeping with the NOAA mandated mission.
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THE YEAR 2005 GULFWIDE EMISSION INVENTORY STUDY

Richard Billings and Darcy Wilson,
Eastern Research Group, Inc.

Click here to view the slide show that accompanied this presentation.

Introduction

This study builds upon several previous MMS air quality emissions inventory efforts for the Gulf
of Mexico designed to assess the potential impacts of air pollutant emissions from offshore oil
and gas exploration, development, and production sources in the Outer Continental Shelf (OCS).
In particular, this study will serve as an update to the base year 2000 Gulfwide Emission
Inventory Study for the Regional Haze and Ozone Modeling Effort. The Gulfwide Inventory is a
base year 2005 air pollution emission inventory for all OCS oil and gas production-related
sources in the Gulf of Mexico, including non-platform sources. Pollutants covered in this
inventory are the criteria pollutants—carbon monoxide, nitrogen oxides, sulfur dioxide,
particulate matter-10 (PM,o), PM,s, and volatile organic compounds; as well as greenhouse
gases—carbon dioxide, methane, and nitrous oxide.

Development of the 2005 Offshore Platform Emission Inventory. The 2005 Gulfwide
Offshore Activities Data System (GOADS-2005) Visual Basic program was provided to lessees
and operators of federal oil, gas, and sulfur leases in the Gulf of Mexico OCS Region to collect
monthly activity data for offshore platforms. A workshop was held in New Orleans, Louisiana,
13 October 2004, to discuss and explain the information collection and reporting procedures.
Details on the data collection effort can be found at www.gomr.mms.gov/homepg/regulate/
environ/airquality/goad.html.

The original activity data submittal deadline was extended from 22 April 2006, to 21 May 2006,
for companies that requested an extension. Files continued to be provided up until 20 December
2006. All told, activity data were submitted for 1,579 active platforms by 114 companies. For the
2000 inventory, 90 companies submitted activity data for 2,873 active platforms. Table 1D.1
summarizes the number of active equipment records provided for 2005, compared to the number
provided for 2000. The first round of quality assurance/quality control is complete on the
majority of the data records, and initial emission estimates have been generated using emission
factors published by the U.S. Environmental Protection Agency (U.S. EPA) and Emission
Inventory Improvement Program (EIIP) emission estimation methods.

Development of the 2005 Non-Platform Emission Inventory

The non-platform sources fall into three engine categories: marine diesel engines, residual-fueled
steam ships, and aviation engines. For the 2005 inventory, emission factors for marine diesel
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Table 1D.1

Comparison of Platform Equipment Records for 2005 and 2000

Equipment Type Number of Units in 2005 Number of Units in 2000
Boilers 700 637
Diesel Engines 2,860 2,982
Flares 111 90
Glycol Dehydrators 368 416
Natural Gas Engines 2,265 2,314
Natural Gas Turbines 443 379
Vents 1,004 783

engines were obtained from the Swedish Environmental Agency; emission factors for residual
oil-fueled vessels were obtained from the U.S. EPA; and emission factors for helicopters were
obtained from the California Air Resources Board, helicopter manufacturers, and the Federal
Aviation Administration’s (FAA’s) Emission and Dispersion Modeling System. The following
discussion summarizes some of our data gathering and emission estimation efforts for the non-
platform source categories.

Development of the 2005 Non-Platform Emission Inventory

The non-platform sources fall into three engine categories: marine diesel engines, residual-fueled
steam ships, and aviation engines. For the 2005 inventory, emission factors for marine diesel
engines were obtained from the Swedish Environmental Agency; emission factors for residual
oil-fueled vessels were obtained from the U.S. EPA; and emission factors for helicopters were
obtained from the California Air Resources Board, helicopter manufacturers, and the Federal
Aviation Administration’s (FAA’s) Emission and Dispersion Modeling System. The following
discussion summarizes some of our data gathering and emission estimation efforts for the non-
platform source categories.

Survey Vessels

For 2005, it is assumed that 14 identified survey vessels operated in federal waters throughout
the year, and that each vessel is in port one week every two months for refueling and re-
supplying. These assumptions yield an estimate of the total annual hours of operation of 94,416,
which would be an increase of a factor of seven compared with 2000 activity data.

Drilling Rigs

ERG received drilling rig data from MMS for 2005. As expected, drilling rig activity declined in
2005 by 24%. For the 2005 inventory effort, horsepower data are used for individual rigs as
provided by RigZone if they can be mapped to the MMS dataset. This approach allows use of
actual horsepower rather than a typical horse power value. We were able to match 181 of 321
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drilling rigs in the MMS dataset, or 56%. For other vessels, we developed an average horsepower
value based on the reported drill ship data in the RigZone database.

Support Vessels

Offshore Marine Service Association (OMSA) data are used to estimate the support vessel
population and activity levels. The 2005 activity data are roughly twice those reported by the
Offshore Operators Committee, which were used in the previous MMS inventories.

Support Helicopters
Based on the FAA helicopter traffic data for the Gulf of Mexico, helicopter activity are 64%
higher for 2005 than the activity levels reports for 2000.

Pipelaying Operations
MMS provided pipelaying data for 2005. These data indicate that 105 pipeline segments were
installed in 2005, compared to 222 installed in 2000.

Military Vessel Operations

The Coast Guard has provided details about their fleet; specifically, they have provided a
detailed list of their vessels, including estimates of the period of time individual vessels spend in
port and at sea. The 2005 Coast Guard vessel list is similar to that used for the 2000 inventory. In
the 2005 inventory, vessel-specific activity data will be linked to individual ports.

Commercial Marine Vessels

We obtained entrance and clearance data from the U.S. Maritime Administration (MARAD) for
2005. The entrance and clearance data concern vessels that carry international cargo and go
through U.S. customs procedures. We are soliciting data from the Army Corps of Engineers to
account for smaller vessels that only carry cargo between domestic ports.

Richard Billings has a master’s degree in environmental science and engineering from Virginia
Tech and has worked with Eastern Research Group (ERG) for 13 years. The focus of most of his
work has been the quantification of air emissions from nonroad emissions sources such as marine
vessels and helicopters. These nonroad projects have been developed for the U.S. EPA, Texas
Commission for Environmental Quality, the Houston Advance Research Center, as well as
MMS. In addition to his mobile source activities, he has also developed emission estimates for
platform emission sources and marine biogenic and geogenic sources.

Darcy Wilson is a Senior Program Manager with ERG with 20 years of air quality experience.
Her expertise includes air pollutant emission factor and emission inventory development,
database development, and quality assurance/quality control. She has served as the program
manager on several MMS air quality emissions inventory studies since 1999.
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SYNTHESIS, INTEGRATION, AND ANALYSIS OF METEOROLOGICAL
AND AIR QUALITY DATA

Jay L. Haney and Sharon G. Douglas, ICF International

Click here to view the slide show that accompanied this presentation.

Introduction and Background

This paper summarizes an ongoing study of Gulf of Mexico region involving the synthesis,
integration, and analysis of meteorological and air quality data to better understand the air
quality of the region. The study was initiated in September 2006 and will continue through July
2008. Air Resource Specialists, Inc. (ARS) of Fort Collins, Colorado, is assisting ICF and
participating in the integrated database design and analysis portions of the study.

MMS, together with the oil and gas industry, has collected a variety of meteorological, air
quality, and emission inventory data for the Gulf of Mexico region. These data span the years
1988 to present and have been used to support various air quality related data analysis and
modeling activities. However, the amount and type of data varies throughout the period, and a
fully integrated assessment of the data and the information contained in the data have not been
conducted. MMS is now interested in assembling these data, as well as other data available from
federal, state, and oil and gas industry studies and databases, into a coherent dataset, so that the
data can be more fully “mined” to 1) provide an improved understanding of the relationships
between meteorology, emissions, and air quality in the Gulf of Mexico region and 2) support
future regulatory data and modeling analyses related to ozone, fine particulate matter (PM,s),
and regional haze. Evaluation and quality assurance of all data (and flagging of questionable or
erroneous data) will be a key element of the database compilation project. In addition, the project
will include some basic analysis of the data which will 1) ensure the integrity and usability of the
dataset and 2) provide new information about meteorological and air quality conditions in the
Gulf of Mexico region, including the relationships between meteorology, emissions, and air
quality revealed by the data.

A key objective of the study is to develop a comprehensive, coherent, and usable dataset of
meteorological, air quality, and emissions data from MMS and oil and gas industry sponsored
studies. To support the conduct of air quality related analysis, data from EPA, the National
Weather Service (NWS), and other sources will also be included. The MMS-sponsored studies
include the 1993 Gulf of Mexico Air Quality Study (GMAQS), the Atmospheric Boundary Layer
(ABL) study (spanning 1998-2001), several monitoring studies conducted by the Louisiana State
University (LSU) focusing on air quality and dispersion meteorology over the Gulf of Mexico
(1995-2000), and the recent offshore activities and emissions data for the Breton area and the
entire Gulf of Mexico (2000 and 2005 Gulfwide Emission Inventories). MMS and offshore oil
and gas industry co-sponsored studies include the Breton Aerometric Monitoring Program
(BAMP) October 2000—September 2001) and several related emission inventory studies.

62



The dataset will be designed to support the type and range of data analysis studies that will
enhance current understanding of the relationships between emissions, meteorology, and air
quality along the Gulf Coast. Input from the Science Review Group (SRG) will ensure the
usefulness of the dataset for future scientific studies. It will also be designed for compatibility
with the MMS Technical Information Management System (TIMS) Environmental Coastal and
Offshore Resource Information System (CORIS).

The basic analyses conducted as part of this study will serve two purposes. First, they will allow
the testing and refinement of the dataset and ensure its usability for similar data analysis studies.
Second, and most importantly, the analyses will allow MMS, for the first time, to draw on the
integrated dataset to 1) examine the relationships between meteorology, emissions, and air
quality in the Gulf of Mexico region, 2) confirm and/or advance prior conceptual descriptions
related to ozone, particulate, and regional-haze air quality issues along the Gulf Coast and in the
Breton National Wilderness Area (NWA), 3) identify gaps in the data/knowledge bases, and 4)
recommend future data analyses.

Another key objective of the study is to provide data and analyses to support the preparation of
State Implementation Plans (SIPs) or maintenance plans for 8-hour ozone and PM, s, which, for
some of the coastal areas, may include air quality modeling.

Data Assembly, Integration and Evaluation

The Gulf of Mexico Air Quality Database (GMAQDB) will be a relational database. Assembly
of the database will consist of several subtasks:

creating and secure the database

populating the database

making the database user friendly

documenting the database.

The database will be Oracle-based with a user-friendly MS-Access-based front-end. The
integrated database will include meteorological, air quality, and emissions data from the relevant
MMS and oil and gas industry related studies. Emissions, meteorological, and air quality data
available from EPA, NWS, and state and local agencies will also be incorporated, as needed to
make the dataset able to support the type and range of basic data analysis studies to be performed
as part of this project.

All data included in the database will undergo some evaluation. A computer-assisted validation
process developed by ARS will apply both automated routines and manual interactive procedures
to evaluate collected data against defined acceptance criteria. The data evaluation will identify
and flag obvious outlier data points and erroneous data, and identify periods of missing data.

Data Analyses

As part of this study, we will conduct five basic data analysis activities that are designed to
“mine” the integrated dataset in a variety of ways. We will use these analyses to obtain
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information about 1) the relationships between emissions, meteorology and air quality for Breton
and selected onshore coastal non-attainment areas, 2) the potential for offshore emissions to
influence onshore air quality, 3) the characteristics and frequency of occurrence of different
types of meteorological conditions and their influence on air quality during selected monitoring
periods, and 4) specific air quality events represented in the MMS and oil and gas industry
special studies datasets. The analyses will consider ozone, NOy, SO,, PM; 5 and regional haze. A
variety of metrics will be calculated as part of the analysis, including 8-hour ozone design
values, annual and maximum 24-hour average PM,s values, PM,s design values, extinction
coefficients and visual range for the 20 percent best and worst visibility days, annual average
NOy concentration, maximum 1-hour and 8-hour average CO concentrations, and annual, and
maximum 24-hour average SO, concentrations.

Wind roses showing the distribution of wind speeds and directions will be prepared. The gulf
breeze index (a function of the daily change in wind direction) will be examined in conjunction
with the air quality data to determine the extent to which the gulf breeze is correlated with ozone,
PM,; s and other pollutant concentration levels along the Gulf Coast. The meteorological and air
quality data summaries will be used to compare and contrast the meteorological and air quality
conditions for the different areas along the Gulf Coast and among the special study periods. This
information will in turn be used to guide the remaining data analysis tasks, and to aid in the
interpretation of the CART analysis results.

The data analyses will also include the application of the Classification and Regression Tree
(CART) statistical analysis software. CART will be used to probe the relationships between
meteorology and various air quality metrics, for example, visibility (regional haze) at the Breton
NWA. CART will be used to probe the relationships between meteorology and SO2, PM; s, and
visibility (regional haze) at the Breton NWA. The CART results will be used to refine the
conceptual description for these pollutants in the Breton area and to define the role of
meteorology in determining pollutant concentration levels and distinguishing between hazy and
clear days. The CART results will also provide qualitative information on the potential for
offshore emissions to contribute to visibility degradation at the Breton Class I area. An overview
of the data analysis design and components for Breton is provided in Figures 1D.1 and 1D.2.

To examine air quality trends in the coastal areas, we will also apply CART for 1996-2004 for
ozone and 2000-2004 for PM,s. The shorter period for PM; s reflects the availability of data.
CART will be applied separately for ozone and PM,s. The CART results will be used to
examine and distinguish between the effects of meteorology and the effects of emissions changes
on 8-hour ozone and PM; s air quality. Specifically, we will use the CART results to calculate
meteorologically adjusted trends for ozone and PM,s. There are two primary considerations
here: 1) to account for meteorology in the interpretation and use of the observed air quality
data—through the preparation of meteorologically adjusted data and 2) to apply reliable
statistical techniques to the estimation of air quality trends and to assess (also using statistical
methods) the significance of the trends. A key benefit of this approach is that it takes into
account meteorological variability so that the effects of emissions changes can be revealed.
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Figure 1D.1. Conceptual design of the Breton NWA CART-based meteorological and air quality data
analysis: 2000 2004 regional haze baseline period.
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Figure 1D.2. Conceptual design of the Breton Area CART-based meteorological and air quality data
analysis: ABL/BAMP period.
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FIVE-YEAR METEOROLOGICAL DATABASE FOR
THE OCD AND CALPUFF MODELS

Sharon G. Douglas, ICF International

Click here to view the slide show that accompanied this presentation.

Introduction and Background

The MMS is the designated federal agency with the authority to regulate oil and gas exploration
and development activities in the central and western Gulf of Mexico (GOM) Outer Continental
Shelf (OCS) region. In addition to managing oil and gas resources in the region, the MMS is also
charged with environmental management responsibilities, including those related to air quality.
The National Environmental Policy Act (NEPA) mandates the type of environmental reviews or
assessments that need to be conducted in the area to assess potential on-shore air quality impacts
of exploration, development, production and pipeline right of way activities. Some assessments
require the application of air quality dispersion models to evaluate potential impacts. Such
analyses in the past have used a two-year meteorological data set (1991-1993) as input to air
quality models. This dataset is now somewhat outdated, and in recent years, more comprehensive
datasets have become available. These include those prepared using a combination of output
from prognostic meteorological models, offshore buoy data, and onshore data collected by the
National Weather Service (NWS), as archived by the National Climatic Data Center (NCDC).

The objective of this study is to prepare a five-year meteorological dataset for the GOM OCS
region that will 1) represent more recent baseline periods, 2) include data from current onshore
and offshore data sources, and 3) support air quality modeling applications for a variety of
environmental assessments. Given the disruption (to environmental monitors and activities) in
the GOM caused by Hurricanes Katrina and Rita in late August 2005, the dataset will include
data for the period 2000-2004. The dataset will include model output from the Rapid Update
Cycle (RUC) model, onshore surface and meteorological upper-air data, offshore meteorological
buoy data and ozone air quality data for the GOM region. The dataset is intended for use by
MMS and others to assess potential impacts with either the CALMET/CALPUFF modeling
system or the updated Offshore Coastal Dispersion (OCD) model.

Dataset Components
Specific elements of the dataset include:

e Model output from the Rapid Update Cycle (RUC) prognostic model—formatted as 50
tiles covering the GOM and onshore areas

e National Weather Service (NWS) surface meteorological data (230 stations in the GOM
region)

e NWS upper-air meteorological data (21 stations in the GOM region)
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e National Data Buoy Center (NDBC) buoy data (~13 stations)
e NWS precipitation data (~270 stations in the GOM region)
EPA Air Quality System (AQS) ozone data (~200 monitoring sites)

A similar dataset has already been prepared for 2003, as part of another MMS-sponsored study.
Thus, this dataset will include data for 2000-2002 and 2004. The study area is shown in Figure
I1D.3 This figure also depicts the RUC tiles and the location of the onshore surface
meteorological stations.
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Figure 1D.3. GOM study region for the 5-year meteorological database.

