OCS Study

BOEM 2011-043

Coastal Marine Institute

OCS-Related Infrastructure Fact Book

Volume I: Post-Hurricane Impact Assessment

U.S. Department of the Interior Cooperative Agreement
Bureau of Ocean Energy Management -1 Coastal Marine Institute

Gulf of Mexico OCS Region B3e) Louisiana State University



OCS Study
BOEM 2011-043

Coastal Marine Institute

OCS-Related Infrastructure Fact Book

Volume I. Post-Hurricane Impact Assessment

Author

David E. Dismukes

December 2011

Prepared under BOEM Cooperative Agreement
1435-01-04-CA-32806-39641 (MOBAC12280)
by

Louisiana State University

Center for Energy Studies

Baton Rouge, Louisiana 70803

Published by
U.S. Department of the Interior Cooperative Agreement
Bureau of Ocean Energy Management Coastal Marine Institute

Gulf of Mexico OCS Region Louisiana State University



DISCLAIMER

This report was prepared under contract betweenBtireau of Ocean Energy Management
(BOEM) and Louisiana State University’s Center temergy Studies. This report has been
technically reviewed by the BOEM, and it has begpraved for publication. Approval does not
signify that the contents necessarily reflect thewg and policies of the BOEM, nor does
mention of trade names or commercial products datstendorsement or recommendation for
use. Itis, however, exempt from review and coame with the BOEM editorial standards.

REPORT AVAILABILITY

This report is available only in compact disc fotnfeom the Bureau of Ocean Energy
Management, Gulf of Mexico OCS Region, at a chafy§15.00, by referencing OCS Study
BOEM 2011-043 and 2011-044. The report may be doaded from the BOEM website
through theEnvironmental Studies Program Information Systef8HES) You will be able to
obtain this report also from the National Technicébrmation Service in the near future. Here
are the addresses. You may also inspect copgedeatted Federal Depository Libraries.

U.S. Department of the Interior U.S. Departmdnfommerce

Bureau of Ocean Energy Management National Teehimformation Service
Gulf of Mexico OCS Region 5285 Port Royal Road

Public Information Office (MS 5034) Springfieldjrginia 22161

1201 Elmwood Park Boulevard Phone: (703) 6053604

New Orleans, Louisiana 70123-2394 Fax: (703)&960

Telephone requests may be placed at Enfaibkstore @ntis.gov

(504) 736-2519, 1-800-200-GULF, or
Rush Orders: 1-800-553-6847
Fax: (504) 736-2620

CITATION
Suggested citation:
Dismukes, D.E. 2011. OCS-related infrastructae book. Volume I. Post-hurricane impact
assessment. U.S. Dept. of the Interior, Burea®a#an Energy Management, Gulf of

Mexico OCS Region, New Orleans, LA. OCS Study BOE®L11-043 and 2011-044.
372 pp. and 163 pp., respectively.



ABSTRACT

This report examines a wide range of energy infuatitire assets along the Gulf of Mexico
(GOM) that supports, or is supported by, offshateand gas production. The report does not
explore any testable hypotheses or other complesareh questions, but is merely a fact book
that describes, examines, and outlines the nafuaevariety of different, yet important, energy
infrastructure assets in the region. The fact bex&tmines these infrastructure assets’ future
development trends, and outlook given ongoing axpeeed offshore oil and natural gas
exploration and production (E&P) activities.

This report examines 13 major energy infrastructategories that are located along the GOM
in significant numbers and capacity including: fden fabrication yards; shipyards and
shipbuilding yards; port facilities; support andrtsport facilities; waste management facilities;
pipelines; pipe coating yards; liquefied naturabk JaNG) facilities; natural gas processing
facilities; natural gas storage facilities; refiles; petrochemical plants; and electric power
infrastructure.

This report is an important update to earlier w{R04) sponsored by the Bureau of Ocean
Energy Management’s (BOEM) predecessor agencyMinerals Management Service. The
most important aspect of this update is the armalysthe various impacts that the tropical season
of 2005 had on energy infrastructure in the GOMaeg One of the most important conclusions
drawn from the 2005 tropical season is that tha'areritical energy infrastructure, including all
forms of energy production, processing/refiningnsportation, and distribution/sales is highly
interrelated, perhaps to a degree not recognizadglany other storm that has landed along the
GOM. Outages in one energy sector had cascadipgats on other areas that may not have
suffered significant physical damage from any ef skorms.

The conclusion of the report is that the regiomiergy infrastructure is an important component
of the overall value chain of North American enempduction, refining, transportation, and
distribution. A disruption in the region’s infrastture can have dramatic implications for not
only domestic but also world-wide energy markets.

Also included as Volume Il to this report is a stwdnducted by Eastern Resource Group (ERG)
that takes infrastructure information and data ctedpin this fact book analysis to develop a
post-hurricane OCS infrastructure community im@awlysis. The primary purpose of the ERG
analysis has been to assess the post-hurricanetsnpacommunities with high concentrations
of OCS-related infrastructure. The ERG study dspel an empirical framework and
methodology for measuring post-hurricane infragtmecommunity relationships, and also
includes six high infrastructure-concentrated comityuprofiles and their hurricane recovery
activities.
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EXECUTIVE SUMMARY

The purpose of this research has been to exameneitte range of energy infrastructure assets
along the Gulf of Mexico (GOM) that supports, or sspported by, offshore oil and gas
production. The sectors and infrastructure exadhimelude: platform fabrication yards;
shipyards and shipbuilding yards; port facilitiesgpport and transport facilities; waste
management facilities; pipelines; pipe coating gartiquefied natural gas (LNG) facilities;
natural gas processing facilities; natural gasaggerfacilities; refineries; petrochemical plants;
and electric power infrastructure.

A number of issues and topics have been exammmedalch of these sectors including a basic
description of the industry and the types of sa&wiprovided; an overview of each sector’s
industry characteristics including an examinatioh the typical types of facilities, the
geographical distribution of the firms and theicdtion along the Gulf of Mexico; identification
of typical or leading firms in each infrastructusector; and the regulation and/or regulatory
guidelines governing each industry sector.

Each chapter (or sector analysis) also includesxamination of the recent industry trends and
forward-looking outlook for each infrastructure ¢yp Each chapter also includes a section
examining the impact that hurricane activity of 2d@ad on each of the various infrastructure
sectors and the ongoing, long-run implications afs ttropical activity on continued
infrastructure maintenance and development.

Fabrication Yards

Platform fabrication yards are defined as fac#itighere oil and gas drilling and production
platforms are either manufactured, assembled, ampifepared for deployment to offshore
locations. Production operations at fabricatiomdgainclude cutting and welding of steel
components, construction of living quarters andceostructures, as well as assembling platform
components.

Traditionally, platform fabrication yards are loedt onshore near inter-coastal waterways.
However, there is a growing tendency to locateaterissembly operations directly offshore in
order to minimize costs and maximize assembly lfidiky. Onshore platform fabrication yards
usually specialize in the production of a particuigoe of platform or component, such as living
guarters, decks, or modules. This creates intertignce among different yards to complete an
entire platform.

Platform fabrication yards saw minimal longer-tempacts from the 2005 hurricanes. Most of
these facilities saw dramatically increased worttoaesulting from the significant repair and
recovery activities associated with the 2005 trabgeason. The one challenge many of these
facilities faced in the aftermath of the hurricam&s securing a stable and reliable set of skilled
laborers. This labor short fall was the resulboth ongoing trends in the energy industry (i.e.,
greying of the labor force) and the fact that Hranes Katrina and Rita forced many workers
away from their homes due to tremendous hurricaeated residential home damage.



Ongoing increases in annual capital budgets for G@dfivities, created primarily from
increased oil and gas prices in the post-2005 fweréod, create a positive outlook for future
platform fabrication facilities activities. The ropanies that are capable of producing platforms
for deepwater will most likely have a competitivdvantage.

Shipyards and Shipbuilding

The shipbuilding and repair industry constructsjntans, and repairs ships, barges and other
large vessels, whether self-propelled or towed therocraft (i.e., barges). Most shipyards
develop offshore watercraft on competitive biddiogsis for an individual project or set of
individual projects. Each year, only a small numbkvaluable orders are received by these
various different shipbuilding yards that oftendajears to fill. Shipbuilding is a high-stakes
industry represented by a high degree of compatitietween various shipbuilders. It is not
common for several yards to be engaged in varipasialized aspects of very large projects.

GOM rigs and platforms that were damaged during2@@5 tropical seasons created additional
and new work for many in the shipbuilding and stapair industries. Many of these facilities
saw moderate to considerable damaged during the #0fical season. For instance, some
yards, such as Austal USA in Mobile, Alabama; anoni@d Industries in Morgan City,
Louisiana sustained only minor damage. Other yasgigh as Northrop Grumman in
Pascagoula, Mississippi and New Orleans, Louisiamal Bollinger Shipyards in Lockport,
Louisiana, reported significant damage.

Shipyards also suffered considerable labor shostagea result of the 2005 GOM tropical
activity. Like other infrastructure categoriedaege number of the shipyards’ skilled labor force
lived in the areas impacted by Hurricanes Katrind Rita. Even two months after the storm, a
number of companies remained shuttered for the realson that their employees did not have
housing.

Some of the growth in the GOM shipbuilding markah de attributed to the development of
offshore supply vessels (OSVs). The OSV markedfiparticular importance to the GOM

shipbuilding and repair industry. As offshore exption and production moves to deeper
waters, newer boats with different operational béfiees (e.g., faster, more fuel efficient,

larger) will be needed. The new generation of ®dating developed along the GOM s
technologically and physically more advanced reéatio older boats. New OSVs and other
service vessels are bigger and more robust. Tlrese tstronger winching power, more
horsepower, higher speeds, and GPS-controlled dgrtanusters, allowing for greater structure-
side control and maneuverability.

Port Facilities

Ports play a vital role in the support of the offehE&P sector, as well as the maritime industry,
as a whole. Ports are the bases where the veliaesupport offshore platforms (notably ships,
barges, and helicopters) are based and maintaifedts are also the delivery, transfer, and
launching points for the necessary structures, pegent, supplies, crew and other important
products to offshore installations. Offshore expglon and production operations depend



heavily upon a readily-available supply of thesedgand services, making ports an invaluable
centralized location for serving offshore E&P ldgial needs.

Many ports along the GOM specialize in a particlar of activities while others handle more
traditional transfers of goods associated with hadfe activities. While GOM ports vary
considerably by size, specialty, and defining ctiasstics, they can be categorized into two
major types including 1) deep-draft seaports, gndland river and intra-coastal waterways port
facilities.

The 2005 tropical season highlighted the importasfcboth major shipping and supply ports.

Several important deepwater ports suffered limdathage that curtailed operations for various
periods of time. Further, many ports were impadigdhe damage to the “upstream” forms of
transportation including —roads and highway systemiktransportation interruptions, and other

inland waterway transportation disruptions credbgddebris blockage and silting in various

different waterways and canals. The ports of Nexedhs, St. Bernard, Plaguemines, Port
Fourchon, South Louisiana, Venice, and Lake Chang®rienced significant impacts during the

2005 tropical season. Other ports not directlg@fd by the storm experienced indirect impacts
since water traffic had to be rerouted along atkohinumber of operational waterways, and to a
limited number of operational ports. These impatds,the most part, have been transitory,

lasting for a few weeks, to no more than a few mentNo ports were permanently shut down or
shuttered as a result of the 2005 tropical season.

Support and Transport Facilities

Offshore oil and gas activities are supported bgoasiderable onshore supply and support
logistics train. Support activities range from gmots and services such as engine and turbine
construction and repair, electric generators, cjagears, tools, pumps, compressors, and a
variety of other tools and equipment. Additionaldrilling muds, chemicals, lubricants, and
other fluids are produced and transported from oreshsupport facilities. Many types of
transportation vessels and helicopters are usé@nsport workers, equipment, and materials to
and from offshore platforms. Typical facilitiesr fthis sector include general support facilities,
repair and maintenance yards, supply bases, hedipod offshore service vessels.

Offshore support and transportation facilities laighly dependent upon drilling and production
activities, which are highly dependent upon oil gad commodity prices. The cyclical nature of
the oil and gas industry places competitive pressarsupport and transportation facilities to be
efficient, cost effective, flexible, responsivetemant needs, and to diversify wherever possible.
Often, the supply and transport segments of thehofe industry are the first sectors to feel the
sting of oil and gas industry downturns. Duringipas of contraction, discretionary supply,
repair, storage, and maintenance activities arérteo be cut to reduce E&P companies’ costs.

Many transportation service companies were impabtethe 2005 hurricanes. One company,
Bristow Group, suffered a total loss of one ofsit®re-based facilities due to Hurricane Katrina.
Shortly thereafter, Hurricane Rita severely damaiyen other of the Bristow Group locations.
However, most of the offshore supply industry saaréased sales and activities as a result of
the repair and restoration activities following @05 tropical season.



Support and transport facilities are crucial to dfleand gas industry. This sector relies upon a
variety of management, personnel, construction, design innovations in order to survive.
Increased energy prices have created increasdwbodf®il and gas activity and in turn, a greater
level of demand for offshore logistical support.

Waste Management Facilities

A variety of wastes are generated through offslodrand gas E&P activities. Some wastes are
common to most commercial-scale operations (eigpodal of garbage, sanitary waste (toilets),
and domestic waste (sinks, showers)). Other wasggnique to the oil and gas exploration and
production industry (e.g., disposal of differenpeg of drilling fluids, cuttings, and produced

water). Some wastes can be discharged onsitenbny others must be transported to shore-
based facilities for reclamation, storage and digpoor transfer to longer-term storage sites.
The most common methods of disposal of oil and §&® waste includes sea discharge,
subsurface injection (salt cavern or other subserfaservoir), and landfill disposal.

Factors that drive the demand for E&P-related disbservices include energy prices which

drive overall E&P activities; a trend toward deeparger, and otherwise more complex drilling

activities that increase drilling fluid consumptiand technical requirements; and the continued
trend of E&P development into more environmentakysitive and/or remote areas.

The 2005 tropical season appears to have imposésl iegative direct impact on offshore
disposal facilities. There were no reports from ithdustry overall or from individual operators
along the GOM that there were any difficulties Harglincreased volumes or unique types of
wastes created by the hurricanes. Further, th@ve been no recent reports by the industry or
any individual waste industry operators along tl@Msthat identified any impending capacity-
related constraints created by the hurricanes centeindustry growth. Research from this
project indicated that current facilities appearhb® well-situated to handle ongoing, even
increased, oil and gas E&P-created wastes.

Pipelines

The movement of crude oil and natural gas from pcotdy regions to consumption regions

requires an extensive and elaborate transportaystem. In many instances, crude oil and
natural gas produced from a particular well muavet long distances to reach its point of

processing and/or use. The transportation systenbdth crude and natural gas consists of a
complex network of pipelines and supporting equiptrdesigned to move these commaodities
quickly and efficiently from points of production points of further processing (i.e., refineries,

gas processing, fractionation), storage, or consiomp

Over 300,000 miles of steel pipe, ranging in diandtom 20 to 42 inches, serve as the
“interstate highway” system for natural gas tramsggon. The offshore natural gas
transportation system is comprised of some 33,008snof pipeline, linking approximately

4,000 operating platforms to onshore gas processiagions, underground storage facilities,
and/or other transfer points. The natural gas lipipesystem is composed of surface-level
piping, valves, metering points, compressors, attydration and separation facilities, as well as
sub-sea piping and valves. Secondary lines (tllpidess than 20 inches) feed the larger



diameter primary lines (20 to 36 inches in diametbkat transport the natural gas directly to
points onshore (USDOE, OFE, 2006).

Hurricane-created pipeline damage and outages tvereesult of a number of different factors.
First, some pipelines were not physically damadped, were forced out of service because of
supply interruptions at the wells connected tojstream of the facility. As long as production
was shut-in, many pipelines were under- or unagdi Second, physical damage to facilities
was varied and could include displacement, pastialomplete severing, or punctures/breaches.
Offshore, this damage could result from a varietyimpacts including riser damage and
separation, movement stress, collision with othgerating equipment in the Gulf (such as
drilling rigs dragging mooring anchors), mudslidasd sea floor movement.

Since 2003, U.S. natural gas prices have remaingitiently strong to keep large natural gas
pipeline infrastructure projects moving forward.heTneed for these projects is coupled with
current expectations regarding natural gas demeowitly. Until recently, an increasing share of
natural gas demand growth was expected to be mietjfpgrts of LNG. As net imports of LNG
increase, it will have to be brought to the endruse pipelines along the GOM. A number of
developing and proposed natural gas pipeline pi®jace associated with new LNG import
facilities along the Gulf Coast. The majority diese LNG import facilities are designed to
regasify volumes at a high daily rate, 1 Bcf pey ¢la 2.5 Bcf per day or greater. Strategic
expansions in various places along the GOM pipeajime will be needed to support the existing
natural gas infrastructure.

Pipe Coating Yards

Pipelines that transport oil and natural gas hater@r coatings to protect against corrosion and
other types of physical damage. Pipes may alstrdsted with interior coatings to protect
against corrosion from the fluids moving within ghipe or to improve flow rates. In addition to
corrosion protection, offshore oil and natural ggses are often coated with a layer of concrete
to increase line weight to ensure it will stay ba seabed.

Threats to offshore pipeline integrity include thparty damage, geological activity, and
corrosion. The most common threat, external caymss recognized as the main deterioration
mechanism that can reduce the structural integsityall buried pipelines including those

offshore. In fact, corrosion ranks second onljhtmnan error as the leading cause of pipeline
failure.

The pipe coating business is highly dependent encyctlical nature of oil and natural gas
markets. During the early 1980s, the coatingsrass experienced significant growth. The mid
to later 1990s saw companies researching new ptodiec support deepwater GOM
development. Over the years, pipe coatings hawéved from simple coal-tar applications to
more sophisticated fusion-bonded epoxies and popypene coatings. Coating companies
continue to test and develop new methods and neterials in the battle against corrosion and
extreme environmental effects (i.e., temperaturesgure). Examples of new coating application
methods include using multiple types or layers obtgction. Examples of innovation in
materials can include the use of new polymers aadties.



Activity for the pipe coating industry is expectem grow with expanded offshore oil and gas
activities, particularly those attempting to deyetewer and deepwater areas. Some companies
are expanding their facilities to keep up with eiptated demand not only from production-
induced growth, but also demand-driven growth thas been motivated, in large part, by
increased concerns about emissions and the usdidffgels (like coal) as an energy resource.
Natural gas is increasingly becoming the fuel ajicé in a new carbon constrained world.

LNG Facilities

Liguefied Natural Gas (LNG) is natural gas conwrte liquid form by cooling it to a
temperature of -256°F. This simple process, d@ezloas early as the 19th century, allows
natural gas to be transported from an area of amg®lto one where it is in high demand. Once
the LNG arrives at its destination, it is eithasretl as a liquid, or converted back to natural gas
and delivered to end-users.

Large marine-based onshore LNG terminals that bae& proposed across different areas of the
coastal U.S. have received increased media andcpatténtion in recent years. Currently, there
are five LNG import facilities located in the Atlém and Gulf Coast regions. Four of these
facilities are original “legacy” assets developeding the energy crisis of the 1970s and early
1980s. These four facilities are all onshore fied that have been expanded in recent years and
each has a peak sendout of one Bcf per day or nidre.newest terminal, Gulf Gateway Energy
Bridge, began commercial operation in 2005 and aipsroffshore in the Gulf of Mexico, 116
miles off the south coast of Louisiana in 298 fektvater. This facility was the world’s first
deepwater LNG port. It delivers about 3 Bcf ofasfied LNG into the natural gas pipeline grid
at a rate of about 500 MMcf per day.

There have been a number of announcements andappiis for new regasification facilities in

various parts of the coastal U.S. More than 62Zeudrof capacity of proposed U.S. facilities
(not including those in Bahamas, Canada or Mexicojprising 33.9 Bcf per day, are located
along the Gulf Coast. This is the highest coneiuin of proposed capacity anywhere in the
U.S.

Excelerate Energy’s Gulf Gateway Energy Bridgeated 116 miles off the Louisiana coast,
narrowly avoided a direct hit by Hurricane Rita $eptember 23, 2005. Rita’s eye passed just
25 nautical miles north of the Excelerate facilit@ulf Gateway suffered no major damage (the
facility was designed using 100-year Gulf of Mexstorm conditions) despite wind driven seas
near the eye of the storm reaching an estimatddetin height. No damage was suffered at the
facility, though pipelines serving the facility veeaffected and were not fully operational until
mid-November.

Natural Gas Processing Facilities

Natural gas, as it is produced from reservoir rasktypically a mixture of light hydrocarbon
gases, impurities, and heavier liquid hydrocarbonllatural gas processing removes the
impurities and separates the hydrocarbon mixtuxeita useful components with methane being
delivered into the natural gas pipeline system, tiedheavier hydrocarbons separated for other
uses. All natural gas is processed in some matmneemove unwanted water vapor, solids,



and/or other contaminants that would interfere vpigbeline transportation or marketing of the
gas. Typical contaminants include hydrogen sulfid@&bon dioxide, nitrogen, and helium.
Centrally located to serve different fields, natwas processing plants have two main purposes:
(1) to remove impurities from the natural gas streand (2) separate the gas into its various
different useful components for eventual distribntio consumers.

The total number of gas processing plants operatirtige U.S. has been declining over the past
several years as companies merge, exchange aasetsglose older, less efficient plants.
Processing volumes in the GOM have recently dedligigen higher natural gas prices. These
trends could reverse in the near future given BIPBIHP’s recent announcement commissioning
the GOM Atlantis project, which is estimated to gwoe as much as 180 million cubic feet per
day of natural gas and as much as 200 million saper day of crude oil.

Although the processing/treatment segment of tharalgas industry generally receives little
public attention, its overall importance to theumat gas industry became readily apparent in the
aftermath of Hurricanes Katrina and Rita in Augaistt September 2005. Damage caused by the
hurricanes resulted in a number of gas procesdarg phut-ins. Causes of gas processing shut-
ins were varied and can be categorized as eitliernilly- or externally-created. Internally-
created shut-ins arose from damage directly imiticon the gas processing plants due to
flooding, debris, and/or damage/destruction of plaguipment. Externally-created shut-ins
were typically the result of events and factorsdmelythe direct control of the gas processing
facilities themselves, such as lack of electricitygccessibility of the plant site because of road
damage or other problems, lack of upstream suppbeshe processing plant caused by
production shut-ins or pipeline problems, and ddveasn problems related to the disposal of
natural gas liquids or Y-grade liquids.

Natural Gas Storage Facilities

Gas storage serves three central roles: to masbsal demands for gas (base-load storage), to
meet short-term peaks in demand (peaking storage)io take advantage of changes in volatile
natural gas prices between peak and non-peak psagels (hedging and price arbitrage). The
ability to store natural gas is essential to efiiti natural gas market operation. Withdrawals
from storage provide additional gas supply duriegsenal and short-term gas demand peaks,
help keep pipelines and distribution systems inspia} balance, and play an important role in
commodity trading and management. Generally, grdand natural gas storage is filled during
low utilization (off-peak) periods (April-Octobegnd withdrawn during high utilization (peak)
periods (winter). This results in a cyclical updasiown pattern of gas storage volumes across
any given year.

The number and total capacity of natural gas seofagilities continues to grow along the GOM.
Many of these new facility announcements and expassf existing facilities are being driven
by the perceived need resulting from recently anced development of LNG regasification
facilities and the significant increase in natugals-fired power generation facilities that can
cycle operations up and down upon momentary notigkee pipelines, these storage investments
represent additional dollars in local communiteasg additions to supporting infrastructure.



There were no reports of significant damage by20@5 hurricanes to any underground storage
facilities. However, natural gas storage was ingrhdy the shut-in production throughout the
Gulf region.

Refineries

A refinery is an organized arrangement of manufaaguunits designed to produce physical and
chemical changes that turn crude oil into finalrpleum products. Refineries remove most of
the non-hydrocarbon substances from crude oil aedkbdown the remaining hydrocarbons into
various components that are ultimately blended usteful refined products. Refineries vary in
size, sophistication, and cost depending on thesatlon, crude input types, and products
manufactured. Crude oil is not a homogeneous ratemal. It varies considerably by color,

viscosity, sulfur content, and mineral content. nylaf these qualitative variations are a function
of the different fields or geographic areas fromickihcrude is produced, leading to significant
differences in both input values and refining paddility.

The Gulf Coast is the nation’s leading supplierrefined products to the East Coast and the
Midwest. Gulf Coast refineries supply the East €oaith more than half of its light refined
product needs such as gasoline, heating oil, diesel jet fuel. Over 20 percent of the
Midwest’s light product consumption comes from @Gf Coast.

The U.S. refining industry’s ability to meet shtetm increases in demand can also be measured
by the rate at which operable capacity is utilizadtilization rates are defined as a measure of
gross inputs to operable capacity and are typiadjyressed as a percentage: higher percentages
represent higher levels of utilization, and vicesee Utilization rates can fluctuate as refinery
operations adjust to changes in market demand aedating requirements (i.e., outages for
planned and unplanned maintenance). Prior to iatthe refining sector was under tremendous
pressure to keep up with growing domestic and g¢lodfined product demand. Strong global
demand, driven by record levels of economic growt@hina and India, has put pressure on the
price and availability of all types of refined prards. Tight refined product markets created two
unique situations prior to the advent of Hurric&arina along the GOM. First, refineries in the
Gulf region, as well as throughout the country, evernning at record capacity factors and had
little to no excess capacities to accommodate icipated outages. Second, high capacity
utilizations, coupled with record refined produanehnd, resulted in record refined product
prices in the summer of 2005 prior to Hurricanerkat The economic impact that Hurricane
Katrina had on refined product markets was widelyorted. This has led, in some part, to a
number of refineries announcing significant expansiand upgrades.

Petrochemical Plants

The chemical industry converts raw materials (oétural gas, air, water, metals, and minerals)
into more than 70,000 different products (USDOEA,ERO00b). Final and intermediate
chemical products that are formed from processéaralagas and refined are commonly referred
to as petrochemicals. Sites for chemical manufaxguacilities are typically chosen for their
(1) access to raw materials (inputs), (2) accessatasportation routes (for outputs), and (3)
access to other types of chemical manufacturinijtfas since the chemical industry can be one



of its own best customers by swapping and tradingaety of primary and intermediate
chemical products.

Laid out like industrial parks, most petrochemicaimplexes include various component plants

that manufacture various combinations of primamggrimediate, and end-use products. Changes
in market conditions and technologies are reflecteer time in the changing product slates of

petrochemical complexes. In general, petrochenptaaits are designed to attain the cheapest
manufacturing costs and thus are highly synergistRroduct slates and system designs are
carefully coordinated to optimize the use of chahiay-products and to use heat and power

efficiently.

In the Gulf Coast area, the petrochemical industheavily concentrated in coastal Texas, South
Louisiana, and various counties along the Alabavhssissippi, and Florida coast. The Houston
area is one of the world’s largest manufacturingtees for petrochemicals, and six of the top 10
largest ethylene production complexes in the warkdfound on the Gulf Coast.

When Hurricanes Katrina and Rita hit the Gulf Caas2005, they had a considerable impact on
U.S. petrochemical production. Hurricane Rita selyeaffected petrochemical production in

Lake Charles, Louisiana, and eastern parts of Tdxaspared most major petrochemical plants
elsewhere. Rita’s size and the uncertainty ofaitglfall closed plants all along the Texas Gulf
Coast and into Louisiana. The storm missed thestbouShip Channel but still landed in an area
supporting important chemical and refining operaidetween Port Arthur, Texas, and Lake
Charles, Louisiana. Most chemical plants had netdrto service by mid-October and a few
plants in the Port Arthur-Lake Charles area wer&kingafinal repairs or in the process of

restarting. Like gas processing facilities, peternical plants had both direct and indirect
impacts resulting in outages. Direct impacts wereated by storm damage, while indirect
impacts were the result of natural gas input sigedapipeline supply interruptions, employee
dislocations, and transportation (water, rail, emat) disruptions.

The health of the petrochemical industry is reliapon oil and gas industry production as the
primary feedstock source. The chemical industryeggnts only about 7.5 percent of the world’s
energy consumption. However, to prepare for theré&) chemical companies increasingly need
to use alternative technologies and feedstockert@min competitive. This is particularly true for

petrochemical facilities located in mature prodgcoasins and mature (lower growth) chemical
markets like the GOM region.

Electric Power Infrastructure

Electricity is an integral part of economic life ihe United States and is used for a variety of
lighting, appliance, and electronic uses as wellhaating and cooling. Electricity is also
indispensable to factories, commercial establishsye@md most recreational facilities. The more
than 3,170 traditional electric utilities in theSJ.are responsible for delivering an adequate and
reliable source of electricity to all consumers hiit their respective service territories at a
reasonable cost.

Electric power systems are based upon a collectigieneration, transmission, distribution, and
communication facilities that are physically coniegicand operated as a single unit under one



control. Power plants (generation) can be grouptmthe types of fuel or energy source they
use to produce electricity. These include foss#l$ (coal, natural gas, or a refined oil product),
nuclear energy, and renewable energy sources suetatger (hydroelectric power), biomass,
waste-to-energy, geothermal, wind, and solar enexgyvell as other emerging alternative fuels.
Power generation along the GOM is heavily dependpoh natural gas as a fuel source. Thus,
the price and availability of natural gas can hawaportant implications for power generation
supply and price.

The electric power system in the Southeast wasfwigntly impacted by Hurricanes Katrina and

Rita. Generation facilities and a large numbetrafsmission and distribution substations were
flooded. High winds ripped out miles of transmassand distribution lines, poles, and towers.
This damage left millions of customers without po@ an extended period of time. Many

power generation facilities along the GOM were iotpd by natural gas availability challenges
in the aftermath of the hurricanes. All utiliti@s the region saw immediate and significant
increases in fuel costs for running power genemataxilities. In Florida, several emergency

warnings of potential outages were reported to le¢gs and the general public during and
immediately after the hurricanes due to a combamatf summer time peak demands and fuel
shortages on certain pipeline systems originatmghe GOM that supply fuel to the Florida

generators.

According to the EIA, total electricity sales an@jpcted to increase significantly over the next
25 years including sales in the southeastern Lh& .GOM region. The largest increase will be
seen in the commercial sector. Service industméiscontinue to drive growth, particularly in
the GOM region. For the residential sector, eleityr demand is also projected to grow as
population growth, and disposable income is exgetdead to increased demand for products,
services, and floor space, with a correspondingease in demand for electricity for space
heating and cooling and to power the appliances efqdipment used by buildings and
businesses. Continued growth in all major sectbrh@ power industry will increase pressure
for the new development of natural gas-fired getr@mawhich in turn, will increase pressure to
develop new sources of natural gas productionudioly those in the GOM.
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1. INTRODUCTION
1.1. Overview

Onshore oil and natural gas activity began in #mye20th century with the development of the
Spindletop field in East Texas and the Jennindd freLouisiana. From that point, an extensive
amount of development began to spread throughoet région into more remote and
geographically difficult areas. In South Louisiattéis expanded exploratory effort included the
development of wells located in lake beds, rivettdros, bayous, and other areas considered
“wet” by most measures. Tools like marsh buggad)ing barges, semisubmersibles, and
jackup platforms were all developed in the swampg ehallenging environment of the region.
These innovations, along with the extensive amoohtsurplus marine watercraft and
manufacturing capabilities in the region after Vo ar 11, served as the launching point for the
offshore industry. The experience gained durings¢hearly efforts set the foundations for
today’s offshore oil and natural gas industry (Aust al., 2004).

The birth of offshore activity is commonly dated 8847 when Kerr McGee, an Oklahoma
independent oil and gas company, drilled the firsll out of the sight of land along the GOM.
Subsequent activity increased dramatically, paeityiin what was considered state wateas

an increasing number of oil and gas operators atiinto develop what appeared to be large,
profitable hydrocarbon reserves. Since that tithe,offshore GOM has been a vibrant area of
oil and gas exploration, development, and prodactioth an ever increasing share of this
activity being devoted to exploring the new fronteeas in the deepwater depths of the regjion.

It was challenging to reach these remote offshoeasawith labor, equipment, and supplies and
to move hydrocarbon production to shore to be m®ee and delivered to end-users. The past
five decades have seen the development of a maasidecomplicated network of support
facilities, ports, roads, pipelines, and processitagjons dedicated to supporting offshore drilling
and production.

The GOM region is an inseparable part of the Ndktherican energy value chain and the
supporting infrastructure in the region is an inndille link connecting these important energy
resources with North American markets. Even a maidedisruption of any link can have far-
reaching impacts and can weaken other operatiomsgalhe entire chain. Critical energy
infrastructure in the GOM region accounts for:

» Over 20 percent of total U.S. natural gas productio

* Close to 30 percent of all U.S. crude oil produttio

* Over 60 percent of all U.S. crude oil imports.

* Over 46 percent of total U.S. petroleum refininganaty.

* The single largest and most concentrated natural pyeeline network in
North America.

! The Submerged Land Act of 1953, recognized stateecship of the seabed within three miles of thersh
2 A “deepwater” lease is defined as having a mininwater depth of 200 meters, or 656 feet.
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 Home of the U.S. Strategic Petroleum Reserve (SPRe SPR is stored at
four sites on the GOM, each located near a majoteceof refining and
processing.

* Home to over 90 percent of total U.S. petrochempcabuction as measured
by both value added and value of shipments.

* The two largest energy producing states in the Udbisiana, including its
offshore area, ranks first in crude oil productiemd second in natural gas
production. Texas and its offshore regions, onotiher hand, ranks second in
crude oil production and first in natural gas prctin.

* A major set of product pipelines bringing million$ gallons of refined fuel
products (i.e., gasoline, diesel, fuel oil) to eaststates as well as a major
pipeline that transports crude oil from the GOMebneries in the Midwest.

Various small and large businesses along the GOMige important support services to
offshore activities that include drilling suppodeneral service companies, geophysical and
geological services, equipment sales and maintenansurance, permitting, legal services,
demurrage and storage, environmental servicesewdasgbosal services, water supplies, mud and
drilling fluids, and air and water transportatioif.he assets supporting the provision of these
services (i.e., ports, terminals, buildings, waredes, storage yards, etc.) can be thought of as an
important part of the GOM oil and natural gas iefracture.

Other important types of physical infrastructurevdn@eveloped over the last five decades and
have grown with the increase in offshore oil and §&P activities. Two important types of
infrastructure, using regionally-produced (and im@d) hydrocarbons as a feedstock, process
these fossil fuels and their by-products into imediate and final goods. This infrastructure
includes modern petroleum refining and diverse dbehplants commonly referred to as the
“petrochemical industry” along the GOM.

Petroleum refineries followed developing regionalde oil production into the GOM region at
the turn of the century. Producers at that time k@dng incentives to develop, or utilize,
refineries that were located close to productiomrses. At the turn of the century, the refinery
operations were typically based upon processedthid or distilled regionally produced crude
oil into various different hydrocarbon cuts thatdsed almost exclusively on the valuable
resource of the time: kerosene. Later, the devedmp of an increasingly sophisticated set of
distillation processes and catalysts allowed atgreaariety of refined fuels such as gasoline,
lubricants, and other hydrocarbon products to bacled” from crude oil as the demand created
by internal combustion engines for transportatimse, and the U.S. and global economy moved
to one almost exclusively driven by liquid fuels.

Modern petrochemicals are another important cajegbenergy infrastructure in the region that
arose during World War Il to create products thgiported the war effort (like fuel additives,
plastics, carbon black, and artificial rubber protdly and were later important to the post-WWiII
economic boom. These petrochemical industries toblt was at the time low refinery by-
products, as well as low-cost natural gas andytprbduct liquids, and used these inputs as a
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feedstock to create a variety of products thatbeome the backbone of the modern chemical
industry.

Historic trends in oil and gas production in the \@@re provided in Figure 1. Since natural gas
is typically measured in volume (cubic feet) or theantent (British Thermal Units or Btus),
production trends have been standardized to baofets! equivalent (BOE§J. The economic
prosperity of the GOM region typically grew in réaa to the success in offshore activities. As
seen in the figure, production trends in the fed&@M OCS were positive throughout the
1960s and into the 1970s.

Source: LDNR, 2008.
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Figure 1. Historic oil and gas productionn the Gulf of Mexico.

GOM crude oil production saw its initial productipeak in 1971. Production activity revived in
the mid-1990s with the passage of Congressionahine legislation promoting new deepwater
oil and natural gas drilling activity. Natural gasoduction along the GOM saw an initial
production peak in the early 1980s and has continoeee rather steady production gains since
that time.

One of the more dramatic historic events for theMs@as the crash in energy prices occurring
in the mid-1980s. During this period, crude oiicps fell 60 percent, from $37 per barrel in
1981 to $15 per barrel in 1986. Natural gas priedlsa couple years later, from $2.66 per
thousand cubic feet (Mcf) to $1.64/Mcf, or by sod@ percent. The 1986 price decrease
resulted in a massive reorganization of most aspafcthe oil and gas industry from major oll
producers to the industries supporting offshored (anshore) E&P activities. Many of the
coastal economies along the GOM suffered from tileng and production decline. Figure 2
shows overall gross state product for Louisiana &edas and the contraction resulting from
reduced oil and gas activities.

% One cubic foot of natural gas is equivalent tdd0I¥67 barrels of oil.

13



250 - r 1400
—Louisiana
—Texas Source: USDOC, BEA, 2008. L 1200
200 -
© - 1000
s z
2 150 1 =
g Contraction period to due - 800 8
- to energy price decreases ?9
2 600 5'
pid L
2 100 - X
= [7)]
=
- 400
50 -
- 200
O T T T T T T T T T T T T T T T 0
197719791981 1983 1985 1987 1989 1991 1993 1995 1997 1992203 2005 2007

Figure 2. Louisiana and Texas gross state produc

Decreased oil and gas activities and concerns dotwte oil and gas production in the U.S.
stimulated Congress to pass the Outer Continehiglf ®eep Water Royalty Relief Act of 1995
(DWRRA). The purpose of the DWRRA was to createemtives for oil and gas producers to
make the considerable capital and technologicalnsibments to develop natural gas and crude
oil resources in deepwater areas of the GOM. TtieirAplemented a royalty relief program to
relieve eligible leases from paying royalties ortaie@ amounts of deepwater production.

A simple review of production and drilling statestisince the mid-1990s indicates the success of
DWRRA in stimulating interest in deepwater develgom As seen in Figure 3, more than 900
exploration wells have been drilled in the deepw&@M since 1995 and at least 115 deepwater
discoveries have been announced since the passdge@WRRA. Drilling of deepwater wells
has increased over 80 percent since 1995, and&86r since 1992.
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Figure 3. All deepwater wells drilled in tle GOM, by water depth.

In terms of production, in 1994 deepwater leaseslywed 115 thousand barrels of oil per day
(MBbls/d) and 0.4 billion cubic feet of natural gpsr day (Bcf/d or 71 thousand BOE or
MBOE). By 2004, production had increased to 9220M4RI and 3.9 Bcf/d (689 MBOE).

Average deepwater oil wells produce 20 times tlie oh average shallow oil wells (French et
al., 2006). The average deepwater gas well cuyrendduces at 8 times the rate of an average
shallow water gas well (French et al., 2006). @ablshows that the most prolific blocks are
currently located in deepwater.

One of the considerable differences between shadiodr deepwater production is the type of
structures utilized for drilling and production oggons. Figure 4, for instance, shows the
different types of production facilities used inetl&OM. Shallow waters tend to use fixed
platforms and some semisubmersibles much as theyfbaclose to five decades in one form or
another. Deepwater structures, however, are tpiflaating structures that include various
forms of semisubmersibles and SPARs.

Table 2 shows a number of the more recent deepwiideoveries, their associated platform
structures, and their on-stream dates. Subseansydtave seen increasing use over the past
decade primarily in the deepwater areas of the GOWbst of these subsea systems are not
entirely independent but “tie-back” to other typesdeepwater platforms, primarily TLPs and
Spars.
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Table 1

Top 20 Producing Blocks in the Gulf of Mexico

Project Name

MC 807 Mars Shell 2,933 93,697,104
MC 809 Ursa Shell 3,800 55,745,874
MC 127 Horn Mountain BP 5,909 41,587,128
MC 763 Mars Shell 3,261 34,808,599
GB 215 Conger Amerada Hess 1,500 32,908,59¢
VK 786 Petronius ChevronTexaco 1,753 28,140,017
MC 765 Princess Shell 3,600 26,557,44(
EB 602 Nansen Kerr-McGee 3,675 25,711,854
MC 686 Mensa Shell 5,364 24,876,464
EB 643 Boomvang Kerr-McGee 3,650 24,650,721
MC 305 Aconcagua Total 7,100 22,071,497
GC 202 Brutus Shell 3,327 21,938,284
EB 945 Diana ExxonMobil 4,500 21,857,744
MC 85 King BP 5,689 18,400,654
MC 899 Crosby Shell 4,259 18,135,47(
GC 243 Aspen Nexen 3,065 18,111,481
VK 915 Marlin BP 3,236 17,746,354
VK 912 Ram Powell Shell 3,216 17,278,981
ST 37 Unnamed ChevronTexaco 59 15,834,599
MP 61 Unnamed POGO 151 15,201,087

Source: French et al., 2006.
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Table 2

Deepwater Discoveries and Production Dates

Year of Water Production
Field Name Location Discovery Depth  Onstream Typ
(fr)

Ewing Bank 87 Ewing Bank 87 200c 1,52 2001  Subsea
Front Runne Green Canyon 3: 200c 3,50( 2004 Spar
Gunnisol Garden Banks 6¢ 200c 3,131 2003 Spar
Marco Pol Green Canyon 6( 200c 4,30( 2004 TLP
Princes Mississippi Canyon 7¢ 200c 3,65( 2002  Subsea
Asper Green Canyon 2 2001 3,06: 2002 Subsea
Boris Green Canyon 2¢ 2001 2,39: 2003  Subsea
Durangc Garden Banks 6¢ 2001 3,15(C 2004  Subsea
Falcor East Breaks 57 2001 3,40(C 2003  Subsea
Lost Ark East Breaks 4 2001 2,74C 2002  Subsea
Navajc East Breaks 6¢ 2001 4,11¢ 2002 Subsea
Pardne Mississippi Canyon 4( 2001 1,20( 2002  Subsea
Red Hawl Garden Banks 81 2001 5,30(C 2004 Spar
Swordfist Viosca Knoll 96: 2001 4,671 2005  Subsea
Tulane Garden Banks 1t 2001 1,10 2001  Subsea
Yosemite Green Canyon 5. 2001 4,45; 2002  Subsea
Brutus Ri Green Canyon 2( 200z 3,16( 2003 Subsea
King Wes Mississippi Canyon ¢ 200z 5,43( 2003  Subsea
Northwest Navaj East Breaks 6¢ 200z 3,937 2003 Subsea
Ochre Mississippi Canyon € 200z 1,14« 2003  Subsea
Triton Mississippi Canyon 77 200z 5,61( 2005  Subsea
West Navaj East Breaks 6¢ 200z 3,90t 2003  Subsea
Ewing Bank 100  Ewing Bank 100 200z 1,85¢ 2005  Subsea
Rapto East Breaks 71 200z 3,60(C 2004  Subsea
Tomahawl East Breaks 6 200z 3,51« 2004  Subsea
Goldfingel Mississippi Canyon 77 200¢ 5,42: 2005  Subsea

Source: Offshore, 2006.

1.2. Energy Markets Prior to the 2005 Tropical Seam

An important pre-Katrina trend impacting GOM enemwduction was the combined changes
associated with relatively rapid increases in tlobb@ demand for energy commodities, tight to
very limited excess capacity in oil and gas produnctcrude oil refining, and energy processing
capabilities. These constraints resulted in higth @olatile energy prices prior to 2005. Crude
oil markets are global in nature, while natural garkets have tended to be restricted to North
America prior to 2008. Commodity prices set in both markets impact tegrée and speed of
development activities along the GOM. More impbottyg conditions in these markets can also
impact the speed of recovery and restoration (R&Riyities in a storm’s aftermath, as was seen
after the 2005 tropical season.

“Today, natural gas prices are becoming increasimgise influenced by imports of LNG from foreign prmtion
sources. However, prior to the 2005 tropical seasaly one new LNG regasification facility had cewnline.
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Figure 5 shows the changes in crude oil and nagaslprices prior to the 2005 tropical season.
The tight crude oil market leading to these pritae@ases was the result of strong demand in the
U.S. and rapid increases in demand in developingtces, particularly China and India. Figure
6 shows the increases in demand from these cosintrie
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Figure 5. Crude oil and natural gas spot pces.
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Figure 6. World oil demand.
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Changes in global demand have driven spare pramuctipacities down to record lows. Figure

7 shows the changes in global excess crude oilustamh capabilities. The rapid decrease in

excess production capabilities and the perceivedlastges of major producing areas like Saudi
Arabia and other parts of the Persian Gulf to nileete new requirements inflamed market fears
that the world was running short on fossil fuelsthe period leading up to, and immediately

following, the 2005 tropical season.

Projections

Million Barrels per Day

1991- 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007
1997

Average
Source: USDOE, EIA, 2006d.

Figure 7. World oil spare production capady (2005).

North American natural gas markets were followirentls similar to those occurring in crude oil

markets prior to the advent of Hurricanes Katrimal &ita. For instance, natural gas prices
increased rapidly beginning in the winter of 20@M2. Some dampening of prices occurred in
the early part of 2004 when markets anticipatedavisig natural gas demand, and increased
supply opportunities from the considerable numiderNG projects being announced around the
U.S. However, Hurricane Ivan, which took an edgtpath in 2004, managed to “graze” a

number of offshore production facilities in the trah GOM, creating enough energy supply
disruptions to increase price, and serve as a mgebiof how production interruptions could

impact markets.