Characteristics of the Dataset

To date, we have performed a limited review of the meteorological and ozone air quality
characteristics of the five-year period. As an example, monthly average temperatures for
Boothville, Louisiana are similar for each of the five years. The month-to-month variations in
average wind speed are also similar for the five years. There are greater variations in monthly
average wind direction, relative humidity and monthly precipitation totals among the years. For
example, southeasterly winds were more prevalent in 2002 compared to other years, and
precipitation totals were significantly higher during the autumn months of 2002 and the summer
months of 2003 compared to other months within the five-year period.
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Uses of the Dataset and Schedule

Separate data files will be prepared for use with the CALMET/CALPUFF modeling system and
the latest version Offshore Coastal Dispersion Model (OCDS).

It 1s expected that the dataset will be used to support dispersion modeling of existing and new
OCS sources as well as the analysis of 8-hour ozone data and evaluation of 8-hour ozone

modeling results.

The schedule for the completion and quality assurance of the dataset is August 2007.

Sharon G. Douglas is a Project Manager in the Air Quality Modeling Group of ICF International.
She has an M.S. in meteorology from Pennsylvania State University. Ms. Douglas has 20 years
of experience at ICF and has been principally involved in the development and application of
innovative data analysis techniques and meteorological and air quality modeling tools.
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MODELING THE INFLUENCE OF SEA-SURFACE MICROLAYER (SSM)
PROCESSES ON THE ATMOSPHERIC OZONE BUDGET IN THE
GULF COAST MARINE BOUNDARY LAYER

Daewon W. Byun, In-Bo Oh, Hyun-Cheol Kim, and Soontae Kim,
Institute for Multi-dimensional Air Quality Studies, University of Houston

Click here to view the slide show that accompanied this presentation.

Introduction

Coupling of chemical reactions of the iodine-containing emissions from marine algae in the sea-
surface microlayer (SSM) with ozone deposition processes is increasingly recognized as an
important research area for understanding atmospheric ozone concentrations in the marine
boundary layer. This study is built upon the recent research on the environmental assessment of
the impact of ozone to the neuston of the sea surface microlayer of the Gulf of Mexico, on the
chemical enhancement of the ozone deposition to the sea surface due to iodine-containing
emissions, and on the subsequent iodine chemistry responsible for the halogen activation and
ozone loss. The science questions addressed are; (a) how can we quantify the iodine emissions
from the marine algae, (b) how important is the SSM process in the ozone deposition budget, and
(c) what are the effects iodine chemistry in the in the Gulf Coast marine boundary layer.

Modification of Ozone Deposition Modules in CMAQ

Ozone deposition to the ocean surface is an important removal pathway (Galbally and Roy 1980;
Gallagher et al. 2001) and since this can play a major role in the ozone budget in the marine
boundary layer and influence onshore/inland distribution of ozone, it must be accounted for to
improve onshore air quality estimates in regional air-quality models. Ozone deposition into
seawater is complicated physical and chemical processes that transpire as ozone diffuses through
the SSM. Considerable uncertainty surrounds these processes, particularly, the chemical loss by
uptake of organic substances reacting with ozone, which is not well understood.

Deposition is commonly described, quantitatively, by the deposition velocity which depends on:
aerodynamic resistance (R«), quasi-laminar boundary resistance (R») and surface resistance
(Rc) (Wesely and Hicks 2000). The dry deposition velocity is then defined as the reciprocal of
the total resistance. For seawater surface, Rcis aqueous-phase film resistance reflecting the
surface uptake efficiency that can be controlled by physical and chemical processes, which is the
dominant resistance in ozone deposition (Lenschow et al. 1982). Chemical processes with
dissolved iodine (mainly iodide ions) are particularly important as an ozone deposition
mechanism for ozone in the SSM (Garland et al. 1980; Chang et al. 2004).

In order to consider ozone loss by iodide reaction in SSM, the original surface resistance ( Rc)
parameterization in the dry deposition module (M3DDEP) in Meteorological-Chemistry
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Interface Processor (MCIP) of the CMAQ system is replaced with the one proposed by Chang et
al. (2004), which accounts for the ozone deposition to the sea surface due to the iodide reaction,
combining Garland et al.’s (1980) and Liss and Merlivat’s (1986) formulations.

H 1
Vew = = A= kCi 1
. akw+AAD  pkv+q° Z‘ M

where H is the dimensionless Henry’s law constant, and kv is gas-transfer velocity as a
function of wind speed which can be derived from the formula of Liss and Merlivat (1986) or
Wanninkhof (1992). The a term is the chemical enhancement factor, A and D denote the
integrated chemical loss of ozone by the species i (e.g., iodide, DMS, and alkenes) and the
molecular diffusivity of ozone in water, respectively. p (=a/H ) denotes interactions between

wind-induced turbulent transport and chemical enhancement and ¢ (=« AD / H) is the deposition

velocity due to only to molecular gas-transfer, including molecular diffusion and chemical
reactions when wind speed is low.

Model Configurations
The model configurations used in this study is as follows:

Modeling Period

A 30 day period in August 2005 was selected for the air quality simulation. MMS5 and CMAQ
are used to quantitatively assess the dry deposition and fluxes of ozone. In addition, several
episodic cases of the high ozone events with different meteorological regimes during August will
be modeled with finer resolution (spatiotemporally) to analyze the SSM processes and their
effects on offshore/onshore ozone distributions.

Horizontal Nested Grid Structure

The horizontal modeling domain structure consists of nested grids of varying resolution: a coarse
grid domain (36-km cell size, 133 x 91 array) that covers the continental United States, and a
regional domain (12-km cell size, 167 x 128 array) over the southern States neighboring the Gulf
of Mexico. For MMS5, the regional 12-km domain is a domain set by Texas A&M University for
TCEQ regulatory modeling. Both MM5 and CMAQ modeling domains are defined on a Lambert
Conformal mapping projection, following the perfect sphere definition used in MMS5 (projection
origin: 100°W, 40°N). The horizontal grids employed for CMAQ modeling are subsets of the
grids used in MMS.

Vertical Grid Structure

There are 43 and 23 vertical sigma layers for MM5 and CMAQ, respectively (details are in last
quarterly report), with higher resolution near the ground to better understand both the
atmospheric structure and the SSM processes in the lower boundary layer. The altitudes above
sea level are estimated according to the atmosphere assumptions used in MMS5 (surface pressure
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of 1013 mb, model top at 100 mb, surface temperature of 304 K, and log-pressure lapse rate of
45 K/In[p]). CMAQ uses 23 layers by collapsing two to three layers in the upper part of the
MMS 43 layers. The MMS5 and CMAQ vertical layer structures are same for the various nested
domains.

Results

We compared the CMAQ results with the original dry deposition inputs with those from the new
dry deposition module for water surface accounting for the iodide chemical reactions in SSM.

Model Verification

For verifying the modified deposition code and identifying the influence of iodide concentrations
on ozone deposition velocities, we compared the results from three different modeling cases
(Case 1: original M3DDEP in MCIP3.0, Case 2: modified M3DDEP without iodide reaction, and
Case 3: modified M3DDEP with iodide reaction). Figure 1D.4 shows the relationship between
modeled ozone dry deposition velocities and 10-m wind speeds for different modeling cases. For
Case 3, two curves indicate dry deposition velocities for different iodide values (100 nM and 400
nM); most of the iodide concentrations measured in the surface sea water was roughly in the
range of these two values (Campos et al. 1999; Campos et al. 1996; Wong and Zhang 1992). All
the data used here (except the observations) are obtained from one-month hourly model output
only for the seawater. Observed values from Kawa and Pearson (1989) and Lenschow et al.
(1982) are also presented in order to compare with the model results. Direct comparison with
observations for ozone dry deposition velocities and their dependence on iodide concentrations
over the Gulf of Mexico is not yet available.

CMAQ Results

In order to assess iodide effects on dry deposition velocity for ozone over the Gulf of Mexico,
averaged deposition velocities for different modeling cases over a period of one month were
compared. In addition, the relationship among deposition velocity, wind speed and iodide

concentrations were analyzed based on horizontal distributions of them (see Figures 1D.5 and
1D.6).

Conclusions

In order to identify the influence of iodide dissolved in surface seawater on dry deposition fluxes
and ambient concentrations for ozone, we implemented new dry deposition algorithm, which
accounts for the ozone deposition to the sea surface due to the iodide reaction. Differences
between the simulated ozone dry deposition fluxes for Case 2 and 3 show that significant ozone
loss can take place by the ozone-iodide reaction. Furthermore, the differences are pronounced at
the condition of low wind speed. CMAQ run utilizing the modified dry deposition model
including iodide reactions can predicted significant ozone loss at low wind speed. Relatively
large differences occurred under weak wind conditions.

71



0.10

Case 3 ([iodide] = 400 nM) o’

0.08 {

0.06 4

0.04 {

0, deposition velocity (cm 5'1)

0.02 {

0.00
0 5 10 15 20

Wind speed (m s'ﬂ)

Figure 1D.4. Dry deposition velocity for ozone as a function of wind speed. The individual curves are for

different modules: M3DDEP (Case 1); modified M3DDEP without iodide reaction (Case 2);
modified M3DDEP with iodide reaction (Case 3). Two curves for Case 3 indicates deposition
velocities corresponding to different iodide concentrations (100 and 400 nM) extracted from
model results during August 2005. The filled circles indicate observations of Kawa and
Pearson (1989). Solid squares and a solid diamond indicate observations of Lenschow et al.
(1982) over the Gulf of Mexico and the North Pacific, respectively
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trations (left) and difference (Case 3 minus Case 2) in ozone dry deposition velocities (right)
at noon, 7 August.
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Click here to view the slide show that accompanied this presentation.

Introduction

In collaboration with MMS, the University of Alabama in Huntsville has continued in the
development of satellite assimilation techniques to improve meteorological and air quality
modeling along the mid-Gulf of Mexico coastline and offshore environments. These include
techniques to improve the performance of surface energy budget in the physical atmospheric
modeling component and photolysis information going into the photochemical modeling
systems.

Sea/ Land Breeze Systems

Sea and land breezes along the Gulf of Mexico are a significant part of the transport and
diffusion environment for the continental shelf area where impacts of offshore operations and
onshore emissions are needed for regulatory impact studies. This involves both contributions of
offshore sources on non-attainment areas in Houston-Galveston, Port Arthur-Beaumont and New
Orleans-Baton Rouge and the impact of PSD sources to increment consumption in the Breton
Wildlife Class I area.

These sea and land breezes can re-circulate onshore emissions with alongshore movement. They
can also cause local buildup in the stagnation area as the new sea breeze starts. This local
stagnation can be a critical part of extreme ozone events if the sea breeze stagnation occurs over
a significant source region.

Sea breezes and land breezes are controlled by the sensible heat fluxes in the coastal zone. Thus,
the correct specification of the surface energy budget is critical to predicting the timing and
intensity of the sea and land breezes. Previous work along the Alabama/Mississippi/Florida coast
has shown that using standard land surface values in mesoscale modeling systems can understate
the intensity and penetration of the sea breeze. Under this activity, UAH has been testing a
satellite assimilation system which by using morning and evening skin tendencies from GOES
recovers improved specification of surface moisture and heat capacity — both ill described
variables. Previous applications for the Texas Gulf Coast and Florida Gulf Coast have shown
that while temperatures are improved in the simulation using this technique, latent heat fluxes are
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degraded. The work described below discusses tests and improvements in the satellite
assimilation techniques.

Cloud Specification

Prediction of clouds in mesoscale models has proved to be difficult so that timing and location of
clouds represents one of the biggest errors in air quality modeling in humid areas such as the
Gulf Coast. Not only are clouds important in impacting the solar radiation inputs into surface
energy budget in physical models, but they also play a direct role in impacting photolysis fields
in photochemical models. Additionally, they play an important role in venting pollution and
precursors out of the boundary layer.

UAH has developed satellite assimilation techniques where satellite-derived solar radiation fields
and satellite derived photolysis fields (based on cloud distributions) were used in place of the
erroneous model fields (Biazar et al. 2007). While this improves the performance of the model, it
produces an inconsistency in that model clouds which produce mixing are not consistent with the
satellite clouds used for solar radiation and photolysis calculations. In order to reduce this
inconsistency, UAH has begun to develop a dynamic cloud initialization scheme that allows the
model clouds more closely to represent the observed cloud fields. The technique described below
uses a target vertical velocity and other factors important in cloud formation to provide dynamic
support needed to create model clouds where and when the satellite observations have clouds and
a cloud clearing technique (also based on target vertical velocities) where the satellite shows
clear sky conditions.

Surface Moisture & Heat Capacity Correction

The satellite assimilation technique to recover surface moisture and heat capacity is based on the
assumption that the least known parameters in the model are surface moisture and heat capacity
(McNider et al. 1994, 2005). The technique has its roots in sensitivity studies by Carlson (1986)
and Wetzel et al. (1984) that showed that the surface temperature is more sensitive to variations
in moisture than other terms during the morning; during the evening, it is more sensitive to heat
capacity variations. Because moisture availability is not a direct observable quantity and is
fraught with errors in its specification, we assume that the other terms are correctly specified and
that all the error in the surface energy budget is due to the incorrect moisture availability.

Figure 1D.7 shows the results of a simulation over the southeastern United States and compares
the results with two independent observations. Panel (A) illustrates a snapshot of model ground
temperature predictions versus satellite observations. The spatial pattern of warm temperatures in
the assimilation run is in agreement with the satellite observations while the control simulation
exhibits a cold bias. In panel (B) model predictions are compared with the observations from
National Weather Service stations. While the moisture availability correction improves the
daytime cold bias, heat capacity adjustment is needed to overcome the night-time warm bias in
the predictions. While the technique has improved substantially by refinement and by improving
MMS solvers, model dry bias still remains an issue that needs to be resolved.
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Figure 1D.7. The impact of GOES data assimilation on temperature predictions over southeast: (A) model
ground temperature predictions for 30 August 2000, show a better agreement with satellite
observations in the assimilation run; (B) when both moisture availability and heat capacity are
adjusted (blue line) the 2-M temperature bias against observations from NWS stations is

reduced (both the daytime cold bias and night-time warm bias).
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Dynamic Cloud Correction in MM5

In this work in a dynamically sustainable manner observed clouds are assimilated into MMS5.
The basic approach is to utilize GOES observations to estimate the maximum vertical velocity in
a cloudy atmospheric column. Then, horizontal components of the divergent wind are adjusted
so that they are consistent with this maximum vertical velocity while moisture and diabatic
heating are also modified. The procedure also removes erroneous model clouds.

The technique was tested for a ten-day simulation from 1 July through 10 July 1999, over the
southeastern United States. Figure 1D.8 shows the statistical improvements in model predictions
of clouds. The cloud bias is defined as the total model predicted cloud divided by the total
observed cloud. The figure indicates that the control simulation greatly over-predicts the cloud
cover in this case. Cloud correction technique, just by removing erroneous clouds, has
substantially improved the cloud prediction. Figure 1D.9 shows model snapshots of surface
insolation (indicating clouds) versus GOES observations for 2 July and 6 July 1999. In both
cases dynamic cloud adjustment has improved model cloud predictions. The technique, however,
seems to be excessively removing the clouds. Moreover, several known caveats in this technique
are currently being addressed. For example, since the technique relies on instantaneous hourly
observations to initiate the cloud formation/removal, the timing of cloud formation/removal will
be ahead of the observations.
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Figure 1D.8. Model cloud bias (total model predicted cloud/total observed cloud) for a MM5 simulation
from 1 July through 10 July 1999. Series 1 (blue diamonds) are from the control simulation,
and series 2 (purple squares) are from the simulation utilizing GOES cloud assimilation
technique.
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Figure 1D.9. Surface insolation from model predictions and satellite observations for 15:00 UTC 2 July
(top panel) and 22:00 6 July 1999 (bottom panel). The figures are from MM5 control
simulation (marked control), MM5 simulation with dynamic cloud assimilation (marked
assimilation), and GOES observations. GOES observations lags the model data by 15
minutes.
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geostationary satellite data.
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SOCIAL CAPITAL AND OFF-SHORE OIL DEVELOPMENT IN MORGAN CITY AND
ST. MARY PARISH, LOUISIANA: SOME PRELIMINARY FINDINGS

William B. Bankston and Timothy C. Brown, Louisiana State University

Craig J. Forsyth, University of Louisiana at Lafayette

Click here to view the slide show that accompanied this presentation.

Conceptual Background

This paper applies the sociological concept of social capital to the analysis of an ongoing policy
question, the social impact of oil and gas extraction on local communities. The industry’s impact
on society has long been acknowledged and studied in sociology. The oil industry is similar to
other mining activities in having a cycle of expansion and contraction dependent of levels of
supply and demand. Previous literature suggests that the cycle leads to boomtown communities,
although recent literature has questioned the roles of the industry in creating such communities.
These researchers argue that the oil industry is different from other mineral extraction industries,
and because of these differences, its impact on communities does not fall into the same patterns.
This research has generated a new perspective on the social impact of the oil industry,
particularly in the Gulf of Mexico region, given that the boomtown model may not be
isomorphic with the effects offshore oil development. The mining towns of the southwestern
United States exemplify the boomtown model: mining activity causes a small rural town to
expand quickly, and in some cases creates a town. When that activity ends, the area experiences
a decline. But offshore oil has had a different history in Louisiana communities that predate OCS
activities and have survived the industry’s cyclical character. Scholars who argue for similarities
may be guilty of looking to confirm the classic boomtown paradigm and its implied long-lasting
disruptive consequences rather than being open to evidence that may suggest otherwise. As a
result, we have no competing paradigms and nearly all social impact assessment research on
offshore oil development in the Gulf of Mexico is organized in this boom/bust form. The present
research is premised on the assumption that long-standing communities and the participants in
them, though shaped by oil development and its related activity, are likely to have changed and
continue to in a variety of ways, not all of which are deleterious to individual or community life.
Indeed, different communities may experience very different consequences and adaptations. The
classic boomtown paradigm may neglect or ignore these as it assumes the consequences of OCS
activity.