For instance, some 150 days after lvan’s landfadl,percent of total GOM crude oil production
and 1.2 percent of GOM natural gas production idlsskut-in. Figure 8 shows the production
shut-in trends for crude oil and natural gas prtidacin percentage terms in the aftermath of
lvan’s landfall. The long shut-in plateau woulaype to be a trend not unique to lvan and would
have similar, but much greater impacts in the aftgh of Katrina, and later, Rita.
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Source: USDOI, MMS, 2004a.
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Figure 8. Production returns after Hurricane Ivan.

One of the more important conclusions drawn from 2005 tropical season is that the GOM’s
critical energy infrastructure, including all forntd energy production, processing/refining,
transportation, and distribution/sales is highlerrelated, perhaps to a degree not recognized by
any other storm that has landed along the GOM. aga# in one energy sector had cascading
affects on others, even those assets that mayawat $uffered any significant physical storm
damage. Consider the following examples relateduwicane Katrina:

» Power outages in the Clovelly, Houma, and St. Jaraesinals prevented
crude oil from being pumped to the area’s refirefigcluding the massive
ExxonMobil refinery in Baton Rouge, and other refies such as Motiva,
Marathon, and Equilon.

» Gas processing facilities prevented some crudarmllnatural gas production
from coming online because the onshore facilitieseanot ready to take the
raw natural gas. This halted deliveries on natgad pipelines, reduced
petrochemical plants’ ability to create produckdliblood bags and milk jugs
that ran in short supply after Katrina), and pregdnpower generation
facilities from running.

» Power crews had difficulty restoring power due @sa@ine shortages from
area refineries and refined product pipeline shsat-i

* Power outages prevented refined product pipeliresa fielivering gasoline to
eastern markets where prices skyrocketed to histoighs. The city of
Atlanta shut down school to conserve gasoline dostschool busses.

The tight energy markets in the summer months 6620rior to Katrina and Rita, enhanced the
urgency of restoration and recovery. As notediegartight energy markets and high energy
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demand placed a high level of importance on GOMrgnenfrastructure restoration and
recovery. The combination of tight markets andrretalamaged infrastructure created or
contributed to some of the following post-stormlt&hayes.

e U.S. retail gasoline prices were at record higtelevexceeding $3.00 per
gallon in most areas, and in some areas reachuglslexceeding $5.00 per
gallon.

* Emergency gasoline rationing occurred in many aesdasg the Gulf Coast.
Areas were more dependent than normal on refinmegyction. There was
no slack in the system to cover gasoline producluortfalls.

* The summer months are the “injection period” fotunal gas. During this
period, natural gas is injected into undergrourndenas for use in the winter.
There was a serious concern post-Katrina that geolevels would not reach
needed levels for the upcoming winter.

» Temperature trends leading up to, and followingrikat were above average.
New record electricity peaks were being set araiedeastern U.S. Most of
the new power generation built in the last five rgess natural-gas fired.
Shortages of gas put some areas under electrieitisa The state of Florida
issued a Stage 1 alert indicating that power infgrons were probable due to
lack of natural gas to run generating units.

* Refinery outages placed distillate production, whincludes home heating
oil, at risk. There was a post-Katrina concernt tiiaefineries were not
brought back quickly, there would be a short-fdlheating oil stocks for the
winter.

« The U.S. was forced to loosen environmental fuahdards, allowing less
environmentally friendly fuels from European refiles to be imported to
cover domestic refining shortfalls.

Ironically, local restoration activities proved tme equally dependent upon critical energy
infrastructure in order to sustain restoration eswbvery activities. Consider the following:

* Gasoline shortages created significant challenges first responders
throughout the region. The availability of fuelrohg this period was the
result of significant actions of the area’s enecgynpanies and state agencies
including the Louisiana Department of Agricultutke agency with primary
regulatory authority over gasoline pumps and megedalibration. Gasoline
was in short supply because of refinery outagesvelt as refined product
pipeline outages.

» Diesel shortages were considerable. Diesel fuslweded for large military

vehicles for evacuation, for restoration trucks pmwer service and debris
clearing, and for the numerous back-up generatwas were being used at
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many critical relief facilities and hospitals. Bed was in short supply
because of refinery and refined product pipelin@ages.

» Electricity outages affected shelters and emergdrmagpitals being set up
around the states. These facilities were in jedyparithout power given the
high heat and humidity post-Katrina.

» There was widespread shortage of back-up and emerggenerators given
the high demand resulting from significant powersteyn damage and
prolonged outages. Quick restoration was needet@ke pressure off the
demand for this vital generation equipment.

* Aviation fuel shortages hampered search and resaiwities. Energy
infrastructure needed to be restored to facilithése activities. Aviation fuel
was eventually transported in by military and otbeurces.

* Floodwater pumping stations in New Orleans are wonnatural gas while
others run on diesel back-ups. Both natural gasdiesel fuel supplies were
in short supply after the storm and dewatering \Wapendent on getting
energy infrastructure up to provide these fuels.

The short-term catastrophe experienced in the itedaarea was felt by the nation and the world
as energy prices soared to record high levelsan tfeat restoration and recovery efforts would
not be fast or successful enough to replace therapt lost energy production needed by an
energy hungry nation.

Restoration and recovery problems for critical ggemfrastructure in the impacted area
included the following:

« The nature of the storm, the degree of damage, taadnature of the
destruction had no precedent. The storm set astevdard in the “worst case
scenario” for which no restoration crew was pregare

* The 2005 season can be described as an “episaati@$toophe that ran from
one failure to the next, starting with the adverit tbe hurricane and
evacuation process, to the approach and passathe atorm, to the storm
aftermath, to the levee breaches, to the complesndonment of New
Orleans, to the preparation for a second categdmyrficane (Rita) and the
additional associated destruction and chaos ancerdimely new set of
restoration and recovery challenges. This creatédodge-ball’ like effect
for restoration activities of all types.

* Massive communication failures stalled critical mgye infrastructure
restoration activities. Restoration crews for glpes of critical energy
infrastructure (production, refining, processinggnsportation, power) were
operating in the dark without input from anyone within speaking distance.
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» Difficulty in finding housing for displaced workemnd a perception in the
industry that cumbersome and bureaucratic resinston housing eligibility
limited restoration activities. There was (andag)erception in industry that
federal emergency management did not have a “caon+dget-the-job-done”
philosophy in facilitating access and restoratiord alleviating logistical
challenges.

* A perception that federal emergency managementseaene “cornering the
market” on vital equipment needs and limited resesr There have been
repeated (but few documented) reports of feder&rgemcy management and
military confiscation of equipment needed by indysestoration crews.

» Cascading failures across the entire energy imiretstre system that was
exceptionally aggravated by power outages andsheftages.

* Lack of complete independent start-up or “blacktstaapabilities. Many
energy infrastructure components were dependent upwe another for
restart.

1.3. Recommendations and Lessons Learned

On January 19-20, 2006, the U.S. Department of gynbeld an Energy Leadership Forum in
Tunica, Mississippi. The forum was sponsored ley@ffice of Electricity Delivery and Energy
Reliability (OE). The OE was a point division withDOE evaluating R&R activities in the
aftermath of both Katrina and Rita. In addition D®E, a number of other agencies and
associations collaborated in the event includitige National Association of Utility Regulatory
Commissioners, National Conference of State Legisda the National Association of State
Energy Officials, the National Governors Associati@€enter for Best Practices, and the Public
Technology Institute.

The goal of the forum was to bring together a raofystakeholders including industry, state
government agencies, federal government agencrasygency management officials, trade
associations, and academia. Over 170 key playwesded the event including 12 federal
agencies, 23 state and local government agenaids4@ private organizations throughout the
Gulf South, including the impacted Greater New @mke(GNO) area.

In February 2006, the DOE issued the findings, meoendations, and lessons learned from the
event. To date, there is no other more compretherisiting of the “lessons learned” associated
with the recent hurricane activity on critical egyeinfrastructure. These lessons learned can be
summarized as follows:

» Consider worst-case scenarios created by multipleidanes that cause
widespread regional damage to critical energy stftecture.

» Create effective mutual aid agreements within tier@y sector.

*The list provided is summarized from: Office of &ttécity Delivery and Energy ReliabilityAfter Action Report:
Energy Leadership ForufdSDOE, OE, 2006b).

23



» Create an overall awareness of the critical specific interdependencies between
and within the various energy sectors.

» Coordinate regiona contingency plan for the distribution of limited fuel
suppliesto critical response organizations.

» Understand the responsibilities of state, local, and tribal governments, public
agencies, organizations, and private industry.

* Improve understanding of critical supply chains and infrastructure by the
genera public, government entities, and within sub-sectors of the energy
industry.

* Improve communications systems across all governmental, private, and public
entities.

» Coordinate among government agencies and energy industry companies
before communicating with the public.

* Improve response and recovery data quality.

* Integrate additional training programs across all levels of government and the
energy industry.

* Understand the interdependencies amongst various entities in the energy
industry in emergency management.

* Conduct more exercises to improve plans and procedures in al levels of
government sectors.

* Educate the public in energy industry operations relative to the supply of
reliable energy.

* Revise resource management plans and train personnel to accommodate
multi-regional catastrophic disasters.

* Provide adequate materials and equipment for response and recovery to avoid
competition for resources.

» Enhance critical infrastructure to provide virtually uninterruptible energy.

» Improve current hurricane consequence analysis to provide more effective risk
management planning and preparedness.

1.4. Project Scope
This fact book was developed to assist the BOEM in conducting its regulatory responsibilities

particularly in the analysis of (1) understanding the role of energy infrastructure support on
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continued offshore oil and gas leasing activitind &) understanding the economic impacts of
the 2005 tropical season and its impact on infuattire and continued offshore drilling and
production activities.

Because of its statutory responsibilities, the BOEM an ongoing need to understand the role
that this infrastructure plays on local communit®pgecifically, BOEM must

1. Produce lease-sale Environmental Impact Statem@alSs) that depict
existing, OCS-related infrastructure and its futgrewth and trends;

2. Make a large number of permitting decisions thaisoder existing, future,
and past infrastructure;

3. Annually update maps that depict infrastructurepsuing offshore activities;
and,

4. Guide and monitor long-range planning and develograEOCS activities.

BOEM sponsored an earlier version of this projec2000 to address each of the above-listed
issue€ This fact book updates that original work. Thare, however, three critical differences
between the original fact book and the currentréeffd-irst, and most importantly, this updated
fact book includes an extensive discussion of haehanfrastructure sector/area was impacted
by the 2005 tropical season. The status of thesimgyprior to the tropical season is discussed,
the impacts that the hurricanes had on each sictlgscribed, critical activities that comprised
the R&R process are explained, and post-hurrictatassis discussed and examined.

Second, examination of the impact of the hurricasresarious infrastructure sectors lead to an
important realization. The first fact book effortadvertently omitted an important energy

infrastructure asset along the Gulf Coast that suppvirtually all other areas of operations:

electric power. As a result, this current fact bawcludes a new chapter not found in the earlier
version discussing the region’s electric power dsfructure and how it is related to other
important energy sectors.

Third, ongoing trends, outlooks, and issues fotheaicthe infrastructure categories and sectors
have been examined. The post-hurricane period l@geriod leading up to the release of this
report has been one reflected by considerablelfassli price volatility and concerns about
energy security and availability. Issues addressimajor expansions in many of these sectors,
like petroleum refineries, have been discusseétewise, a new chapter on LNG has been added
to this fact book that was not included in the pradfort. LNG is a new, emerging, and
important form of energy infrastructure in the @yi

® The Louis Berger Group, Inc., 2004. OCS-relatgcaitructure in the Gulf of Mexico: Fact book. Uept. of
the Interior, Minerals Management Service, GuliMaxico OCS Region, OCS Study MMS 2004-027.
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The 13 major infrastructure categories identifiedthis study include:

Platform Fabrication Yards:Facilities in which platforms are constructed arsdesnbled for
transportation to offshore areas. Facilities cao &l used for maintenance and storage.

Shipyards and Shipbuilding Yardg=acilities in which ships, drilling platforms, acdew boats
are constructed and maintained.

Port Facilities: Major maritime staging areas for movement betweeshore industries and
infrastructure classifications and offshore leases.

Support and Transport FacilitiesFacilities and services that support the offsharevities.
This includes repair and maintenance yards, supges, crew services, and heliports.

Waste Management FacilitiesSites that process drilling and production wasts®eiated with
offshore oil and gas activities.

Pipelines: Infrastructure that is used to transport oil and fyam offshore facilities to onshore
processing sites, and ultimately to end users.

Pipe Coating YardsSites that condition and coat pipelines used tosfrart oil and gas from
offshore production locations.

Liguefied Natural Gas: Facilities which take super-cooled natural gagipced in other regions

of the world and raise the temperature throughousrivaporization processes to inject into
regional natural gas storage and/or transportatgsets. These assets can also be thought of as
special natural gas import facilities.

Natural Gas Processing FacilitiesSites which process natural gas and separate rpauwent
parts for the market.

Natural Gas Storage FacilitiesSites that store processed natural gas for usenglyreak
periods.

Refineries: Industrial facilities that process crude oil intonmerous end-use and intermediate-
use products.

Petrochemical Plants:Industrial facilities that intensively use oil amétural gas, and their
associated by-products, for fuel and feedstock qeep.

Electric Power: A collection of infrastructure assets that inadutiose that produce electricity
(generation) and transmit and distribute the dlgttrto households and industry along the Gulf.

The following chapters of this fact book discussheaf these critical infrastructure areas and
their relationship with offshore oil and gas adtes. Each chapter outlines:

Description of Industry and Services Provided@his section examines the infrastructure in
guestion, and provides a description of its unigpagures.
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Industry Characteristics: This section discusses the industry characterissseciated with the
infrastructure under examination. Typical facd##i or common characteristics, geographic
distribution, and typical firms are also discussed.

Regulations: This section discusses the salient regulationscagsd with the infrastructure.

Industry Trends and Outlook: This section examines the current trends and fututkok of
infrastructure development in the Gulf. Also irddd in this section is a discussion of the
impacts the recent hurricanes have had on thefgpedrastructure.

1.5. Data, Sources, and Methods Used to Evaluate Supporting Infrastructure

A variety of different data sources have been useskamine energy infrastructure in the GOM
region. A full list of these sources has beenudell in the references section. In general, the
following sources have been consulted:

 Data series regularly collected by the DOE, paldidy the Energy
Information Administration (EIA), that include peawgeneration and facility
capacities, utility sales and customers, refin@gations and capacities, oil
and gas production, natural gas storage facilitiBi; regasification facilities,
and gas processing capabilities.

* Reports and press releases published by BOEM thelude offshore
production, facility locations, and other descrlptistatistics. Statistics
compiled by BOEM during and immediately after thericanes of 2004 and
2005 were also consulted.

* Oil and gas production statistics collected andliphbd by state utility and
natural resource regulators like the Louisiana [Bepent of Natural
Resources (LDNR) and the Public Utilities Commiasid Texas (PUCT).

 Commercial databases including Pennwell MapSearuh 18IS Energy’s
Major Industrial Plant Database (MIPD) that incladéescriptive and
locational information about transportation pipebrand industrial facilities.

* News reports, trade press articles and researdbpandent research reports,
individual company press releases, and governnresspeleases discussing
or examining the current status of critical energirastructure and their
trends.
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2. PLATFORM FABRICATION YARDS
2.1. Description of Industry and Services Provided

Immediately following the turn of the century, tOM region’s early wildcatters attempted
different techniques in their efforts to extradt foom Louisiana’s swampy terrain. By 1930 a
variety of successful solutions were developedstmbwhich facilitated the use of some type of
floating vessels or barge containing drilling eaqnent and other materials to sustain activities
over open water or swampy marshes. These techeslogere crude, and somewhat limited,
thereby restricting the range of drilling operat@ver water and in marshes. Operations tended
to be limited to times or locations where the wdiedy was calm or shallow and without
current, waves, significant tide movements, andgated from wind exposure. While the early
“offshore” activities were limited, progress in fgeenvironments ultimately led to one of the
most important developments in offshore drilling-e-thobile drilling rig.

In 1933 a prototype called the “Giliasso” was batt the world’s first submersible oil platform
(USDOI, MMS, 2005). This design was based on a ephenvisioned by G.E. McBride, a
former Texas Company employee (formerly Texaco, mast of Chevron) (USDOI, MMS,
2005). The design used barges to carry a platforraquipment and a rig or derrick. The vessel
was towed to a location, sunk, and then acted fised foundation for the platform which
remained above the water (USDOI, MMS, 2005).

The Giliasso spurred a number of new techniquesigeas about how floating structures could
be modified to support over-water (but near-shde&P activities. The Giliasso was a
technological breakthrough, but logistic suppodved difficult. Drilling crews were living in
piling-support camps suspended over the marsh munckddition, drilling mud had to be hauled
35 miles to the drilling site, and once these gl fluids arrived, there were a number of
difficulties securing an aboveground storage $av{s, 2002). Operators working for the Texas
Company again showed the ingenuity that would ftmenbackbone of offshore exploration by
using three grounded, obsolete oil tankers conddotan old steel schooner as a storage facility
and loading dock for the site’s drilling fluids (g, 2002). Oil produced from the lease was
then lightered to vessels offshore. It was noil tim¢ 1950s that oil began to be piped out of this
facility with the completion of a 135-mile pipeliriPavis, 2002).

Since the 1950’s, more than 5,500 platforms hawn bestalled in the GOM (Hunt and Gary,

2000). Today there are more than 3,900 fixed #tras at depths of up to 1,700 feet and
floating structures have reached almost 10,000 dtew depths (USDOI, MMS, 2007a).

Throughout the years, the Gulf Coast platform faddron industry has been a principal
contributor to offshore oil and gas industry adwsic The platform fabrication industry has
expanded considerably from its early days in thesimaareas of Louisiana. Today it is a
regional and in part international industry, spagrtihe GOM from Texas to Alabama. Various
“yards” along the GOM design, develop, and constaucsariety of offshore structures and
components necessary for E&P operations (Hunt aarg, 2000).

Of the approximately 8,220 active leases in thef @il Mexico OCS, 54 percent are in
deepwater, which is defined as operations occuirirayer 1,000 feet of water depth (French et
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al., 2006). Deeper water activities have forces latform fabrication industry to change and
advance. One the most obvious changes has bete isize of these fabrication yards and
facilities. Deeper water structures are much latigen their shallow water counterparts. Bigger
structures require larger fabrication yards, docksd other assembly facilities. Each yard
located along the GOM usually specializes in thadpction of a particular type of platform or
component, such as living quarters, decks, or nezduMany will “team” on large projects in
order to develop various components in a moduksriéa. This modular-based approach creates
interdependence among different yards to complenéire platform (USDOI, MMS, 2005).

2.2. Industry Characteristics
2.2.1. Typical Facilities

Early offshore drilling was typically based uporpiocess that fitted a derrick to a barge and
towed it to a drilling site. Modifications of thisasic approach still exist today, but on a slightl
more sophisticated basis. The four offshore rgesyused to drill wildcat or exploration wells
(AIP, 2007) include:

\ Submersiblesare one of the earliest forms of offshore

i drilling rigs particularly in shallow coastal zonesinland
waters. These submersibles are generally towed to
shallow water locations then ballasted (flooded hwit
water) to sit on the seabed. True submersibles,thikse
that were used in the coastal marshes at the tutheo
century, are rarely used given concerns about their
operational stability, particularly in deeper watddeeper
water applications also require more space betwken
platform deck and the barge, something not found on
typical true submersibles. The picture to the isfthe
Noble Joe Alford a submersible rig that is rated for
operations up to 70 feet of water and drilling dhsptip to
25,000 feet (Rigzone.com, 2008a).

g AT

Rigzone.com, 208a

Jackups are very common types of offshore drilling
structures that are used along the GOM and thrautghe
world. Once on station, a jackup drops its long
characteristic legs to the seabed while the hufjaisked-
up” above the water’s surface. Jackups are tylpiceled

in water depths up to approximately 160 meters5@s
feet). The jackup presented in the figure is tINSEO

. 75, and is rated for operating in 390 feet of wated
drilling depths up to 30,000 feet (Rigzone.com, &40

Rigzone.com, 2008a
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Drill ships are more modern, advanced drilling structures
that are floating marine craft (ships) with a dekron top
and a moon pool in the center of the hull for drgl
operations. Drill ships are anchored and/or pos#d
with computers and GPS systems that continuallyecor
the ship’s drift. Drill ships are often used talldvildcat
wells in deep waters. The pictured drillship, ndntlee
Rigzone.com, 2008a Deepwater Millenniumhas a water depth rating of up to
10,000 feet and a drilling depth rating of up tQUBO feet
(Rigzone.com, 2008a).

Semisubmersibleshave become an increasingly more
important and highly utilized offshore drilling, agell as
production structure. “Semi-subs” are supported by
columns sitting on hulls or pontoons, which arddsaéd
(with water) below the water surface to providésity in
rough, deep waters. The semisubmersible to thethef
Deepwater Nautilushas a water depth rating of up to
8,000 feet and a drilling depth of up to 30,000t fee
(Rigzone.com, 2008a.).

gzone.com, 2008a

Once oil or gas is found, an exploratory drilling is replaced with or converted to, a production
platform assembled at the site using a barge eqdippth heavy lift cranes. In many instances
in GOM deepwater areas, drilling and productionunan the same structure, particularly semi-
subs. Platforms vary in size, shape, and typerakpg on the size of the field, the water depth,
and the distance from shore.

Today, platforms play an important role in the depment of offshore oil and gas resources.
Production platforms house mechanical, electricadl &elecommunications equipment, other
types of supplies (fuels, drilling fluids, etc.)ndaliving quarters for personnel (for manned
platforms). As shown in Figure 9, several typepmafduction systems are used in offshore oll
and gas developmeht.

A production structure, or platform, consists ofotwnajor components: an underwater part
(jacket or tower) and an above water part (deckarger and more sophisticated production
structures have been developed over the past te@dds to support the increasing activity in
deepwater areas of the Gulf. Figure 9 providesh&matic of the general types of production
structures utilized in the GOM while the followimfiscussion generally describes each type of
structure in the figure.

’ Although some recently developed production systesuch as the floating production system, areptadforms in
the strict sense, platform-type structures contiouee the staple of the offshore oil and gas djmra.
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Figure 9. Permanent production systems on the GOMDCS.

Fixed Platform — This is the most common type afdoiction system in the
GOM, particularly in shallow waters. A fixed platin has a large skeletal-
type structure extending from the bottom of theamcéo above the water
level. It consists of a metal jacket, which isaakted to the ocean bottom with
piles, and a topside deck (above water), that acowhates drilling,
production, and support equipment and living quarteFixed platforms are
typically installed in water depths of up to 2,G@6t (French et al., 2006).

Compliant Tower — This is similar to a fixed platig but the underwater
section is not a jacket. It is a narrow, flexildaver that can move (or is
compliant) around in the horizontal position allagifor a limited range of
motion created by winds and wave action. Compliamters are typically
installed in water depths from 1,000 up to 2,0G1 {Erench et al., 2006).

Tension and Mini-Tension Leg Platforms (TLP) — Ténasructures are based
upon the semi-sub technology discussed earliemaméloating structures that
do not originate on the seafloor and rise to thiéase. A TLP is a ship-based
type of structure that is towed to its location amthored to the seabed with
vertical, taut steel cables or solid pipes. Waelthe can be placed on the
TLP’s deck, unlike the free-floating platforms @ikships and “normal”

32



semisubmersibles). The deepest TLP in the worlds wastalled by
ConocoPhillips at Magnolia in December 2004 in 4,6t of water (French
et al., 2006).

» SPAR Platform — SPARs are more recent developmeémtsoffshore
production structures, designed to facilitate despw production in
potentially up to 10,000 feet in water depth. SBAIRNsist of a large vertical
hull, moored to the ocean floor with up to twerityek. Production equipment
and living quarters are located on the top of thdl. h In 2009, Shell
completed installation of the deepest SPAR produacfiacility 200 miles
offshore to a depth of 8,000 feet (Parker, 2009).

* Floating Production System — This application 1&#ation of a semi-sub and
is kept stationary either by anchoring with wir@es and chains or by the use
of rotating thrusters, which self propel the serbmsersible unit. Floating
production systems are suited for deepwater promuad depths up to 7,500
feet. In the GOM, BP’s Thunder Horse began pradaan March 2009 and
produces over 300,000 barrels per day of crud@Riogzone.com, 2007a).

* Subsea System —Consists of a single subsea webdwaral producing wells
connected (tied back) to either a nearby platfommaaodistant production
facility (like a TLP or SPAR) through a pipelinembilical, and manifold
system. Currently, subsea systems are used ir d@pehs exceeding 5,000
feet (French et al., 2006).

* Floating Production, Storage, and Offloading (FPS9¥tem — Originally
developed for North Sea applications, an FPSO stm&f a large vessel
housing production equipment to collect and storgpr@duced from several
subsea wells. Ultimately, this oil is offloaded & shuttle tanker for
transportation to markets for refining and disttibn. FPSO systems are
particularly useful in development of remote (oorftier) oil fields where
pipeline infrastructure is not available. Receswalopments (i.e., Excelerate
facility off Louisiana) project announcements fdfsbhore LNG regasification
facilities are based on variations of FPSO techgwhpplication. In January
2002, the BOEM announced its decision to accepticgtipns for FPSOs
after a rigorous environmental and safety revie@BDQ®I, MMS, 2002a). To
date, there are two pending projects which have laperoved by the BOEM
for FPSOs in the GOM (Fletcher, 2007).

Most production platforms are fabricated onshord #ren towed to an offshore location for

installation and sea-fastening. Facilities whére platforms are fabricated are called platform
fabrication yards (Figures 10 and 11). Productiparations at fabrication yards include cutting
and welding of steel components, construction\hdj quarters and other structures, as well as
assembling platform components. Fixed platfornri€abion can be subdivided into two major

tasks: (1) jacket fabrication and (2) deck fabrarat
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Source: Paganie, 2006a.

Figure 10. Independence Hub'sogsides under construction at
fabrication yard near Corpus Christi, Texas.

Deck Assembly Buildings
Pipe Fabrication Shop
Erection Area (29 crawler craneg)
Rotoblast Facilities

Leg Fabrication Area
Structural Fabrication Facility
K-Mills

Brace Cutting Facility

. Deck Leg Fabrication Shop
10.Pile Fabrication

11.Pipe Mill

CoNoaR~ODE

Figure 11. J. Ray McDermott’'s Morgan City faility.

» Jacket Fabrication — The jacket is constructed blging together steel plates
and tubes to form a tower-like skeletal structurdackets are typically
constructed and assembled horizontally on skidetssince the height of the
structure, once vertical, can span a height of re¢Veindred feet. Once the
jacket is completed, a crane lifts the structuréaoom barge (typically
remaining in a horizontal position) and then tramsp that structure to an
offshore location where the jacket is lowered itite water and fastened into
place. Additional supporting fabrication and ifisti#on activities also occur
during the jacket construction process that inclindedevelopment of smaller
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ancillary structures including pile guides, boatdamgs, walkways, buoyancy
tanks, handrails, etc. These structures are atthtththe jacket while it is in
the vertical position.

* Deck Fabrication — Deck components are typicallyitated and assembled
separately from the jacket. A typical deck is at fblatform supported by
several vertical columns (deck legs). The deckides the necessary surface
to place production equipment, living quarters, &adous storage facilities.
Once the deck fabrication is completed, it is |lahdmto a barge and
transported to the site of the platform where lifted by derrick barges and
attached to the already installed jacket.

Fabrication yards typically span several hundregtsac The site will need to facilitate large
construction projects and maintain an inventorgaristruction components such as metal pipes
and beams as well as a sizable amount of heavytraohen equipment such as cranes and
welding equipment. Other equipment often housediincludes various types of lifts, rolling
mills, and sandblasting machinery. Most fabricati@rds have large open spaces for jacket
assembly as well as a number of covered warehausgshops for storing materials and to
support operations in inclement weather.

New drilling and production structures usually regqunique drilling and production structures
given the increased movement into unique deepveatars. Since no two structures are usually
the same, an assembly-line approach to fabricéimically does not occur. Instead, fabrication
yards tend to work on only one or two projects déitree. Once a platform is completed, it is
towed to its offshore location, and work on the rn@atform commences.

The unique nature of modern platform fabricatios leal to a great degree of specialization in
the industry. No two fabrication yards are the saand most specialize in the fabrication of a
particular type of platform or platform componerior instance, some yards may specialize in
the construction of living quarters, others on pmevision of hook-up services, and still others
may focus exclusively on the fabrication of jackatsl decks. The Baldpate platform (Figure
12), the world’s first free-standing offshore compt tower, is an example of a relatively recent
development that was assembled from a variety etiapzed components from different
fabrication yards and facilities along the GOM. eTs$tructure was engineered and designed by
McDermott Engineering in Houston, Texas. The j&tlese section was constructed by J Ray
McDermott in Morgan City, Louisiana. The jackewtr section and topsides were fabricated at
Aker Gulf Marine in Corpus Christi, Texas, andpipe was provided by Sumitomo (Offshore-
Technology.com, 2007a; Moritis, 1998).
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Source: Offshore-Technology.com, 2007a.

Figure 12. Baldpate platform.

A 2000 survey of 51 fabrication yards conductedvhystang Engineering, estimates that there
were 23 yards that fabricate jackets, 15 fabridaieks, 29 fabricate modules, 22 fabricate living
guarters, and 20 fabricate control buildings (Gamg Nutter, 2000). Despite the specialization
of these yards, most platform fabrication faciitiaclude:

» steel stockyards and cutting shops which supplystuaghe steel;

» assembly shops which put together a variety of amapts such as deck
sections, modules, and tanks;

e paint and sandblasting shops;
» drydocks, which work on small vessels;

» piers which work on transportation equipment ang phkatform components
that are mobile and can be transported onto baageks;

* pipe and welding shops.

The principal materials and supplies used in thid¢ation business are standard steel shapes,
steel plate, welding gases, fuel oil, gasoline,tioga, and paints. Like other industrial
construction-oriented industries, the platform fedion industry has also been exposed to
recent primary commodity price increases with iases in both steel delivery times and price
per ton (SEC, 2006a).

The number of employees at fabrication yards may %@m less than a hundred to several
thousand, and due to the project-oriented naturevark, temporary and contract workers
account for a significant portion of the fabricatipard workforce. Industry employment trends
can be seasonal as well as cyclical and can be deggndent upon large orders. The typical
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platform fabrication workforce can vary during tyear with increases and decreases in contract
labor depending upon the jobs in progress and bgckl

In order for a fabrication yard to remain produetand profitable, it must be able to attract and
retain skilled construction workers, primarily wetd, fitters, and equipment operators (SEC,
2006a). Like other industrial construction actast the supply of these workers can be limited,
particularly in periods of high activity. Becaus®st construction work takes place outdoors,
the number of direct labor hours generally declidagng the winter months, although some
work continues year-round in covered areas of argiyard. In order to keep their labor force,
Gulf Island Fabrication tries not to lay off themployees during these months, but rather
reduces the number of hours worked per day to mEnwith the reduction in daylight hours
during that period. Gulf Island reports that naieheir employees belong to a union (SEC,
2006a) and for the most part, fabrication yard tadong the GOM is not unionized.

2.2.2. Geographic Distribution

The location of platform fabrication yards is tiénl the availability of a navigable channel
sufficiently large to allow towing of bulky and Ignstructures, such as offshore drilling and
production platforms. Thus, platform fabricatioargs are located either directly along the
GOM coast or inland, along large navigable chanrselsh as the Intracoastal Waterway. These
waterways, which facilitate or limit movement irdad out of the yard, can impact the size and
scope of various projects that can be developed gven location. For example, Gulf Island
Fabricators has noted that the dimensions of thentdoNavigation Canal prevent it from being
able to transport jackets designed for water depitteeding 800 feet. However, their newly
acquired yards from Gulf Marine, located near thaf Gitercoastal Highway, allow unrestricted
access to the Gulf, and therefore unlimited faltiocaor assembly of any size structure (SEC,
2006a).

Despite a large number of platform fabrication gaationg the Gulf, only a few facilities can

handle large-scale fabrication. According to theskdng Engineering survey, nine yards have
single piece fabrication capacity over 100,000 tamsl twelve have capacity to fabricate
structures for water depths over 1,000 feet (GadyMutter, 2000).

The Atlantic Communications 2006 Gulf Coast Oil éitory includes the platform fabrication
industry in its ‘Ship, Boat & Offshore Rig Buildérsection. According to the directory and as
seen in Figure 13, most of the 87 companies ligtage locations in Louisiana and Texas, with
the other companies evenly distributed between iS&gpi and Alabama (Atlantic
Communications, 20086).

8 Three locations in Florida are not shown on thisom

37



}
Vg g’

ol
oS

U™

8Ly

Vix
3
"

\ I |
{ o \
?'z_\ f,\g |
g ¢ : T
{
@ ) \
|l @ [ ]
s
2 e ¢ =
® ) N —
o S =
v
e
Y
N
iz
7
s
* o/
V4
oo
&
N {’(
1 4 . .
L W\ Note: For illustration purposes only.
e ‘al Source: Atlantic Communications, 2006.
.

Figure 13. Locations of shipplt, and offshore rig builders.

2.2.3. Typical Firms

The platform fabrication industry is represented d&yhigh degree of interdependency and
cooperation among the fabrication yards. Becatfsbare platforms, particularly those destined
for the deepwater, are complex engineering praojetisst fabrication facilities do not have

technical capabilities to complete entire projefis-house” without subcontractors and

specialized yards. Some of the larger companies peoprietary designs that they can offer as
solutions to new construction. Although competitidor customers can be substantial,
companies often find that they must also work tbgebn rather large projects. High capital
costs restrict many companies from becoming futvise offshore construction companies, so
many simply specialize on certain types of aceat(SEC, 2006b). Therefore, these smaller,

more specialized fabrication yards work almost esiglely as subcontractors for competitors on
larger jobs (SEC, 2006a).

One of the industry’s largest marine fabricatiompanies, J. Ray McDermott, S.A., is owned
by McDermott International and has principle fahtion facilities near Morgan City, Louisiana,
as well as Indonesia, and in Dubai. McDermottigrfio and newest facility is located on the east
coast of Mexico in Altamari, and the yard’s firgintract was awarded on December 14, 2007
(SmartBrief.com, 2007). J. Ray McDermott fabrisatdructures from compliant towers to

FPSO technology, making it one of the few compatoesifer a full range of offshore structures
(SEC, 2006Db).
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Signal International is a relatively new industfgyer, yet one that has a sizeable presence along
the GOM. Signal was established in February of320@h the acquisition of six different yards:
four of which are in Texas, with the other two ltezhin Mississippi. The company’s activities
are very diverse, from module fabrication to rifurbishments. In fact, the CEO of Signal touts
diversification as one of the major keys to the pany’s longevity (Paganie, 2006b).

Gulf Island Fabrication began operations in southemisiana, approximately 30 miles from the
coast. The facilities are located on 630 acreswhich 283 are currently developed for
fabrication and 347 acres are available for fuexeansion. On January 31, 2006, they acquired
Gulf Marine Fabricators (372 acres, all developed fabrication), which is located in San
Patricio County, Texas. The acquisition has gi@ef Island Fabrication the largest fabrication
footprint along the GOM with both the largest indval facility on the GOM and the greatest
number of facilities allowing the company to falate and assemble all components of
deepwater construction projects. The acquisitiaa also allowed Gulf Island to increase its
skilled labor pool and add the ability to constri@00 foot conventional jackets (SEC, 2006a).

Many companies who offer platform construction tsghieir operations between shipbuilding,
conversions, engineering, and repair. One suchpaosnis Keppel FELS, an international
company based in Singapore with 17 constructiordsyaround the world. One of their
construction yards is located in the GOM area,roftgrig construction, repair, and conversion.
The company also has an administrative office inston (Keppel FELS, 2007a).

Heerema is another regional GOM fabrication compaitly three construction yards around the
world and administrative offices in New Orleans adduston. Heerema’s U.S. locations
provide engineering support for the internatioraddrication yards (Heerema Fabrication Group,
2007).

Technip is also a GOM competitor that operates betfionally and internationally in the
construction of offshore drilling vessels, as wedl plant and manufacturing yards. (Technip,
2007b). Technip also has a unique cooperatioreaggat with Gulf Island Fabrication to utilize
the services of Gulf Island’s yard, giving themajsg GOM access (Technip, 2007a).

In addition to just physical location and ability tonstruct and assemble large structures, most
of the larger fabrication yards along the GOM abéeao offer proprietary designs to their
customers, giving them a competitive edge. Fonmpte, Keppel Offshore and Marine, a
subsidiary of Keppel FELS, owns proprietary desigogh as a suite of semisubmersible
designs. Keppel is the world’s leading designed #@wilder of jackups as well as FPSO
conversions (Keppel FELS, 2007b). Technip is amotBxample, with designs offering
technological solutions for Spar and floating Exkalole Draft Platforms and self-installing fixed
platforms (TPG 500) (SEC, 2006b).

Fabrication industry customers are generally majat independent oil and gas exploration and
production companies and contracts are usuallydedabased on the price and ability to meet a
customer’s delivery schedule. Contracts vary ddpgnupon the size and scope of the project
and are usually awarded through a competitive hglgirocess (SEC, 2006b). Both JRM and
Gulf Coast Fabricators price their services orxadiprice basis, although JRM has utilized day-
rate and cost-plus pricing methods (SEC, 2006abandMost customers schedule their projects
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to be completed during the summer months, sinceosadity and the outdoor nature of the
process play an important role in determining cmtsion activities. Some yards are adding
covered fabrication areas to avoid this limitati®&EC, 2006a).

2.2.4. Regulation

Numerous aspects of the offshore exploration intessare affected by federal, state, and local
regulations as well the guidelines established bapyrprofessional engineering associations and
organizations. Environmental laws and regulatibagse become increasingly stringent over
recent years, including those governing dischangiesthe ocean and air, disposal of solid and
hazardous wastes, and the health and safety ofogegd. In addition, the construction of

platforms is strictly regulated according to a egriof engineering and construction regulations
(SEC, 2006a).

Given their proximity to ports and other navigalaterways, the Clean Air Act, the Clean
Water Act, the Resource Conservation and Recovety aad the Safe Drinking Water Act are
laws that heavily influence construction and operatactivities in the platform fabrication
industry. Fabrication yards and their operatoessaubject to a variety of potential civil penalties
under each of these laws should significant enwremal and/or safety-related incidents occur.
Offshore platforms are primarily regulated by th@@BM. All platforms destined for eventual
location in the OCS must be designed, fabricatestalled, used, inspected, and maintained to
assure their structural integrity for the safe aemdof operations at specific locations.
Applications for platform approval are filed in acdance with Federal Regulations number 30
CFR 250.900 (unless otherwise noted, informatiothis section is from 30 CFR 8250, 2008).

Applications for all new platforms or major modditons must be submitted in triplicate and
contain the following information:

* General platform information including the platforglesignation, lease
number, area name, and block number; Longitudelatitdde coordinates,
Universal Transverse Mercator grid-system coorésat state plane
coordinates in the Lambert or Transverse MercatojeBtion system, and a
plat drawn to a scale of 1 inch = 2,000 feet shgwsarface location of the
platform and distance from the nearest block lines;

* Drawings, plats, front and side elevations of tiéire platform, and plan
views that clearly illustrate essential parts,, irmimber and location of well
slots, design loadings of each deck, water demimimal size and thickness of
all primary load-bearing jacket and deck structure@mbers, and nominal
size, makeup, thickness, and design penetrati@iliog;

» Corrosion protection or durability details whichnstst of the corrosion-
protection method; expected life; and durabilitjtesta for the submerged,
splash, and atmospheric zones;

A summary of environmental data, which has a bgadn the platform's
design, installation, and operation, e.g., wavealhsi and periods, current,
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vertical distribution of wind and gust velocitiegjater depth, storm and
astronomical tide data, marine growth, snow andeiffects, and air and sea
temperatures;

* Foundation information including a geotechnicalastigation report; and,

» Structural information including the design life thie platform and the basis
for such determination.

The platform lessee must evaluate a variety ofrenmental factors in developing an offshore
structure such as waves, wind, currents, tidespéeature, and the potential for marine growth.

In July of 2005, BOEM published a final rule, 70 BR556, titled “Fixed and Floating Platforms
and Structures and Documents Incorporated by Refefein the Federal Register. The rule
expanded BOEM regulations to include coverageasitihg oil and gas production platforms in
regards to the design, construction, and operatfo@CS facilities, as well as a number of
industry-developed standards pertaining to floaptagforms. Prior to this rulemaking, BOEM
regulations did not specifically address theselifeas and permits were approved on a case-by-
case basis. This rule was added to streamlin@éimitting process and enable the BOEM to
more efficiently examine plans and issue permitgliese floating offshore platforms (USEPA,
2005).

The BOEM regulations define the terms and condstionder which structures are reviewed and
also utilize technical input in the verificationogess from independent third-parties through the
use of what is referred to as a “Certified Verifioa Agent” (CVA). These CVAs inspect
platforms during the construction process to enstiv@ new structures meet standard
engineering practices and BOEM guidelines and are soubject to design or construction
deficiencies that could lead to structural failur@he CVAs are also responsible for conducting
a documented hazard analysis of new facilities (RISE2005).

Construction inspections are conducted to verift the platform is consistent with its approved
construction plan. Any unusual or innovative apgiion of materials or construction methods
not included in the originally-approved construntiplan must receive special attention and
review to ensure platform integrity.

In 2006, BOEM proposed to amend some of its regulatunder 30 CFR 250, including various
sections of Subpart A — General, Subpart | — Platfoand Structures, and Subpart J — Pipelines
and Pipelines Rights-of-Way. These amendmentsidied new requirements to lease operators,
lessees, and pipeline right-of-way (ROW) holdersstdomit an annual assessment on the
structural integrity of their OCS platforms eaclayeand to submit an inspection program on an
annual basis. These new requirements are meaeifgaensure that lessees, lease operators, and
pipeline ROW holders are appropriately assessieg (DCS structures to ascertain their fithess
for continued use. This change also allows BOEMétier regulate the safety of oil and gas
infrastructure and to promptly assess hurricanead@gniUSEPA, 2006a).
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2.3. Industry Trends and Outlook
2.3.1. Trends

Platform fabrication is highly dependent upon threictural nature of the oil and gas industry.

When oil prices are high, business is generallydgoovhen oil prices are low, business

opportunities tend to deteriorate and yards havéiversify their operations into other marine-

related activities, or scale back on the scopevefall operations. To shield themselves from the
volatility inherent in the oil and gas industryagbrm fabrication yards along the GOM have
implemented a variety of diversification strategi@$ese diversification strategies, coupled with
the new challenges brought about by the deepwdtand gas E&P, are significantly changing

the industry.

In order to utilize existing equipment and to kebp highly-skilled workforce during periods
with limited to no new orders, many fabrication gawill tend to expand their operations into
areas such as maintenance and renovations ohdnllys, fabrication of barges and other marine
vessels, dry-docking, and survey of equipment. s€h@ojects, although much smaller in scale
and scope than platform fabrication, allow the gaalsurvive economic downturns.

Deepwater activities have also changed the natucertstruction activities at fabrication yards
along the GOM. Since the mid-1990s there has hadncreasing emphasis in the development
of larger, more complicated floating structuresthwiess emphasis being placed on fixed
structures. Fabrication yards are also moving afsam the development of single-purpose
structures (i.e., those focused exclusively onlidgl or production) to platforms that can
accommodate both drilling and production operatidifseese combination platforms (typically
floating structures) are larger and more costlgeithey have to accommodate a broader and
potentially more expensive set of equipment. E&Realbpers are pushing for these types of
combined structures since having a single struchatcan perform two activities is more cost-
effective than utilizing two separate structurest fliocus on one task or another (SEC, 2006a).

New records are being set in terms of depth arel giiplatforms. A new TLP design, dubbed
the “FourStar” is soon to be implemented by SBMaAtia Inc. (Williams et al., 2007). Like
traditional TLPs, the FourStar has four columnsasep a rectangular ring pontoon. The design
diverges from traditional TLPs in the angle ofatdumns. While traditional TLPs have vertical
columns, the four columns of the FourStar are ahdtwvard the center of the platform
(Williams et al., 2007) which adds considerablétity and facilitates structure towing to the
desired installation site. Figure 14 is a pictoiréhis new design, showing both above and below
water structures (Williams et al., 2007).
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Source: Williams et al., 2007.

Figure 14.h& FourStar, showing both above
water and underwater structures.

The Independence HuI§Figure 15), a semisubmersible production fagilisyone of the more
recent offshore structures and is responsible feakking a number of critical installation and
operation records. These include the world's deepéatform (located in 8,000 feet of water);
subsea completion; steel catenary riser (SCR) liasten; and export pipeline. The
Independence Hub is one of the largest, in ternggofraphic area covering 142 blocks or 1,800
sq mi in the GOM. The semisubmersible is anchdned 12-line taut polyester/chain mooring
system connected to 12 suction piles in Mississipanyon block 921 in 8,000 ft of water
(Paganie, 2007a).

While the hub’s hull was fabricated in SingaporéaAtia Offshore of Houston was responsible
for the hull and mooring systems design, constoagtand transportation to the staging site in
Ingleside, Texas (Paganie, 2007c; Tubb, 2005). réte@ Marine Contractors was responsible
for hull and mooring systems transport from theodgr Shipyard and final installation (Tubb,

2005). Alliance Engineering of Houston, Texas,iglesd the topsides and Kiewit Offshore

Services of Ingelside, Texas, fabricated and ilestahe topsides (Kammerzell. 2005). Allseas
USA, also of Houston, Texas, was awarded the pipefistallation contract (Tubb, 2005).

The Independence Hub processes production fromeldsf all of which are developed with
subsea infrastructure and connected to the ceptadessing facility using 1,100 miles of
umbilical and 210 mi of flow lines. Touch-sensgtidata screens installed on the deck and in the
control room of the central processing platform toanthe valves in the subsea infrastructure
(Paganie, 2007a).

° The Independence Hub is the result of six compsan@ming together to facilitate the developmentoiltiple
ultra-deepwater natural gas and condensate disesvierthe Eastern GOM. It is an affiliate of Eptése and the
Atwater Valley Producers Group, which includes Aad, Dominion, Kerr-McGee, Spinnaker and Devonrgpe
(Offshore-Technology.com, 2009a).
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Gas flows from the subsea fields to Independends Which has capacity to process 1 Bcf per
day of gas, 5,000 barrels per day of condensat, 32000 barrels per day of watér. The
product then moves to West Delta Block 68 throud@# Imiles of 24-inch pipe called
Independence Trail. From West Delta Block 68,ghe flows to shore (Paganie, 2007a). It has
been reported that “once the project reaches foltgssing capacity, it will represent 10 percent
of all natural gas production in the Gulf of Mexiand comprise 1.5 percent of overall U.S. gas
supply (Paganie, 2007a).”

Source: Rigzone.com, 2007b.

Figure 15. Independence Hub.

New and increasingly efficient and flexible platfotechnologies are critical in facilitating the
development of deepwater areas. These technolageesot limited to typical civil and marine
architecture developments but can include a hostingbroved systems and software
improvements and innovations. One new developnmeithe move to remote power systems
which allow platforms to be unmanned. MT-Power™hick is supplied by Northern Power
System’s Inc. (Vermont), is a power system architecthat uses a fully-integrated fossil fuel-
based micro turbine in a continuous-run mode agriteary source of power generation. These
power systems are being used by COMMSA (on belidemex) for three platforms in the Gulf
of Mexico (PR Newswire, 2005).

New software products also facilitate accurate safd platform construction such as the product
recently released by the Canadian company StruSsdditions, Inc. called “JACKET Pro.” This
software uses 3D technology to design, construad, fabricate offshore structures such as
jackets and barges (World Oil, 2007). Another piids called Online Monitoring (OLM),
which was developed by Furgo (the Netherlands)e@ lxost-effective method to monitor the

1% |ndependence Hub began flow of natural gas in 2097 at an initial flow rate of 72 MMcf per dayBy
December 2007, the final production well was cotet@nd the flow rate averaged 891 MMcf per dayREE
2008a).
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safety of many of the geometries of jacket striegur The software detects member severance
quickly and accurately in addition to giving guidanon the location of the problem (Offshore-
Technology.com, 2007b).

The platform fabrication industry faces considegaldompetition both domestically and
internationally. Most facilities along the GOM @ithemselves competing with yards located in
places as far away as South Korea, Italy, and abweuntries in the North Sea. Many are
seeking assistance from state and local governmesrder to make facility improvements that
will enhance their regional competitiveness. Fwmtance, Gulf Island Fabrication, Inc, located
in Houma, Louisiana, announced in the fall of 2@0&t it would be receiving $2.3 million in
state assistance to aide in its $29.3 million esmanplans that include the development of a
new operating division dedicated to building bargesl other marine vessels on the Houma
Navigational Channel in Terrebonne Parish. Accggdio press releases, this expansion
promises to bring 200 new jobs to Houma within tfext two years as well as securing a
commitment for Gulf Island to keep its headquariensouisiana (Perilloux, 2008).

Deepwater development, in addition to global cortipet creates another set of challenges for
the GOM fabrication industry given the greater tecal sophistication and increased project
complexity of the deepwater structures. Deepwaitsivities impact the regional platform
fabrication industry in two important ways. Firfdrger, more sophisticated and more costly
projects may bring some degree of industry conabbd. For instance, in 2006 Gulf Island
Fabrication acquired the facilities, machinery, aodipment of Gulf Marine Fabricators in San
Patricio County, Texas (SEC, 2006a). Gulf Islamtbrication stated that the acquisition would
enable the company to perform dockside integratimrease rolled goods capabilities, afford 45
feet of water depth access, and provide the alitgonstruct 1,300 foot conventional jackets
and tendons for floating production platforms. Hag@s most importantly, the acquisition of Gulf
Marine enables Gulf Island to fabricate and asserabblcomponents of deepwater construction
projects, which it was previously limited from dgify the physical constraints of its Houma
yards. In addition, the acquisition would give fGldland greater lifting capacity dockside
(4,000 tons) which makes available an additionabitgoool (SEC, 2006a).

Second, companies may find themselves operatinglaser integration, through alliances,
special project relationships, and joint ventur@déih its acquisition of Gulf Marine, Gulf Island
and Technip-Coflexip USA Holdings, Inc., (which wése former indirect parent of Gulf
Marine) entered into a cooperation agreement tokwogether on “mutually agreed upon
engineer, procure, and construct (EPC) projectsemgineer, procure, install, and commission
(EPIC) projects requiring fabrication work in thaulGCoast region.” Under this agreement,
Gulf Island has the right of first refusal on trabfication work in connection with certain bids
that Technip may submit.

Shipbuilders and platform fabricators have alsoaexied operations into supply and support
activities, not only for the oil and gas industbyt for other industries as well. A number of
general attributes associated with these facilibese led to their successful diversification.
These characteristics include general large gebgrapeas for work and storage, varied sources
of unskilled and skilled labor (i.e., electricianspefitters, welders), and access to supporting
infrastructure (i.e., roads, waterways, ports, camications). The shipbuilders and platform
fabricators are now conducting activities like digeking, inspections, maintenance, and surveys
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of stacked rigs and equipment. Another area ofaijmm includes work on production systems.
While this is relatively low-dollar-per-task work, is more stable than traditional fabrication
work and can help keep important yards economicgélgle during downturns.

2.3.2. Hurricane Impacts

The platform fabrication industry felt two genegdfects from the 2005 tropical season. One
impact was the increased repair and restoratiok Wt occurred in the aftermath of Hurricanes
Katrina and Rita. It is estimated that 3,050 af (BOM’s 4,000 platforms (or 76 percent of
platforms) were in the direct path of either Huarne Katrina or Hurricane Rita. Hurricane
Katrina destroyed 46 platforms and damaged 20 sthéurricane Rita destroyed 69 platforms
and damaged 32 others (USDOI, MMS, 2006a). In @mpn, in 2004 Hurricane Ivan, a
Category 4 storm, destroyed seven platforms andadath24 others. Table 3 and Table 4 are a
highlight of rig damage from Hurricanes Katrina dita (Rach, 2006).

Table 3

GOM Rig Damage, Hurricane Katrina

GULF OF MEXICO RIG DAMAGE, HURRICANE KATRINA

Major damage, total loss
- Diamond Offshore Drilling Inc.'s Ocean Warwicck up, drifted 66 miles northeast from Main |
Block 299; beached on Dauphin Island,
- ENSCO 29, platform rig, severely damaged, fusiagus unclee
- H&P 201, platform rig, on Mars TLP in Mississippanyon Block 807, smash
- Hercules 25, jack up, derrick broke, crushed agearters
- Nabors Offshore Corp.'s Super Sundowner XI| fptat rig, platform collapsed, rig lo
- Pride 210, platform rig in West Delta Block 73ashdamage, may be scrapj
- Rowan New Orleans, jack up, presumed capsizéthin Pass Block 18

Damaged
- Diamond's Ocean Quest, semisubmersible, minoage
- Diamond's Ocean Voyager, semisubmersible, dritedles north from MS Canyon Block 7
- ENSCO 7500, semisub, tow line parted while urides;, listing
- GSF Arctic I, semisub, drifted, grounded near thaf Mississippi Rive
- GSF Celtic Sea, semisub, listi
- GSF Development Driller I, semisub, found listslgghtly, with water damage to thruster con
- GSF Development Diriller I, semisub, anchor dae:
- Nabors' Dolphin 110, jack up, broken windows, avatamagt
- Noble Jim Thompson, semisub, drifted 17 miles NidtEEh MS Canyon Block 935; mooring line dame
- Transocean Inc.'s Deepwater Nautilus, mooredsémdrifted 80 miles; damage to mooring sy:
and thrusters, lost about 3,200 ft of marinerrésel part of subsesa well control sys

Source: Rach, 2006.
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Table 4

GOM Rig Damage, Hurricane Rita

GULF OF MEXICO RIG DAMAGE, HURRICANE RITA

Major damage; total loss

- GSF Adriatic VII, jack up, drifted 80 miles froEugene Island Block 338; ran aground off LA.

- GSF High Island Ill, jack up, ran aground off lisiana.

- Noble Joe Alford, submersible, drift@&dmiles from Vermillion Blcok 52; support membéesiow the
hull are bent or broken.

- Noble Max Smith, semisubmersible, drifted 123awjlhole in starboard outboard column and decks
damaged; sustained heaviest damage among Nobte's

- Rowan-Fort Worth, jack up, drifted from South Madsland Block 146; found beached in W. Cameron

- Rowan-Halifax, jack up, drifted from East CameRiock 346; found beached.

- Rowan Louisiana, jack up, hull detached in VeimnilBlock 338; ran aground near Cameron, LA

- Rowan-Odessa, jack up on Ship Shoal Block 258simg.

Damaged

- Diamond Offshore Drilling Inc.'s Ocean Saratoggmnisubmersible, drifted 100 miles NW, ran
aground in Vermilion Block 111.

- Diamond's Ocean Star, semisubmersible, driftéirhiles northwest, ran aground in Eugene Island.

- ENSCO 68, jack up, drill floor shifted.

- ENSCO 69, jack up, drilling skid shifted.

- ENSCO 90, jack up, listing in South Marsh Blo@01

- ESV 7500, semisubmersible, moorings broke.

- Hercules 21, jack up, listing in Main Pass Bl@dk

- Nabors Offshore Corp.'s Dolphin 111, jack up,iBalass, windows blown out, water damage to
control systems and quarters.

- Nabors's Pool 54, jack up, mast blown over.

- Nabors's Rig 300, deep drilling barge, submeregest of Cameron, LA; electric and pump systems
damaged

- Noble Lorris Bouzigard, semisubmersible, brokeonrgg lines, drifted.

- Rowan-Louisiana, jack up, legs severed, groumazat Cameron, La.

- Transocean Marianas, moored semisub, groundgldaifow water at Eugene Island Block 133;
damage to mooring system, thrusters, and boé#;column partially flooded.

Source: Rach, 2006

The second impact of the 2005 tropical season aslitect wind and water damage, as well as
the significant business interruptions, imposednufiee fabrication facilities and yards by the
storms. Gulf Island Fabricators, for instance orégd that its Houma facilities were shut down
for a total of approximately 3 weeks (SEC, 20059a)orker displacement, and ultimately worker
availability, was another significant challenge foany of the fabrication yards along the GOM.
The general economic trend of a lack of skilledolaips in the region was exacerbated by
Hurricane Katrina as many local employees wereefbfitom their homes, many of which were
significantly, if not permanently damaged. At leame company (Gulf Island Fabrication)
estimated that close to 100 employees were “lasthade unavailable for fabrication yard repair
activities due to either the personal losses op@my (i.e., homes) or through competition with
FEMA contractors that were paying higher wages tbaal companies (SEC, 2005a).
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Many navigation canals, which are significant te ghlatform fabrication industry, required

substantial maintenance after the 2005 hurricarte®. example, Hurricane Rita caused major
silting problems in the Houma Navigation Canalulesg in restrictions on vessel size. The
U.S. Army Corps of Engineers had to use emergenngifg to dredge the canal back to its
design depth (SEC, 2006a).

Rebuilding and repair activities were subjecteddoy high commodity and component costs in
the aftermath of the 2005 storms. During thisquef{2005-2008), global commodity prices were
at record levels given increased worldwide demaantiqularly in developing countries such as
China and India. Steel prices in the U.S. incréaabout 50 percent during this period.
Similarly, concrete in the U.S. increased 20 petce@ritical components and equipment from
wallboard to copper were seeing record increa3ég hurricanes placed great cost pressure on
restoration activities given the high demand inaftermath of the 2005 hurricanes. Gulf Island,
for instance, noted that capital and resource<ideto the rebuilding of New Orleans created
scarcity in both products and labor (Gulf Islandbii@ation, 2006).

Many fabricators found that the 2005 hurricanes ldidwave lasting implications for the way in
which they constructed new platforms and the simgcof existing platforms and other oil and
gas vessels such as barges and jackups. Fordaestaereasing design deck elevation is one
area being considered by industry as a means afroirenting, or at least minimizing, potential
future hurricane damage. According to Frank PysPaesident of Energo Engineering Inc.
located in Houston, Texas, 60 percent of the 128fgins destroyed in Hurricanes Rita and
Katrina had waves on the deck. The 2004 and 20@%ichnes prompted the American
Petroleum Institute (API) to revise their recommeshgractices in regards to expected wind and
wave data during hurricanes in the Gulf. Theiruoents included a number of recommended
changes in the construction and operation of bobbil® offshore drilling units and fixed and
floating production platforms (Fletcher, 2007).

One interesting innovation arising from the 20Qfpical activity was the development of a new
type of “hurricane resistant” vessel, called a &8dé Services Platform” (SSP) vessel designed
to withstand extreme conditions. OPE, Inc., headgued in Houston, designed this vessel to
have various uses, including as an FPSO or eanlguation platform. The SSP, which became
operational in 2007, rides waves vertically witbvelacceleration in order to maintain a high

degree of stability in extreme environmental candg. The patented spherical hull

differentiates this vessel from others. It is therical design with a round platform shape “that
presents a constant ‘face’ to winds and seas fiyrdaection (Maksoud, 2007).”

2.3.3. Outlook

The offshore drilling industry has come a long veayce it installed the first subsea wellhead in
1961. The oil and gas industry is expected toe@mse its annual capital spending to more than
$275 billion by 2011 from $219 billion in 2006. &lGOM is one of three regions, including the
North Sea and the South China Sea, that togethemctatmore than half these capital
expenditures (Fletcher, 2007). The GOM continuesepresent an expanding frontier with
growth opportunities, especially deepwater. Fstance, the following deepwater achievements
were made in just 2006 alone, and highlight thatfes nature of the GOM:
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* Chevron Corp set a drilling depth record for th& UGulf at 34,189 feet.

* Oil and gas operators announced 12 deepwater disesvin 2006, with the
deepest being in 7,600 ft of water.

* More than half of the active oil and gas leasethan Gulf are in more than
1,000 feet of water, which are classified as de¢pwéy the BOEM.
(Fletcher, 2007).

The continued business opportunities in the deeppw@&OM strongly motivate platform
fabricator decisions. Gulf Island, for instancetetbin their 2006 SEC Form 10-K that one
reason they acquired Gulf Marine was to utilizeyigsds for deeper water construction (SEC,
2006a). Technip also cited growth in deeper offstitelds as a reason for focusing on specific
regions of development (SEC, 2006c).

The challenges faced by the platform fabricatiotdustry are similar to those being faced by
other sectors supporting offshore activities. €heill be continued pressures arising from new
and expanded environmental regulations, new engimgeand economic challenges created by
deploying new technologies, continued infrastruetaost pressures, and a shortage of skilled
labor created in large part by the considerableadgaphic changes impacting all energy sectors
across the country (Keppel FELS, 2006). Accordm@obuglas-Westwood analysts, experienced
personnel and assets will command mounting premiowes the next five years (Fletcher,
2007).

2.4. Chapter Resources

Atlantic Communication’s Gulf Coast Oil Directory

Includes a wide range of data from company namdresd, web and email addresses to contact
names with titles, direct phone numbers, and ewrddiresses all organized alphabetically by
industry categories. Also included is “Company Detenformation such as company size,
revenue, areas operated in last 12 months, opesadiashore or offshore, and stock information
for publicly traded companies.

http://www.oilonline.com/Directory/DirectoriesDatafes.aspx

Rigzone.com
Hundreds of photos of rigs can be found at Rigazmm. Rigzone.com also has rig utilization
reports, and day rate reports. The site also gesvihe following Rig Reports:

» Offshore Rig Fleet by Manager: Provides a listiighe active rig managers
in the world with overall utilization statisticsifeach manager’s rig fleet and
links to view rig details and photos for each maarayrigs.

» Offshore Rig Fleet by Region: Presents a listhef ¢ffshore drilling areas of
the world with the utilization statistics for eaotgion and links to view rig
details and photos of the rigs in each area.
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» Offshore Rig Fleet by Rig Type: Presents a listifighe offshore rig types
tracked by Rigzone with the worldwide utilizatiotatsstics for each rig type
and links to view rig details and photos for ab tigs of each type.

» Offshore Rig Fleet by Operator: Provides a listoighe active operators in
the world with the number of rigs each operatorentty has under contract
and links to view rig details and photos for eapkrator’s rigs.

http://rigzone.com/data/

U.S. Securities and Exchange Commission

Quarterly and annual reports of operations for jglibltraded companies are filed with the
Securities and Exchange Commission.
http://www.sec.gov/edgar/searchedgar/companysddanch.
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3. SHIPYARDS / SHIPBUILDING

3.1. Description of Industry and Services Provided

The shipbuilding and repair industry can be usedaageneral term defining the sector
responsible for building ships, barges and othegelaessels, whether self-propelled or towed by
other craft. These marine vessels are perhapsmib& important means of transporting
equipment and personnel from onshore bases and pmwroffshore drilling and production
structures. However, facilities dedicated to carding and repairing these various types of
marine vessels are not limited to the oil and gastry. Orders for marine vessels and ship
repairs come from a wide range of industries tlaat include: commercial shipping companies;
passenger and cruise companies; ferry companigschemical companies; commercial fishing
companies; and towing and tugboat companies.

One of the largest customers of the shipbuilding @pair industry is the federal government.
There is a wide range of naval and marine crafizatl by the federal government which can
range from large military-related construction .(i.aircraft carriers, guided missile cruisers,
destroyers, frigates, etc.) to small experimentaitaised for ocean and marine life observation.
Most shipbuilding yards along the GOM have a hedivppt principle, interest in serving the
federal government market: oil- and gas-relateskels, while a very important target market
segment, are of secondary interest. The princfpderal government agencies placing
shipbuilding and repair orders include the Navah Sgstems Command, the Military Sealift
Command, the Army Corps of Engineers, the U.S. C@asrd, the National Oceanic and
Atmospheric Administration, the National Sciencaif@ation, and the Maritime Administration
(USEPA, 1997).

The development of the U.S. shipbuilding industgsvprimarily driven by military needs in the
beginning of the century. In 1932, there wasditthipbuilding in the U.S. outside of naval
military construction. In the early 1930s there &enly nine commercial shipyards with about
19,000 employees, eight of which were on the EastsC In comparison, there were eight navy
yards employing 25,000 dedicated to the developneénnilitary craft (GlobalSecurity.org,
2008a).

Through the Merchant Marine Act of 1936, Congressated the U.S. Maritime Commission
(currently known as the Maritime Administration)lhe Maritime Commission facilitated an
expanded ship construction program in the late 428@ significantly increased its efforts as the
U.S. moved close to engagement in the Second W@dd By the end of the war, the federal
government owned and operated nine different shilsyand operated, controlled, or contracted
with approximately 132 privately-owned shipyardsaléalSecurity.org, 2008a).

The end of WWII, and its corresponding decreas¢han demand for naval craft to support
military operations around the world, raised a namdf policy concerns regarding the continued
economic viability of private shipyards. This eoaric concern was coupled with the national
security interests of maintaining a diverse sestadtegically-located shipyards with the advent
of the Cold War. As a result, the federal governtrieegan a process immediately after WWII
of redirecting its construction and maintenancévdigs away from government-owned facilities

and toward private yards. By 1961, over 60 peroénotal funding for naval construction was
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directed toward private yards. The Navy's own gawiere designated for maintenance and
repair (GlobalSecurity.org, 2008a).

Since the 1960s the shipbuilding industry has segmficant change with small and mid-sized

shipyards continuing to build a variety of vesdelsuse on inland and coastal waterways, as
well as for foreign markets. The large increaseffashore E&P activity has also helped expand
the markets that these shipbuilding yards can sefliee primary vessels these shipbuilding

yards provide to the oil and gas industry are knawrioffshore service vessels” (OSVs). These
vessels transport a wide range of personnel angprgat ranging from pipes to wrenches to

computers, fuel, and drinking water (OMSA, 2008).

3.2. Industry Characteristics
3.2.1. Typical Facilities

Shipyards are often categorized into a few basbdisisions characterizing either the type of
operation (shipbuilding or ship repairing), the @ypf ship (commercial or military), or the
shipbuilding or repairing capacity of the vessenly constructed or repaired (first-tier or
second-tier).  Ships themselves are often cladsifiy their basic dimensions, weight
(displacement), load-carrying capacity (deadweight) their intended service. Shipbuilding
activities in the U.S., and particularly along tB®M, can vary considerably depending upon the
primary markets these shipyards serve (i.e., cormalear military) (USEPA, 1997).

Commercial Ships

Commercial ships can be subdivided into a numbeclagses based on their intended use
including: dry cargo ships; tankers; bulk carrigpsissenger ships; fishing vessels; industrial
vessels; and others. Dry cargo ships include boedk container, and roll-on/roll-off types.

Unlike the military market, the commercial ship k®ts face intense international competition.
Developing cost-competitive commercial ships haggaificant impact on the manner in which
commercial ships are built and repaired. This cetitipn has also had a negative impact on the
number of shipyards constructing commercial shace 1981, U.S. shipyards have received
less than one percent of all commercial orderdai@e ocean going vessels in the world, and no
commercial orders for large ocean going cruisessiUSEPA, 1997).

Military Ships

Military ship orders have been the mainstay of ittdustry for many years. The military ship
market differs from the commercial market since driven in large part by military budgets and
government appropriations supporting marine craftetbopment. The military ship market can
be divided into combatant ships and ships thabadered by the government, but are built and
maintained to commercial rather than military semd. Combatant ships are primarily ordered
by the U.S. Navy and include surface combatantsmswines, aircraft carriers, and auxiliaries.
Government-owned noncombatant ships are mainlyhagied by the Maritime Administration’s
National Defense Reserve Fleet and the Navy’'s dilitSealift Command. Other government
agencies that purchase non-combatant ships areAmtmy Corps of Engineers (USACE),
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National Oceanic and Atmospheric Administration @®X), and the National Science
Foundation (NSF). These non-combatant ships aftelade cargo ships, transport ships, roll
on/roll off ships, crane ships, tankers, patropshand ice breakers (USEPA, 1997).

U.S. shipyards are classified by the Maritime Adstmation (MARAD) by the size of the
establishment. MARAD has two major categories, tingt being the major U.S. private
shipbuilders and the second the small and mediaedshipyards.

A major shipbuilding and repair facility is defineddy MARAD and the Department of
Transportation irReport on Survey of U.S. Shipbuilding and RepadcilFi@s, 2006 as one that
is open and has the capability to construct, drikd@mnd/or topside repair vessels with a
minimum length overall of 122 meters, provided twater depth in the channel to the facility is
at least 3.7 meters. Facilities are further cfeessias follows (USDOT, MARAD, 2006a):

* Active Shipbuilding Yards:are defined as those privately-owned U.S.
shipyards/facilities, that are open, with at leasé building position capable
of accommodating a vessel 122 meters (400 fedgngth and over, and are
currently engaged in the construction of naval skEpd/or major oceangoing
merchant vessels 122 meters (400 feet) in lenglhozar.

* Other Shipyards with Build Positions:are defined as privately-owned
shipyards/facilities that are open, with at leasé duild position capable of
accommodating a vessel 122 meters in length and aevel that have not
constructed a naval ship or major oceangoing metohessel in the past two
years.

* Repair Yards with Drydock Facilitiesare defined as those facilities having at
least one drydocking facility that can accommodatesels 122 meters in
length and over. These facilities may also be lol@paf constructing a vessel
less than 122 meters in length overall.

* Topside Repair Facilitiesare defined as those shipyards that have sufficient
berth/pier space, including dolphin piers, to acowdate a naval ship or
major oceangoing merchant vessel of 122 meterenigth or over. These
facilities may also have drydocks and/or constarctacilities.

The second classification, small and medium-sizigysinds, construct and repair smaller vessels
(under 122 meters) that can include, but are natdd to: military and non-military patrol boats;
fire and rescue vessels; casino boats; water taxgsand towboats; offshore crew and supply
boats; ferries, fishing boats; and shallow draftgea. A number of second-tier shipyards are
also able to make topside repairs to ships overmi@@rs in length. These facilities are further
categorized as follows (USDOT, MARAD, 2003):

* Boatbuilding and Repair Companiesprivately-owned shipyards capable of

building and/or repairing commercial and militargsgels less than 122
meters (400 feet) in length.
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* Vessel Repair Companiestacilities that only provide repair services, eithe
repair with drydocking or topside repair, to vesdeks than 122 meters (400
feet). These companies must have their own watdrfacilities.

» Fabricators/Manufacturers of Maritime Vesselscompanies that build small
commercial crafts less than 76 meters (250 feet).

In 2006, there were 23 active shipbuilding yardd ather shipyards with building positions
(USDOT, MARAD, 2006a). These yards accounted fooud 68 percent of the total U.S.
shipbuilding and repair industry’s total workforc&here were approximately 78 total private
shipyards, 28 of which were in the Gulf Coast ragemploying 19,000 production workers. As
shown in Figure 16, the largest number of productiorkers are employed by some of the
smallest types of shipyards (USDOT, MARAD, 2006a).

Source:USDOT, MARAD, 2006a.
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Figure 16. Number of production workers by shipyard type.

Like platform fabrication, almost all shipyard fhtoeés do not have the capability to construct or
repair vessels under cover, most of the shipbul@nd repair work is done outdoors and near
some major body of water such as a river or deaprudl.

For the most part, shipyards are designed to fatliflow of materials and assemblies. Like
platform fabrication yards, growth and expansiorthe facility is piecemeal and depending on
technology and the availability of land and watentrproperty, no typical shipyard exists. Most
facilities however, do include the following physicharacteristics:
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e dry-docks;
* shipbuilding positions;
» piers and berthing positions;

» workshops for electrical, pipe cutting and machiniassembly, paint and
sanding operations;

» areas for carpenter, sheet metal and constructork; w
» steel storage;

* warehouses;

» service/fueling stations; and

« Offices.

According to the2002 Census of Manufacturers data, there were 642 shipbuilding and repairing
yards under NAICS Code 336611 (Shipbuilding and akém)* Like many construction
oriented sectors, shipbuilding yards are very laibtensive, with 2002 payroll totaling $3.6
billion for a workforce of 87,000 employees, andueaof shipments totaling $12.8 billion. The
average salary for these employees is $36,800ueMa| shipments per employee is often used as
a measure of labor intensity where smaller numineean greater labor intensity and larger
number mean less labor intensity. The shipbuilding repair industry has a value of shipments
per employee of $147,000; half the level of steahuofacturing ($286,000 per employee) and
only about five percent of the petroleum refinimglustry ($3 million per employee). It is the
relatively few (but large) shipyards, however, tlaatount for the majority of the industry’s
employment and sales (USDOC, Census, 2002a).

Offshore Supply Vessds

OSVs are those boats that work solely to provideises to the offshore oil and gas industry.
OSVs primarily serve exploratory and developmedtdling rigs and production facilities, and
support offshore and subsea maintenance activiBesides transporting deck cargo, OSVs also
transport liquid mud, potable and drilling wateresel fuel, dry bulk cement, and personnel
between shore bases and offshore rigs and fasi(H&C, 2006d).

There are six primary types of OSVs that includegst marine platform supply vessels (PSV);
anchor handling, towing and supply vessels (AHTSni-supply vessels (MSV); fast support
vessels (FSV); and liftboats. A seventh categblgating, Production, Storage and Offloading
(FPSO) vessels, has just been conceptually apprfovee in the GOM by the Bureau of Ocean
Energy Management (BOEM) office in late 2006 (Pletson Economist, 2007).

1 NAICS 336611 (Ship Building and Repairing) is defil as the industry of establishments primarilyagegl in
operating a shipyard. Shipyards are fixed fac#itieith drydocks and fabrication equipment capalblbwlding a
ship, defined as watercraft typically suitable wtended for other than personal or recreational usetivities of
shipyards include the construction of ships, thepair, conversion and alteration, the productibprefabricated
ship and barge sections, and specialized sensaeh,as ship scaling.
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Each category of OSV has specific uses and is dedignd constructed for that type of activity.
Design, length, horsepower and cargo capabilitiessame of the means by which these OSVs
are differentiated. For example, PSVs are invoivegroviding offshore drilling and production
facilities with various supplies including equipmepipes, lubricants, chemicals and drilling
mud. They can also perform fire fighting as waelladl recovery operations in case of an oil spill
at an offshore platform. AHTS vessels include higipecialized vessels that are a combined
supply and anchor-handling ship. Anchor-handlingans that the vessel moves anchors and
tows drilling vessels and other similar vesself@lSecurity.org, 2008b).

The main trade association for the OSV industryhis Offshore Marine Service Association
(OMSA), representing more than 250 member compamekiding about 100 firms that own
and operate marine service vessels. The OMSA epbdt there are some 1,200 OSVs
operating in the GOM (OMSA, 2008). Not all of the200 vessels are in operation since many
of the older boats are taken out of commission amd-stacked.” Most of the cold-stacked
vessels may never function again and are beinguweddor either salvage or used for spare
parts. OMSA estimates that of the total vesselhenGOM, only about 200 to 350 (16 to 29
percent) are in active operation. Other industiyrees, however, estimate the U.S.-flagged
OSV fleet at 335 vessels (SEC, 2006d).

3.2.2. Geographic Distribution

Table 5 provides the geographic distribution of shebuilding industry by major coastal area.
Over one-third (28 facilities) of the major shiploling yards are located on the GOM, with most
of these being topside repair yards. Another tirettis found on the East Coast with 26
facilities, and the West Coast has 14 (again, mdstlrepair).

Table 5

Number of Shipyards by Type and Region

Other Shipyards

Active with Build  Repair with Topside

Shipbuilders  Positions Drydocking Repair

East Coast 4 1 11 10
Gulf Coast 4 7 5 12
West Coast 1 1 6 6
Great Lakes 0 5 0 2
Non-Continuous 0 0 3 0
Total 9 14 25 30

Source: USDOT, MARAD, 2006a.

While the Gulf Coast shipbuilding region covers aaea between south Texas and the tip of
Florida, most shipbuilding facilities are concetgdhin a 200-mile area between New Orleans
and Mobile. This 200-mile region has four of treion’s nine active major yards (Mississippi
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Gulf Coast Alliance for Economic Development, 2Q0These companies actually benefit from
such close proximity, known as “clusters,” in ortieloptimize construction and repair synergies.

Atlantic Communication’2006 Gulf Coast Oil Directoryncludes the shipbuilding and repair
industry in its “Ship, Boat & Offshore Rig Buildérsection. According to the directory, most of
the 87 companies listed have locations in Louisimé Texas, with the remainder being evenly
distributed between Mississippi, Alabama, and E@i{Atlantic Communications, 2006).

3.2.3. Typical Firms

There are currently nine active major shipyardhenU.S. The six largest companies have been
dubbed the “Big Six,” accounting for two-thirds tife industry’s revenues (Mississippi Gulf
Coast Alliance for Economic Development, 2007).

The American Shipbuilding Association (ASA) is tlpgofessional trade organizatioior
companies capable of constructing “mega-vessel€xoess of 400 ft in length and weight in
excess of 20,000 DWT. The ASA represents the dessgand producers of the safest and most
technologically-advanced ships in the world, aslaglemploying 90 percent of all the workers
involved in ship construction. Two of the six mesnd of the ASA have a presence along the
GOM (ASA, 2008). Both Avondale Shipyard of New €ahs, LA and Ingalls of Pascagoula,
MS have enormous capabilities and expertise indésgn, construction, and repair of marine
vessels. Their highly-developed level of expertisgkes both ideal contractors for the nation’s
defense efforts. Therefore, most of the work tret been accomplished in these two yards has
been for the U.S. Military. The following are Wrdescriptions of some of the major shipyards
along the GOM:

Bollinger Shipyards

Started in 1946, Bollinger specializes in the rgpaonversion, and construction of a wide
variety of small to medium-sized offshore and idamssels (Figure 17). It primarily serves the
energy, commercial, and government marine marketgyahe GOM (Bollinger Shipyards, Inc.,
2008).

Bollinger currently operates 13 shipyards locatetughout South Louisiana and Texas with
direct access to the central GOM. Bollinger opeyat wide variety of dry-docks and service
facilities ranging in capacity from 100 tons to @X) tons, for both shallow and deepwater
vessels and rigs (Bollinger Shipyards, Inc., 2008).

Bollinger offers a wide range of standard vessaigies and has the capability of developing
new designs and/or existing design modification nteet specific customer requirements.
Bollinger’s design classifications include patroaft, OSVs, liftboats, barges, specialties cratft,
and tugs (Bollinger Shipyards, Inc., 2008).
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Figure 17. Bollinger’'s Algiers shipyard ilNew Orleans, Louisiana.

Harrison Brothers Dry Dock & Repair Yard, Inc.

Harrison Brothers, which has been in operatiorofar 100 years, is a well-established shipyard
along the GOM engaged in the repair of tugboatsgdsa supply boats, small ships, and other
commercial vessels. Their facilities are locateiobile, Alabama, with full service operations
expanding over two yards and two drydocks. Theyddcks can handle vessels between 700
tons and 2,000 tons. Harrison markets its worlda@gperience as a main advantage since the
majority of its workforce has been with them foreo\l0 years (Harrison Brothers Dry Dock and
Repair Yard, Inc., 2007).

Edison Chouest Offshore

Louisiana Edison Chouest Offshore (ECO) was foundet®60 and has doubled in size since
1993. Design and construction capabilities haveleneCO prominent in the offshore boat
service industry. Chouest’s business model diffeosn most of its competitors because it
designs, builds, owns, and operates each of itsel@s These vessels, in turn, are leased and not
sold to clients. Today, ECO has under charterléngest number of privately-owned and
operated special-purpose vessels to the U.S. Govsln  ECO also owns and operates the
largest independently-owned fleet of seismic arsgaech vessels in the world, a growing fleet
of new generation offshore deepwater service vesaald a variety of high-tech, high-capacity
offshore vessels that range from 87 feet to 320ifelength (ECO, 2007a).

North American Shipbuilding (NAS) is another sigegint shipyard along the GOM that

specializes in a variety of offshore vessels. Thenpany was founded in 1974 and is located in
Larose, Louisiana. NAS is wholly owned by ECO aedigns and constructs vessels exclusively
for ECO and its affiliated companies. NAS has tooiny ground-breaking ships including the

first U.S. Antarctic icebreaking research vesds, largest and most powerful anchor handling
vessel in the U.S. fleet, the first dynamically ifosed vessel in the U.S. fleet, the world's first
floating production system installation vessel, #mel largest water throw capacity vessel in the
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U.S. fleet. It has a formal welding training pragr and on the job apprenticeship training for all
other trades (ECO, 2007b).

North American Fabricators (NAF), located in Hounhauisiana, is another ECO affiliate.
Since its founding in 1996, NAF has developed mtstate-of-the-art, world-class shipbuilding
facility. NAF’s 500 shipyard workers build modetmghly specialized offshore supply vessels
from lengths of 190 feet and larger. NAF's firstidered vessel was the “C-Commander,” the
largest OSV in the U.S. fleet at that time (19%&)240 ft. long and 56 ft. wide. NAF's new
construction projects will be designed to work ieedwater production and global research
expeditions (ECO, 2007c).

Northrop Grumman Corporation

Northrop Grumman Corporation has two shipbuildiagtsrs: Northrop Grumman Ship Systems
(NGSS) and Newport News. NGSS is headquartere®ascagoula, Mississippi, and has
primary operations in New Orleans, Louisiana (foflgn&vondale Shipyards), and shipyards in
Pascagoula and Gulfport, Mississippi (formerly ligyeShipyards) and Tallulah, Louisiana.
Newport News is located in Newport News, Virginidn January 2008, Northrop Grumman
Corp. announced the merger of these two entitimsamew entity named “Northrop Grumman
Shipbuilding.” New headquarters for the mergedasadas yet to be determined. Both sectors
are involved in commercial, as well as naval s&wiThe Daily Advertiser, 2008).

NGSS is a large company that can provide full dijete services for major surface vessels
including design, engineering, and constructionG3$ employs over 18,000 professionals
(NGSS, 2008). In 2000, NGSS acquired Litton Indast including their two shipyards,
Avondale (Louisiana) and Ingalls (Mississippi).

Avondale's main shipyard is located on the Misp@EsRiver twelve miles upriver from the Port
of New Orleans and has been in continuous operatioce 1938. Avondale is Louisiana's
largest manufacturing employer with more than 6,e@@ployees. The facility includes two
separate construction areas, a fully-equipped macshop, semi-automated pipe shop, electrical
shop, and sheet-metal shop. Avondale is the pconé&actor for the Navy/Marine Corps Team's
SAN ANTONIO (LPD17) Class of amphibious assauljpshi The company is currently building
three double-hull oil tankers (the first to be bunl the U.S.), for ARCO Marine. These giant
ships are designed to be the world's most enviroteitlg safe crude oil and product tankers
(NGSS, 2008).

In 1982, Avondale began the use of modular constru¢echniques for ship construction. This
modular technology was acquired from a leading dega shipbuilder and has been mastered by
Avondale's work force. Modular construction cotssisf constructing 150 to 200 separate units
(or modules) and completely outfitting them witlpgj ventilation systems, etc. The modules are
then joined just prior to launching (NGSS, 2008).

NGSS Ingalls Operations is headquartered in Pastagdississippi, and has been in
continuous operation since 1938. Like Avondald.auisiana, Ingalls is Mississippi’s largest
private employer, with over 10,000 employees andns of the nation's leading full service
systems companies for the design, engineering,twmi®n, and life cycle support of major
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surface ships for the U.S. Navy, U.S. Coast Guadiaternational navies, and for commercial
vessels of all types. NGSS Ingalls holds contracts far-ranging modernization of the United
States Coast Guard's deepwater assets, in a jemture with Lockheed Martin known as
Integrated Coast Guard Systems (ICGS) (NGSS, 2008).

Newport News is the nation’s sole designer, builded re-fueler of nuclear-powered aircraft
carriers. Their facilities are located on more tf#0 acres and they are Virginia’'s largest
industrial employer with more than 21,000 personmé&any of their workers are third and fourth
generation shipbuilders (Northrop Grumman CorpQ80 At the current time, this facility is
primarily dedicated to the construction of militamaft, and does not construct any types of craft
or structures for offshore oil and gas activities.

Bender Shipbuilding and Repair

Bender has been in business for about 80 yearssdodated on the Mobile River in Mobile,
Alabama, covering over a mile long stretch of lamdl employing about 850 personnel, as of
mid-2006 (USDOT, MARAD, 2006a). Bender's facilgidboast 7,000 feet of deep water
frontage and dry docks with lifting capabilitiesmmbre than 24,000 tons. Bender’s around-the-
clock workforce has built over 800 vessels of mdifferent types, including OSV, tug boats,
factory trawlers, etc. (USDOT, MARAD, 2006a).

Bender has been modernizing their facilities inghst few years in order to meet the challenges
of global competition. This modernization effontiudes the development of a state-of-the-art
steel processing facility, and enhanced main assemsited and crane capabilities. The

production processes are managed and controllédcatitemporary software tools that control a

fully integrated fiber and wireless communicaticared data network that runs throughout the
yard (USDOT, MARAD, 2006a).

In recent years, Bender's customers have included foreign-flagged commercial ship
operators, as well as the Maritime Administratidnmny Corps of Engineers, U.S. Navy, and the
Military Sealift Command. Many of these contraatsre for repair and conversion rather than
for new ship construction.

3.2.4. Regulatior®

The shipbuilding and repair industry faces two gigant sets of regulations. Environmental
regulations have important industry impacts sinaestmshipbuilding and repair takes place
outdoors, over, in and around water. Shipbuildagivities can expose marine waters to
potential pollutants. Also, since many facilitiegve various docks, slips, and canals, in addition
to very large open working spaces (yards), theylihg ability to contain significant volumes of
water potentially exposing surrounding areas targd amount of storm water run-off and

2This section discusses the federal regulationsapply to this sector. The purpose of this secisoto highlight
and briefly describe the applicable regulationsie Hescriptions below are general information. deling upon
the nature and scope of the activities at a pdatidacility, these summaries may or may not nemélysdescribe all
applicable regulatory requirements.
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discharge. Storm water runoff frequently carriesliments, chemicals and debris from the
ground, as it enters the marine or river waters.

The industry is also subject to a wide range ofeptlegulations governing the flagging and
movement of ships and other types of surface vessmleling navigable waterways. Many of
these regulations are designed to provide variousi§ of economic protection to domestic
water transportation-based industries. They as® aesigned to protect national security
concerns regarding facilities that construct sorhéhe most important armaments protecting
U.S. interests domestically and abroad.

Merchant Marine Act of 1920

More commonly known as the “Jones Act,” the Merdhifarine Act requires all domestic
water-based commerce between different locatioisinvthe U.S. (i.e., U.S. port to U.S. port)
be conducted in vessels that are American-ownedbaiit] and crewed by U.S. mariners. The
Jones Act also restricts foreign cruise ships fitoamsporting passengers between U.S. ports.
The purpose of the Jones Act is to maintain a shiging and ship repair industrial base, a
trained merchant mariner manning pool, and marisgeta to respond in times of national
security emergencies. The U.S. Customs Servicedirast responsibility for enforcing the
provisions of the Jones Act.

The Jones Act is known for its economic, as welhatsonal security benefits. The Jones Act is
responsible for creating jobs in almost every siatihe U.S., either directly or indirectly. This
policy is not unique, and is similar to the polgi@nd laws of almost 50 foreign nations that also
reserve their coastwise shipping and passengesdriat their domestic fleets. The Jones Act
keeps shipping and shipbuilding assets under W&ra, subject to all U.S. laws and standards,
and provides essential services in U.S. coastasstand waters and to the economies of Alaska,
Hawaii, and Puerto Rico. Nationwide, there areertban 39,000 vessels in the Jones Act fleet
generating nearly 125,000 jobs, 80,000 of whichshipboard (Maritime Cabotage Task Force,
2005). The Jones Act fleet represents a $26 bilidvate sector investment in vessels and
infrastructure and routinely moves more than lidslitons of cargo and 100 million passengers
each year (Maritime Cabotage Task Force, 2005).

Resource Conservation and Recovery Act (RCRA)

Solid waste materials that meet certain pre-deficlearacteristics are typically classified as a
hazardous waste under the RCRA. A material defased hazardous waste may then be subject
to provisions outlined in Subtitle C of the legigba that governs the generation, transportation,
treatment, storage and disposal of these wastesdroide range of sources, including ports and
coastal areas. The shipbuilding and repair inglustust address a wide range of provisions
included in the RCRA given its use of a varietynazardous materials (USEPA, 1997).

Some of these hazardous wastes include:
* Machining and Other Metalworking

o0 Metalworking fluids contaminated with oils, phenotgeosol, alkalies,
phosphorus compounds, and chlorine
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» Cleaning and Degreasing
o0 Solvents
o Alkaline and Acid Cleaning Solutions
o Cleaning filter sludges with toxic metal concentras

» Metal Plating and Surface Finishing and Preparation
o0 Wastewater treatment sludges from electroplatireyatpns
0 Spent cyanide plating bath solutions
o Plating bath residues from the bottom of cyaniddipd) baths
0 Spent stripping and cleaning bath solutions fromanage plating
operations

» Surface Preparation, Painting and Coating
o Paint and paint containers containing paint sludgis solvents or toxic
metals concentrations
0 Solvents
o Paint chips with toxic metal concentrations
0 Blasting media contaminated with paint chips

* Vessel Cleaning
o0 Vessel sludges
0 Vessel cleaning wastewater
0 Vessel cleaning wastewater sludges

» Fiberglass Reinforced Construction
o Solvents
o Chemical additives and catalysts (USEPA, 1997).

Shipbuilding and repair facilities may also generased lubricating oils which are regulated
under RCRA but may or may not be considered a Hamarwaste.