Social Capital as a Conceptual Guide

Previous research has focused largely on economic and demographic consequences of the oil
industry on affected areas. The guiding concepts that direct and inform this study, however, will
be “human, cultural and social capital,” and we focus on how OCS activity has influenced the
development (or decline) of these capital resources in this area. Though these concepts have
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somewhat diverse meaning in social science research, they generally refer to social phenomena
that are closely tied to the lives of human subjects. Human capital refers to the traits of
individuals that facilitate production, e.g. education or job skills. Cultural capital refers to
symbolic resources, e.g. language and values that promote the development of human potential
to be productive. Social capital occurs in the form of valuable links to social groups, kinship,
voluntary associations, and neighborhoods. We use the concept of “social capital” as inclusive of
all of these. Using the concept in this way allows us to emphasize the diversity of effects that the
development of the oil industry may have had on a community through time.

Methodology

The unit of analysis in this study is Morgan City, Louisiana, and the surrounding areas of St.
Mary Parish. This is essentially a case study in which we attempt to develop an in-depth
understanding of a single community’s long-term experience with the presence and growth of the
off-shore oil extraction industry. Our aim is to construct an interpretive understanding of the
community effects that the oil industry has had through the eyes of those that have experienced
them. Thus, we primarily utilize an ethnographic approach. The project involves face-to-face
interviews using snow-ball sampling techniques to obtain this information. At present we have
conducted over one hundred interviews with both current and previous residents of Morgan City
and St. Mary Parish, Louisiana. The findings reported here are drawn from 38 in-depth
interviews, which at this point we have analyzed in detail.

Preliminary Findings

Three inter-related themes have emerged in the cases we have analyzed thus far: the first is the
effects of oil on civic participation and voluntary organizations of the community; second, the
consequences for familial/inter-generational mobility; and third the introduction of weak ties into
the area allowing for new bridging capital. With respect to the organizational consequences the
industry brought in new residents to the area who brought with them a variety of needs and
assets associated with community organization that the area lacked. Oil companies as well as
their employees recognized these voids and fostered plans for facilitating their emergence within
the community. The second theme highlights the industry’s presence allowing for increased
opportunities for residents’ intergenerational mobility through such avenues as increased
educational and occupational opportunities. For example, often the negative aspects of out-
migration on communities has been emphasized, but our findings also suggest a positive long-
term consequence on family status attainment. The third theme, bridging capital, refers to the
external ties that the oil industry brought into the area, ties that have expanded not only the
opportunity of the residents but of the community itself. This has allowed the community to
maintain and expand the base of social capital that was established when oil companies came
through the perpetuation of inter-community ties.
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Appendix: Interviews

Social Capital in the Form of Participation in Civic/Community Organizations

Respondent 21: “With the influx of people it helped these organizations build. And I guess they
were able to bring in new talents and educated people to new ideas. They gave them a new
concept because they are from another state.”

Interviewer: “How much did these people get involved in the community?”

Respondent 12: “Quite a bit. I mean they felt like however long they were going to be here they
needed to put their children in school, they wanted them to get involved in church, whichever
church it was. They did everything here they would have done in their home town.”

Social Capital in the Form of Participation in Community Organizations

Interviewer: “What effect did changing from a mainly shrimping economy to oil economy have
on the populace?”

Respondent 9: “You had people that came in from the oil industry that had ideas, that had seen
things in other communities that they tried to develop. They probably were a big factor in
furthering the Mardi Gras krewes and civic events.”

Interviewer: “What about the community concert?”

Respondent 23: “It is put on by a group of community people. It is several times a year.”
Interviewer: “Did that start with the oil industry?”

“Yes, they were trying to bring up some type of social activity.”

Respondent 36: “During the boom the municipal auditorium was built. That was another good
thing that happened from the oil field.”

Social Capital in the Form of Community Action
Interviewer: “Did the incoming engineers offer new ideas to the people of the area?”

Respondent 34: “A lot of engineers were active. The city would call on them a lot of times for
help. They were helpful to the city. Being young guys coming out of school they probably had a
lot of ideas .... They got involved in the summer time sports. We always did have that program
but they would get into it because they had younger kids and what not .... These guys had the
hammer so to speak. Here is an engineer that works for an oil company that gives this guy all this
business. So if he wants to do something with his children, as far as ballparks are concerned, like
if they needed another backstop. All he has to do is pick up the phone and call one of his welding
buddies and say, them days you could get away with that, he’d say “You got any old pipe around
there that you could put together for baseball?’ ‘Oh, yeah, whatever you want we could do it for
ya.” Then they would go out and build it for him .... We saw plenty of that. Whenever we needed

85



something for a school, talk to some guy, might not have necessarily been someone related to the
oil field but it might have just been a service company.”

Social Capital and Education

Respondent 2: “Nicholls State got created by oil .... More people were coming in so schools had
to expand. The area always had good teachers. With the new wave of people coming in they
asked for more subjects to be offered: geometry, calculus, and fine art.”

Interviewer: “Do you remember oil people placing more demands on the school system?”
Respondent 33: “They had strong PTAs then. They all supported everything.”

Respondent 34: “Oil really helped us by offering jobs. Before we were a shrimping community.
They [oil] gave good high paying jobs. They [oil] did much to set up the infrastructure. When
people make money they can afford to build schools and roads and other things. I was elected to
the school board in 1973. They built the new high school in Berwick and Patterson during that
time. They were able to raise a lot of money due to the jobs that were created in the area due to
the oil.

Interviewer: “Did you see the school system improve as oil came in?”

Respondent 34: “I would say it was beneficial. With my background on the school board, I can
tell you when you have a lot of money it is going to be beneficial. Now you have to do the right
thing with the money. Money was never a problem until '82. It got tough after '82, had to make
cuts. I think the oil industry had an impact allowing the people to be able to do what they wanted
to do with the schools.”

Interviewer: “How are they doing now?”

Respondent 34: “They are still doing well. All public systems have problems but overall they do
pretty good.”

Status Attainment

Respondent 11: “I think that the engineers and all brought in experiences that the people of
Morgan City didn’t have. I think that the resistance to getting a job outside was the lack of a
college education. I graduated first in my class; three of us went to college. The rest of them, and
this is not degrading, were going to work on their father’s shrimp boats or the welding shops.
There wasn’t even a thought of going to college. So in order to go work outside you need a
college education. Now, more from Morgan City attend [Nicholls State University] because
Nicholls at that time was just a day college and they ran the buses from Morgan City. More from
that area went but again the thought was never to get an education and go somewhere else. It was
always to get an education and come back, to teach school doing education. And I think when
those engineers came in they brought life experiences into the mix that were not there.”
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Consequences for Familial/Inter-Generational Mobility

Respondent 35: (Respondent was a registered nurse, husband M.D., came to Morgan City when
hospital expanded in the early 1960s): “I have three grown sons. One lives in Berwick, one in
Morgan City and the other in Hattiesburg, Mississippi. The child in Hattiesburg is a physician.
The other two own their own oil related businesses ... I also have three granddaughters. Two are
attending Nicholls State while the other already received a degree from there.”

Introduction of Weak Ties into the Area Allowing for New Bridging Capital

Respondent 34: “I remember a couple of distinct times, probably two or three. One of them
[newcomers from oil] would come in to the office and say, ‘I need a favor.” I would say ¢ what's
the matter?” Says ‘I’m bringing my wife to Morgan City and I need you to convince her to move
here. She says she is not coming. She doesn’t want to live down here, we are coming from
Houston or from New Orleans. She doesn’t want to live in Morgan City, Louisiana.” So I say
‘Ok, let me talk to her.” Boy, one time the lady was sitting out in the car and she would not get
out the car. So I asked for her to please give me ten minutes of her time and she agreed. She said
‘I am not moving to Morgan City.” She said ‘This is the end of the earth.” I am going to promise
you one thing if you move to Morgan City, when you leave Morgan City you will hate to leave
Morgan City, you will not want to go.” She answers with ‘I don’t believe that.” I said ‘This is a
close knit town, the oil folks are all close to each other and the local people are all very friendly
people and you are going to love this area once you get settled here.” Her eyes kind of lit up a
little bit and she said ‘Well I will give it a shot.” Eventually they bought a house and stayed here
and then got transferred after six years to Houston and hated to go.”

Interviewer: “Did they keep in contact after they left?”

Respondent 34: “Oh yeah.”

Respondent 12: “My own saying that I created: ‘They cried when they came and cried when they
left.””

Respondent 36: “I cried the first year I moved here, one solid year.”

Respondent 35: “My husband had to bring me home [where they moved from] every three
months.”

Interviewer: “Do you remember after being here for a while and the culture change, do you
remember feeling more at ease?”

Respondent 35: “Oh yeah.”

Respondent 36: “It only took me a year.”
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Negative Outcomes
e Negative effect of dense homogeneous networks

e Initial rejection of newcomers brought in by the oil industry

Respondent 35: “When I came here on weekends with my old roommate from New
Orleans nursing school, she took me one day to Berwick where Golden Farms was just
being built. She said ‘I am going to take you over to where the oil people live.” I said
‘they look like good homes to me.” She said, ‘Oh you don’t want to fool around with
those people.””

e Political conflict

e Strains related to the cyclical nature of the industry

William B. Bankston received his Ph.D. in sociology from The University of Tennessee,
Knoxville and currently is Professor of Sociology at Louisiana State University, Baton Rouge.
His primary area of research interest has been in the sociology of deviance and crime,
particularly the social and cultural influences on violent crime and homicide. Most recently his
research has focused on the effects of socio-economic change on community crime patterns and
social disruption.
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IDLE IRON, REUSE AND SCRAP IN THE GULF OF MEXICO

Mark J. Kaiser, Center for Energy Studies, Louisiana State University

Click here to view the slide show that accompanied this presentation.

Offshore structures are installed to produce hydrocarbons, but at some point in time during the
life cycle of the field, when the cost to operate a structure exceeds the income from production,
the structure will exist as a liability instead of an asset. Federal regulations require that an
offshore oil and gas lease be cleared of all structures within one year after production on the
lease ceases. In recent years, the Minerals Management Service has begun to encourage
operators to remove structures on producing leases that are no longer “economically viable.” The
purpose of this paper is to quantify the amount of idle iron that exists in the Gulf of Mexico and
to describe its geographic distribution and ownership patterns. The basic question of what idle
iron is and why it exists is addressed, followed by a discussion of the policy implications
involved in the interpretation of federal regulations. Summary statistics that quantify and define
the idle iron inventory is then presented.

Mark J. Kaiser is an associate professor at the Center for Energy Studies, Louisiana State
University. His primary research interests are related to policy and modeling issues that arise in
the energy industry. Dr. Kaiser conducts research and policy analysis on energy consumption
and conservation issues, environmental effects of energy production, tariff analysis, and broad
policy issues in electricity, natural gas, and oil markets. He has made significant contributions to
the policy debate on the federal energy assistance LIHEAP and WAP allocation mechanisms, the
economics and regulatory structure of offshore decommissioning, and fiscal system analysis and
design. Dr. Kaiser is known for his fundamental and applied energy research activities. His work
appears across a broad spectrum of energy, engineering, mathematics and scientific journals. He
has consulted and served as technical advisor to corporations and government agencies, and is a
member of the United States Association for Energy Economics (USAEE), International
Association for Energy Economics (IAEE), and The Institute of Management Science and
Operations Research (INFORMS). Dr. Kaiser received his Ph.D. in industrial engineering from
Purdue University.
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COMPETITION AND PERFORMANCE IN LEASE SALES AND DEVELOPMENT IN
THE U.S. GULF OF MEXICO OCS REGION, 1983-1999

Omowumi lledare, Center for Energy Studies, Louisiana State University

Click here to view the slide show that accompanied this presentation.

This paper characterizes and analyzes petroleum lease sales and development in the U.S. Gulf of
Mexico OCS using estimated physical and economic measures of performance in offshore
petroleum lease development. The physical performance measures we estimated include lease
prospectivity index, lease expeditious index and lease development productivity. In addition, we
estimated two economic performance measures, profitability index and internal rate of return.

The framework adopted in this paper is such that each annual portfolio of leases is treated as a
unique but interdependent investment decision by firms at different points in time. Thus, in an
aggregate sense, the estimated rates of return earned from investment by important lease
category in the Gulf of Mexico OCS region are estimated.

Lease categories considered to be central in the determination of the expected value of or
realized value from purchased leases by firms of different sizes are incorporated in the paper.
Such categories include the following:

Water depth—the shelf (0-200m), the slope (201-800) and the deep (801m and above)
Lease type—wildcat, drainage and development

Bid structure and size—single bid or at least two bids

Product type—oil or gas

Firm size—integrated or independent, top 4, top 8 or big 20 firms.

Bidding conduct—solo or joint ventures

Empirical analysis of lease specific data suggests the Gulf OCS is just as attractive to the big
four oil and gas integrated firms as it was two decades ago. However, there is evidence of influx
of more new active players in petroleum lease development in the region than two decades ago.
There is also strong evidence from lease prospectivity results, which suggests that the risk of
lease development failure rises with firm size and water depth leases.

Regarding prospectivity of OCS in terms of lease development index, we found that of the
13,641 leases issued from 1983-1999, 26% reported some drilling activity as of year end 2004.
Of those 3,581 leases reporting drilling activity from 1983-1994, MMS qualified 43% as
producible leases. The drilling failure rate in the aggregate was about 57% as of 2004
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The overall aggregate lease development index (the product of the proportion of drilled leases
and the proportion of successful drilled leases) for leases issued from 1983—-1999 was 11.4% as
of 2004. In other words, approximately one out of nine leases produced hydrocarbons in the Gulf
of Mexico OCS. Variations in lease prospectivity within group are evident in the report.

The time interval from lease sale to first drilling activity (spud) and from sales to first production
by lease category is called expeditious development index in the report. Our study shows
evidence of declining trends over time in the average lag from sales to production on leases
issued from 1983—-1999. On average, it took about 78.9 months prior to first production on leases
sold from 1983—1987. In comparison, it took approximately 50.3 months on average from sales
to production for leases sold from 1995-1999.

Regarding productivity as a measure of physical performance of lease development in the Gulf
of Mexico, we found evidence that the overall aggregate productivity per drilled lease declined
significantly from a high of 4,536 MBOE for leases issued from 1983—-1987 to 2,864 MBOE for
leases issued in the early 1990s. Further, for all categories of leases, the productivity ratios in the
early 1980s were significantly higher than productivity ratios in the early 1990s, notwithstanding
the fact that more leases were issued and drilled in the 1980s than in the early 1990s.

For comparative purposes, we used two representative discount rates in this report for all
categories of leases. Thus, our results do not reflect any cross sectional or time variations in the
cost of borrowed capital by firms for projects. The key finding in the profitability index analysis
is that the estimated indices were significantly low for all categories of leases. This finding
notwithstanding, we found that the impact of bonus payment, which has been suggested to be
regressive in nature, is significant on the economic performance of lease development.

In general, our estimated measures of aggregate economic performance, the profitability index
and internal rates of return are relatively low in comparison to returns in the manufacturing
sector during the period. The reported low profitability measures, notwithstanding, we find that
aggregate annual average rate of return on all leases issued from 1983—1994 increases with water
depth and across time. The same pattern, however, is not evident in the late 1990s, probably
because of data limitations. Also, the aggregate average rate of return increases with firm size in
the 1980s, but no definitive trend is apparent across firm size in the 1990s.

Omowumi Iledare is a professor at the Center for Energy Studies, Louisiana State University.
He received his Ph.D. in mineral economics from West Virginia University and his M.S. in
energy resources from the University of Pittsburgh. His bachelor’s degree is in petroleum
engineering with honors from the University of Ibadan, Nigeria. Dr. Iledare’s research interests
are focused primarily on exploration and production economics and policy issues. He conducts
research and economic analysis on oil and gas upstream industry structures and the global oil
markets; environmental effects of oil and gas exploration and production; and taxation and
regulation of the oil and gas industry. Prior to joining the LSU faculty, he worked briefly as an
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associate energy specialist with the California Energy Commission in Sacramento, California,
and as a research associate with West Virginia Public Energy Authority. He has also worked for
Shell as a petroleum/reservoir engineer and as a reservoir and production engineer trainee with
Mobil Producing, both in Nigeria. Dr. Iledare is a member of the Society of Petroleum Engineers
(SPE), a member of the International Association for Energy Economics (IAEE), the immediate
past secretary-treasurer of the United State Association for Energy Economics (USAEE), an
affiliate of IAEE. He is also the editor of USAEE Dialogue, a newsletter published quarterly by
USAEE. Dr. Iledare presents and discusses technical papers regularly at conferences sponsored
by these associations. He has published several articles on petroleum economics and policy
analysis in trade and academic journals.
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HISTORY OF OFFSHORE OIL DEVELOPMENT IN THE GULF OF MEXICO:
DESIGNING AND MANAGING A PROJECT TO BENEFIT
MULTIPLE STAKEHOLDERS

Diane Austin, Bureau of Applied Research in Anthropology, University of Arizona

Click here to view the slide show that accompanied this presentation.