United States Code, Title 10, Section 7311

Title 10, Section 7311 of the U.S. Code appliexigally to the handling of hazardous waste
(as defined by RCRA) during the repair and maintepaof U.S. naval vessels. These
regulations require the Navy to identify the tyesl amounts of hazardous wastes that will be
generated or removed by a contractor working omainvessel. This includes identifying all
aspects of the contractor's work including hazasdomaste removal, handling, storage,
transportation, and disposal. The regulations edspiire a number of generator identification
requirements for the handling of Navy waste. Fstance, waste generated solely by the Navy
and handled by the contractor, bears a generatatiictation number issued to the Navy; waste
generated and handled solely by the contractorstzegenerator identification number issued to
the contractor; and waste generated by both they ldad the contractor, and handled by the
contractor bears a generator identification numbeued to the contractor and a generator
identification number issued to the Navy.
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Clean Air Act

Under Title lll of the 1990 Clean Air Act Amendmen{CAAA), the U.S. Environmental
Protection Agency (EPA) is required to develop orai emission standards for 189 hazardous
air pollutants (NESHAP). EPA is developing maximaohievable control technology (MACT)
standards for all new and existing sources. Thi&oNal Emission Standards for Shipbuilding
and Repair Operations (surface coating) were fiedliin 1995 and apply to major source
shipbuilding and ship repairing facilities thatmgaout surface coating operations. Shipyards that
emit ten or more tons of any one hazardous aimoit, or 25 or more tons of two or more
hazardous air pollutants combined, are subjecth® MACT requirements. The MACT
requirements set volatile organic compound (VO®@)itk for different types of marine coatings
and performance standards to reduce spills, leakd,fugitive emissions. EPA estimates that
there are approximately 35 major source shipyafféstad by this regulation. Shipbuilding and
repair facilities may also be subject to Nationahigsions Standards for Asbestos. The
NESHAP were revised and clarified in 2006 to defahigible ships in a much more inclusive
manner in order to eliminate what was perceive@ agynificant loophole. The final rule was
effective on February 27, 2007 (USEPA, 2006b).

Both NESHAPs require emission limits, work practstandards, record keeping, and reporting.
Under Title V of the CAAA 1990, all of the applidabrequirements are integrated into one
federal renewable operating permit. Facilitiesirdsf as "major sources" under the Act must
apply for permits within one year of state perngpeoval by EPA. Since most state programs
were not approved until after November 1994, Tilgpermit applications, for the most part,
began to be due in late 1995. Due dates for fitimgpplete applications vary significantly from
state to state, based on the status of review gid@al of the state’s Title V program by EPA.

The definition of a “major source” under Title Vcindes facilities that release a certain amount
of any one of the CAAA-regulated pollutants (SOxORX CO, VOC, PM10, hazardous air
pollutants, extremely hazardous substances, ozepketthg substances, and pollutants covered
by NSPSs) depending on the region's air qualitggmaty. Title V permits may set limits on the
amounts of pollutant emissions, require emissioaritaring, and record keeping and reporting.
Facilities are required to pay an annual fee baseemission levels.

Clean Water Act

Shipbuilding and repair facility wastewater relehde surface waters is regulated under the
CWA. National Pollutant Discharge Elimination Syrst (NPDES) permits must be obtained to
discharge wastewater into navigable waters (USER)®8d). Facilities that discharge to a
publically owned treatment works (POTW) may be ezl to meet National Pretreatment

Standards (NPS) for some contaminants (USEPA, 199Ggneral pretreatment standards
applying to most industries discharging to a POTKW described in 40 CFR Part 403. In

addition, effluent limitation guidelines, new soergerformance standards, pretreatment
standards for new sources, and pretreatment stsdar existing sources may apply to some
shipbuilding and repair facilities that carry odeatroplating or metal finishing operations

(USEPA, 1997).
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Storm water rules require certain facilities wittoren water discharge from any one of 11
categories of industrial activity defined in 40 CER2.26 be subject to the storm water permit
application requirements. Many shipbuilding anpare facilities fall within these categories.
Required treatment of storm water flows are exmkdte remove a large fraction of both
conventional pollutants, such as suspended sohlidsb&éochemical oxygen demand, as well as
toxic pollutants, such as certain metals and omemmpounds.

Comprehensive Environmental Response, Compensatioand Liability Act (CERCLA)

The Comprehensive Environmental Response, Compensand Liability Act (CERCLA) and
the Superfund Amendments and Reauthorization AQ9®&6 (SARA) provide the basic legal
framework for the federal “Superfund” program tearh up abandoned hazardous waste sites.
Metals and metal compounds often found in shipyaidsemissions, water discharges, or waste
shipments for off-site disposal include chromiumanganese, aluminum, nickel, copper, zinc,
and lead. Metals are frequently found at CERCLgYsblem sites (USEPA, 1997). When
Congress ordered EPA and the Public Health Sesvikagency for Toxic Substances and Disease
Registry to list the hazardous substances most @mtynriound at problem sites and that pose
the greatest threat to human health, lead, nieke&l,aluminum all made the list (USEPA, 1997).

3.3. Industry Trends and Outlook
3.3.1. Trends

The 1980s were dismal times for the U.S. shipbogdindustry. A combination of factors
including the perception that maritime policies &ant being comprehensively enforced, failure
to continually fund subsidies established by thedilant Marine Act of 1936, and the collapse
of the U.S. offshore oil industry after 1986, natlyohurt the shipbuilding industry, but all
supporting industries such as small shipyards, irepards, and local crafts and trades
professions that worked at these facilities onraremt basis.

By the mid-1970s, the shipbuilding industry corlzdla significant portion of the international
commercial market while maintaining its ability sopply all military orders. A decade later,
new ship construction, the number of shipbuildingd aepair yards, and overall industry
employment decreased sharply. The decline wascpkatly severe in the construction of
commercial vessels at first tier shipyards. Newstaction was reduced from a level of about
77 ships (1,000 gross tons or more) per year imtioe1970s, to approximately eight ships total
through the late 1980s and early 1990s. In theD498he industry’s loss of the commercial
market share was somewhat offset by a substantatase in military ship orders. A decade
later, the combination of the end of the Cold Wl a contraction in commercial construction
activity found the industry with a much smaller imaity market share and a negligible share of
the commercial shipbuilding market. The seconddiepyards and the ship repairing segment
of the industry have also suffered in recent desadewever, the decline has not been as drastic
as it has been for the major shipbuilders (USEP&,7).

The U.S. shipbuilding and repairing industry’s lagsthe commercial shipbuilding market has

been attributed to a number of factors. First, @ldvwide shipbuilding boom in the 1970s
created a large quantity of surplus tonnage thahately created a capacity bubble that had to
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be worked off over several subsequent years. €wyrtthe industry’s ability to compete
internationally was hampered by the growing leviebabsidies offered by foreign nations to
their own domestic shipbuilding and repair indestri These subsidies created significant
competitive advantages for foreign shipyards resylin U.S. commercial shipbuilding work
going overseas. Compounding this problem was rifgignt policy shift in 1980 that reduced
what was referred to as “Construction Differentilibsidies” (CDS) to U.S. shipbuilding
companies. These CDS were allowances offered ifp lalilders compensating them for the
difference between foreign and domestic shipbugdiosts. Over 40 percent of the shipbuilding
industry was eligible for these subsidies untikcasicellation in 1981 (USEPA, 1997).

The U.S. government and the shipbuilding industayehmade great strides in their efforts
towards industry revitalization and market transfation. In 1994, the Maritime Administration

established the National Maritime Resource and &t Center to assist in increasing U.S.
shipbuilding competitiveness (USDOT, MARAD, 2008Although there are large investments
in an effort to increase the competitiveness of Aca@m shipbuilders, one constant problem is
the loss of many thousands of workers within thdustry. For example, in 1996 there were
about 98,000 workers in private shipyards (USDOBRAD, 1996). Whereas, as of October
2006, the number fell to 47,000, which is a 49 petdecrease in 10 years (USDOT, MARAD,
2006a).

Figure 18 shows the general historic trends in skip orders from the mid-1970s to 2004. The
rapid deterioration in domestic shipbuilding adiivis readily recognizable from this chart.
While recent activity has increased somewhat, nleygbsiilding activity today is a very small
fraction of the level of effort observed in thedat970s. One major stimulus for the recent
increase in shipbuilding activity has been assediatvith deepwater oil and gas activity
(USDOT, MARAD, 1999). Figure 18 also shows that thcent increase in shipbuilding activity
corresponds very closely with the recent increasgeepwater activity following the passage of
the Deepwater Royalty Relief Act of 1995.

9 Source: USDOT, MARAD, 2004.
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Figure 18. Commercial shipbuilding order bo& history.
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The deterioration of commercial shipbuilding adgvihroughout the 1980s had significant
implications for the industry’s ability to attraskilled labor. A 2001 survey by the Bureau of
Industry and Security addressed a host of operatiaglabor conditions at U.S. shipyards. The
survey indicated that skilled labor shortages hawatributed to reduced shipyard profits,
negatively altered project construction costs, assllted in significant schedule delays for
projects at most shipyards.

Historically, turnover rates at shipyards have begh relative to other industries. Production
work in the shipyard industry tends to be difficwitorking conditions are outside and workers
are therefore exposed to uncomfortable environnmheaaditions that usually arise in coastal
zones (i.e., high heat, humidity). These negatieekvenvironment conditions continue to exist
and, coupled with a low skilled worker pool, haesulted in continued high turnover rates for
the industry. To combat the lack of skilled laborany shipyards have subcontracted work
normally done within their own yards (USDOC, BIS02).

Technological innovation, through active reseancti development (R&D) activities, can be an
important substitute for shortages of skilled reses, particularly labor. R&D can also assist in
enhancing domestic shipyards competitiveness. Memwea 2001 Bureau of Industry and
Security survey reported that U.S. shipyard R&D engitures averaged about 1.23 percent of
total revenues from 1996 to 2000, with the “Big "Siccounting for 80 percent of the effort.
Less than one percent of industry employees aragathin these efforts at least part-time. The
U.S. military has been a major driver of this R&E&aity, funding 42 percent of recent shipyard
efforts. The survey concluded that extensive mmdation would be needed to improve
productivity and thus lower the cost of Americandaahips (USDOC, BIS, 2001).

During fiscal year 2004, the U.S. ship constructmd ship repair industry invested more than
$401 million in the upgrade and expansion of fée#i (Figure 19). A significant portion of this
investment was to improve efficiency and competitess in commercial shipbuilding.
Improvements are continually being made to update @nvert shipyard facilities to be more
commercially viable and competitive. Typical impements include investments on new pipe
and fabrication shops, drydock extensions, militargrk enhancement programs, automated
steel process buildings and expanded design pregrdfany of these improvements have been
necessary due to the increased utilization of Wifoyards, particularly those along the Gulf
Coast. According to data received by MARAD, theustry planned to spend about $364
million in the upgrade and expansion of facilities2005. In total, the industry's cumulative
capital investments since 1970 are approximatel® $llion. Actual expenditures between
1985 and 2004, with the exception of 1990 and 20@%Le consistently exceeded those planned
(USDOT, MARAD, 2004).
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Figure 19. U.S. shipbuilding and repair indatry capital investments.

Safety at the yards has become an important isswkthe industry’s commitment to operational
safety is recognized by the Shipbuilders Councihoferica (SCA) annual SCA Excellence in

Safety award. This award is given to shipyardsingasome of the lowest total recordable

incidence rates for injuries and fatalities. Builer Shipyards and Signal Shipyards, both of
which have operations along the GOM, were two efwinners in 2006 (SCA, 2007).

Although the shipbuilding industry has been shrigkithe Gulf Coast has managed to increase
its overall market share relative to other coastgions in the U.S. Figure 20 shows that the
GOM has grown, as a share of total number of shigydaster than any other region in the U.S.
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Figure 20. Comparing major shipbuilders/repa&ers between 1982 and 2006.
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A good share of the GOM shipbuilding market caratigbuted to OSV construction. As noted
earlier, the OSV market is of particular importabhaehe GOM shipbuilding and repair industry.
Increased deepwater activity will require newergds, and more sophisticated boats. These
next-generation OSVs will be technologically anggbally more robust since most will include
stronger winching power, more horsepower, higheedapabilities, and will be equipped with
GPS-controlled dynamic thrusters that allow grestercture-side control.

However, the primary advantage of the next germra@lSVs will be their capabilities for bulk
transport. Newer OSVs will likely have the capaypilo transport the equivalent of two loads of
an older “legacy” boat, which saves time and expeniel. The size disparities are noticeably
larger. Whereas legacy crew boats are 110 to & hew generation OSVs will be in the 145
to 190 foot range. Legacy AHTS boats are typicallythe 190 to 235 foot range while new
generation AHTS boats are anticipated to be siedaden 220 and 295 feet (Barrett, 2005).

Other major changes within the OSV industry inclgtteater international market sales from
some of the largest OSV companies in the GOM. dxample, about 10 years ago, less than
half of Tidewater's revenue came from internationpkrations. Today, that percentage has
jumped to 85 and 91 percent. Tidewater is als@sting heavily in fleet updating from its
current status as the second oldest among theddrpanies in the industry (Barrett, 2005).
About 75 percent of Tidewater’s fleet has an average of 25 years. Recently the company
accepted 16 new vessels and plans to receive arifiliyy 2011 (MarineLink, 2007).

Trico Marine is another example of a major compg@uysuing greater international market
opportunities. In 2007, Trico announced it would bwving four Gulf-class vessels to
international markets. This move is in keepingwihplementing their global strategy to move
more vessels to higher growth markets. The shiftafeses Trico’s GOM fleet to 20 ships (Trico,
2007).

3.3.2. Hurricane Impacts

The 2005 hurricanes had significant impacts on @&@M shipbuilding industry. Both major
hurricanes (Katrina, Rita) caused considerable demand displaced numerous workers.
Hurricane Katrina toppled cranes, ripped the tofisconstruction sheds and threw workboats
into nearby woods (DuPont et al., 2005). Someysings fared better than others. Edison
Chouest’s two shipyards in Larouse and Houma, Liaugsescaped with little damage. However
ECO’s C-Port 2 facility in Port Fourchon, Louisiarsustained substantial damage (DuPont et
al., 2005). The damage to this facility was na@bimsequential since it is an important, if not one
of the more important facilities serving deepwateuctures in the GOM.

Further east, the Bender Shipbuilding & Repair iabife, Alabama, suffered light damage and
was running at full capacity by September 7 (DuRardl., 2005), some eight days after Katrina
passed. Austal, USA (also in Mobile, Alabama), @whrad Industries with shipyards in
Morgan City, Louisiana, and Orange, Texas, susttory minor damage (Marine Log, 2005).
The Conrad President and CEO stated, “Hurricanén€atlid not have a direct impact on any of
our four shipyards. Unfortunately, Hurricane Ritd not spare our Orange employees from loss
and damage.... Power has been restored to our Oyandeand we are gradually returning to
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normal operations as employees are able to reduttmetarea after three weeks of limited activity
(Marine Log, 2005).”

The storm surge up Bayou Cassotte near Pascaddidsissippi, submerged the VT Halter
Marine and Signal International shipyards (Surr2®)5). In addition VT Halter suffered both
water and wind damage at all three of its Missg@syards — Pascagoula, Halter Moss Point and
Moss Point Marine (DuPont et al., 2005).

Of Bollinger's 12 Louisiana yards, seven — LockpRepair and New Construction, Calcasieu,
Larose, Fourchon, Amelia Repair, Marine Fabricatansl Morgan City — were fully operational
shortly after Katrina passed (DuPont et al., 2008pllinger's four New Orleans-area yards,
however, did not fare as well. As late as Septenit® communications including all
telephones, cell phones and emails, continued toree of the shipyard’s biggest problems
(DuPont et al., 2005). Of Bollinger's 40 drydockd3 were in service by mid-September.
However, one from the Algiers yard broke free dgrihe storm, with a vessel aboard, and was
pushed up the Mississippi River before groundingudevee in Gretna (DuPont et al., 2005).

In late 2007, Bollinger Shipyards announced it wlocdlose its yard on the Industrial Canal in
New Orleans by the end of 2008. Bollinger repottethe media at the time that “the company
plans to shift its ship repair and conversion yardBollinger locations in Morgan City and
Sulphur (DeGregorio, 2007).” The Army Corps of Eragrs recommended that the MR-GO be
shut due to its role in the flooding of St. Bernaating Hurricane Katrina. The Port of New
Orleans did not have space on the Mississippi Riveicccommodate Bollinger, so the company
decided to integrate its Industrial Canal operatiwith its other yards. Bollinger had four dry
docks on the Industrial Canal, but two were destdoy Hurricane Katrina (DeGregorio, 2007).

Hurricane damage to Northrop Grumman’s Mississgq Louisiana shipyards was reported to
have exceeded $1 billion (MSNBC.com, 2005). ThecBRgoula shipyard was inundated with at
least 8 to 12 feet of water, and buildings, eleatrigrids, construction equipment and
infrastructure were damaged or destroyed (MSNBC,c2805). However, damages to the
Louisiana facilities were minimal in comparisonour yards had a total of $1 billion in damages
from Hurricane Katrina alone. Some of the compsnseich as Gulf Ship, moved operations
within the Gulf region to a safer distance to praviuture damage (Mississippi Gulf Coast
Alliance for Economic Development, 2007).

In addition to the physical damage, severe labortages caused even more problems for GOM
area shipyards in the immediate aftermath of tH@b2turricane season. A large number of the
shipyards’ skilled labor force was displaced by tibane Katrina. In November 2005, Bollinger
Shipyards was forced to back out of a $700 milBontract it had worked for years to win due to
concerns about performance abilities in the aftémnod the 2005 hurricanes. Bollinger also
passed on another project valued at approximate®dd $nillion because high wages and a lack
of employees threatened the company’s ability tkevaprofit (White, 2006). In addition to the
shortage of workers, there was a shortage of hgudue to the widespread destruction of
residential structures in the greater New Orleaaa &om the hurricanes. The lack of adequate
housing served as a major short-run impedimenggtoration activities, particularly for workers
from outside the area who didn’'t have FEMA identfion numbers (White, 2006). One
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company reported using its employees’ FEMA ID numsbm order to secure trailers for
employees (White, 2006).

Even two months after the storm, a number of conggaremained closed simply because their
employees did not have housing (Carr, 2005). te 2005, Northrop was still hiring at all of its
facilities along the Gulf Coast. The Company dad expect 1,500 to 2,000 of its employees to
return (Inside the Navy, 2005). The labor shortalge forced the Navy to make an adjustment
to its contract with Northrop Grumman and to dederorder for an amphibious assault ship
scheduled to be built at Northrop’s Avondale yaronf fiscal year 2007 to fiscal year 2008
(White, 2006).

In addition to the yards themselves, HurricanesiKatand Rita dealt a heavy blow to the GOM
rig fleet, sending more than 20 rigs to shipyamisrépairs, not to mention the rigs that were
completely lost and would have to be replaced. r@es an average of 10 rigs located at GOM
shipyards between August 2000 and August 2005.t fitmber more than doubled between
August and September when rig counts in yards méneed 15 rigs to 38. Rig counts moved
even higher in October to 43 GOM rigs, more thamp@itent of the GOM fleet, in the shipyard
that month. From September 2005 to July 2006p#reentage of the GOM fleet in the shipyard
stayed near or above 20 percent. In August 20@@atly fell to 17 percent — which is still
exceptionally high for a region that has averagbdua 5 percent of the fleet undergoing
maintenance during any given month over the prevtoyears (Rigzone.com, 2006a).

Supply vessels working repairs were also kept beigy in the immediate aftermath of the 2005
hurricanes. In fact, some operators say that ts¢ 2005 demand for OSVs has been primarily
for repair and construction needs. Most vesseratpes believe it will take until 2008 to
completely repair all the damage from the 2005ibanes alone (Greenberg, 2007).

Day rates for offshore vessels and drilling rigevad to be good indicators of the tightness of
the vessel and drill ship market. Trico Marine aeed that their day rates increased
considerably. In addition, the fourth quarter 603 saw the highest average day service vessel
rates ever in the GOM and near-full capacity wiiian levels for active vessels. None of their
vessels or operating bases sustained any sigrifilzganages (SEC, 2005b).

Due to the close ties with the Navy, many shipyast®ived aid from the Naval Sea Systems
Command military and civilian personnel. Northr@umman, which suffered extensive
damage to their facilities, accepted the Navy'sphed temporary operations center was
established to further the assistance program @&azurity.org, 2005).

3.3.3. Outlook

The current outlook for the shipbuilding and shepair industry is neutral. The sector still faces
many economic challenges and is highly dependentnditary contracts. The industry’s
international competitiveness challenges still earsd appear to not be going away any time in
the near future. It is likely that continued intreent in worker training, efficiency efforts, and
R&D are needed to make the industry more competiimd increase overall projects and
revenues. These trends are not isolated to conmherssels and include the competition for
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OSVs and other surface vessels and drillships netxlsupport deepwater activities along the
GOM.

The lack of international competitiveness was hisea May 2001 U.S. Commerce Department
assessment conducted by the Bureau of Industry Sewlrity and the Bureau of Export
Administration. The Report noted that without Bb8g industry, the necessary future military
needs as well as commercial needs are in dangetdfeing fulfilled (USDOC, BIS, 2001). In
2007, China’s government declared that they woikd to be the number one shipbuilding
power in a decade and began a process of vigorduslging new yards to grow their market
share (The Standard, 2005). Today, Chinese shdpbgifacilities are able to provide about 10
percent lower prices than other major shipbuildeastly due to their lower labor costs as well as
the significant subsidies and support providedigy@hinese government (The Standard, 2005).
Foreign government subsidization of shipbuilding\éites continues to be a sore-spot for U.S.
trade policy since domestically, the government ¢@spletely eliminated direct subsidization
of the shipbuilding industry (USDOC, BIS, 2001). iké. other heavy construction and
manufacturing sectors, the shipbuilding industryasy concerned about workforce development
issues. According to Douglas-Westwood analystsstreectors of the global offshore industry
will continue to be labor constrained up to 201ttead that should continue to place increased
pressure on sector wages at least through thatdpgmot longer (Fletcher, 2007).

The 2001 U.S. Commerce Department report also eitmtdtforce development as an important
issue for the shipbuilding industry. The issue basome so important domestically that some
yards are finding themselves aggressively compdting/orkers (USDOC, BIS, 2001). Without
enough skilled labor, U.S. companies were findinglifficult to conduct quick, quality, and
profitable work. The companies are facing finahpi@ssures such as lower profits, impacted
construction costs and delayed project completibm.compensate for the shortages, a few yards
had begun using contract labor and others wereostitacting their work that was normally
done at the yard. Among the most notable decliskilled laborers are welders, pipe fitters and
ship fitters, machinists, electricians, and magngineers (Fletcher, 2007).

Availability of capital has been an additional cent for the shipbuilding industry, both
nationally and along the GOM. In order to addréese challenges, Title XI of the Merchant
Marine Act (enacted in 1936 and later amended 31 %tarted a “National Shipbuilding
Initiative” program to provide financial supportriparily through capital support and debt-
underwriting. Under this program, the federal gomeent guarantees full payment to the lender
of the unpaid principal and interest in the evehtdefault by the vessel owners or general
shipyard facility. As of September 2006, the TKlehad nine pending applications totaling over
$600 million in loan guarantees. A small amount,3$7million, is still available for new
guarantee commitments. The program consisted .8#d#llion in loan guarantees outstanding,
and all commitments had been funded. Title XI hasled 77 projects, which have included
passenger vessels, supply vessels, tugs and stigyaternization projects (USDOT, MARAD,
2006b). In 2007, testimony was received on theggamm. The president of the American
Shipbuilding Association testified on the significe of continuing to fund and improve the
program. She stated that Title Xl helps Americaipydrds to retain their skilled employees, to
expand the fleet of U.S. built commercial shipsilaide to the Department of Defense in time of
war and to provide the highest construction stasslar the world (MarineLink.com, 2007).
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Another resource that has been lacking in receatsym the shipbuilding industry has been the
availability of R&D funding. Between 1996 and 20@@proximately 0.64 percent of total
shipbuilding company revenues were invested in R&DPmpared to the overall U.S.
manufacturing sector average of 3 percent of ta@hufacturing revenues. This anemic level of
R&D funding from the shipbuilding industry was etjydow when compared to international
companies, many of whom receive direct financiglpsut from their home governments. Total
and relatively low R&D investment has clear implioas for international competitiveness and
in response, the Navy and 11 major shipbuilderatete a new program referred to as “the
National Shipbuilding Research Project AdvancedpBhiding Enterprise (NSRPASE).”
Partners in this project jointly fund R&D on prafethat directly address improving commercial
shipbuilding competitiveness (Mississippi Gulf Coadliance for Economic Development,
2007).

These industry teaming approaches to solving pnoblesuch as R&D, are not limited to large
federal projects alone. The shipbuilding industigng the GOM has recently combined to form
a marine composite consortium with local colleged aniversities. This consortium will focus
on problems with the use of composites in the shiging industry, as well as work to generate
future skilled laborers for the industry (MissigmipGulf Coast Alliance for Economic
Development, 2007).

Market Opportunities

The U.S. shipbuilding industry will continue to cpate in several domestic and international
markets. These markets include:

Offshore Market

The offshore market is undergoing a rapid expansione the marked decline of the 1980s.
Advancements in deepwater drilling have encouraggoration, leading to greater production

and activity in the coastal areas. The need fpplsuand other types of industry support vessels
has increased. With changing technology has cévaen¢ed for more sophisticated and higher
capacity vessels.

Barges, Towboats, and OSV Market

The bulk of the nation’s barges and towboats opematthe Mississippi River and the Gulf
Intracoastal Waterway. As a greater amount of gatl commaodities are transported through
this network, Louisiana shipyards are in a goodtjposto offer services to that industry.

Opportunities for expanding shipbuilding and OSVrkets are directly related to offshore oil

and gas activities. Industry reports watch offeshdevelopments closely including recent
expectations that oil production will increase otlee next few years as exploration activities
move into deeper waters of the GOM (Fletcher, 200The GOM is one of three regions,

including the North Sea and South China Sea, tgdther are expected to account for half of
total offshore investment spending through 201 &t@#er, 2007).

The move toward deepwater should create signifiagmportunities for larger and more
sophisticated OSV construction and developmenterdihas been continuous development of
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technology that enables tasks to be performed bysQ8ore cost effectively than typical rig-
based operations. New OSVs are larger, have laagee, and are being developed explicitly to
handle these new deepwater activities. A recentysteleased by the Offshore Marine Service
Association (OMSA) found that the U.S. flag offshaervice vessel operators plan to build
more than 150 new vessels in the next five yeaith, an average price tag of $10 to $20 million
per vessel and that the total value of these omessreach $3 billion (Blenkey, 2007).

Shipyards in New Orleans are currently experienaiigng demand. Many recently executed
contracts are commercial, while some are for thedttenent of Defense. Ben Bordelon,
executive vice-president at Bollinger Shipyardsited that every market (in shipbuilding) is
strong right now. Bollinger currently has 30 shipsder construction and has recently added
three new construction yards to handle the increasdemand. Recent tropical activity,
including continued activity following the 2005 higane season, facilitates strong repair service
demand (Guillet, 2007a).

C&G Boat Works, a shipyard on Mobile’s Blakeleyalstl, recently announced in 2008 that it
plans to add as many as 150 new jobs in the nesé thears. C&G is one of a series of fast
growing Mobile-area shipyards. Today, C&G is bunggd 11 aluminum-hulled boats, three

tugboats and three boats for the U.S. Navy. Thmpemy also has a contract to build seven
boats for Marathon Oil and is negotiating to buddven more tugboats (Amy, 2008). In

addition, Austal USA, located to the south of C&& planning a $254 million expansion that

could almost double its current 1,100 employee toun

Edison Chouest announced in March 2008 that it dvadd up to 1,000 employees at its Port of
Terrebonne facilities in order to expand shipyapeérations supporting deepwater oil and gas
exploration in the GOM (The Advocate, 2008). A $Mllion state investment will support
infrastructure improvements at the port to allowsed Chouest’s LaShip subsidiary to expand
into a new market to build vessels with hulls geedihan 350 feet (The Advocate, 2008).

3.4. Chapter Resources

Atlantic Communication’s Gulf Coast Oil Directory

Includes a wide range of data from company namereasd, web and email addresses to contact
names with titles, direct phone numbers, and erddresses all organized alphabetically by
industry categories. Also included is “Company Détmformation such as company size,
revenue, areas operated in last 12 months, opesatiashore or offshore, and stock information
for publicly traded companies.

http://www.oilonline.com/Directory/DirectoriesDatades.aspx

U.S. Census Bureau — Economic Census, Manufacturing

The Economic Census provides a detailed accoutiteof).S. economy once every five years,
from the national to the local level.
http://www.census.gov/econ/census02/data/us/USA0AaT3/
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U.S. Department of Transportation, Maritime Admirtigtion

Annual report documenting fiscal year activities smpport of the U.S. Department of
Transportation’s goals of Reduced Congestion; $tgcUPreparedness and Response; Global
Connectivity; and Environmental Stewardship.

http://www.marad.dot.gov/library landing_page/maré_publications/Library Publications.ht
m

Annual survey of the U.S. shipbuilding and repauilities.
http://www.marad.dot.gov/ships shipping landing edamrec home/nmrec shipyard reports/
Shipyard Reports.htm

U.S. Securities and Exchange Commission

Quarterly and annual reports of operations for jglibltraded companies are filed with the
Securities and Exchange Commission.
http://www.sec.gov/edgar/searchedgar/companysddnch.

Workboat.com

Provides daily news reports and a weekly newslétethe commercial marine industry. It also
provides historic industry statistics on day rated fleet utilization.

http://www.workboat.com/
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4. PORT FACILITIES
4.1. Description of Industry and Services Provided

Ports play a vital role in the support of the offsh oil and gas E&P sector as well as the
maritime industry as a whole. Ports are the b&ses which the vehicles that support offshore

platforms (notably ships and helicopters) are basetimaintained. Ports are also the delivery,
transfer, and launching points for the necessaunctires, equipment, supplies, crew and other
important products to offshore installations. @&ee E&P operations depend heavily upon

these goods and services, and thus ports areattitithe entire industry.

There are generally two types of ports along theM@f@at support offshore activities. The first
includes a large number of small facilities tha¢ apecifically, or primarily, developed to
support offshore activities, many of which are ptely-owned. The second includes a smaller
number of much larger facilities that support a evichnge of maritime activities including
offshore oil and gas E&P. Within the spectrum loége types of ports are also those that
specialize in a range of distinct goods and sesvi@mguired by the GOM offshore E&P,
including shipbuilding, repair, structure fabricatj and general support and supply services,
amongst other principal specializations.

The offshore support industry is a large, multliil dollar industry with thousands of rigs and
platforms in the GOM, each with a need for suppgrggoods and services. Hundreds of ocean-
going vessels and helicopters dedicated to thdshavé activities are in operation in the GOM.
Ports that focus exclusively on the offshore E&Pput sector are directly responsible for the
oil and gas production that is ongoing in the GOMaking these ports critical energy
infrastructure sites.

Large traditional ports, while supporting variousgrees of offshore activity, do not focus
exclusively on offshore oil and gas E&P along tHeN& (for example, the Port of Houston and
Port of New Orleans). These traditional ports ®owst of their attention on supporting large-
scale conventional port “bulk” operations that ud# handling a variety of cargo, including:
bulk or loose cargo; break bulk cargo in packageh sas bundles, crates, barrels and pallets;
liquid bulk cargo like petroleum, dry bulk suchgrsin; and general cargo in steel boxes called
containers.

Leading commodities shipped for domestic and faréfgde through U.S. ports in 2007 include
(AAPA, 2008b and c):

* Crude petroleum and petroleum products (such adigasaviation fuel,
natural gas).

» Chemicals and related products, including inorgéeritlizers.

* Coal.

* Food and farm products - wheat and wheat floum cavybeans, rice, cotton,
coffee.

» Forest products - lumber, wood chips.
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* |ron and steel.

» Soil, sand, gravel, rock, stone.
Other products include:

* Automobiles, automobile parts and machinery.

* Clothing, shoes, electronics, toys.

Figure 21 provides a comparison of the principahiewdity groups transported on U.S. waters
versus the Gulf Intracoastal Waterway for 2005. odth44 percent of total U.S. waterborne
commerce (both foreign and domestic) is attributedpetroleum and petroleum products
(USACE, IWR, 2005). For the GOM Intracoastal Waday, this figure is even higher, at a little
more than half of total commodity short tons.

United States Gulf Intracoastal Waterways

Source: USACE, IWR, 2005.

- Petroleum and Petroleum Products D Food and Farm Equipment
I chemicals and Related Products | All Manufactured Equipment
I crude Materials | other

|:| Primary Manufactured Goods

Figure 21. Principle commodity groups carried by weer, 2005 (percentage of short tons).

In the GOM, transport of produced oil and gas froffishore installations to onshore facilities

occurs almost entirely by pipeline. Neverthelesgspsdary transportation of these commodities,
as well as the refined and processed goods thateaireed from petroleum products occurs by
traditional shipping methods. The petrochemicalustry in particular relies on conventional

port services, especially barge transportation,tremsport their goods. Thus, there is
considerable overlap and shared linkages betweeveotional and OCS offshore support port
operations, services, and commodities.
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4.2. Industry Characteristics
4.2.1. Typical Facilities

GOM ports vary considerably by size, specialty, atedining characteristics. In general,
however, there are two major types of port faeititi 1) deep-draft seaports; and 2) inland river
and intra-coastal waterways port facilities. Deleaft seaports are ports that mostly
accommodate ocean going vessels and are most likederve and supply offshore drilling
platforms. Deep-draft seaports are also moreylit&ebe publicly owned and operated.

Inland ports, however, are located on rivers amaitbastal waterways, and are mostly privately
owned — 87 percent of inland facilities are prilkatavned. More than 1,800 river terminals are
located in 21 states within the U.S. These shaleater ports of less than 14 feet are less
concentrated geographically than deepwater fasliind provide almost limitless access points
to the waterways (USDOT, MARAD, 1999). Generathere are a larger number of inland as
opposed to traditional port facilities and most lass constrained providing greater water access
flexibility (USDOT, MARAD, 1999). These inland tainals are abundant along the GOM,
particularly in South Louisiana and Southeastema$eand have become increasingly important
to the offshore oil and gas industry.

Despite their differences, all ports typically hamnilar logistical systems (major shipping ports
included) that can be divided into three principamponents (Jayawardana and Hochstein,
2004). Figure 22 shows a schematic diagram opigdal/OCS port’s logistic systems.

1. The inland transport component: almost all ponisst transport supplies,
equipment and personnel from land-based locationthe port for transfer.
As a result, all ports will typically have eitherghway/road access, rail
access, air access, and/or inland barge accelsitgort facility; many ports
may have more than one inland transportation system

2. The physical port component: a port's physical fixed infrastructure varies
considerably depending on its size and specialiie physical port system
includes docks, berths, buildings, storage faesititransfer machines such as
cranes and lifts, fabrication capabilities, etd. also includes channels and
their depths, turning basins, and additional anmesiand utilities such as
electricity, water treatment capabilities, and ad

3. The offshore component: the actions and operaitod the vessels based from
a particular port comprise the offshore componebepending on the port,
offshore operations may vary considerably; theeefoorts with similar port
structural capabilities may have dissimilar offehoomponents.
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Figure 22. OCS port facilities: Three parfogistics system.

A port’s inland and physical infrastructure compatseare responsible to a large extent for the
type of offshore operations that are based out péréicular port. Of course, other factors are
important as well, such as geography, risk andrggcand proximity to supply considerations.
The best supply bases typically have more tharobtiee following important attributes:

N o o bk~ w0 bR

Insightful strong leadership.

Strong and reliable transportation systems;

Adequate depth and width of navigation channels;
Adequate port infrastructure facilities;

Existing petroleum industry support infrastructure;

Location central to OCS deepwater activities;

Adequate worker population within commuting distnand/or
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Deep and wide navigation channels are also paatiguimportant for the offshore support
industry ports, especially as a new generationaofdr boats is built to service deepwater
installations.

4.2.2. Geographic Distribution

While a large number of offshore support port smsiare serviced from more conventional,
traditional GOM ports, there are a few ports thatus exclusively on offshore activities. In

addition, there are numerous small ports alongGh#d of Mexico coast and throughout the

Intracoastal Waterway system that may harbor sewe@an going support vessels yet have
comparatively small infrastructure footprints.

Figure 23 highlights the location of several maparts along the GOM most of which are
principally devoted to conventional bulk transpshipping. Figure 24 shows the top 50 GOM
ports that have some level of OCS-related offslactevities. There are only four ports: Corpus
Christi; Freeport; Lake Charles; and Port Arthbgttare considered both OCS offshore support
ports and conventional, major shipping ports.

Louisiana Mississippi Algbama

Texas | BATON ROUGE

[ LAKE cHARLES |
d j =z
Tt .!"—I LA
1

PORT OF SOUTH LOUISIANA

PORT OF PLAQUEMINES

NEW ORLEANS

© Major Port
OCS-Related Waterway
] Coastal Subasea

Source: USDOI, MMS, 2002b

Figure 23. Major shipping ports in the Gul of Mexico.
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Source: USDOI, MMS, 2002b. Louisiana Algbama

Texas

ABBEVILLE 26 INTRACOASTAL CITY
2 AMELIA 27 KAPLAN

3 ARANSAS PASS R TAKF CHARLES
4 BAYOU BOEUF 29 LEEVILLE
5 BAYOU LABATRE 30 LOUISA
& BAYSIDE 31 MOBILE
7 BERWICK 32 MORGAN CITY
| § CAMERON 33 NEW IBERIA
[ 9 COCODRIE 31 PANAMA CITY
w44 10 CORPUS CHRISTI 35 PARADIS
2 11 DULAC 36 PASCAGOULA
o 12 EMPIRE 37 PATTERSON
k 13 ERATH 38 PELICA SLAND
& 14 FOURCHOM 39 PORT ARANSAS
15 FREEPORT 10 PORT ARTHUR
16 FRESHWATER CITY 41 PORT ISABEL
17 GALVESTON 42 PORT MANSFIELD
. 1§ GIBSON 43 PORT OCONNOR @ -
N, 19 GRAND CHENIER 44 ROCKPORT
20 GRAND ISLE 45 SABINE PASS i i
. 21 HARBOR ISLAND 46 SURFSIDE —
Mexico 22 HARVEY 47 THEODORE
23 HOPEDALE 48 THERIOT Coastal Subarca
24 HOUMA 4 VENICE
35 INGLESIDE 50 WEEKS ISLAND

Figure 24. Top 50 offshore support pts in the Gulf of Mexico.
4.2.3. Typical Firms

Major shipping ports such as the Port of New Ore&outh Louisiana, and St. Bernard, (along
with other ports such as Houston, Beaumont, Poitalbile) engage in bulk shipping, among
other principal operations. Millions of tons ofrga flow through these ports annually. In fact,
the Port of South Louisiana is the largest U.St psrmeasured by tonnage, and it is the fifth
largest in the world (by tonnage), exporting mdrant52 million tons a year, of which more than
half are agricultural products (PAL and Louisiar@aSsrant, 2005). Likewise the Port of New
Orleans is a transfer and storage point for alissof goods. Principal goods that are staged at
the Port of New Orleans are steel, rubber, coffestainers, and manufactured goods.

The extensive network of supply ports includes dewariety of shore-side operations from

intermodal transfer to manufacturing. Their digtirshing features show great variation in size,
ownership, and functional characteristics. Suppdge functions can be provided by either
private or public port facilities. Private portpevate as dedicated terminals to support the
operation of an individual company, or possiblyoasortium of a few companies. Private ports
often integrate fabrication and offshore transpativities. Public ports, however, charge fees
and lease space to individual business venturess an, therefore, be thought of as water-
based industrial or manufacturing parks that creatsmomic benefits throughout a local region.

Thus the public ports play a dual role by functmanas offshore supply points and as industrial
or economic development districts.

Public ports are usually established by state awdl lgovernments to develop, manage and
promote the flow of waterborne commerce in the .arBarts can also be developed by private
companies. A port authority, which can be a statecal government, private agency or firm, is
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the governing body that oversees the port’'s opmrati In addition to maritime functions, port
authority activities may also include jurisdictioner airports, bridges, tunnels, commuter rail
systems, inland river or shallow draft barge tewmtsnindustrial parks, Foreign Trade Zones,
world trade centers, terminal or shoreline railyahip repair, shipyards, dredging, marinas and
other public recreational facilities.

The port authority and its management staff alsodleathe day-in and day-out management
activities of the port including all business openas, management, maintenance, safety, and
public communications. Most importantly, the pstaff, and its executive director, offer advice
to the governing body on commercial terms for tbe picluding lease arrangements and fees.
The port authority is usually governed by a comioissvith members that are appointed by city
and county governments, or in the case of privatespby the shareholders and/or port tenants.
For instance, the seven-member Port of Houston Uesion is the governing body for the Port
of Houston Authority. The City of Houston and tHarris County Commissioners Court each
appoint two commissioners. These two governmeanttifies jointly appoint the chairman of the
Port Commission. The Harris County Mayors and @dsnAssociation and the City of
Pasadena each appoint one commissioner (Port cftbtoduthority, 2008).

The Port of Morgan City is located in Morgan City$t. Mary Parish, Louisiana. It is governed
by a nine-member Board of Commissioners, who apsiaped by the Governor and serve for a
nine-year term (PAL, 2006). Centrally located gldhe Gulf Coast, the port is only 18 miles
from the open waters of the Gulf of Mexico. Thetpeandles container, general, and bulk
cargo. There are over 200 private dock facilileesmted in the Morgan City area, most of which
are oil and gas related. These facilities havevyrifi, barge-mounted cranes (5,000 ton
capacity), track cranes (300 ton capacity), andilaaanes (150 ton capacity) (Port of Morgan
City, 2007).

Port Fourchon, Louisiana, is under the authorityhaef Board of Commissioners of the Greater
Lafourche Port Commission (GLPC), which consistioie elected members who serve six-
year terms (PAL, 2006). Port Fourchon is a mudtipsrt primarily servicing the needs of oll
and gas development (Figure 25). Port Fourchorbbasme the primary service base for OCS
deepwater drilling. Major tenants of the port i companies that provide logistics support,
drilling fluids, food services, rig repair and ctmtion, and helicopter transportation.
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Source: PorngLJrchon, 2007.

Figure 25. Aerial view of Port Faehon.

4.2.4. Regulation

Ports and Waterways Safety Act

The Ports and Waterways Safety Act (PWSA§ designed to promote navigation, vessel safety,
and protection of the marine environment. The PW&phlies to any port or any waterway
under U.S. jurisdiction. Waters subject to U.Sisgliction are defined as all domestic navigable
waters, other waters on lands owned by the U.Sd, \aaters within U.S. territories and
possessions.

The PWSA requires the U.S. Coast Guard to promelgagulations regarding “design,

construction, alteration, repair, maintenance, ap@n, equipping, personnel qualifications and
manning of vessels... necessary for the increasddqiian against hazards to life and property,
for navigation and vessel safety and for enhancexegtion of the marine environment

(USDOC, NOAA, 1998).” The Act also authorizes te5S. Coast Guard to establish vessel
traffic service/separation (VTSS) protocols for tgprharbors, and other waters subject to
congested vessel traffic. These protocols helpvigeo order and predictability to vessel

movements by establishing lanes with a “separazone” between opposing vessel traffic
similar to the “median” between opposing traffic tme highway system. VTSS apply to

commercial ships, other than fishing vessels, wiaggB00 gross tons or more (USDOC, NOAA,

1998).

Port and Tanker Safety Act of 1978

The PWSA was amended by the Port and Tanker SAfgtgf 1978 (PTSA) under the premise
that navigation and vessel safety and protectidgh@imarine environment were matters of major

3 The PWSA was amended by the Port and Tanker Safetpf 1978 (PTSA), Public Law 95-474, and the Oil
Pollution Act of 1990 (OPA).
14 Unless otherwise noted, information provided iis 8ection (Section 4) is from USDOC, NOAA, 1998.
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national importance. The legislation was also sufga by the Congressional finding that vessel
traffic in the nation's ports and waterways has fhssibility of creating substantial hazard to
life, property, and the marine environment, if megulated appropriately. The amendments
included in the PTSA increased supervision of Veasd port operations in order to (USDOC,
NOAA, 1998):

1. reduce the possibility of vessel or cargo lossdamage to life, property, or
the marine environment;

2. prevent damage to structures in, on, or immediad|gcent to the navigable
waters of the U.S. or the resources within suclersat

3. ensure that vessels operating in the navigablersvafethe U.S. comply with
all applicable standards and requirements for vessestruction, equipment,
manning, and operational procedures; and

4. ensure that the handling of dangerous articlessabdtances on the structures
in, on or immediately adjacent to the navigable ematof the U.S. is
conducted in accordance with established standardsequirements.

The Congressional findings included in the PTSAeddhat advance planning and consultation
(with other federal agencies, state representatiadected users, and the general public) is
critical in determining proper and adequate protecimeasures for the nation's ports and
waterways and the marine environment.

Clean Water Act

Another regulation that is very important to U.8rtp is the Clean Water Act (CWA, Section
404). The CWA requires the USACE to manage progreavslving dredging and disposal of
dredged material (spoil) from navigation improvemand maintenance projects. In addition to
non-Federal projects, permit applicants (e.g., parthorities, pipeline operators, terminal
owners, industries, and private individuals) shaotdude all other projects that include a dredge
of 100 million cubic yards annually. The USACE imvs potential projects and issues permits
for dredging and disposal of the dredged mateniadcordance with federal regulations. The
USACE is also responsible for permitting all regadsr the disposal of dredged materials in the
ocean, inland or near-coastal waters. If dredgetmad is disposed of on land, various federal,
state, and local regulations may apply.

Security

Security at virtually all major ports has been ‘fdaically strengthened” through numerous
legislative initiatives in the aftermath of thertaist attacks on September 11, 2001. U.S. port
security is overseen by four principal groups: th&. Customs and Border Patrol, U.S. Coast
Guard, the Terminal Operator, and the Port Authiorithe U.S. Customs and Border Patrol has
adopted a “multi-layered defense” program at theadtion of the federal government. This
program consists of several key strategies (USBEESR, 2006) including:
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Screening and Inspection, CSI (Container Securitgitiative) — also known as the “24-Hour
Rule” that requires manifest information be prodd24 hours prior to a sea container being
loaded onto a vessel in a foreign port.

C-TPAT (Customs Trade Partnership Against Terroriyran CBP and partner companies are
working together to improve baseline security séadd for supply chain and container security.

Use of Cutting-Edge Technologysuch as X-ray and gamma ray screening technology

Programs such as these have changed the landdgaqe operations considerably. While these
new programs address security concerns, they d#sm® @dditional stresses on port logistics
systems; the integration of efficient intermodajitics operations and strong security measures
at ports is a challenge for port stakeholders énftiure.

4.3. Industry Trends and Outlook
4.3.1. Trends

Several new trends along the GOM have resultedhenging needs for the offshore and
maritime industry. This, in turn, has placed ademr on OCS ports to provide the necessary
infrastructure and support facilities in a timelyammer to meet growing industry needs.
Important energy trends that have developed owela$t decade are:

1. Changing E&P technology from one based on fixedcstires, to one more
commonly based on a variety of floating/ship-batype of structures;

Increasing deepwater and ultra-deepwater drilling;
3. Changes in OSV specifications (i.e., bigger, deeper

4. Climate change, storm events, and other enviroteheoncerns (i.e. water
usage, changing regulations on emissions such NO2, ozone
requirements);

5. Global competition;
6. Changes in energy prices; and
7. LNG development.

Increased port activity creates economic benefitheé form of increased employment, economic
output, and other value-added benefits such tagmaéw, fee and royalty/proprietor’'s income
growth. The amount of goods and services traredeat ports has increased over the past
decade including materials directly related to ldi® oil and gas E&P including increasing
equipment, drilling fluids, structures, suppliesdarew transfers. The increase of LNG imports
through the GOM also has the potential to incréhselemand for goods and services located at
ports such as tub and barge services.

According to a 1999 Congressional Report assessieg maritime transportation system,
commercial demand for marine transportation comsn@io grow and has been driven in
significant part by the increase in internatiomade, which in turn, has expanded domestic use
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of the waterways to transport goods and peopléndurtpstream to other domestic markets.
Continued federal and state port infrastructureestments will be needed to handle these
increased port and waterway uses (USDOT, MARAD 9)99

Ports will also need to enhance efficiency as theseased traffic trends continue. The entire
maritime system relies on the successful integnatibfreight modes — water, truck, and rail —
for the smooth transit of cargo from vessels thlougrminals and to and from inland
destinations. Efficient access and the intermaoaaisfer of goods and cargo will be critical to
maximize the returns from increasing terminal itnesnts and will be instrumental in
maximizing port competitiveness and growth oppdties (USDOT, MARAD, 2002).

According to an August 2002 MARAD survey the statehe intermodal access for U.S. ports
was generally acceptable for handling the existiolgme of cargo flows. Yet, more than one-
quarter of the ports indicated that channel deptbse “unacceptable in federal waterways
(USDOT, MARAD, 2002).” A later 2005 MARAD and DOreport found America’s port and
intermodal freight system is quickly approachingaxty limits as congestion increases in
metropolitan areas and passenger/freight corridapushing existing infrastructure limits. The
report concluded that the Marine Transportation t8ys (MTS) greatest challenge is
accommodating the projected growth in our inteoradl trade and the report noted that “Our
marine, highway, and rail systems will need to bée d&o manage the increased volumes of
freight shipments that are so vital to our natioe@ntinued economic growth (USDOT,
MARAD, 2005a).”

As cargo volumes increase, carriers will see otfarsport and port alternatives in order to cut
time and costs. The primary way of increasingcedficies and lowering unit transportation
costs is to move cargo through increasingly langgssels. Vessels that began service in the
1960s, with capacities of less than 500 twenty-fmptivalent units (TEUs), have been replaced
by vessels with capacities of 6,000 TEUs, and atirskippers are beginning to place orders on
ships that can carry over 8,000 TEBsIt is possible that by 2010, ships will have aifes of
13,000 TEUs (USDOC, NOAA, 1998). These enormolyssstequire sophisticated and efficient
ports and terminal facilities with first-rate lamdis intermodal connections. “For a port to
service these mega ships, the entire port struetlrdnave to get bigger and more productive.
Each channel, berth, and turning basin must beaat b0 feet in depth since 40 to 46 feet will be
the maximum draft for the fully-loaded mega shigSDOC, NOAA, 1998).”

Larger cargo volumes, ships, and operating compaarie putting pressure on ports to increase
their scale of operations, and channel depth app&arbe the most significant factor of
consideration in these expansion decisions. Chatephs at most major U.S. ports typically
range from 35 to 45 feet. The current generatiamew large ships requires channels from 45 to
53 feet. According to a report by the U.S. Armyr@oof Engineers finalized in September
2000, container ports around the world are deegenavigation channels down to between 49
and 53 feet. Channel depth issues have been ayartiproblem for ports along the GOM
particularly several smaller ports (like New Iberéenice, and Cameron) looking to expand
their operations to support greater platform camtston and fabrication and deepwater service

!5t is possible for a shipping company to save $aifion per voyage by switching from a 2,500 t@®) TEU
vessel.
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activities. Increases in traffic, larger shipsdalarger port infrastructure footprints bring
additional challenges, particularly environmentdhted challenges. A recent report by
MARAD noted that:

one of the critical challenges confronting the UpSrt industry is meeting the
growing demands and diverse needs of waterbornepaatation while protecting
the environmentally sensitive harbor areas in wipichis operate. Protecting the
environment and providing an efficient and coseefifve transportation system
are critical to the economic future of the Unitddt&s (USDOT, MARAD, 1998).

In Louisiana, Port Fourchon (Figure 26) is onehaf primary port facilities that supports oil and
gas E&P activity. Port Fourchon, and the highwggteam that connects it to the interstate
highway system to the north, are protected by tmeoanding landscape, which are coastal
marshes. These coastal marshes serve as a “marsh,bavhich, if destroyed, would threaten
the existing highway system (Battelle Environmenti@dates, 2000). The destruction to the
primary access way to Port Fourchon could also apdications for oil and gas production in
various areas of the GOM, particularly the deepw&®@M. If the essential marsh barrier were
destroyed, the existing levees would have to bargatl and significantly strengthened.

Source: Port Fourchon, 200’

e

Figure 26. Port Fourchon and a proposed elevatdiighway system, LA 1.

As noted earlier, channel depth is a critical issireving port operations and growth
opportunities. Channel depth determines the sizghips that will move into and through a
given port, these ships’ ability to move safelyotgh harbors, breadth of turning basins, and
terminal-side water depths. Annual and periodianctel dredging requires the removal of
several hundred million cubic yards of sand, grarel silt each year. These dredging activities
can be challenging and controversial because @owdslocated in, or near, environmentally
sensitive areas including wetlands, estuaries argbme instances, fisheries. In addition, there
is the potential that materials dredged may uncémens or contaminated sediments that have
accumulated over time (USDOT, MARAD, 1998). Altlghuthe dredging and resurfacing of
contaminated sediments is a major topic of delmatly, the U.S. DOT has found that “...5 to 10
percent of dredged material is contaminated andesointhis material may, in some cases, also
be reused in beneficial applications (USDOT, MARAD99).”

86



Capital expenditures for dredging were 11.1 peradribtal port expenditures in the U.S. for
2000 (USDOT, MARAD, 2001). The Gulf Coast Regiart@unted for 29 percent of these
expenditures, exceeded only by the North AtlanggiBn at 34 percent. The Gulf Coast Region
was followed by the South Pacific region with 27gemt, the North Pacific region with 6
percent, and South Atlantic with 4 percent. Dradgn the Great Lakes accounted for less than
0.1 percent of total dredging expenditures (USDMARAD, 2001).

Total capital infrastructure expenditures for thexipd 2004 through 2008 at public U.S. ports
are estimated at around $10.6 billion. Of this amp$1.1 billion, or about 10.5 percent, will be
spent on dredging. And, of these dredging exparelit an estimated $100 million will be spent
by Gulf Coast Ports, or about 10 percent of tot&.éxpenditures on port dredging. addition,
between 1946 and 2003, the Gulf region accountedricaverage of 17.3 percent of total U.S.
public port infrastructure capital spending (USDMIARAD, 2005b).

Improving and maintaining navigation channels igical to sustaining the rapidly growing
marine transport industry. Bottlenecks can ocdoemvchannels are not deep enough for ships to
safely navigate and dock at berths. Unless pogsdeedged, cargo cannot move in the most
cost-effective way through the intermodal transgiioh chain. Also, as ship sizes and volumes
of cargo increase, so must the intermodal trarcgderations.

Efficient transportation also depends on intermagtainections. In order to move waterborne
cargo quickly to or from land based operationscksuand railroads need to have clear access to
ports. According to the APPA, “for some ports, theakest link in their logistics chain is at
their back doors, where congested roadways or quade rail connections to marine terminals
cause delays and raise transportation costs (A&ZPB8a).” The AAPA also references a recent
Federal Highway Administration (FHA) Report to Coegs on the National Highway System
(NHS) Intermodal Connectors that found connectarsports, as opposed to other freight
terminals, were in their worst condition and reeeivonly minimal levels of federal funding and
support over the past several years. The FHA Regbew found that port facilities had twice as
many miles with pavement deficiencies when compaoedon-Interstate NHS routes. Like a
pipeline, the nation’s intermodal transportatiosteyn is only as efficient as its narrowest, most
congested point of the pipeline: for a port, tisioften the landside connection. No matter how
much ports invest, or how productive their mariaeerinal facilities, the transportation system
cannot operate at maximum efficiency unless caagomove quickly, and cost effectively, in
and out of ports.

The importance of major intermodal marine linkagesconnections to surface transportation
was recognized in the National Highway System Design Act of 1995. The Act listed
directions for modifications to connections to nmajoorts, airports, international border
crossings, public transportation and transit faesj interstate bus terminals, and rail and other
intermodal transportation facilities (USDOT, MARALQ998). In 1998, the Transportation
Equity Act for the 21 Century (TEA-21) was signed, authorizing highwaightwvay safety,
transit and other subsurface transportation progrimmthe next 6 years. Within TEA-21, there
are a number of programs that could potentiallyefieport industry access concerns. Although
these programs do not earmark specific funds fot-netated projects, they may meet program
eligibility requirements (USDOT, MARAD, 1998).
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To keep up with changing vessel sizes and indusémnds, ports must continuously update,
modernize, and expand their facilities. Betweed6l@nd 2003, U.S. ports have invested $27
billion in capital improvements and related infrasture. During this period, the Gulf Coast
region accounted for 17.3 percent of these expearedif only to be exceeded by the South
Pacific region (33.3 percent) and the North Atlerti7.6 percent) (USDOT, MARAD, 2005b).

During the five-year period of 2001 through 2006blic port expenditures were estimated at a
total of $9.4 billion — an increase of 12.8 percentpared to 2000. The South Pacific region
was the focus of investment activity with propossgbenditures of $3.1 billion (33.8 percent).
Four other regions projected investment levelscaess of $1 billion — the South Atlantic at $1.7
billion (18.8 percent), the Gulf at $1.6 billion71 percent), the North Atlantic at $1.5 billion
(16.6 percent), and the North Pacific at 1.2 bill{@2.8 percent). From a coastwise perspective,
the West Coast was projected to invest over $4ldrbiwith East Coast expenditures at $3.3
billion and the Gulf at $1.6 billion (USDOT, MARAL2001). For the time period 2004 to 2008,
the public port industry set aside an estimate® billion in capital improvements, of which
19.1 percent is spent by the Gulf (around $100ionillvas applied to Gulf dredging during this
period). Of the $10.6 billion in port infrastructuinvestments, an estimated 34.3 percent went
to the South Pacific region and 22.2 percent wagsted in the South Atlantic (USDOT,
MARAD, 2005b).

Offshore support ports have similar logistical adagtions as major shipping ports; in
Louisiana, where the majority of offshore oil arasgupport ports are located; a compilation of
five-year capital improvement plans for various istana ports illustrates major areas of
perceived and necessary infrastructure improvementiese five-year plans include both
shipping ports and offshore support ports in L@unsai

Cost projections (Figures 27 and 28) show thataadgedging, and infrastructure improvements
make up the bulk of existing revenue maintenangelding MRGO Related Re-locations — a
one-time exogenous event). Dredging leads the magéctions for future revenue-generating
projects for the period 2007-2011. The implicationoffshore support ports is that these ports
have recognized changing OCS trends, particuldrlyigger boats with deeper drafts, and have
recognized the need to expand their infrastruatapabilities accordingly.

One of the ongoing challenges for the support seabthe offshore industry is the availability
of skilled labor. This is a problem being expeceth across all energy sectors as the existing
labor force ages, and fewer new workers enter tr®uws sectors of the oil and gas industry.
Many firms find themselves competing for skilledbda particularly along the GOM between
support and transport companies. A report by Ameadnsulting, engineering and project
management firm) attributes the small labor poobpem to the fact that oil and gas companies
regularly underinvested in their businesses in1880s and now they are starting to see the
shortage of workers due to the lack of trained eyg®s. Another potential reason for the lack
of personnel is the impact of price volatility withthe oil and gas industry. When experienced
workers leave the industry it is very difficult émtice them back. These shortages have led to a
greater emphasis on diversification among contractand often result in mergers and
acquisitions, leaving fewer contractors (USDOE, QFEDO).
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Figure 27. Projected cost allocations for existingevenue maintenance and preservation
by project type; Ports Association of Louisiana mmber ports 2007-2011.
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Figure 28. Projected cost allocations for new revere creation by project type; Ports
Association of Louisiana member ports 2007-2011.
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4.3.2. Hurricane Impacts

The importance of both major shipping ports andlaffe support ports along the GOM is

substantial, as highlighted by the 2005 storm seaddke many other types of infrastructure

impacted during the 2005 season, port outages asdel curtailment along the GOM were

pervasive and felt throughout the U.S. Both typégorts (shipping, oil and gas support)

experienced damage to one or more (or all) comgsradrtheir logistics systems including: the

inland transport modes; port infrastructure; anidhaire operations. Particularly hard hit ports
were the Port of New Orleans, St. Bernard, Plagoes)i Port Fourchon, South Louisiana,

Venice, Cameron, and the Port of Lake Charles.tsRwot directly affected by the storm were

indirectly affected as water traffic was reroutedntany ports and offshore support operations
flooded the operating ports (LA DOTD, 2005a).

Three of Louisiana’s deepwater ports (New Orle&@ts,Bernard, and Plaquemines) suffered
extensive damage due to Hurricane Katrina. Adadily, Hurricane Rita caused damage to the
Port of Lake Charles, Port of Iberia, Port Manchaiabeville Harbor & Terminal District, and
the West Calcasieu Port. Of the twelve grain itdasilities located throughout the state, only
Harvest States in South Plaquemines Parish suffeteshsive damage and a few others needed
minor repairs (LA DOTD, 2005a).

All of Louisiana’s 21 inland and shallow-water nvports, such as the Port of Shreveport-
Bossier, Port of Iberia, Port of Lake Providenced ¢ghe Alexandria Port Authority, remained
fully operational during the hurricanes since tlaeg located inland and away from the brunt of
the storms’ impacts. The deep draft Port of GreB&on Rouge was not affected by either
hurricane. Baton Rouge and Lake Charles (priaddoricane Rita) were accepting ships and
diverted cargo until the ports in Southeastern &iama were fully operational. According to Joe
Accardo, executive director of PAL, “the goal [wds]assist these ports and its customers by
providing an alternate location until these powteie] fully operational. The goal [was] to keep
the commerce flowing and retain as much cargo asiple in Louisiana (LA DOTD, 2005a).”

Port of New Orleans

The Port of New Orleans suffered extensive damagéngl Hurricane Katrina. The port’'s
upriver facilities, accounting for approximately @ércent of total port activities, fared relatively
well in the storm; including the Napoleon Avenuen@oner terminal, the Nashville Avenue
complex, the Louisiana Avenue complex, the Firse&tWharf, and the Alabo Street Wharf
(LA DOTD, 2005a).

On September 12, 2005, the Port of New Orleanantest commercial cargo operations. Truck
traffic was cleared beginning September 9, 2005¢hvhestored access to the upriver terminals,
including the Napoleon and Nashville Avenue terrsina The Louisiana Avenue terminal
restarted operations on September 12, 2005 (LA DQZDD5a).

There were more lasting impacts, however, at aémeninal facilities in the city. All five cranes
at the France Road Terminal were still under wateteast one full month after Katrina’s
landfall. A number of terminals and industrial ifdi@s along the Inner Harbor Navigational
Canal sustained significant damage during the tamas as well. The Mandeville Street Wharf,
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used for cargo overflow, burned to total destructima fire which occurred during the hurricane
(LA DOTD, 2005a).

Preliminary damage assessments conducted immedeadtel Katrina indicated approximately
30 percent of the Port’s operating facilities weestroyed, facilities downriver and along the
Inner Harbor Navigation Canal (IHNC) were severelgmaged, among them the Maersk
Sealand terminal and the New Orleans Cold Storagjéty at the Jourdan Road terminal. Other
damages included the downriver terminals, including Maersk and Jourdan terminals. To
mitigate plant and equipment damages along the IHM@ commissioners voted to amend 16
leases with industrial tenants, deferring rent agour months. After the storms, a few new
business opportunities emerged in the recoverygsthrough the Port’'s execution of several
new lease agreements with debris removal firmsitgpkor industrial property in New Orleans
for hurricane debris staging and transport (Poit@iv Orleans, 2005).

About seven weeks after Hurricane Katrina, the pas$ operating at 50 percent of pre-storm
volumes. The cargo that had been moving through pgbrt had been redirected to other

locations and port officials noted that it is likesome may not return (Curtis, 2007). Port

officials also stated that the major obstacle wreasing the Port's capacity is the missing or
displaced workforce. Because of the extensive dana the region and residential areas, many
Port employees are unavailable (Curtis, 2007).February 2006, Port operations were at 80
percent of pre-Katrina levels and port officialsrevexpecting a return to normal levels by mid-

2006, which for the most part, the Port was ablattain (Curtis, 2007).

Port of South Louisiana

As of September 2005, the Port of South Louisigha, nation’s largest port by tonnage,

operated at near full capacity and was 100 peropetational at the General Cargo Dock, the
Bulk Dock, and the Globalplex Intermodal TerminaA(DOTD, 2005a). Associated Terminals

resumed stevedoring operations and worked vesswls barges at the facility. The port

experienced significant communications problems tluedlowned telephone lines, and had
persistent problems with its computer system. ghdlin terminals, chemical facilities, transfer

facilities, and the refineries, Motiva-Convent, WatNorco, Valero, and Marathon, were

operational (LA DOTD, 2005a). Overall, the portperxenced only minor infrastructure and

structural damage. Officials with the Port of Soutbuisiana assessed the damage at
approximately $2,000,000 (LA DOTD, 2005a). Moderadditional structural damage was

experienced during Hurricane Rita on Septembe@@5 (LA DOTD, 2005b).

Port of Greater Baton Rouge

The Port of Greater Baton Rouge experienced vétg lamage and made its facility available
as staging points to support emergency recovemyrteffand to assist other ports during the
restoration and recovery process. The Port maddegpwater maritime infrastructure and barge
container terminal available to a number of partresrder to accommodate relief supplies for
recovery activities, as well serving as an altewegport facility for cargo that was displaced due
to the storm. In the aftermath of the storm, sonagntenance dredging, up to the project depth
of 45 feet was necessary. Other damages at thedBRerto the hurricanes were minimal and
reported to be about $25,000 in total value (LA MD2005a).
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Venice Port Complex

Hurricane Katrina left Venice in shambles. Thedrda its port was flooded for more than a
month. Venice, which serves about 19 percent efdih and gas activity in the GOM, was

unable to serve as a hub for oil and gas activétgrrthe mouth of the Mississippi and in the
central Gulf of Mexico. Even if companies could t@Venice by boat or plane, the docks and
yards were covered in lumber, aluminum siding, gefstom nearby wetlands and barges and
boats tossed there by the storm (Russell, 2007).th& John W. Stone Oil Distributor dock

alone, a crew removed 100 dump truck-loads of ddRussell, 2007).

Two years after the storm, the only remnants ofikatwere a few stranded boats in an isolated
corner of the port and a new mountain of trasthatan-site landfill from Katrina related debris
and waste (Russell, 2007). All but two of the |3080 or so tenants have returned, and
according to the port manager, those servicingmil gas companies will be busy with hurricane
repair work for at least five more years. As 0020the port reported that it had one site out of
61 that was not leased (Russell, 2007). In May82&&nice announced plans to begin a new
port complex, with the Louisiana State Bond Cominisggreeing to issue $300 million in Gulf
Opportunity Zone (GO Zone) bonds to help pay ferphoject (DeGregorio, 2008).

Port Fourchon

The national significance of Port Fourchon has gr@ensiderably in recent years. According to
the LSU Sea Grant program:

With the advent of OCS drilling technology, Porturchon has grown from two
to 160 companies in the past two decades. Mastabfgrowth has occurred since
1995 when the port was less than a third of itsezursize. A direct hit on Port
Fourchon by a major hurricane could have seriousseguences to the U.S.
domestic energy sector. Port Fourchon serves amtidremodal support hub for
75 percent of Gulf of Mexico drilling, 16 percent d.S. domestic oil and gas
production and is the nation’s only offshore oilniénal, the Louisiana Offshore
Oil Port (Louisiana Sea Grant, 2005).

While Port Fourchon escaped major water and stangesdamage, it did suffer considerable
wind damage from Hurricane Katrina. Some additiomad and flooding damage was created
later from Rita. The port credits the “coastalged” built during its recent expansion as a
defense mechanism that protected it from stormesdgring both hurricanes. These coastal
ridges were built using dredge spoil and workedd¢ove as a buffer between the GOM and
coastal marshes (Curtis, 2007).

Louisiana Highway 1 (LA 1) was not as lucky as poet facilities themselves. LA-1 serves as
the main highway serving the port. Damage to tedrcan, and did impact port operations
considerably (Louisiana Sea Grant, 2005). Ove@ll5 damage estimates reported to the state
Department of Transportation and Development weesr &7 million for public port facilities
(LA DOTD, 2005a).

In August 2006 FEMA announced a grant worth $3.8ioni to clear the port on Bayou
LaFourche of silt and sediment caused by Hurrideatgina (USDHS, FEMA, 2006). And, the
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Louisiana Department of Transportation is replacangajor portion of Louisiana Highway 1
with an 18 mile bridge. It is estimated that thisject will cost close to $1.5 billion (Offshore,
2008).

Plaguemines Port, Harbor & Terminal District

The Plaguemines Port facilities (separate frompiineately-held Venice Port Complex) suffered
substantial damage, which was difficult to estimasecommunication problems persisted. By
December 15, 2005, the port was 100 percent opesdtiLA DOTD, 2005b). Initially,
MARAD was able to make contact with the Chevronnbiag facility and marine terminal
located within the Parish along the west side efNhssissippi River. According to a Chevron
staff member in Texas, their facility was functiogj however the marine terminal was not due
to lack of power. Chevron staff conducted repaird cleaning operations to their facility, which
suffered extensive damage. Communications probleomsinued to persist in Plaquemines
parish (LA DOTD, 2005a).

Port of Morgan City

The Port of Morgan City did not experience much dgenfrom Hurricanes Katrina and Rita.
Winds at the port reached up to 85 to 90 mile pemrhbut there was no significant storm surge.
Port officials noted that the port was better pcted because of its inland location and the fact
that sediment from the Atchafalaya River has begiding delta coastal land, as opposed to
those areas where erosion is a problem (Curtis/20®%/ithin a month of Katrina’s landfall, the
Port of Morgan City was 100 percent operationat, ieeded a survey of the waterway due to
shoaling caused by the storms (LA DOTD, 2005b).oASeptember 2005, the U.S. Army Corps
of Engineers (USACE) was establishing a schedutgetsurvey boats on the scene to determine
channel depths of waterways essential to offshdrera gas at Morgan City (LA DOTD,
2005a).

St. Bernard Port, Harbor & Terminal District

The Port of St. Bernard sustained a great dealmd wnd water damage. The port operated with
limited commercial operations and as a staging Bmeamergency and FEMA operations in St.

Bernard Parish. As of September 19, 2005, Assetidterminals had recommenced cargo
operations at the Chalmette slip facility, trandiog railroad cars and rail car wheel assemblies
(LA DOTD, 2005a).

Port of Lake Charles

The Port of Lake Charles experienced moderate wemdage and flooding. Additionally, the
port was without power, water, sewer, and othditie8. The port worked with state and federal
officials to procure a MARAD vessel to house poxrkers. Port cargos were generally not
affected but structural damage to warehouse ratgfers, and siding occurred. Port officials
remained at the port throughout the hurricane sy tould be ready to recommence operations
as quickly as possible to support refineries, lfigpoe natural gas, agricultural industries, and
forest product imports operations (LA DOTD, 2005a).
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On September 29, 2005, the Port of Lake Charleswitat officials from the Army Corps of
Engineers (USACE), FEMA, and the Federal Departroéiransportation to assess their needs,
such as power generation, water and portable $ogetd fuel. The port hired temporary labor to
clean up debris and repair facilities (LA DOTD, 3a).

Port of West St. Mary

The Port of West St. Mary, located on the Gulf dntastal Waterway (GICW) at mile marker
(MM) 133, experienced some water damage to poilittas and power outages. The port was
out of service for only a few days. The port haater damage in many of the buildings and
electrical power was down. A lost ballast along thain railroad and port spur made rail service
inoperable (LA DOTD, 2005a).

Port of Iberia

The Port of Iberia experienced extensive floodimg eixcess of several feet. The port

administrative buildings sustained both wind andewalamage. As of September 27, 2005, a
few areas of the port remained closed due to ulestdbminum oxide drums made volatile by an

estimated 9 feet of storm surge (Louisiana SeatGPA06). Businesses affected by the closure
included the following: Sea Shell; Allen ProcessiBystems; Bayou Companies; Natco;

Superior Energy Services; Universal Fabricatoranfdgs Corp.; and Greg Guidry Enterprises

(Louisiana Sea Grant, 2006). As of October 26,5208pair work had begun on the port office

building, which experienced approximately one fobtlooding (LA DOTD, 2005a).

West Calcasieu Port, Harbor, and Terminal District

The West Calcasieu Port, Harbor, and Terminal Rissustained a great deal of wind and water
damage. The port was used as a staging area fergenty operations in Calcasieu and
Cameron parishes (LA DOTD, 2005a).

Port of Cameron

Hurricane Katrina’s damage to Louisiana offshoteand gas staging areas forced the industry to
move its logistical base to Cameron (Inside FERID5D). Then, Hurricane Rita came onshore
near Cameron, Louisiana, and inflicted heavy damagparts of the parish (Inside FERC,
2005a). M-I SWACO's offshore supply base in Camenas completely destroyed. The base
had been in operation since 1958 (Rigzone.com, @00NMabors Offshore reported that a rig it
had at the Port of Cameron was damaged: “windowvike pilot house and quarters blown out,
resulting in water damage to control system anddgharters (Paganie, 2005).” BP’s Grand
Chenier gas plant was flooded and early aerialecispns indicated damage to a number of
facilities (Energy Trader, 2005).

Offshore, rigs were found submerged and groundedt @ameron. Nabor's Rig 300 was
submerged just east of Cameron and Rowan-Louisafackup was found grounded, with its
legs severed (Rach, 2006).

Other companies however, fared much better. Cheilirergy was in the process of building a
2.6 Bcf per day LNG facility in Cameron Parish. pfeliminary examination "found that, due to

94



the site's elevation and the improvements to éetappears to be no material flooding of the site
(Inside FERC, 2005a)."

South Tangipahoa Parish Port Commission

Port Manchaca, of the South Tangipahoa Parish@arimission, returned to full operability as
of September 28, 2005. However, the port did suit®f damage to three warehouses (LA
DOTD, 2005a).

Abbeville Harbor and Terminal District

The Abbeville Harbor and Terminal District was 5@rgent operational for the first week

following Hurricane Rita and returned to full opgoaal status once power and communications
were restored, in early October 2005. The port was of the few ports between Texas and
Mobile, Alabama, that had dry infrastructure foliogy the hurricanes (Louisiana Sea Grant,
2006).

Port of Terrebonne

The Port of Terrebonne experienced little to no agenduring Katrina, but did have some
damage from Rita. During Rita, water moved up Hoeima Navigation Channel and the Gulf
Intracoastal Waterway. The water remained elevitedbout one week (Curtis, 2007). While
the port is protected by a five-foot high leveeusd its perimeter, there was damage to the
floodgates and culverts that separate brackishrirate fresh water (Curtis, 2007). The Houma
Navigation Canal was closed until a survey of tregemvay could be concluded. The port was
spared the extreme damage of others as neithacdmegrpassed directly over the area (Louisiana
Speaks, 2008).

The U.S. Gulf Intracoastal Waterway

The Gulf Intracoastal Waterway (GICW) opened toffitaacross the hurricane-impacted
(Katrina) areas of Louisiana beginning on Septent)eP005, while the IHNC north of the
turning basin was re-opened on September 14, 208G crews worked closely with the Gulf
Intracoastal Canal Association to ensure tempanawygation aids were set in the affected areas
of the GICW (LA DOTD, 2005a).

Table 6 presents the preliminary damage estimates fiumber of ports as of December 2005.
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Table 6

Hurricane Katrina Damage Estimates as of December@5 at Louisiana Ports

Port
Port of New Orleans

Damage Estimate’

$1,700,000,000

Comments
The port is stimg a $1.7 billion relief
package to the federal government, which

includes repairs, replacing bridges across the
Industrial Canal, and fast-tracking the
Industrial Canal Lock.

Port Fourchon $7,000,000 The damage estimate ddesaiude an
additional $48 million in damage to privately
owned tenant facilities on port property
(including a $20 million helicopter).

Port of South Louisiana $2,000,000 Estimated dasy&gen Hurricane Katrina
are approximately $1.5 million for repairs
and $350,000 for emergency operations.
Additional roof damage was caused by
Hurricane Rita.

St. Bernard Port, Harbor & $15,000,000 Damages are significant and while &chit

Terminal District commercial operations are underway, the port
continues to serve as a staging area for
emergency management operations in St.
Bernard Parish. Damages are estimated.

Plaguemines Port, Harbor| $10,000,000 Significant damage was experienced.

& Terminal District Communication problems continued through
December 2005.

Port of Greater Baton $25,000

Rouge

Port of Iberia n.a. Repairs were needed for the gftice
building which had one foot of water in it.

Port Manchac n.a. Port experienced wind damadgerée t
warehouses. Damages to be determined.

Port of Lake Charles n.a. The port was 100% opmratias of Octobe
5, 2005. It suffered some wind and flood
damage.

Abbeville Harbor & $20,000 Hurricane Rita caused both wind and water

Terminal District damage to port facilities. Additional damagges
are estimated to be $110,000 for the publig
boat launch at Intracoastal City and the
Freshwater Bayou By-Pass at $160,000.

West Calcasieu Port n.a. Port facilities experidmoéor damage.

Port of Terrebonne n.a. The port experienced nflooding.

TOTAL

$1,734,045,000

*These damage estimates as of December 20@5preliminary; and some estimates were

not available.

SourcelLA DOTD, 2005a and b.
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While Hurricanes Katrina and Rita caused direct agento several GOM ports, these storms
stimulated a significant amount of revenue andanmantal work for OCS offshore support ports
such as Port Fourchon, Morgan City, and VeniceecBipally, the storms created a large swath
of damage that affected numerous platforms, rigsl @&ells in the paths of the hurricanes
(Figure 29). The subsequent offshore recoveryaijmers were periods of full employment for
active offshore support vessels. If ports weree @bl resume some level of operations, as
Fourchon and others were able to do, they weremtipg a booming industry over the next
months as companies rushed to recover unsecuredusts and fix the damages caused by the
storms. Reports from private sector offshore supfioms indicate that in the months after
Katrina, the OSV fleet as a whole was experienciegr 100 percent utilization rates, with day
rates (the typical charge schedule) inflated abowenal rates. Katrina and Rita illustrate this
point: while several key offshore ports were selyedamaged, the OSV fleet remained active
and busy; favoring undamaged OCS ports for business
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Figure 29. Offshore platforms in the pdts of Hurricanes Katrina and Rita.
4.3.3. Outlook

The GOM represents an expanding frontier with extimary growth opportunities primarily

driven by developments in deepwater (Table 7). evitwepwater activity will stimulate the need
for support services provided by regional portss pgkeviously stated, regardless of where the
exploration and production equipment, personnet, supplies originate, at some point these
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resources must pass through a port to reach the drilling and/or production sites. This point of
intermodal transfer is vital to maintaining reliable, uninterrupted production of oil and gas from
the Gulf of Mexico.

Table 7

Gulf of Mexico Lease Sale
Schedule — Proposed for 2007-2012

Sale No. Area Year
204 Western Gulf of Mexico 2007
205 Central Gulf of Mexico 2007
193 Chukchi Sea 2008
206 Central Gulf of Mexico 2008
224 Eastern Gulf of Mexico 2008
207 Western Gulf of Mexico 2008
208 Central Gulf of Mexico 2009
209 Beaufort Sea 2009
210 Western Gulf of Mexico 2009
211 Cook Inlet 2009
212 Chukchi Sea 2010
213 Central Gulf of Mexico 2010
215 Western Gulf of Mexico 2010
216 Central Gulf of Mexico 2011
217 Beaufort Sea 2011
214 North Aleutian Basin 2011
218 Western Gulf of Mexico 2011
219 Cook Inlet 2011
220 Mid-Atlantic 2011
221 Chukchi Sea 2012
222 Central Gulf of Mexico 2012

Source: USDOI, MMS, 2006c.
According to arecently released BOEM report,

Since the first major deepwater leasing boom in 1995 and 1996, we have entered
into a sustained, robust expansion of activity. The Central Gulf of Mexico Sale
198 held this past March [2006] garnered bids on 204 deepwater blocks,
confirming continued enthusiasm for exploring the deepwater arena. The total of
the high bids in the sale, including shalow- and deepwater leases, was $588
million, the highest in eight years.

As of March 2006, there were 118 deepwater hydrocarbon production projects
online. Production from deepwater was an estimated 950 thousand barrels of ail
per day and 3.8 billion cubic feet of natural gas per day by the end of 2004. More
than 980 exploration wells have been drilled in the deepwater Gulf since 1995. At
least 126 deepwater discoveries have been announced since then. Significantly, in
the last seven years, there have been 22 industry-announced discoveries in water
depths greater than 7,000 feet (2,134 meters), seven in 2004 alone (French et a.,
2006).
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With increased development comes a need for additsupport and port expansion. This need
has already been experienced in Manatee Countyid&]owith the expansion of Port Manatee
and its windfall from the Gulfstream Pipeline Putje

Port Manatee in Manatee County, Florida, is a iretht new port (35 years old) but is already

undergoing a considerable expansion effort designedncourage investments and contracts
from industries such as perishable commoditiesiserwperations, and containerized cargo
(Schultheis, 2005). In 2005, the port announc&tiGamillion renovation and expansion creating

a new berth (Berth 5) designed to add 1,200 feeieof deepwater berthing. In addition, a $42
million dredging project created deeper harbors laenths and $1.65 million was invested in a
railroad interchange track expansion project. [Tptat expansions since 1997 sum to $119
million. The port anticipates continued expansionfuture years since its master plan includes
$320 million in new construction over the next 2ags (Schultheis, 2005).

Another recent project impacting Florida GOM podsthe Gulfstream Natural Gas Project.
Originating near Pascagoula, Mississippi, and MyplAllabama, this natural gas pipeline crosses
the GOM (with 431 miles of 36-inch diameter pipe)Manatee County, Florida, encompassing
753 miles of pipeline. The pipeline is estimatechave added $10 million to $12 million to
additional revenues for Port Manatee during thestaction period. In addition to using the
port for import, export, and storage, the projezsked 190 acres of port property for pipeline
staging and storage (Meinhardt, 2002).

Other port improvements and investments programshhve enhanced GOM port capabilities
over the past several years include:

Coastal Impact Assistance Program

The Coastal Impact Assistance Program (CIAP) waated by the Energy Policy Act of 2005.

The program will disperse $250 million annually four years (2007-2010) to six OCS oil and
gas producing states: Texas,; Louisiana; Missigssiilabama; Alaska; and California. The

funds are allocated to each state and county ubkaallocation formula provided in the Act.

Each state is allocated its share based on its @@&hue as a portion of all OCS revenue
generated by the six states. The allocations f67 26hd 2008 were done in April 2007 and the
allocation for 2009 and 2010 were expected to bmutated in 2009 (USDOI, MMS, 2009b).

According to the Act, a producing state or coagwlitical subdivision must use the funds
received for one or more of the following purpo@dSDOI, MMS, 2009a):

* Projects and activities for the conservation, prid@, or restoration of
coastal areas, including wetland;

» Mitigation of damage to fish, wildlife, or natunasources;

* Planning assistance and the administrative costgoofiplying with this
section;
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* Implementation of a federally-approved marine, talaor comprehensive
conservation management plan; and/or

* Mitigation of the impact of OCS activities throudhinding of onshore
infrastructure projects and public service needs.

In 2007, Louisiana was allocated $172 million. tli§, 65 percent was allocated to the State of
Louisiana; and 35 percent was allocated to 19 abastrishes. Part of the funding would be
used for the construction of an elevated highwasepdace Louisiana Highway 1 (Sands, 2007).
In addition Alabama received $25.6 million, Alaskeeived $2.4 million, California received
$7.4 million, Mississippi received $31 million aféxas received $49 million.

Pinto Island at Mobile, AL

In 2007, Mobile County won a $3.7 billion boon. r@an steelmaker ThyssenKrupp AG will
build its first North American plant at a terminah the south tip of Pinto Island in Mobile
(Wilkinson, 2007). The mill is anticipated to cteaoughly 29,000 construction jobs and 2,700
permanent positions. With a projected cost of $hilbon to build the port terminal, the project
will create another 50 to 60 permanent jobs whereaiches full operating capacity in 2010.
ThyssenKrupp plans to utilize the plant to congtab steel into flat carbon and stainless steel
for customers in the automotive, electrical, angliapce industries (Wilkinson, 2007).

Port Fourchon

Port Fourchon has established itself over the yasuthe primary service base for deepwater oil
and gas activity. It is estimated that the porvisess 75 percent of the region’s deepwater oil
production (LA1 Coalition, 2009). In addition, acent survey of future activity found that of
the 165 existing and pending deepwater projectstiftkd to date, over 50 percent are using, or
plan to use, Port Fourchon as their service basgaiie, 2006c).

After the port’s E-slip filled up, Port Fourchonfigfals began permitting for additional acreage
north of the slip, called the Northern Expansionjgect. Expansion plans were approved and
construction started in 2001 (Paganie, 2006c).

Port Fourchon is also expanding waterfront proptmtyease. An additional 3,000 linear feet of
bulkhead along slip B in the Northern Expansiorbéng constructed (Figure 30). The $12
million project has been funded by Louisiana Portofty Grants with the local Port
Commission funding 10 percent of the cost (Paga2®,/b). Port Fourchon boasts that the
demand for its services were so high that the nes gxpansions were leased out to Cal Dive
International, Deep Marine Technologies, Tiger Tgrdnd Expert Riser Solutions some 18 to 24
months before construction even began. The porirscibr of Operations noted that "We are
building this property as fast as we can to accodatethe needs of the oil and gas industry
(Paganie, 2007b).”

In addition, the port is planning construction ohew slip, C. The slip will be approximately
7,000 linear feet long by 700 feet wide. Pendiagstruction and mitigation approvals, slip C is
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expected to be dredged by 2009. Located on 605 aptans are underway to buy 1,000 acres
for future expansion (Sullivan, 2007).

Future resident
recreation site

Deep Marine
Technologies

Figure 30. Port Fourchon expansion.
Venice

The Venice Port Complex, which is just east of lEbon, is marketing its waterfront property to
the offshore industry (Paganie, 2007b). Accordmghe port, its 1,500 acre location provides
the shortest travel time to well locations in th®Ia, particularly the new areas of the eastern
GOM that could possibly become open to new E&Pvagti(Paganie, 2007b). Venice is
marketing its developed land in addition to a 3Bateepwater site with over 3,500 feet of dock
space (Paganie, 2007b).

Plans are also underway to dredge navigation chamieeper in the Gulf Coast. Plaquemines
officials plan to deepen Baptiste Collette Bayoufdoilitate additional oil and gas industry
tenants. An estimated $25 million will be neededi¢epen Baptiste Collette from 15 to 26 feet.
OSVs need at least 16 feet or more of depth (GuR@07b).

The deepened path through the Baptiste Colletra tite Mississippi River to the eastern Gulf
would be approximately 70 miles compared with theimum 110 miles from Mississippi. The
Baptiste Collette is the only channel availablahe eastern Gulf for inland barge and offshore
crew boat vessels when the Inner Harbor Naviga@ibannel locks are down (Guillet, 2007b).

The deepening will help revitalize Venice, whiclokoa significant infrastructure hit after
Katrina and Rita. After Katrina disrupted operasan Venice, port facilities at Morgan City

101



and Port Fourchon picked up much of the traffidhe ™redging is a last-ditch effort to revive
Venice as a player in the oil and gas sector (EIiH007b).

Iberia, Fourchon, and Morgan City

A five-year, $820 million state capital improvemeréin was announced in April 2007 for three
ports in Louisiana. Most of the state's portsatieer shallow-draft inland ports or shallow-draft
coastal ports. The importance of Port Fourchont BbVenice and the Port of Iberia and
Morgan City, was evident after hurricanes Katrima &ita. Repair crews needed to get out to
the Gulf after Katrina and Rita and had to usesthrat did not have deepwater channels or go to
ports in other states. This increased the costokporting the labor and parts needed to repair
platforms, rigs and pipelines (Sullivan, 2007).

The three ports dominating the capital improvemgian in 2007 were the Ports of Iberia,
Fourchon and Morgan City. Improvements at the Bbriberia include development of the
Acadiana Gulf of Mexico Access Channel, a $158.Bioni investment in a deepwater channel
that would link the port to the GOM. At the PoftMorgan City, the Atchafalaya Dredging
Project is a deepwater channel dredging projedtwloald allow heavier vessels to access the
port and the Gulf. The initial budget for the Adthlaya Project was $160 million, but reports
estimate it could cost $300 million (Sullivan, 2007Projects at the Port of Fourchon were
estimated to cost about $50 million (PAL, 2007).

A deepwater channel at the Port of Iberia wouldvalfabrication yards located there to begin
working on structures needed for deepwater. Bexaisthe shallow draft, companies are
restricted on the size of the structure they caitd ($ullivan, 2007). Increasing the channel
size, therefore, greatly enhances Iberia’s conipetiess for the deepwater activity market. The
same holds true for the Morgan City port: a deegeamnel will allow it to support operations

into the growing market area of the deepwater supa construction activities.

The Louisiana Recovery Authority (LRA) has approvedre than $186 million (93 percent) of
the funds for the Long Term Community Recovery Paag As of September 2007, funding
allocations and top priorities for local recovempjpcts for each parish include the following
(Louisiana Speaks, 2007):

Jefferson- $14.3 million
* Drainage Master Plan and Improvements for Locaibage
* Hurricane proof sewage infrastructure
* Hurricane Fortified, Flood Proof Animal Shelter
* Comprehensive Redevelopment Plan for Oakwood Area
* Restoration of Roadway Median Areas

Plaguemines- $12.8 million
* Comprehensive Master Plan
* Emergency Operations Centers
* Flood Gate Safety Measures
* Upgrade of Plaguemines Parish Shipyards
* Tidewater Road Drainage Infrastructure
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Cameron- $8.5 million
* Cameron Square Development
* Old River Dredging and Marsh Creation
* Calcasieu River Ship Channel Dredge
* Port Feasibility Study
* Emergency Operations Command Centers in Grane laaki Hackberry

Calcasieu Parish- $5.6 million
* Construction of the SWLA Entrepreneurial Center
* Construction of the Lake Charles Riverwalk/Parkwa
* Revitalization of Downtown Lake Charles
* Establishment of Emergency Services for Publife§a
* Development of Calcasieu Comprehensive Drainaggmam
* Comprehensive Wastewater Facilities Projects

St. Mary- $199,000
* Update of Hazard Mitigation Plan
* Improvement of Harry P. Williams Airport Safetpé Capacity
* Interconnection of Municipal Potable Water Syssem
* Update of St. Mary Emergency Preparedness Plan
* Drainage and Flood Control Improvements

4.4. Chapter Resources

American Association of Port Authorities

The American Association of Port Authorities isradie association which represents more than
160 public port authorities in the United Statean&da, the Caribbean and Latin America. The
Association provides statistics on port cargo tgenaargo value, and container traffic. It also
has a Knowledge Library with topics such as porhiagstration; development, operations and
efficiency; security; dredging; environmental; tsportation and safety.
http://www.aapa-ports.org/home.cfm

U.S. Department of Transportation, Maritime Admirtigtion (MARAD)
MARAD has a number of reports and statistics ors&ksalls and market indicators:
http://www.marad.dot.gov/library landing_page/datad statistics/Data_and_Statistics.htm

It also provides a number of useful publicationshsas:MARAD Port Economic Impact Kit;
Public Port Finance Surveys; U.S. Public Port Deelent Expenditure Report; and Report to
Congress on the Performance of Ports and the IntahSystem
http://www.marad.dot.gov/library landing_page/maré_publications/Library Publications.ht
m
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5. SUPPORT AND TRANSPORT FACILITIES
5.1. Description of Industry and Services Provided

Offshore oil and gas activities are supported bgoasiderable onshore supply and support
logistics train. Support activities include prowig products and services such as engine and
turbine construction and repair, electric genestohains, gears, tools, pumps, compressors, and
a variety of other tools and equipment. Additidypatirilling muds, chemicals, and fluids are
necessary daily inputs that have to be transpddeaffshore structures from onshore support
facilities. Many types of transportation vessetsl &elicopters are used to transport workers,
equipment, and materials to and from offshore ptatk.