The development of the offshore petroleum industry is a remarkable story of inventiveness,
entrepreneurship, hard work, and risk-taking that turned Louisiana’s relatively isolated coastal
communities into significant contributors to the United States and global economies. To explore
the history and evolution of this industry and the people and communities where it was born, in
2001 the U.S. Minerals Management Service (MMS) sponsored a study to examine the historical
evolution of the offshore oil and gas industry and its effects on Louisiana’s coastal culture,
economy, landscape, and society. The study represented the convergence of the ideas of several
people who recognized that an important piece of history—the origins of the offshore petroleum
industry — was being lost and that capturing it would require the use of published works,
periodicals and other documents, and oral histories. The idea for the study was supported by the
Social Science Subcommittee of the MMS Scientific Committee, staff from MMS Headquarters
and the Gulf of Mexico Region office in New Orleans, members of the business and academic
communities, and Louisiana civic leaders and educators. As a result, researchers from the Center
for Energy Studies at Louisiana State University (LSU), the Departments of History and
Business at the University of Houston (UH), the Program in Public History Studies at the
University of Louisiana at Lafayette (ULL), and the Bureau of Applied Research in
Anthropology at the University of Arizona (UA) came together to trace the development of the
industry from land and marsh to state waters and then out across the Outer Continental Shelf.

The approach selected for this study was to combine oral history, documentary research,
interviews, and historical economic analysis to establish the basis for understanding the history
and evolution of the offshore oil and gas industry in southern Louisiana, the birthplace of the
industry. The study was designed to gather information from the industry’s pioneering engineers,
managers, and entrepreneurs who created the organizations and technology required to produce
oil and gas, sometimes hundreds of miles from land in thousands of feet of water. In addition,
oral histories were collected from workers, family members of workers, community leaders, and
others whose lives were shaped by the offshore industry. Finally, the researchers sought the
perspectives of government and political leaders who developed the strategies and laws that were
used by MMS to regulate and manage the development of offshore resources.

As the study progressed, the focus on oral histories grew. Beyond the stories of the “winners”
and of the technological “firsts,” little of this rich history had been written. Due to the size of the
onshore area associated with offshore petroleum development and the continuing change and
innovation required for the steady march farther and farther offshore, the story developed in
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many places and involved thousands of entrepreneurs. The researchers recognized and capital-
ized on the complexity of the industry and its history by reaching into communities across
southern Louisiana, as well as into Houston and other locations where pioneers could be found.
They worked to encourage the participation of individuals from throughout the region, of both
genders, and of diverse socioeconomic backgrounds and racial and ethnic groups. Due to the
advanced age of the earliest pioneers and the need to reach as many people as possible in a
limited period of time, the researchers worked in teams and utilized various strategies to identify
and locate the pioneers. To ensure that information about the earliest days in the development of
the offshore petroleum industry was collected, the researchers focused on the years leading up to
and including the 1970s, saving the study of the development of the deepwater industry for
another time.

Many pioneers had received little recognition for their efforts, so researchers went to their homes
and communities to seek them out. To find and gain access to these individuals, the researchers
established relationships with community and business leaders and developed mechanisms
through which they and the pioneers could develop mutual trust and open channels of communi-
cation. In the close-knit communities of southern Louisiana, this presented a special challenge. In
addition, the years of the 1930s, 1940s, and 1950s were marked by fierce loyalty to political
leaders and companies, even when those were not acting in the best interest of the communities.
Consequently, researchers and community members exerted considerable effort to assure
pioneers that their stories were important and that they could determine what they wanted to
share. Throughout the effort, community partners were crucial to project success.

In one effort to gain trust and increase local participation, researchers identified and trained local
schoolteachers in New Iberia and Houma to serve as teacher-researchers and to share
information about the study in their communities. In Morgan City, researchers worked with the
editor of the local paper, The Daily Review, to write and publish articles about the pioneers who
had been interviewed for the study. They also worked through local groups such as company
retirees clubs, the Barataria-Terrebonne National Estuary Program’s Management Conference,
the Offshore Energy Center’s Pioneer Hall of Fame, the local Desk and Derrick Clubs,' the
United Houma Nation Tribal Council, and local branches of the Louisiana Technical College to
inform people about the study and identify people who should be included. They attended
meetings and gatherings such as the annual Divers’ Reunion in Bush, Louisiana. The researchers
also used phone directories and city directories to identify companies that had been in existence
for decades and met with company executives and staff to interest them in the study and elicit
their support in finding early pioneers. In addition, the researchers networked with local
historians, librarians, and archivists at places like the Morgan City Archives and Nicholls State
University in Thibodaux, Louisiana to find potential participants. The study would not have
succeeded as it did without the knowledge and support of dozens of local contacts.

! The first Desk and Derrick Club was organized in New Orleans in 1949 for women working in the petroleum
industry. The clubs reached their height during the early 1980s with 12,750 members nationwide (1982) and 127
clubs (1983).
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By the summer of 2006, researchers from the University of Arizona, University of Houston, and
University of Louisiana at Lafayette had conducted 486 interviews with 517 individuals. The
earliest offshore pioneers were all men, and the interviews reflect that; 441 men and 76 women
participated in the interviews. The distribution of interviews, the majority of which were
conducted in southern Louisiana, is shown in Figure 1E.1.
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Figure 1E.1. Distribution of interviews.

Researchers identified potential interviewees through a snowball approach, beginning first with
individuals and organizations where they had contacts prior to the study, and then working from
those contacts to find other potential participants. The source of each interview conducted by the
UA team was tracked. Of the 320 separate contacts of the UA team, the major sources of
contacts were individuals within the study, other individuals, organizations, local gathering
places, and self-referral. In most cases, interviewees were asked if they knew anyone else they
believed should be included in the study. On a number of occasions, interviewees that were
referred by someone in the study then referred the researchers to someone else. This created
“chains” of contacts, two types of which are shown in Figure 1E.2.

The length of the chains ranged from 1 (the interviewee did not refer the researcher to anyone
else who agreed to participate in the study) to 8. There were 234 chains for the 320 separate
interviewee contacts. The majority of chains had only one interviewee, reflecting a dispersed
systems through which the interviewees were identified (see Figure 1E.3). Most interviewees
were referred by individuals within the study, and the average length of a chain was 2.1, as
shown in Figure 1E.4.
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Figure 1E.4. Chains of contact by source.

The goal of the oral history study was to collect and archive as many stories of the early pioneers
as possible. However, as the study progressed and researchers observed the local enthusiasm for
the project, it became clear that simply archiving the materials would be inadequate. In addition,
researchers realized that providing information about the study and sharing some of what had
been learned within the communities would help spread the word about the study and identify
more potential participants. Several outreach activities were designed to make information
available within the communities, increase awareness of the project, and bring in more people.
These included a project website, the series of articles in 7he Daily Review, a 15-minute video
(later DVD) about the project, inclusion of industry pioneers in the 2005 MMS Information
Transfer Meeting in New Orleans, and collaboration with the Morgan City Shrimp and
Petroleum Festival Board. In 2004, the researchers worked with a Houma-based independent
company, Minds Eye Productions, to produce a traveling exhibit, “The Offshore Oil and Gas
History Project,” which opened first at the Southdown Museum in Houma and has so far traveled
to Raceland, Morgan City, and Lockport. Prior to the exhibit openings in Houma, Raceland, and
Morgan City, researchers and local supporters hosted receptions for the study participants from
the surrounding communities.

The value of the oral history collection and other data gathered during this study will only be

realized if it is used. To get information out to researchers and others with potential interest in
the collection, the researchers organized the collection to be easily accessible to users and
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participated in several events to inform others of its existence. First, a spreadsheet of all
participants was created and a bibliographic database was constructed to include information
about how each individual was selected for participation in the study, highlights of the
individual’s career and personal history, and a summary of the main topics discussed during the
interview. Both the spreadsheet and database can be printed into booklets and used
electronically. In electronic form, they are readily searched by participant name, occupation, and
any keyword of interest to the user. A spreadsheet was also created to organize the thousands of
digital photos collected during the study, and digital copies of the photos were organized in
folders and stored on compact discs.

All interviews were transcribed and digital copies of the transcripts, as well as the databases and
digital photos described above, will be available in the archives at the University of Houston,
University of Louisiana at Lafayette, Nicholls State University, Louisiana State University
Center for Energy Studies, Morgan City Archives, and Lafourche Parish Library. The study
researchers collaborated with researchers from the National D-Day Museum in New Orleans to
identify and conduct oral history interviews with offshore pioneers who had also served in World
War II. The video tapes of those interviews will also be included in the National D-Day Museum
collection. To spread the word about the collection and its potential as a research tool, the
researchers organized sessions for the conferences of the American Society for Environmental
History, the Southeast Historians Association, and the Society for Applied Anthropology. The
information contained in the interviews will serve as the core for numerous further investigations
of this important era in the history of the petroleum industry.

Diane E. Austin is an assistant research anthropologist in the University of Arizona’s Bureau of
Applied Research in Anthropology (BARA). She specializes in the development of community-
based participatory research methodologies and coordinates BARA’s internship program. Her
major interests include environmental anthropology; social impact assessment; environmental
justice; community development; and research methods and analysis. She began studying the
impacts of the offshore oil and gas industry on southern Louisiana in 1996.
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AN EXAMINATION OF THE DEVELOPMENT OF
LNG ON THE GULF OF MEXICO

Kristi A. R. Darby and David E. Dismukes,
Center for Energy Studies, Louisiana State University

Click here to view the slide show that accompanied this presentation.

This research examines the role, importance, and development of liquefied natural gas (LNG)
regasification facilities along the Gulf of Mexico (GOM). The central thesis of the research is
that the GOM is perhaps the best situated location for the development of LNG regasification
facilities given the close proximity of a wide range of energy infrastructure that can help support
and serve as a market to these new infrastructure investments.

The research starts with by providing some background on LNG development in the U.S. and the
factors that are making this round of LNG development different than what occurred during the
late 1970s and early 1980s. Changes in natural gas markets have been examined and the role that
new environmental pressures are placing on natural gas-fired power and industrial applications
discussed. The LNG value chain is discussed at length, as well as the respective costs and break-
even prices estimated to import natural gas into the U.S.

Of particular interest is the interaction of these new facilities with existing GOM energy
infrastructure. The research notes that GOM pipeline and storage infrastructure in the region is
perhaps one of the most important sets of energy assets that will help facilitate the movement of
imported gas across the region and into other regions of the U.S. Gas processing and other
supporting gas infrastructure is also examined.

Perhaps the biggest area of concern for many policy makers along the GOM is the ability of
imported natural gas to help dampen both the increases and volatility of prices to all end users in
the region, particularly those end users in the petrochemical sector. The research examines both
the challenges that high natural gas prices are having on this sector and the regional job losses
that have occurred in the aftermath of the large natural gas price run up of 2000-2001.

The conclusion of the research is that the development of LNG regasification facilities along the
GOM will be supplemental, and even complimentary, to the existing set of energy infrastructure
in the region. These facilities will provide new sources of revenue for pipelines, storage, and gas
processing facilities, which in turn can be used to service existing and ongoing domestic natural
gas production. Currently anticipated expansions of existing infrastructure in certain areas are
expected to be more complementary to, as opposed to competitive with, existing domestic
production.
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Kristi A. R. Darby is a geologist and research associate at the Center for Energy Studies,
Louisiana State University. Her research interests focus on projects evaluating economic and
policy issues associated with the energy industry in Louisiana, in particular the oil and gas
industry both onshore and offshore the state. Prior to joining CES in January 2004, Ms. Darby
worked as a petroleum geologist for five years in California and Texas. She has been active in
many aspects of the Center’s research efforts over the past two years, including the impact of
hurricanes on energy infrastructure in the GOM and the development of liquefied natural gas
(LNQG) facilities along the GOM. Ms. Darby has spoken on the issue of LNG development before
various Department of Energy sponsored events in Boston and Houston and at educational
training seminars for the U.S. Coast Guard. She received a M.S. in geology from the University
of Southern California and a B.S. in geology from California Lutheran University.

David E. Dismukes is an associate professor and the Associate Director of the Center for Energy
Studies, Louisiana State University. His research interests are related to the analysis of
economic, statistical, and public policy issues in energy and infrastructure industries. Over the
past 19 years, he has worked in consulting, academia, and government service. Dr. Dismukes
joined the LSU faculty in 1995 and since that time has led a number of the Center’s research
efforts in such topics as the economic impacts of offshore oil and gas exploration and production
(E&P) activities; the restructuring of natural gas and electric power markets; market structure
issues in various energy industries; and the economic impacts of independent power on the
economies of the Gulf South region. He has published over 100 articles and conference papers in
scholarly journals and trade publications. Dr. Dismukes recently completed a book on electric
restructuring and competition published by CRC Press entitled Power Systems Operations and
Electricity Markets. He received his M.S. and Ph.D. in economics from the Florida State
University.
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MACROFAUNA COMMUNITY STRUCTURE AND FUNCTION:
DEEP GULF OF MEXICO

Gilbert Rowe, Department of Marine Biology, Texas A&M at Galveston

Click here to view the slide show that accompanied this presentation.

Macrobenthos of the deep, northern Gulf of Mexico (GOM) have been sampled with large box
cores along multiple cross-depth transects extending from depths of 200 m out to 3700 m. Four
major depth zones have been identified based on the faunal similarities between geographic sites,
with the two intermediate-depth zones being divided horizontally down the middle of the basin.
Strong correlation between export POC flux and faunal similarities, as well as characteristic
animal density, biomass and biodiversity (o diversity) in each zone and sub-zone suggested that
the input of food resources may control the observed zonal pattern. Highest density and biomass
occurred in two large submarine canyons, the Mississippi and De Soto canyon, reflecting the
terrestrial input and canyon physiography. The a diversity displays an intermediate depth
maximum with a diversity hotspot on east mid-slope, due, we suggest, to the balance between
competition for resources and physical disturbance, but the a diversity is lowest at the head of
Mississippi Canyon due to extreme dominance by amphipods. Small mean individual size and
low densities encountered are a reflection of the meager surface water production, albeit with
exceptional isolated habitats in which detrital material is concentrated, such as canyons on the
upper continental slope.

Sediment community oxygen consumption (SCOC) has been measured from the continental
shelf out to the Sigsbee Abyssal Plain in the NE Gulf of Mexico (GOM). SCOC rates on the
continental shelf were an order of magnitude higher than those on the adjacent continental slope
(450 to 2750 m depth) and two orders of magnitude higher than those on the abyssal plain at
depths of 3.4 to 3.65 km. Oxygen penetration depth into the sediment was inversely correlated
with SCOC measured within incubation chambers, but rates of SCOC calculated from either the
gradient of the [O,] profiles or the total oxygen penetration depth were generally lower than
those derived from chamber incubations. SCOC rates seaward of the continental shelf were
lower than at equivalent depths on most continental margins where similar studies have been
conducted, and this is presumed to be related to the relatively low rates of pelagic production in
the GOM. The SCOC, however, was considerably higher than the input of organic detritus from
the surface-water plankton estimated from surface-water pigment concentrations, suggesting that
a significant fraction of the organic matter nourishing the deep GOM biota is imported laterally
downslope from the continental margin.

The standing stocks and biological exchanges between the living components of the benthic
boundary layer in the deep, northern GOM have been assembled into a hypothetical, interactive
food web based on recent cooperative investigations. Estimates of standing stocks of bacteria,
Foraminifera, metazoan meiofauna, macrofauna, invertebrate megafauna, and demersal fishes

103



allow comparison of these different stocks across a 3 km depth gradient. The carbon demand of
each “size” or functional group has been estimated from allometric models of respiration rate,
supplemented by direct measurements in the laboratory. Total carbon demand by the sediment-
dwelling organisms has been constrained by measurements of SCOC utilizing incubation
chambers on a remote benthic lander, submersible-deployed chambers or laboratory incubations
of recovered cores. The rates and stocks have been incorporated into a set of coupled differential
equations that represent carbon flow between the different size groups in the food web. A
comparison of the upper continental slope (450 m depth) with the Sigsbee Abyssal Plain (3.4 to
3.7 km depth) illustrates a distinct decline in biomass of all groups with increasing depth. The
decline however was more abrupt in the larger forms (fishes and megafauna), resulting in a
relative increase in the predominance of smaller sizes (bacteria and meiofauna) at depth. Rates
and stocks appear to be lower in the deep GOM than at comparable depths on other continental
margins where similar comparisons have been made, reflecting the modest pelagic production
characteristic of the surface waters of the GOM.