In the past, a large number of support activitiesren“internal” to offshore oil and gas
companies. Today, a large amount of onshore stppaol transportation services are provided
by outside third parties. Downsizing and specaion have been the primary reasons for
utilizing these services on a contract basis. s$trgudownsizing, in particular, has reduced the
numerous layers associated with oil and gas ope&athy many offshore producers. The use of
contract services allows producers to utilize syphnsport, and logistics resources on an “as
needed basis” rather than providing these suppmstiices on a full time, permanent basis.
Contract support services create a significant eegf flexibility for offshore operators and
allow them to keep costs down during periods ofail gas commodity price downturns.

Onshore support and transportation services ardogeth by major and independent producers
alike. While the support sector of the industrwésy heterogeneous, all firms that operate in
this sector share one common element: a large sifiarot all of their business activity, profits,
and earnings are highly dependent on the cycliaaire of the oil and gas industry. As will be
discussed in greater detail later, this dependdrasy led to two different survival tactics by
support and transportation firms in the Gulf: corication and diversification. Concentration
has occurred from general merger and acquisitioB&AMactivity, while diversification has
resulted from taking on a broader number of supaod service activities from other maritime-
based industries to dampen earnings impacts frdmgail and gas prices.

5.2. Industry Characteristics
5.2.1. Typical Facilities

It is difficult to characterize any type of suppandustry as “typical” since they provide a

number of difference and specialized products andices. Firms can also take on a variety of
sizes from very small, to very large. Land-basgap$y and fabrication centers, for instance, can
be quite large and provide the equipment, persormamel supplies necessary for the industry to
function through intermodal connections at the GaflfMexico coast ports. The necessary
onshore support segment includes inland transpmmtato supply bases, equipment

manufacturing, and fabrication. The offshore supjpovolves both waterborne and airborne
transportation modes.

The physical attributes of a port can determinerthmber and type of tenants and port users.
For example, the Port of Iberia is the Gulf Coatdigest shallow water draft port, with more
than 100 companies housed at the port that empley 000 workers (Port of Iberia, 2007).
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Port Fourchon is the most significant deepwatet, @ord according to figures published by Port
Fourchon, some 50 percent of current and futurepwater projects plan to service their
activities from Fourchon (Greater Lafourche Portr@aission, 2006).

General Support Facilities

Support facilities are diverse but there are a remolb common features such as being located at
or near a port that serves as a point of disembamknand tends to have physical attributes that
complement support activities. In fact, businesacfices at most ports are directed at

developing and providing the necessary infrastmectar the service sector to support offshore

drilling and production activities. Most suppoet/gice companies have one or more of the

following infrastructure attributes at their respee locations:

* Protected wharfs, docks, and dry-docks (to load prmavide temporary
storage of materials and crews destined for oftshmrations);

» Storage and demurrage facilities (for longer temuigment and material
storage);

* Crew housing;

» Access to intermodal transportation access (bags, inter-coastal waterway,
railways);

» Communication facilities/equipment; and

* Workshops and machine and tooling shops.

Repair and Maintenance Yards

A significant portion of repair and maintenance mup work that is conducted at platform
fabrication facilities and shipyards is associavath maintaining vessels and equipment for
drilling and production activities. Specific repaiethods vary from job to job in both time and
scope and can last from one day to over a yeapaiR@bs often have severe time constraints
requiring work to be completed as quickly as pdssib order to get the equipment back to
service. This is particularly true during periods high oil and gas prices, or hurricane
restoration and recovery, where a limited amouwadking equipment and personnel is of high
value. In many cases, a number of repair-orienéstts are pre-fabricated and then taken
offshore for final assembly and repair. This isenfthe case with such activities as piping,
ventilation, electrical and other machinery. Tybimaintenance and repair operations include
(USEPA, 1997):

» Blasting and repainting the ship hulls, freeboataperstructure, and interior
tanks and work areas;

* Major rebuilding and installation of machinery suels diesel engines,
turbines, generators, pump stations, etc;

» Systems overhauls, maintenance and installatign, @ping system flushing,
testing and installation);
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» System replacement and new installation of systeoth as navigational
systems, combat systems, communication systemsteggiping systems,
etc.;

* Propeller and rudder repairs, modification, andratient; and

* Creation of new machinery spaces through cut of@itthe® existing steel
structure and the addition of new walls, stiffeneestical, webbing, decking,

etc.
Supply Bases

Supply bases can range from large yards, offerinqarege of services from full logistics
management, to smaller shops that supply one orymérihe items needed on an offshore
platform or marine vessel. Larger supply comparigseh as Seacor Holdings or Hornbeck
Offshore Services) who offer supply chain managdmservices move equipment and supplies
from land based supply houses to offshore drillmatforms from various locations along the
GOM. Other, smaller suppliers act more or lese Bkcombined retail and equipment rental
store, supplying anything from crane rentals, waoske space, trailer rentals, and dispatch
services, to engine parts, fuel, navigation toptgable water, and lubricants including motor oil,
hydraulic oil, natural gas compressor oils, gregsey oil, and synthetics.

Heliports

Heliports are centralized locations where fixed awthry wing aircraft (i.e., helicopters)

disembark for offshore service. Helicopters moremcand equipment to offshore areas. While
supply boats are typically used for short-haul servhelicopters are the primary means of
transportation for longer distances as well asamsts when speed of delivery (equipment,
personnel) may be pressing. For example, theZBéL Long Ranger has a fuel capacity of 110
gallons and can travel up to 320 nautical milegg(flSafety Foundation, 2005). Its cruising
speed at sea level is about 130 knots (Flight $&fetindation, 2005). This would include most
deepwater platforms and facilities in the GOM. Apply boat (specifically a crew boat for

transporting personnel), on the other hand, hasiairg speed to 20 to 35 knots (Barrett, 2005).

Heliport service providers usually retain a mixste and quantity of aircraft, with their fleets
categorized into small, medium, and large heliogptd he small helicopters are better suited for
support of production management activities, dagtftights and shorter routes. These aircraft
typically hold four to six passengers. Many of stellow-water production facilities in the
GOM are too small to accommodate anything largen th small helicopter, making the GOM a
strong market for this group of helicopters. Medibelicopters are the most versatile part of an
air transportation company’s fleet because theyeap@pped to fly in a variety of operation
conditions and capable of flying longer distancesl &arrying larger payloads than small
helicopters. Medium helicopters hold up to 13 pagers. Large helicopters are also able to fly
in a variety of different operations, but they @so perform in harsh weather conditions, carry
larger payloads, fly longer distances, and hold tap25 passengers. Medium and large
helicopters are most commonly used for crew changdarge offshore production facilities and
drilling rigs. The use of larger helicopters tena$e concentrated in international markets since
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their drilling locations are typically more remaaed they have limited onshore infrastructure
support locations (SEC, 2007a).

Crew Services

A number of companies provide services to the crévas live on the offshore rigs. These
companies provide catering (delivering and senvmog meals), and laundry (cleaning and
maintenance services) for crew barracks. A numiifercompanies also provide on-site
paramedics. Paramedics provide more than medicacss. They are part of the crew, offering
an additional service that improves operationaicieficy and productivity (Phudpucker.com,
2009).

Offshore Support Vessels

Any functioning offshore oil and gas production gi®n requires frequent transportation of
personnel, supplies, and materials to and fromhofts platforms. The large scale of operations
in the GOM has led to the development of a speadlifleet of OSVs that were discussed in a
prior chapter.

OSVs are required in virtually every stage of tHisleore drilling process. In some instances,
support vessels may be solicited and bid for paleicactivities or projects. In some cases, these
solicitations will require the offshore support quemy to design and build a support vessel to
particular specifications in order to meet the reguents of the exploration or production
project (SPO, 2007).

Support vessels are also needed to assist in tigraotion phase of field development including
the supply and installation of platforms, the laywof pipelines to shore-based storage facilities,
and the installation of associated offshore loadaugities. Once the necessary infrastructure is
in place, there is a continuing requirement for tiia@sportation of food, stores, personnel, and
maintenance equipment to the platforms. OSVs ¢sm gerform fire fighting as well as oil
recovery operations in case of an oil spill at #ishmre platform.

Accommodation management of platforms includes daynand housekeeping services,
including maintenance of living quarters. Offshaeommodations can drive operating costs
up substantially, but these costs are typicallyvorgable given new safety regulations and the
need to attract skilled labor through comfortabtecmmodations and other non-salary work
environment benefits. Some companies are eveuibgilaccommodation barges, such as the
one pictured in Figure 31 called a “floatel.” Ttparticular facility is named the “Offshore
Olympia,” and can hold up to 500 people and cambered alongside a deepwater production
facility.
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Sour ce: Barges.com, 2007.

OFFSHORE OLYN

Figure 31. Offshore accommodations.

Other services often provided by support companies include, but are not limited to security,
medical services, waste management, and entertainment. One of the most critical offshore
support services provided is that of potable water transportation and waste management. Waste
disposal is important since numerous federal and state laws require the safe disposal of offshore
drilling wastes, some of which are returned to land for disposal. Many of the offshore supply
companies transport the wastes in specia tanks on OSVs from the offshore site to onshore
transfer facilities. From there the wastes are transferred to another transportation mode and sent
to a final point of disposition. These details are discussed in greater detail in the chapter on
Waste Disposal Facilities.

A barometer of OCS service base significance is found in private sector platform plans submitted
to the BOEM. While actual OSV vessels may be registered to a specific port, and use this port
as their home mooring/berth, these same vessels may in fact actually use other ports for picking
up supplies, refueling, transferring crew and cargo, etc. Platform plans specify the specific
service base from which supplies and necessary equipment are being loaded and transported en
route to the platform; these plans highlight ports that may be underrepresented from the USACE
registry databases.

5.2.2. Geographic Distribution

There are many onshore facilities that support the offshore industry along the Gulf Coast. Figure
24 identifies mgor support bases along the coast that are key supply points for goods and
services for OCS installations such as wells, rigs, platforms, pipe laying operations, and many
additional energy projects in the Gulf of Mexico. From these ports, a variety of ships and
support vessels together make thousands of trips annually to provide this support. Although
operations are spread all aong the Gulf Coast, most producing deepwater fields have service
bases in southeast Louisiana (French et al., 2006).

Exploration and production in the Gulf is concentrated in three areas (Figure 32): Western,
Central and Eastern Gulf regions. Located adjacent to these three regions are hundreds of
contractors operating ports, maintenance and shipbuilding facilities, as well as crew bases, and
other supporting industries such as pipe-making and pipe-laying.
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Western GOM

The Western Gulf of Mexico Planning Area extendsnfrSouth Padre Island, Texas, to the
Sabine River, on the Texas — Louisiana border. oAting to December 2003 BOEM estimates,
the western Gulf area has approximately 427 millmarels of oil and 5.9 Tcf of gas of

remaining proved reserves (USDOI, MMS, 2006d). Tegor onshore key ports and facilities
are located near the Corpus Christi, Galveston PartlArthur areas.

Source: USDOI, MM S, 2007b. SR
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Figure 32. Gulf of Mexico planning areas.

Central GOM

The Central Gulf of Mexico Planning Area extendsnirthe Sabine River to Baldwin County,
Alabama. According to December 2003 BOEM estimaté® Central Gulf area has
approximately 4,443 million barrels of oil and 1%#lion cubic feet of natural gas of remaining
proved reserves (USDOI, MMS, 2006d). Major pord &acilities are located in Morgan City,

Venice, Intracoastal City, Cameron and Fourchobaunisiana. Additional facilities are located
near Biloxi, MS.

Eastern GOM

The eastern GOM Planning Area extends along th€XGwdrtheastern coast for some 700 miles,
from Baldwin County, Alabama, southward about 30lesnto the Florida Keys. The area
encompasses approximately 76 million acres, wittemdepths ranging from tens of feet to over
9,900 feet. Since the late 1980s, a limited am@minOCS activity has taken place in this
planning area because of administrative deferradisaamnual congressional moratoria. However,
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recent legislation has allowed the development®m&illion acres within the Eastern area of the
Outer Continental Shelf, therefore some developneimminent. In 2000, BOEM estimated
that between 6.95 and 9.22 trillion cubic feet afunal gas and between 1.57 and 2.78 billion
barrels of oil and condensate are contained inEhstern Gulf of Mexico Planning Area
(USDOI, MMS, 2007c).

Heliports are typically located at small and medisized regional airports throughout the GOM
and can be main and auxiliary (or remote) helipactlities. Main facilities, usually located at
regional airports, host most of the main aircradingpers, aircraft repair yards, as well as
administrative offices. Figure 33 shows the lawadi in which the largest three providers
operate. Almost any location in the Gulf of Mexican be reached by any one of these
locations. For instance, both PHI and ERA opeoaitteof Fourchon, Louisiana, as indicated by
the checkmarks in the table. Fourchon is labeteplaent 6 on the map.
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6 Fourchon v 'd 20 Freeport v
7 Galliano v 21 Fulton v
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10 Johnson's Bayou v 24 Rockport v
11 Lafayette v v 25 Sabine v
12 Lake Charles v v v 26 Sabine Pass v
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Source: PHI, Inc., 2008; SEC, 2005c; SEC, 2005d.

Figure 33. Locations of major helicopter service providers.

5.2.3. Typical Firms

There are numerous and varied companies withinGlV offshore support and transport
sector. The Atlantic Communications 20@ulf Coast Oil Directory’ssection on Marine
Supply Bases — Expediters & Chandlers lists 56 @omgs with 87 locations along the Gulf
Coast. Figure 34 shows the locations of theselglggse companies.
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Figure 34. Locations of marine supply bases.

Companies range in size from less than 25 emplayeg®ne location, to over 100 employees at
several locations (Atlantic Communications, 2008)hese supply bases can range from large
yards, offering multiple services including fulldgigstics management, to smaller shops that
supply one or many of the items needed on an afésplatform or marine vessel. The following

list is an example of just some of the servicegroducts listed by these companies:

» Electrical cables for offshore marine applications.

* Navigational supplies and weather instruments.

» Broker of tugs, offshore boats, crewboats, barges.

* Marine supplies, dock, harbor and vessel mooriagiware.
* Temporary accommodation cabins.

* Living quarters and temporary accommodations, gsllediners, utility

buildings.
* Wire rope, marine and lifting equipment.
» Marine diesel fuel and lubricants (purchase, sétire and deliver).

* Loading and offloading dock, crane service, pipeaie, office space.
» Dispatchers, material expediters, rig clerks, compsiales and rentals.
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» Complete galley, deck and engine supplier.
* Rig and vessel fueling.

In addition to the supply bases, there are 23 ic@teccompanies listed in Atlantic
Communications’ Gulf Coast Oil Directory. Sometbé largest food management companies
with operations in the GOM include Delta CateriBgdexho Alliance (via Delta Catering, and
Energy Catering Services, Inc.), the Craig Groupn@ass Group (via Eurest Support Services),
Sunoco, Trinity Catering, and Taylor’s Internatibn@ll have offices, or affiliates, working in
the GOM.

Delta Catering, of Harahan, Louisiana, works exgklg in the GOM region and focuses its
efforts on servicing a small number of customersgli@® Catering, 2008). Delta, along with
Energy Catering Services, Inc., is now part of SbdeAlliance, a $14 billion worldwide
company. One of their biggest clients is Conocliipkj which operates the Magnolia Blossoms
deepwater rig that houses 92 people. The compamyides meals, as well as laundry and
cleaning services. The Sodexho crew consists afobks, galley hands, and others (Universal
Sodexho, 2008a and 2008b).

Other catering companies include

* Eurest Support Services, a division of the Comgassup, is the leading
provider of specialist foodservice and related suppervices in the offshore
industry.

* Sunoco, of Houma, LA, is a private company thatvpges catering,
housekeeping and grocery sales exclusively fooffshore industry.

* Taylor's International, of Lafayette, LA, is an émbational company with
over 10,000 employees in 25 countries (Taylorsrivattonal Services, Inc.,
2007).

There are three main independent providers of rainsportation services. These include:
Bristow Group (formerly Offshore Logistics); PHhd. (formerly Petroleum Helicopters, Inc.);
and Seacor (formerly ERA Aviation) (Figure 35). cRacompany operates numerous locations
(as shown in Figure 34) along the Gulf in addittonthose activities conducted at their main
headquarters. The primary business of all thrée @movide crew and equipment transportation
services to offshore oil and gas companies. Tagethese three companies account for nearly
80 percent of the aircraft available in the Guf@ther competitors in this sector are smaller,
privately-owned businesses or subsidiaries of facgenpanies. Among the smaller companies
are Evergreen, Houston Helicopters and Rotorcradhmologies.
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Source: Offshore LogistiCSs

Figure 35. Market shares of major helicomr service
providers in the Gulf.

The largest OSV companies in the GOM market incl@gacor Holdings with 107 vessels

operating in the GOM,; Trico operates 68 vesseldting 44 supply vessels and 7 crew boats);
Hornbeck Offshore Services operates 25 new geparéte. deepwater) OSVs; Tidewater, Inc.

has 57 vessels; and Hercules Offshore, Inc. omefatackup rigs and 64 lift boats (SEC, 2006d;
SEC, 2006e; SEC, 2006f; SEC, 2006g; SEC, 2006lhereTare also numerous smaller entities,
with over 150 boat owners operating over 850 bwatise Gulf of Mexico (Barrett, 2005).

Competition is usually strong for the support arahs$port sectors. For example, an oil and gas
company will select one helicopter provider for sélrvices provided in the Gulf. Bristow
Group’s annual report explains that 18 percenteirtHelicopter Services’ revenues were from
Shell Oil Company in fiscal year 2007. During thigscal year ending in March 2007, their top
ten customers accounted for more than 55 percegriogk revenue (SEC, 2007a). PHI's largest
customer provides the company with 17 percentobgerating revenues (SEC, 2006i). And,
ERA Aviation’s (now part of Seacor) ten largest tonsers account for 46 percent of its
operating revenues (SEC, 2006e). The loss of apycastomer could have a significant impact
on any company’s operations. While many contrasésawarded through a competitive bidding
process, customers will usually make their decidiased on price and aircraft preference (SEC,
2006e).

5.2.4. Regulation

The numerous regulations surrounding the oil argdigdustry affect those companies who offer
support and transport services. The regulationsnexto local, state, federal, and international
levels. Among the U.S. governmental agencies wive parisdiction over the operations are the
U.S. Department of Transportation, Department ofmidiand Security and agencies under its
auspices (such as the U.S. Coast Guard and the CuStoms and Border Protection),
Environmental Protection Agency and the NationanBportation Safety Board. In addition,

114



private industry associations, such as the Ameri&mpping Bureau or the American
Association of Port Authorities also oversee certapects of the business (SEC, 2006d).

Regulations that are specifically built just for@hand gas company will also affect the support
and transport companies. For example, the Outetii@omal Shelf Lands Act (OSCLA) gives
the government broad discretion in regulating t#lease of offshore resources of oil and natural
gas. If the government were to decide to resthetdvailability of leases in the GOM, then all
the support and transport companies would be dsiyaifpcted (SEC, 2006d).

Although onshore support services are not econdiyiczgulated, they are subject to numerous
environmental and safety statutes and guidelifiRspair and maintenance, because it is a part
of, and often referred to in conjunction with, tsleipbuilding industry, is subject to the same
regulations as discussed in Chapter 2, in the R#&gubk section. This includes the Resource
Conservation and Recovery Act, United States Codke 10, Section 7311, the Clean Air Act,
the Clean Water Act, the Comprehensive Environnmidteaponse, Compensation, and Liability
Act, and the Jones Act.

Other regulations that affect the onshore suppaiistries may include (unless otherwise noted,
the remainder of this section is from USEPA, 1997):

Emergency Planning and Community Right-To-Know Act

The Superfund Amendments and Reauthorization ABR@E of 1986 created the Emergency
Planning and Community Right-to-Know Act (EPCRAsalknown as SARA Title Ill). This
statute is designed to improve access to the pwablimformation about chemical hazards. It
also helps to facilitate the development of chehecaergency response plans by state and local
governments. EPCRA required the establishment atie stmergency response commissions
(SERCs). These commissions are responsible fordowiing certain emergency response
activities and for appointing local emergency plagncommittees (LEPCs). EPCRA and the
EPCRA regulations establish four types of reportotgigations for facilities that store or
manage specified chemicals:

 EPCRA 8302 requires facilities to notify the SER@ a EPC of the presence
of any extremely hazardous substance (the listuoh substances is in 40
CFR Part 355) if it has such substance in excesseosubstance's threshold
planning quantity, and directs the facility to appaan emergency response
coordinator.

» EPCRA 8304 requires the facility to notify the SER@d the LEPC in the
event of a release equaling or exceeding the rajplerguantity of a CERCLA
hazardous substance or an EPCRA extremely hazasdbgtance.

« EPCRA 8311 and 8312 require a facility at whichaadrdous chemical, as
defined by the Occupational Safety and Health Acpresent in an amount
exceeding a specified threshold to submit to thRGSH.EPC, and local fire
department material safety data sheets (MSDSs)ists bf MSDSs and
hazardous chemical inventory forms (also knownias [Tand Il forms). This
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information helps the local government respondhe event of a spill or
release of the chemical.

» EPCRA 8313 requires manufacturing facilities inéddin SIC codes 20
through 39, which have ten or more employees, ahtchwmanufacture,
process, or use specified chemicals in amountstagreihan threshold
guantities, to submit an annual toxic chemical aséereport. This report,
known commonly as Form R, covers releases andfénansf toxic chemicals
to various facilities and environmental media, afldws EPA to compile the
national Toxic Release Inventory (TRI) databaseEBA, 1997).

All information submitted pursuant to EPCRA regidas is publicly accessible, unless
protected by a trade secret claim.

Safe Drinking Water Act

Under the Safe Drinking Water Act (SDWA), the EPArequired to establish regulations to
protect human health from contaminants in drinkimgter. The SDWA authorizes EPA to

develop national drinking water standards and ereafoint Federal-State system to ensure
compliance. It also directs EPA to protect undewgd sources of drinking water through the
control of underground injection of liquid waste€=PA and authorized states enforce the
primary drinking water standards and the contantisaecific concentration limits that apply.

Toxic Substances Control Act

The Toxic Substances Control Act (TSCA) gave theAERuthority to create a regulatory
framework to collect data on chemicals in ordeetaluate, assess, mitigate, and control risks
that may be posed by their manufacture, procesamdguse.

Under TSCA 85, EPA has established an inventorgheimical substances. If a chemical is not
already on the inventory, and has not been exclbgefSCA, a pre-manufacture notice (PMN)
must be submitted to EPA prior to manufacture opanh (USEPA, 1997). The PMN must
identify the chemical and provide available infotima on health and environmental effects. If
available data are not sufficient to evaluate thentical's effects, EPA can impose restrictions
pending the development of information on its Healtd environmental effects (USEPA, 1997).
EPA can also restrict significant new uses of cleaisibased upon factors such as the projected
volume and use of the chemical. Under TSCA 86, ERAban the manufacture or distribution
in commerce, limit the use, require labeling, axgal other restrictions on chemicals that pose
unreasonable risks. Among the chemicals EPA régmlander 86 authority are asbestos,
chlorofluorocarbons (CFCs), and polychlorinatedhieipyls (PCBS).

Under TSCA 88, EPA requires the producers and itep®iof chemicals to report information
on chemicals’ production, use, exposure, and riskSompanies producing and importing
chemicals can be required to report unpublishettthaad safety studies on listed chemicals and
to collect and record any allegations of adversetiens or any information indicating that a
substance may pose a significant risk to humaniseoenvironment (USEPA, 1997).

116



Heliports are regulated by a number of differedief@al and state agencies. All flight operations,
for instance, are regulated by the Federal Aviafidministration (FAA). Aircraft accidents are
regulated by the National Transportation SafetyrBq&AITSB). Standards related to workplace
health and safety are regulated by the federal fateanal Safety and Health Act (OSHA).

The FAA holds jurisdiction over most aspects of #retransportation business. This includes
oversight of flight operations, personnel, airgradhd ground facilities. Air transportation

providers must obtain an Air Taxi Certification fmothe FAA, to transport personnel and
equipment to offshore regions. The FAA requirgstr@nsportation companies to file periodic
reports associated with flight operations.

Most air transportation companies are also suldgatertain regulations associated with the
Communications Act of 1934 because of ownershipagetation of radio and communications
equipment used for flight operations.

5.3. Industry Trends and Outlook
5.3.1. Trends
According to the FAA, there are 599 heliports ia tBulf Economic Impact Areas.

Offshore support and transportation facilities laighly dependent upon drilling and production
activities, which, in turn, are highly dependenbnpil and gas commodity prices. To survive
changes within the oil and gas industry, such etéu exploration to deeper waters, support and
transport companies must be dynamic and seek dieat®n opportunities where possible. The
supply and transport side of the offshore indusryery cyclical and can be one of the first to
feel the sting of price-induced industry downturnduring periods of E&P contraction,
discretionary supply, repair, and maintenance #iets/are one of the first to be cut to reduce
E&P costs. The offshore support sector's main mdeto these downturns is through
efficiency/innovation, diversification, and/or catislation (i.e., mergers or acquisitions). The
1990s was a decade in which oil and gas compaseeking to protect shareholder value,
consolidated and formed alliances. This process ra@sulted in an increase and realignment in
contract support services.

Oil and gas service companies of all types havetbakek diversification in both the types of

industries they serve, and the regions they seiver instance, in the early 1990s, 75 to 80
percent of PHI's operating revenues were geneiayeail and gas transportation services in the
GOM (SEC, 1994). This number has declined to §2spercent in 2004 and 60 percent in 2006
(SEC, 2006i). After the 1986 oil price decreaseergreen Helicopters turned its attention to
diversifying into spraying crops and other agriated applications. Evergreen, as well as PHI,
Inc. has also turned to emergency medical trangpontas a means for revenue diversification.
The share of PHI's operating revenues from thesgcss has increased from 27 percent in 2004
to 32 percent in 2006 (SEC, 2006i).

Increasing activity in deepwater offshore activigyforcing many in the service sector of the
industry to adopt more innovative methods and neshriologies to remain competitive.
Domestic and international competition, in additiona general shortage in skilled labor, are
also forcing the service support activities to osae advanced technologies. One example of
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new support technologies being utilized in offshoperations is the deployment of undersea
fiber optic cable. A fiber optic network can inase productivity, reliability, and safety,
allowing companies to use digital information andnage offshore operations collaboratively
with personnel onshore (Munier and Haaland, 20@. has recently installed and deployed a
new fiber optic network in the GOM called the “BPM FON.” The BP network includes a
1,100 kilometer, two optical fiber pair trunk cabbetween Pascagoula, Mississippi, and
Freeport, Texas (Munier and Haaland, 2008). Thesestrategically located branches that serve
the platforms. The network also has expansion madtat will allow it to serve existing
platforms as well as any new platforms (Munier afakaland, 2008). In addition to more
efficient operations and better communication, nieévork may be used during storm events.
Platforms could possibly remain operational, oevacuated, stay online longer and return to
production faster using this network (Munier anchldad, 2008).

Technological developments can also allow for stifemg and improved general performance.
For instance, a new memory card, called ALERTS, dealoped by Air Logistics and Appareo
Systems in 2007 to store flight data. This infotiovacan be uploaded onto a PC and will be
available within some helicopters including thase¢he GOM. By reviewing the data from each
flight, flight crews can use the information to flafer, help in training, and in accident
investigations (Bristow Group, 2007).

Greater total (and relative) deepwater activitireshe GOM are forcing significant changes on
the transportation industry in the region. Forregke, the helicopter and vessel industries must
have the capability of traversing longer distaneél more cargoes that were necessary even a
decade ago. Upgrading vessels will be importartjquéarly given the current age of the OSV
fleet. Today, the useful life of OSVs is considete be around 20 to 25 years yet the average
age of conventional (180’ or less) OSVs is arouidy@ars (December 2005), meaning that a
significant transformation from older, smaller wassto new larger and deepwater capable
vessels should occur if industry is going to ren@mpetitive (SEC, 2006d).

Onshore support facilities have also had to chaihg& configurations in order to support
deepwater vessels that require more draft. Sineeerfeports have such access, dredging
operations at existing facilities and contractopansion to areas that can handle such vessels
have occurred. This has led to heated competitietween port facilities. Many support
companies have multiple locations among the keyt pacilities. For instance, Bollinger
Shipyards has locations in Texas City, Calcasieargdn City, Lockport, Fourchon, as well as
other locations in the Central Gulf Region (Bollemghipyards, 2008).

According to a recent report by the BOEM, onsh@wise bases for deepwater production will
continue to grow in southeastern Louisiana. Pendmgloration plans and development
operations coordination documents filed with BOENMIlicate that southeastern Louisiana will
remain the concentrated location for shore-basegat, with additional support coming from
southwestern Louisiana, Mississippi and the Texmstc Figure 36 shows future development
plans for service bases (USDOI, MMS, 2006d).

118



T - ko ppd T
- T -
INTRACDAST AL o,
Source: USDOI, MMS, 2006d : o PASCAGOTLA
TR CAMERDN -"“t'_ﬁ:l;ﬁ
PASS @ = .! HCHTMLA
AMELLL  * FI. JACESN
- .I_B(HJI'H\'II.LE
GALVESTON ll-.'E.'u"II.I.I.; A VENICE b
™ FOURCHON IBLE T
FREEFUE]
g al
L] ) I::,':K =
oy -
=
o -
I[N LESIDE A =
-y ' ol
HARHOR ISLANT: e - h
" - o u} - -
a
-
-
L
k1] 1] T s
F e —
| ! ) 1
[ S Em
[
Pending Plans amd Correspaending Service Bases
i Fourchaon - 47% @ Other (Leeville, Galvesion, Amelia, Fot Jackson
O Versco « 14% Grimel 1sle, Booftville, Houra, Sobime Pass, Ingleside,
* " Pliwrgsan Clby, Crwnieron, Harbor Tsbancl, Pascagoula,
& Intracoastal City = 6% Froeport) - 334

Figure 36. Pending plans and correspondirggrvice bases.

5.3.2. Hurricane Impacts

The 2005 hurricanes caused extensive damage toiltted gas industry in general, but in
particular, the support and transport sector wasreéy hurt. According to Michael Kearns, a
spokesperson for the National Ocean Industry Assioci (NOIA) in Washington, onshore
support infrastructure took some of the hardest dhitring the 2005 season of hurricanes. NOIA
noted that while offshore platforms may have swedivthe people onshore who run them, and
the facilities and supply boats and everything emted to those support activities “took a
significant beating (McCulley, 2006).”

The damage from the hurricanes was quite seversoime service-related companies. Due to
Hurricane Katrina, Bristow Group suffered a totasd of its Venice, Louisiana, shore base
facility. Further, Hurricane Rita severely damadkd Bristow’s Creole, Louisiana, base and
flooded its Intracoastal City, Louisiana, base. e Testruction required the company to make
$2.8 million in insurance recoveries that were @ffsy $2.6 million in involuntary conversion
losses. Ultimately, the Intracoastal base waseweg in December 2005, the Venice base was
reopened in March 2006, and the Creole base wasithdwisiness in April 2006 (SEC, 2007a).

While the 2005 hurricanes resulted in significaamage for some offshore support companies,
many saw an increase in operations and overallntese and profitability. This increase in
activity was driven in large part by the 2005 steras well as the high crude oil and natural gas
price environment that existed after the stormgasiire. Seacor’s operating revenue in the
GOM region increased $46 million as compared topttier year’'s quarter (SEC, 2006€e). Trico
Marine Services reported that for its GOM supplgseads, average day rates increased 71 percent
for the year ended December 31, 2006, comparedthétisame period in 2005. Utilization also
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increased six percent for these vessels during the year ended December 31, 2006, compared with
the same period in 2005, inclusive of their stacked vessel fleet. The increase in both day rates
and utilization was a result of the increased demand due to decreased vessel supply and work
related to assessment and repair of damage from hurricanes in 2005 (SEC, 2006f).

5.3.3. Outlook

It is apparent that the oil and gas industry continues to thrive in the Gulf of Mexico in large part
due to the recent, post-2005 increase in fossil fuel prices. Support activities for the industry
come from a logistical value-chain that links all phases of the operation to its corresponding
support needs, and in turn, to the local communities providing that support in the form of
products or services. Land-based supply and fabrication centers provide the equipment,
personnel, and supplies necessary for the industry to function through intermodal connections at
the Gulf Coast ports. The necessary onshore support segment includes inland transportation to
supply bases, equipment manufacturing, and fabrication. The offshore support involves both
waterborne and airborne transportation modes.

As demand for the oil and gas industry intensifies, so does the demand for those companies
providing support and transport facilities. In a BOEM report on oil and gas production forecasts
for 2004 to 2013, it was estimated that oil production would reach about 2 million barrels per day
for a number of years, although there would be a short-term decline in total GOM production
(USDOI, MMS, 2004b). The oil and gas industry was expected to spend about $291 billion in
2007, compared to $268 in 2006, an increase of nine percent. Although much of that increase
will be spent outside of North America, the outlook for North America still sees a gan
(Snieckus, 2007).

Any expected increase in activity in new areas of the GOM, including those in the Eastern
Planning Region, would lead to more services needed by the oil and gas industry, thus driving
the support and transport sector as well. Most offshore service industries tend to be cyclical,
depending upon the price of oil and gas, which drives exploration efforts, and the extent of
economic growth, which drives the construction market.

The outlook for the helicopter transportation industry continues to look favorable so long as
crude oil and natural gas prices continue to be robust. Resilient prices result in continued
activity in both deepwater regions and traditional producing areas of the GOM. High and
sustained demand increases effective utilization that allows helicopter companies to increase
their rates, which in turn allows them to grow their fleets. These conditions are expected to
continue for a number of years. Both Bristow and PHI have deliveries scheduled for new
helicopters throughout 2007 to 2013. Bristow is acquiring 15 new medium-sized helicopters
between 2007 and 2013, and PHI ordered 30 additiona medium and light aircraft for service,
plus two additional transport category aircraft, to be delivered in 2007 to 2008 (SEC, 2007a and
2006i1).
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5.4. Chapter Resources

Atlantic Communication’s Gulf Coast Oil Directory

Includes a wide range of data from company namereasd, web and email addresses to contact
names with titles, direct phone numbers, and erddresses all organized alphabetically by
industry categories. Also included is “Company Détmformation such as company size,
revenue, areas operated in last 12 months, opesatiashore or offshore, and stock information
for publicly traded companies.

http://www.oilonline.com/Directory/DirectoriesDatades.aspx

U.S. Securities and Exchange Commission

Quarterly and annual reports of operations for jglibltraded companies are filed with the
Securities and Exchange Commission.
http://www.sec.gov/edgar/searchedgar/companysddnch.

Workboat.com

Provides daily news reports and a weekly newsléttethe commercial marine industry. It also
provides historic industry statistics on day rated fleet utilization.

http://www.workboat.com/
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6. WASTE MANAGEMENT FACILITIES
6.1. Description of Industry and Services Provided

A variety of different types of wastes are genetdig offshore oil and gas E&P activities along
the GOM. Some wastes are common to any manufagtoriindustrial operation (e.g., garbage,
sanitary waste (toilets), and domestic waste (siskewers)), while others are unique to the oll
and gas industry (e.g., drill fluids and produceater). Most waste must be transported to shore-
based facilities for storage and disposal. Théeht types of waste generated as a result of
offshore exploration and production activity inobud

» Solids, such as drill cuttings, pipe scale, produsand, and other solid
sediments encountered during drilling, completeomg production phases.

» Drilling muds, either oil-based, synthetic, or wabased.

» Aqueous fluids having relatively little solids cent, such as produced waters,
waters separated from a drilling mud system, cheare completion fluids,
acids used in stimulation activities, and wash vgatom drilling and
production operations.

* Naturally Occurring Radioactive Materials (NORM)ck as tank bottoms,
pipe scale, and other sediments that contain rbturagh levels of
radioactive materials.

* Industrial hazardous wastes, such as solvents artdirc compounds with
chemical characteristics that render them hazardodgr Subtitle C of the
Resource Conservation and Recovery Act and thus sobject to the
exemption applicable to wastes generated in thiindti production, and
exploration phases of oil and gas activities.

* Non-hazardous industrial oily waste streams geadraby machinery
operations and maintenance, such as used compretsodiesel fuel, and
lubricating oils, as well as pipeline testing amngigmng fluids.

* Municipal solid waste generated by the industryésspnnel on offshore rigs,
platforms, tankers, and workboats.

The onshore infrastructure network needed to manbgespectrum of waste generated by
offshore E&P activities can be divided into thregegories:

» Transfer facilities at ports, where the wasteassferred from supply boats to
another transportation mode, either barge or traakiard a final point of
disposition;

» Special-purpose waste management facilities thatdadicated to handling
particular types of waste; and,
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» Generic waste management facilities that receiveevMaom a broad spectrum
of American industry, of which waste generatechia ¢il field is only a small
part.

This chapter presents a comprehensive invento@¥1 waste management facilities and their
capacities for the first two categories: these tategories are unique and important in handling
GOM wastes. A specific analysis of generic wastmagement facilities, however, has not been
included for several reasons. First these gemeagte management facilities have unique permit
terms that render physical capacity only a smaldiain a site’s longevity. Second, solid waste
landfills receive only a small fraction of theirtab loading from OCS oil and gas activities.
Generic waste management facilities will be disedsdut only in a general fashion as they
relate to general waste disposal.

6.2. Industry Characteristics
6.2.1. Typical Facilities

The EPA has established a hierarchy of waste mamage methods that protect the
environment. EPA identifies the following generabste management techniques for the
disposal of wastes associated with oil and gasiges (USEPA, 1995a):

* Recycle/re-useRe-usable components, such as oil or drilling nmeah be
recovered from a waste stream and reused in codedtice potential burdens
on the environment and potential waste from the ufaoturing of new
replacement resources .

» Treatment/detoxificationWhen a waste cannot be recycled or re-used it can
sometimes be treated to remove or detoxify a pdaticconstituent prior to
disposal. Neutralization of pH and removal of sldB are examples of
technologies that are used with oil and gas wastes.

* Thermal treatment/incinerationVastes with organic content can be burned,
resulting in a relatively small amount of residaah that can be incorporated
into a product or sent to disposal. This technolegpults in air emissions, but
the residuals are generally free of organic camestits.

* Subsurface land disposalfhis disposal methodology places waste below
usable drinking water resources and is viewed pergar to land filling due to
the low potential for waste migration. Injectionliseand salt cavern disposal
are examples of this type of technology.

» Surface land disposal/treatmentThis disposal methodology involves
placement of wastes into a landfill or onto a ldiadm. Although well-
designed and constructed landfills minimize theepbéal for waste migration,
generators remain concerned about migration of atomants into water
resources and avoid it whenever practical. EPA stias surface land
disposal as the least desirable disposal method.
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Each of these waste disposal options has a diffexeinof environmental impacts, regulatory

constraints, costs, and capacity limitations. &oample, industrial non-hazardous oily waste
streams are managed at facilities that managewabtes for a broad range of industries. The
same is true for municipal solid waste and hazasdeaste. Most NORM and non-hazardous
wastes (NOW) are only handled by specialized whstiities in the Gulf Coast area, although

there are exceptions. The most common waste maregenethods are provided in the rest of
this section.

Offshore Marine Discharge

In early offshore oil and gas development, drillingstes were usually dumped from the
platforms directly to the ocean. During the 19#b&l 1980s, however, increasing evidence
showed that some drilling waste discharges coutthtibe local ecology, particularly in shallow
water. Water-based muds (WBMs) resulted in limigedironmental harm, but oil-based muds
(OBMs) typically used in wells drilled on deeperlgections create cuttings piles that can
impair zones beneath and around offshore platfor@d-based cuttings can affect the local
ecosystem in three ways: (1) by smothering orgasig2) by direct toxic effect of the drilling
waste, and (3) by anoxic conditions caused by rhiataegradation of the organic components
in the waste (USDOE, DWMIS, 2008a).

In the late 1970s, the EPA began restricting oadianharges of drilling muds and cuttings
through National Pollutant Discharge Elimination st&yn (NPDES) permits. The first
restrictions included prohibitions on the dischaajeOBMs and cuttings. In 1993, the EPA
adopted further discharge standards for the oféslwir and gas industry. These established
additional requirements for marine discharging dMé and cuttings from wells drilled at least
3 miles from shore but prohibited WBM dischargethwmi 3 miles of shore (USDOE, DWMIS,
2008a).

During the mid-1990s, synthetic-based muds (SBMsjewdeveloped and promoted to offer
strong drilling performance like OBMs but with less environmental impact. However the
1993 regulations did not include SBMs, resultingconsiderable uncertainty about whether
offshore operators could discharge the resultingyrgs and SBMs. The EPA, DOE, BOEM,
and numerous companies and industry associatioflabomted to finalize new effluent
limitations guidelines (ELGs) for SBMs in 2001. sammary of the 1993 and 2001 discharge
requirements are shown below (USDOE, DWMIS, 2008a):
Baseline Requirements

* No discharge of free oil (using a static sheer) mstliesel oil.

* Acute toxicity must have a 96-hour LC50 > 30,000npfusing EPA's mysid
shrimp toxicity text).

* Metals concentrations in the barite added to mudtmaot exceed:
o 1 mg/kg for mercury;
o 3 mg/kg for cadmium.
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* No discharge of drilling wastes allowed within tamiles of shore (except for
Alaskan facilities in the offshore subcategory).

Additional Requirements for Synthetic-Based Mud<B3[®s)
» SBMs themselves may not be discharged.
e Cuttings coated with up to 6.9 percent SBMs magibeharged.
o0 Ester SBMs can have up to 9.4 percent SBM on @stin
* Polynuclear aromatic hydrocarbon (PAH):
o Ratio of PAH mass to mass of base fluid may noeegcl x 15 .

» Biodegration rate of chosen fluid shall be no slowean that for internal
olefin:

0 Base fluids are tested using the marine anaerdised bottle test.

* Base fluid sediment toxicity shall be no more takian that for internal olefin
base fluid:

o0 Base fluid stocks are tested by a 10-day acutel-pblase test using
amphipodsl(eptocheirus plumulosyus

o Discharged cuttings are tested by a 4-day acute-pbhse test using
amphipodsl(eptocheirus plumulosys

* No discharge of formation oll:
0 Whole muds are tested onshore by GC/MS analysis.

o Discharged cuttings are tested for crude oil comation by fluorescence
method.

» Conduct seabed survey or participate in industiyevdeabed survey.

Drill cuttings are pieces of ground rock from thelland are coated with a layer of drilling
fluid. Most drill cuttings are managed throughpdisal, although some can be treated and
beneficially reused. Before cuttings can be reuieel hydrocarbon content, moisture content,
salinity, and clay content of the cuttings mustdxamined to ensure they are suitable for the
intended use of the material (USDOE, DWMIS, 2008e).

After coming to the surface, drilling wastes aragald on a series of vibrating screens called
shale shakers (Figure 37). Each successive shakeisuses finer mesh screen to collect smaller
and smaller particles. The liquid mud passes tjitdhe screens and is returned to mud pits on
the platform to be reused. If the recycled mul stintains fine particles that could interfere
with drilling performance, the muds are treatedigsnud cleaners or centrifuges. At the end of
a drilling job or at the end of a particular intakthat uses a specialized mud, the bulk mud will
either be returned to shore for recycling or disghd to the sea (USDOE, DWMIS, 2008a).
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Source: USDOE, DWMIS, 2008a

Figure 37. Shale shaker.

Discharge into the sea has a considerable costnty@ because there are no transportation
costs. A simple, continuous stream of produced ndte example, costs next to nothing to
dispose, while the setup to treat a difficult imétent stream could cost over a million dollars.
Cost per barrel depends on the nature of the veagtam and life span of the wells served by the
installation.

Subsurface Injectiont®

Subsurface injection is the management method fssedore than 90 percent of the 16 billion
barrels of saltwater produced by onshore oil ansl g@duction each year in the U.S. (ICF,
2000). An injection well can best be envisionecaggoducing well operating in reverse, with
very similar drilling and completion procedures fact, depleted producing wells are sometimes
converted to injection wells. Subsurface injectodraqueous fluids into a porous rock formation
is the oldest and most established technology ikpogal of produced waters onshore or when
discharge is not allowed offshore.

About 70 percent of the water volumes injectedhe U.S. serves the dual purpose of water
flooding the field, also known as “secondary recgyewhich is essentially pushing residual
hydrocarbons to selected wells in a secondaryeobvery project (ICF, 2000). Alternatively, the
injection zone is associated with either a depletedervoir or non-productive zone.
Underground injection is most suitable for relatyvsolids-free liquids. Fluids that are injected
underground are often filtered since many injecfanmations can become plugged with solids.
In streams with high levels of solids, theréite and sometimes the filters themselvesn th

'8 The term “subsurface injection” of waste is usedts more traditional sense, meaning injectiom iatporous
rock formation as opposed to the newer waste mamagemethod of salt cavern disposal, which is tdstinically
subsurface injection but significantly differendifin this method both technically and legally.
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become a solid-form waste stream that must be nealfdgSome formations, on the other hand,
are sufficiently porous and tolerant of solids aad serve as a viable method of sludge disposal.
The most prominent example of the latter is the peak facility located near Fannett, Texas in
Jefferson County.