Gilbert T. Rowe received his B.S. and M.S. degrees (1964 and 1966) from Texas A&M and a
Ph.D. from Duke University (1968). His professional experience has included 10 years at the
Woods Hole Oceanographic Institution, 8 years at the Brookhaven National Laboratory and 19
years at Texas A&M, where he is presently a professor and head of the Department of Marine
Biology, Galveston. Dr. Rowe has published over 110 papers in the peer-refereed literature, in
addition to editing or co-authoring several volumes devoted to deep-sea life. Dr. Rowe can be
credited with taking some of the first quantitative samples of the deep benthos in the Gulf of
Mexico, which led to a series of papers describing the extreme oligotrophic (desert-like) nature
of the Sigsbee Abyssal Plain. This initiative included measuring the oxygen consumption of the
sediment-dwelling biota and the attraction of deep-living scavengers to bait. He served as the
program manager of the MMS-supported Deep Gulf of Mexico Benthos study from 1999
through 2005. Presently he is cooperating with a NOAA-supported, interdisciplinary group
attempting to understand the causes of hypoxia on the Gulf of Mexico continental shelf. Other
research by Dr. Rowe includes quantifying continental shelf benthic biomass; oxygen, carbon
and nitrogen cycling related to shelf-edge export and benthic-pelagic coupling; the application of
numerical simulations to predict possible effects of organic enrichment on deep-sea communities
in relation to production of deep-ocean fossil resources.
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SPATIAL AND BATHYMETRIC VARIATION OF MEIOFAUNAL COMMUNITY
STRUCTURE AND FUNCTION IN THE NORTHERN GULF OF MEXICO DEEP SEA

Jeffrey Baguley, The University of Nevada-Reno
Paul Montagna, Larry Hyde, Rick Kalke, Texas A&M University at Corpus Christi
Wonchoel Lee, Hanyang University, Korea
Joan Bernhard, Woods Hole Oceanographic Institution

Gilbert Rowe, Texas A&M University at Galveston

Click here to view the slide show that accompanied this presentation.

Meiofauna are ubiquitous in deep-sea soft sediments and exhibit high abundance compared to
larger-sized invertebrates (e.g., macrofauna). The northern Gulf of Mexico (NGOM) deep sea is
characterized by topographical contrasts, with the flat topography of the Florida Slope followed
by the precipitous depth increase of the Florida Escarpment; the complex Texas/Louisiana Slope
with numerous basins and knolls; and numerous canyon features such as the Mississippi Trough
and DeSoto Canyon. In order to more fully understand the distribution of meiofauna and how
they respond to topographic, geochemical and physical forcing in the northern Gulf of Mexico,
meiofaunal abundance and environmental variables were analyzed in a hypothesis-based
univariate and multivariate design. Meiofaunal abundance is significantly related to water depth,
but also exhibits significant longitudinal differences resulting from proximity to the Mississippi
River outflow. Canyon features in proximity of Mississippi River outflow were found to greatly
enhance meiofaunal abundance. The Florida Escarpment interacts with Mississippi River inflow
and the Loop Current to enhance meiofauna abundance at stations lying directly above and
below the escarpment. Multivariate comparisons of meiofauna abundance with environmental
variables reveal a strong Mississippi River influence. River outflow alters local sediment
characteristics, and interacts with loop current eddies and dynamic slope topography to increase
POM flux in the northeastern region, thus creating areas of higher than normal meiofaunal
abundance.

Harpacticoida (Copepoda) are the second most abundant metazoan taxon within the meiofauna
and an important component of deep-sea meiofaunal communities. However, regional species
pools, processes structuring communities on various scales, and distributions of organisms in
response to topographic, geochemical, and physical oceanographic forcing is largely unknown
for deep-sea environments. The northern Gulf of Mexico is a dynamic environment with
complex continental shelf topography and longitudinal gradients of water column primary
production due to Mississippi River outflow. Harpacticoid copepod community structure was
analyzed at 43 stations in the northern Gulf of Mexico deep sea to test regional and bathymetric
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patters of diversity. Harpacticoid copepod diversity is significantly related to depth and
longitude. Most stations have unique species compositions, suggesting high regional (2700
species) and global (10° — 10° species) diversity by extrapolation. Although highest diversity, in
terms of expected number of species (rarefraction), is found at approximately 1200 meters,
average taxonomic and average phylogenetic diversity continue to increase with depth,
indicating greater morphological or functional diversity. Multivariate analysis reveals significant
inverse relationships between diversity and POM flux, which are confirmed by a significant
region-scale depth and longitude differences. However, within versus between station variability
suggests an interaction between small and region-scale processes maintaining high diversity.

In sum, meiofauna exhibit high biomass in deep-sea soft sediments, compared to larger
invertebrates (e.g. macro- and megafauna), and play an important role in the global carbon cycle.
However, deep-sea meiofaunal community function (grazing, respiration, etc.) has only been
sparsely investigated. In the present study, metazoan meiofaunal biomass was calculated at 51
stations using a newly developed, semi-automated, digital microphotographic method, and
meiofauna mass-dependent respiration was estimated at 51 stations using an allometric power
law. Strong relationships exist between biomass and meiofauna community respiration with
depth. Highest biomass and respiration occurred in the proximity of high particulate organic
matter flux; where surface currents interact with Mississippi River inflow complex slope
topography. Allometric estimates indicate that meiofauna require 7% of their biomass per day to
meet their metabolic energy budget, and are therefore not food limited with respect to sediment
bacterial biomass. Metazoan meiofauna account for 10-25% of whole sediment community
respiration and are therefore an important component of global biogeochemical cycles.

In addition to metazoan meiofaunal analyses, benthic foraminiferal biomass, density, and species
composition were determined at ten sites in the GOM. The >63-um fraction of box-core subcores
was examined shipboard for benthic foraminifera , which were individually extracted for
adenosine triphosphate (ATP) using a luciferin-luciferase assay to indicated the total ATP
content per specimen; that data was converted to organic carbon using established conversions.
Foraminiferal biomass and density varied substantially (~2-53 mg C m'z; ~3,600-44,500
individuals m?, respectively) and inconsistently with water depth. For example, although two
~1000-m deep sites were geographically separated by only ~75 km, the foraminiferal biomass at
one site was relatively low (~9 mg C m™) while the other site had the highest foraminiferal
biomass (~53 mg C m™). Although most samples from Sigsbee Plain (>3000 m) had low
biomass, one Sigsbee site had >20 mg foraminiferal C m™. The foraminiferal community from
all sites (i.e., bathyal and abyssal locales) was dominated by agglutinated, rather than calcareous
or tectinous, species. Foraminiferal abundance never exceeded that of metazoan meiofauna at
any site. Foraminiferal biomass, however, exceeded metazoan meiofaunal biomass at five of the
ten sites, indicating that foraminifera constitute a major component of the Gulf’s deep-water
meiofaunal biomass.
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Jeffrey Baguley received his Ph.D. in December 2004 from the University of Texas at Austin,
Marine Science Institute (Paul Montagna, Advisor). He completed post-doctoral studies at the
Baruch Institute for Marine and Coastal Sciences at the University of South Carolina under the
guidance of Dr. Bruce Coull. Dr. Baguley is now a lecturer in the Department of Biology at the
University of Nevada-Reno. His main research interests are in the field of meiofauna ecology,
but more specifically, harpacticoid copepod ecology, deep-sea diversity, meiofauna community
energetics, and harpacticoid molecular population structure.

Paul Montagna received his Ph.D. from the University of South Carolina in 1983 under the
direction of Dr. Bruce Coull. He spent several years as a professor and senior research scientist at
The University of Texas at Austin, Marine Science Institute, where he developed a well-
respected research program. Dr. Montagna is now the Endowed Chair for Ecosystem Studies and
Modeling at the Harte Research Institute for Gulf of Mexico Studies (Texas A&M University),
and his research continues to focus on quantitative ecology. His research uses benthos as a data
module for quantitative ecology. Quantitative ecology is comprised of experimental design,
univariate and multivariate statistical analyses, deterministic and predictive modeling, and
geographic information system studies.

Dr. Wonchoel Lee is an associate professor in the Department of Life Sciences, Hanyang
University, Seoul, Korea.

Joan Bernhard received her Ph.D. in 1990 from Scripps Institution of Oceanography under the
tutelage of Robert R. Hessler. She then did postdoctoral studies in cell biology at the Wadsworth
Center, New York State Department of Health as well as at the Department of Geology at the
University of Oslo in Norway as a Fulbright Scholar. After six years as a research faculty at the
University of South Carolina’s Department of Environmental Health Sciences, she was hired as a
biogeochemical sedimentologist by Woods Hole Oceanographic Institution, where she is an
associate scientist (with tenure) in the Department of Geology and Geophysics. Dr. Bernhard’s
main research interests are two fold: 1) deep-sea benthic foraminiferal ecology, cell biology, and
paleoceanography studies; and 2) investigations of protistan-prokaryote symbioses in sulfidic
environments.

Larry Hyde is a research associate at the Harte Research Institute for Gulf of Mexico Studies,
Texas A&M University, Corpus Christi.

Richard Kalke is a research associate at the Harte Research Institute for Gulf of Mexico Studies,
Texas A&M University, Corpus Christi.

Dr. Gilbert Rowe is head of the Department of Marine Biology, Texas A&M University.
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PREDICTING AND MAPPING SPECIES RICHNESS IN THE DEEP GULF OF
MEXICO: LESSONS LEARNED IN THE DGoMB PROGRAM

Richard L. Haedrich, Jennifer A. Devine, and Krista D. Baker,
Memorial University, St. John's, Newfoundland

Click here to view the slide show that accompanied this presentation.

Support from MMS through the DGoMB program has been very much appreciated in
Newtfoundland, and a number of students from Memorial University have taken part in R/V Gyre
cruises and in identification and analyses of the faunal data. DGoMB provided material for four
student theses.

The Deep-Sea Demersal Fish Fauna of the Northern Gulf of Mexico

Shawna Powell’s Master of Environmental Sciences thesis described the DGoMB fishes that
were sampled with bottom trawls in May and June 2000. Forty-six stations were occupied and
1065 individuals in 119 demersal fish species were taken. Cluster analyses showed the fish fauna
to be zoned with depth. Assemblages were identified on the deep shelf (188—216 m), upper slope
(315-785 m), mid-slope (686—1359 m), lower slope (1533-2735 m), and the rise (2248—
3075 m). The most abundant species found on the shelf was the small caproid Antigonia capros.
Deeper, the fauna is dominated by Macrouridae: Bathygadus macrops and Caelorinchus
caribbaeus on the upper slope and Nezumia cyrano and N. aequalis at mid-slope. The lower
slope and rise are dominated by Ophidiidae, Dicrolene kanazawai and Acanthonus armatus
respectively. Species richness is highest on the upper slope (53 species) and decreases with
depth; the rise has 17 species. Abundance too, is greatest on the upper slope, especially in the
Mississippi Trough and DeSoto Canyon, and declines greatly with depth. Diversity was also
highest on the upper slope; however, values for the mid-slope, lower slope, and rise were all
similar. Data on fishes supports DGoMB hypotheses relating to depth zonation and east-west
abundance. Due to limited numbers of samples, hypotheses comparing fauna in-and-out of
basins, and in-and-out of canyons could not be addressed conclusively. (This work was
published in 2003 in the Journal of Northwest Fisheries Science, 31, 19-33)

The thesis also reported the natural and human-generated debris that occurred in the trawls, and
preliminary findings concerning the distribution of bacteria and meiofauna. Natural debris from
Sargassum and Thallassia was found throughout the Gulf. Human-generated trash was restricted
to the canyon and eastern regions of the Gulf. Bacteria from boxcores were found throughout the
Gulf, with higher abundance in the Mississippi Trough, shallow depths in the northeast, and at
deep depths in the ‘basin’ region. The meiofauna collected from boxcores were found throughout
the northern Gulf. Nematodes had the highest abundance in the Mississippi Trough. All other
meiofauna, including harpacticoid copepods were more abundant at shallow depths and
decreased with increasing depth.

108



Species Richness in Atlantic Deep-Sea Fishes Assessed in Terms of the Mid-
Domain Effect And Rapoport’s Rule

Val Kendall’s Bachelor of Science (Honours) thesis considered deep-sea fish distribution
patterns more generally. A decrease in species richness with increasing latitude had been
documented for a broad range of taxonomic groups. A number of hypotheses relating to
biological, environmental, and historical factors had been proposed to explain this phenomenon,
and the mid-domain effect (MDE) had been proposed in the form of a null model. This model
considers only the geometry of spatial gradients and species’ range extents, excluding any
assumptions of environmental, biological, or historical causes, and predicts that species richness
will peak in the center of a domain in which species occur when their ranges are randomly
distributed. The model has been applied to latitudinal, elevational, and depth gradients to
quantify the extent to which non-random processes influence species richness patterns in
comparison to those based on geographical boundary constraints alone. The MDE model was
applied to empirical datasets for the ranges of the bottom-living fish species occurring in the
Faroe-Iceland Ridge, Denmark Strait, southern New England and northern Gulf of Mexico. All
the observed patterns showed a decline in richness with depth and did not match patterns from
the null model. Therefore, non-random processes must have produced the observed patterns.
Applied to bathymetric ranges, Rapoport’s Rule predicts that richness decreases and range size
increases with depth and latitude. The rule explained decreasing fish species richness with depth
and between latitudes but did not appear to explain increasing range size with depth. (This work
was published in 2006 in Deep Sea Research I, 53, 506-515)

Deep Gulf of Mexico Corals: Distribution, Faunal Associations and Biogeography

Tarah Cunningham’s Bachelor of Science (Honours) thesis took a broad-scale look at the
deepwater coral fauna. The corals caught in the DGoMB trawls comprised only six taxa out of a
total of 100 known species from the deep Gulf of Mexico. There was no significant difference in
the abundance and richness of corals in canyon vs. non-canyon and escarpment vs. non-
escarpment habitats. Forty-three species of fish were caught only at stations where corals were
caught, but conclusions about fish/coral associations could not be made because both individual
trawls covered more than 1.5 km across the bottom. There was no statistically significant
difference in the abundance of fishes in coral vs. non-coral stations. The deep-sea coral fauna of
the Gulf of Mexico is more species-rich than that of Nova Scotia (100 vs. 35 species) and the
two areas only have ten species in common. The majority of species of the Gulf of Mexico have
a tropical or warm temperate western Atlantic or amphi-Atlantic distribution, while the majority
of corals of Nova Scotia have a cold temperate amphi-Atlantic or cosmopolitan distribution.

A Comparison of the Mesopelagic Fish Fauna in the Gulf of Mexico with That of
the Caribbean and Sargasso Seas

Jessica Bangma’s Bachelor of Science (Honours) thesis was concerned with the relationships
between the mesopelagic fish faunas of five adjacent but oceanographically distinct areas of the
Western North Atlantic Ocean: the Gulf of Mexico, the Venezuelan and Colombian Basins of the
Caribbean Sea, and the North and South Sargasso Seas. The South Sargasso and Colombian are
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the least similar in terms of their faunal composition, and the Venezuelan and Colombian Basins
are the most similar. The Gulf fauna lies somewhere in between and is a composite of that in the
Sargasso and Caribbean Seas. The Gulf of Mexico is also intermediate in percent endemism
(7.1%), but has the most diverse fauna, with 140 species recorded. The centrally located Gulf can
be considered an ecotone between the Atlantic Tropical and Subtropical faunal regions.

Predictors of Species Richness in the Deep-Benthic Fauna

The development of the DGoMB database and archive has allowed examination of some
important general questions in deep-sea ecology. PhD students Jennifer Devine and Krista Baker
collaborated in a study of species richness in macrofauna and megafauna from box cores and
trawls from 35 standard stations over a depth range of 175-3720 m in the northern Gulf of
Mexico. Two questions were of primary interest: 1) are observed patterns random, and 2) if not,
what environmental factors might account for the patterns? A null model (MDE) tested whether
richness vs. depth distributions were random. Groups with species that had broad vertical depth
ranges fit the null model better than groups with small ranges, but for almost all phyla a non-
random pattern was indicated. With randomness as a proximal explanation ruled out, further
examination of the relationship between richness and environmental factors was justified. A
generalized linear model (GLM) showed that a suite of 18 factors categorized as food-related,
habitat-related, pollution-related and location-related were significantly related to richness
patterns, but that different mixes of factors applied to different phyla. No one factor accounted
for any observed patterns. Thus, each taxonomic group needs to be examined individually, and
no generally applicable explanation for the causes of richness patterns may exist. Nonetheless,
mapping richness itself is quite informative and indicates distinctive and valuable areas that must
receive special consideration and possible protection. The Mississippi Trough is particularly
important in this regard.

Coldwater Corals and Fishes of the Labrador Sea

Krista Baker is involved in studies around an exploratory drill site in the Orphan Basin, Labrador
Sea. She is doing experiments on faunal settling rates there, and has been identifying the fishes
recorded in ROV photographs. The pictures we show are of exceptional quality and come from
2338-m depth at the exploratory well.

Richard Haedrich is a biological oceanographer and ichthyologist with broad research experience
in the systematics and biology of fish. He is well-known for his work on the biogeography and
ecology of deep-sea fishes, often focusing on the relationships of fishes to their environment.
This has led him, with his students, to research on the fisheries, both commercial marine and, in
freshwater, the recreational salmonid fishery. He is the author of over 130 publications, with
recent topics especially focused on changes in the fishery ecosystem of Newfoundland before,
during, and after its major collapse in 1992. Other work has ranged from the remote satellite
sensing of ocean color off Newfoundland to salmon in urban rivers and even to questioning the
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existence of communities in the deep sea. With Nigel Merrett, he is co-author of the book Deep-
sea Demersal Fish and Fisheries (London: Chapman & Hall, 1997). Beyond these research
interests, his administrative responsibilities—as Director of the Newfoundland Institute of Cold
Ocean Science, the Marine Sciences Research laboratory, and Memorial's expanded Ocean
Sciences Center—have given him a broad overview of aquatic research. He has been chief
scientist on numerous scientific research cruises, beginning at Woods Hole and continuing on
Canadian ships out of the Bedford Institute. Now an emeritus professor, he has taught courses at
Memorial University since 1979 in his specialities—fisheries biology and oceanic
biogeography—and also in introductory ecology. He was the first co-chair of COSEWIC’s
(Canada’s Endangered Species Committee) Marine Fish Subcommittee from 1999 to 2004.

Jennifer Devine received her Ph.D. from Memorial University. She recently accepted a job with
the National Institute of Water and Atmospheric Research, Wellington, New Zealand. She is
particularly interested in deepwater surveys, quantitative applications of novel multivariate and
times series analyses, and ecosystem level studies.

Krista Baker is a Ph.D. student at Memorial University. Her background includes a Master’s
thesis on criteria for the establishment of marine protected areas in the offshore and reports on
endangered species. Her current research examines the distribution and associations between
deepwater fishes and coldwater corals in the Labrador Sea, some of which involves community
ecology at the Orphan Basin exploratory drill site.
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Click here to view the slide show that accompanied this presentation.

Introduction

The rapid expansion of offshore hydrocarbon exploration and production in the Gulf of Mexico
(GOM) has created a need for increased understanding of deep-sea benthic habitats. In response
to this development a program, referred to as Deep Gulf of Mexico Benthos (DGoMB) was
designed to determine in greater detail the composition and structure of slope bottom biological
communities, to infer relationships between biological patterns and major controlling processes,
to characterize the area as to its present “health” and function, and to compare and contrast the
region with similar oceanic regions.

The DGoMB program design was developed based on historical knowledge of deep-sea
communities in the GOM. The interdisciplinary nature of the scientific objectives was
recognized and the study design balanced the benthic survey aspects of the program with
experimental (or “process oriented” studies needed to understand the deep-sea community’s
structure and function. Previous information was used to focus the study on the most relevant
areas and those areas most likely to allow the establishment of generalities about the structure
and function of deep-sea benthic communities. The results now provide a predictive capability
for areas not directly sampled or observed. This predictive capability is a framework for
ascertaining the potential for, and the most likely impact from, fossil fuel exploration and
exploitation in the deep-sea (Rowe and Kennicutt in prep.)

The DGoMB program was conducted over a 65-month period. Three major oceanographic
cruises were conducted, one in each of the first three years of the program. The biological
sampling program included both trawls for fish and epibenthos and box cores for infauna and
sediment characteristics. The interdisciplinary program had 16 investigators and nine different
components. The purpose of the current study is to perform a statistical analysis focused on
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synthesizing all biotic and abiotic data from the box cores and relating it to water columns
conditions and depth.

Methods

Biotic variables measured from box cores samples included representatives of meiofauna and
macrofauna: Harpacticoida, Polychaeta, Crustacea (Amphipoda, Isopoda, and Cumacea), and
Mollusca (Bivalvia and Aplocophora). Two main measures were used to link with abiotic
varibles: total abundance and diversity. Bacteria total abundance was also used. Diversity is
calculated using Hill’s diversity number one (N1) (Hill 1973). It indicates the number of
abundant species in a sample, and is a measure of the effective number of species (Ludwig and
Reynolds 1988). It is calculated as the exponentiated form of the Shannon diversity index: N1 =

e, As diversity decreases, N1 will tend toward 1. The Pielou’s evenness index (J') was
calculated to represent the second component of diversity, which is the distribution of species in
a sample. Even samples have representatives from many species with relatively even
distributions; in contranst, samples with dominance of a few species lack evenness.

Abiotics variables to represent environmental conditions in the overlying water column included
particulate organic carbon (POC), dissolved organic carbon (DOC), ammonium (NH4), and
nitrate (NOs), and chlorophyll-a (Chl-a). The remaining variables were from sediments and
included grain size (sand, silt, and clay content), total polycyclic aromatic hydrocarbons (PAH)
excluding perylenes, the trace metals calcium (Ca), chromium (Cr), tin (Sn), and strontium (Sr),
total organic nitrogen (OrgN), and total organic carbon (OrgC).

Prior to analysis, all environmental data were transformed to validate assumptions of parametric
tests, and to weight the contribution of high or low measurements. The angular transformation (x
= arcsin sqrt[y]) was used for the sediment grain size data, and a natural logarithm
transformation (x = logn [y+1]) was used on all other biotic and abiotic data. The average value
for each transformed variable was calculated for all replicate samples, and the biotic and abiotic
data sets were merged by station.

Principal components analysis (PCA) was used to reduce the environmental variables. Each new
principal component (PC) variable accounts for a percentage of the total variance in the original
data set. The new variables are extracted in decreasing order of variance, such that the first few
PC explain most of the variation in the data set. The contribution of each environmental variable
to the new PC is called a load. Typically, the new PC variable loads can be interpreted to indicate
structure in the data set. Each observation contributing to the PC is called a score. The PCA was
performed using the SAS FACTOR procedure on the covariance matrix and using the
VARIMAX rotation option (SAS Institute Inc. 1991). Details of implementations of the SAS
program used are provided in (Long et al. 2003). The PCA station scores were used to correlate
the environmental setting with the biological variables (i.e., abundance and diversity) with
Pearson product-moment correlation coefficients (r) using the SAS procedure CORR.
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One common problem with environmental data is that many variables measuring the same
effects can skew the result. Thus pre-analysis was performed to determine if certain classes of
variables could be dropped from the analysis. Only the total amount of PAHs was used. Perylene
was dropped from the total because there are natural sources in the environment, and the goal
was to include only those originating from human activities. A total of 29 metals were measured
and had to be reduced for the final analysis using an initial PCA of all trace metals only. The first
metals principal component (PC1) accounted for 70.1% of the variance in the metals data set and
was the only PC with an eigenvalue greater than one. Thus, four metals, the two with highest
positive and two with the most negative loadings, were chosen for the final PCA analysis
including all environmental variables. These four metals (listed above) represent a proxy for the
general trace metal pattern seen at all stations.

Community structure of macrofauna species was analyzed by multivariate methods. Ordination
of samples was performed using the non-metric multidimensional scaling (MDS) procedure
described by Clarke and Warwick (2001) and implemented in Primer software (Clarke and
Gorley 2001). The software creates a Bray-Curtis similarity matrix among all samples and then
an MDS plot of the spatial relationship among the samples. Cluster analysis on the similarity
matrices was performed to determine the degree of relatedness of stations that were grouped near
one another in the MDS plot. Community structure station patterns for harpacticoids,
polychaetes, crustaceans, and mollusks were compared using the RELATE procedure in Primer,
which tests for matching among the station patterns.

Results and Discussion

In the environmental PCA, the first three principal components accounted for 61.5% of the total
variance in the data set. The sign of variable loads (negative or positive) indicates gradients in
concentrations. Variables that load negatively will have highest concentrations for negative PC
loads with decreasing concentrations moving in the positive direction, and vice versa. PC1
accounted for 33.5% of the total variance, had high positive loadings by clay, total PAH’s, tin,
chromium, and high negative loadings by sand, strontium and calcium (Figure 1F.1.A). PC1 is
interpreted as the sediment properties, with high silt, clay, organic (PAH) and metal (Cr and Sn)
contaminants near the Mississippi River, and higher sand and natural background metals (Ca and
Sr) with increasing distance from the Mississippi River. PC2 accounted for 16.7% of the total
variance and highly positive loadings by Chl-a and POC, weak positive loadings by OrgN and
NH,', and weak negative loadings by NO; and urea (Figure 1F.1A). PC2 is interpreted as
particulate organic matter (POM) flux. PC3 accounted for 11.3% of the total variance and had
highly positive loadings by DOC, and highly negative loadings by urea (Table 1F.1, Figure
1F.1B).

There are many correlations and autocorrelations among biotic components. Many of these
correlations are trivial, e.g., a strong correlation between total macrofauna abundance and
polychaetes abundance, because polychaetes dominate macrofaunal abundance. Other trivial
correlations are abundance and diversity of the same taxa. Some correlations, however, are
interesting. For example, meiofauna abundance is strongly correlated with every biotic parameter
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Figure 1F.1. Variable loads for the principal components (PC) analysis for abiotic variables. A) PC1 and
PC2.B) PC2 and PC3.

except mollusk diversity. Yet, mollusk diversity is the only biotic variable strongly correlated
with bacterial abundance, and it is also the only significant negative correlation. Some
correlations are surprisingly weak, such as the harpacticoid and crustacean diversity correlation.

Community structure of harpacticoids, crustaceans, mollusks, and polychaetes was examined for
spatial patterns among stations. Analysis was limited to the 43 stations where all species were
analyzed to have a balanced design with no missing cells. The number of total species found in
the different taxa was different. Harpacticoids had 716 species, Crustacea had 369 species (118
Amphipoda + 119 Cumacea + 132 Isopoda), Mollusca had 118 species (94 Bivalvia + 24
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Aplocophora), and Polychaeta had 498 species. Comparison of average diversity index measures
indicates that harpacticoids are the most diverse, followed by polychaetes, crustaceans, and
mollusks (Table 1F.1). Evenness was very similar among the taxa, ranging from 0.84 to 0.95.

Table 1F.1

Mean and Standard Deviation of Diversity Measures for the Major Taxa. Richness Is Number of Species,
Abundance Per Sample, J' Is the Pielou’s Eveness Index, H' Is Shannon Diversity Index, and N1 Is Hill’s
Number of Abundant Species.

Harpacticoida Crustacea Mollusca Polychaeta
Richness 51.7 | (19.0) 31.9 | (18.8) 21.2 | (7.0) 59.7 | (38.6)
Abundance 90.5 | (50.6) 482.4 | (2114.1) 147.2 | (112.3) 871.0 | (763.5)
J 0.95 | (0.03) 0.87 | (0.11) 0.84 | (0.12) 0.86 | (0.07)
H' 3.70 | (0.33) 2.88 | (0.57) 2.52 | (0.46) 3.29 | (0.50)
N1 42.6 | (14.4) 20.4 | (10.6) 135 | (5.0) 30.2 | (14.5)

The cluster and MDS ordination plots indicate other trends. There was more similarity among
stations for polychaetes and mollusks than for crustaceans and harpacticoids. Choosing 35%, an
arbitrary level of similarity, harpacticoids had the most number of stations (33) that did not share
at least 35% of the species with another station. Crustaceans had the second most number of
stations (24) that did not share at least 35% of the species with another station. Polychaetes had
only nine stations that did not share at least 35% of the species with another station and mollusks
had only two stations that did not share at least 35% of the species with another station. This
indicates much more cosmopolitanism with mollusks and polychaetes, and more endemism with
crustaceans and harpacticoids. Another interesting characteristic is that more stations are
contained within clusters for polychaetes and mollusks than for crustaceans and harpacticoids. In
fact, nearly all the clusters for crustaceans and harpacticoids contain only two stations. In nearly
all instances the stations are very near one another. Regardless of the high degree of endemism
and uniqueness of stations, the overall patterns for each taxa match well (Table 1F.2). The
crustacean and mollusk patterns match best (Rho = 0.608), and the harpacticoid and mollusk
pattern match least (Rho = 0.172), but all matches are significant, none being greater than 0.003.

Linking the environment and benthos is done by correlating the PCA results with biotic metrics.
The PC1 and PC2 station scores were significantly correlated with bacterial, meiofaunal, and
macrofaunal total abundance (Table 1F.3). However, the association with PC2 was much
stronger than with PC1. Thus, total abundance of the three main groupings generally increases
with increasing fine sediment structure and particulate organic matter flux, but the relationship
with flux may be stronger. The same pattern held true for abundance and diversity of specific
taxa (i.e., harpacticoids, polychaetes, crustaceans, and mollusks). There were few, weaker
significantly and positively correlations with PC1 than with PC2. Diversity had few correlations
with the abiotic PC loads, except for a weak positive correlation with polychaetes diversity and
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PC2, and a weak negative correlation with mollusk diversity. The strongest associations were
with PC2 and meiofaunal abundance and polychaetes abundance. Meiofauna abundance is
dominated by nematode abundance, but its diversity was not measured during the present study.
The trends indicate that nematode and polychaete abundance increases with increasing flux.

Table 1F.2

Relatedness of the MDS Community Structure Patterns. Sample Statistic (Rho) on Top, Which Tests the
Matching of the Two MDS Patterns and the Significance Level of Sample Statistic on Bottom.

Crustacea Mollusca Polychaeta
Harpacticoida 0.214 0.172 0.349
0.002 0.003 0.001
Crustacea 0.608 0.425
0.001 0.001
Mollusca 0.318
0.001

Table 1F.3

Relationship between Biological Components Abundance and Environmental Principal Components. Pearson
Correlation Coefficients (r), Probability that r=0 (p), and Number of Observations (n). Taxa Abbreviations:
A=Abundance, N1 = Hill’s Number of Dominant Species Diversity Index. Significance Levels: 0.05 < * 0.01,

0.01 <** <0.001, 0.001 < *** < 0.0001, and <0.0001 ****,

PC1 PC2

Taxa r p N r P n

Meiofauna A *x 0.48 0.0021 39 ok 0.56 0.0002 39
Macrofauna A * 0.33 0.0415 38 ok 0.70 <.0001 38
Bacteria A * 0.39 0.0136 39 *x 0.47 0.0028 39
Harpacticoida A 0.25 0.1282 39 rork 0.55 0.0003 39
Harpacticoida N1 -0.17 0.3048 | 39 0.25 0.1190 | 39
Polychaeta A 0.27 0.0924 | 39 Hkkok 0.73 <.0001 | 39
Polychaeta N1 0.20 0.2131 | 39 * 0.38 0.0185 | 39
Crustacea A * 0.39 0.0130 39 ** 0.49 0.0017 39
Crustacea N1 -0.17 0.2962 39 0.07 0.6746 39
Mollusca A ok 0.53 0.0005 | 39 Rk 0.52 0.0007 | 39
Mollusca N1 * -0.32 0.0463 39 -0.18 0.2825 39
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ARCHAEOLOGICAL AND BIOLOGICAL ANALYSIS OF SIX WORLD WAR I
DEEPWATER SHIPWRECKS IN THE GULF OF MEXICO

Robert A. Church and Daniel J. Warren, C & C Technologies, Inc.

Click here to view the slide show that accompanied this presentation.

German U-boats devastated merchant shipping along the American Coast during World War II.
The Gulf of Mexico was a relatively unprotected hunting ground for the U-boats during the early
years of the war. As a result, the Gulf contains one of the greatest concentrations of Allied
vessels lost to German U-boats worldwide. Currently, the remains of eighteen WWII vessels,
including U-166, the only known German U-boat sunk in the Gulf, have been identified in
federal waters as a result of survey requirements by the United States Department of the Interior,
Minerals Management Service (MMS). Taken together, these sites represent an underwater
battlefield, and a vital historical resource documenting a little-studied area during an important
period in American History. These sites also represent artificial reefs dating to a known period
thereby offering biologists a unique opportunity to study the “artificial reef effect” of man-made
structures in deepwater.

In 2004, a multidisciplinary team documented and assessed the biological and archaeological
aspects of six World War Il-era shipwrecks in the north-central portion of the Gulf of Mexico.
The vessels (Virginia, Halo, Gulfpenn, Robert E Lee, and Alcoa Puritan) were lost to wartime
activity in 1942 (Figure 1F.2). Each of the shipwrecks was discovered in recent years during oil
and gas surveys and reported to the MMS as required by federal regulations. The shipwrecks
were investigated to determine site boundaries, National Register eligibility, state of preservation
and stability, and the potential for man-made structures or objects to function as artificial reefs in
deepwater.

This paper provides a brief overview of the 2004 project with an emphasis on the archaeological
component. The biological findings are provided in other papers from this session. The
archaeological objectives for the study were to 1) positively identify each site and document its
history; 2) determine each vessel’s condition and state of preservation, assess any environmental
impacts of the wreck, assess rate of deterioration, and determine the potential for future research;
3) determine the horizontal extent of the wreck debris field; 4) determine potential eligibility to
the National Register of Historic Places; and 5) assess the impacts of bio-fouling communities on
the stability of the sites.

The MMS and the National Oceanic and Atmospheric Administration’s Office of Ocean
Exploration (NOAA OE) sponsored the study under the auspices of the National Oceanographic
Partnership Program (NOPP). The MMS contracted C & C Technologies, Inc. (C & C), to
manage the project, provide survey support, and conduct the archaeological analysis. The
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Figure 1F.2. Photographs of Virginia, Halo, Robert E. Lee, U-166, Gulfpenn, and Alcoa Puritan (Courtesy of
the Mariner’s Museum, Newport News, Virginia; Steamship Historical Society of America,
University of Baltimore; and PAST Foundation, Columbus, Ohio (Kuhimann Collection).

following organizations and individuals joined C & C for the biological analysis: Dr. Roy
Cullimore and Lori Johnston with Droycon Bioconcepts, Inc., Dr. William Schroeder with the
University of Alabama/Dauphin Island Sea Lab, Dr. William Patterson with the University of
West Florida, and Dr. Thomas Shirley with the University of Alaska, Fairbanks. C & C also
partnered with the PAST Foundation (directed by Dr. Annalies Corbin) along with Montana
State University’s film department (lead by Dr. Dennis Aig) to conduct the project’s educational
outreach component, which consisted, among other things, of documenting the study on film,
managing a project web site, and developing secondary education curriculum. NOAA OE
contracted Sonsub Inc. to provide vessel and Remote Operated Vehicle (ROV) support for the
project. In addition to the principal investigators, masters and Ph.D. candidates from five
universities participated in the study in the fields of archaeology, biology, and film.