As shown in Table 8 and Table 9, the costs of §udposal range from $0.40 to $10 per barrel.
Solids or sludges have a higher disposal fee db®8L.0.50 per barrel. Newpark Environmental
Services offer NORM disposal for $150 to $300 pamrdd. In addition, transportation costs for
injections disposal ranges from $65 per hour to #0hour and are also subject to additional
fuel surcharges of up to 16 percent. Other trartapon costs, such as use of a Bobcat, crane,
forklift or track hoe, may result in an additiortdlarge (Puder and Veil, 2006).

All facilities employing a form of underground icfgon rely on the availability of a suitable
underground formation or structure for emplacenwnivastes. To be suitable for injection, a
geologic formation must be of sufficient thicknessd permeability to accept reasonable
amounts of fluid as well as the residual solids #sxape filtration. The injection zone must also
be situated with sufficiently impermeable formascabove and below it to isolate the injected
material from usable groundwater and other ressur@de most porous and permeable
formations can be extremely tolerant of solid pées. However, slurried solids that are
disposed in the formations must be uniformly snesdbugh to pass through formation pore
spaces or else plugging and fouling will occur.

Subsurface injection wells are regulated as Clasgelction wells under the EPA’s underground

injection control program authorized by the Safenking Water Act and pursuant to regulations

set forth in 40 CFR Part 144 that were first progateéd in 1983. EPA directly regulates

injection wells in federal waters and delegatesheauitty for the state programs to the Texas
Railroad Commission, the Louisiana Department aluhd Resources, Mississippi Oil and Gas
Board, and the Alabama Department of Environmei@hagement. The regulatory program is

mature and the technology has an established rexfogdod performance, despite decades of
operations under considerably less protective eggud than those that exist today.

Waste is isolated in the injection zone by otherawnding geologic zones that form a seal or
barrier to the zone holding the injected waste nedte These formations typically do not have
well-defined “edges” that would help in identifyinge zone as a “container” for the waste
materials. This lack of “containing sides” is treason most injection zones do not have well-
defined capacity limits that can be meaningfullyasweed against the relatively finite amount of
waste that may be generated within the local area.

" A similar technology, annular injection, is usettlze point of generation and sometimes used oeshoia
commercial mode, but has generally been less amtehie to concerns about the fate of the waste imjeeted.
Some newer approaches involve extensive charaatierzof the receiving formation and seem to hblkl promise
of broader acceptance, especially for offshoreiegbns.
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Table 8

Injection Wells

Waste
Type /
State

Disposal Company and Facility

WBMs and cuttings
Alabama
Wastewater Disposal Service |
Produced water
Alabama
Wastewater Disposal Service |
Zinn Petroleum Compa
Louisiana
Charles Holston, In
Guillory Tank Truck Servic
Habetz Oilfield Saltwater Servi
Hallar Enterprises Inc. Disposal ¢
Houma Salt Water Disposal Corp. - Off LA Hwy {
Key Energy Services, Inc. — Athe
Key Energy Services, Inc. - Oil C
Louisiana Tank, Ini
O’'Brian Energy Cc
Philip Environmental Services (PSC Indus
Outsourcing, Inc.) - Morgan City Facil
Pool Company — Minde
Saline Injection Systems C
US Liquids of Louisiana LP - Bateman Island (Dir
US Liquids of Louisiana LP - Berwick (Transf
US Liquids of Louisiana LP - Bourg (Dire
US Liquids of Louisiana LP - Cameron (Trans
US Liquids of Louisiana LP - EIm Grove (Dire
US Liquids of Louisiana LP - Fourchon (Trans
US Liquids of Louisiana LP - ICY (Transf
US Liquids of Louisiana LP - Mermenteau (Trans
US Liquids of Louisiana LP - Venice (Transi
Mississippi
Earth Resourct
Radzewicz Operating Corporat
Texas
Key Energy Services, Inc. - Amando, Wi
County School Land, Mckendrick, and Bai
Key Energy Services, Inc. - Bettie Ur
Porter/Holland and Sebesta t
Key Energy Services, Inc. - Bloes, ¢
Thornton/Henr

Disposal
Cost
($ per barrel)

©#
o
S
-

0.5(
0.5(
0.67
1.0¢
0.6(
0.7¢
0.7¢
0.5(
0.7¢

B e e R e

0.6¢

0.8¢

0.50
7.0C

3.00- 7.0C
7.0C

3.00- 7.0C
1.0¢

3.00- 7.0C
3.00- 7.0C
3.0¢

3.00- 7.0C

B e e e e e A

0.6(
0.37

@ N

Disposal Company ahFacility

Produced Water - Texas (continued)

Key Energy Services, Inc. - BrowNAIma, a
Jeter-Farme

Key Energy Services, Inc.-Burns and Hansel
Unit 1

Key Energy Services, Inc.-Carthage Loop, Debe
Panola County Disposal, Reed, and Sin¢

Key Energy Services, Inc. - Ci

Key Energy Services, Inc. - Cashbi

Key Energy Services, Inc. - Coo

Key Energy Services, Inc. - Das

Key Energy Services, Inc. - Eal

Key Energy Services, Inc. - Freestone Count

Key Energy Services, Inc. - Gangl L

Key Energy Services, Inc. - Gayle |

Key Energy Services, Inc. - Gutierrez (2), Leon:
Medina/Lozano, Villareal (3), and Ramirez, Me

Key Energy Services, Inc. - Hunt/William, a
Brushy Creek Gas Ui

Key Energy Services, Inc. - Huts

Key Energy Services, Inc. - Joaq!

Key Energy Services, Inc. - Kinder/Geo

Key Energy Services, Inc. - Kristi

Key Energy Services, Inc. - Live Oak Cot

Key Energy Services, Inc. - Mckeown &
Meisenheime

Key Energy Services, Inc. - Moser

Key Energy Services, Inc. - Nichols L

Key Energy Services, Inc. - Peterson, 1

Key Energy Services, Inc. - South Texas Disf

Key Energy Services, Inc. - Standi

Key Energy Services, Inc. - Teet

Key Energy Services, Inc. - Vick and L

Key Energy Services, Inc. - Washington Coui
Clay Creek East Unit, and Lin

Key Energy Services, Inc. - Youngblo

Mo-Vac Service Co. Inc. - Andrev

S & D Services — Floy

Taylor Disposal Operating Inc. - Butl

Wasson Solid Waste Disposal System LL

RCC District 8A/Yoakum County

R R @ R e R @

R R R

R

0.7C

0.5C

Source: Puder and Veil, 2006.
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Table 9

Injection Wells (Sludges)

Disposal
Disposal Company and Facility Cost Disposal Company and Facility
($ per barrel) ($ per barrel)
Contaminated Soils Proudced Water (continued)
Louisiana Texas
Newpark Environmental Services - Cameron (Tran $ 5.50-10.0( Newpark Environmental Services - Fannett (Dit $5.00-10.0
Newpark Environmental Services - Fourchon | (Tran $5.50-10.0( Newpark Environmental Services - Galveston (Tran $5.50-10.5)
Newpark Environmental Services - Fourchon Il (Tfar) $ 5.50-10.0( Newpark Environmental Services - Ingleside (Trar) $5.50-10.5
Newpark Environmental Services - ICY (Trans $5.50-10.0( Newpark Environmental Services - Port Arthur (Tfen $5.00-10.0
Newpark Environmental Services - Morgan City (Tifar) $5.50-10.0C  Tank bottoms
Newpark Environmental Services - Venice (Tran: $5.50-10.0( Louisiana
Texas Newpark Environmental Services - Cameron (Tran $5.50-10.5
Newpark Environmental Services - Fannett (Dit $5.00-10.0( Newpark Environmental Services - Fourchon | (Tran $5.50-10.5
Newpark Environmental Services - Galveston (Tra) $ 5.50-10.5( Newpark Environmental Services - Fourchon Il (Tfan) $5.50-10.5
Newpark Environmental Services - Ingleside (Trar) $5.50-10.5( Newpark Environmental Services - ICY (Trans $5.50-10.5)
Newpark Environmental Services - Port Arthur (Tfer) $5.00-10.0( Newpark Environmental Services - Morgan City (Tifar) $5.50-10.5
NORM Newpark Environmental Services - Venice (Tran: $5.50-10.5
Texas Texas
Newpark Environmental Services - Big Hill (Dire $ 150-300.0( Newpark Environmental Services - Fannett (Dit $5.00-10.0
OBMs and cuttings Newpark Environmental Services - Galveston (Tran $5.50-10.5
Louisiana Newpark Environmental Services - Ingleside (Trar $5.50-10.5
Newpark Environmental Services - Cameron (Tran $5.50-10.5( Newpark Environmental Services - Port Arthur (Tfen $5.00-10.0
Newpark Environmental Services - Fourchon | (Tren $5.50-10.5(  WBMs and cuttings
Newpark Environmental Services - Fourchon Il (Tfar) $5.50-10.5( Louisiana
Newpark Environmental Services - ICY (Trans $ 5.50-10.5( Newpark Environmental Services - Cameron (Tran $5.50-10.5
Newpark Environmental Services - Morgan City (Tifar) $5.50-10.5( Newpark Environmental Services - Fourchon | (Tran $5.50-10.5
Newpark Environmental Services - Venice (Tran: $5.50-10.5( Newpark Environmental Services - Fourchon Il (Tfar) $5.50-10.5
Texas Newpark Environmental Services - ICY (Trans $5.50-10.5
Newpark Environmental Services - Fannett (Dit $5.00-10.0( Newpark Environmental Services - Morgan City (Tifar) $5.50-10.5
Newpark Environmental Services - Galveston (Tran $5.50-10.5( Newpark Environmental Services - Venice (Tran: $5.50-10.5
Newpark Environmental Services - Ingleside (Trar) $ 5.50-10.5( Texas
Newpark Environmental Services - Port Arthur (Tfer $5.00-10.0( Newpark Environmental Services - Fannett (Dit $5.00-10.0
Produced water Newpark Environmental Services - Galveston (Tray $5.50-10.5
Louisiana Newpark Environmental Services - Ingleside (Trar) $5.50-10.5
Newpark Environmental Services - Cameron (Tran $ 5.50-10.5( Newpark Environmental Services - Port Arthur (Tfen) $5.00-10.0
Newpark Environmental Services - Fourchon | (Tran $5.50-10.5(
Newpark Environmental Services - Fourchon Il (Tfar) $5.50-10.5(
Newpark Environmental Services - ICY (Trans $5.50-10.5(
Newpark Environmental Services - Morgan City (Tifar) $5.50-10.5(
Newpark Environmental Services - Venice (Tran: $5.50-10.5(

Source: Puder and Veil, 2006.

Subsurface injection facilities can have two limidas. First, any given injection zone will
accept fluid at a certain rate, depending on ptrogermeability, and thickness of the formation.
This tends to govern the maximum amount of wasa iy be disposed of daily in a given
well. Second, any given injection well can be sabjo irreparable failure of the casing or the
cement around the casing as well as to “skin daim@gthe formation at its interface with the
wellbore. With proper design and operation, howeweost disposal wells can be expected to
last 15 or 20 years if not longer. When a wellsaike-drilling within a few hundred feet is often
a viable solution to the well failure. Life-of-sitapacity at a given location is less of a concern
than is the duration of saltwater production froearoy wells.
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Salt Cavern Disposal

Salt caverns, utilized for a variety of undergrowidrage purposes, are created by a process
called solution mining. Under a typical solutiomnimg approach, a hole is drilled to the depth
of the salt formation and a small diameter pipéogered into the well. To form the cavern,
water is pumped through one of the pipes. As tAemcomes in contact with the salt formation,
the salt dissolves. When the solution is removednhfthe hole, a cavern is created by the
removal of this brine (USDOE, DWMIS, 2008b).

Salt caverns have been used for decades to sfeeedt types of hydrocarbon products. More
recently, their use for disposal of wastes hasivedeincreased attention (Figure 38). In the
early 1990s, several Texas brine companies obtgeeaits to receive waste, much of which
was drilling waste, for disposal into salt cavetingy had previously developed as part of their
brine production operations. As of August 2002npts were granted for 11 caverns at seven
Texas locations. The disposal of offshore wastde disposal caverns near the coast is
becoming more popular. In 2003, Texas was the stalte to issue permits for disposal of wastes
in salt caverns in the United States. Louisianapgetl cavern disposal regulations in May 2003
but had not yet permitted any disposal cavernse@disposal caverns are operated in Canada.
In 2004, Mexico announced that it was developinguiations for disposal of oil-based muds
and cuttings in salt caverns (USDOE, DWMIS, 2008b).

[ 14— Incoming
Waste

1 Displaced
: > rife

Final casing Surface casing

—

1/ ! T“§

Overlying formations
Annulus

Top of salt larmation

(sal)

_ Tubing
stiing

(salf)

Note: Net 1o seale Source: USDOE, DWMIS, 2008b.

Figure 38. Schematic of a cavern in domal salt.
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Wastes are transported to the cavern site in traokisunloaded into mixing tanks, where they
are blended with water or brine to make a slufB&P wastes that are suitable for disposal in
caverns include drilling muds, drill cuttings, puméd sands, tank bottoms, contaminated soil,
and completion and stimulation wastes. The wdsteysis then pumped into the caverns. The
incoming waste displaces the brine, which is brougthe surface. The brine is either sold or
injected into a disposal well. Inside the cavehe, solids, oils, and other liquids separate into
distinct layers: solids sink to the bottom, theyaind other hydrocarbons float to the top, and
brine and other watery fluids remain in the middéSDOE, DWMIS, 2008b).

The surface footprint of an underground salt cav@wronsiderably lower than traditional surface
disposal. Further, the chance of any waste-relptedlems resulting from cavern storage tends
to be lower than land treatment or landfill operati Wastes in a salt cavern are contained
underground in an impermeable and self-healingimafrsalt. No leaks or releases have been
observed from the limited number of salt caverredusr disposal (USDOE, DWMIS, 2008b).

Table 10 shows that the disposal cost for prodweaigr in a salt cavern ranges between $0.30
and $10 per barrel. Other types of waste, contatethsoil, WBM, OBM and tank bottoms, cost
$2 to $15 per barrel. NORM prices at Lotus, L.L(@.commercial salt dome in Andrews
County, Texas) are approximately $150-$300 pereharr
Other fees disposal companies may charge:

* Transportation fees: $55-$75 per hour.

» Cost to clean container: $150 per hour or $15(qier

e Cost of laboratory analysis: $110 to $150.
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Table 10

Salt Cavern Waste Disposal

Waste

Type /
State

Disposal Company and Facility

Disposal

Cost

($ per barrel)

WESG
Type /

State Disposal Companyral Facility

($ per barrel)

Contaminated Soils Produced Water - Texas (continued)
Texas Newpark Environmental Service:
CCS Energy Services LLC - Kiva (Dire $ 6.00-15.0C Permian Basin - Plains (Dire $ 5.00-10.0
CCS Energy Services LLC - Moss Bluff (Dire  $ 6.00-15.0C Newpark Environmental Service:
Coastal Caverns Ir $ 2.00-7.0C Permian Basin - Big Spring (Dire $ 5.00-10.0
Newpark Environmental Service: Newpark Environmental Service:
Permian Basin - Andrews (Dire $ 5.00-10.0C Permian Basin - Fort Stockton (Dire $ 5.00-10.0
Newpark Environmental Service: Newpark Environmental Service:
Permian Basin - Big Spring (Dire $ 5.00-10.0C Permian Basin - Andrews (Dire $ 5.00-10.0
Newpark Environmental Service: Tank bottoms
Permian Basin - Fort Stockton (Dire $ 5.00-10.0C Texas
Newpark Environmental Service: CCS Energy Services LLC - Kiva (Dire $ 6.00-15.0
Permian Basin - Plains (Dire $ 5.00-10.0C CCS Energy Services LLC - Moss Bluff (Dire  $ 6.00-15.0!
Taylor Disposal Operating Inc. - Caverns 1 $ 6.0C Coastal Caverns Ir $ 2.00-7.0
Wasson Solid Waste Disposal System | $ 3.5C Newpark Environmental Service:
NORM Permian Basin - Andrews (Dire $ 5.00-10.0
Texas Newpark Environmental Service:
Lotus LLC $ 150 Permian Basin - Big Spring (Dire $ 5.00-10.0
OBMs and cuttings Newpark Environmental Service:
Texas Permian Basin - Fort Stockton (Dire $ 5.00-10.0
CCS Energy Services LLC - Kiva (Dire $ 6.00 Newpark Environmental Service:
CCS Energy Services LLC - Moss Bluff (Dire  $ 6.00 Permian Basin - Plains (Dire $ 5.00-10.0
Coastal Caverns Ir $ 2.00-7.0C Taylor Disposal Operating Inc. - Caverns 1 $ 6.0l
Newpark Environmental Service: Wasson Solid Waste Disposal System $ 3.5l
Permian Basin - Andrews (Dire $ 5.00-10.0C WBMSs and cuttings
Newpark Environmental Service: Texas
Permian Basin - Big Spring (Dire $ 5.00-10.0C CCS Energy Services LLC - Kiva (Dire $ 6.00-15.0
Newpark Environmental Service: CCS Energy Services LLC - Moss Bluff (Dire  $ 6.00-15.0
Permian Basin - Fort Stockton (Dire $ 5.00-10.0C Coastal Caverns Ir $ 2.00-7.0
Newpark Environmental Service: Newpark Environmental Service:
Permian Basin - Plains (Dire $ 5.00-10.0C Permian Basin - Andrews (Dire $ 5.00-10.0
Taylor Disposal Operating Inc. - Caverns 1 $ 6.0C Newpark Environmental Service:
Wasson Solid Waste Disposal System | $ 3.5C Permian Basin - Big Spring (Dire $ 5.00-10.0
Produced water Newpark Environmental Service:
Texas Permian Basin - Fort Stockton (Dire $ 5.00-10.0
CCS Energy Services LLC - Kiva (Dire $ 0.50-3.0C Newpark Environmental Service:
CCS Energy Services LLC - Moss Bluff (Dire  $  0.50-3.0C Permian Basin - Plains (Dire $ 5.00-10.0
Coastal Caverns Ir $ 0.30-0.4C Taylor Disposal Operating Inc. - Caverns 1 $ 6.0
Wasson Solid Waste Disposal System $ 3.5

Source: Puder and Veil, 2006.

The use of these facilities is obviously only pbksiin parts of the country where salt deposits

are found, in either dome or bedded formatithsThe Gulf Coast region, both onshore and

offshore, has an abundance of salt caverns, maybarge access. As discussed in Chapter 10,
many Gulf Coast salt domes are already in servicehfydrocarbon storage. Salt caverns

otherwise introduce no particular siting criteriecept the need to maintain a sensible buffer

from residential and commercial areas for reasses@ated with odors and equipment noise.

'8 A salt dome is a structural dome that is createthfnatural salt deposits that have leached upgir@verlying
sedimentary layers. These thick formations camadéarge as a mile in diameter, and 30,000 feéeight. Salt
beds are shallower and thinner formations thatweally no more than 1,000 feet in height (Natues@rg,
2007b).
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Land Application

Drilling muds, produced sand, and other fine sohds candidates for land application, often
called land farming. Land farming can be a rekfiMow-cost approach to managing offshore
drilling wastes (USDOE, DWMIS, 2008c). Under adaiarming disposal method, muds and
other solids are spread on land and mixed witthaarbe incorporated into the soil, or deposited
into dedicated pits. This is a common form of waligposal across the GOM. Studies indicate
that land farming does not adversely affect saild enay even benefit certain sandy soils by
increasing their water-retaining capacity and reuycfertilizer losses (USDOE, DWMIS,
2008c).

Land utilized in a land farming approach can beca®gleted of organic material. In order to
increase biological activity and aeration of theal,swaste disposal firms will add water,
nutrients, and other amendments (e.g., manurew)stiato the soil during land farming
operations. The introduction of additional orgamatter also helps prevent the development of
conditions that might promote leaching and mobii@a of inorganic contaminants. During
periods of extended dry conditions, moisture cdntnay also be needed to minimize dust
(USDOE, DWMIS, 2008c).

Land farming advantages include its simplicity dow capital cost, the ability to apply multiple
waste loadings to the same parcel of land, andtitential to improve soil conditions (Table
11). Some of the reported disadvantages incligl@igh maintenance costs (e.g., for periodic
land tilling, fertilizer); potentially large landequirements; and required analysis, testing,
demonstration, and monitoring. Elevated conceotatof hydrocarbons in drilling wastes can
limit the amount of waste that can be applied osite. Land farming approaches must be
mindful of applying wastes to any soils if they tan salt. Unlike hydrocarbons, salt does not
biodegrade but can accumulate in soils. If saklebecome too high, the soils may be damaged
and treatment of hydrocarbons can be inhibitedotAer concern with land farming is that while
lower molecular-weight petroleum compounds biodégrefficiently, higher molecular-weight
compounds biodegrade more slowly. Thus, repegtetications can lead to accumulation of
high molecular weight compounds which can incresskewater repellency, affect plant growth,
reduce the ability of the soil to support a divecsenmunity of organisms, and render the land
farm useless (USDOE, DWMIS, 2008c).

Several factors are considered in choosing landanifay approaches to oilfield waste
management including:

* site topography;

» site hydrology;

* neighboring land use; and

» the physical (texture and bulk density) and chehdoaposition of the waste
and the resulting waste-soil mixture.

Disposal costs typically include a transportati@e fthat has recently been reported around
$73.50 per hour as well as an insurance and afueharge of 14 percent.
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Table 11

Land Application

Waste

Type /
State Disposal Company and Facility

WBMs and Cutting

Texas
Basic Energy Services — Jack $2.50/bbl (WBMs
$7.50/y¢ (cuttings
Basic Energy Services - Jeffer: $2.50/bbl (WBMs

$7.50/y¢ (cuttings

Source: Puder and Veil, 2006.

Land farming regulations along the GOM depend da-gpecific permits except for onsite
disposal of onshore drilling waste. Land farmirgries a risk of long-term liability from either
leakage of the monofill or liability from use ofahecycled material. While any method has its
risks, land farming is perceived as riskier thadenground injection methods.

Landfilling

A modern landfill is an engineered facility withgpective liners and caps to isolate the waste
from the larger environment (Figure 39). Municimdlid waste (MSW) is placed in an
excavated cell, usually lined with high-density yathylene to prevent leakage into the
groundwater. MSW must be covered daily to contairs, birds, and vermin brought about by
rotting food wastes.

Cuttings, muds or watery waste streams can beettdag mixing them with a stabilizing agent
such as cement kiln dust, lime, or often even gkrbulking agent such as sawdust or waste
from papermaking processes. These materials wilhtbeduced in a mixing vessel at the landfill
and stirred with a track hoe until it has a destredsistency. Depending on the solids content of
the original waste stream as well as the bulkingnggthe growth in volume will vary; a cubic
yard of fresh water could become two cubic yardsaafifillable wasté® Thus, an incoming
cubic yard (approximately five barrels) of wastdél wecupy the landfill space of as much as four
gate yards of MSW, which will be compacted in thedfill to half of its volume at the gate.

9 Five barrels is equivalent to one cubic yard. Taubic yards of MSW in place is equivalent to feubic yards
of MSW at the gate.
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Figure 39. Commercial waste landfill

A landfill must apply cover material of earth oms® kind of non-decomposing material to the
working face of the MSW daily. Drilling muds andhstewater streams that have been solidified
can be used as a daily cover. Use of this typeatkrial often improves a site’s soil balance,
meaning the volume of soil required over the lifehe landfill for its construction and operation
will be less than it would be if these materialgeveot available and other soils had to be hauled
in at a cost (USDOE, DWMIS, 2008c). Up to a pothe materials consume no airspace since
they are merely displacing soils that would be usedcover in any event (USDOE, DWMIS,
2008c). For this reason, landfills will often actépese materials at a reduced price, or even at
no charge. Once a site has its daily cover requrgmbeing met from revenue-positive gate
receipts, its management would look differentlynatemental volumes of such materials.

Transportation fees can range from $85 to $112hper and are subject to fuel surcharges.
Disposal fees are charged by the barrel or toncandcost $2.61 to $12.75 per barrel or $28 to
$250 per ton (Puder and Veil, 2006) Waste Managenme. - Chastang Landfill in Alabama
accepts NORM waste below regulatory thresholdsciiadge $70 per ton (Table 12).
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Waste

Table 12

Landfilling

Waste Disposal

Type Disposal Company and Facility

Disposal
Cost

Type Disposal @npany and Facility Cost

Contaminated Soils

BFI Timberlands Sanitary Landi

Waste Management Inc. - Chastang Lar

Perdido Landfill Escambia Cour

Chemical Waste Management |

MacLand Disposal Cent

Waste Management - Central Lanc

Waste Management Inc. - Pecan Grove San

Recycling and Disposal Facil

US Liquids of Louisiana LP - Galveston (Trans

US Liquids of Louisiana LP - Rincon (Dire

US Liquids of Louisiana LP - Zapata (Dire
Non-injectable dirt water

US Liquids of Louisiana LP - Rincon (Dire

US Liquids of Louisiana LP - Zapata (Dire
NORM

Waste Management Inc. - Chastang Lar
OBMs and cuttings

Waste Management Inc. - Chastang Lar

MacLand Disposal Cent

Waste Management - Central Lanc

Waste Management Inc. - Pecan Grove San

Recycling and Disposal Facil

US Liquids of Louisiana LP - Galveston (Trans

US Liquids of Louisiana LP - Rincon (Dire

US Liquids of Louisiana LP - Zapata (Dire

© & ©“ B BB R R

©“ B BH

32.0( per ton
70.0C per ton
28.0( per ton
75 per ton
20 per ton
38.0( per ton

38 per ton
14.0(per bbl
7.71per bbl
6.67per bbl

3.25-9.2! per bbl
3.25-9.2! per bbl

70.0(per ton

70.0(per ton
20 per ton
38.0(per ton

38 per ton
12.7%per bbl
7.71-9.2! per bbl
6.67-8.5( per bbl

Produced water

Chemical Waste Management | $ 75 per ton
MacLand Disposal Cent $ 55 per ton
Waste Management - Central Lanc $ 38.0(per ton

Waste Management Inc. - Pecan Grove San
Recycling and Disposal Facil $ 38. per ton
Tank bottoms

Waste Management Inc. - Chastang Lar $ 70.0(per ton
Chemical Waste Management | $ 75 per ton
MacLand Disposal Cent $ 55 per ton
Waste Management - Central Lant $ 38.0(per ton
Waste Management Inc. - Pecan Grove San

Recycling and Disposal Facil $ 38 per ton
US Liquids of Louisiana LP - Galveston (Trans $ 14.0(per bbl
US Liquids of Louisiana LP - Rincon (Dire $ 10.5(per bbl
US Liquids of Louisiana LP - Zapata (Dire $ 10.5(per bbl

WBMs and cuttings

Waste Management Inc. - Chastang Lar $ 70.0(per ton
Chemical Waste Management | $ 75 per ton
MacLand Disposal Cent $ 20 per ton
Waste Management - Central Lanc $ 38.0(per ton

Waste Management Inc. - Pecan Grove San

Recycling and Disposal Facil $ 38 per ton
US Liquids of Louisiana LP - Galveston (Trans $ 10.7¢%per bbl
US Liquids of Louisiana LP - Rincon (Dire $ 3.25per bbl
US Liquids of Louisiana LP - Zapata (Dire $ 2.6per bbl

Source: Puder and Veil, 2006.

Landfill siting criteria can be vague.

Nearly ewdandfill siting application results in an

evidentiary hearing or is otherwise the subjectanfadministrative hearing process. Certain
gualitative factors describe the spirit of whatuezcessful application for a new landfill must
contain. A new landfill should have the followinbaracteristics based on 40 CFR Part 258:

* Not in the 100-year floodplain;

* Away from population centers;

* More than six miles from an airport (for landfiltkat receive putrescible

waste)?

» Accessible by public roads built to withstand maximlegal truckloads with
significant excess capacity;

* Geologically simple

and well-understood subsurfacgtratigraphy
characterized by an absence of faulting, fractuoinfplding;

* Groundwater deeper than maximum depth of excavation

» Large enough tract of land for minimum of 20-yeée dife at expected
opening fill rates (usually a minimum of 250 acres)d

» Established or expected use of neighboring lamadigstrial.

% This standard is for landfills that receive putibke waste and can be relaxed with Federal Aviation

Administration consent.
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Environmental issues raised by landfills ultimateme down to: 1) potential threats to local
groundwater; 2) impacts on local traffic; and 3¥taetic considerations associated with truck
traffic, nuisance odors, equipment noise, visughamment of the landscape, and trash blown
offsite. All of these issues are generally cordite a very small area relative to the trade afea o
the modern landfill, which is typically at leasfifty-mile radius. Impacts can be minimized if a

landfill is properly sited, engineered, and opetate

Recycling of Drilling Wastes

Most WBMs are disposed at the conclusion of aidgljob. OBMs and certain SBMs can be
recycled when possible. Sometimes the physical cramical properties of the used muds
degrade limiting their ability to be recycled nesitsting some different type of reuse or disposal
(USDOE, DWMIS, 2008d and e).

The left-over cuttings from drilling operations che used to stabilize surfaces like roads or
drilling pads. Oily cuttings can serve as a subsifor traditional tar-and-chip road surfacing;
however, not all regulatory agencies will allow th&e of these left-overs. Some jurisdictions
limit road spreading to dirt roads on onshore o gas leases, while others may allow cuttings
to be spread on a limited basis on public dirt soa@perators must obtain prior permission from
the regulatory agency, as well as the private lamaw, before spreading cuttings. Operators are
typically required to ensure that cuttings are sptead close to stream crossings or on steep
slopes. Application rates should be controlledist no free oil appears on the road surface
(USDOE, DWMIS, 2008e).

Treated cuttings have been used in various ways:
» fill material;
» daily cover material at landfills; and

* aggregate or filler in concrete, brick, or blockmagacturing.

Other possible construction applications for trdateittings include use in road pavements,
bitumen, and asphalt or use in cement manufactdraling waste can be used as a filler or base
material to make other products; however, the léghility stays with the initial producer of the
waste (USDOE, DWMIS, 2008e).

A new potential use for drilling wastes is to ussated cuttings as a substrate for vegetation and
restoration of coastal wetlands. The U.S. DepartroéEnergy has provided funding to test the
possibility of pursuing and developing this restoma strategy (Veil, et al.,, 2000). The first
phase of these research and pilot projects wagl hgsm “greenhouse mesocosm experiments,”
where several species of wetlands plants were giowreated cuttings, topsoil, and dredged
sediments. The results were positive and provatl wetlands vegetation could be grown in
properly treated cuttings as well as the dredgemah However, neither the U.S. Army Corps
of Engineers nor the EPA would issue a permit todaet a field demonstration of the approach.
To date, no field demonstrations of this waste rganeent approach have been tried in the U.S.
or elsewhere (USDOE, DWMIS, 2008e).
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Separation and Recycling of Industrial Wastes

Certain industrial wastes generated in the coufs®l and gas development do not fall under a
waste exemption under RCRA Subtitle C. If they aoé uniquely wastes, then the oil and gas
waste exemption does not apply (RRC, 2009). Exespf such streams are lubricating oils for
drilling machinery, oil filters, oil based paintlgents, and parts degreasers. These activities are
characteristic of painting metal and maintainingchiaery, and are not unique to the oil field.
Generation of hazardous wastes has declined mgrkedécent years as more environmentally
friendly products have replaced them and the udepérdous materials has been minimized in
other ways.

Table 13 presents a range of costs for the diffenelustrial wastes that fall into this category.

Table 13

Disposal Costs for Various Industrial Wastes

Waste Type Disposal Price Rang

Industrial organic hazardous wastes $75 to $150 /gal
Inorganic liquid hazardous wastes $50 to $01.25 /gal
Qil filters $8 to $15 per 55 gallon drym
Used oil $ 0 to $0.15 per gallgn
Oily wastewater $0.10 to $0.25 per gallon

Source: Puder and Veil, 2006.
6.2.2. Geographic Distribution

Argonne National Laboratory reported that there evd6 waste management facilities that
serviced the oil and gas industry along the GOMhwiB in Louisiana, 18 in Texas, 5 in
Mississippi, 4 in Alabama and 1 in Florida (Tab{g.1
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Table 14

Waste Management Facilities in Gulf that Support Oiand Gas Industry

Alabama Mississippi

BFI Timberlands Sanitary Landfill
Waste Management Inc. - Chastang Landfill
Wastewater Disposal Service Inc.
Zinn Petroleum Company

Perdido Landfill Escambia County
Louisiana

Charles Holston, Inc.

Chemical Waste Management Inc.

Guillory Tank Truck Service

Habetz Oilfield Saltwater Service

Houma Salt Water Disposal Corp
Key Energy Services, Inc. - Athens
Key Energy Services, Inc. - Oil City
Louisiana Tank, Inc.

Newpark Environmental Services
Newpark Environmental Services -
Newpark Environmental Services -
Newpark Environmental Services -
Newpark Environmental Services -
Newpark Environmental Services
O'Brian Energy Co.

Saline Injection Systems Co.

Hallar Enterprises Inc. Disposal Site

- Cameron (Theahs

Fourchonrb(Efer)
FourchorT thsfer)
ICY (Transfer)
Morgan Citye(isfer)

- Venice (Tfans

US Liquids of Louisiana LP - Mermenteau (Tifens

Earth Resce
MacLand Disposal Center
Radzewiperating Corporation
Waste Management - Central Landfill
Waste Management Inc. - Pecan Grove Sanitary
Reimgland Disposal Facility

CCS Energy Services LLC - Kiva (Direct)
CCS Eneegyics LLC - Moss Bluff (Direct)
Coastal Caverns Inc.
Key ExeSBervices, Inc.
lsotilh C
Mo-Vacviger Co. Inc. - Andrews
Newpnkironmental Services - Big Hill (Direct)
Newlp&nvironmental Services - Fannett (Direct)
Newpark Environmental Services - Galvestora(isfer)
Newpark Environmental Services - Inglesf@ensfer)
Newpark Environmental Services - Pamiasin - Andrews (Direct)
Newpark Environmental Services - Pothur (Transfer)
S & D Services - Floyd
Taylor Disposal Operating Inc. - Cagetr& 2
US Liquids of Louisiana LP - Galveston gmsfer)
US Liquids of Louisiana LP - Rincon (Direct)
US Liquids of Louisiana LP - Zapata (Direct)
Wasson Solid Waste Disposal System LLC

Source: Puder and Veil, 2006.
6.2.3. Typical Firms

Waste management companies have seen a numbearafeshover the past several years. Most
of the changes in industry structure have beencagsd with diversification and consolidation.
Waste companies are unique in that many of thera baveloped their own proprietary methods
for environmentally safe waste disposal and rengcli Using different methods is a form of
differentiation that increases efficiency and paddility.

Newpark Resources, founded in 1932, is a wastecgsreompany that operates along the GOM
and offers a diverse range of waste disposal ssvio the oil and gas exploration and
production industry. The division concentrating aitfield waste management is called U.S.
Environmental Services (Figure 40) and specialimggoducing recycled and reusable products
from a range of different wastes. Materials thatrot be recycled are processed to provide
permanent isolation from the environment. U.S. iEimmental Services uses non-hazardous
injection well technologies in secure geologic fatimns that include low-pressure injection
wells or caverns. Their business operates in abewuraf producing basins including the Gulf
Coast, the Permian, the Rockies and Canada. Thpaty holds several U.S. patents on waste
disposal and processing methods for oilfield wasteluding NORM waste. The Company
leases a fleet of 48 double-skinned barges to giahsvaste to processing stations and seven
transfer facilities located along the Gulf Coast.
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Figure 40. Newpark Resource’s E&Raste disposal site
at Fannett, Texas.

Trinity Storage Services, L.P. operates as a comialavaste management company in the Gulf
Coast area and has been in business since 1999cohtpany’s process for underground waste
disposal is to use salt caverns as well as otledmtdogies to reduce the customer’s liability.
The company owns the Moss Bluff Facility locateédmkiberty, Texas. The facility is able to
dispose and recycle many types of non-hazardoutesvéizat include produced salt water, mud,
and cuttings used in the drilling process (Triritprage Services, 2008). In 2002, the company
sold six of their oil field transfer stations alotige Gulf Coast to U.S. Liquids Inc. (Houston
Business Journal, 2002).

Four of these transfer stations sold by Trinityr&y@ Services are in Louisiana and two are in
Texas. These facilities are located to provide etyaof different collection points to receive
offshore waste from GOM clients. U.S. Liquid’s asgtion of these four facilities allowed the
company to further expand into the GOM oilfield weadisposal and treatment market (Houston
Business Journal, 2002). In July 2003, a divissbrJ.S. Liquids, U.S. Liquids of Louisiana
(USLL), was purchased by Three Cities Research, Inc

USLL, which began operations in 1980, is headquedtén Houston, Texas. USLL operates
throughout the Gulf Coast area, and is the leadidgpendent provider of oilfield E&P waste
treatment and disposal services. USLL offers tw&PBvaste management processes that
includes low-pressure injection into fully permétsalt caverns and land treatment. USLL'’s
patent-pending R3 technologies are innovative, edimng E&P waste into beneficial reuse
products such as road base and levee materialeseTtechnologies are further discussed in
Section C.1 below. USLL operates six transferlitées, six treatment facilities, ten injection
wells and salt cavern disposal facilities. Loads r@ceived, sampled, and tested per regulation
at Bateman Island, Bourg, EIm Grove and Mermentaliduisiana, and Rincon and Zapata in
Texas. The company also treats waste from Mexigodsving oil and gas industry (USLL,
2008).
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CCS Corporation is a recognized industry leadeenaironmental services to the oil and gas
industries in Canada and the U.S. and is a majoicgeprovider along the GOM. CCS Corp
was formed in 1986 and is headquartered in Calgatperta. In 2006, they acquired
Environmental Treatment Team and renamed it CCSdyn8ervices, Inc. with the goal of
providing waste treatment and disposal serviceth@ooffshore Gulf Coast and Canada (CCS
Income Trust, 2006). CCS Energy Services was thcebranded to CCS Midstream Services
(Canada NewsWire, 2007) and concentrates its basiaetivities on owning and operating
treatment, recovery, and disposal (TRD) cavernif@s. Services offered by CCS Midstream
includes emulsion treatment, water treatment asgadial, waste processing, NORM processing,
drilling mud disposal and crude oil terminalling.

In 2006, CCS’s U.S. operations, along with ARKLAy acquired industrial waste treatment
center, generated $34.5 million in revenue. Howeeir fourth quarter 2006 revenue declined
due to a reduction in GOM drilling activity whichas blamed on a mild hurricane season that
enabled drilling programs to finish earlier thanti@ipated. In 2007, CCS announced an
expansion in the U.S. market by acquiring two conmgs located on the U.S. Gulf Coast,
Mobley Oilfield Services and Pride QOilfield ServiceBoth companies operated within the waste
disposal industry; Mobley managed and disposed\areety of liquids in upstream operations
and Pride collected produced water from variousegaors to haul for disposal (CCS Income
Trust, 2007). CCS is also in the midst of deveaigpa salt cavern facility at Weeks Island,
Louisiana (Canada NewsWire, 2007). They have dgesl a unique design that allows for an
efficient and reliable method of processing wastgemals with brine water before injecting
them into salt caverns (CCS Midstream, 2008).

Stallion Qilfield Services Ltd. is a private companmith 2,400 employees that provide integrated
solids and fluids waste management services. Heathyed in Houston, Texas, with 55
locations, they service South Texas, the Gulf Codt Ark-La-Tex area, North Texas, the
Permian Basin, the Mid-Continent and Rocky Mountagions as well as the global offshore
industry. Stallion is a well-known leader in eféint solids control equipment design. For
instance, their Shale Shaker uses a unique maamique that allows for increased g-force and
reduced solids conveyance friction, resulting imger screen life and drier discards.

Stallion’s stated business goals are to lower enstocosts through planning, assisting, and/or
managing solids control equipment, waste minimaratand fluid recovery. To achieve this
goal, Stallion uses closed loop systems, centrfugbale shakers, mud conditioners, drying
shakers, and peripheral backside equipment (Figdje (Stallion Oilfield Services, 2008).
Stallion uses centrifuges for solids removal, denway and barite recovery applications.
Stallion units operate with VSD (variable speed/en) motors that, in addition to being more
energy efficient, optimize bowl speed for finer aegtion of ultra-fine solids from the drilling
mud (Stallion Oilfield Services, 2008). Since 2p(&allion has actively been acquiring
companies to expand business in all their sect@squisitions of Pioneer RSC in 2006 and
Bayou Tank Services and Patriot Liquid Service22@®7 added to their waste management
division (Rigzone.com, 2008b).
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Source: Stallion Qilfield Services, 2008.

Figure 41. Stallion’s design of their ose loop mud system.

PROwaste is an example of a smaller waste disposapany operating along the GOM that is
located in Baytown, Texas. PROwaste is a full-sengnvironmental, waste management, and
industrial services company. PROwastes’ servigedude hydrocarbon recovery, waste
disposal, consultation, and transportation of wast®ROwaste developed an innovative
hydrocarbon recovery and recycling facility whidncaccommodate waste stream recycling and
off-spec product. Waste disposal is further enhdrtbeough a network of disposal facilities,
which include deep well injection, oil and filteeaycling, incineration and fuels blending
(PROwaste, 2008).

6.2.4. Regulation

Several different types of wastes are generatesugjir offshore oilfield activities along the
GOM. The removal and storage of these wastes @arerged by a variety of state and federal
statutes, rules, and regulations.

The major federal laws governing waste materiald amnagement activities include the
Resource Conservation and Recovery Act (RCRA),Glean Water Act (CWA), and the Safe
Drinking Water Act (SDWA). Table 15 provides a cjuisummary of the major federal laws
governing waste materials and management activities
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Table 15

Federal Laws Governing Waste Materials and Managenrg Activities

Law Material Subject Activity Subject
of Regulation to Regulation
Clean Water Act Aqueous waste streams Surface digehar

Resource Conservation a Solid and hazardous wastegunless Generation, transportation and
Recovery Act excluded or exempted) treatment; storage and disposal

Safe Drinking Water Act Waste fluids or slurries lenground injection

Source: Puder and Veil, 2006.

In October, 1976, Congress passed the Resourcee@atisn and Recovery Act (Public Law
94-580) requiring the EPA to develop regulationsegaing the identification and management
of hazardous waste (USEPA, 2008b). Two years,ldter EPA published the first set of
proposed hazardous waste management standards ketleral Register (43 FR 58946). This
Federal Register notice included a proposal to @teim categories of “special wastes” from the
RCRA until further study could be completed. Qildagas drilling muds and oil production
brines were included as one of the six specialeveategories (USEPA, 2008b).

In 1980, Congress conditionally exempted oil and B&P wastes, including produced water,
from the hazardous waste management requiremeng&ubfitte C of RCRA. Among the
amendments, Section 3001(b)(2)(A)—frequently reférto as the Bentsen Amendment—
temporarily exempts "drilling fluids, produced wateand other wastes associated with the
exploration, development, and production of crudeoo natural gas (USEPA, 2008b).” The
EPA was directed to study these wastes and subnep@t to Congress on the status of their
management. Congress also required the agen@yr &itlpromulgate regulations under Subtitle
C of RCRA or make a determination that such reguiatwere unwarranted (Puder and Veil,
2006).

In 1988, the EPA published its regulatory determama on oilfield wastes in the Federal

Register (53 FR 25447 July 6, 1988). The publicatncluded a long list of wastes determined
to be either exempt (e.g., produced water, drillfhgds, and drill cuttings) or nonexempt

(unused fracturing fluids or acids, waste solveatg] hydraulic fluids). The EPA rearticulated
the exemption in the Code of Federal Regulatio®sG#FR 8261.4(b)(5)). In 1993, the EPA

published a clarification of its regulatory detenation in the Federal Register (58 FR 15284,
March 22, 1993) (Puder and Veil, 2006).

In 2002, EPA issued a publication titlégkemption of Oil and Gas Exploration and Production
Wastes The document explains the exemption of certalfield wastes from regulation as
hazardous wastes under RCRA Subtitle C. The rejpmiudes background on the E&P
exemption, basic rules for determining the exenmptan-exempt status of wastes, examples of
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exempt and non-exempt wastes, the status of E&Rewastures, and clarifications of several
misunderstandings about the exemption (USEPA, 2008bsubsequent analysis summarizing
the findings of the report noted:

With respect to petroleum production, primary fielderations include activities
occurring at or near the wellhead or productionlitgcbut before the point where
the custody of the petroleum is transferred fromiratividual field activity or
centrally located facility to a carrier for transpto a refinery. Without a transfer
of custody, the primary field operation ends atltts point of separation. Crude
oil stock tanks are considered separation devieeddr and Veil, 2006).

In addition to specific oilfield waste regulatiorise report noted that wastes that are a product of
treatment of an exempted waste usually remain ekeanu offsite transportation does not
negate the exemption. However, this exemption dua#sinclude those wastes that are not
uniquely associated with an E&P activity. Any waghat is not associated with primary field
operations is subject to further scrutiny for pwg® of classification. Table 16 presents
examples of exempt and nonexempt E&P wastes (Ruk¥eil, 2006).