Each site was systematically investigated using an acoustically positioned ROV following a pre-
established survey grid. The ROV survey was designed to maximize the efforts and time for both
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the archaeological and biological studies. Detailed visual inspections provided needed data to
document each wreck’s cultural and biological characteristics. Although different specific
elements were of interest to the biologists and the archaeologists, the video footage collected was
used for both the biological and archaeological studies undertaken.

Water depth at the wreck sites ranges from 87 to 1,964 meters. The shallowest site on the study
is the tanker Virginia, which was sunk by U-507 on 12 May 1942. She now rests in 87 meters of
water near the mouth of the Mississippi River. The tanker Halo was sunk by U-506 on 20 May
1942, and now rests in 143 meters of water above the Mississippi Canyon's western escarpment..
The tanker Gulfpenn was sunk by U-506 on 13 May 1942, and now rests in 554 meters of water
along the east slope of the Mississippi Canyon. The German U-boat, U-166 was sunk by U.S.
navy PC-566 shortly after the U-boat sank the passenger freighter Robert E. Lee on July 30,
1942. The U-boat and freighter now rest in approximately 1,480 meters of water along the upper
Mississippi Fan. Finally, the deepest site on the study was the cargo freighter Alcoa Puritan,
which sunk by U-507 on 6 May 1942. She now rests in 1,965 meters of water along the upper
Mississippi Fan.

Of the six wrecks designated for this study, only three (4lcoa Puritan, Robert E. Lee, and U-166)
were positively identified before the project. The remaining vessels (Gulfpenn, Halo, and
Virginia) had only tentative identifications based on previous geophysical surveys and limited
video documentation. Water clarity at the Gulfpenn and Halo sites allowed relatively easy
confirmation of the vessel’s identity based on structural and hull characteristics. At the Virginia
site, however, limited visibility and sedimentation made positive identification difficult. Close
examination of the site’s physical evidence and historical documentation confirmed that the
vessel is Virginia.

A primary archaeological goal of the project was determining site boundaries for each wreck. An
examination of the debris distribution data from the study revealed a trend that the site area
increases proportionately as water depth increases (Figure 1F.3). The maximum distance from
the shipwreck main hull to the site’s periphery, forms a uniform curve with respect to water
depth that closely follows the mean distribution average between distance and water depth.

Using the data from the study, the following formula was developed to estimate a radius slightly
larger than the suspected boundary size of a steel-hulled shipwreck site in deepwater:

(.20wd + vl > site boundary radius)
wd=water depth
vl=vessel length

This formula uses twenty percent of the water depth at the site plus the estimated shipwreck
length to calculate the boundary radius. However, this formula is based on only a small data set
consisting of steel-hull shipwrecks lost under catastrophic conditions. It does not take into
account wooden shipwrecks or smaller iron vessels that foundered at sea. It is intended as a
working model for future research.
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Figure 12F.3. Graph showing the maximum site debris distribution of the project wreck sites compared to
the mean distribution with respect to water depth.

Each wreck site was assessed for National Register of Historic Places (NRHP) eligibility. After
reviewing the archaeological and historical data, it was decided that each site is potentially
eligible for the NRHP for their association with events that have made a significant contribution
to the broad patterns of our history and as archaeological sites. Additionally, U-166 is deemed
potentially eligible as a representative example of a distinctive architecture.

The DeepWrecks project was one of the most comprehensive deepwater shipwreck
investigations to date. The multidisciplinary approach used for the project sets a precedent for
future deepwater shipwreck investigations. The biological data collected in this study has
provided scientists with an unparalleled amount of information regarding the artificial reef effect
of shipwrecks at varying ocean depths. The interpretation of this data will provide a base of
knowledge that future studies around the world will be able to utilize and expand upon.
Archaeologically the study has provided a substantial amount of information on deepwater wreck
formation processes for steel-hulled vessels, positive identification of the study sites, useful
analysis regarding the current state of preservation, future research potential, and the sites’
cultural significance both individually and as a whole.
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FISH COMMUNITY AND TROPHIC STRUCTURE AT DEEPWATER SHIPWRECK
SITES IN THE NORTHERN GULF OF MEXICO

William F. Patterson, lll and Nicole M. B. Morris, University of West Florida

Click here to view the slide show that accompanied this presentation.

We examined fish community and trophic structure as part of the marine vertebrate component
of the larger deep shipwrecks study described by Church and Warren (this volume). The goal of
this part of the project was to document the utilization of deep-water shipwrecks as fish habitats.
Specific objectives of this portion of the study were to 1) examine the community structure of
fishes associated with deepwater shipwrecks in the northern Gulf of Mexico; 2) perform gut
content analysis to examine trophic structure within the fish community; and, 3) analyze stable
isotopes of carbon and nitrogen in fish tissue to estimate source(s) of carbon to wrecks and
corroborate trophic structure inferred from gut content analysis.

Community structure of fishes associated with shipwrecks was examined to determine whether
significant differences in the fish community existed among the wrecks and to test whether
significant differences existed over ships versus nearby natural habitats. Community structure
was estimated primarily with video from ROV transects and with fish traps. Sampling the fish
community during visits to all wreck sites followed a standard methodology. Once the
archaeological survey of a given wreck was completed, two chevron fish traps (dimensions =
150 centimeter width x 180 centimeter length x 60 centimeter height; opening = 44.5 centimeter
x 10 centimeter; mesh = 5 centimeter plastic coated wire) and two small baitfish traps
(dimensions = 75 centimeter width x 75 centimeter length x 50 centimeter height; opening = 10
centimeters x 10 centimeters; mesh = 2.5 centimeter plastic coated wire) were baited with
menhaden and squid, and fished for between 5 and 15 hours. One small and one large trap were
set immediately adjacent to the wreck and the second pair of traps was set approximately 300
meters away from the wreck. While traps were soaking, ROV transects (n = 3) were flown over
the ship’s long axis. Video was also recorded over transects immediately adjacent to the wreck (n
= 3) and approximately 300 meters away from it (n = 3) to estimate the biological communities
at varying distances (over, adjacent, and distant) from the ship’s main structure. During
biological transects, attempts were made to sample encountered fishes with the ROV’s suction
sampler. The size of the suction sampler opening limited sampling to fishes less than 12.5
centimeters deep or wide.

Muscle tissue was dissected from of fish (n = 79) sampled with traps or with the ROV’s suction
sampler and preserved in ethanol. In the laboratory, fish samples were removed from ethanol and
any associated bone was dissected from samples. All samples were rinsed with distilled water for
30 seconds and then placed in glass vials to soak in distilled water for 24—48 hours. Samples
were removed from vials, rinsed again with distilled water, and then placed in a drying oven
where they were dried at 60° C for at least 48 hours. Dried samples were weighed and stored in
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glass vials. Stable isotopes of C, N, and S were analyzed with a Europa Scientific GSL/Geo 20-
20 isotope ratio mass spectrometer. Analytes included 813Cv_pBD (813C), 815NA1r (815N), and
8**Sv.cor (8**S). International Atomic Energy Agency (JAEA) standard reference materials were
run periodically to assess machine performance. Analytical precision was estimated from
duplicate analysis of 20 randomly selected samples. Mean difference (= SD) between replicate
sample runs was 0.05 %o (+ 0.18) for 8"C, 0.03 %o (+ 0.11) for 8"°N, and -0.03 %o (+ 0.32) for
d'S.

Stable isotope analysis results were used to infer source of production and trophic position of
fish and invertebrate samples. Typical oceanic phytoplankton ranges of -20 to -18 %o for 8"°C, 5
to 9 %o for 8"°N, and 18 to 20 for 5**S were assumed (Fry 1988; MacAvoy et al. 2002) for the
northern Gulf. Trophic fractionation (enrichment) from prey to consumer was assumed to
average 1 %o for 8°C and 3 %o for 8'°N (Fry 1988); fractionation was assumed not occur for 8**S
(Connolly et al. 2004). Thus, trophic level was inferred from apparent enrichment of §'°C and
8"°N values. Values of 8°*S were used to estimate whether the source of production was pelagic
or benthic, as benthic production imparts a &°*S signature depleted relative to pelagic
phytoplankton (Connolly et al. 2004). In the deep ocean, both 5"°C and 8**S were used to infer
the relative importance of chemosynthetic versus phytoplankton production as the base of the
food web. MacAvoy et al. (2002) reported consumers associated with western Gulf seep
environments where significant sulfate reduction occurred had very depleted 8'°C (~ -30 %o) and
8**S (~ -7 %o) values, while an area with significant production from methanogenic bacteria
imparted depleted 8"°C (~ -55 %o) and 8'°N values (~ -12 %o).

A total of 105 taxa were observed in video and/or collected in traps or with the ROV suction
sampler among all sites. Halo had the greatest community richness, with 54 taxa observed,
followed by Gulfpenn (n = 38 taxa), Robert E. Lee (n = 21 taxa), Virginia (n = 17 taxa), U-166 (n
= 14 taxa), and Alcoa Puritan (n = 11 taxa). One potential source of bias occurred in that Halo
was visited twice and Gulfpenn visited three times to collect biological samples. Thus, there was
a greater probability of documenting ichthyofauna associated with those two sites than the other
four. It should be noted, however, that if species observed on subsequent visits to those sites
were removed from the sum of taxa documented, Halo and Gulfpenn still would rank first and
second in ichthyofaunal diversity by a wide margin.

There was a significant difference in the fish community among wreck sites [Analysis of
Similarity (ANOSIM); p <0.01] and among transect locations nested within site (ANOSIM; p <
0.01). The three shallowest (Virginia, Halo, and Gulfpenn) sites had soft or azooxanthellae hard
corals (see Schroeder this volume) that fouled the ships and added structural complexity required
by reef fishes. Virginia and Halo had Lutjanid, Serranid, and Carangid reef fishes typical of
northern Gulf shelf reef communities. Gulfpenn had deepwater Trachichthyid and Sebastid reef
fishes associated with it. Reef fishes on the three shallowest sites likely would have recruited to a
given wreck without corals present, but the fact that corals and rich fouling communities exist at
those depths is the precise reason reef fishes are found there as well. Thus, depth-specific reef
fish fauna and fouling communities typical of natural reef environments in the northern Gulf
were associated with each of the three shallowest wrecks.
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The fish community documented at the deepest wrecks (U-166, Robert E. Lee, and Alcoa
Puritan) was similar among transects over, adjacent to, and away from the ships. The three
deepest sites (U-166, Robert E. Lee, and Alcoa Puritan) had very similar fish communities. As
was expected a priori, we found no true reef fishes in the deep sea. Some fishes on the deepest
wrecks were associated with a given ship’s rigging or superstructure, but individuals of the same
or similar taxa also were found away from wrecks. As a result, the fish community at those sites
did not differ among transects flown over, adjacent to, and away from the ships, and no artificial
reef effect was apparent. There were some differences in the relative dominance of taxa present,
but for the most part, fishes seen at each of the deep sites were predominantly from only a few
groups: orders Ophidiiformes (cuskeels) and Anguilliformes (eels), and families Halosauridae
(halosaurs) and Macrouridae (grenadiers), all of which are typical of the abyssal ichthyofauna of
the northern Gulf (Powell et al. 2003).

Trophic position of predominant fish taxa was difficult to infer from gut content analysis.
Stomachs were extracted from 101 individuals, but only 60% of them contained food items.
Clearly, depth of sampling was a significant factor as many fishes had distended anterior
portions of their alimentary canals upon transfer to the surface. Therefore, stable isotope analysis
proved to be a much more powerful tool to infer trophic structure in the fish community.

Planktivorous reef fishes were abundant at Virginia (vermilion snapper) and Halo (athiinae
basses), thus indicating their importance in transferring carbon up the food web to larger,
piscivorous reef fishes. At the tree deepest sites, most fish had §"°C values that indicated
phytoplankton production exported from the photic zone was the most significant source of
organic C to our deepest shipwreck sites. However, several cutthroat eels and some grenadiers
had 8°C values that indicated some percentage of their biomass was derived from
chemosynthetic primary production.
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STRUCTURE AND ABUNDANCE OF INVERTEBRATES AT
DEEPWATER SHIPWRECKS IN THE NORTHERN GOM

Tom Shirley and Morgan Kilgour, Harte Research Institute for Gulf of
Mexico Studies, Texas A&M University-Corpus Christi

Click here to view the slide show that accompanied this presentation.

The macroinvertebrates (excluding corals) and meiofauna on, adjacent, and away from (>61 m)
six World War II shipwrecks at depths from 87 to 1964 m were examined in 2004 in the northern
Gulf of Mexico. The shipwrecks were used as surrogates for deep sea drilling platforms to
determine if they serve as artificial reefs. An ROV was used to conduct video transects on the
wrecks and through the adjacent debris fields. The hydraulic arm of the ROV was used to collect
specimens, but a suction device and nine baited traps deployed by the ROV collected most
voucher specimens used to aid video identifications; differences in abundance (numberm™?) were
compared between three treatments. Four sediment cores were collected by the ROV adjacent to,
near and away from the wrecks and sieved through 0.063 mm mesh to quantify meiofauna. A
total of 79 species of macroinvertebrates were collected. Crustaceans were the most abundant
macrofauna (47 species), followed by echinoderms (14 species), and mollusks (13 species), with
lesser numbers of other taxa. The two most abundant crab species (Chaceon quinquedens,
Rochinia crassa) were observed at four of the six shipwrecks, and two species (Eumunida picta ,
Munida spp.) were observed at a single wreck. All crab species except R. crassa had no
correlation to proximity of the wreck; however, significant differences in crab abundance
occurred on different substrates. Significant correlations occurred between crab abundance and
bathymetric distribution; some species were stenobathyal while others were eurybathyal. Species
richness of all macroinvertebrates increased with depth to a maximum at 554 m (26 species),
then decreased a low of 8 species at the deepest depth. Nematodes predominated (approximately
90% numerically) in the meiofauna, followed by harpacticoid copepods; densities decreased
from 1,117:10 cm? at the shallowest depth to 8110 cm™ at the deepest depth. Micromollusks
were abundant in cores and sediments retained in the slurp collection box; 73 species were
identified, mostly from the Halo at 146 m depth.

The shipwrecks and debris fields supported higher species richness and increased abundance of
macrobenthic, epifaunal organisms than adjacent level bottom at all sites.

Dr. Thomas Shirley is a professor and Endowed Chair of Marine Biodiversity and Conservation
Science, Harte Research Institute, Texas A&M University-Corpus Christi. He is a marine
invertebrate ecologist with particular interest in biodiversity, ecology of high latitude crabs,
systematics of priapulids, and meiofauna. A recent focus has been seamount ecology and
invertebrate assemblages of deep water corals. He has described species in three phyla from the
Mediterranean, Antarctica, Arctic, Philippines, Alaska, and Gulf of Mexico.
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COLONIZATION OF LOPHELIA PERTUSA ON THE WORLD WARIII
DEEPWATER SHIPWRECK GULFPENN

William W. Schroeder, Marine Science Program,
The University of Alabama, Dauphin Island

On 13 May 1942, the 146 m tanker Gulfpenn was struck by a torpedo from the German
submarine U-506 and sank in 544 m of water 60 km south of the Mississippi Delta. In the
summer of 2004, the wreck was surveyed with an ROV as part of an MMS/NOAA-OE/NOPP
sponsored archaeological and biological study. Lophelia pertusa was observed to have colonized
10-12% of the wreck. It appears to have developed most successfully on vertically oriented
(hull, bulwarks, superstructures), upright (davits, railings, masts), raised (catwalks, deck piping),
or open (booms, rigging) surfaces and structures. Overall, the most extensive growth is occurring
on the starboard side and on catwalks and deck piping along the port side of the aft deck and
foredeck. At numerous locations colonies are coalescing into thickets. The largest development
is a 67 m high by 3-3.5 m wide aggregate of at least five or six colonies growing from the main
deck/bulwarks level to above the top of the pilot house on the forward starboard corner of the
main superstructure. This vertical assemblage of colonies has formed what amounts to an upright
thicket. Generally, little or no colonization has occurred on most deck areas and other horizontal
surfaces. One notable exception is mid-ships aft of the superstructure where colonies are growing
on a deteriorating region of the deck beneath a coral encrusted mast and boom. Colonies were
also found living on the sediment adjacent to the hull and on wreckage scattered about in the
adjacent debris field.

Dr. William W. Schroeder is a professor of in the Department of Marine Science at the
University of Alabama, Dauphin Island, Alabama. He has been involved in interdisciplinary
oceanographic investigations for nearly 40 years and has conducted research in the Gulf of
Mexico for the past 30 years. In addition, he has participated in research endeavors in the
Bahamas, Caribbean, Gulf of Papua, Azov Sea, Australia and South Africa. He has authored and
co-authored over 125 scientific publications dealing with geological and biological characteri-
zations of estuarine and marine habitats to estuarine, shelf and open ocean hydrography and
circulation. Currently his research activities include: 1) coupled biological-geological-physical
studies of deep-water corals in the Gulf of Mexico; 2) validation of distributed marine-
environment forecast systems; 3) Late Quaternary sea level and paleoceanography investigations
of hardbottom sites in the northern Gulf of Mexico; 4) an integrated study of physical and
biological processes along the west coast of Australia; and 5) model validation of the coupled
katabatic wind, coastal ocean and ice systems in Antarctica. He received his Ph.D. in
oceanography from Texas A&M University.
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OCS-RELATED INFRASTRUCTURE IN THE GULF OF MEXICO: UPDATE AND
SUMMARY OF THE IMPACTS FROM THE 2005 HURRICANE SEASON

David Dismukes, Center for Energy Studies, Louisiana State University

Click here to see the slide show that accompanied this presentation.