Clean Water Act - Surface Discharge Requlation

All discharges of pollutants to surface waterse@tns, rivers, lakes, bays, and oceans) must be
authorized by a permit issued under the NationdluRmt Discharge Elimination System
(NPDES) program. These permits outline the frequdaor collecting wastewater samples, the
location for sample collection, the pollutants sodnalyzed, and the laboratory procedures to be
used in conducting the analyses. A facility mwhin the detailed records of these “self-
monitoring” activities for at least three yearsndj each facility is required to submit the results
of these analyses to regulators on a periodic b&$RBDES permits may also require operational
or environmental effects monitoring. This includkes preparation of best management practice
plans or spill prevention plans (Puder and VeiD&0

Discharges associated with offshore oilfield wastes regulated under the Clean Water Act's
National Pollutant Discharge Elimination Systemgveon. EPA Region 4 issues individual and
general permits covering facilities that dischabggond the offshore three-mile limit defining
territorial seas in the Eastern Planning Area anthe Mobile and Viosca Knoll Blocks of the
Central Planning Area. Permits issued by the regJicEPA offices must meet all CWA
requirements, as well as EPA's guidelines for dateng the degradation of marine waters
(Ocean Discharge Criteria Evaluation). The fin®dINES general permit for existing and new
source discharges in the Eastern Portion of the @C&he GOM (GMG460000) was issued on
December 9, 2004 and expires on December 31, 2008.permit applies to operators of leases
seaward of the 200-meter water depth for offshdebb@ma and Florida in the Eastern Planning
Area and offshore Mississippi and Alabama in thebNMoand Viosca Knoll lease blocks in the
Central Planning Area (USEPA, 2008c).
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Table 16

Examples of Exempt and Nonexempt Exploration and Production Waste Streams

Exempt E& P Waste Streams Nonexempt E& P Waste Streams

Causticsif used as drilling fluid additives Batteries (Iead-acid and nickel-cadmium)
Cement slurry returns and cement cuttings Caustic or acid cleaners
Debris, crude-oil soaked/crude-oil stained Cement slurries, unused
Drill cuttingg/solids Chemicals, surplus/unusable
Drilling fluids/muds Compressor oil, filters, and blowdown waste
Drilling fluids and cuttings from offshore operations Deébris, lube oil (contaminated)
disposed of onshore Drilling fluids (unused)
Liquid hydrocarbons removed from the production Drums/containers, containing chemicals/
stream lubricating oil
Liquid and solid wastes generated by crude oil and Drums, empty and rinsate
tank bottom reclaimers Hydraulic fluids (used)
Pit sludges and contaminated bottoms from storage Qil, equipment lubricating (used)
or disposal of exempt wastes Sandblast media
Produced sand Scrap metal
Produced water Soil, chemical-contaminated, lube
Produced water constituents removed before disposa oil-contaminated and mercury-contaminated
Sails, crude-oil contaminated Solvents, spent (including waste solvents)
Tank bottoms and basic sediment from storage Thread protectors, pipe dope-contaminated
facilities that hold product and exempt waste Vacuum truck rinsate (from tanks containing
(including accumulated materials such as nonexempt waste)
hydrocarbons, solids, sand, and emulsion from Well completion, treatment and stimulation
production separators, fluid treating vessels, and fluids (unused)
production impoundments)
Volatile organic compounds from exempt wastes in
reserve pits or impoundments or production
equipment
Well completion, treatment, and stimulation, and
packaging fluids
Workover wastes (blowdown, swabbing and bailing
wastes)

Source: Puder and Veil, 2006.

EPA Region 6 encompasses Arkansas, Louisiana, New Mexico, Oklahoma, and Texas as well as
the western GOM. EPA Region 6 works closely with the BOEM whose inspectors perform most
of the NPDES offshore platform compliance inspections for EPA. Additionally, the U.S. Coast
Guard Marine Safety Office conducts inspections. The final NPDES General Permit for New
and Existing Sources and New Discharges in the Offshore Subcategory of the Oil and Gas
Extraction Category for the Western Portion of the OCS of the GOM (GMG290000) and Notice
of a Proposed Modification to that permit was published at 69 CFR 194 on October 7, 2004,
effective November 6, 2004, and expired midnight November 5, 2007. The permit was reissued
with an effective date of October 1, 2007, expiring at midnight of September 30, 2012 (USEPA,
2008d).
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Safe Drinking Water Act (SDWA) - Underground Injection Control

Under the SDWA, the EPA has the authority over wgaeind injection control (UIC)
regulation. The UIC program is designed to proteatierground sources of drinking water.
Underground injection is grouped into five classémjection wells. This is defined by the EPA
as follows:

An injection well is defined as any bored, drilled driven shaft or dug hole,
where the depth is greater than the largest sudewension that is used to inject
fluids underground. Class | wells are used forahgplacement of hazardous and
non-hazardous fluids (industrial and municipal wa}tinto isolated formations
beneath the lowermost underground source of drinkiater. Class Il wells inject
brines and other fluids associated with oil and gesduction. Class IIl wells
inject fluids associated with solution mining ofmarals. Class IV wells, which
involve the injection of hazardous or radioactiveastes into or above an
underground source of drinking water, are bannddssnauthorized under other
statutes for groundwater remediation. Class V waetislude underground
injection wells not included in Classes | through Wells used for injecting
waste materials associated with E&P operationscaresidered Class Il wells.
Class Il subclasses include disposal wells (Cl&$3) land enhanced recovery
wells (Class II-R) (Puder and Veil, 2006).

The EPA’s regulations establish minimum standaodsfate programs allowing each individual
state to chose more stringent requirements if aggch In 1981, Congress added Section 1425
to the SDWA, that relieves oil- and gas-relate@dtipn well programs in the states from having
to meet the technical requirements in the fedet@l tdgulations. Instead, the demonstration can
be made that the state has an effective progractudimg adequate oversight, record keeping,
and reporting) in place to prevent the endangermeahderground sources of drinking water by
underground injection operations (Puder and VéQ&).

6.3. Industry Trends and Outlook
6.3.1. Trends
There are approximately 86 waste facilities in@wdf Economic Impact Areas.

Newpark Resources noted in a recent annual SEQ)filhat several factors are driving the
demand for its services, including: (i) supply, @, and pricing of oil and gas commodities
which drive E&P development activity; (ii) a tremoward deeper and otherwise more complex
drilling that drives drilling fluid consumption anidicreasing technical requirements; (iii) the
continued trend of E&P development into more envinentally sensitive areas; and (iv) the use
of increasingly complex drilling techniques thatdeto generate more waste. Demand for most
services is related to the level, type, depth,@mdplexity of oil and gas drilling (SEC, 2006)).

The waste disposal industry is also highly depehdpon environmental laws and regulations.
The more stringent the regulations, the more denfi@ndaste services as E&P companies take
steps to comply with the more stringent regulatio@®snversely, the industry could be adversely
affected by new regulations or changes in curregiilations (SEC, 2007b).
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Currently, oilfield waste that is not contaminateth NORM is exempt from the principle
federal statute governing the handling of hazardeaste. However, in recent years proposals
have been made to retract this exemption (SEC,®007

The storage pits and land around Port Fourchonisiana, have accumulated large deposits of
non-hazardous drilling and production waste comigiNORM (Reed et al., 2001). In order to
remediate the site, Chevron chose to re-injectntiaerial into the deep subsurface using a
process known as on-site Slurry Fracture Injec{®hRl) (Reed et al., 2001). SFI is a method
which provides greater environmental security, oeduthe long-term liability risk to the waste
generator and reduces transportation and dispos# ¢Reed et al., 2001). Through SFI, the
waste material is screened to a specified injeatrderia and then slurried in a stream of water
as required. The slurry is made with as high at@vesncentration as possible and then pumped
down a waste disposal well at fracturing press(ra@s, 2008).

Numerous companies within the waste managemensindoave developed innovative methods
to handle waste. For example, PROwaste built adogitbon recovery/recycling facility that is
located in Baytown, Texas and processes off-spiterg products, hydrocarbon streams, lube
oils and tank pipeline clean out materials (PROw@;a2008).

Another example is USLL's R3 technologies, sevearalwhich have been implemented to
reduce, reuse, and recycle E&P waste. Their laedtrtrent process decreases soluble salt
content, reduces oil concentration through recowmrglegradation, and can clean cuttings or
reuse materials which are stored in secure onsitkgiles. The stock piles are able to be safely
eliminated through two new reuse programs to ma&evaste usable as road base or levee fill.

The R3 road base program was developed at USLLighSbexas facilities, and the goal of the
program has been to convert stockpile materiaBnt@nvironmentally safe road base material.
Tests have proved that the material is cleaner,enaffordable, and has more comparative
strength than asphalt. In fact, regulatory agenheege recently approved R3 road base to be
used in building both public and private roads. Thean reuse material is also being considered
for levee material. USLL is currently working withe ACE and the Louisiana Department of
Natural Resources (LDNR) to ensure that the ligbtlb the generator ends when the stockpile
material leaves the facility to be used for a lesamonstruction project (USLL, 2008).

USLL is also pushing for higher land and water effeciencies through two patent-pending
innovations. The company currently has a pilot gebpt their Mermantau facility in Louisiana
that is using a newly developed waste segregagchnique that segregates different waste
streams into differing “mini-cells,” The goals dfis program are to reduce treatment time,
improve oil recovery levels, and reduce the nunamel duration of water washings. The second
patent-pending method under development by USkkferred to as “active water evaporation,”
and has been developed in cooperation with LDNR #mel Louisiana Department of
Environmental Quality (LDEQ). The process is couing to be tested and put through trials
(USLL, 2008).
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6.3.2. Hurricane Impacts

Most of the waste disposal facilities along the G@Wfered little reported damage as the result
of the 2005 hurricane season. None of the regiopafators referenced earlier in this chapter
reported any constraints associated with landbitl®il and gas disposal sites along the GOM n
the aftermath of the 2005 hurricanes. No capatstraints have been identified for the future,
and no capacity constraints have been identifidoeasy specifically created by OCS oil and gas
activities. This included pre-hurricane and pastricane activities.

6.3.3. Outlook

Oilfield waste services are highly dependent ugwndeneral business environment for the oil

and gas industry. The risks involved in oilfielédste management encompass overall demand
for services, oil and gas prices, environmentaliregnents, and general competition (Canada
NewsWire, 2007).

Treatment and waste disposal services are larggdgrilent on the willingness of customers to
outsource their waste management activities. Alghoenvironmental regulations can be a
significant hurdle for new entrants in the wastesibess environment, they do not prohibit
companies from developing their own “internal” att@tives to third-party service. These
options include bioremediation, land spreadingdrspreading, and deep well disposal options
(Canada NewsWire, 2007).

Waste disposal firms along the GOM also face negditisignificant competition forcing some to
reduce prices in order to maintain market share.eikample, CCS reported that its Gulf Coast
Waste Disposal business unit experienced 2007:@énues that were 16 percent below prior
year levels due to competition (Canada NewsWir8,720

Oilfield waste volumes are closely correlated wittishore drilling and production activity.
Waste volume activities in 2007 were strong duedotinued strong drilling activity along the
GOM (onshore and offshore) (Canada NewsWire, 2007).

6.4. Chapter Resources

Drilling Waste Management Technology

Drilling Waste Management Technology is an onliesource for technical and regulatory

information on practices for managing drilling muaisd cuttings, including current practices,

state and federal regulations, and guidelines faim@l management practices. The pages on
Technology Descriptions provide basic informatidioat practices that are currently employed

to manage drilling wastes. The Federal and StatpiRtions section provides existing state and
federal regulations that form the regulatory contex drilling waste management practices.

The Technology Identification section has an inteva tool to determine optimal management

practices for a given geographical or environmese#ing.

http://web.ead.anl.gov/dwm/index.cfm
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U.S. Environmental Protection Agency (USEPA)

The regional sites for the USEPA’s Division 4 angifion 6 provide current information on the
regulation of discharges associated with offshateand gas exploration, development, and
production activities on the Outer Continental $(@ICS) under the Clean Water Act’s National
Pollutant Discharge Elimination System (NPDES) jpang;

http://www.epa.gov/region04/water/permits/oil gash
http://www.epa.gov/earthl1r6/6en/w/offshore/home.htm
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7. PIPELINES

7.1. Description of Industry and Services Provided

After raw natural gas is brought to the earth’dae, it is processed to remove impurities such
as water, carbon dioxide, sulfur, or inert gasest ttan damage or destroy various pipeline
systems made primarily of a combination of metht include steel and cast iron. Processed
natural gas is then moved from its original locatmf production (producing region) into a
pipeline system for transportation to an area wheiie sold (consuming region). Because
natural gas reserves are not evenly spaced achessdntinent, an efficient, reliable gas
transportation system is essential in order tovdelhatural gas reliability and efficiently to
consumers.

Over 300,000 miles of steel pipe, ranging in dis@ndtom 20 to 42 inches, serve as the
“interstate highway” system for natural gas (USD®#A, 2008a). Natural gas is transmitted

through pipeline systems at higher than atmosplmeassures in order to reduce volumes and
provide a source of propulsion. Pressure is maeth through a system of over 1,400

compressor stations along various segments of-iatet intrastate pipeline systems (USDOE,
EIA, 2008a).

Pipelines can be characterized as interstate masiatte (Figure 42). Interstate pipelines carry
natural gas across state boundaries whereas at&ggspelines transport natural gas within a
particular state. The distinction between interd amtrastate pipeline systems is important for
regulatory and pricing purposes and will be disedss greater detail in the Regulation section
of this chapter.

A major portion of the U.S. is dependent on thersiate pipeline system for its supplies of
natural gas. Large-diameter (20 to 42 inch) pipesdj with high capacities, transport most of the
gas on the national network. Some of the systeitistive highest capacity are those originating
in the various U.S. producing basins (USDOE, E180@a)** Figure 43 highlights the order of
magnitude of gas production from the lower 48 state

In addition to natural gas pipelines, there aregbetim or oil pipelines that carry nearly two-
thirds of the ton-miles of oil transported in theSU There are approximately 200,000 miles of
oil pipelines that move crude from producing arles the GOM, California, the Rockies and
West Texas to refining areas that tend to be iatikely close proximity. Crude pipelines also
move gas from offshore import terminals and pootvdrious refining centers across the U.S.
(USDOE, EIA, 2008b). Pipelines are a more costatite means of transporting crude oil than
rail, barge, or road. For instance, a typical @80,Bbl/d pipeline moves the equivalent of some
750 tanker truckloads per day while a 75-car tramuld be needed to move 2,000 Bbls of crude
oil alone (AOPL, 2008).

% The EIA defines the Southwest region as Arkanisasisiana, New Mexico, Oklahoma, and Texas.
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Source: USDOE, EIA, 2008a.
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Figure 42. U.S. natural gas pipeline netwk.
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Figure 43. Marketed production of naturdgas in the U.S. (MMcf), 2006.
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7.2. Industry Characteristics
7.2.1. Typical Facilities

Natural gas pipelines can be disaggregated inteetldifferent components that include (1)
gathering systems, (2) interstate and intrastgpelipe systems, and (3) distribution systems
(Figure 44) (NaturalGas.org, 2007a and c). Gatigesiystems use low pressure, low diameter
pipelines to move raw natural gas from the wellh&adhe processing plant. Transportation
pipelines (interstate, intrastate), transport redtwas from areas of production to areas of
consumption, or demand (NaturalGas.org, 2007a).

Natural gas is delivered to end-users through isteiloution system. Most users receive natural
gas from a local distribution company or LDC. Haee some large industrial and power

generation customers receive natural gas diregiiy the interstate and intrastate transportation
pipelines (often referred to as direct connects).

Source: Dismukes et al., 2004.

Main Line
Natural Gas Sales Consumers
’
Wwells ‘. Natural Gas
AA — Gas Processing
Plant
Y
| [ [ [ | | ~
A
B Underground
Storage
N N
' Y
Production Transmission Distribution

Figure 44. Natural gas chain.

Most natural gas pipelines measure anywhere froto 88 inches in diameter (Figure 45).
However, some pipe sections, such as those congetisitribution mains to customer premises,
can consist of smaller diameter pipe, as small.&srithes in diameter. Main transportation
pipes are usually between 16 and 48 inches in dexmehile lateral pipelines, which deliver
natural gas to or from the mainline, are typicdigtween 6 and 16 inches in diameter. The
actual pipeline itself, commonly called line pipmnsists of a strong carbon steel material,
engineered to meet standards set by the API asasdlhe U.S. Department of Transportation,
Office of Pipeline Safety (NaturalGas.org, 2007a).
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Figure 45. Pipeline installation.

Modern large-diameter pipelines are typically progtl in steel mills under two different
production techniques. The first, usually assedatith small diameter pipes (less than 20
inches in diameter), is comprised of a relativadgraless process that involves high temperature
heating of a fixed-size metal bar (correspondirgsely with the ultimate pipe diameter). The
central section of the bar is “punched out” to proela seamless, hollow pipeline segment.

The second pipeline production method is associaidd large diameter pipes (larger than 20
inches in diameter) that are produced from shefeitsetal that are folded into a tubular shape.
The ends are then welded together along a seaorrtod contiguous pipe section (Figure 46)
(NaturalGas.org, 2007a).

Source: Egaz Oregon Steel Mills, 2008,

Figure 46. Pipe in the steel mill.

154



Compressor Stations

The compressor stations can be thought of as thgirfe” that powers the pipeline. This engine
compresses the natural gas (increasing the predh@reby providing the energy to move the
gas through the pipeline (INGAA, 2009). Compressations are installed approximately every
40 to 100 miles along a pipeline route, dependingh® size of the pipe and volume of gas
(INGAA, 2009). Most compressor stations are conghje automated, so the equipment
monitored and controlled from a pipeline's centrahtrol room (AGA, 2005). The control
center also can remotely operate shut-off valvemalthe transmission system. Pipeline
operators have continuous and detailed operatitegataeach compressor station, and will make
adjustments to maximize efficiency and safety (AGBQ5).

When transmission pipelines deliver gas to utsitithe fuel passes through what is commonly
referred to as a “gate station” or “city gate” dtieh point the LDC takes control of the natural
gas and its further distribution. The pressurehia pipeline is reduced at the city gate from
transmission levels, usually between 200 to 1,50@hds per square inch (psi) to pressure levels
commonly found at distribution levels that rangénsEn % to 200 psi (AGA, 2005). Meters at
the gate measure how much gas is being receivettiébytility, and a sour-smelling odorant
(usually t-butyl mercaptan or thiophane) is addetiélp customers smell even small quantities
of leaked natural gas. The local utility then udissribution pipes, or mains, to bring natural gas
service to homes and businesses.

Monitoring and Maintenance of Pipelines

Transportation company investments in pipes, puropsipressors, drivers, dehydration units,
meters, control systems, and other equipment grefisant. Large investments of this nature
require non-trivial levels of monitoring and maiméace in order to maintain their operational
performance. Pipeline owners and operators oftea & combination of preventative

maintenance (such as cathodic protection and pipeoating, discussed further in Chapter 7),
planned and scheduled maintenance, along with émqginspection to ensure pipeline asset
integrity.

Traditionally, pipelines were inspected visually gging over the route on the ground or

patrolling the pipeline route in aircraft. Aerialspection is still done today, but inspections are
more likely to be conducted through digital and pomerized instrumentation and monitoring

equipment provide more rapid and precise identiboeof leaks or potential leaks.

Electronic data acquisition systems, commonly reféto as “Supervisory, Control, and Data
Acquisition” systems or “SCADA,” allow pipeline opsors to keep accurate, constant
information on sections of pipeline. Informatioancbe retrieved from remote sections of
pipeline and the flow of gas can be controlled gsacomputers that are linked to satellite
communication and telephone communication syst&G&ADA systems not only allow pipeline

operators to obtain timely information, but in somstances can allow producers (or pipeline
shippers) to have access to delivery informationorder to efficiently schedule pipeline

deliveries (NaturalGas.org, 2007a).

155



An important piece of equipment used in pipelinggction and maintenance includes the use of
intelligent robotic inspection devices, known gsigeline inspection guide or “PIG” (Figure 47)
which travel through a pipeline, inspecting theeridr walls for corrosion and defects,
measuring the interior diameter of a section okepi@nd removing accumulated debris from a
section of pipeline. PIGs are about the same diemod the pipe, are carried through the pipe by
the flow of the liquid or gas, and can travel amdlfgrm inspections over very large distances.
They may be put into the pipeline on one end akent@ut at the other. The PIG uses sensors to
take thousands of measurements that can later &gzad by computers to show possible
problems. Magnetic-flux leakage PIGs are usecdeted metal loss (from corrosion) in pipeline
walls, locating potential problems without the castl risk of using other methods. In 1997, a
PIG set a world record when it completed a contusuimspection of the Trans Alaska crude oll
pipeline, covering a distance of 1,055 km in one (MDT Resource Center, 2008).

Source: Pipeline Piggin Technology Ltd, 2008

Figure 47. Pipeline PIG.

Pipeline Repair

Pipeline leaks can be repaired under a varietyathods that can be a function of the magnitude
and location of the leak. A short length of pipaynbe inserted where the leak is found (called a
pup joint), or the entire joint of the pipe mayreplaced. Onshore pipelines may also be plugged
temporarily on either side of a problem area, dod fs redirected through a bypass so work can
be done on the isolated area. A variety of pluggquipment is available, and can be applied in
a wide range of situations.

The repair of offshore pipelines, however, is mucbre complex and costly. Each repair
alternative is reviewed to ensure the selectiothefmethod that is most compatible with the
overall requirements of each situation. A numbiefactors influence offshore pipeline repair

methods that can include pipeline diameter, ruploecation and gas volumes being transported,
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water depth, rupture coverage, pipeline segment agjevell as any other special hazards (i.e.,
mud slides, unusual currents, severe weather g¢onsgljtetc.) (Woods, 1982).

To minimize the downtime of an out-of-service lifetmal emergency repair plans are often
made for offshore pipelines. There are a varietynethods available for repairing underwater
pipelines, but they generally fall into three categs (Woods, 1982):

» Surface repair: This method involves lifting thegline to the surface and
repairing it completely by welding a new section mpe to replace the
damaged area or by welding flanges, misalignmémds, etc. onto each end
of the pipe after removal of the damaged area.pipe is then lowered back
to the sea floor and carefully reconnected. Sihie method relies upon all
major work being performed on the surface, it isbably the most weather
sensitive of the three types of repair methods.

* Underwater hyperbaric welding: If a totally weldezgpair without lifting the
pipe is the most desirable solution, then this loarachieved on the bottom,
eliminating the necessity of raising the pipelinethie surface. The variations
on this method allow for a welder-diver to weld thipe either completely
enclosed in a dry habitat or with the welder-dmerking in the wet while the
weld point on which he is working is enclosed indg, environmentally
controlled chamber. Although not as weather sesgsis surface repairs,
underwater welding is probably the most skill-semsimethod due to the fact
that specific qualification levels for welding thge material at a given water
depth must be present in the welding team.

* Mechanical connectors: There are a number of thgges of products
currently available which allow for the repair apelines in place without the
necessity of lifting them to the surface or perforgnunderwater welding.
These products are available in a variety of camfgons and degrees of
sophistication ranging from the containment of a-pole leak with a simple
split-sleeve clamp through a complete spool-piegair in deepwater either
through diver intervention or in an automatic, diess profile. Generally,
this method is not as weather or skill-sensitivéhasother two, but due to the
manufacturing lead time of many of these itemss @lmost imperative that
they be purchased and stocked well in advanceyfequirement.

7.2.2. Geographic Distribution

Natural Gas Pipelines

The U.S. has a complex and extensive pipeline sydtm transporting natural gas from

production areas to ultimate consumers. Howevestrof the major transportation routes can
be categorized into 11 distinct corridors or floattprns (USDOE, EIA, 2008a). Figure 48
shows these major corridors, while Figure 49 shtwesestimated region-to-region natural gas
pipeline capacity.
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* Five major routes extend from the producing ardathe South. More than
20 of the major interstate pipelines originatehe GOM and Texas region.
Texas and the GOM exports about 45 percent (Gli@nricubic feet in 2005)
of its production, which is 46 percent of the totetural gas consumed
elsewhere in the lower 48 states. The pipelinecifp exiting the region is
over 40.7 Bcf per day: 58 percent of which trawelthe Southeast Region, 24
percent goes to the Central Region, 15 percent tgpdse Western Region,
and the remainder is exported to Mexico. A lottleé capacity directed
toward the Southeast crosses the region movingtgaslidwestern and
Northeastern markets (USDOE, EIA, 2008a).

* Four routes enter the U.S. from Canada. Thesedecthe pipes that flow
from (1) Western Canada to western markets in tt&,Unainly California,
Oregon, and Washington State; (2) Western Canalfadwestern markets in
the U.S.; (3) Western Canada to Northeastern marethe U.S.; and (4)
offshore eastern Canada (Sable Island) to New Bdghaarkets in the U.S.
(USDOE, EIA, 2008a).

* There are two routes that start in the Rocky Moungea. In the Central
Region, only one major interstate pipeline origimgt within the region
provides transportation services directly to anothegion, Kern River
Transmission Company. All the others operate piignavithin the region or
come from other regions (USDOE, EIA, 2008a).

Source: USDOE, EIA, 2007a.
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Figure 48. Major U.S. natural gas transpdation corridors.
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Figure 49. Estimated region-to-region naturiegas pipeline capacity (MMcf/day).

Oil Pipelines

Interstate oil pipelines deliver over 13 billionries of petroleum each year. About 59 percent
of the petroleum transported by pipelines is cradethe remainder is in the form of refined
petroleum products (AOPL, 2008). Like natural ghg oil market’'s infrastructure moves oil
from the producing regions to consuming regiongifFe 50).

Source: AOPL, 2008
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Figure 50. Major crude olil pipelines.
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The profiles below and accompanying Figure 51 aabld 17 display the inter-regional flows in
the U.S (Allegro Energy Group, 2001; USDOE, EIADZ0):

« The Gulf Coast (PADB 3) is the largest supply area of the U.S. accounting
for 56 percent of the nation’s crude oil productend 46 percent of its refined
product output. It is the largest oil supplier merregional trade, accounting
for 85 percent of the crude oil shipments and 78em@ of the refined
petroleum production shipments among PADDs. Moshefcrude oil goes to
refineries in the Midwest, while most refined protiugo to the East Coast
and, to a lesser extent, to the Midwest.

* The East Coast (PADD 1has virtually no indigenous crude oil production,
limited refining, and the highest regional, nondsick demand for refined
products. Its refineries process predominately ijorecrude oil. To meet
regional demand, their output is augmented by eefiproduct shipments
from the Gulf Coast as well as imports from abroHte East Coast receives
more than 55 percent of the refined products skipp@ong regions and
almost all of the refined product imported into thé.

* The Midwest (PADD 2has significant regional crude oil production, blg#o
processes crude oil from outside of the region:ad&m crude oil imported
directly via pipeline, crude oil imported from otheations and then shipped
to the Midwest via the Gulf Coast, and crude oddarced in the Gulf Coast
region. These supplies from outside of the regiamports and domestic —
account for 88 percent of its refinery input. Refinproduct output from
regional refineries is also supplemented with siegdrom outside the region,
primarily shipments from the Gulf Coast.

» The Rocky Mountain Region (PADD 4)has the lowest petroleum
consumption, but has shown relatively rapid redigmawth in recent years.
It imports crude oil from Canada to augment locabduoction for its
refineries. Its distances are long, its topograpteep and its infrastructure
thin, however. Therefore, the inter-regional traddjle small in nationwide
standards, is an important factor in keeping tlggorés supply and demand in
balance.

* The West Coast (PADD 5% logistically separate from the rest of the doyn
Its crude oil supply is dominated by productiomirthe Alaskan North Slope
oil fields, which now accounts for 51 percent of (A 5 production, down
from 65 percent when those fields were in peak ypetdn in the late 1980s.
Essentially all of the rest of the region’s prodoictcomes from California.

% The five regions referred to as “Petroleum Adntiaion for Defense Districts” or PADDs are sucecgsggional
designations that were created during World Wado lbrganize the allocation of fuels. While thegimal PADDs
were abolished in 1946 after the war, they weraatérated during the Korean War and ultimately takger by the
U.S. Department of the Interior (Oil and Gas Dieigi and then later by the DOE.
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Because of unique product quality requirements alif@nia, the largest
consuming state, essentially all of that statefmed product demand is met
by output from the state’s refineries.

SR " Federal
Offshore: 474.0

-

Figure 51. Production of crude oil by PADD digict and state (million barrels).
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Table 17

Movements of Crude Oil and Petroleum Products
by Pipeline between PADD Districts, 2006

Crude Petroleum

(0]] Products
(thousand barrels)

From PADD 1 to:
PADD 2 - 121,538 121,538
PADD 3 4,712 - 4,713
From PADD 2 to:
PADD 1 2,216 12,581 14,797
PADD 3 22,544 67,759 90,303
PADD 4 16,628 26,915 43,543
From PADD 3 to:
PADD 1 2,978 894,920 897,899
PADD 2 594,064 365,272 959,336
PADD 4 - 10,210 10,210
PADD 5 40,250 40,250
From PADD 4 to:
PADD 2 56,356 19,937 76,293
PADD 3 1,469 50,510 51,979
PADD 5 10,035 10,035
From PADD 5 to:
PADD 3
PADD 4

Source: USDOE, EIA, 2008c.

Gulf of Mexico

The pipeline system within the GOM region is mage af approximately 33,000 miles of
pipelines that link the estimated 4,000 operatilagf@rms to facilities onshore (USDOE, OFE,
2006). The pipeline system is complicated anduithe$ surface-level piping, valves, metering
points, compressors, and dehydration and separé&mlities, as well as sub-sea piping and
valves. Secondary lines (typically less than 2€has), comparable to the areas “gathering
system,” feed natural gas into the main the lady@meter primary lines (typically greater than
20 inches in diameter) that transport the natues directly to points onshore and in many
instances directly into systems bound for the comnsg areas of the northeast, Midwest, and
southeastern U.S. (USDOE, OFE, 2006). The follgndiscussion highlights a number of the
larger subsea pipeline systems and segments thgtdl and gas onshore from the GOM.

Manta Ray Pipeline System
Owned by Neptune Pipeline Company (which is owngcEhbridge Offshore and Enterprise

Productions Operating L.P.) and operated by Stiedl,Manta Ray system is comprised of 250
miles of 14-, 16- and 24-inch pipeline. The systttends southward from Ship Shoal 207 into
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parts of the South Timbalier, Ewing Banks, Grarld,land Green Canyon blocks of the Central
Planning Area. The Manta Ray system has a capat®)0 MMcf per day and interconnects
with ANR Natural Gas Pipeline, Nautilus Pipeline i@many, Transcontinental Gas Pipeline
Line, and Trunkline Gas Company (Enbridgeus.corf9a).

Viosca Knoll Gathering System

Owned and operated by Enterprise Products Partttéss, 162-mile natural gas transmission

system is located off the coast of Louisiana prilpamto the Main Pass, South Pass, and Viosca
Knoll blocks of the Central Planning Area. Viodtaoll Gathering System pools gas production

into several major interstate pipelines includingniiessee, Columbia Gulf, Southern Natural,
Transco, and Destin (EPP, 2008a).

Phoenix

Owned and operated by Enterprise Products PartRéisenix Gathering System is a 78-mile
offshore natural gas pipeline that connects the Ra&dk platform in the Garden Banks area of
the Central Planning Areas in the GOM to the ANPetine system (EPP, 2008a). ANR makes
landfall near Morgan City, Louisiana, and Grand @&g Louisiana.

Green Canyon Laterals

This is a group of 28 laterals (136 miles) that exeensions of natural gas pipelines located in
the GOM offshore Texas and Louisiana. This systeliveks to numerous downstream pipelines
including the High Island Offshore System (EPP,8400

Nautilus Pipeline System

Owned by Neptune Pipeline Company (which is owngcEhbridge Offshore and Enterprise
Productions Operating L.P.) and operated by StiedNautilus system is a 101-mile, 600 MMcf
per day, FERC-regulated natural gas pipeline extgnfitom Ship Shoal Block 207 to onshore
Louisiana. The system interconnects with fourrstete and three intrastate pipelines and is
straddled by the Neptune Gas Plant (Enbridgeus.2009b).

High Island Offshore System (HIOS)

Owned and operated by Enterprise Products Parth#3S is a FERC-regulated offshore
natural gas transmission system that transportduptmn from fields in the Western Gulf of
Mexico to numerous downstream pipelines off thestaa Louisiana including ANR and
Tennessee Gas Pipeline, UTOS, and Stingray. Higimd Offshore System is 204 miles (EPP,
2008a).

Poseidon System

Owned and operated by Enterprise Products Parttiees,Poseidon System is a 324-mile
offshore crude oil pipelines system that gatheusleroil production from the OCS in the GOM
and transports it onshore to Houma, Louisiana (E®B38b). A number of wells feed into the
Poseidon system including the Front Runner Fieldnexv by Murphy Exploration and
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Production, Dominion Exploration and Productiond épinnaker Exploration and Production;
and the Tarantula Field which is owned by Apachgi@ation (EPP, 2005).

Cameron Highway Oil Pipeline System

Owned and operated by Enterprise Products Partiers890-mile system is designed to gather
deepwater trend production, primarily from the $o@reen Canyon area of the GOM, for
delivery to refineries and terminals in Port Artlaund Texas City, Texas (EPP, 2008b).

Stingray Pipeline Company

Owned and operated by Starfish Pipeline Company. ., (a limited liability company owned
50% by Enbridge Offshore (Gas Transmission) L.la@d 50% by MarkWest Energy Partners,
L.P.), the Stingray Pipeline system is comprised2% miles of 36-inch diameter pipe. The
system extends from the High Island, West CameEast Cameron, Vermillion, and Garden
Banks blocks to onshore southern Louisiana conmestwith the West Cameron Dehydration
Plant, the Targa-owned Barracuda and Stingray gasepsing plants, and one intrastate and
three interstate pipelines (Enbridgeus.com, 2009c).

Enbridge Offshore Pipelines (UTOS)

Owned and operated by Enbridge Offshore, the UT@Eem is composed of 30 miles of 42-
inch diameter pipe. UTOS extends from an interection with the HIOS system at West
Cameron Block 167 to the Johnson Bayou productemmdhing facility, owned by UTOS. The
UTOS system is essentially an extension of thedsbR HIOS System as almost all the natural
gas transported through the UTOS system comes tinenHIOS system. The Johnson Bayou
facility provides primarily natural gas and liquidsparation and gas dehydration services for
natural gas transported on the UTOS system (Enduglgom, 2009d).

Independence Trail

Owned and operated by Enterprise Products Partiersystem connects the Independence Hub
platform in Mississippi Canyon Block 920 to Tenrees$sas Pipeline in the West Delta area of
the Gulf of Mexico. The system comprises 140 mileks 24-inch pipe (Offshore-
Technology.com, 2009b). The Independence Hub aad grojects process and gather natural
gas and condensate production from the AtwatereyalDeSoto Canyon, Lloyd Ridge, and
Mississippi Canyon areas located in the easteriomegf the deepwater Gulf of Mexico
(Rigzone.com, 2006c¢).

Louisiana Offshore Oil Port (LOOP)

Owned by Marathon Pipe Line LLC, Murphy Oil Corpiooa, and Shell Oil Company, the
LOOP is an offshore port facility located eightesites south of Grand Isle, Louisiana. LOOP
is the only port in the U.S. capable of offloadoheep draft tankers known as Ultra Large Crude
Carriers (ULCC) and Very Large Crude Carriers (VDQCOOP.com, 2009). LOOP offloads
small tankers as well. LOOP is connected via andB- pipeline to the Clovelly onshore oll
storage facility which is 25 miles inland, near k&alo, Louisiana. The Clovelly facility
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provides interim storage for the crude oil befans delivered to refineries on the Gulf Coast and
in the Midwest (LOOP.com, 2009).

The Clovelly storage facility is made up of eigimderground salt caverns with a total storage
capacity of 50 million barrels (LOOPLLC.com, 2009T.he Exxon-Mobil, Shell, Clovelly-to-
Meraux (CAM) pipelines all connect the Clovelly ilag to refineries in Louisiana and the Gulf
Coast. LOOP also operates 53 miles of 48-inch thipeconnects the Clovelly facility to the St.
James, Louisiana terminal and the Capline pipaeystem (Sprehe, 2003). The Capline system
transports crude oil to several refineries in thiellést. The LOOP system handles up to 50
percent of the U.S. refining capacity (LOOPLLC.c&009; Sprehe, 2003).

7.2.3. Typical Firms

Two-thirds of the lower 48 states are almost tgtddpendent upon the interstate pipeline system
for their supplies of natural gas. In 2005, 85cpat of the 48 trillion cubic feet (Tcf) of gas
transported throughout the U.S. moved throughifeeslowned by the major interstate pipeline
companies (USDOE, EIA, 2008a). The 30 largest @mgs own about 77 percent of all
interstate natural gas pipeline mileage and ab8upe&tcent of the total capacity (148 billion
cubic feet) available within the interstate natgas$ pipeline network (Table 18) (USDOE, EIA,
2008a). These pipelines also account for the &irigeels of pipeline capacity. Sixteen of the
thirty largest U.S. natural gas pipeline systemgimate in the Southwest Region, with four
additional ones depending heavily upon suppliesiftioe region (USDOE, EIA, 2008a).

The largest system-wide capacity is found on thii@bia Gas Transmission system, which has
primary operations in seven states in the Northaadtlimited operations in Kentucky, North
Carolina, and Ohio (USDOE, EIA, 2006a). NortherntiMal Gas Pipeline system, which
transports natural gas supplies from the Southwetite Central and Midwest regions, consists
of 15,854 pipeline miles, the most number of mil@sa single natural gas pipeline company
(USDOE, EIA, 2006a).

While interstate pipelines transport gas throughbetU.S., intrastate pipelines operate within

state borders, connecting natural gas productidodal markets and to the interstate pipeline

network (Table 19). Intrastate pipelines accoontafpproximately 29 percent of the total miles

of natural gas pipeline in the U.S. (USDOE, EIAQ28). Although an intrastate pipeline system

is defined as operating within a state, it may haperations in more than one state. If these
operations are separate, and do not physicallycom@ect, they are considered intrastate, and
are not subject to the jurisdiction of the FERC.or®lthan 90 intrastate natural gas pipelines
operate in the lower 48 states (USDOE, EIA, 2008a).
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Table 18

Thirty Largest U.S. Interstate Natural Gas PipelineSystems, 2005

Market
Regions

Pipeline Name Served

Primary Supply
Regions

Columbia Gas Transmission Co.  Northeast

Transcontinental Gas Pipeline Co. Northeast,
Southea:

Northern Natural Gas Co.

ANR Pipeline Co. Midwest
Tennessee Gas Pipeline Co. Northeast,
Midwest

Texas Eastern Transmission Corp. Northeast

El Paso Natural Gas Co. Western,
Southwes
Dominion Transmission C Northeas
Northwest Pipeline Cor Wester!
Natural Gas Pipeline Co. of Midwest
Americe
Southern Natural Gas Co. Southeast
Centerpoint Gas Trans. ( Southwes
Gulf South Pipeline Co. Southeast,
Southwes
Colorado Interstate Gas ( Centra
Texas Gas Transmission Cc Midwest
Great Lakes Gas Trans. ( Midwest
Panhandle Eastern Pipeline Co.  Midwest
Gas Trans. Northwest Co Westeri

Northern Border Pipeline Co.

Southern Star Central Pipeline Co. Central

National Fuel Gas Supply C Northeas
Questar Pipeline C Centra
Florida Gas Transmission ( Southea
Algonquin Gas Transmission (  Northeas
Columbia Gulf Transmission Co. Southeast,
Northeas
Alliance Pipeline Co. (U¢ Midwest
Wyoming Interstate Gas C Centra
Kern River Gas Transmission ( Westert
High Island Offshore Syste Southwes
Trunkline Gas Co. Midwest
Subtotal
Other Interstate Systems (79)
Total

Southwésgtpalachia

Southwest

Central, Midwest Southwest

Southwest

Southwest, Canada

Southwest

Southwest

Southwest, Appalact
Canada, Centr
Southwest

Southwest

Southwes
Southwest

Central, Southwe

Southwes

Canad
Southwest

Canad

Midwest, Central Canada

Central

Canada, Appalact
Centra

Southwes
Southwes
Southwest

Canad

Centra

Centra

Gulf of Mexicc
Southwest

States in which System
Pipeline Operates Transged  Capacity
(billion dth)  (MMcf/d)
DE, PA, MD, KY, NC, NJ, 3,431 8,700
NY, OH, VA, WV
AL, GA, LA, MD, MS, NC, 3,338 8,161
NY, SC, TX, VA, GOV
, IIAKS, NE, NM, OK, SD, 1,195 7,923
TX, WI, GOM
AR, IA, IL, IN, KRY, LA, 2,815 6,844
MI, MO, MS, NE, OH, OK,
WI, GOM
AR, KY, LA, MA, NY, OH, 1,920 6,686
PA, TN, TX, WV, GON
L, AR, IL, IN, KS, KY, LA, 1,364 6,523
MI, MO, MS, NJ, NY, OH,
OK, PA, TX, WV, GON
AZ, CO, NM, TX 4,864 6,152
PA, MD, NY, OH, VA, WV 1,344 5,73¢
CO, ID, OR, UT, WA, W\ 70( 4,50(
AR, 1A, IL, KS, LA, MO, NE, 2,690 4,485
OK, TX, GOM
AL, GA, LA, MS, SC, TN, TX, 937 3,365
GOM
AR, KS, LA, OK, TX 92¢ 3,33¢
AL, FL, LA, MS, TX, GOM 1,015 3,038
CO, KS, OK, TX, W\ 93¢ 3,00(
AR, IN, KY, LA, MS, OH, TN 2,17¢ 2,97¢
MI, MN, WI 95¢ 2,85¢
INLKS, MI, MO, OH, OK, 709 2,840
TX
ID, OR, WA 76% 2,63¢€
IA, IL, IN, MN, MT, ND, SD 898 2,496
K&),MO, NE, OK, TX, 354 2,451
WY
NY, PA 417 2,31:
CO, UT, WY 37¢ 2,197
AL, FL, LA, MS, TX, GOM 75 2,19(
CT, MA, NJ, NY, R 34¢ 2,17¢
KY, LA, MS, TN, GOM 2,041 2,156
ND, MN, IA, IL 65: 2,05:
CO, WY 59¢ 1,997
CA, NV, UT, WY 71¢ 1,83:
LA, GOM 23¢ 1,80C
AR, IL, IN, KY, LAMS, OH, 606 1,680
TN, TX
40,08t¢ 115,09¢
10,242 33,235
50,330 148,333

10,354

10,469

15,854

9,616

13,307

9,179

10,661

3,142
4,04¢
9,111

7,671

6,182
6,580

3,99¢
5,64%
2,11¢
6,445

1,35¢
1,39

5,

1,50
1,74¢
4,86
1,10
4,1(

884

58
1,68
21
3,558

163,15
49,
212,687

(88

31

(Ranked by system capacity, million culgetfper day, (MMcf/d).

Source: USDOE, EIA, 2008a.
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Table 19

U.S. Intrastate Natural Gas Pipeline Systems

State(s) in which

State(s) in which
Pipeline
Operates

System
Mileage

System

Pipeline Name Capacity Pipeline Name

Central Region

Missouri Gas Co

Missouri Pipeline Co
NorthWestern Energy Co

Midwest Region
Battle Creek Pipeline Co
Bluewater Pipeline
Cardinal Pipeline System
Cobra Pipeline Co
Dominion East Ohio Gas Co
Dominion West Ohio Gas Co
Heartland Pipeline
North Coast Gas Trans. Co
Northern lllinois Gas Co
Saginaw Bay Pipeline South
Northeast Region
AGL/Elizabethtown Gas Div.
Cranberry Pipeline Corp
Dominion Hope Gas co
Empire Pipeline Co
KeySpan Energy Delivery
KeySpan Energy Delivery Co
KeySpan LNG LP
NORA Gas Transmission Co
National Fuel Gas Dist.Co
Norse Pipeline Co
North Penn Gas Co
Northern Utilities Inc (ME)
Spectra Virginia Pipeline Co
Southeast Region
Alabama Intrastate System
Atmos Energy -- Mississippi
Cardinal Pipeline Co
Eastern N.C. Gas Pipeline Co
Enbridge Pipelines (AL Intra)

Mississippi Fuel Co

Pub Svc Co of North Carolina

Sandhill Pipeline Co

Tengasco Pipeline Co

Union Light Heat & Power
Western Region

Coos Bay Pipeline Co

Northwest Natural Gas Co

PG&E Transmission Co

San Diego Gas & Electric Co

Southern California Gas Co

Southwest Gas Co

Overland Trail Transmission Co
Rocky Mountain Natural Gas Co

Kentucky-West Virginia Gas Co

MT, WY, SD, NE
Wy
uT, CO

PA, NY
PA
ME
VA

OR
OR, WA
CA
CA
CA
AZ, CA, NV

n.a.
n.a.
73
n.a.
n.a.

n.a.
100
100
n.a.
n.a.
na.

82
na.
135

n.a.
n.a.
n.a.

525
na.
n.a.

n.a.

n.a.
n.a.
n.a.
n.a.
n.a.

200
n.a.
263
72
n.a.
100
n.a.
n.a.
300
25
n.a.

70
n.a.
3,200
900
4,050
n.a.

65
181
2,819
238
731

NA
30
12
217
1,281
199
25
185
2,613
59

NA
160
157
NA
220
NA
16
1,268
350
647
103
244

450
335

140
111
516
395

559

84

70

57
NA
3,477
830
1,887
226

Southwest Region
Acadian Gas Pipeline System
Amoco Pipeline Co
Arkangéestern Pipeline Co
Atmos Pi