This research expands upon prior work conducted by the author during the 1999-2001 time
period. The original research examined a wide range of Gulf of Mexico (GOM) energy
infrastructure that includes pipelines, gas processing facilities, refineries, platform fabrication
yards, ports, and waste disposal facilities, to name a few. The original research examined the
nature of each type of infrastructure asset, its relationship with GOM production activities, and
trends/issues impacting operation and future investments. The current research, in particular,
expanded the existing information by considering the impacts each experienced during the 2005
tropical season.

The research explored three sequential periods: 1) pre-storm activities; 2) a consequence/
restoration analysis; and 3) post-storm assessment. The pre-storm activities analysis focused
generally on the factors impacting each type of infrastructure (or sets of infrastructure) prior to
the storm and noted the tightness in energy markets that were driving up energy prices generally
and putting increased pressure on many infrastructure types through increased utilization.

The consequence/restoration analysis examined the destruction that occurred to each type of
energy infrastructure—or sets of infrastructure—during the course of the 2005 season,
particularly after the direct passage of both Hurricanes Katrina and Rita. Outages were examined
as well as restoration rates, progress, and challenges. A key theme in the consequence analysis
was the recognition of the overwhelmingly inter-related nature of infrastructure in the region.
While this is a significant asset during times of normal production, it created a number of
cyclical challenges during the restoration process (i.e., no power to run refineries but limited
diesel supplies to get restoration crews to power outage locations).

The post-storm assessment examined the longer term impacts on overall energy infrastructure
and its ongoing outlook for operation and well as future investment. The conclusion of the
research is that most important energy infrastructure damaged by the storms is back on line.
Those assets that were not restored were typically too old for cost effective restoration or may
have represented excess capacity and were unneeded on forward-looking basis. The contingency
plans for most industries supporting these assets proved to be on target and effective in restoring
the nation’s energy supplies.
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Studies, Louisiana State University. His research interests are related to the analysis of
economic, statistical, and public policy issues in energy and infrastructure industries. Over the
past 19 years, he has worked in consulting, academia, and government service. Dr. Dismukes
joined the LSU faculty in 1995 and since that time has led a number of the Center’s research
efforts in such topics as the economic impacts of offshore oil and gas exploration and production
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134



SOCIAL NETWORKS AFTER KATRINA: ECONOMIC AND SOCIAL OUTCOMES

John J. Beggs, Louisiana State University,
Department of Sociology and LSU Hurricane Center

Click here to view the slide show that accompanied this presentation.

Research Foci:

We investigated the role that social networks, and the resources they provide, play in
affecting individuals’ preparation for, response to, and recovery from hurricanes.

Initial work on this topic was conducted in Hurricane Andrew. We then investigated
Hurricane Georges, and now Katrina.

Genesis of Research:

We initially did not intend to study hurricanes.
Our initial focus was on how individuals activate social networks to obtain resources.

We knew a great deal about what kind of ties help people get jobs, on the one hand, and
on social support, on the other.

We did not know much about networks from which those ties were drawn or about the
process by which individuals activated ties from their social networks.

Social Activism and Tie Activation:

To study that question, we looked at individuals’ social networks and studied how they
activated ties from those networks for resources. We needed a situation in which a large
number of individuals would activate ties simultaneously.

We were planning to study a base or plant closing, situations where large numbers of
people would need to activate networks for job-finding and support, all at the same time.

Why Not Hurricane?

Then, Hurricane Andrew struck south Louisiana in August 1992.
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We realized that we had an opportunity to address our central question in a different
context.

We had a situation in which a large number of people needed to get help at the same
time.

Hurricane Andrew Study:

With support from the National Science Foundation, we conducted a telephone survey
with residents of St. Mary and Iberia parishes, two to three months after Andrew struck
the area.

We collected information on the structure of individuals’ social networks, pre-Andrew—
the extent to which they activated ties from their networks for help to prepare for and
recover from the storm.

We also collected a wide range of demographic information: information about prior
hurricane experience; measures of loss and harm in the storm; and depression in the
short-term recovery period.

We gathered a wealth of information about how individuals relied upon both informal
help from their social networks and from formal sources in preparing for and recovering
from this storm.

Andrew Findings:

One of the key findings was that individuals who received more social support from their
social networks in the short-term recovery phase experienced lower levels of depression
than people who received less social support.

Stronger (closer, particularly kin) ties to people who tended to be similar served as key
support conduits.

Implications from Andrew:

The findings are consistent with general literature on social support, which emphasizes
the importance of strong ties and dense network sectors in which they tend to occur.

The findings suggest that, for Katrina’s victims, having dense social networks with more
strong ties will prove beneficial for recovery.
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Will the Andrew Story Hold for Katrina?

e As we all know, though, Katrina was different, in many respects.
e First, Katrina was not a “standard” disaster. It was a catastrophe—the nature and scope of

the effects extending far beyond what had been previously seen in the U.S. from any
natural or man-made disaster.

How Katrina Was Different:

e The scope and duration of evacuation also distinguished this event, as did the level of
social and economic disruption.

e For many of Katrina’s victims, the disruption was long-term and involved not just the

need to repair houses but also the need to find new housing, schools for children, and
jobs.

What Will Be the Story for Katrina:

e The question, then, is how the recovery process will unfold for Katrina’s victims, and
what role social networks will play in the process.

e There are many fundamental questions regarding the effects on individuals,
organizations, and the community as a whole.

e Answering those questions is critically important because of the unprecedented nature of
this event.

e The focus of this presentation is on data from residents of post-Katrina Orleans and
Jefferson Parishes and examines three main issues (Tables 2A.1 through 2A.6):

— First, the structure of social networks
— Second, how people are doing in terms of stressors, physical health, and mental health

— Third, economic outcomes, focusing primarily on income
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Table 2A.1

Mental Health: 2006 Citizen Recovery Survey and Baseline Survey Data®

Andrew | Orleans Jefferson Orleans Baton Rouge

1992 2003 Spring Fall Spring Fall Middle  Poor

Depression Indicators

Couldn’t get going 1.72 1.02 | 1.61* 1.75 ] 1.50** 1.84 1.47 231

Felt sad 1.31 1.06 | 1.94* 1.83 | 2.25* 2.05 1.24 2.02

Had trouble sleeping 1.61 1.38 | 2.32** 244 2.67* 2.28 1.49 2.02
Felt everything an effort 1.79 131 | 2.18* 239 | 2.38* 2.48 1.46 2.57
Felt lonely 0.99 0.72 | 1.05* 145 1.23* 1.57 0.88 1.74

Couldn’t shake blues 1.01 0.70 | 1.16** 149 | 1.27* 1.24 0.64 1.52

Had trouble keeping

X 1.15 1.18 | 1.88* 1.95| 2.19* 2.03 1.29 1.67
mind on track
Depression Index 1.36 1.06 | 1.74* 1.89 | 1.93* 1.92 1.20 1.95
Depression Summary 9.56 7.40 | 12.17 13.26 | 13.47 13.49 8.43 13.65
Felt Irritable 2.11 1.86| 2.28 2.19
Felt Tired 3.39 3.74 | 3.39 3.42
General Health 2.98 3.01 | 2.89+ 275 2.95 2.88 3.25 2.79

! Comparison to 2003 New Orleans baseline data.
* Orleans 2003 difference is significant at .05 alpha level.
** Orleans 2003 difference is significant at .01 alpha level.

138



Table 2A.2

Mental Health: 2006 Citizen Recovery Survey and Baseline Survey Data, Part 2

Depression Symptoms (%)

No symptoms
1t06

71013

14 to 20
21to 27
28t0 34

35 or More

Depression Index
Depression Summary

General Health:
Excellent
Good
Fair
Poor

Enough Help:
All the time
Most of the time
Only some of the time
Do not need help

Andrew | Orleans Jefferson Orleans Baton Rouge
1992 2003 Spring  Fall | Spring Fall | Middle Poor
35.6 275 | 16.7 22.1 14.8 18.5 147 231
19.6 34.6 | 28.3 21.2 | 238 27.0 124 2.02
17.9 17.7 | 21.7 202 21.3 155 149 2.02
10.3 94| 97 11.6 14.8 155 146 257
5.7 57| 8.9 6.5 9.4 4.0 0.88 1.74
3.9 25| 5.0 6.9 6.4 5.0 0.64 152
7.1 27| 9.7 11.7 9.4 145 129 1.67
1.36 106 | 174 189 1.93* 1.92 120 1.95
9.56 7.40 | 12.17 13.26 | 3.47 13.49 8.43 13.65
30.0 27.3 | 26.0 195| 305 23.0 408 213
45.3 50.1 | 44.3 485 | 38.9 51.0 46.1 435
18.0 18.8 | 22.9 222 | 256 16.5 102 279
6.7 491 6.9 9.9 4.9 9.5 2.8 7.3
52.5 | 18.9 18.6 6.1 13.2 615 375
91.7 27.0 | 29.9 256 312 19.8 247 305
7.8 20.5 | 51.2 49.7 | 528 58.4 13.8 32.0
6.4 8.6
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Table 2A.3

Everyday Stressors: 2006 Citizen Recovery Survey

Jefferson Orleans
Spring Fall Spring Fall
Have Difficulty:
Getting groceries 1.50 1.23 1.49 1.40
Shopping for other things 1.84 1.44 1.96 1.69
Sending and receiving mail 2.18 1.34 2.54 1.55
Getting around town 2.18 1.65 1.92 1.58
Getting medical care 1.53 1.49 1.85 1.74
Making home repairs 2.15 1.78 2.29 2.22
Difficulty Index 1.91 1.49 2.01 1.69
Difficulty Summary 11.46 8.92 12.06 10.12
Index 2 or More 457 % 19.4% 55.2 % 32.0%
Table 2A.4

2006 Citizen Recovery Survey and Baseline Survey Data

Network Size (%)

0
1
2
3
4
5
Means:
Network size
Density
Especially close (%)
Kin (%)
Heterophily:
Race
Sex

Andrew | Orleans | Jefferson| Orleans | Baton Rouge GSS
1992 2003 Fall 2006 | Fall 2006 | Middle Poor | 1985 2004
6.0 25.4 18.1 18.0 13.2 22.7 |10.0 24.6
345 41.5 37.0 295 | 29.0 32.8 [15.0 19.0
22.4 19.0 28.5 31.0 | 16.2 135 [16.2 19.2
16.2 8.9 10.9 145 | 165 12.9 |20.3 16.9
6.6 3.0 3.9 45 | 107 89 |148 88
145 2.3 15 25 | 143 9.2 |236 114
2.26 1.30 1.55 1.66 2.25 1.80 1294 2.08
0.86 0.96 0.96 0.85 0.83
71.0 78.0 7.7 73.1 704
83.7 454 60.0 52.2 376 34.6
3.9 7.7 9.7 12.3 6.7 4.5
52.5 43.4 46.0 42.5
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Table 2A.5

2006 Citizen Recovery Survey

Family Income:
Less than $40,000
$40,000 to $80,000
$80,000 or more

Income Change Since
Katrina:

Increased
About the same
Decreased

Likely to Leave New
Orleans in the Next
Two Years:

Very likely
Somewhat likely
Not very likely

Jefferson Orleans Orleans
Spring Fall Spring Fall 2003
36.15 43.41 36.26 47.49 44.59
31.46 33.86 28.65 22.34 32.27
32.39 22.72 35.09 30.17 23.14
20.00 22.96 12.87 16.33
57.31 59.76 49.50 55.10
22.69 17.28 37.62 28.57

17.39 16.75
15.54 15.23
67.06 68.02
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Table 2A.6

T-Tests: Means by “Likely to Leave New Orleans in the Next Two Years”

Depression Indicators

Couldn’t get going

Felt sad

Had trouble sleeping

Felt everything an effort

Felt lonely

Couldn’t shake blues

Had trouble keeping mind on track
Depression Index
Depression Summary

Felt Irritable

Felt Tired

Had Difficulty:
Getting groceries
Shopping for other things
Sending and receiving mail
Getting around town
Getting medical care
Making home repairs

Difficulty Index

Difficulty Summary

Index 2 or More (%)

Age
Race (Black) (%)
Over 65 in Household
Attend Church
Family Income

Up (%)

Same (%)

Down (%)

Social Networks:
Alter age
Zero alters
Especially close (%)
Sex heterophily (%)

Jefferson Orleans
No Yes Probability No Yes Probability
1.75 1.76 1.51 2.65 .004
1.56 2.29 .048 1.72 2.84 .005
2.18 3.01 .053 2.10 2.68
1.97 3.15 .006 2.06 3.40 .002
1.29 1.75 111 2.60 .001
121 2.08 .021 0.85 2.13 .002
1.58 2.75 .004 1.79 2.52 .065
1.65 2.39 .014 1.60 2.67 .001
1155 16.73 .015 11.19 18.73 .001
151 2.37 .021 1.78 3.14 .001
3.50 4.30 .069 2.99 4.33 .002
121 1.26 1.32 1.56 .014
141 1.47 1.55 1.94 .000
1.25 1.51 .009 1.50 1.65
1.60 1.79 .090 1.49 1.76 .012
141 1.66 .033 1.66 1.87 .090
1.77 1.80 2.15 2.42 .033
144 1.58 .061 1.60 1.84 .000
8.61 9.46 .057 9.62 11.10 .000
1545 25.86 .085 23.13 49.21 .000
57.43 47.22 .000 53.06 51.15
20.72 34.86 .034 5149 33.33 .017
0.53 0.28 .022 50.76  34.92
181 2.33 .005 2.20 2.24
29.61 8.07 .001 1791 12.70
59.18 56.18 58.21 46.03
10.61 28.30 .002 21.64 39.68 .008
51.06  43.37 .001 48.14 48.43
1495 19.42 23.13 6.35 .004
79.77  73.97 73.30 88.28 .012
47.27 42.88 38.36  50.93 .041
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John J. Beggs is an associate professor in the Department of Sociology at Louisiana State
University and has an adjunct appointment with the LSU Hurricane Center. His research in
stratification and inequality considers how race and gender affect economic and noneconomic
outcomes, and how social contexts affect these processes. He is currently studying how network
social capital, including social support and job-finding resources, affects health outcomes. The
hurricane context has been an important focus for his work.
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POST-HURRICANE KATRINA POLLS CONDUCTED IN
BATON ROUGE, LOUISIANA

Frederick Weil, Edward Shihadeh, and Matthew Lee,
Sociology Department Louisiana State University

Click here to view the slide show that accompanied this presentation.

The investigators polled households in Baton Rouge, Louisiana, 27 September to 29 November
2005 and February to April 2006.

Preliminary findings were the following:

e Half of Baton Rouge households housed evacuees, and 60% of Baton Rougeans did
volunteer relief work, most more than once, and most with faith-based organizations.

— It is sobering to think what would have happened to evacuees if private
citizens had not provided so much relief: Could government and relief
agencies alone have coped? And given South Louisiana’s close ties of
kinship and community, it is sobering to think what would happen in a
disaster of similar magnitude in a location without these close social
networks.

e People in Baton Rouge mainly felt compassion toward evacuees, but there were
negative feelings of fear and irritation, also.

e Rumors of crime were initially widespread, but after initially spiking, fear of crime
subsided fairly quickly. Fear of crime continued its years-long decline; fear after
Katrina was not as high nor as sustained as it was during the time of the Baton Rouge
serial killer.

e A majority of citizens said they were willing to pay higher taxes for recovery. They
preferred some other solution, but they were increasingly skeptical that a real
alternative exists.

¢ Crowding in Baton Rouge produced substantial problems and irritants, though most
of these subsided over time. However, even as the situation improved, blame of
government rose, especially of federal and state government. Local government was
better regarded.
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e Baton Rougeans were understandably angry and depressed after the disaster, but
notably, their levels of optimism were even higher. However, they felt more hopeful
about improvement in the economy than about Baton Rouge as a place to live.

e Most people did not live near the FEMA trailer parks and did not know much about
them, yet they would be upset if one were placed near them. They predicted that bad
things would happen and that they would change their behavior. Still, a third of Baton
Rougeans believed they themselves could end up in a trailer park if their own homes
were destroyed in a hurricane.

Frederick Weil is an associate professor in the Department of Sociology at Louisiana State
University in Baton Rouge. He specializes in community and political sociology, social theory,
and research methods. His current research is on the recovery of community in New Orleans
since Hurricane Katrina; earlier work was on democratization after dictatorship.
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HURRICANE-RELATED TRANSPORTATION INFRASTRUCTURE
DAMAGE AND RECOVERY

Kirt Clement, Louisiana Department of Transportation and Development

Click here to view the slide show that accompanied this presentation.

On 29 August 2006, Hurricane Katrina made landfall, resulting in the largest natural disaster in
the history of the United States. Levees broke, causing floodin